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I. INTRODUCTION 

This report presents the results of research performed under contrca1.ct oy 
Peat, Marwick, l'vlitchell & Co. (PMM&Co.). The study represents one of s.1x 
parts of the Federal Railroad Administration's (FRA I s) cost researcn program . 
The goal of this: research is to -..evelop procedures and methodologies aefined 
by the FRA which can be used by any railroad. within the frameworK of us 
existing accounting system. to determine the costs associated with the move
ment of goods between two points. Each of the six parts ot FRA 's program fo
cuaes on a different function of railroad operations. The part prestnted here 
concerns what shipments are moved in: freight cars. 

BACKGROL";'-;D 

Compared to other L 1ustries. the railroad industry is underdev~loped in 
its ability to determine the cost of providing specific services. This under
development has several causes. First. the task of determining. allocating, 
and assigning rail costs is extremely complex, particuldrly frorr. a mark~ting 
:3nd pricing viewpoint: second, railroads are extremely interdepenaent in pro
viding "through" service. including the sharing of equipment and tac!lities 
(o ver 60 percent of all traffic is carried by two or m o re lines): third, there 
a re a multitude of approaches to and interpretations of cost conc~pts and their 
applications; and fourth. past research has been inadequate for determining 
cause-effect relationships between services and the coF.ts of proviaing those 
services on both a short- run and long-run basis. This underdevelopm ent. 
and the associated underdevelopment in cost control, budgeting. pro:n an,.t!y
sis. and investment decision making, have become partially solvable in recent 
years with the aid of the computer. 

The need for accurate cost data permeates all aspects of railroaa ing. from 
rates and regulation to operations. markPting, and maintenance policies. One 
costing system commonly used in the industry has been the Rail Form A for
m ula developed by the ICC. Railroads have generally been dissatisllect with 
Rail Form A because the formula was designed to use aggregate dollar amounts 
as inputs and produces average cost factors as output. Rail Form A is oeing 
replaced by the Uniform Rail Costing System (URCS) for ICC costing. \Vhile 
GRCS provides more specificity in developing costs because it relies on ag
gregated cost data, it also produces average cost factors. 

The development of costing systems by individual railroads has helped al
leviate the need for better inform.ation. But, while a road's own systtm may 
serve the needs of that ,~oad, no industrywid~ conclusioris can.necessa r i ly be 
based on informa tion from one road. \Vhat is needed is a universally accepted 
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cos t in~ -nethodology and as soc ia t ed cost collec tion I'.:'roc.edures. The boa l of 
FR A ' s co r esearc n p r ogr a m 1s the development of _uch a methodology and 
p r ocedures . 

R E E .-\ RC H F R .-\ :\ rE \ \" 0 R K 

The :no vem ent o f goods between two points inv0lves a number of functional 
ac t1\·1t1e s . The six s tudies included in the program focus on these different 
func tions o f railroad operation. The studies cover the follr,wing areas: 

• 

• 

. right- o f - way ; 

. y ards an d term ina ls: 

. t;,ain ope r a ti on s and control: 

. acc es so ria l services : 

• genera l and administrative servi ces : and 

. cars a- ~ power. 

Each of th~ study areas addresses o ne aspect of moving goods between two 
points: what goods are moved in (car-s) and by (locomotives): how cars are 
classified and reclassi fied into trains: what the trains move over and how they 
a r e dispatched and controlled: and the activities which assist in the handling 
o f goods and support all railroad operations. 

Thi s report deals with the freight car portion of the cars and power study. 
Equipment ownership and maintenance cos ts make up a lar~e portion of the 
total cost of an average rail movement. Eq:Jipment costs have become even 
more important as a result o f the dramatic effects of inflation on both equip
ment prices and maintenance labor rates. but costing techniques have not 
evolvea c-.:>ncurrently. Armed with more accurate equipment costs. railroad 
management would be better able to justify actions and costs to i mprove ca r 
utilization. equipment acquisition. and maintenance practices. 

SCOPE AND OBJECTIVES 

The study of freight cars. like the other five studies. is divided into 
three distinct phases. The first phase consists of a state-of-the-art review. 
This phase o f the cars and power st11dy was submitted in March 1976. The 
report contains the results of interviews conducted with railroad personnel. 
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representatives of the Interstate Commerce Commission. and other knowl
edgeable individuals·, as well as a review of relev~at literature. The Phase 
I report details the experience of the interviewed railroads in developing 
their own financial / costing systems, including a summary of information and 
data collection systems. Phase II consists of developing improved costing 
methodologie s and procedures. and Phase III is devoted to testing and veri
fying those methodologies and procedures. 

The scope of this report is Phase II of the freight car study. The report 
addresses both the examination and select! ~m of appropriate costing techniques 
and an exploration of the coricepts of incurrence and consumption. 

Generally, incurrence relates to the expenditure of funds and consumption 
to the use o f the assets purchased by those funrjs. For freight cars, these 
concepts are easily illustrated. Incurrence deals with the expense of repair-
ing the cars . How and in what kind of facilities repairs are made, how and by 
what are costs affected, how labor and material expenses vary. and how deci
sions are made are some of the issues relating to incurrence. Consumption 
deals with the activity that causes an asset, a freight car, to be used up. Iden
tification of the causal factors and appropriate out;>ut units for measuring com
ponent wear. what factors cause the wear rate to vary. and how the costs vary 
with those [actors a re issues addressed on the c onsumption side. Cost varia
bility , the portion.s of total costs which vary and ar· :.- fixed, is an additional is
sue that the FRA prograrr. addresses. Thi 'i rost research differs from pre vious 
research because it does not ana:tyze the doilar expenses directly or attempt to 
associate dollars of expense directly with output units. Instead. it examines 
i ncurrence and consumption in light of the actual activities being performed. 

The FR.A cost research program is not intended to develop a universally 
applicable financial / costing sy.;tem. Its objective is to provide information 
and rnethodologies usable by railroads with their existing systems. The re
sea r ch is aimed toward developing results which can be applied by a railroad's 
management to asce rtain relevant costs and to direct cost control and data 
gathe ring effo r ts . The resea r ch is also aimed toward developing results which 
can be applied at differing levels of detail. This flexibility in the developed 
procedures and methodologies will facilitate their application at a level of dr:t.d l 
consistent with the supporting information systems, and appropriate to specific 
costing applications and railroad management's needs. 

ST V DY APPROACH 

This r eport explores the incurrence: i consumption relationship for freight 
ca rs a nd discusses applications of the information developed. For freight 
cars. incurrence is the a<.crual of expense dollars for ca r repair. Through
out the useful life of a fr eight car , expenses are in curred by car repair shops 
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for periodic repair of defective components and !~e inspections and servicing 
required by regulation. Costs are incurred directly for the labor and mate
rials used in repairing a car. Indirectly, overhead costs are incurred for the 
operation and administration of the car repair shops. The policies of a shop 
and the accounting methods used impact the cost of repairing a car and. there
fore. incurrence. 

• 

The purpose of developing incurrence factors is to examine the behavioral 
characteristics of cost in relation to the volume of repair activity. This task 
also involves examining how costs (or indices) vary. Costs may vary between 
shops due to differences in size. productivity , facilities. and equipm ent. \.Vith 
the assistance of a participating railroad. the study team selected and visited 
five repair shops to study the car repair process. 

As mentioned above. car repair incurrence m ay be separated into three 
components: labor incurrence, materials incurrence. and overhead incurrence. 
Previous studies of this type have shown that three basic ,n~thods of analysis 
provide meaningful results. Thus, statistical methods, an audit of the chart of 
accounts. and review of contractual i">bligations were used. One or more of 
these techniques was applied to each of the components of shop operation. T o 
be respo11sive to management and costing needs, reporting systems and account
ing procedures should be consistent with costing applications and the way cost 

incurrence varies. 

This Phase II report examines the concept of consumption using actual data 
on the ca r fleet of a railroad and a ca r leasing company. To deve l op consump
tion relationships. a data base was constructed utilizing car repa i r cecords and 
ope r a t i ng statistics collected by the two firms. The raw information from the 
two sources was extracted, compiled, and edited, and a comprehensive data 
base was then constructed for each source. In addition. the universe of freight 
cars was segregated into appropriate groups lJr analysis. Freight cars were 
categorized by ty pe to create groups with similar characteristics and compon
ents. Repair ca tegories were established to segregate incurrence into repairs 
related to speci fic components and component groups. Segregati on of the frei ght 
ca rs anJ r epairs into these elements facilitates analysis and provi des conve
nient levels of detail from which railroads can choose the level appropriate for 
their needs and compatible with their information systems. 

The service life of a freight car is influenced by a variety o f situations to 
which the car is exposed. This is also true of the individual components and 
component groups which make up a car's construction. This resea:-ch exam
ines these components, component groups, and cars to determine what factors 
cause them to wear out. Engineering studies may be used to deterrr.ine what 
causes such physical wear; however. the intent of this research was •1ot t o 
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conduct extensive engineering studies. The actual analysis of causal relation
ships was performed using econometric techniques. Regression analysis. cor
relation analysis, and various other techniques were used to explain component 
wear in terms of activity and usage. Engineering studies can easily be adapted 
to and combined with the procedures developed in this study. but the procedures 
are not dependent on engineering results. 

Having examined the cor1cepts of cost incurrence and consumption. the 
PMI\il&Co. study team explored some uses of the information developed. The 
incurrence / consumption information and procedures developed may be used 
for a variety of activities. from costing of potential traffic to budgeting shop ac
tivities. The intent was to demonstrate possible approaches to the costing of a 
commodity trip using the t:onsumptior. relationships researched, not to develop 
an exhaustive list. The actual use of the procedures and information developed 
in this study will be dictated by the needs and resources of the users. 

ORGANIZATION OF THE REPORT 

There are many different research results presented in this report. While 
all relate t o the incurrence and consumption of freight car repair costs. some 
areas and applications may be of more interest to some readers. For this rea
son. the report is organized in the following manner: 

• Sectiori I - Introduction: 

. Section II - Description of the data base used for the developrr.ent 
of consumption relationships and the reporting sy st em 
from which the information derives; 

. Section III - Discussion of the analysis performed to identify how 
activities and situations affect asset life and thus to 
determine the appropriate measures of output for cost
ing purposes; 

. Sec tion IV - Overview of the car repair process. ir,cluding descrip
tions of the car shops visited and a discussion of the 
reporting systems used: 

. Section V - Description of the accounting systems and procedures 
used to record and monitor labor and material usage 
in car repair shops; 

. Sec tion VI - Discussion of factors affecting a :-ailroad's .ability to 
adjust labor hours incurred in the car repair process: 

I. 5 



. Section VII - Review of the information collected on the amounts and 
•kinds of materials used to repair freight cars: 

• Section VIII - Description of components, accounting procedures, 
and methods of distributing overhead (indirect) costs; 

. Section IX - Discussion of two approaches to costing commodity 
trips based on consumption relationships: 

. Section X - Description of possible application~ of incurrence / con
sumption information, including cost control, budgeting, 
profit analysis, and pricing; 

. Appendix A - Tabulations of the estimated nonparametric survival 
curves for total repair groups: 

. Appendix B - Discussion of the sampling strategy used to select the 
data base described in Section II: 

. Appendix C - Description of the prucedure used to compute and tabu
late nonparametric survival curves: and 

. Appendix D - Review of the adaptability of current data processing 
tools to data collection in the car repair environment. 
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II. DATA BASE FOR DEVELOPMENT 
·OF CONSUMPTION RELATIONSHIPS 

Construction of a data base for use in developing consumption relation
ships will be described in three subsections: the derivation, the compilation, 
and the nature of the data base. The first subsection, derivation of the data 
base, describes the information systems from which equipment characteris
tics, repair records, and operating histories were extracted ~nd the complete
ness and sufficiency of the available information. Sample selection, editing• 
efforts, and the process of merging the several sources are described in the 
second subsection, compilation of the data base. The nature of the data base, 
including a summary of the information it contains and the implications for its 
use, is described in the third subsection. 

Information from two sources, a major northeastern railroad and a large 
car leasing company, was used to construct the data base. These sources 
were used because of the availability of complete maintenance records and 
operating histories which could be matched for individual cars. 

The information obtained from these two sources, a \though topically sim
ilar. differed significantly with respect to the details of the car, repair, and 
operating characteristics. These differences are attributable to the mix and 
service characteristics of the respective fleets; the kind of repairs performed: 
the reporting systems used: the number and accuracy of the operating statis
tics available: and the time period for which car histories could be obtained. 
Compa!"ison of results based on the individual sources permitted analysis of 
these differences and their impact on the results. 

DERIVATION OF THE DATA BASE 

The inclusion of information in the data base is dependent on the avail
ability and accuracy of such information. It is not feasible to include data 
that is not collected on an ongoing basis for a certain time period or that is 
not in a format compatible with the other data. Neither is it practical to in
clude information which requires a large effort to extract, edit, or supple
ment in order to make it usable. Indeed, the very nature of correlation and 
regression analysis makes it worthless to construct new data based on exist
ing information. If this were done, the analysis would merely show a per
fect correlation between the two sets of statistics (the constructed set and 
the source set) and the coefficient for both would be identical. If inaccurate 
information is included in the data base, care must be taken to ensure that 
the results of the analysis are interpreted in a way accounts for the inac
curacy. 
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The data base was assembled from info1rnation cover;.,g three ba sic 
areas: 

. car characteristics: 

. car repairs; and 

. operating histories. 

Both the railroad and the car leasing company maintain this information as 
separate files derived from different information sources and gathering sys
tems. Some of the sources and systems used to collect and maintain these 
three types of information are common to all U.s. railroads and private car 
owners. Others, however, are unique to the individual railroad o r company 
which developed and uses them. Constructing a data base which could be used 
for analytical purposes necessitated combining information from all sources 
and systems on a common basis. one which could serve as the framework for 
relating and comparing the three types o f information. The common basis 
used was the individual car. Data covering the three areas were matched 
using car identification (car initial and number) to permit maintenance inci
dents to be associated with car descriptive and usage factors. 

Car characteristics (the data de .:; cribing :i car) are contained in standard
ized Universal l'vlachine Language Equipment Register (UMLER) fil es main
ta ined fo r all freight cars owned by railroads and private car com panies in 
the Cnited States. Canada, and l\1exic o . U!\ILER r,rovi ded a listing. by car 
initial and number, o f the cars in the railroad's and leasing company 's 
fleets. The railroad's fleet totals approximately 97,000 freight ca rs. \Vhile 
over half of these are of a single car type (open-top hoppers), the population 
includes a wide variety of c ar types. By comparison, the lea sing compa ny 's 
fleet of approximately 77. 000 cars is composed entirely of one type (fla t 
c ars ) . 

For the two car populations. the Ur.ILER files provided considerabl ~ de
scriptive data pertaining to each car. The following information was ex-
tracted: 

. car type; 

. age (year built and rebullt); 

. type of bearings (friction or roller): 
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. tare weight; and 

. pool assignment. 

In addition to this information. UMLER files contained supplemental data on 
the car's construction, history, and use, including inside and outside dimen
sions. owner and lessee marks. original cost. year acqui,·ed secondhand. 
capacity. and per diem and mileage rates. None of these additional items 
were included in the data base since they were not considered either neces
sary or relevant for the analysis. 

UMLER records were ideal in terms of the completeness and accuracy 
of the data they contained. Because the records are standardized. each rec -
ord contains the same data in an identical forr.1at and can be readily used with
out modification or manipulation. Editing was required only where the fleets 
included unusual or unrepresentative cars which. if involved in the analysis. 
could bias the results. 

The sources of car characteristic data were basically the same for both 
fleets: both sources were Ul\'ILER files modified slightly to fit the individual 
requirements of the two companies. but utilizing similar formats. Similar 
sources of car characteristic data are available. in the form of an U!\ILER 
file. for all railroads and private car owners. This information is thus avail
able for use in developing consumption relationships for any fleet. This com
monality is not the same for repair or operating data. however. There are 
common sources of limited information in both of these areas. but such infor
mation has to be supplemented to •create complete maintenance and operating 
histories for the fleets. Several railroads and private car owners have devel
oped systems for recording and maintaining supplemental data. but a 1najority 
do not have such systems. This lack of complete information will be a major 
problem in assembling a data base for additional companies. 

Records of repairs performed by other than the ca.r owner (and billed to 
the owner) are available from Car Repair Billing (CRB) records :naintained 
by all railroads in accordance with the Association of American Railroads 
(AAR) Code of Interchange Rules (CIR). These rules do not require that owner
performed repairs be recorded. however, so these repairs must be entered 
and maintained in systems unique to the owners. Because all car owne - s do 
not have such systems, information on owner-performed repairs is often 
lacking in car maintenance records. 

The CRB records of off-line repairs are transferred monthly from the 
railroad making the repair to the owner of the car. These monthly "bills." 
identified by car initial and number, contain information about where .And 

II. 3 



when the car was repaired and what specific repair was performed. Repair 
information is coded according to CIR requirements as published in the AAR 
Field Manual. Both the railroad and the car leasing company input these 
monthly bills to computerized car repair history files which are maintained 
for all their cars. 

Off-line repair records are supplemented by the railroad through the use 
of "system" CRB records which supply an account of on-line repairs to the 
company's own cars. The railroad requires each o f its car repair shops to 
prepare a bill for owned or "system." as well as !oreign, cars. The system 
bills capture repairs performed on each car in the same detail and format as 
repairs made to foreign cars. As with the bills for foreign cars, the system 
bills are coded in accordance with CIR. These bills are input to the same 
car repair history files as are the CRB bills received from other railroads. 

Data on one other type of maintenance performed on the railroad's cars 
are required to complete the car repair histories. This maintenance involves 
the program repairs performed on owned cars from time to time. When a 
component(s) on a specific type of car is found to wear out or fail frequently, 
the railroad will start a repair program for that particular car type. All 
railroad personnel are notified to route cars of that type to a specific shop 
where the program is being performed. Each car that goes through the pro
gram receives a bill coded in the same format as CRB bills but with special 
codes. These codes refer to a "standard bill of repairs," listing the mini
mum maintenance performed on each car participating in the program. Any 
additional maintenance is recorded on a second bill, a regular s ystem CRB 
bill. Both bills are entered into the car repair history files, thus completing 
the repair histories. 

Al though the car repair histories are complete from the aspect of all 
types of repairs being recorded, there are limitations to the accuracy of the 
records. These limitations are imposed by the information system used to 
collect the records and by the repair process itself. 

Th~ CRB bills (foreign, system, and program) go through a m echanized 
editing routine when they are input to the computerized files. This editing 
is not foolproof, however, since car initial and number are not edited. A 
larger number of problems concerning the accuracy and reliability of tne re
cords lie with the car repair process. Cars are bad ordered when inspected, 
but the inspection procedures may fail to reveal a problem. Cars are normally 
inspected on switching tracks or in yards while trains are being made up. A 
car is in a yard an average of once every 200 miles but it may be yarded less 
frequently and. therefore. inspected less frequently. In addition. an inspec
tion in a yard cannot be thorough enough to uncover every mechanical pro
blem--many defects can only be observed when a car is jacked up. Further 
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limitations occur because the workload and car repair process make it im
possible for shop personnel to audit car repair bills for correct and complete 
coding of repairs. 

The system used by the pa r ticipating railroad for collecting and record
ing repair information is primarily mechanized after the manual coding of 
the repair report forms is performed at the shop locations. Repair forms 
are forwarded daily to a central location where they are processed. The data 
on the forms are entered on data processing media (tape, disc, punch cards, 
etc.) at this location. Until mi.d-1977, the entries were made by keypunchers, 
but now they are made through optical scan techniques which eliminate some 
of the errors resulting from the manual data entry procedures. The data pro
cessing medium is then forwarded to the computer where, as previously men
tioned, a series of edits is performed. This system for recording car repair 
records is very sophisticated when compared with the state-of-the-art in the 
industry, especially the inclusion of the optical scan data entry. The system 
is relatively young however, with records dating back only as far as February 
1975. Complete and reliable data are available from the system beginning 
with the January 1976 records. 

CRB records of repairs perf,.) rmed on the leasing company's cars are re
ported monthly and entered into the firm's computer files. These records 
comprise all repairs made by railroads and since the sources are the same, 
the data they contain are subject to the same limitations. Repairs other than 
those performed by railroads are made to the leasing ccmpany'a cars in the 
company's own shops and by contract shops. The r.~mpany has developed a 
shop billing system to capture records of these repairs. As with the CRB 
system, bills are submitted for each car being repaired, identified by car 
initial and number. Repairs are recorded using codes based on CIR but mod• 
ified to reflect the specific types of repairs performed. These records a re 
maintained in a separate file from the CRB records since they are not com
pletely compatiblt.~ . 

Repairs recorded by the leasing company are program repairs. The cars 
are designed and built to function for ii certain service period before they 
must be overhauled. After this period has expired, the cars are taken out of 
service and reconditioned. Therefore. the repairs performed in contract or 
company shops reflect the service life of cars' components, since the periods 
between reconditionings are based on estimates of the service life and wear 
of various components determined through experience. These repairs do not. 
however, accurately reflect the time-to- failure of components or the actual 
service life of a car, because componer.ts are not run to failure to determine 
the appropriate repair interval. 

The car leasing company has collected car repair histories for a consid
erably longer period than has the railroad. CRB repairs (those performed 
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by railroads) have been recorded since 1972. although all the records are not 
on data processing ·medium. Company and contract shop repairs have been 
recorded since 1973. Reliable combined repair records are available begin
ning with the data for 1974. 

The longer time frame of available data (3 years versus 7 months) makes 
the car leasing company's records more valuable for analytical purposes than 
the railroad's: yet both are far shorter than would be ideal. An ideal time 
period is one that is as long as or longer than the service life of the longest
lived component- -approximately seven to ten years. It is difficult to deter
mine the causes of wear for a particular component while using records en
compassing only a fraction of that component's life. Information for these 
short time periods may include all the events occurring during the service 
life of some components (such as brake shoes). but the majority of the service 
lives of longer-lived components (such as wheels) are excluded from the an
alysis by the short time frame. 

Operating histories. like repair histories. are not completely collected 
by any one information system or the leasing company. Total days and mile
age on foreign roads are reported to the owner in accordance with the AAR 
Code of Car Hir~ n-ules (circular No. OT-10). However. additional off-line 
statistics and on-Une statistics are not available from any standardized 
source. Systems to capture this more detailed data must be developed inde
pendently by those who want to use such information. 

The railroad collects on-line operating statistics including time. mileage. 
load. tonnage. bad order classification. and utilization information (see Ex
hibit 11-1). These data are maintained in five files: two car movement files. 
a waybill extract file. and two files pertaining to special traffic movements. 
The two car movement files. one of which is a spin-off of the other. contain 
the bulk of the operating data. Additional information concerning the speci
fic tonnage and commodity types by Standard Transportation Commodity Code 
(STCC) are only available from the waybill extract and special traffic files. 

The two car movement files contain considerable data. but the informa
tion is not always complete or accurate. In terms of completeness. two pro
blems exist: duplicate records and "holes" (missing records). The duplica
tion problem is more easily solved than is the problem of missing records. 
Duplicate records can be matched and merged. However. before a "hole" 
can be filled, it must first be determined that something is missing (and ex
actly what it is). Missing records can be the result of any number of cir
cumstances. but they are usually attributable to one of the following: 

. moves were not reported (this is especially true of empty movements): 
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• car initial and number were recorded incorrectly, so the move 
cannot be associated with the car; or 

• in.formation on the record was miscoded so it cannot be integrated 
with other records. 

Use of data with missing records will result in understated activity levels 
for· the railroad's cars. 

Additional problems are caused by questionable accuracy and incomplete
ness of reporting. As shown in Exhibit Il-1, net tons are available from all 
three sources. The tonnage for a particular shipment may vary from source, 
to source, however, because of the different reporting procedures. Tonnage 
from the two special traffic files is more accurate than the car movement 
file tonnage, but the car movement file is the only source of the tonnage for 
general merchandise shipments. Commodity reporting is reliable only when 
the STCC is reported. A report of a car's "contents" is unreliable because 
it is generally a railroad employee's "best guess" as to what is in the car. 
There are also no standard abbreviations for the various comn1odity types. 
Bad order reporting is incomplete because the reporting system is used 
only in certain terminal areas and,. therefore, captures only approximately 
85 percent of the bad orders and 65 percent of the storage incidents. 

For costing purposes, data should be collected in a consistent manner and 
maintained in a centralized location for easy retrieval. Detail is not as im
portant as the manner in which the data are collected since the most detailed 
in.formation is of no value if it cannot be extracted from the sources in a us
able form. lVIost important, the data used to develop consumption relation
ships should not be more detailed than the data used for costing. F o r exam
ple, number of classifications need not be collected or used to develop freight 
car maintenance consumption relationships if costs will not be applied to spe
cific movements by the number of classifications. 

Off-line operating statistics are reported to the railroad monthly and are 
maintai!'led in a per diem file. The per diem report contains only total car 
days and total mileage. with no detail about the route (other than the name of 
the railroad), loading, or handling of the car. Commodity, tonnage, and 
utilization data for off-li!'le moves can be assumed to match the data for the 
car when it moved off-and on-line, but such data ignore additional loadings 
off line. Bad order information can be inferred from repair records, but 
cars are not always bad ordered at the same location where they are repair
ed. Finally, per diem contains no information about the location or frequen
cy of switching activity. 

The lack of detailed off-line reporting impacts the on-line statistics. as 
well as off-line activity records. Because the off-line reporting is incomplete 
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by comparison with the on-line rec·.:>rds .•nere are. in effect. "holes" in the 
data whenever a car moves off-line. As with the problem of missing on-line 
movement records. the lack of complete information results in understated 
total activity. 

Because the car leasing company's equipment is always technically off
llne. there is no source for operating statistics other than the per diem rec
ords. This lim~ts the available activity measures to total car days and total 

• mileage. A further limitation is placed on these data by inaccuracies occur
ring in the reporting of time (r.ar days) by the railroads. When a car moves 
over two or more railroads during a month. the car days (which are reported 
on a monthly basis) can often be duplicative. The car days. reported sep
arately by each railroad over which the c-ar travelled during a particular 
month. can occasionally total more thar. 30 or 31 car days for a single month 

While such overlapping is eventually resolved, the resolution may take a 
long time. perhaps as much as a year or more. Therefore. car day statis
tics. particularly for current periods. cannot automatically be assumed to 
be correct. 

COMPILATION OF THE DATA BASE 

Although car characteristic. repair. and operating data are available. 
the information is scattered and must be condensed to form a workable data 
base. The problem of working with the sources as they stand involves not 
only the physical separation of complete data about a aingle car but also the 
volume of some of the source materials. Information about car type and age 
are available from one source, repair records from another, off-line opera
ting statistics (car days and car miles) from another. and on-line ope:-ating 
statistics (car days, car miles., tonnage, routing. etc.) from still another. 
The data sources for the railroad's on-line opecating statistics alone were 
~,ff'j~ult to compile. The operating statistics are contained in five files, each 
.:>f which provide.a.a. piece of a car's total operating history (see Exhibit 11-1). 
The data sources are not designed or prepared for the analysis of car repair 
consumption relationships. They are. therefore. unwieldy to process. re
quiring considerable manipulation before they can be used for such analysis. 

The processing of data for the entire populations of the two fleets (a total 
of almost 174,000 cars) would not be practical because the volume of data is 
so large. The amount of information needed for a data base covering 174. 000 
cars would not only be dUficult to collect •. but would be even more difficult to 
manipuhite. Data processing time requirements alone for the several hun
dred tapes would be impractical. Because of the time involved in making one 
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pass through the data for 174,000 cars . only a limited number of analyses 
cocld be performed on a "complete" data b c:.se . The refo r e . using such a da
ta base would require restric ting the r elations tes te d to minimize the number 
of analyses. 

F or these r eas o ns. sampling t ec;1niques we r e necessary to select a data 
ba~Je of a practical size. The s ampling str ategy was based on the analysis ob 
j ectives: to determine relations which are predictive of the incidence of main
tenance and to achieve an acceptable level of p recision on the parameters of 
those relations. To meet these objective s . a two-round sampling strate gy 
was adopted. First, a modes t random samplt! of cars was selec ted. With 
this sample bas e , predictive relations could be postulated. At this point. the 
relations were analyzed for degree of prediction, and alternate fo r m s were 
tried until the objec tive of predictability was either achieved o r deemed un
attainable. To a c hieve an acceptable leve l of precision. an additional sa1nple 
(again selec ted random ly) could be em ployed . These additional cars would 
be used . if necessary. to augment the initial sample until it wa s dete rmined 
that the precision requirements had been met. 

Sampling permitted ease in developing and testing da ta processing tech
niques and allowed more freedom in examining causal relationships. An ini
tial 1 percent random sample (apnroximately 1. 000 cars) was selected from 
the railroad fleet and a 2 percen t random sample (2. 000 cars ) was selected 
from the car leasing company fl eet . It was determined that additional sam
ples were not necessary. For the purpose of this study. which was to devel
op a nd test a methodology but not necessarily an exact measure, the 1evei o f 
precision obtained was judged adequate. 

The p r ocess of compiling the information and c reating a data base is il 
lustrated in Exhibits Il-2 a nd 11-3. Exhibit II-2 depic ts the cor.1pilation o f 
the railroad data base , while Exhibit ll- 3 depicts the car leasing com pany's 
da ta . Because of,the diffe r e nces in the s ources a nd detail of the available 
info r mation. the compilation p r ocesses differ somewhat. Essentially, they 
a chi eve an identica l r esult. however- - a data base which contains car c ha r
ac teris ~ic repai r and operating data by individual ca r for the sa=--:-:.ple equip 
ment. The data base , whe:i complete, was o rganized so to crea te a single 
recor d for each ca r which contains all t he fac ts a nd records of a c tivities 
pertaining to that car. 

Prior to the selec tion of a sample. the r ail r oad's U!\ILER file was edi ted 
t o eliminate cars which would add "noise" to the data base without contribu
ting to the analysis r esults. Ca rs whic h a r e no longer us ed in interc hange 
service were deleted since they receive only a min imum amount of mai nte 
nance and are thus not r epr esentative of the e n ti re flee t. Also eliminated 
were mino r car type population s , which would no t provide e nough data to 
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EXHIBD' D-3 
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support any conclusions about that particular car type. It was not necessary 
to edit the car leasing company's UMLER, since no unusual or unrepresenta
tive groups of cars were identifiable in the fleet. 

Repair data also had to be modified prior to analysis. Since the objective 
of the analysis is to draw conclusions about what makes a freight car or one 
of its components wear out, it is desirable to include in the data base only 
those repairs attributable to wear. The repair data were modified to this end 
in two successive steps. 

First. records of repairs attributable solely to damage were eliminated 
from the files. These include repairs made because of an unusual situation 
(such as a derailment) which does not reflect a components 's normal service 
life. Although repairs which were solely attributable to damage could be de
leted from the records. those which could have resulted from either damage 
or wear remain in the data base. Many of the CRB "why made" codes are 
not specific enough to allow identification of the cause of repair and determi
nation of whether or not they are wear-related. 

Secondly. program repair records had to be incorporated with the other 
repair records. Because of the different repair philosophies, this was han
dled differently for the railroad and the car leasing company. Railroad
performed program repairs reflect the service life of particular components, 
since programs are generally instituted when a particular component or as
sembly on a specific car type has begun to fail or has proved weak or defec
tive. Therefore. railroad program repairs were considered to be of the same 
nature as the modified CRB repair records. generally refet'ring to wear rath• 
er than damage. The railroad's program repair coding was translated to CRB 
coding and integrated with the CRB repairs to form one data file. 

The car leasing company's program repairs. on the other hand. are per
formed at specified time intervals during a car's life. While the intervals 
are based on experience and knowledge of the car's service life. the timing 
of program repairs does not actually indicate that a particular component has 
worn out. Thus. these program repairs would be more highly correlated to 
time than to wear. As a result. program repair coding was translated to CRB 
coding but was maintained in a separate data file. The two can be combined 
(if time intervals between repairs are being studied) or can be analyzed incsti
vidually. 

Compiling operating histories for the railroad was a more difficult task 
than compiling the repair histories because the data were scattered. most 
source files were not edited. and much of the data overlapped. The first step 
in completing this task entailed merging the six (five on-line apd one off-line) 
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operating statistic files. "Chaining" was then performed to create a contin
uous record and permit identification of the "holes." Editing procedures, 
which attempted to fill in the missing movements and eliminate duplicate 
ones, composed the second step . The third and final step involved ext racting 
the relevant statistics from the merged files. 

The six files were organized by sorting the data by car initial and number 
and sequencing the records by date. Merging was then attempted by arrang
ing the records in date and time order. Thi s method was successful for link
ing the two car movement files. However, the waybill extract, special traf
fic. and per diem files would not match up with the car movement record(s) 
because the dates were different. The car movement files record the date 
(month and day) the car moved; the waybil1 extract file records the manifest 
date; the special traffic files record the dates the car was loaded/ unloaded; 
and the per diem file records the month the car moved. It was found that an 
extensive manual effort would be required to merge all six files, because of 
this lack of common information. Therefore. the two car movement files 
were merged and the other four files were held separately. It was then nec
essary to determine whether the information contained in the remaining four 
files could be extracted for use and whether it was indispensable to the study. 

The per diem file contains information vital to the study b ecause it is the 
only source of off-line statistics. Since the off-line days and mileage are 
recorded at an aggregate (monthly level}, it was decided to combine the per 
diem records and the on-line statistics on an aggregate (total history) rather 
than a record-by-record basis. Railroad personnel were consulted about 
what value the waybill extract and special traffic files might have for the 
study. Based on these discussions. it was determined that the three files 
would provide more accurate tonnage figures for special shipments and de
tailed commodity information for all shipments. Commodity information 
cannot be practically used in the analysis because repair incidents cannot be 
related to a particular load and commodity; inclusion of that information is 
not essential to the results of the study. The other information the three 
files provide (tonnage of special traffic) merely adds accuracy to an already 
inaccurate data base. Since this additional detail does not warrant the time 
or effort required to merge these files. the special traffic and waybill ex
tract files were not included in the do.ta base. 

Car movement records. which were merged and sorted by date, were 
then chained by matching the "to" station in one record with the "from" sta
tion in the following record. T he computer could rearrange records with the 
same date to facilitate a match; however. it could not put the records out of 
date sequence. When as much chaining had been achieved as possible with 
the data in their original form. editing procedures were developed and im
plemented to identify and close any holes. First, moves were' linked if the 
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11to 11 and "from" sta~ions were a short distance from one another in the same 
switching district or terminal area, where the move may not have been re
ported. 

Next, records were skipped if, by skipping them , the other records would 
chain. This was done on the assumption that cars might have been recon
s igned after a movement record had been entered into the reporting system 
or that the recorded movement might apply to another car (since the railroad 
coes not check car initial and number). As a final step, movement records 
·,.ere generated to fill the remaining gaps. 

In general, the gaps were due to missing records of empty movements. 
: :any empty movements are not reported, including portions of most empty 
:::oves and almost the entire empty move of cars in dedicated service (pri
:::arily open-top hoppers). While small gaps in the movement records could 
.:e patched fairly accurately, this was not the case with open- top hoppers. 
_-,__s a result, total mileage for hoppers is lower than it should be, partially 
.: ec ause the circuity of their empty moves is not accounted for completely. 

Operating data were extracted from the edited records and seven operat
-=.g statistics were derived from them (see Exhibit II-4). Some of these sta-
-_5:.:cs could be extracted directly from the merged and edited records; how-
= :::>, others had to be calculated or extrapolated. Information from other 
-;.:: :he edited car movement files was used in these calculations, including 

:.:.= car' s tare weight from the UMLER file, off-line miles and days from the 
-~=- :::.iem files, and utilization (loaded versus empty) statistics from railroad 
-=:o rds. 

On-line car days and car miles were developed by adding the days and 
-=-.:.es (loaded and empty separately) from each movement record for each 
- =-:-. Off-line total days and miles were added for each car and multiplied 
·::- :.oaded/ empty time and mileage ratios (calculated by the railroad) to sepa
-=.:e loaded from empty statistics. On-line and off-line statistics were then 
~-=ply added together. Gross ton miles were also initially collected sepa
-=-:ely fur on-line and off-line moves. On-line gross ton miles were calcu-
----=.:ed on a move-by-move basis, using the car's tare weight from the UMLER 
=..::::. the net weight from the car movement file. To this were added off-line 
.=:-=.~istics calculated by multiplying loaded off-line miles by the average gross 

::.:ght of the car and the empty off-line miles by the tare. These statistics 
::1:.r miles, car days, and gross ton miles) are slightly lower than they should 

.::e because of missing movement records but, aside from empty hopper rec -
_:-ds, they correspond reasonably closely with railroad-supplied statistics. 

The number of classifications were extrapolated based on the logic that, 
..=- a car left a terminal more than four hours after it arrived and was then on 
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a different train. it had been classified at that terminal. Incidents which 
qualified as classifications were ,counted: however. the resulting total was 
far lower than railroad-supplied statistics indicated it should be. Although 
some of the error is due to the lack of a count of off-line classifications. the 
magnitude of the error indicates there is also an error in the on-line account. 
The number of loads counted is also far lower than it should be. reflecting 
the absence of off-line data and the inability of the computer to differentiate 
between a single load and a reload when there is no empty movement between 
loads. Although these statistics were included in the analysis. error can be 
assumed in any results based on these counts. 

Bad order locstion and the commodity being hauled prior to or when the 
car was bad ordered could be extracted directly from the files for some move
ments. Bad order location was only available when the car was bad ordered 
on-line and was in a terminal which has a terminal reporting system that col
lects such data. The availability of this information was so limited that what 
little was extracted from the car movement files was not usable for analysis. 
Similarly. commodity information was scarce but could also be misleading. 
since the damage-causing load could have been carried several loads before 
the car was bad ordered. This commodity information was collected for each 
car in the sample. although it (like the location) was not used in any analyses. 

Compilation of the car leasing company operating statistics required 
merely totalling the days and miles reported monthly for each car. As pre
viously mentioned. when more than one railroad is involved. car days for a 
particular month may total more· than 31 days. These figures were not ad
justed since some of the reporting could be overlapping from prior o r follow
ing months and the adjustment of these larger totals might bias equally im
precise reporting during other months for which total days look reasonable 
(equal to or less than 31 days). 

Overpayment (and underpayment) of per diem car hire charges is frequent 
and not at all unusual. Over or underpayment is usually the result o f a trans
position. wrong car number. or missed interchange. and these problems are 
eventually straightened out in the course of the leasing company's cla ims cy
cles. The firs t claims cycle begins seven .to eight months after a transaction. 
At that time. the car leasing company will list exceptions from thei r per diem 
records and contact the railroads involved. If the problem is not resolved. 
a second claims cycle is begun after two years and can continue well into or 
beyond a third or fourth year. A major reason for this extended claims ad
justment period is that the car leasing company's cars are not subject to the 
penalty specified in Rule 1 of the AAR Code of Car Hire Rules (c irc ular No. 
OT-10-E). Rule 1 specifies that a 15 percent increase in per diem a nd mile
age (per car day and mile operated) rates will be charged if a car hire is not 
reported and paid within one month and 10 days of the last day ·o{ the month 
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and claims are not settled within two months and 10 days. Some leasing com
pany cars have recently become subject to this rule. However, until the pen
alty can be levied on all cars, car hire claims can be expected to remain un
resolved for extended periods. 

Before the final process of combining the data sources was perfo rmed, 
one additional conversion was necessary to prepare the data for use in anal
ysis. This step entailed categorizing both the car type and repair informa
tion to allow for the analysis of the maintenance of specific components in 
appropriate subsets. 

Car type categories were based on AAR car types and were grouped or 
broken down further by mechanical designation, capacity. or special equip
ment (see Exhibit ll-5). This permitted aggregation or disaggregation to a 
detail consistent with the size of the population being studied and the level of 
analysis being performed. Repairs, identified by C RB job codes. were cat
egorized into nine major component groups and 43 subgroups within those 
groups (see Exhibit ll-6). Although repairs were grouped, the specifi c CRB 
job codes were maintained in the files to permit analysis on a more detailed 
level, if practical and desirable. Too disaggregate a level, manifested by 
too many groups of cars or repairs, often precludes the drawing of relevant 
conclusions since the data sets (groups) are too small (few members) . 

The final step in creating the data base involved combining the individual 
merged and edited sources to create records in a format suitable fo r analy
sis. Since not all the information from the sources is needed. data proces
sing and analysis requirements could be simplified by combining t~e pertinent 
information from each. The combined records incorporate des c r iptive as 
well operating and repair data and centralize all information pertc3i:,ing to a 
particular car. Analysis needs were met by organizing the data in two kinds 
of records- -car repair summary records and interval records. 

A car repair summary record was created for each c a r in the study sam
ple. The record contains descriptive, operating, and repair data r e la ting to 
that particular car. Descriptive data includes information extracted directly 
from the equipment register (UMLER) pertaining to the car's type. age. and 
other characteristics. The operating data contained in the su1n 1nary record 
consist of available operating statistics which reflect the use of the ca r for 
the entire study period. Repair data also comprise the entire histo r y o f the 
car for the study period. The number of individual repairs are sur:-::ned by 

repair category for each car. Organization of the data in this manne r per
mits them to be easily used and manipulated in computer programs a nd also 
permits comparison of variables with one another. 
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EXHIBfl' D-5 
... 

CAR TYPE CATEGORIES 

NO.OF CRITERIA FOR CAR TYPE AARCARTYPE 
CATEGORIES CATEGORIZATION 

UNEQUIPPED B 2 • Length 
BOXCARS 

UNEQUIPPED G 7 • Length 
GONDOLAS • Type of Floor 

• Type of Ends 

UNEQUIPPED H 4 • Number of Hoppers 
HOPPERS • Type of Dumping Mtch.,ism 

• Capacity 

EQUIPPED A • length 
BOX CARS 

7 
• Special Equipment 

(Commodity Related) 

EQUIPPED E 5 • Roof 
GONDOLAS • Length 

• Special Equipment 

EQUIPPED • Capacity 
HOPPERS 

K 2 

FLATCARS F 8 • Capacity 
• Special Equipment 

REFRIGERATOR R 3 • Length 
CARS • Special Equioment 

SPECIAL TYPE L 18 • Car Type 
CARS • Capacity 

• Special Equipment 

FLATCARS F 2 • Special Equipment 

• Use 

FLATCARS V 1 • Special Equipment 
EQUIPPED WITH 
SUPERSTRUCTURES 
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The other record, the interval record, is somewhat different frc,m the 
summary record, since it was designed to serve a different purpose. The 
organization and contents of the interval record provide information about 
the exi 'ltence and size of intervals between repair occurrences. For every 
repair performed on each car, a record was created specifying the car type, 
age, repair category, repair date, and number of days s ince the last repair 
or maintenance incident. 

Records were created for every repair to the car because, even when 
there is only one repair during the study period, there are two ''censored" 
intervals in the data: the interval between the beginning of the study period 
and the repair and the interval between the repair and the end of the period. 
It was also vital to create records for cars even when there were no repairs 
performed, in order to record the "censored" interval composed of the entire 
study period. 

The formats of these two records (the car repair summary record and the 
interval record) are illustrated in Exhibit 11-7. Although these formats vary 
slightly because of the differences in the data avai .1. able from the two firms. 
the organization and basic contents are comparable. The records. in the 
formats shown. represent an extensive process of selection. modification, 
and synthesis of the information contained in the original source fi les. This 
process of compiling the records required a cor,s iderable expenditure or time 
and effort, both manual and data pro-::essing. 

The major factor affecting size of the data processing effort was the size 
of the source data records. For the leasing company (with 77,000 cars), the 
car repair billing history files consist of 150,000 to 200. 000 records per month. 
To extract 3 years of data, 36 times that number of records had to be scanned. 
These 5 to 7 million records represent only a small portion of the total volume 
of records which had to be proct .:>sed for both the railroad and the car leasing 
company. 

Applying this costing methodology and determining consumption relation
ships for another fleet would requi re c onstruc tion of a new data base fo r that 
particular fleet. The actual computer and person hours required to construct 
a comparable (in level of detail) data base will depend on the type of equip-
ment being used and the experience of the programmer(s). However. the hours 
used by PM I\il&Co. to construct the data bases for the study can serve as 
benchmarks for future efforts. 

The person hours and hours of computer time required for compiling the 
railroad data ba se (the large r and more complex o f the two) are shown in 
Appendix C. The leasing company data required a pproximately 225 pe rson 
hours and 7 hours of computer time. 
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EXHmIT 0-7 

CAR REPAIR SUMMARY AND INTERVAL 
RECORD FORMATS 

CAR REPAIR SUMMARY RECORD 

CAR IDENTIFICATION DESCRl"1VE DATA 

FIELD NAME CAR CAR AGE j .,
CAR DOOR IINITIAL NUll ■III TYN iYRS., TYPE C BLANK

C 

= 
LOCATION ' ' ' ' I ' I I I I I ' I I 

5 10 11 20 

TARE 
WEIGHT 
CGDIW 

I I I 

21 

REPAIR DATA I REPAIR DATA 

7.1 1, 1.1 1.2 1.3 ... 
~-

/ 
I- • 100 

I .I 1.7 •••I ~-
OPERATING DATA 

I 
CAR DAYS CAR MILES 

LI t.2 

INTERNAL RECORD 
ii _;CARID REPAIR DATEa: DAYSCC e "' Ill a: _c,. ~ ► BElWEENCIII - ..:INITIAL NUMBERFIELD NAME &. ►C Ill VII.MO. DAVIIC IllIIIC REPAIRScc, IICC IICUucu .I I ' ' •'15 '20I • • . . 

'10 25LOCATION 
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A major factor affecting the level of effort required to compile a data 
base is the experience level of the analysts and programmers assigned to 
the project. To be able to work efficiently with the source files. a program
mer would need to have acquired several years of experience and have a 
solid background in working with various types of records and information 
systems. \Vithout extensive general experience. compiling this kind of data 
base would be difficult. if not impossible. Familiarity with the specific 
source files and formats would also be desirable. but is not a vital require
ment. 

In future attempts to construct a data base for the purpose of developing 
consumption relationships, the major factors affecting the level of effort re
quired would be twofold: (1) the experience level of the personnel assigned 
to the project, and (2) the amount (size and complexity) of data to be proces
sed. 

~ATURE OF THE DATA BASE 

The data base compiled for the development of consumption relationships 
contains desc riptive. repair. and ,operating data. as summarized in Exhibit 
11-8. 

Descriptive data. most of which is extracted directly from equipment re
gister (Uf..1LER) files, includes car type, age, kind of bearings, and tare 
weight for cars from both fleets. In addition, sources for the r ail r oad data 
yielded information on door type. pool membership, and commodity. Com
modity data were not used in the analysis because they were not always avail
able, were not reliable, and could not be easily quantified. Pool membership 
data were included despite the fact that they indicate only whether the r.::a:- was 
assigned to a pool at the end of the study period and contain no inform:ltion on 
the car during that period. Due to the short time span of the study period. 
the bias due to this circumstance was assumed to be minimal. The remainder 
of the descriptive data (car type. age, bearing, tare and door type informa
tion) are both comprehensive and accurate. 

Repair information is derived from both industrywide and fir:n-specific 
sources. The repairs are summarized by repair category. which eliminates 
some of the details available in source files but permits analysis of com
ponents and component groups. Because of the different repair philosophies 
of the railroad and the car leasing company. program repair records were 
merged with CRB records for the railroad. but maintained separately for 
tht. leasing company. Due to the practice of putting cars through rr.aint£:nance 
programs at predetermined intervals and more comprehensivE: care of the 
cars {especially automobile rack cars). the leasing company cars are pro
bably in better repair than the railroad cars and thus less prone to failure. 
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EXHmITD-8 

DESCRIPTIVE, REPAIR, AND OPERATING DATA 

VARIABLE 

. 

RAILROAD 
CAR-LEASING 

COMPANY 

. 

,,. Car type 

"' Car age>-tc Bearing type 
- ... ◄er: C Tare weight 
~0 

Door type"'0 
..._ Pool membership 

, ·eommoditv 

Repair category 
!: C Repair Type (CRB of program)f ~. 

Repair date "'0cc 
•Repair location 

, •sad order location 
,,. 

Days between repairs 

Loaded car days 

Total car days 
<, Loaded car milesz 
;: C Total car miles C .,_ • 
cc C Gross ton mileswC 
Q. 

Hump classifications0 

Total classifications 

... rJumber of loads 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Some 

Yes 

No 

Yes 

Yes 

Some 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yt1 

Yes 

No 

No 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

Yes 

No 

Yes 

No 

No 

No 

No 

• Not included in aMIYlie 
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Bad order location and repair location were additionally available from 
the source records· for the railroad fieet. This information, however. was 
not analyzed. Bad order location was only available if the car was bad or
dered under certain conditions (as explained previously), so there is not a 
sufficiently complete source of information on which to base conclusions. 
Nonspecificity is the reason for not including the repair locations. Although 
specific shops can be identified for repairs performed on-line, off-line re
pair locations are identifiable only by railroad name. 

Ttie reporting of repair occurrences is an additional item which must be 
qualified. As mentioned before, the reason for the performance of a repair 
cannot always be differentiated between normal wear. failure, or damage 
due to unusual circumstances or rough handling. Thus, there is the possi
bility that many repairs included in the analysis were caused by careless 
handling or other abnormal conditions. This situation, as well as errors 
resulting from inaccurate reporting and/ or editing, cannot be compensated 
for, however, and must merely be recognized as being part of the data base. 

Operating statistics available in the data base include total car days and 
car miles for both fleets. They also include loaded car days and car miles, 
gross ton miles, hump and total classifications, and number of loads for the 
railroad fleet. These statistics are subject to some inaccuracies due to pre
viously noted problems with reporting and editing and / or calculations using 
historical and average figures. With the exception of four statistics (hopper 
total mileage, total classification, hump classification, and nu mber of loads). 
the statistics have been verified as being fairly accurate. The four inaccurate 
statistics. though included in the analysis, will produce skewed results because 
all four a re too low due to incomplete reporting. 

The completeness and accuracy of the data base variables have a substan
tial impact on analysis results, as does the fact that the data base contains 
information about two very different fleets. The railroad's fleet contains 
cars of nine different AAR car types, while the car leasing company's fleet 
contains only two. Analysis of fewer car types permits more reliable re-
sults for a specific car type. In addition, the age mix of the fleets is different. 
The leasing company's cars are, on the average, several years younger than 
the railroad's cars. This difference means that repairs to consumable com
ponents (such as wheels or trucks) should have a higher incidence in the older 
fleet, thus aiding analysis of the service lives of those components. 

The two fleets are different in service characteristics. as well as in hav
ing different car types and age mixes. The leasing company's fiat cars are 
free- running equipment- -the cars, with some restrictions, can be used any
where in the United States, Canada, or Mexico. This means that the cars 
might be traveling over any kind of terrain, over rail lines in ·varying phys
cial condition, and in different types of train services at varying speeds. 
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By contrast, many of the railroad's cars are in captive service, so the ter
rain, track condition, and train service variables are relative constants. 
These factors concerning the kind of car service may have a.n effect on equip
ment and component wear. Although these factors are not quantifiable in ei
ther situation (free-running versus captive service), the variance in compo
nent life resulting from them would be greater in free-running cars than it 
would in captive service cars. It may be possible to make some observations 
about the two fleets based on a comparison of these service characteristics. 

A final difference (and perhaps the most important in terms of impact on 
the analysis results) is the variance in the time period for which data was 
available from the two sources. For the railroad, only 6 months of data 
could be obtained for analysis: the car leasing company had 3 years of data 
available. Availability from both these sources was constrained by the lack 
of compatible data collection systems. Before the beginning of the study pe
riods, either the necessary informat ion had not be t> n collected or the informa
tion had not been recorded and maintained on a data processing medium, mak
ing it difficult (i f not impossible) to edit, modify, and combine the information 
with other data. 

The constraints the time period imposes on the analysis pe-rtain mainly to 
those components which have service lives which are longer than the study 
period. For these components. repair intervals would not be available ex
cept in "censored" form, which limits conclusions to not much more than the 
fact that the component service life is longer than 6 months or 3 years. Since 
the majority of freight ca r components have service lives whic h are longer 
than either of those periods, the li m itations of the short study periods are 
severe. 

DATA BASE REQCIREivlENTS 

The assembly of a data base and, ultimately, the ana lysis itself are de
pendent on the availability , centralization, a nd accu r acy of th e> source data. 
:\"ot only must needed info rmation be collected, it must also be c ollected and 
maintained in a form which is compatible with othe r sources a nd whi c h read
ily permits modification, ext raction, a nd use of the pertinent data. The 
source must also yield accurate data to prevent bias of the results- -data 
which are either reliably reported or develope\°! with a minimal use of aver
ages and other constructed statistics. The meei!,,g of these criteria not only 
makes it feasible to physically create a data base !":'Jt also lends more c redi
bility and less bias to the results. 
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The major inadequacy of the information used in this report is the short 
time span. Six months or even 3 years of data is not adequate for the analy
sis of components, component groups, and cars whose lives may be as long 
as 35 years. The use of data spanning such as short time period makes con
clusions about all but the most short-lived systems questionable. 

A large volume of information pertaining to freight car characteristics 
and car repair and operating histories is currently collected by the industry, 
as evidenced by the information available for use in this study. lVIerely hav
ing a lot of pieces of information does not, however, mean that a usable data 
base is available. Of the total information available, only a fraction can be 
extracted and used because data are often incomplete, inaccurate, or in in
appropriate form. As evidenced by the time and level of effort required to 
process data for use in this study, the content and arrangement of the source 
information precludes analysis: 

. with accurate, complete, and comprehensive data: 

. at frequent time intervals to keep the results current: and 

. of components with long lives. 

These inadequacies suggest changes in data collection procedures to tailor 
the data specifically for the purpose of consumption relationship development. 
First, data collected for this purpose should include only information which 
can be used for analys;s and should be in a form which would require a min
imum, if any, construction or manipulation of statistics. Secondly, the data 
that are collected should be arranged and stored in a format which can be used 
directly for analysis. Finally, the data should be collected in a continuing 
manner to permit ongoing analysis and the eventual examination of long-lived 
components. 

DATA COLLECTION ALTERNATIVES 

Due to the volume of the information necessary for developing car repair 
consumption relationships, computer processing of that information is a re
quirement. A variety of possible data collection alternatives exist for com
puter processing of car repair and activity information. Appendix D contains 
the findings of an investigation and assessment of data collection alternatives 
for use in the repair shop environment. 

FREIGHT CAR REPAIR RECORDS 

One of the most important pieces of data for the development of freight 
car consumption relationships is a record of car repairs. Repairs to foreign 
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cars are well documented through the use of the AAR CRB procedures. al
though the cost of repairs are expressed only in terms of AAR standard costs. 
Few railroads have attempted to maintain similar records for their own cars. 
however. Three railroads surveyed in the Phase I state-of-the-art study do 
generate information on repairs made on owned cars: their records are 
described below. 

One of the railroads studied has extended the use of the AAR CRB pro
cedures to owned cars from which limited repair information is available 
on a per-car basis. Currently. when each owned car arrives at repair tracks 
or shops (but not those receiving repairs in train yards). shop personnel must 
complete a header form from the Original Record of Repair. Although these 
header forms are sent to the AAR billing department at the railroad's head
quarters, the only information entered in the computer is: 

. location of repair (the railroad's station number); 

. repair status code (indicating repairs at repair track, on road. 
in yard, or in heavy shop); 

. car initial and number; 

. car type; 

. load or empty status; and 

. AAR "reason for shopping" code. 

Although the nature of the repairs made is des c r ibed on the header form by 
each category o f component. nune o f the information on the nature of the re
pairs made is keypunched. The header- fo rms are placed on microfilm. but 
this potential source of information is not available for use by the shops and 
other repair fa c ilities in the preparation of management reports. Xo stan
dardized repo rts are currently generated from this computerized data base for 
owned c:ars. Info rmation is supplied on an inqu i ry basis for a particular car 
o r for an entire series. 

Another railroad maintains a computerized record o f individual car data 
built around AA.R's UMLER. The data include: 

. car number; 

. kind; 

. date built: 
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• length: 

. type of underframe: 

• type of superstructure: 

. type of sides: 

• wheel data (kind, diameter, size journal. and number in truck) : 

• cost new; and 

• all additions and betterments (both a description and dollar amount). 

This information can be obtained on an inquiry basis for an individual car 
or for an entire series. However. no additional information is available on 
repair expenses or operating statistics. 

Only one railroad studied maintains a complete unit record of repairs for 
individual owned cars that includes all types of repairs made during the life 
of a car. This railroad has created a car history file produced by rr.erging 
data from UMLER and the computerized CRB system. This file represents 
the most advanced state of the art in freight car unit records. 

The car history file is designed to compile and categorize repairs perfor
med on and off line to system freight cars. 

Inputs 

Exhibits II-9 and 11-10 summarize the flow of information through the car 
history file. Inputs are received from Ut1LER, the Original Record of Re
pair completed for repairs in a system shop, and the off-line billing state
ments received from other railroads. Information on repairs performed in 
the railroad's shops enters the file via optical scan techniques. Information 
on repairs to owned cars performed off line by other railroads enters the 
file when repair bills from foreign railroads are received and keypunched. 

Program repairs are also included in the car history file and the shop 
performance system. Information on all program repair work is taken from 
a standard bill of material completed by the foreman. which lists the material 
that will be applied to each car and the amount of labor required to apply it. 
As each program car is released from the shop. the standard bill of material 
information is inserted into its car history file. If any repairs were made on 
an individual car over and above the program repairs. they are reported on 
the standard Original Record of Repairs form. 
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EXHmlT D-9 

FUNCTIONAL OVERVIEW OF FREIGHT CAR 
HISTORY AND UTILIZATION 

DATA UTIUSVA1. 
COftaOL CA&lll 

FREIGHT CAR HISTORY 
CREATION AND UTILIZATION 

DATA RETJUEVAL 
IUIIAGDIENT 

IIEPOllTS 

TO 
IIPDEPT. 
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EXHIBIT D-10 

DATA FLOW CHA&T OF 'nlE FREIGHT CAR 
HISTORY AND U'l1UZADON SYSTEM 
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Rcord Formats 

Data from these various sources are merged into a profile record and 
a repair detail record. The profile record contains: 

. car initial and number; 

. car type; 

. AAR designation; 

. manufacturer; 

. date in service: 

. bearing type: 

. length: 

. light weight; 

. capacity (cubic feet or pounds): 

. pool assignment; 

. restencil information (new initial and nu mber, and date 
of restenciling); and 

. date of retirement from service. 

The repair detail record contains: 

. car initial and number: 

. car type: 

. AAR repair rule number; 

. date of repair; 

. location of repair (SPLC); 

. repair point code if repaired on line; 

. location of repai r (on car); 
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• quantity defective: 

• condition code: 

• applied job code: 

• qualifier. applied: 

• why-made code; 

• removed job code; 

• qualifier. removed; 

• responsibility: 

• defect card authorization (initial. date): 

• AAR repair value (shown separately for labor and material): 

• pool assignment: 

• billing road: 

. bill number: and 

. microfilm number. 

Outputs 

The railroad's system has been designed to produce reports in a variety 
of formats. Although an almost unlimited retrieval capability is available. 
several standardized reports have been developed which can be related either 
to a repair point or to a car series. Several component "failure trend" re
ports have also been developed. The various possible trend reports are sum
maries of failures: 

• to coupler yokes by yoke type: 

• to draft gears by manufacturer: 

• to lubrication by type of lubricator: 

• to journal bearings by type of bearing; 

• to journal wedges by type of wedge; 
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• to roller bearings by manufacturer; 

• to wheels by type of wheel; 

• to axles by type of axle; 

• to truck bolsters by type of bolster; 
• 

• to side frames by type of side frame; 

• to truck springs by type of spring; • 

• to air brake equipment by type of air brake; 

• to mechanical and pneumatic adjusters by manufacturer; 

• to brake beams by type of brake beam; 

. to brake shoes; 

. to geared hand brakes by manufacturer; and 

• to coupler bodies by type of coupler. 

File Uses 

The system examined provides a data base from which reports can be 
generated to: 

. support individual car decisions to repair or scrap; 

. assist financial planning related to car replacement needs. 
capitalization studies. and new budget developments for both 
stores and shop organizations; 

. provide a research data bank to support technical and profitability 
studies; 

. analyze failure trends of components among car series for design 
and vendor problems; 

. summarize modifications related to cost and failure; 

. identify a road's leased cars in order to be billed through foreign 
car program: 
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• analyze manufacturer warranties: 

• support the bills payable audit function: 

• provide more accurate forecasting of freight car 
maintenance budgets: 

. reduce current levels of report generation: 

. assist in designing better preventive maintenance pro1rama 
for freight cars: and 

. increase the flexibility of retrieving data for apecial atudiea. 

Since the three reporting procedures are basically an extenaion of an 
existing system. the tools for collecting car repair information on owned cars 
are already developed. The detail and sophiatication of the reporting system 
uaed. as shown by the above ex.ample• • is dependent on the railroad' a needs 
and resources. Reporting formate. data entry techniques. complexity of the 
recorded information. and report 1eneration may be designed or adapted 
to provide railroad management and coat analysts with information to monitor 
repair activity and develop consumption relationships. 
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III. ANALYSIS OF FREIGHT CAR MAINTENANCE CONSUMPTICJN 

The objective of this section ia to determine whether the consumption con
cept ia valid for frei1ht car coatin1 and. if possible. to demonstrate the de
velopment of frei1ht car maintenance relationships for the two firms studied. 
The comparison of the results for the two firms can be used to determine 
whether the methodology is applicable to other rail firms. 

There are at least three basic approaches to coatin1: accounting. en1i
neerin1. and statistical. The accounting approach to costin1 is generally the 
least expensive and most convenient method. For this approach. the car repair 
categories of interest are related to an output measure to develop unit costs. 
Unfortunately. this approach does not c&tablish a causal relation between con
sumption and output nor does it separate fixed from variable costs. For 
these reasons. the accounting approach was rejected. 

The engineering approach establishes the technical relationship between 
maintenance requirements and utilization throu1h engineerin1 laws or empi
rically through controlled experiment. This approach is potentially very ac
curate thou1h extremely costly to perform. The engineering ap?roach ne
glects the impact of maintenance policy as well as the various environmen
tal factQrs that infiuence actual operations and are absent from controlled 
experiments. Based on these drawbacks. the enfineering approach was re
jected. 

The statistical approach was selected for this research as the most prac
tical alternative. Statistical techniques are used to establish a relation be
tween maintenance and output variables based on a sample of actual operations 
and maintenance records. For the two firms selected for study. the required 
information was developed from existing sources as described in the previous 
section. 

The remainder of this section demonstrates how the statistical approach 
was used to develop freight car maintenance relations for the railroad and 
the car leasing company. The s ection begins with an orientation to the sam
ple data and its limitations. This includes the car descriptive characteris
tics. operating activity level, and repair activity level. The distribution of 
maintenance cycles for selected components and component groups is studied 
and characterized. Next. the factors and operating activities which affect 
the incidence of maintenance are identified. Finally. these factors and 
statistics are combined to developed relations explaining the variation in car 
maintenance activity for costing purposes. 

III.1 



SAMPLE CHARACTERISTICS 
............---------------

The development of the data base for the analysis was discussed in the 
previous section. The sample of car histories was taken according to pro
cedures outlined in Appendix B. This section describes the sample char
acteristics. including: 

. freight car fleet - e.g .. age distribution. car types; 

• operating activity - e.g .. miles per day. percent loaded 
days; and 

. repair activity - e.g., repairs per mile. repa1rs by 
category. 

The purpose of this exposition is two-fold. F i rst. the particular firms 
analyzed are special cases. and differ from other firms in fleet character
istics. operating environment. utilization. and maintenance policy . Thus, 
the advisability of extrapolating the conclusions of this study to the universe 
of railroads can be assessed by evaluating the similarities and differences 
between this case study and the set of railroads in question. 

Secondly . there are many limitations to the accuracy of the data. The 
data base i s constructed from a random sample of automated sources . The 
data. however. are o nly as reliable as the source data and the algorithms 
used to construc t the data base. Hopefully. this section can illustra te the 
many limitations of e xisting data sources. Exhibit 111-1 defines t he list of 
computer-coded variab les used in this study. 

Freight Ca r Fleet Characteristi c s 

Exhibit 111-2 displays the distributi o n o f freight car types for the rail
r oad and ca r leasing company flee ts. Fo r analysis purposes. the rail
r oad's cars are g r o uped into six categor ies : 

. equipped box; 

. unequipped box: 

. equipped hopper: 

. unequipped hopper: 
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EXHJBrrm-1 

DEFINffIONS OF COMPUTER-CODED VAR.IABLES 

COIIPUTIII DEFIIITIOI 
CODE 

CTYPE Type of Cir 

AGE Age of Cir (YIM) 

DOOR Type of Door 

BEARING Type o. JNrint (0 • Friction; 1 • Rolled 

POOL Type of S.-(O • Not Pod; 1 • Pod) 

TARE Tn Weith1 (hundtNI of polHNIII 

LCDAYS Loldld Cir Days 

TCDAYS Total Car Days 

LCMILE Loedld Cir ... (hundlldl 1f fllilela 

TCMILE Total Cir Milll (II_... of mW 

GTMILE Gr•Ton-Milll (tlltt R ndl of torw-milll) 

HCLASS NufflblrofHu•p0Rlif'alioftl 

TCLASS Nu■lllr of CIIRificlliaM 

REPiy Nu..., of RIPlin to Co•....-t 1.y 
(Rlilnllll) 

REPSYSa Numlllr of R...,. to Cir Sv•111 • 
(Rlilr•H 

CREPxy Nu....,ot CRI Rlpeinto Com,..._. x.y 
(Cir I u· .. ColfllllftY) 

PREPxy Nu..,of,,..._ lllpeirs to eo.,..llftt x.y 
(Cir I.Nii..Co•PMY) 

CRlx NltfflW of CRI Rlpein to Cir SYIINI x 
(Cir L ~,111 Co111....v) 

PROGx Nu..., of,,....... RIPlin to Car Syanffl • 
(Cir Inrng Colllpeny) 
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EXHIBffm.2 

DISTR.IBUTION OF FREIGHT CAB TYPES 
IN SAMPLE 
IIAILIIOAD DATA 

11cc1at 
1,,•• 

Z("'I 

112 (1a) 11C(1Ba 

EQUIPPED UIEGUWED EGUlflPED u•aullftD IOIDOLA OTHER 
IGX IGX H....R N.....R 

CAR LEAIIIG COIIPAIV DATA 
1,1nc•t 

111 (31"t 

AUTO RACK OTNEI 
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• gondola: and 

• other cars. 

It should be noted that the majority of the railroad's cars are unequipped 
hoppers. 

For analysis purposes. the leasing company cars are aggregated to 
three groups: 

• intermodal: 

• auto rack; and 

• other cars. 

It should be noted that the majority of leasing company cars are intermodal. 

One reason that car type is an important consideration ia that different 
types of cars have characteristic ranges of empty weight. Exhibit 111-3 dis
plays the average tare for freight cars by type. Note that the leasing com
pany's cars are heavier than the railroad'• cars. on the average. The aver
age tare for the leasing company cars is 39 tons. versus 29 tons for the 
railroad's cars. The fact that the autorack car weight includes the autorack 
equipment accounts for part of the difference in average tare. 

Another factor influencing maintenance requirements is the age of the car. 
Exhibit 111-4 depicts the age distribution of freight cars for the two firms. 
Only one in 10 of the leasing company cars are over 15 years old. while 38 
percent of the railroad's cars exceed 15 years. The average reported age 
of freight cars in the sample is 13 .8 years for the railroad and 9. 5 years 
for the car leasing company. 

The type of bearing used can influence the maintenance activity in some 
categories. All leasing company cars have roller bearings. For the rail
road's cars. Exhibit 111-5 displays the percentage of cars with roller bear
ings versus those with friction (journal) bearings by car type and age. The 
type of bearing is highly correlated to age. The majority of cars under 15 
years of age have roller bearings. while only 9 percent over 15 years use 
this type of bearing. 

The cars in pool service generally have higher utilization rates; higher 
utilization. in turn. implies higher maintenance. Exhibit 111-6 displays the 
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EXHJBrr m.3 

AVERAGE TARE FOR FREIGHT CARS 

To• La 

II 1• 

41 -

JI 71K 

30 .. 

25 SOI 

20 -

IN SAMPLE 

CAIi LUIIII COIIPAIY DATA 

1 AUTOIIACK 1 • 
00 00 

r ECIIOX 
Ob 0000 db 

1 OTHER 7I IITE-ODAL I w w 
00 db 

I UIEG NOPNR I w w 
ru.EGIOX 1 
00 W 

IIAILIIDAD DATA 

, I OTMIIII 

AYEIIAIE TARE:AVERAGE TARE: 

51 TNOUSAID LIS• 21 TO.S71 TNOUIAID La• n TO.S 
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EXHmlTm-4 

AGE DISTRIBUffON OF FREIGHT CARS 
IN SAMPLE 

IIAILIIOAD DATA 

1 ■ (111'1 

11-11 

212m,u 

...N 

CAIi All C,. 

RDOITID AVIIIAII All • 1U YUIS 

CAIi LIAIIII COIIPMY DATA 

111aaa 

I1ZCZII» 

N 

111C211U 

1-11 11-11 

1ZC1~ 

11-21 ... 
CARAll(YEMm 

RINITID AVIIIAIE All • I.I YUIii 
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EXHIBrr m.s 

DISTlllBUTION OF TYPE OF BEAllING USED BY 
CAR TYPE AND AGE- RAILROAD DATA 

PEIICEIT OF CAIII WITH IIOLLEII IEARIIGS 
IY CAIi TYPE 

3"' 

"' 
EDUIPND UIEClUHftD UIEQUtfftD GOIDOLA OTMIIIIOX BOX MOP,EA 

PEIICEIT Of CARI WITH ROLLEII IEAIIIIU 
IV CAIi AGE 

1• 

"" "' 
............... 

!lilllillllllllllll: ...·.-..... 

"' 

1-5 5-11 18-15 11-ZI ZI+ 

CAR AGE (YEARS) 

KEY: 
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EXIIIBff m-6 

DISTlllBUTION OF POOL CARS BY CAil TYPE AND AGE -
llAIL&OAD DATA 

PIIIClft OP CAM .. POOL •IVICE 
IYCAIITYPE 

a 

-- --
~-:~;::::::::~:= 11:•:•:•:•:♦:~=~=~=I 

•;•:•;•;•;•;•;• 

·•·•·•·•·~·r, :::::•:::.... ~..-.-.:-...-~~~-·····~··.. ·······•·r,·•· ,.,t:::::::::::...~ It'. ····••J!••·•;~ 
~:r::•=-=; •. I.~~~z-:- 1•~:::::=:-: . • ......, INNLA OTNII_,IIIOI ···""' 

PIICUT OP CAIi • NOL ..VICI 
IYCAIAII 

- -

..... 1-11 11-11 11-21 

CAIAIICYU• 
IIY: 

......... CMIQ 

D ...,..,JBJ 

III. 9 



percentage of the r~il~oad's cars in pool service by car type and age. Data 
for the leasing company's cars are not available for this characteriatic. 
Equipped box cars and other types of cars constitute most of the pool cars 
for the railroad. 

Operating Activity 

The railroad's data indicate the operating activity of cars for a seven
month sample interval, in which each car is attributed 213 car days. By 
contrast, the car leasing company's data range f.-om zero to 1 , 302 car days 
per car. In this case, a car day signifies a car day in use (per diem) Exhibit 
111-7 displays a histogram of the total car days per car for the leasing com
pany's cars. The median number of car days is 1,018, and two thirds of the 
cars fall in the range of 900 to 1 . 100 total car days for the three-year period. 

The leasing company's cars travel more miles per car day than the rail
road's cars. Exhibit 111-8 illustrates the average total car miles per car day, 
by car typ~, for the two fleets. As previously indicated, some of the empty 
car-mile estimates for the railroad's cars are low, which in turn. biases 
the estimates of miles per day on the low side. In both firms, the average 
total miles per day varies significantly by car type. For the railroad firm, 
older cars tend to be used less. On the other hand. for the car leasing com
pany, older cars have a slightly hjgher rate of utilization. 

For the railroad, more detailed operating statistics are available, as 
tabulated in Exhibit 111-9. For every operating activity, an analysis of var
iance indicates a significant difference in activity levels among car types. 
The exhibit also reveals obvious 1imitations and inaccuracies in the data base. 
Apparently, the reported activity is low for: 

. empty car miles; 

. numoer of loads; and 

. r.umber of c lassifications. 

The r~ca.::tons for this problem were dis c ussed in the section dealing with data 
collection procedures. 

i\laintenance Activity 

l\laintenance activity for freight cars was broken down into 10 major com
ponent groups (e.g., brake system) and then into the individual components 
within each group. A complete definition o f these components. and groups was 
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EXHIBrrm.7 

DISTIUBUnON OF TOTAL CAil DAYS PEil CAR -
CAil LEASING COMPANY DATA 

-
t 

I 

... =-•... 

1• - - 111 
TOTAL CAA DAYI 

1111:C.·•-- .... - • ............ 

......... 
Mrlt •1,ltl .... 
...... 1............... 

- - - - - 1,111 1.,. 1,211 1,311 
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EXHlBffW-8 

AVERAGE TOTAL CAR MILES PER CAR DAY 
BY TYPE OF CAR 

AVERAIE TOTAL CAR •LUPIR CAR DAY 

I ,. 111• -
RAILROAD DATA 

EQUIPPED IOX 

UIEQUIPPED IOX 

EQUIPPED HOPPER 

UIEQUIPPED HOPPER 

GOIDOLA 

OTHER 

CAR LEAIIII COMPANY DATA 

INTERMODAL 

AUTO RACKS 

OTHER 
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EXIIIDIT D1-9 

OPl:RATING ACTIVITY DY CAR TYPE- RAILROAD DATA 

ACTIVITY 
VARIAllE 

Mil•,-Dav 

I -.,-Load 

...,., 0aification 

Plrant of Daye LDldld 

'-ant of._ Loaded 

Gr•T•..,. Lomll 
Car ... 

IDlt: C..t ...... l■ tt ti 
....__. ....... I 

EGUlfPED 
IOX 

48.0 

3,222. 

1,342. 

--
112,.. 

UIEGUHftD 
IOX 

31.4 

2,011. 

26% 

11" 

11 toM 

CAR TYPE 

EGUlffED 
NOPPER 

UIEGUlftl 
NOPPER 

11.1 20.0 

331. •• 

1•. 

1ft 

-
211. 

-
11" 

132teM 12itOM 

II - CIIII ...., .....-- II a. .. _.., C11 ......... el 
Shih, .__ca_,. 

&OIDDlA 

11.4 

1,145. 

1N. 

-
51" 

113 tona 

OTHER 

31.1 

1,113. 

1,071. 

3B 

411 

132tOM 

All 
CARI 

Zl.2 

1,231. 

541. 

341' 

la 

120,-

ITA'•t1IITIC 

I0.7 

102.3 

.... 
23.5 

141.7 

31.2 

•1■FICMT 
.,,1Ruc1 

ll'IWIU 
IROWII 

tl11' lEVllt 

Y■ 

Y■ 

Y■ 

Y• 

Y11 

Y■ 



provided earlier in .this report. For this analysis. it is important to aggre
gate repairs into categories which may exhibit similar incidence of repair 
characteristics. 

Exhibit lll-10 displays the number of repairs per thousar.c car days by 
component group for the railroad and the car leasing company. For both 
firms, the brake system repairs account for more than half the total repairs 
per day. Overall. the leasing company• s cars have more repairs per day; 
however, there is no clear dominance on a group-by-group basis. The rail
road's cars ii:icur more repairs per day for draft gear. trucks. doors (leasing 
company cars do not have doors) and car body exterior. The leasing compa
ny's cars show more repairs per day in the four other car systems and in the 
miscellaneous category. 

Exhibit 111-11 represents a similar breakdown of repairs per 100,000 car 
miles. Although the overall repairs per car day is higher for the leasing 
company, the overall repairs per car mile is much higher for the railroad. 
In all but the special equipment category, the railroad's cars incur more 
repairs per mile than the leasing company cars. 

Exhibit 111-12 compares the distribution of repairs by group for the rail
road and the car leasing company. In both cases, repair or maintenance to 
the brake system is the predominant repair activity. Draft gear, trucks, 
and bearing and axle repairs constitute a greater percentage of total repairs 
for the railroad than for the car leasing company. The frequency of truck 
repair is related more to car age than to use (see Exhibits 111-24 and III-25). 
Since, on the average. the railroad cars are older (see Exhibit 111--t ) , more 
truck repairs a re expected for this firm. Also, 42 percent of the railroad's 
cars are equipped with the higher-maintenance friction bearing (see Exhibit 
111-5), whereas the car leasing company fleet is fully equipped with roller 
bearings. This accounts for the lower repair activity in the bearing c:1nd axle 
system for the leasing company's cars. 

Overall, the leasing company's cars are younger and travel more miles 
per day than the railroad's cars. Consequently, the distribution of repairs 
displayed in Exhibit lll-1 2 shows a higher incidence in the mileage- related 
repairs for the car leasing company and a higher incidence in time- o r age
related repairs for the railroad. A more detailed analysis of corre lations 
is presented in a later section on maintenance- related factors and operating 
statistics. 
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EXHIBIT ill-10 

NUMBER OF REPAIRS PER THOUSAND CAR DAYS 

COMPONENT GROUP RAILROAD DATA CAA LEASING COMPANY 
DATA 

Braka 10.9 31.2 

Draft G11r 3.1 2.1 

Trucks t .O 0.3 

Bearings ind Axltl 2.2 2.6 

Whllb 0.3 1.2 

Doon 0.3 0.0 

C. Body - Interior 0.2 0.9 

Cir Body - Exterior 2.7 2.5 

Specilf Equipment 0.0 2.0 

Miac1U1neou1 1.0 5.8 

All R1peir1 21 .7 48.9 
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EXHIBIT W-11 

:'iUMBER OF REPAIRS PER HUNDRED-THOUSAND MILES 

COMPONENT GROUP RAILROAD DATA CAR LEASING COMPANY 
DATA 

Brakes 48.8 24. l 

Draft Gear l 5.7 2.0 

Trudu 5.4 0.3 

Bearings and Axles l 1.8 2.1 

WhNls 1.5 1.0 

Doors 2.6 0.0 

Car Body - Interior l.1 0.8 

Car Body - Exttnor 16.2 2.3 

Special Equipment 0.0 1.3 

MisceUaneou, 5.2 4.9 

All Repairs 106.4 38.9 

NOTE. R ■ 1lro• • data include CAB and pr,)CJ'am maintenance. Car ,...,"I compeny data ,epr ■-nt CAB rep■ ,n only. 
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CAR IODY
EXTERIOR 

DRAFT 
GEAR 

t:XIIIUIT 111-12 

UISTlllUUTION 01• ltt:PAlllS UY COMPONENT GROUP 

I 
CAR IODY· 
INTERIOR 

DOORS 

IRAKES 

NOTE. R•llrCMld ct.a. indUl.le CRB and Pfotram maintenance CM IN1mg COmJNllly data repnwnt CRB repeir1 onty 
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DISTRIBUTION OF I\IAINTENANCE CYCLES 

To establish relations between utilization and incidence of maintenance, 
regression and analysis of variance techniques are used to estimate average 
behavior. However, values for average repairs per mile or average days 
per repair have meaning only in relation to the underlying frequency distri
bution assumed by the data. For example, if the distribution of maintenance 
cyc les is characterized by a normal distribution. the average cycle ti:ne is 
at a point where 50 percent of the cars have a longer maintenance cyc le. 
However. if the distribution of maintenance cycles is characterized by an ex
ponential distribution. the average cycle time is a t a point where only 37 
percent of the cars have a longer maintenance cycle. These two hypotheses 
are depicted in Exhibit 111-13. 

The purpose of thi s subsection is thus t o characterize the dist r ibution 
o f maintenance cyc les for freight ca r components. The subsection discusses: 

. estimation of survival curves fo r freight ca r c::ornponents: 

. compa r ison o f s urvival c urves to theoreti cal reliability func t ion s 
and; 

. implica tions of maintenance cy c le distribut ion for r egr essi o :1 
testing. 

Survival Curves 

A su r vival c urve represents the distribution of h~ length of t1 ;;:e tha t a 
c o1nponent operates before it requires repa i r. The observed data c onsist 
o f u me intervals whi c h represent the "lifetime ," o r ma intenance ,: ·:c le. o f 
cornponents. 

In this study . it is impossible to control the conditi ons under .,·:-uch the 
car components a re observed o r to obta in data on c omplete lifetir.;es fo r com 
ponents. This problem o f incomplete (o r "censor ed") obse rvati on s 1s parti 
cula rly acute for the r ail r oad data. since the m aintenance cyc le o i -::os t ca r 
components is l onger than the seven-month time span o f the ca rs -::ple . 
Only a small perc entage o f the ca rs in the sample have any comple!-= and valid 
cor.1ponent maintenance cycles ( two o r more repa irs to the s3:ne co~ponent) 
in the sample interval. Where full cyc les are observed . they repr~sent a 
considerably biased sample of maintenance cycles. The following desc ribes 
how an unbiased survival c urve is derived. There are only three tvpes of 
observations .vhich occu r fo r the data base , as illustrated i n Exh1b:~ ril -14 : 

. Type ...\ - The interval between suc<' ess1ve r epai rs to thP sa-::e 
,;.:, ,,:;"Onent o r component group; 
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EXHIBIT ffl-13 

COMPARJSON OF HYPOntESES ON DISTRIBUTION 
OF MAINTENANCE CYCLES 

HYPOTHESIS: 10-AL DISTIIIIUT101 
OF IIAIITEIAIICE CYCLES 

5ft OF CAIU IREATEII 
THAI AVEIIAIE CYCLE 

I AVEIIAIE CYCLE 

T•E TO IIEPAIII 

HYPOTHESIS: EXPOIEITIAL DISTIIIIUTIOI 
OF IIAl■TEIA■CE CYCLES 

► 

37" OF CASES GREATER 
THAI AVERAGE CYCLE 

TIIIE TO REPAIR 

~~l~Il.···················· ... ....... 

AVERAGE CYCLE 

II!. 1 ~ 



• TyPe B - The interval between the beginning or end of the sample 
interval and the most proximate maintenance inc1dent for the com 
ponen t or group; and 

• Type C - The full sample interval. if no maintenance to the com
ponent or group is observed in the sample interval . 

Type A observati ons are the only observations which represent complete 
maintenance cyc les and are thus the only noncensored observauons. It there 
are two maintenance inc idents for a sample car history . there is on t complett 
maintenance cycle; if there are three maintenanc t 1ncidents. the ca r cuntr1b
utes two complete maintenance cycle obstrvations . 

Type B uoserva tions are censored observations . Every car n1story con 
taining at least one incident of maintenance contr1outes two censorea ooser
vations: ( 1) the interval between the oeg i nning o r tnt sample 1ntervai. c1no the 
fi r st rnaintenanc e inc ident and (2) the i nte rval oet·.i.een the last ma1ntendnce 
incident and the end o l the samp l e i nttrval . T hest c ensored obs~rvcitlons 
a re important sin ce they r epresent occasions whtre the complete md1ntenance 
inter val exc eeds the ooserved . partidl i n terval . 

Type C observa tion s oc c ur only fo r ca r h;.stories wi th no maintenance 
i n cident obs e r ved in the saniple interval. Tht-se censored observ&t1ons are 
important since, like the T y pe B obs ervations, they represent a ONer oound 
on the full (unobserved) maintenanc e ey e le u t the co m ponent. 

Exhibn lll-14 illustratt->S the three types o f observations, oasec on c. ar 
h1s t o r 1es o f d r a f t gea r maintenance 1or the r a d r o dd . ~ote that n:u:i t uoser
va t i ons a r t:: censo r t:: d . Since the data fu r the c a r leasing company co ve r a 
:n uc h longer t1me period . tht::re wo uld no t t., t dS many c ensored oost:rv a t iuns . 
For br aKe com pon ent s . there \\. O Uld ue fe wer c ensu red observallon:, tor the 
ra i ! r oad sinc e rt:pairs drt! inor e frequent; ho wever, there wo uld bt a greater 
nu rnb t:: r o f censore d o o::; 1:: rvc.1t1uns tor m os t other c a r c omponents . 

Con ceptua l l y . ea<.: n rna i ntenance eye le ubserva uon c an be cons ic-=: red tu 
:J eg in a t llmt ze r o ; thus th t l ength u 1 t h t i n terval 1s called the 11 t11-:-: c t u tdll
u r e . " In t h is ·.vay , ea c h c·u,nplt:-tt ..1na , ~n::;u red o nser vatlon can be :,u:n bered 
1n as c end i ng o r d e r 0 1 t11 n t tu t'adure . At e,H: 11 ume t u fauure, the percentagt 
•· surviving " 1.:..i n be d e term 1ned . The e~tima t e 1 o t the survival func : :,.:n a t the 
K th fa ilure i s : 

s, t ) = 
k 

.:\ 1 - f1 .,. >i 2 - f 2 .,. l >i k - f .,. 1 Ni - . + lk k . . . . . = • 

-'=1 - l :\2 - l y - 1 n .:\ . - 1. .k 
i = l 

1\Villiam If. v on Alven, ed ., Rellabllny Eng1nee r 1ng , ..\Rl.i'\C Resecirc n Cu 1· 
pora t1on , Eng l ~wo o d Cilffs , . ew Jerst:y : Prenti c e-Ha l l. lnc., l~ti.5 . 
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EXIIIUIT Ul-14 

ILLUSTllATION OF TYPES (A,B,C) OF MAINTENANCE CYCLE OBSERVATIONS -
RAILROAU DATA 

CAR HISTORIES AND PERCENT OF CARS HAVING 
TYPE OF OISERVATION CAR HISTORIES AS DEPICTED 
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where: is the number o f surviving observation s beginning 
-the interval which precedes the ith failure. an d 

fi is the number o f uncensored failures occurring at 
the time of the ith failure . 

The variance of the estimate is: 
2 

~ - - f . + l ); . - f . + 1k l 1 l 1Var S(t ) = 
N . + 2 -n k 

k )-J . + 1n 1 1 
i= 1 i= 1 

Appendix A tabulates the survival curves for the inter val between repairs 
on any car component for the railroad and for the leasing company . The 
time i nterval between, fo r example, a b r ake repair and a car exterior re
pair is considered a maintenance interval if the repairs occur on different 
days . The table, generated by computer (see Appendix C), lists numbers 
surviving before periods, complete and c enso red obervations, survival rate, 
and pre.po rt ion surviving by the ti me period . 

Exhibit III-15 presents the survival curves from Appendix A in graphical 
form . )-Jote that both curves desc end very steeply before levelin g out. T h is 
implies that repair activity to components 1s '' clustered" in time. 

Survival c urves were estimated for each component group an d for sev
eral components for both the railroad and the ca r leasing company . In this 
i nstance, on ly observation s concerning the particular group o r cor::ponent 
are considered. As a result, the survival c urves are typically less steep. 
!:)ecause they represent the r epai r i nterval for the specific cornponent o r 
coinponent group. 

Theoretic al Re l iability Func tions 

Generally , only a portion o f the survival c urve can be estimated ~o r a 
component o r group. The greater the true 3verage time between re;,ai rs 
relative t o the sample interval, the smaller the segment of the surv1val 
curve that can be computed reliably. T o fully characterize the distr~bution 
of maintenance cyc les, a means is needed to extrapolate from the measured 
seg ,nent of the survival c urve. 

The process of extrapolation assumes a theuretical form for the distri
bution o f maintenance cycles . For example, the normal curve refle c ts the 
probability of survival for items for which the failure (survival) rate increases 
(decreases) with time . This is typical of c omponents subject t o gradual wea r 
o r components that a re repa ired at a r egular interval . The exponenti al c urve 
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EXHIBIT ID-15 

SURVIVAL CURVES -
TIME INTERVAL BETWEEN REPAIR ACTIVITY OF AN. TYPE 
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reflects the probab~lity of survival for items for which the failure rate is con 
stant with time. This is typical of items that can fail or be replaced at c1ny 
time (regardless of the accumulated utilization) o r items that fall wnen any 
one component of a group fails. 

The appropriate theoretical function can be determined by graphical tech
niques in some cases. Repair l .1 category groups COT &S (clean, vll, test, 
and stencil) and IDT&S (indate, test, anci stencil) maintenance performed at 
fairly regular intervals constitutes most of the activity in this group. Thus. 
a normal distribution is an appropriate choice to test. Exhibit lll-16 presents 
a plot of the observed survival c urve for Repair 1 . 1 based on the railroad 
data . The curve is plotted on normal prooability paper. A normal distribu
tion plots as a straight line on normal probability paper so that the intercept 
with the SO-percent line indicates the average of the distribution and the slopt 
of the line indicates the standard deviation . The line drawn on the grcipn 
(fi tted either by linear regression o r by eye ii tt ing J reflects a theoretical 
no r mal distribution with a mean of 150 days and a standard deviatio n of 90 
days . The hypothesis o f no r mality appears fedsible. Note that any estimate 
ob tained by simply aver aging the observed maintenance cycles woula yield 
estimates fa r below the true average maintenance cycle , which is appruxi -
ma tely 150 days. 

The o bse rved survival c urve a nd the theoretical reliability function can be 
compared to assess the validity of the assumea theoretical form. I. it can
no t be determined visu..dly that the reliability function is an adequate fit, the 
Kolmogor ov-Smirnov (or II d- test 11

) o r the c hi- square goodness of f1 t test is 
used . 

Exhibit 111-16 illustra tes that tne surviva c urve passes the d-t est fur 
the normal c1s sumption. If assumpuons are not reJec ted, confidence interva l 
es timates c an be derived fu r the average maintena nce cycle based o n tht' 
s ..11nple s12e a nd the standard devia u on . 

Dr aft gear sys te1n repairs c an arise from a nuin ber of separate c a uses, 
regardless of how m uch t11 ne has passed since the last repair. Thus. cl rea
s onable assurnptto n ca n be 1n .1de that tht' m.Jintenance cycle for drait gear 
is exponent ially distributed . To test this hypothesis. the observed survival 
cu rve for draft gear is pl o tted for the r all road in Exhibit Ill-17 ana ;or the 
car leasing company in Exhio1 t 111-18. The c urves a re plottea on expvnenual 
graph pape r. An expo nential distributi on plots 3S a straight line on exponen
tial paper. so that the intercept at 36 . 8 pe rcent incicates the averagt' mainte 
nance cycle. 

Exhibit III-1 7 indicates tha t the exponential hypothesis is r easonaole bastd 
o n the fit . ~ote that the es t imated average :na1ntenance eye le is 330 days , 
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EXIIIDIT 111-16 

SURVIVAi. CURVE FOR REPAIR 1.1 (COT&S AND IDT&S)
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EXHIBIT W-17 

SURVIVAL CURVE FOR DRAFT GEAR SYSTEM -
RAILROAD DATA 
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which far exceeds both the largest cycle observed and the length of t he sam
p l e interval (21 3 days). This illustrates that an estim,He uf mean mo1nttndnt:t: 
cycle can be obtained even if the true m ean eye le time exceeds tht: length o t 
the sample interval . 

Exhibi t Ill-18 plots the same theoret, cal rehability func tion against tht 
survival curve observed for the car leasing company . Not t thd t ..i much 
greater segment o f the survival c urve is observed for this c ase . A. thougn 
the curve resembles a line. it deviates beyond the tolerance st:t by tht d
test. The bands are narrow because o f the re la tively larger sample fo r thi: 
car leasing company. This indicates that there ts only a small chance thdt 
the observed sur·vival c urve represents an exponential distribut ion . 

Brake shoes and keys (Repair 1.7 ) are sub;ec t to gradual wtar. whtt:h 
implies an 1nc reas1ng failure rate and a no r m a l type of distribu tion. T he 
observed survival curve for the r ail r oad . however. plo tteCJ in Extuou 111-1 9 
on exponent ial p aper. i ndic ates that the distribuuon ts no t a t all nul'mdl , out 
rather exponential. The estimated average maintenance cy c l e 1s 135 days. 

The exponential behavior is c aused by the circum stances unaer \h1ch the 
repair i s µerformed. The r epair 1s p<:rformed 11 any one of tht compuntnts 
is inspected and seen t o be worn beyond the tole rance limi t. T he measur e
ment i s sub;ect to human varia tion and the decis i on t o r epair rnay oe based 
on othe r miscellaneous fac to r s . ln addll1on . cu r s may be subjec t to tnsptc
tion at i rregular intervals and m ay exp e1·ience d11ferent mile-ptr - aay rutts . 
These factors dll contr i bute t o the fairly cons tant ra te of failure ooserved. 
which charac te r izes the exponential d1str1buu on. 

Conc lusion 

The above illustrations of br ak e and draft gear system ma inttnonct cyclt s 
dP.monstrate a principle applicable to most ca r systems and compunen ts . t..x -
tensive testi ng of observed survival curves has revealed tha t the 01str touuun 
o f maintenanc e cy c les for component groups and fur mos t 1nd1v1duol compon 
ents 1nd groups subjec t to gradu:iJ wear are r epa1rea a t 1rregul ..i r unerva!s. 
for any number of reasons. Thus, the distribution of maintenanc1:: cych:s typi 
c ally does no t center on an average value. but rather assumes a tv r m re ::.tm 
bling the exponential distribution. 

Techiques for regression and analysis o f va:-iance . wh ich a r t usea tu 

establish relations between utilization and maintenance ac t1v1ty . µroduc1:: es
timates of average behavior. Thi s analysis m akes a distinction bt tween av
erage and typical behavior. Characterizuuon of main t enanct cycl1::s r eveals 
the complexity of the causes of maintenance ac t1v1 ty . a cornplexny •.vh1ch can 
not be fully explained by a se t o f operaung and desc riptive la.<..tvrs .1 nu.:n a r e 
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EXHJBIT W-18 

SURVIVAL CUR VE FOR DRAFr GEAR SYSTEM -
CAR LEASING COMPANY DATA 
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EXHIBrr W-19 

SURVJVAL CURVE FOR REPAIR l.7 (BRAK£ SHOES AND KIYS) -
RAILROAD DATA 
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limited for practical reaeone. Thu•. the etatietical relations explainin1 
maintenance coneumption are expected to account for only a part of the vari
ance in maintenance activity (low R2 value•). particularly for the ra il r oad 
<•hort •ample interval). However. thi• doe• not detract from the validity 
or utility of the relation• derived later in thi• •ection for co•t1n1 purpoae•. 
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MAINTENANCE-RrLATED FACTORS AND OPERATING STATISTICS 

This subsection investigates the interrelations among available desc riptive 
factors, operating statistics, and maintenance activity. This analysis pre
cedes the development of the car repair relations. with the aim of selecting 
the most appropriate combinations of variables for statistical testing. This 
includes evaluating the correlations between pairs of related factors. the coin
cidence of one type of repair with another. and the potential explanation o r re
pair a c tivity by selected factors. The available factors and their abbrevia
tions were tabulated previously in Exhibit III-1. 

Correlation Between Maintenance-Related Factors 

As described, the operating statistics for the railroad are more detailed 
than the data for the car leasing company. In both cases. there are impor
tant links between variables that must be identified. For example. both the 
age of a freight car and the type of bearing used correlate with the inc idence 
of bearing maintenance. It is important to note the very strong relation be
tween car age and type of bearing, sinc e the apparent relation between bear
Ing and axle repairs and ca r age may result only from the strong relation be
tween car age and a subsidiary c ausal variable- -the type of bearing. 

Exhibit 111-20 tabulates the complete set of correlations between factors 
for the railroad. The correlations are Pearson product-moment correlation 
coefficients. which indicate the strength of the linear relationship between 
the variables. The square of this value measures the potentia l explanation 
o f one variable for the other. The most statistically si&niflcant correlations 
are indicated by one or two asterisks. 

The implication o f the correlations Is that certain key variables can sum
marize most of the available information on car characteristics and activity. 
Thus, the later development of repair relations can employ a convenient set 
o r independent factors without redundanc ies or collinearity problems. 

Exhibit 111-21 tabulates the set of correlations between facto rs for the ca r 
leasing company. The car-type factor is not tabulated. but provides a large 
amount o f information about tare weight since the tare weight for autorack 
cars includes the weight of the autorack equipment. In contrast. only 4 per
cent of the variance in car age is explained by car type. Car miles per car 
day is highly correlated to car type. Car type alone explains more than half 
of the variance in car miles per ca r day. ln contrast, the three car-type 
aroups have approximately the same average number of ca r days. The num
ber of car days is correlated to total car miles. but explains less o f the va
riance in car miles than car type (49 percent). 
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EXIIIUIT 111-20 

CORREJ.ATION BETWEEN FACTORS - RAJLR.OAIJ DATA 
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Correlation Between System Repairs 

There are several reasons to anticipate significant correlations between 
number o f repairs per ca r for different groups of repairs. Higher activity 
cars are likely to have morE> repairs in any category than lower activity cars. 
Thus, there may be an observed correlation simply because different repair 
o r maintenance activities are related to the same utilization factors. Simi
larly , car characteristics which strongly influence repair activity (s uch as 
ca r type, tare weight, and age) can cause a statistical correlation between 
repair groups. Finally, when one car componen t i s repaired , it becomes 
more likely that related car components will be repaired or replaced while 
the ca r is in the shop. Other repair or maintenance requirements can be 
more easily identified in the shop, and a failure in o ne component can in
crease the wear on other components. 

Exhibit II I- 22 presents the correlations be tween component group repairs 
pe r car for the railroad . Note that all correlations are positive and that 
most of these a r e statistically significant at the p= .001 level. 

Exhibit 111-23 presents the correla tions between component-group repairs 
pe r ca r for the ca r leasing company. In this case , CRB a nd program repairs 
a re identified separately . Note that a ll statistically significant corre lations 
be tween repai r groups are positive . 

The strongest tabulated correlations exist between program repa ir cate
gories, as expected . The number of significant correlations between pro
~ram repai rs and C RB repairs r eflects the potent ial (high) bias of some of 
the corre lations obse r ved for the r ail r oad, since the railroad data do not dis
tinguish CRB from program repair activity. The focus here is on the analysis 
o f the CRB activities for the car leasing company an d the combined CRB a nd 
program repai rs for the r ailroad . 

The highest correla t ion is observed be tween bea r ing and axle r epairs and 
wheel repairs for both the rail r oad (65 percent ) anci the ca r leasing 1:ompany 
(76 percent) . Wheel maintena nce activity implies replacement of wheels , 
which requires axle replacement and bearing maintena nce since the compo
nents are physically integrated . Axle maintenance i:nplies wheel replacement 
and bearing maintenance as well . The corre lation between repairs per ca r to 
these systems is not 100 percent, since most maintenance in the bearing and 
axle categor y involves either lubricating roller s or replacing journa ls. acti
vities which a re required a t regular intervals. This maintenance a c t ivity 
does not require replacement o f major components . 

The second .11Jhest correlation observed for the r ailroad is between ca r 
body inte r io r and exterior maintenance (48 percen t ) . By contrast. thls cor
relation for CRB repairs for the car leasing company i s only 18 percent: 
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EXHIBIT 111-ll 

CORRELATION BETWEEN COMPONENT GROUP REPAIR ACTIVITIF.S - RAILROAD DATA 
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howev er , for program re1 ,11 rs the ,·nrr,.lar i--~ •c; =:,? ne r cen t. Appa rently , 
the obser ved magni tude of the co r relation fo r the r ail r oad can be attributed 
to the m i x o f program r epai r s 1n the two ca tego r ies tha t a re natu r a l ly r e l a ted . 

When the b r ak e syste m is r epai r ed . p r ob le m s w ith the dr aft gea r sys tem 
are mor e ea3lly iden tified. 81Hh sys tem s ·Ne 1r ,.,; d result o f use . Thus , a 
s1gn 1f i c ant co r r ela ti o n is ant1~1pated be tw~~n rt-p.H rs to these component 
gr oups . The r ai lroad' s dat.i indi ca te ,1 mvre s1J:11fit.:3 nt co r r elat ion (44 per
c ent) be t ween dra f t gea r dnd b r a k e rcpu1 r than 1:1e ca r l eas i n g company's da ta 
( 20 percent) . From o ther s tat istics . the dr.1it gea r r epa ir ac t i v ity appear s 
related m o re to t ime than milea~0 , while b r ake "':'la1ntenan~e i s re la ted s trongly 
to m ileage and somewhat t o time . Thus , the fa c t that the ca r leasing com
pan y 's ca r s a r e more h i ghly u t i l ized than the ra 1: road's ca rs m ay account fo r 
the obse rved d ifference i n cor r e l ation s between d :-a rt gea r and b r ake m ain 
tenance . 

T her e are a t leas t t wo comp,Jnen t g r oups that a r e likely t o be dam aged from 
m ishan<llln 't 1n the hu m p ya r d . !)raft qe..i r and c a r body e x te r i o r :na 1ntenance 
ar e c o rrela ted a t 4 1 pe 1·cent to r the r ail r oad and 4 0 per cen t fo r t he car l eas
ing company . Thus . the tndL"penden t sour ces r etlec t a com parab l e l eve 1 o f 
correlat ion s . as ant ic ipa ted, 

Repa i r s to m os t compo ne· ' g r o ups c1 r e ~orrelated t o the m isceilaneou s r ') 
pa i r group and the spec ial equ ipmen t g r o up fo r both the railr oad and the ca r 
leas i ng company . Appa r en t Iv. wh en a ca r 1 s 1n the shop for main:<?nance . 
specia l and mis cellaneo us e(Ju i p m ent a r P. o ften i nspec ted fo r obv ious p r o bl ems . 
Thus . the degree of c orrel.1 t1on m.:t:-' v.:i r y fro1~1 one fi r m to t he nex : . depend 
i ng on maintenanc e po l icy . 

Corre lation Be t ween Reoa 1r Ac: ti v 1tv and Facto rs 

T h i s subsec ti on p r esen• s correla t ion s wh1 C' h can be used to asses s the 
poten tia l explanat ion o f r epa ir ac t i v ity by va r ious fa c to rs . ,\na ly s u; o f the 
co r r elati on s can d i r ec t ..i nd conse r vf" tht> amuun t o f s ta t i stica l tes t in .z needed 
to develop the appr o priate r F-1..tton~ . 

Exh i b i t 111 -2 -l l is t s the c- 0 1·re l a11 ,,r1-, ot-:t \~,.,..n nu rr.b (~ r •>f r ep ;urs by compo
nent gr oup and po ten tia l expl ,tni.l t o r y fa c to 1·s for tht' ra i l r oad . '.\!o t e ·~at the 
cor r ela tions betwe en r epa i r s and hum p and to tal c l ass1 f1ca tions a r e :ess than 
15 percent . T his does no t prec l ude these va r iab les f r om sta t is t ical tes ting; 
i t indica tes that t hese va r i ables alone ca n exp l ain only a s ma ll po rt ion o f the 
va r i ance i n m aintenanc e ac t i vi ty . 

Exhib i t lll - 25 presents t he corre lation s be t ween numbe r o f r epa i rs by com
ponen t g r oup and a m o r e l i m i ted se t o f fa c to rs fo r the ca r leasin g co rr.pany . 
These correla t i ons are genera lly stron~e r t hun corre lati ons f o r the r ailroad , 
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since the car leasing compa<1y's data cover a wide r span o f operations . dur
ing which relations ·between maintenance and related factors can be obse rved . 

For both firms , all significant correlations indicate that o lder c ars re
quire more maintenance than younger cars. To the e xtent that o lder cars 
are more (less) utilized, these correlations underestimate (ove r estimate) 
the true effect of age on maintenance requirements. Exhibi t 111-2 0 indica ted 
that car age is negatively correlated with utilizat ion (older cars are less 
utilized) for the railroad, so that the corr elation !)e twee n ca r age and repairs 
in Exhibit III-24 ur.derestimates the effect of car age . On the other hand, 
Exhibit III-2 l in Jicated that car age is positively correlated with utilization 
(older cars are more utilized) for the c ar leasing company, so that the cor
relation between car age and repa irs in E xhibit l!I-25 overestimates the ef
fect of car age . 

Both firms show a 29 percent correlation between truck maintenance and 
car a ge. For the car leasing company, car age is the only f:o.ctor which is 
correlated to truck maintenance; for the railroad, car age and type of bea r 
ing are the only significant factors. The inference is that trucks are subject 
to a very gradual deterioration with age that cannot be l inked directly to oper
ating activity in the time frame of the sample data. 

An interesting observation is that the program repair activities are gen
erally more correlated to car age than are the CRB repairs for the car leas
ing company. Also note that where significant correlations exist, tare is 
negatively correlated with program repairs and ca r miles is posit ively cor
rel ated with program repairs. These observations can be attributed to main
tenance policy. Autorack cars are put through program maintenance less 
frequently than other cars . 

For the car leasing company . the most important activity factors are car 
days and car milec;. Note that for brake system repairs , car miles i s cor
related 82 percent, while car days is correlated 42 percent. On the other 
hand, car days (correlated 28 percent) may be more important than ca r miles 
(correluted 11 percent) in explaining the variance in draft gear maintenance 
activity. Thus, for different component groups , the rela t ive importance of 
potential causal factors can be analyzed roughly by correlation analysis . 
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FREIGHT CAR ~tAl~TE'-:A~CE RELATIONS 

This subsecuon presents the rela tions developed to explain marntenance 
acti v1ty fo r g r oups of components by c ar descriptive and utilization factors . 
Fo r each component {?roup, the s~pa rate results from ~he railroad data and 
from the ca r leas ing company da ta a r e compared . Both the differences and 
simila rit ies impac t the potentia l o f these me thods fo r application to other 
firms. 

As e xpla ined 1n the subsection on maintenanc e cycles , l"w R2 values en
cou r,tered r el1ect the complexity of the causes o f maintenance acti vity, but 
do not detrac t from the utili ty o f the relations de rived for costing purposes. 
The results capture the e ffe c t o f utiliza ti on and other factors on maintenance 
activitv ·Nh1ch genera lly con fi r m a priori Judgements concerning the causes 
of mai ntenance consum ption . 

Research Approach 

As noted earlier . the research plan relies on the analysis o f currently 
available historical data to test the consumption concept. The obje c tive o f 
the analysis 1s to obtain relationships which arc useful for costing and other 
.....nagerial decisions . Regression and analysis o f variance are the principal 
techniques used to estimate these relations and to test for statistical signif
icance . 

A very useful " unit cost" to obtain is the expected number of re pairs 
per c ar day or car mile as i t varies with car type, ca r age, and s o on. A 
relation is developed for each component group for both the railroad and the 
car leasing company. For each group , time or mileage is established as the 
predominant utilization factor. This judgment is hased on knowledge o f the 
component group and s tatistical correlations . Then, the number of repairs 
per that factor is used as the dependent variable. For exar,ple, ca r miles is 
the factor used for the brake system and car days is the factor used for the 
ca r interior . Other uti liza tion factors, such as car loadings and classifi ca 
tions, couiu be appropriate but the unavailability o f accurate statistics pre
cludes their use . Furthermore, che ir use as factors in a consumption rela 
tion requires additional assumptions in costing applications. 

For the ca r leasing company data, regressions are performed for some 
component groups in a series o f steps. First , the number of repairs per 
car milP o r per ca r day is expressed by ca r type. Then, additional variables 
(e.g., ca r age, tare weight) are added· at each step. The c riterion is to enter 
the variable in the equation which resu lts in the largest increase in R2 . In 
this way. the relations are made as simple as possible while fotermediate re
sults can be used for alternate applications. 
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To demonstrate a slightly modified approach for the railroad data , anal 
ysis of covariance ( ANOV A) and multiple classification analysis are performed, 
The analysis includes both quantitative independent v1:1riables (covar iates) and 
qualitative independent variables (factors ) . The ANOV A table presented for 
each component group provides only the statistics nec essary for significance 
testing. The multiple classification analysis presented with the ANOVA table 
provides the pattern of the independent variables' relation to repairs per car 
mile or repairs per car day . Interaction effec ts we re eliminated for this 
analysis . 

The equations developed by either of the above processes form the basic 
consumption rela tions for each component group. In a sense , the mainte
nance activity is " fully distributed" to the time and mileage traveled by the 
car: however, this may not represent the cost behavio r of fre ight car main
tenance in reality . For example, if the total number of car miles traveled 
for a freigh t car changes, there is typically a less than proportional change 
in the maintenance requirements . Thus, an interpretation can be made that 
maintenance activity is partly variable and partly fixed. The most direct 
way to estimate maintenance variability (elasticity) is with the geometric re
lation. For each component group, the geometric relation with both time and 
mileage variables is presented for the car leasing compt"ny data. The ex
ponents of time and mileage represent the elasticities of maintenance activity 
with respect to time and mileage. These elasticities can be used to apportion 
maintenance costs by component grou!P to car days and to car miles. 

The remainder of this sub-section presents the derivation of freight ca r 
maintenance consumption relations for each component group. The b rake 
system is emphasized, including an analysis of b rake components , be cause 
roughly one-hdlf of all freight car repairs are made to the b rake system. 

Analysis of Brake System Maintenance 

Maintenance of the brake system constitutes the greatest number of re
pairs for bo!h the railroad and the car leasing company . Maintenance of 
some brake components is required at intervals by regulation, and most com 
ponents experience wear and deterioration with utilization. Different oper
ating and descriptive factors have varying influences on the wear of the dif
ferent brake components . Thus, an appropriate analysis considers mainte
nance at the component level, as well as at the total brake system level. 
The major components and their contribution to brake system repairs are 
shown in Exhibit Ili-26. 

The first part of the following discussion develops relations to explain 
total brake system maintenance . The second part develops m~intenance re
!ations for the two major component subgroups of the brake system (Repairs 
1 . l . 1 . 7 , and above) • 
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EXHIBIT ID-26 

DISTRIBUTION OF BRAKE SYSTEM REPAIRS 

BRAKE COMP'OIIEIT RAILROAD 
CAR LEASIIG 

COMPANY 

1.1 COTIS •cl IDTIS la 11 

1.2 AIVlhes ' 1 

1.3 RltliufVllws I D 

1.4 11...._V,hls z 2 

1.5 Cylillcltr D I 

u Slad!Adjallrs 0 D 

1.7 lrM1 ShNI •d Key1 41 • 
1.1 H•d lnilles 2 ' 
1.9 ......... 15 11 

TOTAL 11"' 1• 
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Total Brake Sys-tem Maintenance 

Based on experience and the correlations, brake system maintenance can 
be shown to be related foremost to car miles and secondarily to car days and 
car age. The type of car alone explains 12 percent of the variance in the ab
solute number of repairs to brakes for the railroad , but it is important to 
ascertain the true effects of car type once differences in car miles and car 
days for car types are considered. This can be accomplished by an analysis 
of variance of bra.ke repairs per mile and per day. 

Since car miles is highly correlated to repairs and is a natural unit of 
utilization, it is appropriate to estimate brake repairs per car mile to estab
lish a maintenance relation. Exhibit 111-27 presents an analysis of covariance 
for the railroad. Note that a straight average number of repairs per car 
mile alone accounts for over 15 percent of the variance in number of repairs. 
The analysis indicates that car type and car age strongly influence the rate of 
repair. The average number of repairs per mile increases steadily with car 
age group (since data include program repairs). In the 20+ year-old group, 
repairs per mile are more than twice as frequent as in the 0 to 5 year-old 
group. However, note that there is no obvious correspondence between high 
repair r ates and the heavier car types. The analysis of variance of repairs 
per day by car type and age yields similar significant differences for car age 
and type. 

Exhibit III-28 is a scatter plot of observed number of brake system re
pairs versus number of miles traveled for leasing company cars. In general, 
cars with more mileage in the sample inte rval experienced more brake re
pairs. Brake repairs and car miles are correlated 82 percent, which means 
that roughly two-thirds of the variance in repairs per car can be explained by 
a formula assuming a constant number of repairs per car mile , such as: 

~umber of brake repairs: CRBl = 24 . 1 x (number of 100,000 car miles) 

or 

CRBl / 100 , 000 ca r miles= 24 .1 
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The line drawn on Exhibit III-28 represents the above formula. A more de
tailed formula accounts for the differences in repair rate by car type and 
other factors. Regressions performed stepwise yield: 

Step 1 

25 .7 
car tipe }
intermodal 

CRBl / 100 , 000 = 20 . 0 autorack 
car miles { 26 . 2 other 

R2 = 10 percent 

Step 2 
ca r type 

21. 6 inte r modal} 
CRB l / 100 , 000 = 16 . 5 autor ack + 0 .41 x (AGE) 
car miles 22 . 4 other (0 . 038){ 

R2 = 15 percent 

The number in parentheses be low coefficients denotes the standard error o f 
the coefficient. ~ote that car age is a significant factor in explaining repairs 
even after ca r mileage and car type have accounted for most of the explainable 
variance in b rake maintenance activi ty. The equ~tion implies that, after 10 
years, a car will require repairs a t a rate of 4,1 mo r e repairs per 100,000 
car miles than at the start . 

It is interesting to compare the above results for the ca r leasing company 
with the results obtained for the railroad. In the first approach, using anal-
ysis of covariance . the result consists of a rectangular table of factors de
pending on ca r type and car age that is applied to total mileage. l'sing the re
gression approach. the maintenance activity is estimated by an explicit formula. 
The two forms illust r ated are based on the same hypothesis: tha t brake main
tenance activity is pr oportional to ca r miles at a rate which varies with ca r 
type and age . 

Exhibit Il!-29 illustrates the interpre tation of the simple regression result 
within the format of the original scatter plot (Exhibit III-28 ) . The line labeled 
"average" car is the same best fit line presented in Exhibit III-28 . Exhibit 
III-29a displays the predicted relationship between maintenance activity and car 
miles by c ar type. This represents the res ults of Step l . )iote that autorack 
cars have fewer repairs than othe r car types . on an average, for a given num
ber of car miles . 
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EXHIBIT ffl-29 

INTERPRETATION OF A REGRESSION RESULT FOR 
BRAKE SYSTEM MAJNTENANCE 
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B. EFFECT OF CAR AGE ON BRAKE SYSTEM REPAIRS (STEP 2) 
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Exhibit III-29b ~ncorporates the results of Step 2 , using autorack cars 
as an example. The graph indicates that older autorack cars have more re
pairs than younger cars , on an average, for a give n number of car miles . 
In fact, though autorack cars incur fewe1· r e pairs per mile on an average , 
the graph indicates that a 20-year-old autorack ca r is expected t o have mo r e 
repairs per mile than an "average" car of average age . 

The stepwise regression process can be continued either until all poten
tial factors a re employed or until it is judged that additional steps wi ll not 
contribute materially to the explanation of maintenance activity . Controlling 
first for car type, at each successive step, the var iable is introduced which 
contributes the greatest explanation of maintenanc e activity . ln this case , the 
next factor added to the formula is car days . yield ing: 

Step 3 

car type 

CRBI/100 , 000 
car miles 

= 
{ 

15- 2 
9 . 6 

15. 9 

intermodaj 
autorack ~ 

other 
0 . 35 (AGE)+ 0 . 007 -1 (TCDAYS) 
(0 . 038 ) (0 .oo 10) 

R2 = 18 percent 

~ote that the coefficient of ca r day s is sta tis tically significant and that the 
new variable passes an F -test for inclusion in the relation , Depic ting this 
new result graphically for a given ca r type and car age. the relatio n be tween 
brake repairs and ca r mi les is r epresented by difforent r ays for d:fferent 
numbers of car days. :"laturally. this r elation should not be extrapolated 
carelessly. since only ce rtain ranges of car miles are feasible wit:1 a given 
number of ca r days . 

The next variable added to the relation is ta r e, which enters with a pos 
itive coefficient . This means that heavier cars of a g iven type , age , and 
number of car days a re expected to incur more brake r epairs per :-:-: i le than 
lighter cars . It is I tte resting to note that t he correlation be t ween ::>rake re
pairs per mile and tare is -28 percent . How ever , o nce correc ted fo r diffe r
ences in car type and age , the partial correlatio n between brake r epairs per 
mile and tare is slightly positive , The re la ti01. includ ing tare is not presented 
here, since the variable does not pass an F-test for inclusion in the relation. 

The relations discussed above estima te b r ake repairs per ca r r:-: i le, since 
car miles is the operating factor most logically related to brake repairs. As 
was noted in Exhibit III - 25, brake repairs show a significant corre lati on (-12 
percent) to car days for the car leasing company . (For the railroad data . 
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all cars experience the same number of car days . ) A regression on brake re-
pairs per car day yields: 

Step 1 

4 1.2 
CRBl / 1,000 = 20.5 
car days { 16.7 

Step 2 

23.0 
CRBl/ 1,000 = 7.9 

{car day s 9 . 1 

Step 3 

17 .o 
CRBl / 1, 000 = 0 . 4 
ca r day s { 3 . 2 

car type 
intermodal} 
autorack 
other 

R2 = 58 percent 

car type }
intermodal 
autorack + 1 . 2 (TC MI L E) 
other (0 . 06) 

R2 = 66 p~ r cent 

car type 

intermodal} 
autorack + 1.2 (TCMIL£ - 0 , 17 (AGE) 
other (0 . 06) , 0 . 04 2 ) 

R2 = i,6 pe r cent 

The result indicates that a lar ge part of the variance in brake r epai r s !)e r 
car day is explained by car type. Step 2 then shows that a significan t r art o f 
the variance explained by ca r type may be due to differences in m: le age , since 
the paired diffe renc e between car type factors narrows when the ca r m ile s 
variable is included. ~ote . however . that, with the inclusion o f ca r age. the 
car type coefficients change in magnitude. but the difference between coeffi
cients does not narrow. This implies that age accounts for a sepa r a t e aspec t 
of repair rate . 

In comparing the above results with the results of estimating repairs per 
car mile. it is important to note that brake repairs are corre lated 82 percent 
to car miles and 42 percent to car days. The relation developed fo r brake re 
pairs per car mile achieved R2 = 18 percent. while t he relation deve loped fo r 
brake repairs per car day achieved R2 = 66 percent . However, the fo r me r 
relation is superior since it provides the better explanation o f the to ta l nu moer 
of b rake repairs. 
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These analyses _obtain reasonable results based on either time or mileage 
separately, although mileage appears the most important facto r. Thus . it may 
be fruitful to estimate brake repa irs per car mile and per car day simultane
ously. This can be done by means of a geometric relation. Regression with 
logarithmic transformation yields: 

car type 
-5. 748 intermoda} 

log (CRBl) = -6.244 autorack + 0 . 73 (TCDA YS) + 0 . 60 (TC r:IILE) 
{ - 6 .153 other (0 . 049) (0 , 031) 

R2 = 71 percent 

This relation i mplies: 

car type }
intermodal 

CRBl = autorad: x (TCDAYS)o • 73 (T C'.\I ILE)o • 60 

other 

There are several interesting implications of this r elation. One important 
result is obtained by computing the marginal maintenance activity wi th respect 
to car miles: 

dCRBl = (0 . 60) A (TCDAYS) o . 73 (TC;\IILE) - o . 4o 
dTClVIILE 

This indicates that the maintenance requirement increases with car :niles, but 
that the rate of increase is lower for higher values of total car miles . Similarly , 
the maintenance requirement increases with car days , but the rate of increase 
is lower for higher values o f total car days . 

The r elation implies that the elasticity of b rake repairs is 60 percent with 
respect to car miles and 73 perc ent with respect to car days . This :::eans that 
for a given num be r of car days, a 10 pe r c ent increase in number of c ar miles 
obtains a 6 percent increase in repair ac t ivi ty . Similarly , fo r a given number 
of ca r miles , a 10 percent increase in number of ca r days obtains a 7 . 3 per
cent increase in repair activity. 

This analysis s hows an interesting dependence of brake maintenance ac tivity 
on time and mileage utilization and car type and age characteristics. ..\n im 
portant question is whether the dependence on time and mileage results from: 
(1) the fact that each component requires maintenance due to both ti:::e a nd 
mileage , or (2) the fact that some components requ i re main te nance due to time , 
while others require maintenance due to mi leage. 
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Brake Component Maintenance 

The most frequently repai r ed brake components are Repair 1.1 (COT&S 
and IDT&S ) and Repai r 1 . 7 (brake shoes and keys) . These cases are used to 
illustrate the contras ting importance of time and mileage on b rake component 
maintenance. 

The COT&S maintenance occurs every few years , depend ing on the type of 
control valve . In some cases , firms can obtain a waiver for s me car types . 
The IDT&S maintenance is recommended every 90 days, but is frequently per
formed during other backshoppings . Thus , Repair 1 . 1 activity should be re 
lated more to time than to mileage . 

!\Iileage is measur~d by total ca r miles in each sample interval . Time is 
measured by loaded car days for the r ailroad and by tota l car days for the 
ca r leasing company . The correlations between Repair I . 1 ac tivity and these 
factors are shown below. 

CORRELAT1ON BET\VEE~ REPAIR 1 . 1 AND TIME AND \IILEAGE 

Firm Ti:ne Mileal!e 

Railroad 16% 

Car Leasing Company 

rt 1s r e assuring that . in both cases . time is more highly corre la ted to Repair 
l . 1 than is :nileage. The figures are lower for the r ailroad because. during 
the l imi t ed time fra me of the data , the underlying pattern is more difficult to 
observe. 

To test the relative importance of time and mileage for Repair 1 . 1 activity. 
the geometr ic relation is estimated fr om the car leasing company da ta: 

car type 

0 629 inte r modal} 
log(CR£p 1. 1) -- {-- 5- .• 847 autorack + 1.02 log(TCD,\YS ) 

- 5 . 540 othe r (0 . 074) 

- 0 . 005 log(TC\TILE) 
(0 . 045) 

R2 = 18 percent 
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which implies : 

33 . 59xl0 -
ca r tn- }
intermodal 

CREPl.1 = 32.89xlo - autorack x (TCDAYS) l . 02 (TCMILE) - O . 005 
{ 3 . 93xl0- 3 other 

Note that the exponent of car days is not significantly different from one . and 
that the exponent of car miles is not significantly different from zero . T his 
result contrasts sharply with the results obtained for total brake system repairs 
with the geometric relation . Thus , for Repair 1 . 1 activity. it seems reason
able to assume that mileage is unrelated and that maintenan ce activity is roughly 
proportional to time . This implies that the r e levant dependent varia ble for a 
maintenance relation is Repai r 1 . 1 activity per ca r day . 

An analy sis of variance for Repair l. l ac t ivity per car day based on the 
railroad data shows that car ty pe and car a ge are statistically significant fac
tors. Using the car leasing company data . Re pa i r 1.1 activity per car day is 
estimated by regression: 

Step 1 

car tvpe }
4. 16 intermoda l 

CR EP l . 1 1 1 , 000 = 3 . 34 autorack 
car day s { 4.59 other 

R2 = a percent 

Step 2 

car tvpe J
2 . 81 intermodal 

CREPl . 1 / 1,000 = 2 . 20 auto rac k + 0 , 13 (AGE) 
{ 3 . 35 o the r (0 . 008 ) 

R2 = 16 percent 

Note that the car type effect (paired diffe rences in factors) remains relatively 
fixed from Step 1 to Step 2 . This i m plies that the age variable accounts for a 
separate aspect of the variance in maintenance activity per car day. Of all 
brake components, age is correlated h ighest to Repa i r 1 . 1 activity fo r both 
the railroad (correlated 19 percent) and the car leasing company (correlated 
38 percent) . One hypothesis is that the c a r age variable accounts for the 
different control valve technology in the younge r c ars . As describ e d earlier . 
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the frequency of C OT&S maintenonce depends on the type of valve , the older 
valve technology requiring more maintenanc e . 

Thi s analysis has s hown that Repai r 1 . 1 activity is related pr imarily to 
c a r days , while the total brake system activity is related to both time and 
mileage . Brake repair component l . 7 (brake shoes and keys) is the most 
frequent of all repairs for both the railroad and the car leasing company . 
The component is subject to wear whe n the brake is applied; logic ally , wear 
may be more sever e fo r the older or heavier car s . For this reason . gross 
ton miles is considered as a po te ntial '.Jtilization measure . The analys is 
has shown that tota l c ar miles (rather than gross ton miles) is a superior 
measu r e . With time measured as befor e , the co r relations between Repair 
l . 7 activity and these facto r s are shown below: 

CORRELATION BETWEEN REP AIR l . 7 A):D T IME AND MILEAGE 

Firm Time l\Iileage 

Rail r oad 14% 

Ca r Leasing Company 33% 

It is r eassuring that, in bvlh ca ses , mil~;lgc is more highly c o rrelated ~o 
Repair l . 7 tha n is time . The figures are lowe r for the railroad becaus1?, 
du ring the limi ted time fr ame of the da ta , the underlying pattern i s rrore 
d ifficult to observe. 

T o test the re la tive importance of time and mileage fo r Repair l . 7 ac 
tivity , th e geometri c relation is estimated from the car leas ing c ompa ny 
data: 

ca r type 
-5 . 19 1 intermodal} 

1 o g(C REP l . 7 ) - 5 . 746 a uto r ack + 0 . 28 log(TCDAYS) 
- 5 . 646 other (0 . 060) 

+ 0 . 92 log(TCMILE} 
(0 . 039) 

R2 = 71 pe r cent 
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which implies: 

car type 

intermodal} 
CREPl.7= autorack x (TCDAYS)o • 28 (TCMfLE)o • 92 

other 

The relation impHes that the e lastic i ty of Repair 1 . 7 is 28 percent with r e 
spect to car days and 92 percent with respect to car miles . For a given number 
of car miles , this means that a 10 percent increase in car days obtains less 
than a 3 percent increase in expected repair activity. On the other hand , for 
a given number of ca r days. a 10 percent increase in car miles obtains over a 
9 percent increase in expected repair activity . 

The analysis indicates the dominance of car miles in the explanation of 
Repair 1. 7 maintenane:e activity . This cont r asts with the r esult obtained for 
Repair 1 . 1 ac tivity , where ca r miles is somewhat unrelated to repairs and 
ca r days is most relevant. Car miles alone accounts fo r one- fi fth of the 
variance in Repair 1 . 7 activity for the railroad a nd two- thirds of the activity 
for the car leasing company. Thus , the a nalysis seeks to explain aspects 
of Repair 1. 7 activity per car mile. 

An analysis of varianc.:e of Repair l . 7 activity per ca r mile for the rail
road shows that ca r type and ca r age are statistically significant factors . 
Using the ca r leasing company data, the Repai r 1 . 7 activity pe r car mile is 
estimated by regression: 

Step l 

car type 

{21 . 83 intermodal} 
CREPl . 7 / 100 , 000 = 13 . 98 a uto rack 

. car miles 16 . 0 l. o ther 

R2 :: 24 percent 

Step 2 

{ 
c a r tree 

16 . 50 inte r modal} 
CREPl . 7 / 100,000 = 8 . 30 au to rac k + 0 . 0057 (TCD AYS) 
car miles 10 .62 other (0 .0008) 

R2 = 26 pe r cent 
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Step 3 

car type 
15.89 intermodal} 

CREPl.7/ 100 ,000= 7.88 autorack + 0.0052 (TCDAYS)
{car miles 10 .1 0 other (0 .0008) 

+ 0. 104 (AGE) 
(0 .032) 

R2 = 27 percent 

Note that the car type effect (paired differences in factors) r emains relatively 
fixed from Step 1 through Step 3, and the coefficient of car days varies only 
slightly from Step 2 to Step 3. This implies that car type, ca r days , and age 
variables account for separate aspects of the variance in Repair 1. 7 mainte
nance activity. 

Summarv of Brake System Maintenance Findings 

Freight car maintenance relationships imply that brake maintenance re
quirements depend on both time and milea~e utilization. Car type and car age 
are significant desc riptive factors. 

The dependence of brake maintenance on time and mileage results from the 
fac.t that time and mileage utilization, to a varying extent, affect the incidence 
of maintenance on brake components. Repair 1.1 activity (COT&S and IDT&S) 
is roughly proportional to time while unrelated to mileage. On the other hand. 
Repair 1. 7 activity (brake shoes and keys) is most related to mileage and is 
related to time to a lesser extent. 
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Analysis of Draft Gear System Maintenance 

The draft gear sys tern constitutes a significant proportion of the total num -
ber of repairs , particularly in the case of the railroad . The four major com 
ponents and their contribution to draft gear system r epairs ar e shown below: 

DISTRIBUTION OF DR AFT GEAR SYSTEM REPAIRS 

Draft Gear Railroad Car Leasing 
Component Data Company Data 

2 . 1 Knuckles 17 U1o 18% 

2 . 2 Couplers 63% 80% 

l u,o2 . 3 Yokes 7% 

2.4 Draft gear and end- of- car 13% 1% 
hydraulics 

TOTAL lOO'"o 100% 

Evidently, couple r s are the most frequently repaired components of the 
draft gear system. Maintenance is the result of gradual wear through ser
vice . influenc ed by loaded versus empty service . curvature of track , grade, 
and slack . More than any other draft gea r component, coupler ma intenance 
is correlated to car age for both the railroad ( 14 percent correlation) and 
the ca r leasing company (32 percent correlation) . On the other hand . the 
railroad's data show a more significant correlation between coupler repair 
and total mileage than the car leasing company's data ( 14 percent versus 6 
percent). For the latter firm, there is a 25 percent correlation bet·Neen 
coupler repair and total ca r days; there is a 7 percent correlation between 
coupler repair and loaded car days. 

Repairs to the yoke and draft gear and end - of- car hydraulics categories 
constitute a minor part of draft gear system repairs. The difference in ac 
tivity between the two firms in these two categories is due to the fact that 
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the railroad data include program maintenance. The respective correlations 
to factors are remarkably similar for the two firms. as is shown below: 

CORRELATION BETWEEN REPAIR ACTIVITY AND FACTORS 

Repair 2 .3 
(Yokes) 

Repair 
Gear and Hydraulics) 

2 .4 (Draft 

Factor Railroad 
Car Leasing 

Company 
Car Leasing 

Railroad Company 

Car Age 12% 16% l 3% 13% 

Car Miles 3% 4% 8% 4% 

Total or Loaded 
Car Days 

2% 1% 3% 2% 

Note that repair activity is not strongly related to utilization but is r ather 
most highly correlated with the age of the car . 

Knuckle maintenance constitutes less than one-fifth of draft gear mainte
nance activity for both firms; yet it is the second major component of draft 
gear s ystem repair. Unlike the other three draft gear components, which 
show significant correlation between repair acti'vity and car age. knuckle 
m aintenance is no more frequent for older freight cars. The ra ilroad data 
do not r eveal a pattern of repair activity with any specific factor available . 

The car leasing company data show a correlation to knuckle maintenance 
of 18 percent for car miles and 17 percent for car days. No other draft gear 
component showed a significant relation to car miles for the car leasing com 
pany . One hypothesis is that knuckle maintenance is related to weather , the 
number o f classifications, and mileage in general. Thus. th~ data at least 
support the contention that knuckle maintenance is related to utilization. 

Frequently , knuckles are changed out in ya rds and on rip track in the 
course of inspection . Inspection or repair of other freight component groups 
may relate to draft gear maintenance for ether components as well. Draft 
gear repair activity is more highly correlated to brake system, truck, bearing 
and axle . exterior, or miscellaneous repair activity than to any potential 
causal factor. Thus , it may be difficult to observe causal relations explaining 
draft gear maintenance. given the confounding effect desc ribed above. 
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Despite these li;nitations. the following geometric relation was estimated 
from the car leasing company data: 

Car Age 
-. 416 0 - 5 years Car Type 

.066 5-10 years intermodal} 
log (CRB2) = - 3 .14 + .036 10 -15 years autorack 

- . 045 15-20 years other 
0 20+ years 

+ 0.469 log (TCDAYS) + 0 . 148 log (TCMILE) 
(0.1278) (0. C/34) 

R2 = 13 percent 

This relation implies: 

CRB2 = A (TCDAYS)o . 47 (TCI\IILE)0 . !5 

where: 

Car Age (Years) 

Car Type 0 - 5 5 - 10 10-15 15-20 20-

intermodal 2 . 04 3 . 31 3 . 2 1 2 . 96 3. l 0 
A = X 10- 2 

autorack 1.86 3 . 0 1 2 . 92 2 .69 2. 8 2 

othe r 2 . 85 ·L 62 4. 48 -l. 14 4 . 33 

~ote that the exponent of car miles is sign ificantly different from zero at 
the 95 percent level, bu t by a very fine margin . Ln fact , given the to tal num
ber o f car days. knowledge of the nu mbe r of car miles adds little explana tion 
of the variance in draft gear maintenanc e activity. Thus , car days (o r a cor
relate of car days) is the major util ization factor relevant to the dra ft g•_.1r 
system . 

..\pparently, car age and car type are important descriptive factors for 
predicting draft gear maintenance. In particular. the repair rate for the 
youngest cars (0 -5 years old) is much lower than for o ther cars (although 
otherwise . age is not an important effect). Autorack cars are the heavies t 
cars ; yet they have the lowest dr aft gear repair r ate . Thus , tare was not 
found to be a significant variable. 
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Draft gear maintenance is usually thought to be related to the number of 
classifications and car miles, as well as the length of the train, grade, cur
vatur e , and so for th. Unfor tunately , most of these statistics are impractical 
to use . Both the total number of classifications and hump classifications are 
available for the railroad, but there are too few draft gear repairs in the 
data time span to establish a meaningful pattern between these factors and 
draft gear repairs. Note the interesting relation between factors s hown below: 

CORRELATION BETWEEN FACTORS 

FACTORS TCLASS HCLASS 

LCDAYS 26% 35% 

TCMILE 5% 10% 

Classifications are usually thought to be related more to mileage than to time . 
These correlations indicate the opposite- -that number of classifications is 
most related to Hme, as measured by loaded car days. If the numbe r of clas
sifications is an important underlying causal factor, these correlations may 
explain why car days, rather than car miles, is shown to be the :nos t important 
utilization factor for the car leasing company 's cars. 

Using the car leasing company 's data, draft gear maintena.nce per car day 
is estimated by regression: 

Step l 

Car Tvpe 
2 . 16 intermodal} 

CRB2 / 1,000 = 1.65 autorack 
[car days 2,86 other 

R2 = 3 percent 

Step 2 

Car Tiee 

CRB2 / 1,000 
car days 

= 
{ 

1.03 
0,71 
1.82 

intermodal } 
autorack 
other 

+ 0 .11 (AGE) 
(0,01 0 ) 

R2 = 9 percent 
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Step 3 

Car Type 
- 0 .09 inter modal} 

CRB2 / l ,OOO = -0 . 08 autorack + 0,1 1 (AGE)+ 0.0007 (TCl\IILE)
{car days 1.34 other (0 , 010) (0 .0001 ) 

R2 = 10 percent 

Note that the car type effect (paired differences in factors) is the same for 
Step 1 and Step 2 but changes in Step 3. T:1is implies that part of the explana
tion provided by car type is caused by different averagP car miles pe r day for 
the thr ee car types. On the other hand . car age explains a separate aspect 
of the variance in maintenance activity ., 

Exhibit lll-30 p r esents an analysis of variance of draft gear s ystem re
pairs per car day by car ctge for both firms. '.'iote tha t the repair activi ty 
levels out for the leasing com pany, while it increases ste3dily by car age 
for the railroad. The railr oad's data include program repairs as well as 
CHB repairs . For the leasing company , program r e pairs to draft gea r are 
more highly correlated to car age (4o percent correlation) than is any othe r 
program repair category . If a similar relation~hip holds for the railroad 
data . it could explain the observed difference between the railroad data and 
the car leasing company data. 

E xhibit III-30 shows a dramatic difference between maintenance ac tivity 
per car day for the 0 - 5 year - old group a nd other fre ight ca r age groups. It 
is expected that older cars will have mo r e frequent draft gea r r epa i rs because 
of older components, gradual wear, and the greater likelihood of proolem de 
tection (since older cars are in the shop more o ften) . An additiona l fac tor is 
the introduction of freight cars with floating cente r sills . The c ushioned under
fram e is designed to prevent shocks ar:d impact stresses from da mai;ing the 
ca r structure and the lading . The center sill m ember is detached and travels 
longitudinally through the bolsters , c r oss- bec:1 rers , and end sills, hyd raulically 
res isted by cushion gears. This technology, present in the younger cars , may 
explain part of the difference in maintenance a c ti vity fo r the 0-5 year - old 
group and other freight car g r oups . 

Analysis of Truck System l\Iaintenance 

The truck system is the comple•.? assembly (aside from wheels ) which sup
ports the car body at each end . The major components are: 

. bolsters; 
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EXHfflIT 111-30 

DRAFT GEAR MAINTENANCE ACTIVITY BY CAR AGE 

NO. OF REPAIRS PER THOUSAND CAA DAYS 
(RAILROAD DATA) 

4.3 

ANALYSIS OF VARIANCE: 

F(4,941) • 9.17 
111 squ1rwd • 4% 3.2 

2.3 

0.9 

G-5 5-10 10-15 

CAR AGE (YEARS) AVERAGE AGE • 13.I YEARS 

NO. OF REPAIRS PER THOUSAND CAR DAYS 
(CAA LEASING COMPANY DATA) 

ANALYSIS OF VARIANCE: 

F 14, 1912) • 59.91 
tta squamt • 11% 

0.9 

0-5 

&z. 

5-10 

2.5 2.5 

I 

10-15 15-20 

2.1 

20+ 

CAR AGE (YEARSI AVERAGE AGE• 9.5 YEARS 

NOTt: bll,•4 dna 1ndude CRI 111d IIICICfllll 11111ntmaca. 
C. l- 1 COIIIPIIIJ dl lJ r~I CH rtpa~ GIiiy. 
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. side fra mes ; 

. springs: and 

. side bearings and snubbers. 

Exhibit Ill- 31 displays the breakdown of truck maintenance activi tv i nto 
these four components . :'Jote the important difference be twee n CRB and pro
gram maintenance activity for the car leasi ng company . Since maint enance 
activity is relatively infrequent, it is diffi cult to obse r ve patterns be tween 
truck maintenance and utilization within the limited time frame o f the data . 
However , the t r uck maintenance activi ty shows a uniformly highe r corre la
tion to m ileage than to time . 

Springs and bolsters are the components subj e c t to normal wea r . Bol
sters connec t the side frame and carry the weight of the car . The bols ter 
wear limits are regulated, and wea r is att r ibuted to m ileage for both bol 
sters and springs . 

Spr ings comprise a larger pr opor tion of total repairs for t he ra1lroad , 
pa r tly because o f the different loading p r ocedures and ca r types for the two 
firms. The ca r leasing company fle e t consists of na t ca r s ha ndling mo r e 
fragile ladi g that is loaded g r adually ont o the car . O n the o ther hand , the 
m ajority of the railroad's ca rs are hoppe r s, which a r e g r avi ty feo coal in 
large quantities . The impact on the spr ings may be subs tantial. A related 
observation from E xhibit III - 31 is that side bea rings and s nubbers con tribu te 
a n extremely sma ll number o f repairs for the rail r oad . ,\gain , the ca use o f 
the diffe rence be tween the two fi r ms is l inked to ca r type (o r lading, . Snub
be r s dampen the recoiling effec t of t he sprrngs fo r a smoothe r r ide . Thus, 
s n ubber ma i ntenance activi ty should be r e lated to ca r type . 

Exhi bi t 111-32 shows a n a nalysis of cova r iance of truck maintenance ac 
tivity per mile fo r the railroad . Both ca r age a nd ca r type a r e signiiicant 
sour c es of variation . ..\s an ticipated , hopper ca r s experience the lowest 
rate of main tenance once the r esults are ad3usted fo r ca r age . The unad
j usted devia ti ons i ndi ca te tha t equipped box ca rs have the lowes t repai r r ate . 
This res ults from the r e latively low ave rage age of box cars . 

Es timation o f the geometric r elation from the ca r leasing company's data 
obtained nonsignificant coefficients, since the period o f data collec tion was 
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EXHIBIT ill-31 

BREAKDOWN OF TRUCK MAINTENANCE ACTIVITY 
(COMPONENT PROPORTION OF TOTAL ~UMBER OF REPAIRS) 

RAILROAD DATA (CAI ANO PROGRAM REPAIRS) 

CAB REPAIRS 

+ 

(25%1 
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CAR LEASING COMPANY DATA 

PROGRAM REPAIRS 

175%1 

SIDE BEARINGS 
ANO SNUBBERS 

TOTAL 

BOLSTERS 
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EXHIBIT ID-32 

ANALYSIS OF COVARIANCE OF TRUCK REPAIRS PER MILE• -
RAILROAD DATA 
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insufficient to repr~::.ent a reliable pattern of maintenance for the relatively 
young fleet . The following maintenance rate was estimated: 

Step 1 

Car Type 
0.219 intermodal 

CRB3 / 100,000 = 0.238 autorack 
car miles o.383 other 

R2 = l percent 

Step 2 

Car Tvpe 
-0 . 130 intermodal 

CRB3 / 100,000 = + 0 . 034 (AGE) 

car miles 
-0.056 autorack 

(0.0028)0.062 other 

R2 = 8 percent 

Statistically, the most significant factor related to truck maintenance is car 
age. For the railroad firm, bolster and spring repairs are correlated to car 
age at 17 percent and 29 percent, respectively . For the car leasing company, 
bolster and spring repairs are correlated to car age at 28 percent and 12 per
cent, respectively. No other factor is significantly correlated to any truck 
maintenance activity for the car leasing company. Car age and total truck re
pairs are correlated 29 percent for both firms. Though older cars are more 
susceptible to t ruck damage, the observed effect of age must be attributed to 
the greater accumulated mileage which occurs before the sample interval for 
the older cars. 
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Analysis of Bearing and Axle System Maintenance 

It is natural to address bearing and axle m a intenance as one c mponent 
group, since •he repair activities and the causes of wear and damage are re
lated for both .... omponents. The observed distribution o f hearing and axle s ys
tem repair activity differs for the two firms , as shown below : 

DISTRIBUTlON OF BEARING AND AXLE REPA IRS 

Repair Railroan Car Leasing Company 

Lubricate Bearir.gs 40'"o 12% 

Replace Bearings -18% 58"", 

Replace Axles 12% 30""o 

TOTAL 100% l 0001i: 

Th~ car leasing company's cars ali have modern roller bearings . On 
the other hand, 58 perc en t of the railroad cars are e ;.u pped wi th high m ain
tenance journal or fric tion J ea r ings . Exhi bi t 111-5 illustrated tha t all r ail
road cars in the 0-5 year age group a r e equipped with roller bear ings . bu t 
only 9 perc ent of cars over 15 years old are equipped with thi s type o f bea ring. 

Roller bearings usually require lubrication every 48 months. w:1i le jour 
nal bearings require lubrica tion every 36 months . Both types of bea r ings 
are also changed out periodically . Ax,,. .1a i ntenance is fairly infrequent, bu t 
usually accompanies wheel replacement. In fa c t, the highest corre:a tion be
tween component group r epairs is found fo r bearing a nd axle s yste~ and wheel 
system repairs for both the railroad (correlated 6-l pe r cent ) and th e ca r leasing 
company (correlated 76 percent). 

Exhibit III- 33 presents an analysis o f covar iance of be ari ng and a xle re
pairs per car mile for the railroad . .:-lote that c a r ty pe a nd ca r a ge a re sig 
nificant effects. The unadjusted deviations for bearing type a r e hig hly signif
icant; ho\'•ever, the effect is diminished when the de via ti ons are adjt:sted fo r 
car age. 
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EXHWIT ill-33 

ANALYSIS OF COV ARlANCE OF BEARING AND AXLE REPAIRS PER MILE* 
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The correlations between bearing and axle maintenance and factors are 
similar for the two firms, as shown below: 

CORRELATION BETWEEN REP AIR ACTIVITY AND F ACTORS 

Factor 

Car Age 

Railroad 

29% 

Car Leasing Company 

41% 

Car Miles 

Total or Loaded Car Days 3% 

The correlations are uniformly lower for the railroad because of the sho rter 
time span of the railroad data. Note that mileage appears to be t he do minant 
utilization factor, although time is potentially an im portant facto r. 

C'sing mileage as the utilization factor. the following maintenance rate 
was estimated: 

Step 1 

Car T,rpe 
2.09 intermodal l 

CRB4 / 100 ,000 = 2.04 autorack 
car m iles 2.35 other j 

R2 = 0 percent 

Step 2 

Car T,rpe 
0.37 intermodal 

C R B4 / l 00 , 000 = + 0 . 17(AGE) 
car miles 

0 .58 autorack 
0.77 other (0 . 0084) 

R2 = l 7 percent 
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Step 3 

Car Type 
- 0 . 06 inte r modal 

CRB4 / 100 .000 = + 0.16 (AGE) 
car miles 0 . 33 other 

+ 0.0005 (TCDAYS) 
(0 . 0002) 

R2 

0 .11 autorack 

= 17 percent 

To consider the simultaneous effect of time and mileage , the geometric 
relation is estimated for the car leasing company . 

Car Age 
-. 851 0 - 5 years Car Ty~e 

. 286 interm dal-. 356 5 - 10 years 
+ . 075 autorack-.264 10-15 yearslog (CRB4) = -3 . 42 + 

0 other-.347 15 - 20 years 
0 20+ years 

+ 0 . 298 log (TCDAYS) + o . 354 log (TCMILE) 
(0 .1 224) (0 . 0675) 

R2 = 22 percent 

This relation implies: 

CRB4 = A (TCDAYS)o • 30 (TCJ\1-ILE)o • 35 

where: 

Car Age (Years) 

Car Type 0-5 5- 10 10-15 15- 20 20• 
intermodal 1.86 3.06 3 . 35 3.08 -L36 - 2 

X 10 A= autor ack 1.51 2 . 47 2 .1 1 2.50 3.53 
2.30 2.52 2 . 32 3 . 28 other 1.40 

The exponent of car days is significant and the exponent of car miles is 
highly significant . As usual . the older cars have a higher rate of repair . ln
termodal cars (the most heavily used cars) have a higher ra te of repair than 
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autorack and other ~ars of comparable age. The result implies that a 10 per
cent increase in utilization obtains a 6 . 5 percent increase in maintenance re
quirements; of the increase. 3 . 0 percent is attributed to time and 3.5 percent 
is attributed to mileage . 

Analysis of Wheel System Maintenance 

Wheel maintenance is one of the less frequent repair activities. The data 
indicate 1.5 repairs pe r 100,000 car miles for the railroad and 1 . 0 repairs 
per 100,000 car miles for the car leasing company. Note that a "repair" for 
this study may involve one . two, or mor e wheel replacements at one time . 
though this information is not available in the data base . Fur thermore, the 
three- year period of the car leasing company data and the seven-month period 
of the railroad data cannot c apture the full life of a wheel in most cases . i\luch 
of the wear is developed outside the interval for cars encountering wheel repair 
in the sample interval. 

With these limitations . it is still possible to observe relations between 
wheel repair and utilization, although the results may have less stat istical 
significance . For the railroad, no fac tor is significantly correlated to wheel 
maintenance , but the highest correlating factor is total car miles (correlated 
7 percent) . The correlations for the car leasing company are statistically 
significant ( , 001 level) and show a similar pattern, as noted below: 

CORRELATION TO WHEEL MAI:--JTENA~CE ACTIVITY 

Factor 
Railroad 

Data 
Car Leasin~ 

Companv ::>ata 

Car Age 6% 37(7"~ 

Car Miles 7% 36 (7": 

Car Days or 1% 231)", 

Loaded Car Days 

Data collected over a longer period of time for either firm should yield 
significantly higher correlations with respec t to car mileage. The cor:-ela
tion with ca r age reflects the importance o f the accumulated mileage on the 
ca r wheels prior to the sample interval . 
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For the car lea!;ling company data . 
yields: 

-.32 
0 

log (CRB5 ) = - . 35 + -. 01 
. 01 

0 

the estimation of the geometric r elation 

Car Age 
0-5 yea r s 
5 - 10 years 
10-1 5 y ears 
15 - 20 years 

. 12 

. 01 
+ l 0 

Car Tyee 

inte r modal! 
auto rack 
other 

20+ years 

+ 0 .252 log (TC MIL E) 
(0 . 0463) 

R2 = 12 percent 

This re lation implies: 

CRB5 = A (T CM ILE)O • 25 

where: 

Car Age (Years ) 

Car Tvee 0- 5 5 -1 0 10 - 15 15 - 20 20+ 
intermodal . 213 . 292 . 289 .295 . 292 

,\ = auto r ack . 189 . 260 . 258 . 263 . 260 
other . 188 . 260 . 258 . 263 . 260 

:-J'ot e that a time variable is n ot included in the regression; the ? - level for 
the car days variable is below 0 . 001 given the explanation pro.,,ided by car 
miles . It is reassuring that the car-mile variable is highly significant and 
that the ti me variable is not significant . Based on the three- year per iod 
o f the car leasing company data . a 10 percent i nc r~ase in car :-:-:i les is ex 
pected to result in a 2 . 5 percent inc rease in wheel repairs. 

Exhibit !II - 34 presents a n analysis of variance of wheel r epai r per 100 .ooo 
car miles by car age. For both fi r ms . car a ~e is a sta tistically significant 
factor . Controlling fo r car age . a separate an.:'.~ysis showed that car type is 
not a sign ificant factor for either firm . 

Exhibit III - 34 i ndica tes different behavior for th~ •wo fi r:ns. The car 
leasing company shows a gradual inc r ease in the likeli~.t.od of wheel repair 
with ca r age . Program repairs, no t included fo r the ca:- leasing company 
estimates, comprise a minor portion of total wheel maintena nc e a nd are not 
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EXHIBIT ill-34 

ANALYSIS OF VARIANCE OF WHEEL REPAIR PER 
HUNDRED-THOUSAND CAR M;LJ~S BY CAR AGE 

RAILROAD DATA 

SUM OF SQUARES df MEAN SQUARE 

BETWEEN GROUPS 9.80 4 2.46 
WITHIN GROUPS 411.37 904 0.52 
TOTAL 478.17 908 

F • 4.75 tU sqrd • 2" 

CAR LEASING COMPANY DATA 

SUM OF SQUARES df MEAN SQUARE 

BETWEEN GROUPS 2.14 4 0.71 
WITHIN GROUPS 21.89 1,966 0.01 
TOTAL 

F • 73.05 ltl 1qnl • 13" 

WHEEL REPAIRS PER ONE-HUNDRED-THOUSAND CAR Mli.ES 
BY CAR AGE 

3.0 

2.0 

1.0 

0-5 5-10 11~15 15-20 20 ♦ 
KEY : 

CAR AGE (YEARS) 

C::J Railroad 

tW=•:J Car LIiii.. Company 

IIOT(; billlN 4'11 itldt4t CH• incn- _.._ 
C. lallnt CllllllffY dlt, rttW-1 CII rtNIIS -,. ill. 7-! 



highly correlated to car age . If this is also true for the railroad's data (in
cluding program repairs) , the observed difference between the two firms must 
be explained by some other reason. 

The railroad's data indicate that the highest incidence of repa i r occurs in 
the 10- 15 year bracket . Of the many car wheels that are replaced in this ti rr. e 
bracket , most will not need repair for a few years. Thus , a decline in repa ir 
rate for the next five - year interval is reasonable . For wheels not repaired 
in the 10- 15 year bracket , maintenance in the 15 - 20 year interval is more likely. 
Thus, the obser ved behavior of wheel maintenance activity with age for the car 
leasing company may be due to higher utilization , causing more gradual wheel 
maintenance . Even though the car leasing company has a younge r fleet than 
the railroad, the former's ca rs experience wheel repai rs at four ti m es the rail 
road ' s r ate per 1 , 000 car days . 

Analysis of Door Svstem Maintenance 

Since the car leasing company's fleet consists of flat cars , the ca rs have 
no doors and no door repairs are reported . ?or the railroad, the re l e vant 
ca r types are equipped box. unequipped box, and the "other" ca r type . Doors 
are coded into 16 door types for the railroad; they were , however , recoded 
into four categories for this analysis: 

. no door ; 

. regular door - single o r double , centered o r staggered; 

plug door - single or double , centered or stagger ed; a nd 

. oth~ - combination, or split refrigerator, hinged, overhead , o r 
other. 

The distribution of door types by car ty pe is sl-iown below: 

DOOR TYPE 

Car Tvpe No Door Regular Plug Other T o tal 

equipped box 0% 54% 42% 4% 100% 

0 0186 07 O°'o 0 l O oo-o unequipped box 14% 0 

4111,,o ther type 82% 1-!'11o 0% 10 0% 
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The unequipped .box cars without doors are 40- and 50-foot box cars used 
to carry cement and limestone. The load is blown in and out through the ends 
of the car. while the door openings are covered with paper . 

Exhibit IIl-35 presents an analysis of covariance for door repairs per 
1,000 car days which accounts for 21 percent of the variance in door main
tenance activity. Car age is. not significant as a covariate. which is inter
esting, since most other component groups have shown a high correlat ion 
between repair activity and car age . For doors, it appears that new cars 
are fairly resistant to damage but. beyond 5 years of age. there is not much 
difference in door repair rates by car age. 

Car type and door type are highly significant factors, as might be expected. 
In particular, a higher repair rate is shown for equipped box cars and for cars 
equipped with plug doors. Equipped box cars are generally the most utilized 
and the most frequently repaired cars for the railroad . Thus. a door is more 
likely to be damaged and damage is more likely to be detected on equipped box 
.::ars than on other cars. 

The estimated higher repai r rate for cars with plug doors was anticipated, 
since regular sliding doors are mechanically less complicated than pl ug doors. 
Because there are four bars on the outside of the door, it is particularly sus 
ceptible to damage . lnte.·cha.1ge rules require that plug doors be closed and 
locked before the car is moved . 

Analvsis of Car Interior Maintenance 

C ar interior maintenance includes activities associated with repai ring 
woode n or steel floors, lining sides or ends , and loading equipment. The 
observed distribution of repair activity differs for the two firms, as shown 
below: 

DlSTRIBt.:TION OF CAR INTERIOR REPAIRS 

Interior Repair Railroad Car Leasing Company 

7. 1 Wooden or Steel Floors 39% 0!7'' 

7 . 3 Lining Sides or Ends 7% 99% 

7. 5 Miscellaneous 17% 0% 

7 . 7 Lading Equipment 37% 1% 

TOT.~L 100% 1OOa,o 
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EXHIBIT ID-3S 

ANALYSIS OF COVARIANCE OF DOOR REPAIRS PER CAR DAY* 

0 ,• • • • • • • • • • A H A 1. t S l S Y A R l A U ~ t • • • • • • • • • • 
ll ..06 

Bl C1f Pt: 
D008 

• ITH AGJ:: 

SOIi Of' !1 f. A1' S l GNH 

S..>U11:e Of YA BlhTlOII S1.>Uldlf.S Df S1,U11 8£ ~ J P F 

~OV&.!!l/, , ·LS " . OJ ;? O.OJ2 () . v 25 U. !. '19 
O.JJ2 J . J32 0 . :, 25 {J.lj', '):; -

ff AIll :.Ft' ~CT!> J.? "I • 2£,,) u r,i).1 :>7 )1. ~53 O.~lll 
CTlPE o0. 092 5 12 . ulti 9.1.1-i.3 o .vv l 
DOJ!l 2'J . )52 J 9 . 7 8t. 7.bb6 0 . (\() 1 

EU'l.Al:lt. O 3,4.21'i 9 Jb.0 211 .lU . J 05 (J . 00 1 

12c,o. 15e 91' ) 1 . .!7 JU .SI!iUU, 

TOTA 1. 15:t4 . 372 'J s..: 1.o:>, 

,;oO. RU1E :o f.TA 

AGE 

9 53 ~ASES ~Ene FRvCl::SSEO . 
J CASES ( O . ,;, l'~T) Wf!l.c. lllSS lliG . 

II U L1l P L t.: C L A S S 1 r l C A T l O h A !lA L l S . S • • • 
!1 1-t16 

l:I Y ':..TYl't 

11 l l' II AC: !: 

.\ !lJ UST :C: O P' u R 
Al,JUSTEO POJ : :: :> ~I' !: :1 l>eH1'S 

U!O DJU:;TED 1 :1D!::P !:ti O t ll TS • .:OVAIIIAT 7. S 
'IA fdAi.1L !; ♦ C.: A T l.GUR t )\ t,fV • ~ t:l'A Dt.: Y • !I ~E l'A ou • "I aen 

C'?li' I:: 
1 
2 
J 
II 
5 
6 

l!!V 801 
Ucl.:.Q bl) l 
Ev l!Ol'P I:: !1 
U:, E(.) l!OP PE II 
GO ll OOLA 
OT !1 Lll 

1114 
7i:. 

2 
5)7 
112 
114 

1 . " , 
0. 19 

-o. 26 
-0.2b 
-0.26 
- 0.13 

0 .1111 

I . •)5 
-o. 11 
-o. 1S 
- 0 . 1S 
- 0 . h 
-o. 15 

v . Jl 

DOOR 
- 1) .110 ~o 1,01.111 755 -0.26 
o. Jo1 11 r c:uui. 1..:9 o.eo 
v . bO2 P;. uc bli 1.4J 

- 1 . J l J Orb!:.~ s --0.26 
0 .112 il • .! () 

~uLT.U-l. ~ R SQUUtD 
II Ul.TI rL ! !I 

• Scale ii numw of ,..... per 1000 cs daya. Mlcrofllmed From
Ill. 77 

Best Available Copy 



Virtually all of the car leasing company's interior repairs are classified 
as lining and a negligible number are classified as floor repairs or as repairs 
to lading equipment. All of the program r epairs fo r the ca r leasing company 
(not included i n the above distribution) are classified as floor repairs . The 
analysis here is pe r fo r med on the total car interio r maintenance activity. 

Car interior repair activity s hould va r y with utilization, but more with 
time than with mileage . Na turally , the mos t impo rtant factor to explain the 
variation i n repair activity is the type of car . 

Exhibit III-36 presents an analysis of covariance of car interior repair 
per 1,000 car days for the r ailroad . The analysis shows that car type is a 
highly significant factor, as a nticipated . No repairs were repo r ted for hop
pers (hoppers do not have interiors) . but gondolas have the highest interior 
repa ir rate of all cars . Equipped box cars also have a very high rate o f 
interior repair. one which is significantly higher than the r a te for unequipped 
box car s . If adjusted fo r ca r age , the diffe rence is widened slightly . 

The analysis shows that older ca rs g~nerally have a higher rate of interior 
repair t han younge r cars . For the car leasing company , inte rio r c ar repair 
is s i gnificantly cor r elated to age (correlated 22 percent), while the correla
tion for the railroad da ta was positive bu t not signi fican t (correlated 3 per
cent). This i s reflected by the positive beta coefficient for age , which is not 
statistically significant. Interior repair rate generally increases ·.dth car 
age, but cars in the 15 - 20 year age g roup have a lowe r repair rate than cars 
in the 5-1 0 year, 10-15 year , and 20+ yea r age groups. The leas ing company's 
ca r s display a steadier and mo r e statistically significant increase in interior 
r epair r ate with ca r age . 

Based on the car leasing company' s data. the geometric relation obtains : 

Car ,\ge 
-. 020 0 - 5 yea r s 

. 085 5 - 10 years 
log (CRB7) = 1 . 64 + . 155 10-15 y e a r s 

.11 5 15 - 20 years 
0 20· years 

Car Tvpe 
. 126 intermodall 

-. 013 auto r ack 
0 other 

+ 0 .267 log (TCDAYS) 
(0 .1 005) 

R2 = -l percent 
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EXHIBIT ill-36 

ANALYSIS OF COVARIANCE OF CAR INTERIOR REPAIRS PER CAR DAY* 

0 ,• • • • • • • • • • A H A L J S l S Y A R 1 A ~ C L • • • • • • • • • • 
Rl-07 

BT CTYP~ 
lilTU 1Gk... . ... ...... . . . . .... . . . ) . . ... . . . .. . ..... 

:.un Ci r ftf.U Slullll' 
SUUSCE u f VAR11r1 0N SQUAl<t.S [Ip S~OARt: f' OF P 

COYAII lA1' 1.S 2.701 1 2.707 2 . JB7 0. 11 9 
lG£ J..707 1 J. .·,o·, 2 . Je7 0.119 

ru1 :1 f.l'Pt.CTS ~5 . 6 11 5 11.162 9 . 1111 11 O.Oul 
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This r elation implies : 

CRB7 = A (TCDAYS)O • 27 

where: 

Car Age (Years) 

Car T.z:pe 0 - 5 5-10 10 -1 5 15 - 20 20+ 
intermodal . 2 16 . 240 . 257 . 24 7 . 220 

A = autorack . 188 . 208 . 224 . 215 . 191 
othe r . 190 . 2 11 . 227 . 218 . 193 

:.'-J'ote that ca r miles does not ente r i n to the regression . This i s reassuring 
since . given the number of days in service fo r a ca r. the number of miles 
traveled should not affect the incidence of inte r ior repair . The numbe r of car 
loadings is probably an important factor . but this statisti c is not available . 
Since car loads are related more to ca r days than to ca r miles . this is addi 
tional evidence supporting the relation. 

The geom~ tric relation implies that car i nterior maintenance is partly 
attributable to utilization of the car a nd partly fi ,,ed . For a 10 percent in
c rease in time utilization , there is a long-run increase of 2 . 7 percent in 
maintenance activity . On the other hand , t wo comparable ca rs, used fo r the 
same number of days bu t with qui te different mileage . should incur th~ same 
interior maintenance activity according to the rela tion . 

To assess the average interior maint e nanc e activity per car oa_v fo r the 
car leasing company . the followi ng r elation is est imated: 

l 
Stee l 

Car T;te e 
1. 2 19 intermoda l l 

CR 87 1 1 . 000 = 0 . 5 17 a utorack 
car da,vs o . 669 other 

R2 = 8 percent 

l 
Step 2 

Car T,Ype 
0 . 866 intermodal l 

CR87 / l , 000 = 0 . 221 autorack + 0 . 034 (AGE) 

car days 0 . 345 o ther (0 . 0054) 

R2 = I O pe r cent 
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The car type an~ age variables are highly significant . Note that t he car 
miles variable does not enter into the ~egression as before. 

Analysis of Car Exterio r Maintenance 

Car exterior maintenance includes activities associated wi th r epa i ring 
crossovers, brake steps , ladders, roof hatches, underframes, and side . end . 
elope, and r oof sheets . The observed dis tribuuon of car exterior r epai r a c 
tivity differs for the two firms, as shown below: 

DISTRIBUTION OF CAR EXTERIOR REP AIRS 

Car Leasing 
Exterior Repair Railroad Company 

8. l Crossovers. Br ake Steps , 
Hand Holds , Ladders, etc . 29Q!o 12% 

8.2 Painting, ACI, etc. 2 4% 82% 

8 , 3 Side Sheets 150-0 0% 

8 . 4 End Sheets 5% 0% 

301,} o.ro8 . 5 Roof Sheets 

8.6 Hopper Outlets a nd Roof Hatches 5% 0% 

61J'."o8 . 7 Underframe 14% 

8 .8 Miscellaneous 4% 0% 

8 .9 Slope Sheets l "'o 0% 

Total 100% IOO'"o 

The immediate distinction between the two firm s is e xplained by the d if 
ferent mix of car types . Si nce all of the leasing company's cars a r e t1at ca r s , 
they cannot have repairs to side , end , roof , or slope sheets , or t o hopper out
lets and roof hatches . Most of the repo rted exterior repairs for the ca r leasing 
company are CRB r e pairs. Program r epai rs a re more evenly distri buted to 
the three a c tive repair codes listed in the tab le (8 .1. 8 . 2 . 8 . 7) . 
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Like car interio_r repair activity. car exterior repair activity should vary 
witil utilization but is more related to time than to milea ge . E xhi bit IIl- 37 
presents an analysis of covariance of exterior repair activity pe r l . :>00 c ar 
days, based on the r ail road's data. The a nalysis indicates that both ca r type 
and car age are highly significant factors . Th is contrasts with the ana lys is 
of interior mai ntenance. which does not show a statist: ... allv signifi cant r e la 
tion between repair activ: ty and car age . For the railroad . cars over 20 
years old average seven times as many exterior r epairs as cars less th a n 5 
years old . 

As expected . gondolas have the highest rate o f repair . !\.lost o f the spot 
painting occurs for gondolas and hoppers, but program painting occ urs !or 
all car types. Side sheets may deteriorate with agf: for the hopper c a r s , 
but box cars a re less susceptible . On the other hand , end sheet da m a ge due 
to internal stress is po ssible fo r bo x cars and gondo las . The m os t common 
exteri -:>r repair for the railroad (Repair 8 . 1 on the table) occurs so:newhat 
randomly . Mos t of these r epairs should relate m o r e to time than to m ileage . 
However . underframe repair may relate more direc tly torr ileage . 

Based on the car leasing c ompa ny's da ta, the geometric re lation ob tains: 

Car Age 
-. 475 0 - 5 y ea r s 
-.1 76 5 -1 0 ye ars 

lo g(CRB8 ) = -3.8-l+ -.11 6 10 -1 5 y ea r s 
. 033 15 - 20 years 
0 20.,.. years 

Ca r T vee 
-.259 

l 
in te r m odal l 

+ - . 5-l5 a1.1to1ack 
0 Otn c r 

+ 0 . 6 14 log (TCDAYS) + 0 , 138 log CTC :\II L E ) 
( 0 . 1265) (0 .0724) 

R2 = 15 pe:-c e nt 

T his r e lation im plies: 

C RB8 = ..\ (TCDAYS)0 

where: 

Car Ty~ 
intermodal 

A = autorack 
other 

· 6 1 (TC i\tILE )O . l 4 

Car Age (Years ) 

0 - 5 
1.03 
0 . 78 
1.34 

5 - 10 
1.39 
1.05 
1.80 

10-1 5 
1.48 
1. 11 
l. 9 1 

15 -20 
1.71 
1.29 
2 . 22 

20 ... 
1. 66 
l.~5 
2 . 10 
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EXHIBIT ill-3i 

ANALYSIS OF COVARIANCE OF CAR EXTERIOR REPAIRS PER CAR DAy• 
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To asse ss the average exterior maintenance liCtivi ty per car day for the 
car leasing c ompany. the following relation i s estimated: 

Step 1 

Car TiEe 
2 .78 intermodal l 

CRB8 / l,000 = 1.60 autorac!k 
car days 3.12 o ther }l 

R2 = 7 perc ent 

Step 2 

l 
Car Tiee 

1.40 intermodal! 
CR B8 / 1 , 000 = 0 .44 autorac.k + 0 . 134 (AGE) 
car days 1 . 85 other (0 .0105) 

R2 = 1-+ p e r cent 

Step 3 

Car T_x:ee 

lO.44 intermodal ! 
CRB8 / l,OOO = -0. 20 autorac k + 0 .1 35 (AGE ) = 0 . 0006 (TCMILE) 

1.46 o ther (0 . 0 104 ) (0 .000 15) 

R2 = 15 perc ent 

In contrast to the analysis of inte r i or m aintena nc e, car miles e nte r s as a 
signifi c ant fa c tor in both relations , even though mi lea ge is no t as ,mpo rta nt as 
car da ys. T he effec t of age is highly s ignific ant, t ho u gh less dra:cia ti c t han 
the railroad data indic ate . The r elatio n shows tha t . gene r a lly , ot:ier type s o f 
cars have the highest rate o f exterio r r epair a nd autoracks ha ve tne lowes t 
rate. For inter o r repairs, intermodal cars have the highest r e pai r rate . 
Thus , there is no c l ear r ela tion between inte rior a nd exterio r ma i :itena nce fo r 
car types . 

The geometric relation i ndicates that if car days a r e held constant . a 10 
perc ent increa se in car miles yie lds o nly a 1 . 4 percent inc rease in repair 
a c tivi ty . F o r a g iven number o f car miles , the relation predicts a 6 .1 pe r 
c ent inc rease in repair a c tivity for a 10 percent inc rease in car davs . Jn 
t o tal , the res ult implies that three - fourths o f e xterior mainte nance ac tivi ty is 
variable with utilization. 
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Analysis of Special .Equipment Maintenance 

Special equipment maintenance includes activities.associated with repairing 
refrigeration equipment . trailer-on-flatcar (TOFC) equipment. and automobile 
racks. Special equipment repairs are very infrequent for the railroad and the 
observed distribution of repair activity differs for the two firms as shown be low: 

DISTRIBUTION OF SPECIAL EQUlP:\IENT REPAIRS. 

Car Leasing 
Special Equipment Repair Ra ilroad Company 

9.1 Refrigeration Equipment 0% O"'o 

9 . 2 TOFC Equipment 0% 98aro 

9.3 Automobile Equipment 68% 2ar? 

9.4 Miscellaneous 32% 0% 

TOTAL 100% 10001
0 

There are no refrigerator equipment repairs. since the railroad leases 
all its refrigerator cars from a firm which maintains them. The railroad's 
refrigerator car s, acquired by merger, are either not used o r have their 
motors removed and are used as insulated box cars. 

The automobile equipment category fo r the railroad (which concerns racks 
on box cars which secure automobile parts) comprises the majorit:: o f spec ial 
equipment repai r s . Virtually all specia l equipment repairs for the car leasing 
company are repairs to TOFC equipment since the autoracks are o·.\· ned by the 
railroads. Special equipment activity is strongly dependent on the type o f car , 
since not all cars have certain types of special equipment. 

The maintenan ce activity on special equipment should logically depend to 
a greater degree on time than on mileage. Exhibit III -38 presents an analysis 
of covariance of special equipment maintenance per l, 000 car days fo r the 
railroad. Car type is a h ighly significant factor. since box cars a:-e the only 
cars for which repairs are repor ted. 
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EXHIBIT ffi-38 

ANALYSIS OF COVARIANCE OF SPECIAL EQUIPMENT REPAIRS PER CAR DAY* 
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A similar analysis is performed for the car leasing com pany' s da ta by 
regression: 

Step 1 

l 
Car T,ree 

3 . 58 intermodall 
CRB9 / l ,000 = 0 . 11 autorac k 
car days 0 . 06 o ther 

R2 = 60 pe r cent 

Step 2 

Car T,r:pe 

l
2 . 95 intermodal l 

CRB9 / 1,000 = - 0 .42 auto r ack + 0 . 061 (AGE) 
car days - 0 . 52 other (0 .0071 ) 

R2 = 61 per c e ut 

Step 3 

Car Trpe 

intermodal ll
2 .09 

CRB9 I 1 , 000 : -1. 02 autorack + 0 . 06 2 (A GE) 
c a r day s - 0 . 88 other (0 . 0070 ) 

+ 0.00056 (TCMILE) 
(0 . 000 10) 

R2 = 61 pe r c en t 

The relation implies that intermodal cars have , by far , t he highes t special 
equipment repair rate. Older leas ing company cars also ha ve a (sta t istically 
significant) higher rate of s pe c ial e q uipment repair . Trailer hitches o f older 
cars are of a differe nt desi gn. 
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An interesting implication of the relation is that mileage affects mainte
nance activity controlle d for car days . This hypothesis is examined further 
by estimating the geometric r elation with the car leasing c ompany 's da ta: 

Car Type 

I .866 intermodall
Log (CRB9) = - 8 . 209 + - . ~30 autorack + 

o t he r 

Car Age 
. 001 0 - 5 yea rs 
. 132 5 - 10 years 
. 236 10 - 15years 
, 264 15-20 years 

0 20+ years 

+ 1 . 023 log (TCDAYS) + 0 . 182 log (TC MILE) 
(0. 1368) (0 . 1027 ) 

R2 = 32 percent 

This re lation implies : 

CRB9 = A (TCDAYS)l . 0 2 (TCMILE)O . l 8 

whe r e: 

Car Age (Years ) 

Ca r Tie e 0 - 5 5 - 10 10 - 15 15 - 20 20+ 

A = 
intermodal 
auto r ack 

6 .48 
2 . 39 

7 . 38 
2 . 73 

8 . l 9 
3 . 03 

8 .4 3 
3 . l l 

6 . 47 
2 . 3D X 10 

- 4 

other 2 . 72 3 .11 3 . 45 3 . 54 2 . 72 

The geometric relation confirms tha t mileage is an impor tant as;:,ect of 
utiliza tion affec ting special equipment maintenance activity . [n tota l , the re
lation predicts that a 10 percent increase in utilization (time and rr.::eagel 
yields a 12 percent increase in special equipment activity . With s1.. ch a n in
c rease in maintenance activi ty . about 10 percent is apportioned to t: ~e and 
2 pe r cent to m ileage . 
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SUMMARY 

The analysis presented in this section has illustrated a methodology to 
determine the relations between car system or component maintena nc e ac 
tivity and car descriptive and utilization fac tors for c osting purposes . This 
summary subsection discusses: 

. implic ations that the findings from railroad and leasing com pany 
data may have for other firms; 

statistical cons iderations of car sample s ize and required t ime 
span for car histories ; and 

. the feasibility of implementing this methodology for a rail fi rm . 

Summary of Findings 

The specific relations developed fo r each component group c onfi rm a 
priori judgments concerning the causes of maintenance consump!:on . In most 
cases , both a geometric relation and a relat ion based on r epai r pe r car day 

·or per car mile were estimated . Depending on the particular application . one 
or the other of the forms is appropriate for the costing methodology . For 
example, the repair per car mile relation is appropriate for a " fully distri
buted" cost , while the variability estimated from the geometric relation can 
be used to derive variable o r incremental cost . 

Exhibit III-39 summarizes the relative importance of factors e xplaining 
maintenance a c tivity for the two firms studied . The exhibit indica tes the high 
degree of c onfor mity of these two very different firms . For mos t ::ar sys
tems, older cars experience a higher rate o f repair. The only exc e pt10ns are 
the door, ca r interior, and special equipment systems for the r a 1l r oad . Car 
systems located physically below the truck experience a repa i r r ale that is 
o nly modera te ly influe nced by car type . However, a bove the truck . the ca r 
inter ior . exterior, doors. and special equipment systems are phys: cal ly very 
different for various car types and, as a result, the r epair rates d :: fer great
ly. 

For most component groups. both time and m ileage utilizatio n e ffe c t m a in
tenance activity . Mileage is the most c rucial fa c to r for c ompone nt g roups 
physically below the truck except for the draft gear systems . T i :r.e utiliz a 
tion is the m ost c rucial factor for the draft gear system and fo r components 
physically above the truck. It is anticipated that o ther rail fi r m s .vo uld i?x
hibit similar behavio r with minor exceptions . 
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EXHIBIT ill-39 

RELATIVE LI\IPORTANCE OF FACTORS 
EXPLAINING FREIGHT CAR MAINTENANCE ACTIV ITY 

CA!l SYSTEM 

FACTORS 

DESCRIPTIVE UTILIZATION 

CAR TYPE CAR AGE TIME MILEAGE 

Brakes 

Draft Gea r 

Truck 

Bearings and Axle 

Wheels 

Doors 

Car Interior 

Car Extenor 

Special Equipment 

L 

M 

L 

M 

L 

H 

H 

H 

H 

M 

H/M• 

H 

H 

H 

NS 

LIM 

H 

NS/M 

M 

M 

L 

M 

NS 

M 

M 

H 

H 

H 

L 

M 

H 

H 

L 

NS 

M 

L 

KEY 

Level of lmp0runce: H hifh o, vwy high 
'4 medium 

low 
NS not lltntficam 

• H igh for railroad/medium force, 1Nlint compeny 
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A comparison of the separate re lations developed fo r the rai l r oad and 
the car leasing company supports the application of this methodology to o ther 
firms. The coefficients will change , of course. as will the relative impor
tance of factors in the relations for each fi r m to whic h the methodolo gy is 
applied. However, the same procedures employed for the fi rms in this study 
can be used to develop relations for other r ail firms. 

Some refinements to this methodology may be possible in the future . If 
reliable statistics on car loadings, classifi cations. and -so forth are available, 
these statistics could be used in place of ti me and mileage . The potent ia l 
benefit would be a greater explanation of maintenance activity , b ut a costing 
methodology based on these relations would requi re more detailed information 
to apply. A greater explanation of maintenance ac tivity could also be a ttained 
with a longer time span of ca r histories. If thi s were possible . various patterns 
between maintenance activity and use might appear which have not yet been 
detected- -particularly for c omponents with very long maintenance cycles. For 
costing purposes, a finer breakdown o f ca r types than provided in this a naly sis 
may be useful in s om e cases . Again . this a nalys is could be pe r fo r med o nly 
at the cost of a larger sample size. 

Statistical Considerations 

Before developing freight car maintena nc e relations fo r a : i r:n , the time 
span of data collection and the car sample size must be decided . The former 
question is the most critical stati stical cons ideration. 

This study illustrates results based on a very short time interval fo r the 
railroad (7 months) and an intermediate time interval for the car leasing com
pany (3 years). For practical applications. the ti m e span of da ta c ollection 
preferably exceeds 3 years. 

As noted, a longer time interva l o f data collectio n enables pa : e rns to 
form between maintenanc e activity and util i zation. Relations bet·.~·een main -
tenance activity and utilization are more difficult to observe wit l:::1 short ti :ne 
intervals, especially for compo nent s with average m a inte nance cycle s that 
are long in relatio n to the sample inte rval. Thus. the appropriate ti me in
terval depends on the average maintenance cycle of the car components being 
studied. For example, a much longer interval tha n 3 years is ne cessa r y to 
assess the impact o f utilization on m aintenance a c t ivity for trucKs . T rucks 
may outlast the usefu l life o f a freight ca r i n sorr.e c ases . 

The second statistical consideration. ca r sample si ze. i s add r e ssed oy a 
two-round sampling strategy . In the first r o und , a conve nient- s iz ed random 
sample of cars is used to develop suitable car main tenanc e r elauons . Based 
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on these results, a .second-round sample size is determined to achieve sat
isfactory statistical precision. The second round is optional, since the pre
cision objectives can be attained, in some cases, with the first-round sample. 
The sample selection strategy is detailed in Appendix B. 

Implementation 

Assuming that data collection and data processing efforts are feasible, ap
plying this methodology successfully involves additional personnel and compu
ter resources over several months. The level of effort depends on the depth 
of the analysis performed and the skill and experience of personnel applied to 
the project. 

Although most analysis of maintenance activity was performed at a c om
ponent group level in this study, either a more or less disaggregate a pproach 
is possible (e.g .. maintenance relations could be developed separately for 
each car component). The particular level of detail (or disaggregat ion) o f 
ma intenance a c tivity determines the amount of effort required to develop the 
relations. Thus, maintenance activity should be analyzed at a level appro 
priate to the detail of the costing methodology. 
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IV. CAR REPAIR FACILITIES 

Exhibit IV-1 is a diagram of the car repair p rocess. Although tn1s pro
cess is basically the same for all shops at the level depicted by tne flow 
chart, the actual performance of repairs can vc1 ry grea t ly frum shop tu shop. 
This varia nce can be attributed to, among othtr fac tors . the type oi repair 
being performed and the staffing , facilities, phys-1cal structure, ana equip
ment of the i ndividual shop. 

REPAIR CATEGORIES 

Three general types of repairs were being performed by the c c1r repair 
shops visited: running: periodic repairs, ught repairs . a nd heavy repairs . 
These types can be separated by the level o f eifort, time. skill, and 1::qu1p
ment required to complete the repair . At the lower end of the spec trum are 
running/ program repairs, which require a m1 m.::.um of equipment a nd often 
entail merely c hanging out a component . T hese repairs may inc1uae replac
ing brake shoes and air hoses and periodic inspec tions such as a COT 0i.S 
(clean, oil , test, and stencil). Light repairs a r e less standardized c1nd requi re 
more sophisticated equipment and tools tha n do running repairs. Light re
pairs also allow a carma n more room for personal disc retion aoout how the re
pair will be effected. The upper end of the spt::ctrum is occupiec ::>y heavy re
pairs. i\.lak.:.ng a heavy repair is akin to reouilding a car and ma:: rnvolve 
modifying or recons tructing a portion of a car which has been da :-::agea o r is 
outdated. Shops which are not equipped to make heavy repairs ·.,·:.l o tten 
e ithe r patch a car they cannot r epair o r load 1 t o n a flat car ana s nip 1t to 
the closest heavy repair shop. 

The five shops visited perfo r m o ne o r more o f these types oi :-epairs. 
The shops differ in the type of equipment and fac1i1ti~s they pu!;stss and in 
their methods of performing the repairs . Some of these diflerence :> a re sum
marized m Exhibit lV-2. The shops selech::a compr ise a wu !y r~p rest:nta
tive cross-section of the participating railroao's car r epair shop;; .n terms 
of the kinds of r e pairs they perform and the i r agt's, loc:.auons , unc i::4uiµ m ent . 

Shop A 

Shop A is the smallest of the five fa cil it ies and 1s loca ted in a :naJo r 
freight facility. Three trac ks are used fu r repair wu rk; howevt:r. ·.-.ni::tl re
placement is limited to one track . There 1s no covered enclosure ;.,rotect
ing these tracks, so all work 1s per fo r med in fu ll t'Xposure tu the ·.~eatht:r . 
The only building on the premises i::. ustd for pape r work, office space . a nd 
a s to rage area fvr materi sls that cannot bt: :;lured o utdoors . T!1e .,.no;:> 1s 
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EXJDBJT IV-1 

FREIGHT CAR REPAIR PROCESS 

CAR 
IAO ORDEIUO 

CAR REPAIRED 
CAR IWITCHfD- Ill YARD 

TO Ri,IAIR HOSES, IRAU 
TRACI$SM DESI 

I 

CAR SWITCHED I 
ON SHOP 

CAIHUC[O 
TO SID•G TD • 

TRAC ll AWAIT PARn I 
I _J ' L---7- - -

WRITE•UP MAN 
DDUWALll• I 

AROUND 
I 

i 
' .ROllH/ DEF.fCTIYE '•RDIIEII/O(HCTIVJ 

PARTIS! REPAIRED PAIITISI IIUIOYfD I 
L_ - _j 

r - - - 7 
PAllTISIRlPUCUIENT l I,.-,ms, -, IIOT III 
STOCll I 

L ...J 
IIISTALL(O 

F.WTVCAR 
CANNIIALIZED 

WRIT£ UP IIIAII 
COWt. f.TlS 

llll 

CAR lllLlASfO 

IV. 2 



---

.

---

_
. 

-- -

.

___ 

. ---

EXffiBIT IV-2 

COMPARISON OF CAR REPAIR FACILITIES VISITED 
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located between a mainline and a classification yard which limits room fo r 
expansion. (The shop trac ks are, i n fact, part of the ya rd. ) Despite the 
lack of sophisticated facilities or equipment, this shop meets the a ntic ipa ted 
(budgeted) performance standards established by the r ailroad . 

Shop B 

Shop B, by comparison, is a relD.tive ly new fadlity . The enclosed car 
repa ir shop covers three tracks with builL- in floor Jacks on the center t r ack. 
A transfer table located outside the shop at the incoming e nd allows some 
flexibility for channeling cars with particular r epairs to a special track. a l
though the mix of repairs often makes that imposs iole . T he shop 1s located 
adjacent to a hump yard, which impacts the types or repai rs the shop must 
complete . Many of the r e pairs performed (such as straighteni ng shirted loads 
and repairing passed couplers) are necessitated by hump- related damage . 
Running / periodic and some light repai rs are performed at the shop . Cars 
needing heavy repairs are patc hed or loaded on flat cars fo r forwarding to 
a larger facility. 

Shop C 

Repairs a t Shop C a r e made largely to automobile pool cars , ana many 
car men are assigned to work at pool docks o r au to loading docks whe re such 
cars a re used . T he shop itseld is enclosed . bu t the construction oi ~ne build
ing does not make adequate provision for free movement o t fo rklit't t:-ucks 
and 89 - foot cars cannot be worked on without leaving the doors optn . Shop 
C perfor ms only running/ period ic a nd some light repai rs, and heovj· repairs 
are sent to larger facilities . One problem interferes with a smooth : low of 
ca rs through the shvp - -there is no t much room on the ou tgoing t r acks to 
store completed cars . As a result, cars get backed up and work mus t be 
do ne ou tdoors if a switch is no t pro vided i n a timely fashion . 

Shop D 

Shop D comprises several shops, whi ~h gives the facility the capaolli ty to 

perform a wide range of repai r s . Heavy r epairs a re performed , as .\ ell as 
running/ periodic and light repairs , although the t wo types of repairs a.re 
physically separated in d ifferen t buildings. The lighter repairs a r e perfurmed 
in a n e nclosed building containing two through tracks . with two stor age t rac ks 
on the inbound side and one on the outbound sidt . The running; perwa~..: dnd 
light repairs at Shop Dare usually made on cars that are bad o rdered t r om 
through trains , while the heavy repairs a re sent from elsewhere in tht sys
tem . 

:\lany materials used in the car repair process are bulky a nd htavy an ti 
cannot prac tica lly be s to r ed in proximity to the car repai r location. \Vheel 
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sets, for example ,. are both large and heavy . The wheels a re usudlly stored 
outdoors because space is needed both fo r s t •Jrage and to r maneuv~r1ng t ht 

forklift trucks which m o ve a set of whee l s to the car being repairtd. Re
placing a set of wheels therefore involves getung a fo rk lift truck going 
outside the shop , and retrieving the wheels . The pro x imi ty of tht ,heels . 
or any other materials, to the car repair loca tion affectc, the t1me requ1rtd 
to complete a repair . At Shop D, m c1. ter ials ar-e stored close to tne pldce 
where they are used, so the effect of materials retrieval time on wo r1< uut
put is minimal. The size and layout of tne sho p buildings permit unhamper t::d 
movement. 

Shop E 

Shop E also has the capabili ty to perto rm all three types oi repairs . The 
running/ periodic and light repair shop has three tracks . but tht outlding nous
ing them is quite short and narrow , making it a1fficult t o accommodate cars . 
Because it i s located close to a hump yard , muc h of the repa ir wo rK i s hurnp
related. Repairs which cannot be completed at the rip track canoe pe rtormed 
at one of the other shops, so there is no need to patch heavily camaged car s 
for forwarding. 

FACTORS AFFECTING EFFICIENCY A:'-D VAR IANCE 

The differences noted in Exhibit IV-2 and in the discussio,s nave a con
siderable impact on the effic iency and variances in the repai r process . 
The types of repairs (running / periodic. light, o r heavy) and tne :nix u l repairs 
(bad orders from through trains versus hump-related damage) ar-t:: 1mpurtant 
variables, particularly as they affect the ume it takes to complete a repe1ir . 
Because the work is not of a standardized nature. the carman must use his 
own discretion in deciding how to effect a repair. There 1s a lso :nurt l\.:e-
way the less standardized (heavier and more damage- related) tn'= reµ a1r 1s. 
Equipment availability and sophistication. as well as the phys1c a ••ayuut uf 
the facilities, impact both the time in which a repair can be mace a nd the 
type of repair work that can be performed. An additional factor :s the 
availability of materials a nd their proximity to the cars. Th~ ,eaay avail
ability of materials cuts down on duplica tive efforts to pnsi tiun, .,oc k up, 
and otherwise prepare a car fo r repair , plus the time involved in c anniba 
lizing another car. 

Another factor which accounts fo r part of the differences oet·.\etn shups 
is the personnel , As pointed out, carmen must use their own ClSLreuun 1n 

carrying out most repairs. The numbe r of personnel , their experie nce . ,, u rk 
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habits. superv1s1on_. and r esponsibilities (as well as the physical facturs s uch 
as equipment, facilities, and materials) impact the time it takes to oo ca Job 
and the variances that are observed. 

FACTORS AFFECTING MAINTENANCE 

The railroad studied by the project team has :naintained high equipmtnt 
maintenance standards for many years and has consistently ma1nta101::d c1 bc1d 
order ratio of less than 6 percent. Several factors influenced this high level 
of maintenance beyond the basic r equ1rement of an adequately maintoined 
supply of equipment. They include corporate pro11 tab1hty, the der.~a.nd 10r 

particular car types, new c ar i nvestment. anu th1:: desire to maintain a stable 
workforce and minimize unit repair costs. 

At the railroad studied, budgets and expenses fo r running repai rs ore not 
distinquished between repairs to foreign ana system cars. All freight car re
pair expenses are debits to a single account . This accounting proc ttc e con
for ms to the Interstate Commerce Commission L:nifurm Sys tem oi Accounts. 
wh ich is used by all Class 1 railroads . Railroads :nake no effoct to apply for
eign CRB rec eipts as c redits to expenses at the individual shop 11::vel. A.AR 
standard costs do no t, in general, reflec t ac tual cos ts on a parttc i; . a r railroad 
or in a partic ular shop . Depending on the repair. d r ail road moy :-::aKe ur 
lose money on repairs costed by A.AR standards. 

The railroad nas begun to make a comparison o t AAR s tanauro ~vsts c:j n d 
ac tual labor and material charges for freight c ar running repairs. This com 
parison has indicated that to tal actual labor and material cost (sys,1::m ...nd 
foreign ca r ) e xceed total costs at AAR standard r a tes. The compor1son, how
ever . can be made only on a to tal running r epair basis fo r foreign o:lU syst1::m 
ca rs sinc e, ·.vhlle full CRB procedures are in use fo r both systerr. and tu reign 
<:ars repaired in the railroad 's fac 1lit1es, material expens~s ar ~ cr. .. rgt:>a tu 
gener al function ac counts and labor hours are charged to gene ra l ! -r.<..uun 
codes that do nut diffe r entia te between r epairs to sys tem and TtJr~ 16:-: ~ars . 

AAR CAR REPAIR BILLING PROCED u HES 

Svstem Repairs to AU Cars 

The sample railroad has an efficient computerized CHS syst1:::r. . This 
sys tem captures both on - line repairs to fo re ign equipment ono u 11- . ,nt: r1::
pairs to system equipment. as well as all on-line r ep oirs t o syste:-r. ~4u1pm1::n t 
for both light and heavy repairs . 
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The AAR CRB ~odes and r e qui red in forma t ion a r e used to r e cora the m a 
jority of repairs at over 120 o f the r ailr oads repair points. E xn101 t 1V-3 
shows both sides o f the Original Record and Repa irs fo r m use d fu r r ecor d ing 
the majority of repairs. The o nly additional field fo r ms usea a r e o supple 
mental wheel and axle form use d to recor d additional 1nJo r md t1on req ui r e d 1n 
these areas and a tra in yard repai r form used to r ecord gro up billdble rtpc1u•s 
that are performed without switching the car o u t of the tra in. T he O rig inal 
Record of Repairs fo rm was developed from a study to determ ine wh;H r e pairs 
were being made in the field and their frequen cy . Pre printed c odes 1n Pa rt l 
of this form represent an estimated 85 pe r cent o f system repa irs, oastd on 
the special study. Part 2 o f the fo rm provide s s pace fo r recor ding r e pairs 
not included in the preprinted codes sec tion . 

Exhibit IV-4 is a process flo w chart sho wing the flo ws o f the m aJOr c:om 
ponents of this system. 

Repairs to System Cars 

The railroad's system captures all r e pai r costs o n railroa d- o wne d ~q ui p
ment. Foreign r oad repa irs to owned e q uipment e nte r this s y ste m a s the for
eign road bills are received. Re pa i rs made by the railruad enttr thrt1 ugh the 
completion o f field forms at the r e pai r points. It sho uld be notec that tht: 
railroads heavy and wrec k repairs a lso e nter th i s sys te m . This 1s a c c o m
plished through use ot the AAR CRB codes, s upplemented by CHB -typ~ codes 
which will be designed by rail r oad perso nne l to c o ve r wo rk no t no r mally re
ported in the CRB system . T l,e s e repai r s will be r e po rted o n tnoe Sd m e form . 
and in the same manner, as no rma l running r e pd i rs. 

Program repairs will al s o be capture d by the s y stem for inc lusion i n th t 
Car History File and the Sho p Perfo r mance System . All progra m r epairs 
have a standard bi ll o f ma te rial, comple ted by the to r e man , l1st1r.g tne m a te 
rial that wil ! be applie d to e a c h car a nd the amount o f labo r r e4u; r t:u to dµp1y 
suc h mater ial. As each p r ogr am r epai r c ar 1s r elt:a std f r o m t he- ;:; nup, tht 
repair info r ma t ion is inserted into 11s Ca r Histo r y _File . 

If any repairs are made to a n i nd ivid ual c a r beyo na p r og r a m r~ pa1 r s , 
they a re reported on the sta ndard repair form (Or ig10al Hi:-c urd u ; rlepair s J. 

The Car History F ile is des igne a to c o mpile a nd c:a tego r1 z 1:: r~pu1rs p~ r
fo rmed on-and o ff-line to owne d fr eigh t l: a r s . T he r a druad' s sy.:itt: r:1 p r uv101::s 
a data bank whic h c an be use d to : 

. support the bills payable to a uo 1 t funeuon ; 

. suppo rt techn-1cal a nd pro f1 tab1hty s t u<.J1es ; 
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EXHIBIT IV-3 

SAMPLE ORIGINAL RECORD OF REPAIRS 

ORIGINAL RECORD OF REPAIRS .. .. 
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• aaal7&e failure trend• of componenta: 

. aaaiat flunc•-sl plannt"C related to car replacement needat 

• provide more accurate forecaauaa of freipt car maintenance 
buqeta: 

• reduce cvrrent levela of report 1eneration: aDd 

• wiat ill cle•Aptnc better preftlltive maintenance prosram ■ 
for freipt care. 

Tbe raUroada ayatem baa alao been made very Oeaible in Ule report 1•
•raU• area. Almoat unlimited retrieval capability la offered, while bold· 
int tbe number of atandard reporta to a minimum. 
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V. ACCOUNTING PROCEDURES 

The description of accounting procedures presented in th i s sectio n reflect s 
the information system used by the railroad tha t partic ipated in this s tudy . 
Employees in the railroad's Mechanical Departm ent record thei r hours on a 
daily time card (Exhibit V-1 ) by func tion code and work location code. The 
separate function codes to which labor hours a r e charged are subs -- t s o f ICC 
accounts . Separate function codes have been established for repa i rs done i n 
shops, for r epairs in train yards. for dismantling equipment. fo r p r ogram 
r~pairs, for servicing freight cars. for road r epairs. and for servic ing T O F C 
trailers . For example, the functions developed for repairs per fo r med on shop 
tracks include those described below: 

Functional Account 
P r imar y Included 
Account in Column 1 Descript ion 

314 206 Inspecting freight cars 
314 219 Repairs to cabooses 
314 235 Regular maintenance to fre i gh t cars 
314 240 Periodic lightweighting 
314 291 FRA periodi c i nspec tion 
327 407 Regular m a intenance t o wo r k equi pment 
402 452 Servicing work equipment 
314 269 Oil and lubrication 
402 272 Servic ing freight cars 
402 273 OF equipm ent repa i rs and equ i pping cars 
402 782 Adjusting ladi ng 

A Labor Function and Material Repo r ting Manua l i s s upplied to all empl oy
ees in the Mechanical Department. Thi s m anual i ncludes a desc r iption o f all 
activities included under each func t ion code . In some cases . wo r :< i s pe r fo r m ed 
at a specific locat i on under a spec ific shop o rde r number. Th i s sr.op o r de r n um 
ber accompani es the function code on the empl oyee's time <:a r d and implies a 
specific activity at a spec i fi c location. These fo r ms are submi t tea to the appr o 
pr iate clerk in each shop and input into the m anagem ent info r ma t1on computer 
files. 

FUNCTIONAL HIE RARCHY 

A functional hierarchy has been es taL lished tha t comb ines the : nd1vi dual 
func tion codes into g r o ups o f f unc tions at seve r al levels cf aggregation fo r re
porting purposes . In this hierarchy . ind i vidual functi on codes a re defined as 

V. 1 



I 

Microfilmed From 
EXIIIRIT V-1 Best Available Copy 

I\IECIIANICAI. UEl'AllTI\IENT DAILY TIME C:A ltU 
FOlll\1 AD-522 

n,. ~~ U-U,,, lo ter - "1 """'11 ,at.o4 ..ploroo. n.. up llllo odU l.o '"~ftlt4 "'-th l r.1-UM dotrl M4 -.1... Llcll -\e,oo 
.-lll•W .... \N•"""1• , -n.. Jn .,.. O,at• (11) , ecu.., . , , ,. lM u.1• ..,,. r• \.W'ft w hi• , .,...,, . ~ r.r --.n td ll CCIIW'l• t.• , .,.. tip . ... 

pN le U.. o.....,not.o clorll t or t\lrt- Ml\ll.1f11 . - -•uarr, '1.,. •~o NI M • - tr• ll•• llouo ,_, i.o,,.,1.Mn\ l"-• 

(rre,r111to•) a.,-u,. 1...,unc•U• - · 

( Prop,"lft\ ..) ~91"'• IMl&l S.cwl\1 - · 

). (PNJ,rlft\..) -..i-,.. •o lfllU&l o ANI Lu\•- • 

( Pro""1M M ) '""llul loo 1.(.(. C,wotncoU.. el ...101ff . 

1,,•.,1..1oo•> 0.,,1.,... ,,.uuwo a.w e1 ,.,. 

, . (Prolrln\44 ) -••• 0.,, tov . 

17, Tot.el llloitlll 1\M w 
a.,i.,.. - s-m..,
awl t l a,'I ~.,, ort th.h ~ . 

-n.ae -·"'".. "' .pl.,... 

1,. tr fw'"\lllff' 4HtrtMlei\t .,. ne\dr.., 
w.e \ l\.l e col~. 

t r wcf'"• Ptrto.Nt4 h t on r t-4 -, • • hMi ordd' • U . h lo be 
n s,i.;.rt • :I l" t ►h tol\llllno 

U . Vor~ l oc1Uw, er e-;.6l Ct-."L ,uwit.•r . The "f"OPlr Nl,-. et tt\\\t'.,: 1:. U J , 
, ol""" wt.ll N .,. .,: u r,cd MU• ,.., • • of U-J t MO.k wt ere • l'Pllut.l e . 

u . S\tlt CM • l r,r rr.,,,_, ..... SM:t. co.1, : ,., .,. ,.. . ,....,., . n.. O,HU"(tr 

. ....... s, w , '-• " ... ..J • '---.,... _ 

10. I\AncUOI\ ~r 1..,tt u•?• '-• -on ,-,h,,.,... 

t. OwvU.. t-"°"'• "°""• '7 • ph-,•• 
Revised j /)./74 t , l\roJ1h\ U ao to.o -'<-M "7 -2•7"• 

https://l'Pllut.le
https://i.o,,.,1.Mn


the "fourth fU!1ctional level. " These codes provide the most detailed break 
down of repair activity. At the "budget a nalysis" leve l (level thre e ) , individ
ual functions that are aggregated into separate labor a nd materia l c ategor ies 
are combined into a single line item in the budget . The level of aggregation 
(level one) summarizes the budget line i terns into even mor e generalized c ate
gories. 

RESPONSIBIL ITY HIERARCHY 

In addition to the functional hierarchy d iscussed previously , the carrier 
has a hierarchial management structure within e ach depar tment . Re sponsi
bility levels have been developed that show the scope of responsibil ity of ·n
dividuals in the management hierarchy a nd para lle l the co rpora te o r ganiza
tion chart. The narrowest (most localized) area o f r esponsibili ty 1s identi
fied by a responsibility identification number (R l:"-1 ) . 

The relationship of the ,·e sponsibility le vels to the geog r aphi ca l a nd man
agerial subsections of the railroad (system , region, divisio n, a nd te rritory) 
varies from department to departm ent. Certain departments , such as Fi 
nance, operate only at the system level. In the ~Iechanical an d T ranspo rta
tion Departments, however, the fourth level o f responsibility c o rresponds to 
the territory in the maintenance o f equipment hierarchy . In the :-:iaintenance 
of-way section of the Mechanical Department and in the Transpo rtati on De 
partment. the fourth responsi bility leve l corresponds to the divis io n. 

RESPONSIB ILITY PERFORMAt\CE REPORTS 

A series of " responsi bility performance" reports are gener ated on a 
monthly basis to monitor activity at repair points . These a r e s u:-:; r:,ar ized 
at the different function and responsibility levels. The shop perfo r :nanc e 
s ystem summarizes shop activity by function . Each report c ompare s actual 
labor. hours. and dollars with wor k funct ion . 

MATERIAL ACCOUNTING DEPART:vIENT 

The railroad's material accounting pr ocedures vary both with ~he ty pe o f 
repair facility and with the type o f m aterial. ~lateria l a ccounting ::> r ocedu r es 
in running. light, a nd heavy repair fac1li ies differ from proce du r e s us ed 1r. 

car rebuilding programs or new car constr uc tion programs . In t!-:e repa i r 
fa cilities, car repair materials and components are c lassified as either s ta n
dard o r nonstandard materials. Standard :nater ia ls are c o m m on component s 
that a r e repeatedly order ed. such a s wheel s , axles, and couplers . Quant -
ties on hand (by item and location) are ma intained in a computer ized inve nto r y 

\". 3 



system that automatically r eorde rs the economic order quantity from a sup
plie r whenever inventory levels for a partic ul a r part fall belo w a co m puter
maintained o rder point. 

Within the standard materia l c l assification , i tems a r e classi fied as ei
ther selec t o r nonselec t m ate r ial s . Select materia l s a r e items o f rela tively 
h igh value. These materials make up appro ximately 80 per c ent o f the dollar 
value o f material s used in ca r r epairs and 20 percent of the phys ical inven 
t o r y . Because of the r elative va lue of these parts . a perpe tual inventor y is 
maintained at the i ndividual s tocking points, and each item r emain s i n the 
perpetual i nvento ry until applied . This determ i nation of invento r , es a t each 
material location allows inter-storehouse transfers- -ma ter i:11 s i n short sup
ply at one location (:an be transferred from l ocations whe r e suppli es ex ist. 
Se l ect materials ar~ c harged out to the individua l shop and the appr opriat~ 
ICC account o r function account a t the time o f issue from the sto rehouse . 

Nonse l ec t mat erials inc lude i tems o f lower value that a r e no t expens ive 
enough to jus tify extensiv e invento r y control on an indiv idual b asis . E xam
ples i nc lude sc r ews, bolts , o r pins. These components a r c gen~rally o rdered 
in bu lk and ar e carried in i nvento r y at d istribu tion sto r eho uses . They a r e 
c harged out o f i nventory when transfe rreed to other ma terial l oca t ions or 
r eceived direc tly fro m vendo r s . '.':onsele(:t materials a r e charg'-'d out to the 
individual shop an d the appropr ia te ICC acco unt at the time of sn •pment from 
the distr ibution s to rehouse . 

Mate r ial usage is no t r ecorded by car number o r ca r seri t' S . .\ c n r man 
r equests a component on a c harge - out ti c k e t (see Exh ibit V-2 ) . 1:·· ,, n usin g the 
store's c lerk to aid i n the completion o f the fo rm . 

The second major c lass o f materials ar e termed nonstandarc --:,,3 te r1a ls . 
They ar e usually specially designed or m adP to orde r for a p.irt :r u la r appli
cation . These items a r e not c harged out to the appr0printe ICC ,1- c,)unt un
til the shop placing the orde r actua l ly r eceives the componPnt o r rp red . In
vento ry contro ls of nonstanda r d material a r e conduc ted witho ut tr.e us<· o f a 
computerized i nventory system . 

F o r mate r ials maintained in invento ry, reaching the computer- :-na i nta ined 
o r der poi n t initiates the fo llowing sequence o f events: 

. The comp1Jte r indicates that the o rde r point has been r eached . 

. The order is placed with the proper vendor an J entered into •1 ·11 -

puter . 

. The compute r ind i ca tes that the material is on o r de r . 
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. The material is received. and re ceipt is entered into the compute r . 

• The computer adjusts inventory levels. and the on-o rder con d1 tion 
is removed . 

. An invoice is received from the vendo r and 1s entered into the com 
puter • 

• The invoice is checked by the computer aga i nst the corresponding 
purchase order. and a receipt is recorded 1f everything checks. 

. The computer prints a voucher. 

The c omputer - maintained order varies for each item based o n freauency of 
usage. cos t. expected delivery date. and other factors. 

:\1aterial usage is closely monitored in rebui lding program s . Before such 
a program is approved. labor and materia. s costs are estimated :rom a small 
sample of the cars t o be rebuilt to establi4Jh a budget for the progra:r. . As ma 
terials are re ce ived at shops for use in the program (and costs are incurred) . 
they are charged out to an account and function code assigned t o t he r ebuild 
program. Labor hours are also charged to the function code. 



VI. LABO R l NCURRE~CE 

CONSTRAINTS T O VARYl~G CAR RE P A I R SHO P LABOR 
HOURS 1:-J RE SPONSE T O CH ANGES I N DE~t.~~O 

Investigation has s hown that r epai r sho p labo r hours are not h i ghly va r i 
abl e. [n othe r wo r ds. t he number of labor hours does no t r espond o c hanges 
in output volume i n any consisten t manner. Th i s behav1or 1s predictable i n 
the short term, s i nce a shop fo r eman c anno t read i ly adJust his staff to mino r 
v aria tions i n de man d . Labor hours shoul d , however. be r espons 1ve t o long 
term c hanges i n ou tput levels . 

Esti m ates on c r oss- s ec ti on data consisting o f an aver age o f tl~e series 
observat i ons fo r f i ve study sho ps indicate that labor hour s (and hencP . costs ) 
f o r these shops va r y appr o x imately 45 percent 1n the l ong run . .~dm1 ttPdly , 
these est imates a r e t he r esults of analys is perfo rmed only to tll..13tra te a 
m ethodology and canno t be relied upo n with :nuc h c on fidence o r extrapo lated 
to other shops . The long l ong - run va r 1ab d 1ty 1 nci ca ted does . ho·"·eve r . s ug 
gest a failu r e on the part of ca r r epair shops to adJ us t their labo r fo r ce to 
fl uctuations i n deman d , as measur ed by the number of cars proc essed . \Vh lle 
this failure may not be of the magnitude impl ied oy the 4 5 pe r cen figu re , 
there may be const r ain ts to adj usti ng l abo r hours that adversely affec t the 
r ail r oad's ability t o r espo nd to fluctua t i ons 1n de:nand . 

Ult imately, decision s co ncern ing repair shop staffi ng r est ,·. · h uppe r 
r ail r oad m anagPment. :"-J~vPrtheless. m nagPmPn t riecisions are ::ifluenc ed by 
other fac to r s . Constrain ts to the r a ll r oad' s r espon s i v~ness m:ly e x1s t i n one 
o r mor e of the follo wing a r eas : 

. labor agr eements an d work r ules; 

. the natu r e o f ca r r epai r wo r k; and 

• m anagement policies . 

These areas were investigated t o determine whether constraints ex1s t and to 
what extent they explain the railroad's behavior. 

Labo r agreements an d wo rk rules specify the amount o f nex ib!l1ty man
agement has i n h i ring. laying o ff. transferring, o r o the rwise dete r r:1 i ni n g the 
size of the labor fo r ce i n a partic ular shop. Some of the se agr eerr.Pnts a r e 



national in scope. while others apply only to individual shops . In m o st shops . 
pos itions from general foreman on down are subj ect to the labo r ag r eements. 
1n only one o f the five shops are there noncontrac t supPrvisors. Al !1ough 
many c rafts and unions are involved, carmen and laborers and their rPspec 
tive unions a re the major organizations dealt with in the shops . 

Agreements address most phases of ernployment. some i n mor e dPtail than 
others. Hiri ng policie s specify that the railroad must offer open1ngs o fur
l oughed employees before ' 'going t o the street." ...\ new employee 1s r equired 
to pass a physical examination and the railroad has 30 to 60 days . depending 
on the agreement. to appr ove o r rejec t the appl iC"ant. Once the appllc t:on is 
approved. the employee (who must join the union ·.vi thin th is same tur.e fram e\ 
is automatically subj ect to the terms and prov1 s 1ons of existing laoo r agree
ments . Any employee whose application has been approved canno t oe 01 sc1-
plined (i ncluding dismissal) without following fo r :-nal investigation pr,,cedu r es . 
Furlough. mobility. an d transfer issues are more complex. ho wever. s 1nc e 
they 1nvol ve the question of p_.otection o r job sec urity. 

Pro tec tion had its beginning i n 1936 with the \ \·ash1ngton Agrei:--T.ent. 
This agreement Pnsures that employees are not plac ed in a worse ... ~~;:,io.vment 
pos : tion as a r esult of a railroa d consolidation. merger . o r o ther 'coo rdina
tion " between two o r more carriers. In 1944 and l '}52. the Oklahc :-:ia and 
'.':ew O rl eans agreements . r espectively . expanded p r otec tion to a:: nual1fied 
employees affec ted by &n ICC approved transaction . Regular agr"-e-nent pro 
vis ions may apply to protec ted employees: the r ailroad must also ~ .nply w i th 
m o re stringent constraints when dealing with pro tec ted positio ns . 

In the event that a r educ tion in force is i ndica ted. conditions a :- 0 sp0 "1f1"-d 
for furlou~hing both nonprotec ted and p rotected employees . Nonpr ; f:' c t ed Prn 

pl oyees must be givPn 5 working days' notice for an indeterminate :Jr lough . 
The agreements further stipulate that workers must be furloughed .:1 reverse 
seniori tv 

~ 
o rder <f r om the bottom of the roster) and recalled in sen : .:> r 1 tv o r--

der. Protec ted empl oyees can only furloughed under c ertain cond : · . •Jns ~pe-
ci fied by national agr eement. Five working days' notice is suffi c : 0 :it 1f cer
tain negotiated "ya rdsti c k " condi lions indicate that a reduc tion 1s 1:1 ) rde r. 
This condition is usually avoided . since the exact measure is diffi cul t t o ne
gotiate. A second condition permits the railroad to furlough employees tem
porarily for the dur ation of an emergency. Furloughing employees :o 3djus t 
for changes i n demand is subject to a 5-<lay lag because o f the nOtl l.,, rP qu i r e 
ment and may not be used at protected l oca tions. It is not. howeve :-, 0 ther
wise restric ted. 

-



An employee's mobility can be affected by agreements in t wo ways , w1th1n 
a particular shop and between shops. Within a shop, the agreement lC1ass1-
fication of work rule) and common prac tic e determine what work Ot:longs t o 
each craft and, therefore, what jobs a particular employee mcty perturm . 
There are, however, excieptions to this rule wh ch give the ra1lroaa some 
latitude in staffing. If there is not enough wori<. d l dny location 1o r ..1 pa rticu
lar craft JOb , a perso n of another c r aft can per fo rm the work 11 nt o r sne 1s 
capable. Another work rule (called the 1nc1dentd l work rule) turtnt:r stipu 
lates that a person can disconnect equipment ana :nachinery ( whose mainte
nance belongs to another craft) as long as he o r sne makes no rep,urs and the 
disconnect1on takes no longer than the repair ,\ Ork would . Thei:ie rules com
bine to give the railroad flexibility 1n using tmp.oyees of dlllt:rtnt ~ra lls c1t 
all locations. 

Employee mobility between location s is affec ted by agreement condiuons 
pertaining to transfer. Agreements spec 11y co nciuons under 'An. ch en1pluy 
ees can be transferred as follows : 

. The employee must be given 90 days ' noti c e (employees t c :.> t ,rans
ferred are listed--junior peopl~ are transitrred first) • 

. The employee must be given the choice of trdnsrerr1ng ur :;~1ng 
severed • 

. An employee with more seniority may t r ans1e 1· 1n place 01 ::1c Junior 
employee but may not choose sevei·dnc t: 1nst~ad . 

In either situation ( transfe r o r severanct) , the railroad 1Tiust pay . It th~ 
worker decides to transfer, the r ail r oad mus t "makt whole " h1s v r tltr c , ,sts 
involved in moving. If the worker dec ides to leave, he or sne ge s St:pa
ration pay. Either way, it cos ts the rad r oad t o trans1er e,Ylp oy1::c:s . 

As previously discussed, the need for pro tec tion can arise frv~ ..J mt rger 
or o ther "coordination " situation o r rrom cond1t1 ons such as abancunment uf 
a point, as specified i n a Septer.1ber 197 4 agreement. ln sue h a s. : uau un, an 
employee must transfer, with his or her work . o r loose protection . Th~ rail 
road must then "make whole" the employee for the movt. Pro tecuon can last 
varying lengths of time. depending on the maximum spec 1flta oy tnt agree 

• ment. Protection is pro rated according to the length o f servi ce ; su:r. e p r o ttc 
tion, however. applies as l ong as an employee ma1 ntc:1 1ns a relat1 un:;n1p wllh 
the company. The protection agreernent results 1n '3 a1sincent1vt t v t ht: rail
road to get i nto the kind of situation t o which prottctlon might app._v . 
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Overall, the wo_rk rules and agreen1ents pose some r estr i c ti ons o n t he 
railroad's ability t o adjust its work fo r ce but do no t prevent it fro m r espond
ing t o c hanges in demand . :'-Jonprotected employees can be furlo ughed w i th 
only 5 working days ' not ice and then rehired when demand i nc r easPs . Pr o vi 
sions perta ining to pro tec ted employee s are m o re stringent , but th~y m ~ r e l y 
provide a d i sinc ent i ve t o the railroad in the sho r t -term . In the l on~ -, e r m , 
the ra i lroad c an vary its work forc e i n any way i t wants f o r a c e r ai n cos t . 

The nature o f ca r repair work is in itsel f a c-0nstraint whic h ho! :-- .1 11 roa d 
has less leew ay to surmount . The rail road c anno t control the numb ... r o f c ars 
or repairs a t each shop other than by shift i ng program \vo rk o r br1n{?;1ng c ::i rs 
o ut of sto rage t o repai r. Pro gram or s t•.>r age c a rs. ho '-" ev er, usu l lly r e qu i r t 
more work than m o st cars . whic h suggests that t::e numbe r o f c-a r:, p r r>(' essed 
m ay not be an accurate measure o f output (a lthough it may be a go,><.: ~e.lsure 
of demand). Since the supply of cars to be repa i r ed va ri es w1 de l v irotn day 
t o day, var ia t ions in the work l oad c anno t be pred i c ted o r dealt .,·: h unless 
there is a shift i n traffi c patterns. One o t he r a spec t ot car r epa . :- w0rk whic h 
affects sta ffing is the fac t that carmen must be aEsigned t o the tra:1spo rta ti on 
yard whenever a train c o mes in and, E>ven if only one trai n co in e ~ .n i'.. : 1ng 
an 8-hour sh i ft, a crew must be e n1pl oyed fo r at least 6 hours (a r. r: u~ua l l y 8 ) 
j ust for that train . 

Sinc e m anagement ha s the ultima te res pons ib il i ty fo r adj ust 1~ 5 ~h,1 .vo rk 
fo r c e , constra ints within m anagement m ust al so be c o ns ide r ed. -:- !'1~ !<1bo r 
fo r c e may no t be adj uste d fo r small drops i n de m and, eithe r as :1 ;:P •! ~ µ 

against the t 1m f> when demand wll l pi e k up o r because r ejust ify1 n [! , pos 1uon 
c reates a l a rger proble m than e mployi ng an extra person fo r a s r. :- peri od 
o f t i me . These possibiliti e s, ho wever, 3ppl y only i n the short t t- r --:-:. ·.,hen 
demand can be expec ted to i nc r ea se \\ i thin a b r ief pe r iod . Sho r t -• ·, .. ~ ~<1 wn
turns in demand , coupled with labor restr ictions. al l ow m anagemf-' :-t · t o -tss i ~n 
shop personnel t o sho p and equipment repair ac tivi ties . This fl ex .:::-·,lttv pr~
vents employ ee s fro m recording l ar ge pe ri o ds o f idl e time . In th e . !1 t' r med1-
ate term, 3dj ustm~nt is accompl i shed by shift i ng wo rk (pro gram r ~ ·1u1 r s l nd 
sto red c srs ) when demand c an be exp t> c t ed t o i nc r e3 s e aft e r a , h ::- . !1 .s only 
i n the long te r m that the railroad rea lly seems t o adj ust i ts wo r k : !'L~ t ,, 
accommodate traffi c shift or o ther m ajor c hange. 

ln cone lusion. the rail road appears to cope with c hanges i n de~. : :-id i n di f 
ferent ways, depending on the time fra me o f the c hange . La bo r a E!r' ':•:!:11t.' nts 
and work rules allow some flexibility but. in the ca s e o f pro tec eo c-:-::p l oyee s 
(approximately 58 percent of the tot a l ) , the penalties involved do no· 1us t1fy 
short-term ac tion . In addition. the nature of c ar r epa 1r work d o P n ,) t aid 
identifi c ati on and reaction to short-t e rm fluc tuations. F i nally . :T:d:1~ e-&>me nt 
policies seem to enc ourage little adj ustment in the short-te r m , '1 i qv)u g h they 
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cope well enough in the longer time frame. There seem to be few long-term 
constraints on the adjustment of work forces. This suggests that the 45 per
cent variability is low, perhaps because there were no major demand c hanges 
at the shops during the study period. A more comprehensive analysis (en
compassing more shops and a time frame longer than 9 months would inc lude 
some major shifts) might result in a higher indication of variability. 

THE VARIABILITY OF SHOP HOURS WITH NUMBER OF CARS OUTPUT 

Regression analysis is used to measure the response of cost to output 
and to attribute cost to different causes. The obj ec tive of this subsection is 
to i llustrate a methodology for determining the long-run variability o f labor 
expenditures with the output o f shops. 

Data Base 

The data base for this example analysis consists of thP. records o f the 
same five r ailroad repa: r shops over a 7-month period. The data on number 
o f c ars output, ac tual lc1bor dollars, actual labor hc-urs, and summarv statis
tics are provided i n Appendix A. 

The average wage rate may vary from one location to the next. T o iso 
late this factor, this analysis measures expenditure by the actual l abor hours 
rather than labor dollars, In this way, the true expenditure of shops i s more 
comparable. The ac tual labor hours are related to the number of care pro
cessed by the shop. For this analysis, the number of cars processed is con
s i dered the r elevant measure o f shop output. 

The individual time series data for each shop reflect the short-term va
r iation o f expenditur e with output. As anticipated, the labor hours are not 
highly variable and do no t respond to minor changes i n output in a consistent 
manner. The short-term perc ent variable is apparently l o w, sinc e the shop 
manage r cannot adjust his staff to m i no r nuctuations in demand. 

In contrast, the expend i tures should respond to long-term changes i n out
put l evels, Long-run costs are estimated from cross-section data on a number 
of shops. The data c onsist of an average of time series observations for each 
shop . This is an essent ial technique to avoid the effects o f the " regression 
fallacy," a potentia11y serious bias whic h can be caused by costs incurred in 
one period being entered into accounts i n another. The regress ion fa llacy 
also arises because some !'hops are processing more cars than planned, 
whereas others are processing fewer than planned. If time averages are not 
taken, estimated relations between labor hours and output may produce a 
smaller slope than either short-run or long-run cost. 
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Exhibit Vl-1 summarizes the time-averaged c ross-section data ivr this 
analysis. Shop D has a gr-eater expenditure of labor hours per car . Con
sequently, this "outlier" must be excluded from the subsequent statisticc1l 
analysis. 

Derivation o f Cost Formulae 

The small number of valid data points restric ts the analysis t o tht: most 
simple formulae. Any hypothesis on the relation between expendHurt: dnJ uut
put must be evaluated on the basis of: 

• the underlying assumptions of the hypotheucal f o rmula; 

. the statistical significance of the regression r esul ts; and 

. the implications of the results for the ~su mated variab1l1ty 0 1 ex
pendi ture with output . 

This subsection concerns the first of these c riteria . The second and third 
c riteria are addressed in the following subsections . 

The most simple assumption regarding the r esponse of expenditure to o ut
put is that there is a constant change in labor hours per unit of rnc rt:ased ou t
put, regardless o f the existing level of o utput. This hypothesis translat~s into 
the linear case: 

Labor ho urs = a b (numoer uf cars)T 

or 

Y = a T bX 

ln the l i nea r c ase . the percent variable. or elastic ity . is compu ted: 

dY X = oX 
dX Y a+bX 

Typically. this means that percent variable increases as output 1nc reas1:s . 
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EXHIBIT Vl-1 

TIME-AVERAGED CROSS-SECTION DATA FOR SHOPS 

AYERABE AYEIIABE AYERAIE 
SHOP 10. 0FCAIII ACTUAL LAIOII NOUIII LAIOII NOUIII 

PEii llOITN PfllllOITh PIii CAIi 

A 524 3,071 5.J 

B 1,116 1,514 5.1 

C 801 3,124 4.5 

D 431 31 ,135 72.2 

E 1,412 u• Z.7 
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Another simple _assumption is that a perc entage change in c ar outpu t y ields 
a per centage change in labor hours expenditt1re . Mathematically. 

dY 
Percentage change i n expenditure Y 

Percentage change in output = dX 
X 

= dY X 
dX y 

= Elastic ity (percent variable) 

Thus , this assumption implies constant elasticity o r percent variable . The 
assumption translates into the geometric case: 

Labor hours = a (number o f c ars)b 

or 

Y = a xb 

This function c an be estimated 10 a linear regress i on by the trans fo r m ation: 

log Y = log a + b l og X 

B oth the linear and geometric for ms are considered in this analysi s . 

Regress i on Results 

This subsec tion presents th e results of r egression tests for the l i near and 
geometric c ases. As indicated . a greater number o f shops is r equired to pro 
vide confidenc e i n these estimates . 

Exhibit Vl - 2 plots the five shops by labor hours versus number o f c ars 
output. Excluding Shop D . the least-squares line obta i ned i s: 

Labor hours = 2 ,454 + l. 893 (number o f c ars ) 

or 

Y = 2,454 + 1.893 X 

whicr. is drawn on the scatter plot. 
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EXlllDIT Vl-2 

SCATTER PLOT AN D DEST-FIT LINE : 
LABOR IIOU RS VERSUS CARS OUTPUT 
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If Shop Dis inc)uded in the regression, the line obtained is: 

Labor hours:: 22,181 - 14.1 (number of cars) 

o r 

Y -= 22 ,181 - 14 .1 X 

T he dramat ic change ; n t.~c Glnpc and intercept of the line indic ates the insta
bility of the results witn a sil'all number of shops. Thus, Shop D is excluded 
from this analysis (SnoF' D is a heavy repair- sho p with a different mix o f 
capital and labor than the other four shops) . 

Exhibit VI-3 displays the scatter plot of Exh ibit Vl-2 with the best-fit geo
metric curve obtained by r egression. Shop D is e xcluded from this analysis 
also. The regression obtained the relation: 

Labor hours :: 179.1 (number of cars)0 • 420 

or 

y :: 179. l X O. 420 

Comparing E xhibits VI-2 and VI-3, it is apparent that the two curves are 
very similar in the range of output for the four shoQS. Exhibit VI--l quant.1ies 
the comparison with a tabulat ion of residuals and R2 measures. in summary. 
linear and geometric regression explained 25 and 28 percent, respectiv~ly . of 
the observed variance in labor hours. The remaining unexplained va r iance is 
attributed to differ;~nces among shops o r variablc. s not included 1n the equat.on. 

Variability of Shop Hours 

Both of the derived rela tions between labor hours and ca rs output can be 
interpreted by establishing the respective elasticities o r percent variable . 
Exhibit VI-5 is a comparative plot of ~ercent variable versus output fo r t he 
geometric and the linear hypotheses . 

In the linear case. the percent variable is computed: 

1.893 X 
2.454+1.893X 

As indicated in the upper graoh of Exhibit VII-5, variabUity increases wi th 
output . At an average output level of 1,000 cars per month . labo r hours are 
44 percent variable. 
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EXIIIOIT Vl-3 

~f.ATIEil Pl.OT ANU OEST-FIT Gt: OMETRIC CURVE: 
LAUOK IIOURS Vt:RSUS CARS OUTPUT 
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EXHIBIT VI-4 

COMPARISON OF LINEAR AND GEMOETRIC RELATIONS 

l 
SHOP ACTUAL 

HOURS 
PREDICTED 

HOURS 

LINEAR 

RESIDUAL SQUARED 
ERROR 

PREDICTED 
HOURS 

GEOMETRIC 

RESIDUAL SQUARED 
ERROR 

A 

B 

C 

0 

E 

3,079 

6,684 

3,624 

31,1 JS 

3,988 

3,446 

4,699 

3,970 

-

5,259 

- 367 

+1,985 

-34F 

-

- 1,271 

134,689 

3.940,225 

119,716 

-
1,615,441 

J, 191 

4,647 

3,879 

-

5,148 

- 112 

2,037 

- 255 

-

- 1, 160 

12,544 

4,149,369 

65,025 

-

1,345,600 

SUMMARY : Sundafd Em,r • 1,20!5 hours Standard 1:;,.... • 1,180 ho<lra 

~~lon• .50 ~rution• ,SJ 
R • 25% R • :ln 
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EXHIBIT Vl -5 

GRAPHICAL COMPARISON OF PERCE~T VARl.\J3LE (ELASTICITY ) 
FOR LINEAR AND GEO'.\IETRIC HYPOTHESES 
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In the geometric case , the estimated e lastici ty, o r percent vari able , 1s 
46 percent , regardless of the output level. This is depicted i n the l o wer 
graph of Exhibit VI-5 

Conclusion 

The estimated variabili ty for the shops in this analysis is tabulated 1n 
Exhibit Vl-6. The linear hy po thesis and th e geometric h.vpothesis yield fairly 
comparable results for the long-run variability of shop hours . 

This analysis was performed only to illustrate the use o f regressi on anal
ysis to derive long-run vari abili ty . The specifi c results from th is limited 
sample cannot be extrapolated to other shops . \\' 1th a broader c ross-sec tion 
of shops . the methodology outlined may p r ov i de an e st imate of t he long-run 
variability of s? .n hour s with number of cars output . 
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EXHIBIT VI-6 

TABULATED COMPARISON OF ESTIMATED VAJUABILITY 
FOR LINEAR AND GEOMETRIC HYPOTHISES 

.... rERCHT VAIIIAlll llLAITICITYt 

LINEAR IIDINTIIIC 

A 

• 
C 

D 

E 

2ft .. 
3ft 

-
~ 

.. 
4ft 

4ft 

-
4ft 
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VII. MATERJAL lNCURRENCE 

MATERIAL USE AND BILLING 

The AAR annually publishes rules pertaining to the maintenance and re
pair of freigh t cars used in interchange service . The AAR Interchange Rules 
address botn the performance and billing of repa i r s and deal specifi cally with 
material use . ivlaterial requirements for particula r repairs; spec ification 
for the reclamation, reconditioning, and reuse of materials; the dollar amount 
to be billed for certarn materials: and the penalty to be assessed if th e wrong 
material 1s used are all specified by the rules. Complian ce and or deviat ion 
from any o f these rules is monitored through the CRB system . 

A railroad making a repair to a fo reign car is required to record (i n ad 
dition to general i n fo rmation about the repa1 r ) the following informauon ap 
plicaole t o the use and billing o f materials: 

. condition code - i ndicates new , secondhand. etc . ; 

job code applied - indicates type o f mater1al(s) and/ or repa1:
work applied t o the car; 

qualifier - indicates the type and1or manufacturer of the corr.po
nent; 

why made code - indicates the reason a repair was necessary; 

job code removed - i ndicates type of mater1a)(s) and/ o r repa1:
worK removed 1rom the ca r; 

qualifier - same as for Job code applied; and 

respons1b1li ty code - indicates the respons1b1hty for repairs 
made (owner. handling line. etc . ) . 

This infor mation forms the basis on which it can be determinea ,4•hether 
"correct" repairs were performed . Corre1..t repairs are specified in the 
AAR Field ~.lanual of Interchange Rules mainly in terms of what type1s ) com 
ponents can be applied to replace the type removed and what substitut ions 
are acceptable. 

In addition to specifying what type of materials may be used, the Inter
change Rules also specify thei r condition. The condi tion code on the repair 
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record indicates basically five allow aole conditions fo r materials applied 
duri n g the repair process: 

use new material; 

use secondhand mate r ial; 

use reconditioned material; 

use o wner' ', materia l: and 

• r emove. repair , a n d r eplace the same pa r t. 

Allow able conditions for each ca tegory o f r epair are exhibi ted 1n Exh1b1t 
\ 11-1 . The Interchange R ules a llow some choice in making most repairs. 
Howe ver . there are sever al rules per m1tung only new material to :>P .ipplied . 

Ne w materia l is u sually purchase d either from a manufa c turer o r a dis 
tribu to r, but it can also be fabri cated by th e railroad . Rail r oads rr.av have 
several r easons for manu fa c t u ring or fabrica ti ng materials: t he m o st com 
mon are the use of eXlsting facil1 11es or inves tmen ts (such as a founorv 1; cost 
effectiveness (some components may be fabricate d less expensive!\· · han they 
can be bought); o r the unavailability of manu factured pa r ts . T he rr.os t com
monly fabri ca t ed i tems are safety appliances (such as hand h olds a~c ladders), 
although other materials can be JUSt as routinely fabricated by a r a .. :-oac:i . 

Secondhan d :na terial 1s obta i ned mainly f r om scrapped ca rs. \', ~en a ca r 
i:, sent to a scrap dealer , a railroad may mark p11 r t1cula r component3 which 
1t 1,1,an t s r eturned when the ca r 1s disassembled. Sc rap dealers also -5.~lvage 
..no liel l othe r usabl~ components to r ail r oads when they cu t up a ca r. Sec 
ondhand materials a re also occasion all v obtained from "can.,1balizeo ca rs . 
',\:,en o ther sou r ces a re una vatlable. 

Hecono111oned mate r ial is that whi ch has been removed from a ca :- and 
repaired o r r ebuil t by ei ther th e railroad or manufacturer . One exa--:iple 
w ould be AB val ves removed f r om one ca r for periodic main t enance ,3nd later 
replaced in another. This differ s from the fou rt h c ategory above in ·:iat the 
la tter is r eplaced in t he sam e ca r from which it was r emoved . 

Owne r 's m aterial may be i n any of the above con diuon s e xcept th e l ast . 
Owner's mater ial is used only when o repair r equires an unusual or atypical 
ma t e r ial which the repairing r oad does not s tock . When thi s occurs, the 
o'A ner is contacted by t he r epairing r oad a nu r equested to send t he ~ateri:il 
needed to comp l ete th e repair . The materia l m ight be new , secondh..ind , o r 
reconditioned bu t that need n o t be noted o n the repair record . Since the re is 

VII. 2 



EXHIBIT VII-I 

ALLOWABLE MATERIAL CONDITIONS 
FROM l 977 AAR FIELD MANUAL OF INTERCHANGE RULES 

NAME OR DESCRIPTIONRULE NO. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

16 

17 

18 

19 

20 

21 

24 

25 

26 

27 

30 

31 

32 

Air Brah - Periodic Attention COT&S X 

IDT&S 

Air Braka ■ nd P■ ru X 

Air Brak ■ Ho11 X 

Brak ■ B•ms X 

Br1k1 B..m H ■ngan X 

Brake B•m Hangan Br■ckt!J X 

Brake Connacti11n Pins, Hangar Pins or Bolts 1792 X 

Brak■ B■am and Bottom Rod Suppora X 

Brak■ l■wn, Guida, - Conn ■ ction Rods X 

BAkl Sho• ■ nd i(ey1 X 

Hand Braka - G11rtd ind Non -G ■end X 

Couplen, Type Eind Pam X 

Couplen Type Ell ■nd Pam X 

Cou_pltn , Type f 1nd Pw1I X 

Yokes - Type E X 

Yok• - Type E/f & f X 

Draft GNn, Carritn and Followtn X 

Lubricaton X 

Periodic Lube of Pl111 BNril'I Box■ 

Periodic LMbt Rolltr Bwlllfl 

Ptriodic: Lutll 1nd ln&pec:tlon of Trainer Hitch■ 

Journal Barin91 X 

Journal 8-ing Wedges X 

Joumtl Stopa X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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EXHIBIT VII-1 (Continued ) 

RULE NO. 

33 

36 

37 

41 

42 

'13 

47 

48 

~9 

50 

53 

54 

57 

58 

59 

ciS 

66 

67 

68 

69 

70 

71 

7 

73 

NAME OR DESCRIPTION 

Joum11Bo• Ltds. Seals and Repair Sei ls 

Roller Bearings 

Roller Bunng Adapter i Frame Keys 

Wheels 

Axles - JRN L 

Axles - Roll er 

Tru ck Bolsten 

Truck Side Frames and Separable J RN L BoxH 

Truck Side Planks 

Truck Springs 

Metal 

Wood 

Center Sills 

Side Sills 

Cushioned Underlrame Oevicas 

Tra iler Hitch Parts 

TOFC Bridge Pam 

Mist . Instruction~ 

Refrigeration Equipment 

Misc. Material 

Lightweighting and Stenciling 

Cardboards and Receptacles 

Manufactured Material 

ACI 

X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

l( 

< 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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F\IHBIT\li I (CQnt nut>d) 

NAME OR DESCRIPTIONRULE NO. 

'(i 4 Securtmtflt 

75 M1sr Labor X 

76 Stra,ghttmng 1ndfor Forge Wald,ng Pins OH Car X 

X 

78 Lumber X 

79 Laddtn. l •ddtr Tretds, Handholds and Sill Steps X 

77 Door and Door Pam X 

X 

80 Pam1,ng fnd S11nc1hng X 

81 Tank and Tanlo. Car Rep11n X 
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often some aelay 1n t ranspo rung the materia f r om o wner to the r epai r shop 
(anywhere from 2 days to a month/ . a car awaiting o wner ' s material wt!! be 
put on ;,er aiem relief. 

The dec1s1on to use o ne rather than another condiuon o f material .s usu
ally based o n con siderations of convenience, avai l ability . cost , and. of 
course . compliance with the AAR Interchange Rules. To what extent these 
consioerauons (pa rt icular ly cos t ) affec t a dec1s1on depends on the rnforma 
tion available t o t he railroad . 

Convenience is primar ily a consideration in tr.e " repa i r versus replace" 
s1tuat1on . \\nen there 1s a backlog o f cars at a s::op , the decisio n :"::dY oe 
mdde simply t o remove a defec tive part and r eplace 1t. rather t han repai r 
ano replace 1t , unless there a r e n o replacemen t parts available . '.:ot on ly 
coes th1 s save ume when the r epair 1s being r.:ade : the ca r men can also r e
tJ rn ano repair the component when time permits . 

As menuoned , th e avallabtllly of a replacement part plays a r ol e 1n re
pai r v~ r sus replace . as w e ll as in new versus secordhand versus r econd1 -
:1oned decisions . A car sho p m ay prefe r t o use secondhand mat er:a:s for a 
;,a r ucular repai r, bu t none may be avallable irom m e scr&p dealer . S.T.1 -
Ja r ly , although reconditioned componen t s might be preferred, i t r:-a·· oe im
possiole to obt arn them when needed . Although availabil 1ty 1s ofter. :,eyond 
the cont r ol of a railroad , i t 1s also a matt e r oi efficient rnvento r y cont r ol . 

Cost 1,s pernaps the gre a test smgl e considera tion when a r ailrc .. c ca n 
,.ake an 1nlormed dec1s1on o n this basis . For the sa1<e of bill ing. --::a t e r ial 
prices a r t aetermineo by an AA R commi ttee and C"on s1st o f a n dv-er..,~.. o f the 
;:,r.ces pa10 oy a v.1r1ety oi railroaas . Th i s r."ethod of p r 1c m ~ rr.ear,; · hat 
,,,.,r-;;e ra droaas a r e gorn g t o be able to buy certain rr.a ter1als fo r lt-ss tha n 
~ ,P o lllini:, p r ice im..tKe money) ; o thers will have t o pay more (lose"':". .,ney, . 
1nt varianc !:' 1rom the average may he quite diffe r ent , dependin g o r. · :, e con
.;; . ,10n 01 me r.:a1e r1 al applied . For example. a railroa d may make - onev on 
nc: -'• coupler s . :::rea l< even o n :.econdhand couplers . and lose rr.oney :- :-econ -
c1lloned cvuplers . At the same t ime . ll may lose rr.oney o n ne.v yo,.-'c'S ana 
.r..:1Kt:: rr.oney o n bot h s econdhand an d reconditio ned yokes . The va r 1a~c e ma.i, 
oepeno not only on component type , but also on fluc tuations in p r ices . .\ 
rail r oad wnich Knows how its costs differ from the AAR price will o..se rr.a -
terial dec 1s1ons o n cost c r 1ter1a whenev e r possible . 1.: sing the r:iater:a,s wllh 
"wh1ch ll makes the most (o r loses th e leas t } . 

The fou r th c r1ter1 on mentio ned was compliance ·.nth AAR lnteri:-~an.ze 
Rules . Th is actually beco11es a questi o n -ii cost ,.,hen the .\AR oll l:n:r ;,roce 
au r es are considere d , The computer progr am w nich ve r1 ri.,s, pr:c~;,,, and 
Dills repau· reco r ds follows a complicated edit r outrne t o dew r mint: .\hether 

\'II. 6 

https://lnteri:-~an.ze


a correct repa i r w as made before pricing and billin g the repair . If an error 
in the r epair is detected , a penalty is assessed against the repairrng road 
fo r making a w roog repair . 

While there a r e about 600 AAR job codes . th!:,,P are mor e than~ .000 
"couplets. " possible pairs of Job codes appll~d ,.i:1d JOb codes remo\'ed . When 
the com;:>uter get s a repair record. ll compare!:> •:1e JOb code applied ;ob code 
removed pair to the 6 ,000 couplets stored 1n its :---..-mory . I f it cannot match 
the couplet, tt assumes a wrong repair was :r.od.- and assesses the penalty . 
If it find s t he couple t. i t checks further lo deter~ .ne whether the v. h_v made 
code . qualifiers , responsibility codes . and c ndn.on codes a r t c<Jrrec t . An 
error will t rigge r e1ther an assessment of the pc-~alty or an erro r .:-::essage 
which allows the railroad to input a cor r ectea r1.: r-ord . 

The use of di fferent materials varies fro:i-. ra .. road to railroa.: .JOO with in 
a single r ailroad over t ime . This makes It 1rr.po5s1ole to know·;.. !':a, k:nd 
of materials will gener ally be used for a partH.:ular repair or cost - specific 
repairs with a s ingle price . Furthermore , because of the vast ntJ::-:oe r of 
poss i ble materials (6 ,000 couplets plus .iterations to include the \'a:-1ous con
dition codes. qualifiers, rPspons1bility codes . and why made codes,. a stan
dard bill of materials for a particular r epair type would not be prac ucal . 

:\l ATERIAL ACC01,;:-.1Tl!'-IG 

;\laterial accounting can be divided in to two parts as follows: 

Determining the cos t of mate r ials acquired. This de t e r mrna1:on 
raises num ero us issues. Should g r oss i nvoice pr ice . net 1nvo 1ce 
price . o r price actually paid be r egar ded as t he basi c cost of ac 
quired m aterials ? How should "freigh t- i n " bt added to the cost 
of mate r ials ? Should acquisition costs 1purchas ing and handll:ie 
costs ) be added to the basic cost? What accounting treatment 
should be accorded storage costs? 

D eterm ining the part of m ate rial cos t to be transferred to re
pairs in process . The cos t o f ma t e r ials not t ransferre d will oe 
presented i n the c urren t asse t section of the railroad's balance 
sheet. Cost o f materials destroyed o r damaged by forces not 
inherent in the repair p r oces s should be t r eated as an expense 
in the statement of repair costs . 

The methoas for determi:1ing the portion o f material to be transferred o r e
pai rs accoun t s are: fi r st-i n, firs t -out; last - 10, first-out ; movrng a\'e rage; 
standard cost ; and specific cost. 

YI!. 7 



First-In, First-Out 

The first-in , first-out method (FIFO) assumes that items first received 
are the first to be issued and that requisitions are priced at the cost at which 
these items were placed in stock . 

Last-In , First -Out 

This method of pricing requisitions assumes that the last items purchased 
are the first to be used, the balance on hand being priced at the cost of the 
earliest purchase . 

Moving Average 

This method , called the weighted average or running average method by 
some accountants. is used by those concerns desiring to spread total costs 
evenly over all goods on hand . To c alculate the movi ng average unit cost , 
the p r ocedure 1s as follows: 

Add total quantity received to total quantity o n hand . 

Add cost of materials received to cost of those on hand. 

Divide total values by total quantities . 

Average unit cost is used in pricing requisitions and balances on :-:and until 
new purchases are received, when it is necessary to calcu late a new aver age 
unit cost . 

Standard Cost 

Under this method , materials are priced at a predetermined o r standard 
cost . The accounting procedure for materials under a standard cost system 
depends upon which of the following methods is used: 

materials are kept at actual costs on stores cards and priced 
into the process at standard; or 

materials are kept at standard cost on stores cards and pri"ced 
into the process at standard . 

Jf stores ledger accounts are to be kept on an actual cost basis a nd requi
sitions are priced at standard , the stores ledger clerk keeps his reco r ds in 
the usua! manner . but the cost cle rk uses the standard prices to cha rge to 
production , with the difference between actual and standard cost being han
dled through a materia l variance account . 
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When standard ccsts are used irom the point o f receipt on through pro
duction, the accounting procedure for the receipt and issue of materials is 
greatly simplified . Under this method , only quanti ties of receipts and i s 
sues need be recorded on stores cards. When materials and supplies a re 
received , the -;tores control account is c harged a t standard c o s t , the d i ffer
ence between actual and standard being charged or c redited to a material 
price variance account . At the same time. the quantity received is entered 
on the proper stores c~rd in the received and balance sections and th e stan
dard unit price is noted at the top of the ledger card . When requis iti ons are 
made. entries for quantities only are placed in the issued sections and de 
duc ted in the balance sections of the appropriate stores car d . The standard 
cost of materials to be used on each job may be recorded on a cost sheet in 
advance . It is necessary for the cost clerk to occas ionally dete r m ine the 
variance in quantity used , but this is handled through a material use variance 
account. 

Specific Cost 

Under this method , purchases made fo r particular repairs or p r o grams 
are kept separate in the storeroom and stores c ards are made out ior the 
specific purchases . When materials are charged to a program or repair . 
requisitions are priced at the exact cost recorded o n the stor es cards. This 
system is employ ed effectively when nonstandardized units have to b e pur
chased to meet a railroad's spec ific ations . 

ADJ UST!\1ENT OF ACCO UNTS 

lt i s important that unused materials be given appropriate account recog
nition . The costs of the unused materials . having been included among thos e 
costs charged to specified repairs o r programs , are included in the total 
c ost of materials transferred from the materials control account to th e re
pairs - in- process account in the subsidiary ledger . Since these materials 
were not needed on the job or a repair order indicated on the stores requisi
tion, it i s appro priate that their related costs b e removed from the repairs
in-process account and retu rned to the material s c ontrol account. 

To serve as the basis for these accounting entries . a returned rr.aterials 
report is usually prepared. 

Supplies Used 

As a gene ral rule . there is a defini te distin ction between materia ls pur
c hased for repai r and those purchased fo r supp lies . These two gr oups a r e 
often segregated . In such cases. control acco unts are established in the 
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subsidiary ledger for materials or stores to record direct m aterials . In di
rect materials or supplies are recorded i n a supplies contro l a ccount . With
drawal of direct materials is distinguished from withdrawal of indirect m ate
rials by usin g requisition form s i n different colors . 

Scrap 

Some acc ountants (&s well as nonaccountants) use the terms " sc rap." 
11 spo1 age . II mterc• 1 " "waste. and " b y -products" • hangeably . These terms de-
scribe the materials that result from repair activi ties . They are similar in 
that they are incidenta l to the achievement of th e basi c objec tive of r epairing 
cars; they appear as the inevitable consequences of operations . They a re 
also similar in that they ordinarily have little value in comparison t o the 
m ajor p r oduc t s . 

I n accounting fo r scrap . sound theor y would indicat e that the v alue a s 
signed to it s hould be its "cost . " If the sc r ap under cons ideratio n has a sta
ble value in tJ-: J sc rap ma rket. thi~ may be used as the basi s fo r ma king a 
sc r ap inventory . thus r educir.g the cos t of repa i r c omponents . Following 
this line of thought . the cost o f scrap to be entered i n the s c r ap inventory 
and removP.d from th e repai rs - in-pr ocess account o r finished goods should 
be determined by subtracting the expected market value o f th e scrap . 

In job-lot cost accounting , the materials - in-process account may serve 
as a control account . supported by cos t summa ry sheets for jobs or produc 
ti on orders m p r ocess . Under these c ircumstances. the detail of the c r edi t 
i n the fo r ego i ng entry must be post ed to the indi vidual cost summa r ~· sheets . 

If the value of s c r a p products is significant an d if the quantity va r ies 
iron: Job to Job . it may be desirabl e t o identify the scrap produced oy each 
j o b and reouce the mate rial cost of each job by the sales value o f r eia ted 
scr ap produc t s . Only in r a re cases. however. does this procedure a ppear to 
oe Justified . If several program or ders are in process at a given t1 :-:-:e (eac h 
producing simi la r o r n earl y identical types of sc r ap) . i t might be d ifficult 
and cos tl y to relate the value o f s c rap p r oducts with the i ndividua l progr a m 
o r ders . Under these conditions. the value of the s c rap may be regarded as 
a reduction in the cost of all repair orders. 
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Vlll . OVERHEAD INC URREr-.CE 

Overhead in cludes all repa i r-associated costs e xcep t dire c t la bor and di
rec t mater ial . It is thus composed of a II r epai r costs w hi ch cannot be t r aced 
to specific unlts repaired . For this s tudy , ove rhead cos,s were d ivided int o 
the three following groups: 

• lndi r e c t L abo r - labo r which is n o t identifiable with a specifi c 
r epair but whi c h performs a service associated with the r e pair 
facili ty ope r ations. Th• follow ing i ndirect labo r cos ts were con
sidered in this study: 

Direct Supe rvision - car foreman and assistant, me
chanica l foreman , and gan g leade r s who a re di re c tly 
involved i n r e pair o f cars . 

Genera l Supervisi on - master me chanic, regiona l 
mechanical o ffi ce r , gene ral foremen, and supporting 
o ffi c e fo rce . 

All O ther Labor - laborers. machi rte operato r s. in
specto rs , maintenance crews (janitors) , and write
up me n . 

lndirect Material and Shop Supplies - includes the cost of mate
rial and supplies which cannot be charged to a specific unit re
paired . The following indirect material a nd shop supplies were 
i ncluded in this study: 

lubricants; 

fasteners; 

welding supplies and gases; 

small tools; and 

fuel and lubricants fo r facility -ass igned vehicles . 

Shop O perations - items that keep the shop in worki n g o rder and 
support repa i r shop operations . T he following shop opera tions 
were included in this study: 

. water and sewage ; 
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. electric;ity; 

telephone; 

equipment rent; 

fuel and lub ricants for highway vehicles; 

power plant (if applicable); 

. shop switching; 

. stationery and printing; 

shops and support building; 

. machinery (includin~ power plant); 

track; 

. assigned shop and highway vE.:hicles; 

. depreciation and taxes on applicable property and 
equipment ; 

interest on land and building; 

m achinery and track; 

liability and property damage; and 

. computer and personnel allocation. 

TREATME:',(T OF OVERHEAD ITEMS 

The method selected by participating r ailroads for handling overhead 
items or components may vary due to indi'l.idual preferences. These meth · 
ods are discussed below . 
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Building Repairs and Maintenance 

Building repairs and maintenance cost are accounted fo r in o ne of two 
ways: 

• Actual costs incurred for repairs and maintenance each month 
are charged to a building repairs and maintenance cos t account 
which is allocated at the end of each month . 

A maintenance reserve or allowance account is used. 

Under both plans, the departmental distribution of repai rs and mainte
nance cost is often based upon the area occupied by each department in the 
building, expressed as a percentage of total area. 

Depreciation . Insurance, and Taxes 

These costs are collected from reco rds under the cont rol of the following 
general ledger accounts: 

• accumulated depreciation; 

. prepaid insurance; and 

prepaid or accrued taxes . 

F'ixed charges resulting from the above accounts are analyzed and charged 
unde r the prope r cost classification. Lej gers for property and plant, insur
ance , and taxes are maintained in valuation accounting. These records can 
be used to provide a detailed analysis of the fixed charges for each period. 

Building Depreciation Cost 

A property ledger is used to classify shop investment land , buildings, 
and equipment . This reco rd should show location and cost. with accumulated 
depreciation. The alloca tion of building depreciation to departments is based 
upon three factors: 

cost of the building; 

total area of the building; and 

area occupied by each department in the building . 
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The cost of the building is obtained from a building and equipment ledger . 
The total area of each building (and also the area of each department within a 
given building) is obtained from an AFE or ehop layout showing distribution 
of floor space . From this information , a worksheet analysis of depreciation 
can be prepared . This analy sis provides the total depreciation charge for 
each building and the allocation, where necessary. to departments with.in 
each building . 

Depreciation of Machinery and Equipment 

Distribution or depreciation on shop machinery and equipment i s made to 
the different departments based upon: 

cost of the equipment; 

. rate of depreciation; and 

. location of the machinery . 

This information is provided by the equipment ledger . A worksheet anal
ysis provides the information v r the departmental expense distribution. 

Insurance 

Insurance cost consist s of several types of coverage aga!nst l osses. The 
insurance register is used to obtain co verages for equip,nent and facil ities. 
This cos t is charged on the basis of the insurabie value of these ite:ns in each 
department. 

Insurance cost should be collected with all other costs . t o be prora ted on 
a floor-space basis and distributed t o all departments . 

Workmen's Compensation Insurance 

Workmen's Compensation and liability insurance cost should be accrued 
monthly . Distr •bution of Workmen's Compensation i s based upon t otal shop 
labo r . which includes both direct and i ndirect labor . 

Insurance on Machinery and Equipment 

Distribution of the cost of insurance on machinery and equipment i s based 
upon the following factors: 

premium cos t; and 

machinery and equipment cost. 
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The monthly insurance premium co.it on machine ry is obtained from the 
insurance register . The cost of machinery and equipment is obtained from 
the fixed asset ledger sheets. 

Building Insurance 

The basis for allocating building insurance cost is obtained from: 

. premium cost ; 

total area of the building; and 

• area occupied by each department in the building . 

The monthly premium cost is obtained from the insurance register. The 
distribution is simila r to that for depreciation o n buildings . 

Real and Personal Taxes 

Taxes on buildings a re segregated from those on personal property. Any 
special taxes levied by county authorities, such as automobile taxes, are 
char ged as site-specific . 

Taxes on personal property should be allocated departmentally on the ba
sis of the taxable va lue s in e ach depa rtment . 

Taxes on machine r y and equipment should be charged to the indivi dual 
departments, according to the valuation percentage of machinery and equip
ment in each department . 

The taxes on materials and stores should be charg~d to the stores de
partment. 

Building Taxes 

The distribution of building taxes is based on the area occupied by each 
department in a building, although other bases are possible . Where real 
property taxes are prepaid, the amount applicable to a given year is available 
from a Prepaid Property Taxes account. If property taxes are due sometime 
after the beginning o f the fiscal year, the amount of taxes applicable to the 
fiscal year must be estimated . If land taxes are assessed separately from 
building taxes, it is necessary to prorate those taxes applicable to shop build 
ings in propo rtion to the area occupied by the buildings . Distr:ibution of build
i ng taxes is s imilar to the computations m ade for o ther costs handled on an 
area basis . 
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Railroad Retirement 

Distribution of this cost item can be computed in the same manner as 
Wor kmen's Compensation . The pay r oll t ax r ates applicable fo r a given year 
are multiplied by the departmenta l labor distribution t otals in order to arrive 
a t the allocation of departmental cost for Railroad Retirement . 

Sh op Office Supplies 

There are two ways t o account for t hi s i t em: 

• All purchases of office supplies may be charged to an inventory 
account when purchased. When supplies are needed, they a re 
requisitioned and charged to the r equisitioning shop . 

• All purchases of office supplies are charged as a cost directly 
to the shop for which the purchase was made . 

Shop Supplies and I ndi r ect Materials 

These include the cost of all materials and supplies that are applied di
rectly to the equipment repaired account. The pr imary cost distribu tion of 
supplies is made o n the basis of an analysis and a summary of the sto r e's 
requisitions that show the shops to which the supplies were charged. 

Fuel Cost 

The purchase c,f fuel may be accounted for by charging t he cost ei ther to 
an inventory account or directly to a cost account . Under the forme r plan , 
alloca tion of fuel cost to departments is based upon the quantities consumed 
by each department using fuel . Quantities used are measur ed or estiwated. 
\vhere fuel is charged to cost a t time of purchase . the departmental alloca
tion is indicated on the purchase vou cher . 

Gener al Shop Cost 

Most costs can be identified with a functional division o r department . 
Regardless o f how finel y a shop is departmentalized , however , ther e are 
c osts that are general t o all departments o f a shop. In order to collect these 
costs , a department o r cost- cente r account entitled Gener al Shop Cost o r 
Factory Service is used . Gene r al shop cost s are distribut ed on the basi s 
of departmental use of nonpr oduction supplies . 
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Scrap Disposal 

The cost of disposing of scrap may be charged either directly to the de
partment producing the scrap o r to Building Occupancy or Genera l Shop Cost. 

Indirect Labor 

ln the broadest sense, indirect labor refers to labor cost that c annot be 
specifically o r directly associated with jobs or products. The distribution of 
indirect labor cost is obtained from an indirect labor o r payroll distribution 
sheet. indirect labor not specifically identified i s dis tribu te d on total labor 
dollars directly allocated . 

Interest on Investment 

Whether imputed or implicit interest on i nvestment should be c onsidered 
a cost of repai r is an un settled question. If such interest is to be inc luded, 
the charge for interest on building investment would be p r orated on the basis 
of space occupancy, and the charge for inte res~ on investment in machinery 
and equipment would be prorated o n the basis of the location of these assets . 

Utilities (Electricity , Gas) 

The cost of uti lities can be prorated on the basis of meter records of 
consumption or, lacking meters, on the basis of capacity of equipment and 
facilities. If a record of the use of equipment is not maintained . the distri
bution may be performed solely on the basis of the capacity of the equipment 
and shop. In some cases, using portable meters in each facility for limited 
periods is an economical method of obtaining an equitable basis for prorating 
utility costs . 

Small Tools 

One of three methods can be used to allocate the cost of small t oo ls . At 
the time of purchase, such tools may be: ( J ) capitalized in a Small Tools 
a c count. (2 ) charged to Stores, or (3) charged to expense. 

Capitalization Method 

All purchases of small tools can be capitalized in a Small Tools a ccount, 
which is consider ed a fixed asset. Depreciation is applied to establish the 
monthly and annual amounts to charge off as expense . It is difficult to ad 
minister this method properly because of the variation in (and the uncertainty 
of) the service life of many different small tools . Under this method. the 
monthly allocation of small tools cost is simila r to that used for depreciation 
of machinery and equipment. 
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Chargi ng to St o res 

All small tool purchases can be c harged to stores inventory. As t ools 
are needed, they are requisitioned and cha r ged to the proper department . 
Analysis of the requisitions provides a means of allocat ing the cost to de
partments . 

Charging to Expense 

Small tool purchases can be charged to expense at the ti me of purchase . 
This method is popular because of i ts simpli c tty. Analysis 1s made o f all 
purchase vouchers which indicate a c harge to the account for small t oo ls. in 
order to allocate the charges t o the severa l fac11it1es . 

Telephone 

lf a record of telephone calls by facility is kept . telep.,one cost can be 
distributed with conside r able accuracy. In many cases , it is o nly the cost 
of long distance calls that can be identified o n a facility basis. T,e oasic 
monthly charge for local service c an be allocated o n the basis of the number 
of telephones in the fa .: ility or by means of a special study of telephone use . 

Water and Sewage 

When wate r is purc hased from a public utility. the statement :-endered 
is based on meter readings. If bills are rendere d only quarter!/, however. 
the monthly cost must be estimated. The schedule of r ates prov:ded by the 
utility company c an be used to ascert31n the estimated water cost. 

FINAL STEP AFTER DISTRIBUTION OF O VE RHEAD 

After a ll se r vice department cost s have been distributed unae:- .vhatever 
p lan may be used, the t o ta l service cost s a r e entered in the repai r depart
ment accounts. The repair department cost to ta ls now r epresent ,he direct 
department cos ts and indirect service c o sts distributed to repa i r oepartments. 

These amounts can be used to obta in applicable overhead rate s fo r as
signing the departmental cost to r epairs . If predetermined rates a re used , 
the repa i r department cost totals will be compared with repair charges to 
determine the amount of overabsorbed (or underabsorbed) depart r.1ental 
over head . 
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SHOP CLASSIFICATION FOR OVERHEAD COMPUTATION 

'T'he study team separated the five shops visited into three categories as 
follows: 

outside repair track; 

enclosed repair shop; and 

. heavy repai r shop . 

Separate overhead rates for each class of shop were developed. In the 
development of overhead cos ts . the following ICC a ccounts provided the nee -
essary documentation to support the overhead calculation: 

Superintendence 301 

Shop Machinery - Depreciation 305 ( 44 ) 

Power Plant Machinery - Depreciation 305 (45 ) 
Dismantling Retired Shop and Powe::-

Shop Machine r y - Maintenance 302 
Power Plant Machine ry 304 

f-lant l\lachinery 306 

;\,liscellaneous Equip ment - Repairs 328 

Dismantling Retired Equipment 
Miscellaneous Equipment - Deprecia tion 331 (58) 

329 
Retirements - Equipment 330 

Injur ies to Persons 332 
Insurance 333 
Stationery and Printing 334 
Health and Welfare Expenses 335 
Joint Ma intenance of Equipment Expenses 336 dr. 337 e r. 
Other Expenses 339 

Shops and Engine Hottse - Maintenance 235 

Tax Acc r uals - Maintenance of Equipment 

Shops and Engine House - Deprecjation 266 (20) 

532 

E xhibit Vlll - 1 illustrates the computation of overhead for the three classes 
of repair shops. 
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EXHIBIT Vlll-1 

SUMMARY OF OVERHEAD FOR 
SELECTED REPAIR SHOPS 

A. OVERHEAD INDEX 

LAIOR COMPONENT NON•LAIOR COWONEJIT 

OUTSIDE HEAVY 
REl'AIR 

HEAVY OUTSIDE UCLOSEOEr4 CLDSED 
REPAIR 

TRACK 
REPAIR REPAIRREPAIR REPAIR 
TRACK SHOP SHOPSHOP SHOP 

Ovtf'hud ActountJ 
!1xelud1d Hulth 1nd W1lool 

Oirtct Supervision 3.46 4.32 
General Su pervision 

6.67 us16.49 36.84 
9.89 

All Other Labor 
14.45 31.24 1.76 5.064.92 

18.0433.42 -7.88 14.6015.93 26.92 -- -
23.12 32.25 

Shop Supplies 

78.21 71.33 10.89Subtotal 37 34 

20.32 30.12 
Sh OP O perauons 

7.28 
105.67 88.30 

Main11n1nc1 
27.77 

27.59 
Fiu d Charges 

4.53 9.86 
52.39 

Insurance 
10.40 69.76 

20.06 
Car Repair Billing 

10.141.63 

--.34 --.18 

Subtotal 
- .13 

216.09 218.6451.74 
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EXHIBIT VIII-1 (Continued) 

B. OVERHEAO FOR SELECTED SHOPS 

de Repair Track 

--=-~d Repair Shop 

f Repair Shop 

1 

LABOR 

2 

SUPPLIES 

3 

TOTAL 
LABOR 

AND 
SUPPLIES 

(1+2) 

4 

DIRECT 
LABOR 
INDEX 

5 

RATIO 
LABOR AND SUPPLIES 

TO 
DIRECT LABOR* 

3/4 

48.23 

101.33 

103.58 

51.74 

216.09 

218.64 

99.97 

317.42 

322.22 

46.49 

110.38 

268.41 

215 

288 

120 

::.:.lumn 5 is the Overhead Rate as a % of Direct Labor Dollen. 
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EXHrBIT VID-1 (Continued) 

C. INDl'UCT LABDR AND MATERIAL 

OVERHEAD CLASSIFICATION I FIXED VARIABLE "VARIABLE co•ENTS 

Direct Supervi.sion 

Gen eral S.,pervision 

All Other Labor 

Shop Supplies 

Sh op Operations 

Car Foreman and Aaistlilt 

Mechanical Foremen 
Gang L11den 

Mutlf Mechanic 
Regional Mechlnia.1Officer 
General Foreman Clarial Office 

Stiff 

Llbore11 
Machine OplfflDl1 

lnspec:to11 
Writt-up Men 

Lubric1nt1 
Fat111e11 
Walding Supplia 
Small Tools 
Full and Lubrit111t1 

for F1cilitin 
Vehicles 

Water and Sewage 
ElectricitV 
Telephone 
Equipment Rent 
Full and Lubricants for 

Highway Vehicles 
Pow• Plant 
Shop Switching 

• 

• 
h 

I 
I 

Stationerv end Printing •• 
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VARIABILITY OF OVERHEAD WITH CAR OUTPUT 

Regression techniques were used to measure the variability of shop over
head costs with output . The te chnical methodology employed is similar to 
the direct labor techniques discussed in Section V. 

DATA BASE 

The data base for this a na lysis consisted of the records of th ree classes 
of repa i r shops: heavy , modern light . and ope n light. A description of the 
general characteristics of these shops can be found in Section IV . Repair 
volume, which was ave r aged fo r a 7-month pe r iod , was regressed against 
four shop variables: all other labor. shop supplies, shop o perations , and 
maintenance of the shop . The variables and their indexed dollar amounts are 
discussed in Sec tion VI. Exhibit VIII-2 indicates the data that were analyzed. 

REGRESSION RESULTS 

Exhibits VIII - 3 , 4, 5 . a nd 6 graphically display the results of the regres
sion analysis . As indicated , a greater time period is required to ;,erform 
long-run, as opposed to short- run, analyses . 

VARIABILITY OF OVERHEAD COST COMPONE~TS 

As shown in Exhibits Vlll -3 , 4, 5 , and 6, the variability of overhead 
components with shop output is low or fixed . 
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EXHIBJT vm.2 

AVERAGE MONTHLY DATA 

SHOP 
REPAIR 
VOLUME 

ALL 
OTHER 
LAIOII 

IMO, 

SU,,LIES 

SNO' 
Q;ERA . .11 

MAJNTHANCE 

A (Huvy) 

8 (0s-,1 

C (Mcdtml 

Avtl'lfl 

s.o. 

V1nanc1 

431 

524 

1,186 

714 

412 

112.991 

33.38 

15.82 

26.97 

25.39 

a.89 

52.64 

30.11 

7.27 

20.34 

19.26 

11.49 

BUii 

88.39 

27.58 

1115.89 

73.81 

41 .04 

1,122.65 

27.57 

4.53 

9.81 

13.97 

12.07 

97.13 

vm.14 
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EXIIIIIIT Vlll-3 

ALL OTIIEK LABOll/JlEPAIR VOLUME 

HEAVY RErAIR SHo, 

• I I I 'I 

ll 

e 
HCLOSED RErAIR TRACI SHO,-ac 

Cl 
IEST FIT LINE I C CC ,C~--~-

I 
...ac 

~ 
Cl ...... ltC 

OUTSIDE REPAIR TRACK IHOr 

I 1 C I• 
• 

• 

II 

SOI I .NI 

RErAIR VOLUME (10. OF CAASI 



--- -----I 

1-:XIIIUIT Vlll - l 

SIIOP UPrLLES/REPAlll VOLUME 

HEAVY RErAIR SHOP 

HCLOSEO REPAIR TIIACl INO, 
IEn FIT lllE 

II 
OUTSIDE REPAIR TRACI( SHOP 

I 1 I t#.1• 

REPAIR VOLUME (10. OF CARSI 
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EXHIBIT Vill-5 

SHOP OPERATIONS/REPAIR VOLUME 

ENCLOSED REPAIR TRACK SHDP / 

I I I I I ,,Jtt ■ 

HEAVY REPAIR SHOP 

OUTSIDE REPAIR TRACK SHOP 

500 1,000 

REPAIR VOLUME (NO. OF CARS) 
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EXIIIIU'I' Vlll -6 

I\IAINTENANCE/llEPAlll VOLUME 

HEAVY REPAIR SHOP 

....___ 
--._ --...!NCLOSED REPAIR TRACK SHOP 

- c::::: • •• ....___ 
OUTSIDE REPAIR TRACK SHOP 

500 l ,OOI 

REPAIR VOLUME (NO. OF CARS) 



IX. COSTING BASED ON THE FRA METHODOLOGY 

Thoug1 there are a multitude of applications for the results developed in 
this report. the effort focuses on a costing methodology based on the concept 
of incurrence a nd consumption . This section discusses how the analyses 
of incurrence and consumption can be used for direct costs ... ssociated with 
"commodity trips . " 

Two approaches to costing are proposed. The first approach assigns 
each category of repair to a primary c;:,usal fac tor . Then the repair costs, 
determined from the maintenance relationships and standa r d costs fo r re
pairs, a re fully distributed to the factors. The second approach attributes 
the reported mainter.ance costs for each repai r category to one or more a c 
tivities based on the respective elasticities. This is used t o determine the 
variable cost of a commodity trip. 

Both approaches are first generalized and then appl ied to a specific ex
ample based on results developed in Section III. The section concludes with 
a comparison between this methodology and the ICC ' s regulatory costing 
methodology . 

COSTING APP ROACH :.NE 

This approach is based on standard costs for maintenance and the s tatis
tical relatio1,ships between repair activity and operating statistlcs . A r e pair 
category is assigned to a meaningful operating statistic. For this repair 
categorJ , the cost per repair and the repair rate per the operating statistic 
are combined to yield the repair ccc:t r r the operating statisti c . For cos t
ing a commodity trip , the relevant operating statistics a re deter:n ined and 
applied to the cost rates to obtain the estimated cost of the move . This pro 
cedure is des c ribed briefly below . Then consumption relation s de veloped in 
S ection III are used to demonstrate the approach . 

General Proc. edure for Approach One 

For a given car "description" (e .g .. ca r type. average car age, tare 
weight. commodity) the following steps are performed: 

Step I: Develop the Appropriate Level 
of Aggregation of Repair Groups 

All of the various types of repairs should be aggregated in a logical way 
to form a number of repair groups. The repair gr oup list shoul d be m utuall,> 
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exclusive and collec_tively exhaustive of the repairs applicable to the car 
aescription . The repair groups should be at such a level of detail that sta
tistical analysis can successfully identify the causes of maintenance . 

Step 2: Develop a Standard Cost per Repair 
for E:ach Repair Group Established in Step l 

This step may involve computing a weighted average in some cases. For 
example , if the car described has any one of a nur.1ber o f different types of 
control vql ves , the cost of control valve maintenance is computed as the 
weigh ted average (we i ghted by the frequency of the valv~ type for the ca r de 
scribed) o f r epai r costs for control valves . If the repair group encompasses 
repa i rs to different components , the standard cos t pe r repai r fo r t he g r oup 
is computed as th e weighted a verage (by the r ela t ive frequency of component 
repa i rs) of repair cos ts for components i n the repair group . 

Step 3: Assi gn an Operating Statistic to Eac h Repair Group 

The operating statisti c assigned to the repair group should be causally 
related to the wea r o r b r eakage of the components . This judgment ~ay be 
aided by the use of s tatistical correlati.:>n in conjun ction with professiona l 
judgment. For example . wheel wear is related to mileage, door da~age 
is related to car loadings . and coupler damage is related to the nu::r:ber o f 
classifi ca tions . In this case . the operating statistics car m iles , car load 
i ngs, and classifications , r espec tively , would be assigned . 

Step 4: Derive Repai r Ra te s for Repair G r oups and Operat ing 
Statis tics ( .-\ssigned i n Step 3) Based on Car Characteristi cs 

This ::;tep i nvol ves selectin_g a consumption re lationship in which · ne de -
~ndent variable is the ratio o f repair g roup activity and the related cper

,il i n~ ac tivity . The car characteristics (e . g .. ca r t _vpe , car a~e) fi r e then 
input as the i ndependent variables . This proc ess yields a repair r ate fo r 
each repair group . 

Step 5: Compute Repair Cot:t per Each Operating Statist ic 
Based on Standard Cos ts p•.: r Repai r (Step 2) and 
Repair Rates (Step 4) for Each Repair Group 

For example , brake repair cost pe r mile is obtained by multiplying the 
cos t per b rah.e repair by the expected nu111ber of b rake repairs pe r mile . 
For other repair g roups assigned the operating sta tisti c car miles , the cost 
pe r mi l e should also be computed and totalled to obtain the t o tal repair cost 
per car mile , This p rocess should be r epeated to obtai n a cost per operat
i ng sta tistic for each opera t ing stat istic assigned to at least one repair group. 
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Step 6: Develop Values for Each Operating Statistic 
to Represent the Commodity Trip to Be Costed 

For example , determine how many car miles a re travelled, how many 
car loadings. and so on . The car miles statistic may include empty return 
mileage depending on the particular application. 

Step 7: C ompute Cost of the Commodity Trip Based on 
Repair Costs per Operating Statistic and the Values of 
Each Operating Statistic for the Commodity Trip 

For example, multiply the repair cost per car mile by th e number o f car 
miles travelled , multiply the repair cost per car loading by the nu mbe r of 
ca r loadings, and so on . The sum of these costs represents the cost for the 
commodity trip. 

Costing Example for Approach One 

This example demonstrates the costing o f a commodity trip on intermodal 
flatcars with a n average age of 10 years . The trip is assumed to require 
3 ,500 ca r miles and 20 car days. 

Step I: Aggregate Repair Groups 

Fo r this application , the repair groups have been developed as foll ows: 

gr o up I - brakes; 

g r o up 2 - draft gear ; 

g r o up 3 - truc ks; 

group -+ - bear ings and axles; 

gro up 5 - wheels; 

group 6 - ca r interio r; 

gro up 7 - car e xterior; 

group 8 - special equipment; a nd 

group 9 - misce llaneous. 
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Note that door repair is not included as a repair group since this repair is 
not applicable to intermodal flatcars. 

Step 2: Develop Standard Costs 

The standard costs per repair are obtained by weighting the costs o f indi• 
vidual component repairs. For example. the repair cost per component and 
the r elative frequency of occurrence fo r the dr aft gear system are: 

Dra ft Gear Relative Frequency Cost per 
Component of Repair Repair 

2 . l Knuckles 18°'o S 35 . 66 

2 . 2 Couplers 8 0°'o $ 91 .53 

2 . 3 Yokes $1 ➔ 6 - 30 

2 .4 Draftgearandend
of-car hydraulics 5235 . 00 

Standard Cos t S 83 . 45 

The cost per draft gear sys tem repair is obta ined as follows : 

. 18(35 . 66) + .80(9 1.53) + . 01(146 . 30) + . 0 1( 235 . 00) = 83 .45 

This p r ocedu r e is performed for each repa i r group . The resul t ing costs 
per r epair by repair g r oup are: 

Reoair Group Cost per Repair
I 

S 41.00 
2 S 83 . 00 
3 $431 . 00 
➔ $ 102 . 00 
5 S 99 . 00 
6 $ 95 . 00 
7 3 22 . 00 
8 S 60 . 00 
9 $100 .00 
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Step 3: Assign Operating Statistics 

The statistical correlation between group repair activities and car days 
and car miles is as follows: 

Correlation to Repair Activity 
Repair Group Car Days Car l'vliles 

1 • Brakes .42 .82 
2. Draft gear • 11.:11! 
3. Trucks .04 .06 
4. Bearing and axles .29 . 40 
5. Wheels .23 . 36 
6. Car interior . 17 .23 
7. Car exterior . 1 7 .:11! 
8. Special equipment .61ill 
9. Miscellaneous .26 .31 

For each repair group , either the car days statistic or the car miles statis
tic is chosen as the primary causal factor, indicated by the scorea numoers. 
In five cases , car miles was chosen, while car days was chosen for the re
maining four groups . Note that in some cases the statistic with the highes t 
correlat ion to repairs was not the one chosen as the primary causa l factor . 
The choice of factors was also based on profess ional judgment. F o r exam 
ple, special equipment maintenance is more highly correlated to car miles 
than to car days ; however, this results from the fact that ( 1) the vast major
ity of special equipment repairs are made to intermodal cars and (2 J inter
modal cars average more miles per day than other cars . When the special 
equipment repairs are viewed with these considerations in mind , the use o f 
car days as a causal factor , instead of car miles . is justified . 

Step 4: Derive Repair Rates 

The repair rate for each repair group is determ ined from the re lations 
that were presented in Section III. For example . given that car miles is the 
primary causal factor for brakes, the appropriate relation is: 

Ca r type 
21 . 6 intermodal} 

CRB l / l 00, 000 car miles = 16. 5 a utorack + 0.41 ( . .\GE){ 
22.4 other 

Thus , for an intermodal flatcar which is 10 years old: 

CRBl / 100 , 000 car miles= 21.6 + 0 . 41 ( 10) = 25 .7 
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That is. the interm odal flatcar described is ~xpected to have 25. 7 repairs 
per 100,000 car miies . This procedure is performed for each repair group. 

Based on the repair relations for the ca r leasing company in Section III, 
the repair rates for inte rmodal flatcars with an average age of IO years are: 

Repair Repairs per Repairs per 
Group l, 000 Car Days 100,000 Car Miles 

l 25 ,7 

2 2. I 3 
3 0 .21 .. 2.07 
5 0 ,96 
6 I . 2 l 
7 2 .74 
8 2.71 
9 4,69 

Step 5: Compute Repair Costs 

The repair cost per car mile and per car day a re computed by multiply 
ing the above repair rates (Step 4) by the repair costs (Step 2 ) an d summing 
for ca r miles and for car days. For example, the repair cost per car mile 
fo r brakes (repair group I ) is computed: 

($ 41 per r e pair)· (25 .7 repairs per 100 , 000 car miles)= 
$1 , 05 4 per 100,000 car miles 

This p r ocess yields : 

Repai r Repair Cost per Repair Cost per 
G r ou p I . 000 Car Days 100 . 000 Car Miles 

l $1,054 .".10 

2 $177 . 00 

3 $ 91 .oo 
4 s 2 11 . 00 

$ 95.005 
6 $ 115. 00 
7 S 60.00 
8 $163 . 00 
9 $ 46~LQQ 

TOTAL $515 . 00 $1 ,920 . 00 
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Step 6: Develop Values for Operati~g Statistics 

The operating statistics representing the commodity trip were provided: 

. car days = 20; and 

. car miles = 3,500. 

Step 7: Compute Commodity Trip Cost 

The cost of the commodity trip is computed by applying the above oper
ating statistics to the corresponding cost rates developed in Step 5. This 
yields: 

20(Repair cost per 1,000 car days ) • /. ) + 
\ 1,000 

(Repair cost per 100,000carmiles) . /. 3,SOO ) = 
\100,000 

515 (,020) + 1.920 ( . 03500) = 77 . 50 

Thus, the cost of the commodity trip is approximately $78.00 . :'.\ote that 
this represents the maintenance costs attributable to the trip. Other costs . 
such as the original cost of the car, are not included. 

COSTING APPROACH TWO 

This approach is based on standard costs for maintenance and the main
tenance relationships (geometric) developed to estimate the varia bility (elas
t icity) of !Tia intenance with respect to operating statistics. Thus, this ap
proach derive s variable, or incremental, costs. Approach one allo cated all 
o f the maintenance expense for a repair gro up to a primary causal fac tor for 
that group. In contrast, approach two recognizes that the maintenance re
quirement within a repair group may be related to m ore than one 0j)erating 
factor and, in fact, that some maintenance activity cannot be attributed to 
operations. Thus. approach two attributes the expenditure within repair 
groups to related operating statistics according to their respective elastici
ties of maintenance activity. Then the expenditure attributed to each oper
ating statistic is used to develop variable unit costs. 

The following description generalizes this procedure . Then the approach 
i s de m onstrated using the maintenance relationships developed in Sec t ion III . 

IX. 7 



General Procedure for Approach Two 

For a given car description (e.g., ca r type, average car age, tare weight, 
commodity) , the following steps are performed. 

Step 1: Develop the Appropriate Level 
of Aggregation of Repair Groups 

The repair groups should be selected at a level for which reliable esti
mates of variability can be obtained. For example. if variability is estimated 
at the car system level and these estimates are j udged to be valid for the 
components involved, then component level repai r groups are appropriate. 

Step 2: Develop the Total Standard Cost for 
Each Repa i r Group Established in Step I 

The to ta l standard cos t by repair group may be estimated on an annual 
basis by multiplying a weighted standard cost per repai r for a r epair group 
by the projected or historical annual repair a c tivity fo r the repair group. 
Both the standard cost per repair and the r epair activity estimates are for 
the car described only, if possible. 

Step 3: Derive l\laintenance Elasticities of 
Operating Statistics for Eac h Repair Group 

;\laintenance elasticity of operating statistic ~ is derived as follows: 

.\la intenance elasticity = dF(X, Y) X 

with r espect t o X d.X F (X,Y ) 

whe re: 

F'(X , Y) = functional relationship between maintenance 
activity and operating st.:.tistics; and 

X , Y = o perating statistics 

For the geometric relations. the maintenance elasticities are the exponents 
o f the operating statistics. If possible, the maintenance elasticity can be 
s pecific to the car characteristic; however, elasticities should vary only 
slightly among car characteristics , 



Step 4: For Each Operating Statistic. Compute the 
Variable Unit Cost Based on Standard Repair Costs 
and Maintenance Elasticities for Repair Groups 

For each operating statistic, the unit cost is computed by multiplying the 
standard costs for each r~pair group by the respective elasticities. summing 
over repair groups, and dividing by the annual value of the operating statistic. 

Step 5: Compute the Variable Cost of the Commodity 
Trip Based on Var iable Unit Costs and the Value 
of Each Operating Statistic for the Trip 

For example, multiply the variable unit cost per car mile by the numbe r 
of car miles travelled, multiply the variable unit cost per car loading by the 
number of car loadings. and so on. The sum of these costs represents the 
variable cost for the commodity trip. 

Costing Example for Approach Two 

This example demonstrates the costing, by approach two , of a commodity 
trip on intermodal flatcars with an ci verage age of IO years. As before. the 
trip is assumed to require 3,500 car miles and 20 car days. Step I is iden
tical to the previous example. so it will no t be repeated here. 

Step 2: Develop Standard Costs 

Assuming that there are approximately 3,800 ten-year-old inter:-nodal 
flatcars in the leasing company fleet and the co rresponding repair activity is 
known, the annual expenditure is derived as follows: 

Repair Reported Numbe r Cost per Total Annual 
Group o f Repairs Repair Repair Cost 

46, 900 $ 41 . 00 $1 ,92 3 , 00 0 
2 2,400 S 83.00 199 , 000 
3 400 $ 431 .oo 172, 00 0 
4 3,800 $102 . 00 388 , 000 
5 1 , 800 $ 99 .oo 178,000 
6 1,400 $ 95.00 133,000 
7 3, I00 $ 22.00 68,000 
8 3, l 00 $ 60.00 186 , 00 0 
9 8 , 600 $ 100.00 860 , 000 

TOTAL 71,500 $4,107,000 
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As a check for reasonableness , this implies an average ann ual repair cost 
of $1 , 080 per car fo r ten - year - old intermodal flatcars . Note that if repair 
data cannot be obtained at this level of detail , then the repair rates, as used 
in approach one , can be applied to project the expected repair activity . 

Step 3: Derive Maintenance Elasticities 

From the geometric relations developed in Section III , the resulting elas
ticities (variability) with respect to car days and car miles are: 

Maintenance Variability 
Repair with Reseec t to : 
Group Car Days Car !'.tiles 

l . 73 .60 
2 . 47 .1 5 
3 .oo .oo .. . 30 ,35 
5 .oo . 25 
6 .27 .oo 
7 .61 .14 
8 1.02 . 18 
9 .65 .27 

Ste e 4: Compute Unit Costs 

F o r th i s example, suppos e that the 3 ,800 ten - year- o ld intermodal nat
cars tra velled l , 824 hundred-thousand car m iles and l, 140 thousanc car 
days du r ing the year. Ln thi s case, the variable unit costs are c om puted as 
fo llo ws . 

F i r s t, the total cos t by repair gro up is a lloc ated to car day s and c a r 
m iles a c cord ing to the elasti c ities developed in Step 3. For example, the 
total dr a ft gea r e xpen s e i s S 199 ,000. Thus, 

(total c ost) • (elas ti c ity) = ( 199,000) . ( . 47 ) = $ 94, 00 0 is attrib uted 
to car day s 

an d 

(199 ,000). ( .1 5) = S30 ,000 is attributed to car m ile s . 
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For each group , this p r ocess yields: 

Repair Total Total Var i11ble Exe ense Att r ibuted to: 
G r oue Exeense Car Days Car Miles 

1 $1,923,000 $1,404 , 000 Sl .1 54,000 
2 199,000 94 , 000 30 , 000 
3 172,000 
4 388 , 000 116,000 136 , 000 
5 178,000 45,000 
6 133 , 000 36,000 
7 68,000 41 , 000 10,000 
8 186,000 190,000 33 , 000 
9 860,000 559,000 232 , 000 

TOTAL $4 , 107 , 000 $2 , 440 , 000 (59%) $1 , 640 , 000 ( 40'"o) 

Note that the sum of expenditures attributed to car days and car miles does 
not equal the total expense in general . T he two figures will be equal only 
when the total variability is 100 percent. 

Thus , the resulting variable unit costs are: 

Variable cost per 2 1440 , 000= = $2 , 140 
l , 000 car days 1 , HO 

Variable cost per 1,640 , 000= = $899 
100 , 000 car miles 1,824 

Stee 5: Comeute Trie Cost 

The variable cost of the commodity trip is computed by applying the vari 
able unit costs to the operating statistics for the commodity t r ip: 

Variable cost of = ( variable cost per) . ( car days for)
commodity trip l , 000 car days trip (000 I 

+ ( variable cost pe r ) . ( car miles for) 
100 , 000 ca r miles t r ip [00,000) 

= 2 , 140 ( . 020) + 899 ( .03500) =74 . 27 

Thus, the variable cost of the com~odity trip is approximately $74 . slightly 
less than the aver age cost computed by approach one . 
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COMPARISOI': OF THE FRA COSTING METHODOLOGY 
TO REGULATORY COSTING l\lETHODOLOGY 

The FRA methodology discussed in this report is a system intended for 
managerial use while the ICC ' s Rail Form A is a costing system for regula
tory use . The regulatory system seeks to estimate long-run incremental 
costs associated with railroad services in order to j1.tdge the reasonableness 
of rates . This is achieved by c ross-s ctional analysis of broad expense and 
operating data from a lar ge number of different railroads . In contrast . the 
FRA methodology develops more specific costs for managerial purposes, 
such as cost control , budgeting, profit analysis, r .:pair •ase / buy / :nake de
cisions , and pricing . This is achieved by analyzing large samples of freight 
car operating and maintenance histories for a particular railroad. 

:\Ianagerial costs can be used for regulatory purposes but they are more 
difficult , and costly. to obtain . :\Ianagerial costs may also require the use 
of p roprietary infor mation . The confidentiality and cos t issues diminish the 
use of managerial costs for regulatory purposes; however, the carriers are 
encour aged to p r esent to the ICC their own evidence from special studies. 

Though regulatory costs are no t intended for managerial applications. 
many firms use Rail Form A in lieu o f morP costly managerial costing sys
tems . The costs produced by Rail Forr.1 A are not as precise o r correct as 
those obta i ned by the FRA methodology. The following discussion clarifies 
the differences between the two and suggests th benefits of the FR A approach 
t o managerial costing . 

Rall For m A ..\pproac h to Freight Car Costing 

The ICC's Rail Form A cos ting methodol ogy has continually evoh.-ed and 
.::; being revised even today . Simplifying the p rocedure for Freight Car :\lain
enance (Account 31-l) . Rail Form A splits the reported expense between that 

.vnich is re la ted to mileage activity and that which is related to time. These 
factors are viewed as causal agents of ca r deterio r a ti on . Both the mileage 
and time pnr ti ons o f expense are multiplied by a va r iability factor t o cevelop 
th~ respe c tive unit costs . 

Currently . thP time 1mileage split is 50 percent to time and 50 percent t o 
mi leage , though several yea r s ago a split of 30 percent t o time and -:- n pe:-
cent to mileage was employed . Before 1973 . the ICC used a single va r iabil 
i ty fac tor o f 80 percent for most accounts . In 1973 , account s were grouped 
i nto sever3l categories and individual variability fac tor s were estimated in a 
study by the ICC Burea•J of Account s . For freight ca r maintenance. the var 
iabili ty factor used sin: e the study is 86 per cent . The ICC has recently re
ceived suggestions fo r establishing a L.;niform Rail Costing System to replace 
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Rail Form A, pre@~ribing a ~ariability factor that shifts for different levels 
of a railroad's s L:e and annual output, 

Advantages of the FRA Approach 

The methodology proposed in this report develops elasticities to distrib
ute repair costs for separate repair groups. This detail can more accurately 
represent the "consumption" of maintenance by freight car movements. The 
multitude of advantages of this approach are all based on the fact that better 
management decisions can be made when the true costs of operations are 
known. 

Clearly, the Rail Form A methodology, which of necessity is based on 
viewing the similarities in cost behavior among diverse railroads, cannot 
capture some of the details of cost behavior which may distinguish individual 
railroads. The methodology proposed here, when implemented, would be 
based on data and assumptions tailored to the particular r ailroad. Thus , 
it can provide potentially more specific and correct costs for managerial 
decisions. 
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X. APPLICATIONS 

The consumption of maintenance of equipment (M of E) costs was analyzed 
in Section III. and a method for estim1:o.ting repair or replacement frequency 
distributions for each component was suggested. Tht: consumption of the 
maintenance (i.e., assigning the M of E costs to the uses of rail cars) has 
also been discussed. In addition. a standard costing system with flexible over
heads for managing M o f E costs has been presented separately in Volume II. 
This section describes the application of these three concepts proposed by tne 
Federal Railroad Administration to decision making. Our purpose here is to 
present options for the pragmatic use of these costi"lg methods. so that their 
further development and implementation will make tangible contributions to 
railroad management. 

It is assumed that cars and components are tracked in a data bank so that 
t hE: frequency distributions of repair and replacement are known . These fre
quencies are largely determined by existing programmed maintenance (PM-
synonomous here with planned maintenance and preventive maintenance) and 
inspection standards. Therefore. it is assumed that information is also 
available on the hypothetically unconstrained incidence of the three following 
bcsic occasions for M of E: 

. failure of a component; 

. increase in the expense of operating a component due to its deteri
oration; and 

. detrioration in the performance of a component beyond acceptable 
service or safety standards. 

A third assumption is that the standard costs for the activities of a shop are 
known, along with the amount and variability of overhead accounts. :\ final 
assumption is that accurate traffic forecasts are available. 

This presentation of options does not presume to evaluate the profitabil -
ity or feasibility of the options. Such conclusions would depend on the charac
teristics of a railroad's fleet, current maintenance operations , and current 
management practices. 

The decisions that could be made usir,g the M of E costing methods include: 

cost control decisions such as: 

. variance analysis; and 

. PM scheduling. 
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• budgeting for . !VI of E . 

• profit analysis, including profit by: 

. shipper; 

• product; 

. line; 

shop; and 

foreign car maintenance activity . 

• investment decisions, including repair , rr.ake , lease , or buy 
decisions . 

. pricing. 

The presentation of applications of the cost ing method begins with those 
applicatons that are currently entire!y within the p r ovince of most ra i lroad M 
of E departments: cost control through variance analysis and P~I scheduling. 
The discussion then proceeds to more central applications such as profit anal
ysis and equipment specification. 

COST CONTROL 

Controlling the costs of maintenance operations is a ccomplished prima r ily 
through i ntelligent supervision at successive levels of management . However , 
the e fficient use o f manpower, materials, machines, ana shops can be facili
tat ed through variance analysis and PM scheduling . 

Varianc e .-\nalvsis 

Variance analysis is the process of dia gnosing variations frorr: standard 
costs and budgets . The standard costing and budgeting systems are designed 
so that the variances can be easily identified on the output reports . 

Variations from standard costs indicate that the cost per unit is higher or 
lower than standard. These variances may occur in: 

labor , because of variation in the time from the time- standards 
o r beca use of a variation from the standard compensation rate 
(e .g., because of a skewed :nix i n the labor classifications) ; 
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• materials. b~cause of abnormal wast e or change in price; or 

• overhead, because of variation in capacity utilization. changes in 
rates (e.g. utility rates or rental payments), or va r iance i n the 
efficiency of support activities (e.g . . excess clerical overtime) . 

This analysis of overhead variance, wh ich was described in Volume II, de
pends on the use of a flexible budgeting technique . so that variances in over
head accounts do not confuse volume variances w ith variances fron standard 
cost. 

When the total amount of the variance from standard costs is subtracted 
from the total variance from budge•. the r emainder is a volume spending 
variance . This variance is the result of devi at ions from the budgeting volum e 
of maintenance. It may be caused by unanticipated operating conditions (e . g .. 
adverse weather), management deci sions to depart from budgeted maintenance 
st8ndards (e.g •. bad ordering cars with 15 , 16" wheel wear rather than waiting 
for 13 / 16" wheel wear) . or inaccurate budget projections . 

The process of tracing variances back to each of these cc1uses allows a man
ager to pinpoint and correct weakuesses i n his l\I of E operation. The standard 
costing system described in Volume ll is the basis for this variance analysis. 

Preventive l\laintenance Scheduling 

A second CJSt control method is the adjustment of the mix bet\loeen Pl\I 
(r aintenance performed before it 1s required for further operati o n o f th~ car ) 
and breakdown maintenance (maintenance r equi red for fu r ther operation). 
This adjustment is among th e most valuable applications of the incurrence/ 
consumption data. The discussion o f this application consists of: 

• the fundamentals o t prevent i ve maintenance economics: 

• a prototypical component' s most ec0nomic maintenance inte:-\-al; and 

• a real-time decision process fo r determining the most effi-:1ent 
long-run maintenance dec ision. 

Fundamentals 

The basis of the decision to perform preventive maintenance is the belief 
that there is some cost or loss (above the actual cos t of repair or r eplacemen t ) 
resulting from the breakdown of a component i n senice. As suggested by the 
three basic occasions for performing maj ntenance listed above. the breakdown 
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o f a component may c onsist n ot only of its physical failure, but also of its 
falling below minimum economic , oper ational. o r safety standards. All o f 
these , however, are physically detecte d phenomena . As an example o f an 
economic standard, wheel wear may cause the trucks t o hun• fo r the rail to 
the extent that ra il wear . further wheel wear, and ener gy inefficiency warrant 
the repai r o r replacement of the wheels. Similarl y , the danger of derailment 
=nay be the c onstraining factor. In either case . a physical measurement o f 
the wheel m ust be made to determine whether a " breakdown" has occurred . 

The cost of such a breakdown , symbolized by the letter B, w ill be defined 
as the average cost, in addition to the cost requfred to shop the car and per
fo r m the repair o r replacement. The cost B includes: 

costs c. deadheadmg the car to the shop: 

c osts i n traffic congestion and delay caused by the breakdown; 

. cos t s 01 any damage resulting from the b reakdown; 

m arketmy 10sses ( i . e., future profits foregone) resulting from delay 
o r oam age; 

costs of detecti ng the b reakdown above the c osts n ecessary t o con
duc t a viable car inspt ction program; and 

any cos t s involved in repairing o r replacing the component that 
would no t be necessary if the compon ent had no t fa i led {e . g . , 
necessi ty o f replacement rather than rE:pair). 

T he purpose 0 1 Pi\! 1s t o reduc e the numbe r of times that cost Bis ., curred 
oy ctn t1cipatmg b reakdowns . The amount o f preventive maintenance 1s deter
mined by t rading o ff the costs o f b r eakdowns against the i ncreased !"umbe r o f 
r epai rs . One p r ocess f o r making this trade- o ff fo r a single component is de
::, c r1bed 1n the following par agr aphs . 

Det e r m in i ng the !\lost E conomic Amount 
of Preventive Maintenance 

L et us assume tha t the distribution o f intervals between uncons tra ined 
o r eai<downs o f a component i s known (see Exhjblt X-1 a) . We also knc. w the 
c um ul ative (unc tion I (x) = the length of i nterval s uch that x proportion o f in
terval s ha ve length l (x ) o r less (see Exhibit X - Jb) . 
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EXHIBIT X-1 

DISTRIBUTION OF REPAIR INTERVALS 
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The imposition of a maximum interval (i.e . . the introduction of preventive 
maintenance) simply puts a ceiling L on the interval length. decreasing the 
average inte rval and increasing the total number of intervals in any given 
schedule of car miles (see Exhibit X-l c) . The reason for imposing such a 
maximum (rather than simply letHng all components run unti l breakdown) is to 
save the additional costs of an in - service breakdown, B. The most economic 
preventive maintenance interval. L, is the one which minjmizes the total cost 
of repairs ( $R per repair • T total intervals) and b reakdowns ($B per break
down • {3 T b reakdownR) . In other words, 

where: 

C = total cost affected by PM; 

R = cost of repairing or replacing the component; 

B = c ost , above R, .of a breakdown of the component in service; 

{3 = the proportion of replacements resu lting from in-service 
breakdowns; and 

T = the total number of replacements. 

then: 

C = ( /3T • 8) + (R • T) 

Furthermore, the total number of trips must be enough to provide the r equired 
ca r miles, V . In other words, referring to tlte graph for PM, 

where: 

L = the maximum length of inte rval allowed; 

1 (x) = the longest interval in the shortest x fraction of interval s; and 

V = total car miles in service; 

then: 

V = [Ia.Sl(x) + L (1-{3 >] ·T a the shaded area in the exhibit. 
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We assume that the· railroad can estimate the values of the following variables; 

• Y, provided by demand projections; 

• B . from cost analysis; 

• R. from the standard costing system; and 

• l(x), the incurrence distribution. 

To solve for (and then minimize) C in terms of these known quantities we pro
ceed as follows; 

1(/1) = L 

fJ = l-1(L) 

T = V + l[fJ<x>] + L (1 - i'>f 

j ( 1 -1 (L) 1 ]l 
T = v ~lJo l(x>J + L [1 - l-

1
(L) ~ 

By substitution; 

l [ l -1 (L) 
C = 1- (L) • V + ~ l(x) + L -1 ]- L • l (L) • B 

l-1 (L) 

+ R • V + Jo l(x) + L[ 
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Although this equation has been derived using V. total car miles, the value 
of L which minimizes C does not depend on V . By dividing by V, we obtain : 

-1 
C -1 [i l (L)

2 -1 ]V l (L) + O l(x) + L L • l (L) • B 

. 
l -l (L) 

+ R + O l(x) + L L · 1 - l(L)][f 
1l- (L) • B + R = 

l -l(L) 

l(x) + L L,l-l(L)f
0 

Since B and R are known, this equation can be solved for the L , which mini
mizes C / V . o r the total l\l o f E cost per mile . 

As an illustration of the quantities involved, let us assume that we are to 
calculate the optimal replacement interval for couplers. In this case, the 
coupler almost never fails i n service, but is often bad-ordered by an inspector . 
Therefore. we would expect that prevent iv!! maintenance intervals wou ld be 
lenient , permitting a significant amount o f "breakdowns," (i . e ., bad-ordering). 
In fact . let us assume: 

R = the cost of r eplacing a coupler : $400 

B = the additional cost incurred when the coupler is bad -o r derec 
rather than preven tively replaced (due to switching costs, 
transferring cargo, and an estimate for the disruptio n in yard 
operations ) = $150 

Let us fu rther assume the approximation o f the distribution of b reakdown in
tervals , l(x) , as illus trated in Exhibit X- 2 , a through c . The continuous dis
tribution has been approximated by a discreet d ist r ibution to illus trate the 
method . If adequate data were available. the distribution observed (Exhibit 
X-2a) could be converted to cumula tive fo rm and fitted to a curve as in Exhibit 

1X-2b . To avoid curve fitting and integral calculus, the cumulative dist r ibution 

1'Tangent functions can often be used in fitti ng a cumulat ive distribution curve . 
In this case, a transfor mation of the repair interval could be used to re flect 
the skewed distribution (e . g ., {J = tan(L 1/ 2 )J . 
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EXHIBIT X-2 

HYPOTHETICAL DISTRIBUTION OF 
COUPLER BREAKDOWNS 
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of repair intervals is approximated by a discontinuous linear function in 
Exhibit X-2c. This· approximation will be used in the following exam ples. 
In this case, the integral term in the cost-pe ..---mile formula above can be cal 
ulated as the shadec- area under the polygon in Exhibit X-2c . Calling this area 
A, the formula can be rewritten as: 

C / V = e• B + R 
(A + L) - (L • f3) 

In this example. we also know that in the critical section of the distribution. 
the relationship between f3 and L is the following linear equation: 

L :: 1((3) =40f3 - 21 

By substituting the data values. the cost equation be comes: 

c / v :: ________.___ ___+_4_0_0 _{3 •_150 ______ 
[6.495 + (L - 9) ( . 25 +l -tJ) • . 5) + L - {3L 

= __________..../3_•____1·__50___+____4_00_____________ 
[6.495 + (4013 - 30' . ( 1.25 - f3) • . 5) 1'" 4013 - 21 - 13(40 - 21) 

__;;._____,;;_,.;__________:: _ (3 • 150 + 400 _ 

I10113 - 60/J 2 - 33 .255 

To minimize the cos t, we differentiate this quotient and find the va lues of (3 

where the differential is zero: 

dC = (101/3 - 60(3 2 - 33.255). 150 - (150'3 + ~00) (101 - 120'3 > 
d/3 ( 101/J - 6013 2 - 33.255)2 

L" sing the quadratic fnrmula to solve for a zero numerator yields: 

13 :: • 7681661 

The second value p r oduced by the quadratic formula, 6.5651672, is d iscarded. 
The solution for 13 also implies: 

L :: 40 13 - 21 =9.7266 

C / V = 57.7281 

Thus , the optimal preventive maintenance interval is 9. 727 miles, and the 
cost per mile if this interval is adhered to will be $ .0577. To demonstrate 
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that thi nterval is .optimal. the effect of shorter and longer intervals can be 
calculated to be: 

for L = 9,000 miles. C / V = $.0586 per mile • 

• for L = 9,800 miles. C / V = $.0585 per mile. 

As expected, the interval is long for coupler repair. and almost 77 per
cent of the repairs should result from breakdowns (inspections) rather than 
programmed maintenance. 

To illustrate the effect on repairs where programmed maintenance is 
more important. let us examine a second repair, truck replacement. which 
is not caught by inspectors but can result in on-line breakdowns. For sim
plicity, let us assume that the breakdown interval distribution and repair 
costs are similar to those for couplers: 

Cost to repair = R = $400 

Cost of a breakdown. beyond basic repair cost = B = $2,000 

Going through the same steps of substituting these data into the cost formula. 
differentiating the equation and solving for the zero differential us ing the 
quadratic formula, we find a minimum at: 

t3 = .38013 C / V = $ .02099 per mile 

L=S.9683 

That is, only 38 percent of the repair intervals should be allowed to proceed 
to breakdown, and this can be accomplished with a programmed maintenance 
interval of 5,968 miles . The resulting cost minimum for this repair will be 
$ .02099 per mile. 

Real-Time Decision Making 

In practice. a railroad manager is continually faced with shortages or 
surpluses of capacity and any number of car components which are approach
ing or have passed the mandatory maintenance mileage, L. How should the 
railroad decide how many cars to shop? For the cars that are shopped, how 
many of the components should be repaired ? What circumstances will justify 
aying overtime o r paying for idle capacity? 

One paradigm for answering these questions, using the incurrence / con
sumption concept, is presented here. Let us assume that each of the 26 
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components has been lettered a through z, and that each has a PM interval 
derived as described above, L through L . Then let us assume that the 
total budgeted costs of M of E ~ave been f;lly allocated t o the repairs. C 
through Cz· A cost per mile Ca / V through Cz / V can be calculated for e:ch 
component. The railroad's decision can now be analyzed on a pro fit maxi 
mizing basis. The railroad manager knows: 

. S , the cost of shopping a car; 

• Ra through Rz. the incremental cost above S of repa i r ing com
ponents a through z; 

Ma through Mz , the mileage accumulated since the last repa i r 
of components a through z; 

• Ba through Bz, the incremental cost of an in- service breakdown; 

. D, the milea6e before the ca r will rea ch the next c lassifica tion 
yard; and 

• 1 a - l (Ma•D) - la- l (!Via). the probability that component a will fail 
betwen the mileages Ma and Ma • D, 

If the costs of maintenance are capitalized into a current asset called 
" capitalized maintenance" at the rate o f Ca / V • '.\la. then each shop can contin
ually e valuate the profitability to the rai lroad o f shopping a ca , repairing 
components. or letting a ca r proceed to the next c lassification yar d . Exhibit 
X-3 illustrates this decision. In the exhibit, it is assumed that each shop is 
charged for i ts actual expenses plus the standard costs . B. of any in-servi c e 
breakdowns occurri ng be fo re the next i nspec tion point . As revenue, each shop 
is credited with the i ncreases i n capitalized maintenance (e .g.. Ma· Ca I V) . 
with the standard cost of breakdowns 8. which it repairs, and with th e fo reign 
car repair billings that it generates. 

The decision, however, need not be so r igor ously analy zed in practi c e . 
If the shop manager understands how the shop is c redited with capi ta lized 
maintenanct. ~.., reign car repair billings, and breakdowns repaired, and that 
it w i ll be charged for all breakdowns that occur between inspection points 
and the succeeding inspection points, as well as a c tual expenditures . h e will 
be able to make the j udgments that maximize profit. 
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EXHIBIT X-3 
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To illustrate the use of this real-time decision tool , let us conside r o nly 
the repairs illustrated above, trucks (T) and couplers (C) . The maintenance 
manager may be in the following situation: 

S • $50 

Re = $250 

MT = 5. 000 miles Mc =3,000 miles 

BT = $2,000 Be = $150 

D = 1,000 miles 

Cc / V = $.0577 

Note that the cos t Sand Rare actual expenditures the manager expects to 
make. They could be adjusted to r eflect the need fo r ove rtime or the avai la
bili ty of idle capacity . Because the optimal PM interval is calculated using 
fully allocated cost s , and the cost used by the manager is an increrr.ental cost . 
the costs here are less ($250 -+ $50 = $300) than was used fo r the opumal in
terval calculation ($400). 

Assuming that the manager is not considering any o ther r epairs . his de
cision t ree is illustrated in Exhibit X-4. He bas four chvices: 

. repair the coupler: 

. repair the true k; 

. r epair both ; or 

send the car on. 

The costs incurred and the capitalized maintenance that would be credited 
are shown fo r each choice . When he sends the car o n , one o f the c or.-: ;,onent s 
may fail. Usi ng the cumulative probability distribution from Exhibit X-2c 
for both types of repair. the p r obability of failure can be calculated fo r each 
case . The charge for a breakdown is also added into th e net profit figures . 
Calculating the probability-weighted or expected profit, the manager c an see 
that repairing only the truck is the proper decision, yielding an expec ted profit 
to his shop of $676 . Although this manual analysis could not be ? ~r fo rmed 
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for every such decision , computers could assist in implementing the technique, 
either: • 

. by computing the costs, credits, and charges for periodic reports 
so that the manager learns to make the cor r ect decisions empiri 
cally; or 

. in an on-line system, by calculating the options (for all c ars) 
open to the manager and li~ting them in des cending order of prof
itability. 

This real-ti me decision-making technique eliminates the need fo r rigid 
adherence to a planned maintenance interval, L , and still uses the incurrence 
frequency distributio n to minimize maintenance costs. • 

BUDGETING / PLANNING 

The uses of the standard costing system and incurrence / consumption re
lationships for cost control s•1ggest similar uses for budgeting. Assuming 
that traffic projections are available so that the total car miles . V. is pro
jected for each car type . then the number o f each type of repair, a through z, 
can be anticipated . Some components may have the same consumption char
acteristics on more than one type of car; repair or such components can be 
treated as one repair type and the mileages for the respective car type s can 
be summed and then divided by the average repair interval. The standard 
costs . after revision for any changes in wage rates or industrial engineering 
standards. can be applied to develop the budget. 

Flexible budgeting implies a variable overhead rate which can be applied 
to the direct elements of the budget to derive the total M of E depart m ent 
budget . Th is budget can be allocated on the basis of a historical record of the 
volume of repairs for each shoµ. Exhibi t X-5 illustrates this concept. In 
this way . the unique efficiencies or inefficiencies o f individual shops a re not 
disguised or rewarded. 

This "top- down" budget can be merged with a " bottom-up" budget based on 
each snop' s anticipated staffing. material. and overhead expenses. By merg
ing budgets, the changing costs that influence the manner in •:, htch mainl:>nance 
is performed can already be identified during the budget r,rocess. A com 
prehensive discussion of budgeting is presented in Vulume II. 
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PROF IT ANALYSIS 

One use of the iocurr ence / coosumption data i n profit analysis has already 
been discusse d: the treatment o f each shop as a profi t center t o decentralize 
maintenance scheduling. In addition, the s tanda r d costing system c an be used 
to analyze the profitability of: 

. repairs on foreign cars; 

. car age and type; 

. part icular commodities; 

. particular rail lines o r loading points; and 

. individual s hippers. 

The profi tability of repairs o n foreign ca rs has been alluded t o , but de
serves further emphasis. It is in the r ail road' s, as well as the national 
economy's, interest for eac h railroad to perform a disproportionate number 
of those repairs that it performs mos t e ffi c iently. The standard cost sy stem 
provides the ra il r oad with .information concerni ng i ts cost to repair and, es
pecially if each sho p becomes a profit center w i th some discretio n concern
i ng which r epairs it will perfo rm, the net profit fo r fo reign ca r repairs may 
be maximized. 

To per fo rm the o ther types o f profi t analysis listed above, it is necessary 
to have standard costs and i:~nsumptio n charac teristi c s for all railroad cost 
a ccounts. The amount of overhead to be alloc ated among the products. ser
vices . or shippers being an alyzed should be determined by the time :rame 
and the organizational scope o f the decision to be made . For exampl e, if a 
decision is to be made regarding the profitability of serving a particular 
shipper a t its siding, very little ove rhead should be a llocated--direct costing 
is appropriate. However, if a deci s ion to abandon an entire line is being 
made, almost all o verhead should be allocated . so tha t the line's long-run 
contribution can be esti mated . 

REPAIR / LEASE / BUY / MAKE 

The decisions to r epai r or replace a component and (i f t o replace> t o 
lease , buy. or makt! the component are similar to those decisions for an en
tire car. The range of values of the r e l evant variables is significant. but the 
analytical techniques used to make such decisions are the same in both cases . 
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These decisions, however. depend not only on the economic factors that are 
subject to these analytical techniques, but also on less easily analyzed fac
tors. Among such factors a re: 

• the degree of independence from one o r more external sources of 
supply; 

the degree of flexibility i n controlling fleet size; 

• the number of parts that must be kept on hand and the degree of 
standardization in maintenance operations; 

• the availability of limited sources of capital such as equipment trust 
certificates and the effects of the deci sion on the future availabjlity 
of such sources; and 

• the overhead expenses and leverage of investment i n assets result-
ing from the decision . 

The influence of these and similar fa c tors on the repair / lease / buy make dt-· 
cis.ion will depend on the individual charac teri sti c s of the railroad and it s 
current situation. 

In general. the decision t o repair, lease, buy, o r make the component, 
will depend on the nature of the mai ntenance expenses for the component. the 
costs of the replacement a lternatives , and the railroad's cost of capi ta l , It 
should be noted that these costs must always be calculated on an after-tax 
basi s (i .e., i f the railroad is paying 48 percent of its profit in income tax or 
has an equivalent carry-back opportunity . the before-tax expenses should be 
mul t iplied by 52 percent). Similarly , any available .investment tax credit s 
should be taken into account .in analyzing i nvestments. Having noted the im
portance o f using after-tax figures. the remainder o f this discussion will 
assume tha t taxation .is ei ther irrelevant o r has already been accounted for. 
The de:isions to be analyzed will be treated i n two parts: repair o r replace; 
and if replace, then lease, purchase. o r make. 

Repair or Replac~ 

The decision to repair or replace depends on the nature of the repair fre
quencies. If the repair operation is so effective that the repair interval does 
not decrease with age (i . e. , i f the repaired component is as good as new), the 
decision i s made strictly on a cost comparison c, f performin g a repair versus 
the purchase p rice. 

X.19 



If (as is almost always the case) the component deteriorates with succes
sive repairs so that the r epair interval becomes shorter and shorter. the life 
cycl e costs of the alternatives m ust be compar ed . T h is is most easily accom
plished by assuming a utilization rate (e .g., 100 , 000 miles per year) and 
plotting the maintenance cost per year on the verti cal axis against yea rs o n 
the horizontal axis. The result w ill be an upward sloping curve. The capi-
tal costs can be plotted against any specified useful life as a downward slop
ing curve that s tart s from the vertical axis at the purchase price itself (see 
Exhibit X- 6). The point at which the sum of the an.nualized maintenanc e and 
capital costs (the upper curve) reaches a minimum indicates the yea r, and 
consequently the mileage, at which the component should be repla ced. 

Lease / Buy/ t.lake 

The economic i m pac t s of the lease, buy , o r make dec ision are largely 
determined by the railr oad's cost o f capital. If either the railroad o r a vendor 
can achieve economies o f scale (either volume d iscounts o r manufactu r i ng 
economies), this will also influence the decision. The basic technique 1s to 
calcuiate the net present value o f the decision o r , equivalently. t o annualize 
the costs. For the lease decision, the usual case is that the railroad will own 
the car after a specifi ed number, N , o f lease payments. n. The ra il r oad need 
only compare th e p r esent value of th e lease payments, 

N 
+ i) -y

n L ( 1 

y =- 0 

to the purchase p r ice t o deter mine whic h o pti o n is cheaper, 

T he buy o r make decision is simila r in nature . The l ife span of the cap
i tal equipment . L , needed t o man ufactu r e the components a nd the n umber o f 
new components pe r year , n , m us t fi rst be determ ined. Then the stream of 
purchases at the full purchase price . P , 

L 
( I + i)-YnP L 

y=O 

ls compar ed t o the i nvestment i n equipment , : . plus the strea m o f s light ly 
l ower manufa c turing costs. M. 

L 
I + n l\1 L 

y=-u 
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EXIIIBff X-6 
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Since generally a lease rather than buy decision will result from a high cost 
of capital and a buy rather than make decision will result from the same, 
these decisions can normally be taken in sequence. Only when a vendor. 
lessor. o r manufacturer has a cost of capital that wries greatly from the in
dustry in general will the sequence lead to an incorrect decision. 
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ESTIMATION OF NON-PARAMETRIC SURVIVAL CURVE 
(Railroad Data) 
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ESTIMA TION OF NON-PARAMETRIC SURVIVAL CURVE 
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Sll'IPL? Li ll VA RIA ~ C?: -= 1476 . 76656 
EXPO"EWTIAL AVEFA~E LIPE = 181.5 1~ 17 PlGr 4 

+----+-------♦ -------♦--------------♦ -----♦-----♦ 

' ~Ul'I B?R I t 
f SURVIVIN Gf OBSERYAT l v ~S I I 

I '! TUI!!: TOI BEPORE ~---- +-----+SU?. YIVAL! PROPORTIONI ' IPEBIODI PAILDR EI PER I OD ICO~PLETE f CE~ SOPED f PAT~ fSORVIYI!'i G f 
+---+------♦--------♦-----♦------♦ ----- ---+-----♦ 

123 
124 
125 
126 

1122-1 231 
1 123-121a , 
f1 24-125 1 
f1 25-126 f 

56 1 
5 4 9 
5 112 
5 37 

I 
I 
I 
I 

4 
2 

1 

I 
I

'I 
8 
5 
5 
2 

I ' 
'I 

.9786 f 
• 9072 r 

r 
.991UII 

.1903 

.1879 

.1869 

I 

'I
' 127 

128 
129 

1126 -12 7 f 
1121-12a 1 
11 20 -129 1 

5 34 
5 24 
5 19 

I 
I 
I 

2 
2 
4 

I 
I 
I 

8 
3 
3 

I

' ' 
.98131 
.9901lf 
.9865 f 

• 18 3'• 
.1816 
.1792 

I, 
I 

130 
13 1 
13 2 
133 
134 
13 5 

1129 -1301 
I 130 -13 1 I 
113 1-132 f 
11 32-133 1 
f1 33-1 34 f 
f 131&-135 1 

5 12 
505 
4 94 
4 9 1 
478 
471 

I 
I 
I 
I

'I 

3 
1 
1 
1 
3 
1 

I 
I 
I 
I 
I 

4 
10 

2 
12 

" 5 

I

'I
' 'I 

.9863 1 

. 97821 

.99 39f 

.97351 

.9853f 

.98721 

. 1767 

.1729 

.1718 

.16 73 

.1649 

.1628 

I 
t

'I 
I

' 
' 

136 
137 

11 35-1 36 I 
I 136 -1 371 

4 65 
4 56 

I 
I 

3 
t 

6 I

" ' 
. 9 8 (!6 I 
.9B9~ f 

.1596 

. 1579 
t

'I 138 
13 9'I 1ri o 

I 141 

' 14 2 

1137-138 1 
11 38 -1 39 1 
t 139 -1 1&0 1 
1140 -11& 11 
I 14 1- 14 2 I 

ti 5 1 
442 
4 31f 
ti 3 1 
426 

I 
t 
I 
I 
I 

1 
3 

2 
1 

8 
5 
3 
3 
3 

I

'I
' ' 

. 9800 1 
• 9819 I 

. 9 8 8 111 ' 
• 99 06 f 

.1547 

.15 19 

.1502 

.14 8ft 

I 

I ' , 
f 

I 143 f 142 -143 1 422 I 2 3 I . 9 8 81f .14 70 I 
I 1114 
I 145 
I 14 6 

' 11& 7 
I 14 8 

' 1" 9 

1143-11& 4 f 
f 11& 4 - 145 I 
1145-146 1 
111&6 -1 471 
f 147-1 48 I 
I 1"8-149 t 

14 17 
412 
410 
407 
"01 
3c;9 

I 
I 

'I 
I 
I 

1 
1 

1 

4 
1 
3 
5 
2 
2 

I 

'I 
' ' ' 

.98801 

.995 1 f 

'. 98521 
I 

' 

.1452 

.1445 

-1"2" 

I 
I 

'I 
I 
I 

I 15C 1149-15C I 397 I 3 1 I . 98991 .1410 I 
f 151 1150-1 5 11 393 I 1 7 I . 9796 f .1381 I 
I 152 

' 153 
1151-152 1 
f1 52-1 53 f 

385 
3 80 

I

' 
5 
3 

t 
I 

I 
I 

I 
I 

I 15 4 1153-1541 377 I 1 4 f .9867f .1363 I 
I 155 1154-155 I 372 I 1 2 r .9919 r .1352 I 
I 156 1155-156 1 369 I 4 I I t 
I 15 7 
I 15 8 

' 159 

11 56 -1 571 
11 57-158 1 
11 58-1 59 1 

365 
362 
358 

I 

'I 
2 
1 
1 

1 
3 

I

'I 
.9918 1 
. 9eB9 f 
. 997 1 1 

.134 1 

.1326 

.13 22 

I 
f 
I 

I 160 f 159-16C I 357 I 3 I I I 
16 1 I

' 162 
t 160 -1 6 1 t 
1161-162 1 

354 
350 

I 
I 

4 
4 

I 
I 

I 
I 

I 
I 

I 163 11 62 -1 63 1 346 I 4 I I I 
♦----♦------♦ ---------♦-------♦-------♦------♦ ---------

A. 5 



ESTIMATION OF NON-PARAMETRIC SURVIVAL CURVE 

TlP? R?l> AI BS S?L!CT!D • 0 -9 -~ 

SA!1PL! AV!RAG~ LIFE • 4 3 . 27953 
SA !1PL! LI l'E V1.?IA"1CE = 1476 .76656 
OPON!NTIAL lVERAG? LIPE • 181.5 12 17 PAGt 5 

♦-----♦ ------♦ -------+----------------- ♦----+------+ 

I NUl'1B!B I 
I ISURVIVI NG ! OBStR VATIO ~S f I 

I ITI~E TO I BEP O~ E +~ ----+------+SIJ!Vrv AL 'I PROPORTIO!f I 
f P!RIOD I FAILtn>E I PE!! l OD fCO~PLET E ICENSO~FDI P. l tt f SO!'fITI !IG r 
♦----+---♦------♦-----♦-----♦-----+----♦ 

I 
I 

164 
16 5 

I 163-1 641 
t 164 - 1651 

342 
338 

I 
I 

2 
1 

2 
3 

r 
r 

.9883f 

. 98 82 f 
.1307 
.1292 

I 

'I 
I 
I 
I 

166 
167 
16 8 
169 

1165-106 1 
1166-167 1 
1167- 168 1 
1168- 169 1 

334 
330 
324 
320 

r 
I 
I 
I 

1 

1 

4 
5 
4 
3 

I 
. 98 18 I 

'. 9875t 

.1268 

.1252 

I 
l 
t 
t 

I 170 t 169-17:: I 3 16 I ' I 
I 17 1 1170- 171 1 3 16 I 2 I I 
I 172 117 1 - 17 2 1 3 14 I 3 I r 
I 173 I 172-17 3 I 3 11 I 1 I I 
I 17!J I 173-1 741 304 I 1 I I 
I 17 5 f 174- 1751 303 I 2 r r 
I 
I 
I 
I 
I 

176 
177 
178 
179 
18 C 

1175-17 6 1 
f 176 - 1771 
1177-~76 1 
I 178 - 1791 
I 179 - 16 :' I 

301 
296 
2S4 
293 
29C 

I 
I 
I 
I 
I 

5 
2 
1 
3 
3 

r 
I 

I 
I 
I 
I 
I 

I 
I

'I 
I 

I 
I 
I 

18 1 
18 2 
18 3 

11eo -1 e 11 
I 18 1- 182 1 
I 18 2 - 1F3 t 

287 
26U 
2 ec 

I 
I 
I 1 

3 
4 
6 

I 
I 
I 

r 
I 

. 9751'.' I .1221 

I 
I 
I 

I 18 4 118 ) - 154 1 273 I 3 I I t 
I 185 11su - 1es 1 27 0 I I I I 

186 
1R7 

r 1e5 - 1~6 1 
I 186-1 b7 I 

21 : 
267 

I 
I 

, 3 I 
I 

I 
.9C!62 f . 1217 

I 
f 

I 
I 
I 
t 
I 
I 
I 
I 
I 
I 

188 
189 
190 
19 1 
192 
19 3 
194 
19 5 
196 
19 7 
198 

1187-l bo I 
I 188-18<.? I 
t 189 -1 9~ I 
f1 9C - 19 1 f 
11 91-19 2 1 
11 92-193 ( 
t 193 -1 941 
1194-19 51 
1195- 196 I 
I 196-1q71 
I 197 - 19E I 

2 t,(, 
265 
262 
253 
257 
253 
251 
248 
74R 
2,n 
242 

I 
I 
I 

? I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 I 
1 I 
4 I, I 
4 I 
2 I 
3 I 

I 
1 
5 I ' 
3 r 

I 
. 9887 f 

r 
I 
I

'I 
I

'r 
I 

. 12(,J 
I 
I 
I 
I 
I 
I 
I 
I 
r 
t 
I 

I 
I 
I 
I 
I 
I 

199 
200 
2/J 1 
2G 2 
20 3 
20 4 

I 198-199! 
f l'J9-2:,c- I 
I2"JC - 2 C, 11 
12(,1-2~2 1 
I 2(2 - 2:3 I 
1203 - 2':U I 

2 ,jlj 
2 JF, 
2 32 
2 2C, 
2 24> 
225 

I 
I 
I 
I 
I 
I 

3 
4 

3 
3 
1 
1 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

t 
I 
I 
l 
I 
I 

-------♦--------♦ ------+----------♦♦- -----♦ -----♦------ ---
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ESTIMATION OF NON-PARAMETIUC SURVIVAL CURVE 

TYPE REPAIR - SELE~TED 

SlftPLE AVERAGE LirE c 4 3 . 279S3 
SlftPLE LIFE VAFil~C s 1476 .76656 
EJPONE!TIAL AV!RAGE Llf! = 181.512 17 PlG! 6 

♦---+----.-------+-·-------------♦------..----.-. 

' I ,oi'IBER I 
IStTBVIYINr.f oa~ERYATiuNS I 

fTiftE TOI BEPOR? , +-----+-------+S0RY I TlLIPIOPOITIOlf 'I ' ' ' 
IPrlIODf FllLtJP.?f P!BIOD ICO~PLETEICEJSOR?DI P.ATE fSilPYIYnc; 
♦---+ --♦------♦-----♦-------+-------♦------+' 
I 205 f204-2051 224 I 3 I I 
I 206 f205-206f 221 'I 1 I ' 
I 207 1206-2071 220 'I I ' ' 
I 208 t 207-2C8 f 220 I 2 ' ' ' 
I 209 1208-2C9 I 218 I 'I II 'I ' ' r 
I 210 f 209-21CI 214 I I I ' I 

' 211 1210-2111 214 I I 214 I I I ' 
I 212 I 212+ I I I I I 
I I I I I ' 
' TOT I I 1109 I 1899 ' ' ' 
♦------t-' ♦ -------+-----♦--_,_,. __ ' '' 
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E.~r ,,ur10, OF ~O.N-PARA)IETRIC SUR\IVAL Cl"R\ E 
(Car Leuing Compan} Data) 

TYPE Rei-....ir.s ~t:Ll::t:Tt;D ::: c,-,., 

SAttPLE ,. •, en AG~ LIP E = 27 .t>t0.t7 
S•liPLE 1.1.f'l-. YA l-IANCl. = 1~7~.Sll 14) 
EXPO?l EN'l·ill A Yt.& .t.GE Lll"t. = J2 . 14:)7 C,,1. .t'au:. l 

♦----- ♦ -----♦ -------♦ -------------♦-----------♦ 

I I ~J t1&Eh I I 
I SOBVl.VING, l Od !.f:!! V• 'l ... o~:. I I 

l'l'l.:!E l 'CI I BEPUliE ♦-- - - -- - .:, .1i i rw AL I i-lt,fruR'l·l.u:, I 'I 
l PER 100 I tAlLOP.~ I P.E lslOD I C~t1Pl.t?LIC~~:,v~LDI RiT , I :,u!: '1 l WlliG I 
♦---♦ -----♦ ------♦-------♦ ------- ♦ ------- ♦---------♦ 

--t 

I 
I 

0 
1 

I 
I 

0 
1~ 

7 2304 
7 2JC, 4 

I 
I 6 1bo o Jo 

I 
. u .. 901 

1.0~0 0 
. o.c:~u 

I 
I 

2 
3 

I 
I 

1C,-1 '1 
2u - 29 

4S4b0 
304 90 

I 
I 

4Jo7 
84 17 

o..:J 
1 0 C, 

. 010 .. , 

. 7vb~ I 
.~ .t l b 
. 4,Y oo 

I 
I 
I 
I 
I 
I 
I 

4 
5 
6 
7 
8 
9 

10 

I 
I 
I 
I 
I 
I 
I 

30-J9 
"0 -'4 9 
Su-5':1 
6u-o ~ 
7 0 - 7 9 
au -d'1 
90-99 

2 1SS3 
1SbS3 
1 l774 

Su 17 
6~9 7 
S':l59 
4'4 Sb 

I 
I 
I 
I 
I 
I 
I 

':, .,7 ', 

377!'> 
2-.a .. 
l t>S 1 
l l','.:> 
SSJ 
7J, 

.Sb 1 
J {JiJ 

"J 7 J 
l o~ 
14 3 
I I 11 

co 

. 7J .. 1 t 

. 7-1.L.71 

. 1o ~f.l I 

. 7/bOI 

. ~., .. ~ I 

. o0btil 

. b l o:>l 

• " 1, .. 
• 16 .c:b 
• 1. "7 
. Ci,67 
. v7uJ 
• V O .c'. 1 
. u~o, 

I 
I 

1 1 
12 

I 100-10Y 
I 11 ·: -1 1~ 

J t, 71 
Jub~ 

I 
I 

~07 
4 I'.) j 

75 
bS 

. o 4 bl 
. 6,j~'.), 

. ,J ... .1..1 

. CucJ 

I 
I 
I 
I 
j 

13 
,ij 

15 
l o 
17 

I 1..!L-1.c: '::'I 
I B0-1 JI.JI 
, 1,..u-1,..~1 
, , so-1si,1 
l 1o0-1bl:lt 

..024 
22 10 
1928 
1o7~ 
114~7 

I 
I 
I 
I 
I 

J"b 
t~u 
2Ju 
1d 1 
l.J9 

00 

J2 
2.o 
,;2

".. 

I 
I 
I 
I 
I 

• b«. .!11 
. d72 ~1 
. 80021 
. t!l.lSI 
. c3tJO.c'. I 

• u ""~ 
• ..,._oo 

. u.1.J I 

. u"O l 

. 1. n~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

l d 
19 
20 
21 
~2 
23 
214 
25 
2!> 
27 
L8 
29 
30 
3 1 
32 
33 
314 

35 
Jo 
.>7 
38 
J 'j 

" V 

I 17"-l 7 ':, I 
I 1.'.l v- 1b':,j 
tl', v- 1':1',1 
I :.c.. .. -~v~t 
, ~, 0-2,.,, 
I ~20 - 2l', 1 
J 2JJ-2J',1 
I ..!4u-:.i-+'-'I 
I L~O-LS,t 
t2ou-2o~ t 
I ~70-27 'J t 
1"d0 - 2d 'J I 
t .c:Yu - 299 1 
1 juO-J v9t 
I 310-3 l S I 
I .uu - J'.£ 'J I 
1->->v-_,Jql 
I -'"0-3 -4!:II 
I .,~ i> - .J 5 <, I 
I ~ov-Jti ':1 1 
I J7 0-37-J I 
I _t,C - ., f: ':1 I 
I _,yo -.;9 9 I 

12~'4 
1 1~4 
10 15 
':,.? 
04 4 

77 1 
1()1 
o!d 
6v.: 
550 
523 
4b~ 
45 1 
4 3.3 
41 0 
Jb«. 
.)~0 

JJb 
.J 10 
3Cu 
~b7 
.c7 1 
L ~', 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

111 
, " 1 

7..! 
b~ 
So 
~o 
"o 
➔ O 

14 .-! 
.2 1 
2o 
"';j 
14 
11 
l b 
15 
17 
11 
t J 

l, 

1:. 
1 '-

0 

...~ 
l o 
l o 
l b 
17 
1 14 

C) 

:> 
10 

0 

i 2 
~ 

" 
1..: 

d 
11 

., :> 

J 
J 

L 
2 
7 

l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. o'J l ot 

. b7~bl 

. CJ l JJI 
• ., l v51 
. 1:, 1.,0 1 
. , 17Ct 
. ~L.J7 1 
. 9..!.! ul 
. 1;, 137 1 
- ~~ li:;, 1 
. ':IL7"1 
. <,JGOI 
. Yo 0 11 
. c,.no1 
. ~Jo 71 
. 'JJ ..!4 I 
. 'J.><J71 
. 9-H.o I 
_c..;,~SI 
. ',~bb l 
_., ...... , 
. 'J!>:>ol 
. •, .,'J':11 

. 1. l ~':1 

. ii , .. ;, 
• "' 1 .c: c. 
.u 1 l o 
. 0 1Jb 
. oc,1 
. vu,J 
. C,1.0.J 
. l)C.7o 
. Ov7 .l 
.OOo / 
. v\,o.£ 
. OOou 
. vvSo 
. OO~J 
. Ou4 '.I 
. C,u~o 
. Jv ,.J 
. Ou -' 1 
• uC,J '.1 
. :>v .,7 
. C. u.J ., 

·""-'" 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

---. -------..---- ---♦ ----♦ -----♦ -----♦-
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E Tl.'\IATION OF ~ON-PARA.\tETRIC SlJRVl\' AL Ct.:RVE 

TiPZ HJ:: i>Al.It5 SEL~Cl'ED = 0 -1:, . ~ 

S.iUH' l. .E: A"i r: fiAGt LIPE = L7 . ot:J,7 
SAMfLf. Lli'E VAfl I AN~E ::. 157~ . ~111l ~ 
EX Pu ti £ST i AL A Y E.IlnG1. L1Pr.. = j" . '1 5702 r.'.uL 2 

♦ ----♦ - --------♦-------------- ♦-- -----♦---------- ♦ 
SU1HsfRI I I 

I !>UR ~ 1 VltlG I Oo~!;RVA T !uti S I 
I ll~ f T u t b EPCJQE ♦ -------------•~Uk V l V A.,. I •' .1-. J~Jh l'lvi, tI 

I r E.R I OD I .1:'A l.LUHf t i?.fh 1 0D IcuttfL!~~ , L ~~s~Rf~ I t1 AT !: l->Jl:: V1 '1 1:t.'.; I 
♦--- - ♦---♦------♦----♦----•-----♦ - -♦ 

I Ii 1 I 4uCr -4 O<, I 240 I 4 2 . 9 757 1 . w .. JJ I 
t 4 2 I 11 1u-ll 1 ~ I 2:iu I b 3 . 9b.t c r . Ou.J.: I 
I 43 1420 -4 2~1 23 1 I s 3 . 9o!>SI . OOJ:i I 
I 
I 

ll4 
ll 5 

I iiJu- 4 39 I 
I lflh)-4 4 <, I 

L23 
~ 1:, 

I 
I 

b 
3 

2 
1 

. 904 :1 

. <,t, 1 -l( 

. uc,_., 

.oo_, I 
I 

I 
I 
I 

4o 
47 
48 

I i.50 - 4 5~ I 
I '-' o v-4 b~ I 
t " 7u-47~,i 

2 11 
2vs 
199 

I 
I 
I 

5 
t, 
4 

1 

" 
. 97 101 
. 971.Jol 
. 9 ::, ::,<:, I 

. 001.ts 

. vvt. 7 

. OuLo 

I 
I 
I 

I 49 I 480-4 ~ 'J, I 1 ~ 1 I 7 2 . 9 :u l I • .'.;C,,t:, I 
I so I ..Yu - 4~':, I 1e2 I 2 5 . 9b 17 1 • U v Lit I 
I 5 1 I 500 - 5u~ I 11 :, I 2 4 . ~0 5', I . ~llLJ I 
I 52 I ~l u-5 1<,I 1o9 I ll L - ~o i.7I . JC. .... 2 I 
I SJ :,2u-s29 I , 0 .3 I I. j • 9o ~s I • 0 0:'l 1 I 
I 54 :uO -:::, JY I 15h I 2 \ 0 - ~'-" ~ . CJOLv I 
I ss 540-!>49 I 14 b I 4 2 . 9~'1 11 . OC. l 'J I 
I 56 S5J - 55Y I JI. ~ I ~ L . 'J 7 1o I . vO l c, I 
I 
I 
I 

57 
58 
59 

~60-:>b9 j 
!>70-5 7 YI 
!>b.:i-5~9 I 

1Jb 
1Ju 
1L 7 

I 
I 
I 

.J .. 
I. 

J 
1 
b 

. ~::,o- • 
- ~77 .J , 
. 5..,7 :, I 

. uO 11.1 

.oo 17 
• V Vl t> 

I 
I 
I 

I 60 ~90-::,~'JI 11 ':1 I s I I 
I 6 1 t OJ -o O'J t 11 " I ~ 2 . ',o:u I . :c. 10 I 
I 
I 

o2 
6 3 

o l u-o l t.:il 
o . .d.i -6L SI 

11 ~ 
1C7 

I 
I 

1 
1 

2 
~ 

~'J, 7 1.':>I .':,·,..... , 
. utJ l !> 
. v CJ l !> 

I 
I 

I 
I 

o U 

65 
oJv -t>J 'JI 

I ti. .:i-o .. ':I I 
10 u 
', l, 

I 
I 1 

b 
·,., 

I 
• <, ':> 'J '.> I . vv l ~ 

I 
I 

00 
o7 

I t'..- u -b:>~ I 
I t.:,1)-60~ I 

':,"~, I 
I 

3 

" 
I 
I 

I :> ij I o7.:i - o 7 Y I I:, ., 1 4 . 'J ◄ J l t . vu l J 

I o9 I obu-6t'1I b:.: L u . ,1.77 1 . C\ji .... 

I 70 t v~ o-o~ s, 7o I 
I 71 I 7u~-7\:9 l 7b 2 I 
I 72 17 10-7 15 1 7 4 1 I 
I 7 , 172 0-72~1 7 3 }. I 
I 
I 

74 
7 5 

1730-73 ".11 
1.,4 0-74 !1 1 

7 1 
7 1 1 

I 
• ~ob l f . UV 1.: 

I 7 6 I 7'.:>0 - 7 5 SI 7 0 L I 
I 77 I 7bv-76 'J I 60 I 
I 
I 

78 
79 

I 770 -7 7 ':J I 
I7::i J-7 c<.1 I 

ob 
o!> , J 

1 
I 

. ':, ') ,, ._, l . :<. 1.! 

I 80 I 7<,;,,-7 ':1 91 o3 
I o 1 I ~vO - Hv'::1I o3 1 

-♦-----. ---------- - - .. -------♦♦ ---- • - - - --- -



ESTUt1ATION OF NON-PARA.'\IETRIC SURVIVAL CURVE 

SAt!.P LZ AVERAGE LlfZ = L1.bli~~1 
SAMrL E Lli'E VARIAU~f ~ 1~7~ .~t14 J 

JEXPON E~T.UL 1V EEAGE LlfB = 31 .4~ 70~ 

♦---♦---♦-------♦------------- ♦ --------♦-------♦ 
I MUl!b!:B I 
1s uav1VINGI . CJl:ISl:.:IIVATlvt.:::. I I I 

I i 'l'lr1E '.? CI I BEl'OBE •-----♦ ----• S U l!VlVAL I ••~OPJ kl'l.UH I 
IPl::Rl.OD l l-&l.LOBEI P£ii. 1 0D j D:l!1fLJ::1·1:.l~f::.!>J iiEDJ luLTt. l~D,Hl Y1 !hi I 
♦-----♦----♦-------♦ -------♦-----♦-------♦ 
I 82 l li 1u-819 1 62 I I 
I 83 I f.2 0-P.2 9 I o1 I I 
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I 
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I b40-8491 
I b50-&59t 

60 
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I 
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1 .. I 
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I d 7 I b60-8o9 1 55 I I 
I 88 1070-8791 55 l I 
I 89 I tsti0-889 1 55 I I 
I 
I 

90 
9 1 

I b90-8991 
I 50J-9i. ~ t 

~5 
55 

I

' 
I 
I 

I 
I 
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9 3 
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:>:> 

I 
I 1 

I 
I 
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I 
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I 
I 

I 
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I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
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9 8 
99 

1v 0 
1u l 
102 
l v 3 
10'+ 
105 
1.:i6 
1J 7 
108 
109 
11 0 

TOT 

1970 - 9791 
I 9b0-<j 6 ~1 
I ~':lv - 99~ 1 
I l vvCi . I 
I 101J + I 
I lu:t j • l 
I 103u + I 
I 10 .. 0 + I 
I 1v50+ I 
I '! Oov+ I 
I 1070 + I 
1 10su+ 1 
I 109u+ I 
I I 
I f 

SJ 
~J 
53 
5 2 
5~ 
S l 
5 1 
5 1 
5 1 
5 1 
5 1 
5 1 
5 1 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 

1 

5 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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APPENDIX B 

SAl\IPLING STRATEGY F OR ES TTI\l.A T IO~ OF 
FREIGHT CA R l\L.\INTE~ANCE RE LATIONS 

F or practical r eas ons , a two- r ound sampling strategy is recor:imended 
to develop freight car maintenance relations. A modest first - r ')und sample 
can be used to test suitabl e functional forms . This preliminary analysis 
determines the to tal sample r equirements to achieve satisfactory statistical 
precision. On this basis, the sample fo r analysis can t e a ugmer.t~d in a 
s econd- r ound sample to ach ieve prec ision obJ~c:1ves . 

WHY A S . .\).lPLE (OF A S.Al\IPLE) ? 

The data files available from the ra1lr,.,ad (C:\ILER, CR B, a:1d c ar move 
ment records) represent a 7 month histo ry ..,f repairs and operating statis 
tics for roughly 100, 000 cars . The statistician ,;; ofte n te mpted ·o use all 
the data available to him/her, but 1t is not practical fo r the rail :·oad, the car 
leasing company, and m ost firms to which the methodology will b.:> applied. 

The predominant r eason for selecting a sample is tha t the t:-,· iJ1cal data 
base is too large . The m e rged data fo r the railroad consume o·:e r- 200 mag
netic tape reels . F o r data processing r easons , it 1s not feasible :o ·.\·ork 
with this much material. 

F ortunate ly , using only a sampl~ fr ,Jm a large data base dOt:'S :1ot pre 
S<a'nt severe limitations . In a sens e , the total set of car histories r epresents 
a sample itself, since it cove r s only a limited period of o peratior:s . Thus 
there is nothing " sacr ed" about using the " tota l" sample, since it :s not 
r eally compl1:te a nyway. Uning a •1total" sample of the car histon.:s would 
provide no greate r validity to the study, since the nme span limu:a :1on 1s far 
m ore c ritical. 

A:--J'ALYSIS OBJECTIVES 

Sampling objectives must be defined before sampling strategies a r e dis 
cusse d. There are two fundamental analysis obJectives: 

Objective 1 - T o find predictive relations of maintenance acti-:1~.
by car descriptive and utilization factors . 
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Objective 2 - To achieve an acce ptable level of precision on the 
pa rameters (coefficients of the independent vari 
ables) fo r each relation developed. 

Objective 1 relates to the particular forn chosen a nd not direct ly to 
sample size. The degree of attainme nt of Ob3ective 1 is measured by the 
multiple coefficient of corre lation (R2), th~ standard e r ror of e stunate, a nd 
the r esiduals (difference be twe e n actual and estimated values) . .-\11 of these 
statistics are provided by most statistical packages (e . g., SPSS, B:\ID). 

Objective 2 r e lates directly to sample size • .-\s a rule , ::he larger the 
sample size, the greatt?r the precis ion that :s realized. Al hough ,;ery spe 
c ific objectives s hould be a voided before the a nalysis beg-ins, ~he r e is a rec 
omme nded measure fo r the p recis ion of the :-egression coeffic 1ents . F o r 
e xample , the estimate d coeffic ie nt s .;hould be within + 10 percen:: ..> r + 20 
percent of the "true" coefficient va lue . The "true11 coeff icien: lS an abstrac t 
term denoting the coeffic ient value tha t might be obtained by a n tnfinite sam
ple . T he values + 10 pe r cent a nd + 20 percent a r e no t a par: 1cula:- r t-com
mendation; the value will depend on the nwnbtr of c,>efficien:s in ·he given 
r elation a nd o ther practical considerations . 

The atta inme nt of Objectiv..: 2 may bt: measur td by analys _., .::, i ·he re 
gress ion output. Spec ifically, the output provtdes the standa:-1 e"·ror of ..:ach 
estima ted coefficient. Based on the s tandard e rro r , a 95 pt:- e n t confidence 
interval for the " true" coefficient is c omputed: 

confidence interva l = (a + tSF.a) 

whe1·e : a is the es timate d coeffic t <!nt; 
tis the value of the student's t dist ribut ion fo r th.- 35 pt>rc.,.nt 

leve l (approx ima te ly 1. 96 fo r la r ge samples ); :::.:1d 
SEa is the standard e rror 0 f the estimate d c0oeffic:::1~. 

In the example for ± 20 percent precis ion, th~ obJect1ve is _,_ ·tained :J the 
extreme edge of the confidence interval does not e xceed 20 pt!::-:~ nt m o re 
than the coefficie nt itse lf. That is , if 

tSEa < . 20a 

Note : All computations in these notes ignore the f inite popu :i.u.>n 
correc t ion factor, since comparisons a r e made to :l:t! 
"true," as opposed to the total, sampli: va lue . In :he !.a tte r 
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comparison, the addend in the confidence i terval should 
be factored by 

where N is the to al universe size, and n is the sample 
size. Effectively, this results in a more "lenient" anal 
ysis. 

SAMPLING STRATEGY 

Given the crite ria explained above, the proper sample of \,;ar must be 
selected. There are no universal or magic constraints that die a ample 
size requirements; the size is determined from the characteris ·c of the 
data and the hypothetica! relation to be estimated. In other wor s , '.Ve must 
sample the data base to find how large a sample is ne ded. 

This is accomplished economically by 'irst selec ing a modes random 
sample of cars . In this study, samples of 1,000 and 2, \JOO car h ·s ones 
were used for the railroad and the car leasing company, r sp c: · : 1 . Sam
ple sizes in this range are quite suffici nt fo r the first round. \ • h hi 
practical data base, the hypothetical rel tions are t sted with th regression 
programs. If acce ptable precision is not achie ed fo r he parar::e:e r f the 
r lat ions, the sample will b augmented to achi ve the precision :- qu • r -
ments. 

The expected margin of erro r for th estimation is equat d ,-::h h ch ') 
s n tole ranee for rror (exampie :!:_ 20 p re nt): 

xpe cted confid nee interval= tSEa o r t J; = . 20 a = selected ;:,rec ision 

wh -= re s is the standard deviation based on the initial sampl . 

This yields a sample size requirement of: 

)
., 

ts "' 
n= (--/. 20 a 

Note tha t+ 10 percent precision requires f our times the sample size 
corresponding to :!:. 20 percent precision. 
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For each parameter and each relation desired, the total u3able sample size 
required is computed with the above equation. The maximum of a ll compute d 
puted requirements, n*, is the total usa ble sample s ize required . To de te r 
mine the number of additional cars to select, the initial s ample Slze is s ub 
tracted from n* and this result is divided by the usable data percent r a te . In 
the initial sample for the railroad, 4 percent of the cars selecte d had r.o 
records assignable; thus the usable data rate is 96 percent. 

SUMM...\RY 

The sampling strategy is compris ed of Seven steps: 

Step 1 - Select a m odest sample of cars fo r preliminary a nal\·sis 
( 1, 000- 2, 000 car histories ), 

Step 2 - P os tulate fre ight car maintenance relations (for:n a nd 
s pecific variables) , 

Step 3 - Perform regression on postula ted relations for the sam 
ple selected in Step 1. 

Step 4 - Analyze r e lations f or degree of pred ic tion. Re ps=at St~ps 
2 and 3 until Objective 1 is attained or deeme d U.'1attain 
a b le. 

Step 5 - C ompute r equ ir ed sample size fo r e a ch relatior. ·.vh1ch 
was deve l oped. 

Step 6 - Select a ddit ional cars to a c hieve total usable sar.:;,le size 
requirements . 

Step 7 - P e r form r egression on augme nted sam pltc! to ven.:·y that 
parameters are within precision r equire ments , ( If not , 
repeat Steps 5 and 6 , ) 
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APPENDL"I: C 

CO;.\IPUTATION OF NON-PARA;.\IETRIC SURVIVAL C t: RVES 

Procedure IRWVIVA was written to be compiled and executed at an in 
stalla tion supporting the PL/ I Optimizing Compiler. Its purpose 1s to com 
pute and tabulate non-param etric survival curves for the car-leasing com 
pany' s car repair history data. A comparable procedure, IRW V[VE, was 
prepared to compute and tabulate non-parametric survival curve s fo r the 
railroad' s freight car repair history data . 

Non -parametric survival data are tabulated for one or more P :'.\Dl&Co . 
major repair c ategories. Entries are printed fo r each period, a 10-day 
period being used for the car-leasing company' s data and a 1-day period for 
the railroad's data. Columns contain time (days) to failur e , the number of 
cars surviving before the per iod, the num ber of complete and censored ob
servations, the survival rate, and the propo r tion surviving. 

The distinction between a complete and a censored observation may be 
seen in the following exhibit : 

A I C 0 

t 
fllPAIII 

1110, I 

t u , . .., 
NO. J 

Intervals A-Band D- E are censored observations. Intervals B-C and C - D 
are complete o bservations. 

The number of cars s urviving before eac h period is compute~ as :o llows : 

COUNT (O) ,.SUM(COMP ) +SLl-1 (CENS ) ; 
DO '.11•1 TOH ; 

2R N-l; 
COUNT (N) ,.MAX (0,COUNT( R) - CC>r'P (R) - CENS ( R)) ; 
END; 

where CO::\IP and CENS are vectors containing complete and censored obser
vations and H is the number of periods. 

The survival rate is computed as follow s : 

DO N,.0 TOH; 
TEMP..COUNT(N)+l; 
IF TEMP2 O 

THEN RATE (N)•O; -~ 
ELSE RATE(N)•MAX (O,(TEMP-COMP (N)-CENS (N))/TD1P ) : 

END; 
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The proporti~n.surviving is computed as follows: 

PROP(O) • l; 
R•O; 

DO N• l TO 8; 
IF COMP (N) '> 0 

THEN DO ; 
PROP(N) •RATE(N) *PROP(R); 
R•N; 
END; 

END; 

The sample avc:rage life (AVG). the sample life variance (SLV). and the 
exponential aver age l ife are also computed and printed for each table . r.1ey 
are comput ed a.s follows: 

DO N•O TOH ; 
AVG• AVG+Hl D(N) *COMP (N); 
CUMF• CUMF+cOHP (N); 
SUM4P• SUM4P+cOMP(N); 
SUM4PP•SUM4PP+cOHP(N)*HID(N) ; 
SUM5 PP•SUH5PP+cENS(N) *HID(N) ; 
SUH4PPBAR•SUM4PPBAR+cOHP (N)*~ID(N); 
SUH4PPBAR2•SUM4PPBAR2+cOMP (N) * (HID(N) **2); 
END; 

IF CUHF•O 
'raEN AVG•O; 
ELSE AVG•AVG/CUMF; 

TEMP• SUH4P* (SUM4P-l); 
IF TEMP•O 

THEN SLV• O; 
ELSE SLV•(SUM4PPBAR2*SUM4P- SUH4PPBAR**2)/TEMP; 

IF SUM4P• O 
THEN EAL=-0; 
ELSE EAL•(SUM4PP+SUMSPP )/SL1i4P; 

where CIDIF, SU:\'14P . SUM4PP. SU:VISPP, SU:Vl4PPBAR, and SC:\14PPBARZ 
are working variables with initial values of 0 . 

The procedures to compute non - parametric s urvival curves are not diffi 
cult to write: data processir.g obstacles are the chief problem. 

Over the period of a single year, a typical Class I railroad will generate 
several million repair incidents. P l\Dl&.Co. processing was alwa} s per
formed on a restr icted sample of these incidents . The sampling procedur e 
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itself can be quite time-consuming and expensive. Moreover , special input 
data must be prepared for the non-parametric survival curve programs. 
These data must combine information derived from two sources--namely, 
the UMLE R File and the Freight Car History File--and merged. 

Thus, although the results of the program m ay be interesting, the prep
aration of this information may represent too extensive an effort to be prac
tical, unless associated data processing is also being performed. 

The development of procedure IRWVIVE required approximately -1 hours 
of an expert programmer's time. Its modification as procedure IRWVrv A 
required an additional 2 hours. Preprocessing procedures required approx
imately 16 hours to develop. 

All procedures were written in PL/ I, an advanced, highly flexible pro
gramming language which facilitates program development. 

Approximately 4 hours of CPU time on an IB:\l 370 / 155 was needed for 
all aspects of program development and data preparation. However, this 
did not include the cost of the extraction of sample cars from the complete 
Freight Car History Files. These extractions were performed by the rail 
road itself and undoubtedly required seve r al hours of CPU time. 
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PSOCEDUa E 9A~E: IEWPCAB, A proceoure to extract data t o r sa m~ le ca r s 
froa tne NW lre1.4nt Car t:istory Fi.le. 

AUTHO:?: Eobert w. Wh1.taKec 
Peat, aarwick, ~itcne.ll ~ Co. 
1025 Connect1.cut Avenue,~-•· 
liashioqton., o. c . 20C36 
(20 2) 223-~ 52:i 

LAN GOA GE: frocedure I ~•FCA4 1.s vcitten to be co0 ?1. led anJ a xe 
cuted at .u 1.nstal lat1. on su ► portinq t ne Pt / I Cp t1~1z1.04 
Co111piler, Ver~1.on 1, aelease 2 .3, fTF 6 1 , o r la ter . 

PU!ifOSE: 

The purpcse oi procedure !3•:CAa 1.s t o extract material pec ta101nq onl y 
to sample cars from the i~e14nt c~r history file. Input s are tn e sa~ple 
proti.le and the entice fre1.4nt car ~1stor y f1.le. A version of the 
treiqht car histcry t1.i~ couta1.A1.n~ only data for sa~p:e cecc rJs 1.s 
output. !he ireiqht car hlitocy tile 111ust be 10 sort ov c ar 1.aent1:1 -
cation (columns 1-10 ) . 

•----------♦------------------------------------------------------·I Statement 1contents 
♦---------- -♦------------------------------------- --- ---- ---- ---- - --· 
I EX ~C IT t e purpose of tne ~i~ ~ statement 1s t o 13vo ~e Fcocadu re I 
I 1rRli.fCAR. ':he iii:lilu~ and :'I!!E cara111eters H f be si:ec1. r1eJ . 1 
I IA 3EGION of ,~~~ dGd a II~E of 15 ainutes ~a ve been t OUO U I 

I 1to be adequate t oi: 4 Jo0/65 . !he ?AaK ~aratete r ~a y oe J 

I 1used to speciiy ?~ll 4ild procedure I3aFC~E execut1. cn ti~ e, 
I I Parameters. I 
I I I 
I 1zxaaple: I 

I 1//IiiWFCAa E~i~ ?~~~:i WiCAR,aEGI C~=,~UK1 I !~~=1 5 , I 

I Ill PAli11=( 1 /_..,: 11 ,:;1:aA~! SA~FLl CARS"'i''tE.:. l =7 o •, I 
I Ill 'LOW.~ONTn= l'1' h4liu .~O~:c=7 ' ) I 

♦-----------♦------------------------------------------------------- ♦
IS':' ZPL!i3 ~J 1:he purpose oi tne s r~~L!S CD stateme nt is ~o de ti ta a 
I 1l oad Librar ·,- c0Gtdl.OJ. n4 th e i;cocedure : !i •:C.:..i'! l. o~ d :iod -
I 1ule. 
I I 
♦-----------♦--------------------------------------------------------· 
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♦-----------♦--------------------------------------------------------♦ 
t Statement 1coo t ents 
•-----------♦--------------------------------------------------------♦

1::xample:
I/ / STEP .. I 3 Di) ;> .:3 ~ =?,'1 11Cu • LOAD. l RWf C,\ii , DI S? = (ShF. , P~ SS ) 

♦-----------♦---------------------------------------------------------♦
ISYSPBI!lT ~D IThe purpose oL ~ne jY ~!RI~I C~ statemen t is t o define a I 
1. tSYSC UT file w"~re pruc,dure I~•FCAB may place messages I 

1durinq execution. r ~~ ~ei ~~lt record charac teristics are II 
1aEC F~:V8A, ~a~CL= 1l5 and SLKSIZZ=1~9 . The user aay s~ec- II 

I l i fv a BLKSIZ~ Ot 1t 9 ?~ 1 a ~qer is desired. I 
I I I 
I 1::xaiple : I 
I 1//SYSPRI~: vC 3Y~~ UT=A I 

♦-----------♦---------------- -------~ -------------------------------♦ 
t PLIDO~P DD l!he purpose or t n~ PLlDUaf CD stat ement is t o de ti ne a I 

ISYSCUT file woer~ d coce maoaae~eot report ~a y be ~laced II 
t bY the PL/I nouseKeepioQ pr oc edur es and wher e an ~,!SO II 

I tdu lli;: may oe ple1cca u required . The r-=eord coarac~eris - I 
ttics of the ~L lDU~2 ri~e a re prede fined. ! tis:: state- tI 

I tmav be OQltted . I 
I I I 
I l~xample: I 
I j//fLI DU~~ D~ si~0u:=A I 

♦----------♦--------------------------------------------------------♦ 
ISYSU': 1 C~ 1:he purµose or t ne S1S U!1 t~ statement is t o detine a I 

I Phvsica l seq uP. ntidi in ?ut tile co ntaining toe sam~l~ cat II 
t Protile . It$ a~su~ea r~cord charac teristics are R,CE~•,B II 
1anJ LRSC:=8u. i ts ~~~.:3:z~ is taien fro• the S13UT 1 DL II 
fsta t ement, t ue til~ laoel or may detault t c 30 . II 

I I • 
I 1::xample: I 

I//SYSUT1 DD uS~=rd!~u .ue~t a . SAjfL.E , DI SF =(S~R,r~SS) II 
+-----------♦--------------------------------------------------------· 
I SY 50~ 2 
I 
I 
I 
I 

DD 1:ae pur pose a t toe s,~ ur 2 DO statement is t o define a 
Jpaysical s e4ueutia~ inµut tile contai.u.nq t he entire set I 
1o f the freiqa t car oi~tory aata. :ts assumed r~corc cna r-1 
tacteris tics are ~~~r~=:B and La~CL=13C. :ts c~KSlZ ! is I 
ttak en from toe ~1su : ~ DC s tate~ent, the tile label er may1 

l I de fa u1 t to 1.JO • I 
I I I 
I 
I 

1::xample:
I//S YS UT2 DD os;.=t1 1i1Cu . blS!CE Y.CAE. . a.EC OD E.: , cl.5?= (Srl&,i'ASS) I 

♦- --------- -♦-- ------------------------------------------------- --- ---♦ 
fSYSU!] CD 1:he ~urpose or toe SY~U!J CC s tatement is t o defin e a 
♦-----------♦---------------------------------------------------------♦ 



♦-----------♦---------------------------------------------------------♦I State•ent 1contents 

♦-----------♦-------------------------------------------------------- ♦I IPbJsical se~uenti,l ~utFUt file -here a version a t t n~ 1 
I lfreiqbt car hiatory ti~e c ontaininq o nly sam ~le cats may 1 
I lbe placed. its recor~ c baracter4stics are Ft edefin£d a s 1 
I IR~Cl!•fB, LaL~L•1JO ,n a BLKSIZ£•31,0. I 
I. I 
I I?.:za 1 1,1le: 
I III SYS UT 3 DD D~U•?a b~J.blS:OiY. CAi.SA"~L!C, C~ IT• l l lC , 
I I ll VOL•S;!ll =i-lS.ic.\t.,SPAC£•( T 6K.(19C,190) ,RLS E), 
I I I/ tIS?•(,C.\IL~,~~-~?i) 

•-----------♦---------------------------------------------------------· 

The PAR~ para ■ eter of tAe ~•~~ ~tate■ent ■ay be used to SFe c ity PL/ : 
and proced ure I BWrCAR exacution ti ■e parameters. lts f o r2a: is as f ol
lc11s: 

The for ■ ats oi the PL/I executiou ti ■e ~•r• ■•ters ■av be tound in the 
PL/I Pcoqra ■■ers• Guide. Taeir deraults, set DJ procedu re ; EifCA~ as 
iiPO&T and ISA(1CK), are ade~uate, and they ■ ay be o ■ itted. Froce dure 
IBIHCAi para ■ eters are keyw~r ci 4JN ■a r be supplied in any o r der. C ■ it
tea para1eters have detau.t values. Their for■ats ■ay ~e f ou nd in th e 
follovinq table. 

♦-----------♦-------------------------------------------------------♦I Parameter !Contents 

♦-----------♦-----------------------------------------------------♦trD &The ID p4ra•etar ~•Yo~ used tc specity a ny character 
I 1strioq to be used a~ iaectification. Its defau l t vJlue i s 1 
I 1a null striAq . I 
I I I 
I 1ixa ■ ple: •:"• "~.? iAt..:I SAIHLZ CA AS'" t 

♦-----------♦--------------------------------------------------------♦
lli:Ai l~he YEAi pa£aae~e£ ••V be used to indicate the y~at to te l 

' 1asscciated wit n •x~racted data. rts defa ul t value 1.s O. I 
I I I 
I 1zxa ■ ple: 'l,Aia7o• I 
♦-----------♦----------------------------------------------------------♦ 
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I RWfCAR Wciteu~ -- Pa qe ~ 

♦--------- --♦-------------------------------------------------------- ♦
I Parameter 1coo tents 

♦-----------♦-------------------------------------------------------- ♦tl CW .~CN! H 1:he LQij .~OUTd paramet~r may te used t o indicate tnE lower1 
I 1in a range of ~ontas t o be associated with extracted 1 
I 1data. rts detault val ue is O. I 
I I I 
I ,~xample: •~u~.~o"ra=1• J 

♦-----------♦------------------------------------------------------- ♦IHIGH.~ONiH tThe HIGH.MO~Tri PdCometer may be used to indicate tbe 
I t hiqher in a ran4e ot wonths t o oe associated wit h ex
I ttracted data. ~ts derault value is O. 
I I 

I !Example: • H~~H . aUN~d=7• 

♦----------- ♦-------------------------------------------------------♦tSTOPAFl 1Ihe STOPA?T paca~eter may ce used to specity t oe maximum 1 
I taumber of recoras t o 0e read fro ~ file SYSUT2. •he n it is1 
I jqreater than zer o , tile SYSu!2 will be treated as though 1 
I 1an end of tile nad oeen encouoterea 4iter STOP~F: reco r dst 
I tn a ve been ~eaa. ~t~ d~tault value is O. I 
I I j 

I !Example : 'S ICPAf~ =SOOv • I 

♦-----------♦--------------------------------------------------------♦ 



PEOC!OU .a .E NA:-'.Z: : IP.wc.r.rs , " proccuure t o uans ror ;n job ccJes .l n t ::i .;: 

Freiqht ~ar a.istory file t o the ir 2MM&Cc. ~qu 1valents . 

AUTHOR : 5obert ~- ■ hita~er 
Feat, ttarwic~, ~itcnell & ~c . 
1025 Connecticu t Avenue, s . • . 
Washinqton, .) . C. .:: 0036 
!20 ~) 2 2J--, S25 

LANGOAGf: frocedurP. Ia.c,.rs i~ writte n to be compiled aod exe 
cuted at an .instaliation su~portinq the ?~1 : (~ t1 m1z1oq 
C~mpiler , Vecsiou 1, P.elease i . 3, PT: 61, o r later. 

?URfOS ! : 

7 he purpcse of ~rocedure :i~~~;s is t o su ts titute f~~,c c . eQui va l cnt 
icb codes tor the c.&.a. coacs or.iqioally t o be found io t ne :reiqnt 
Ca r aistccv File. The Fceiqot ~ar a.istory :ile containioG sa~~le car s 
is input together with a ti~e ot data state;nents r elatin~ ?~~&cc. 10c 
codes to th eir c .a.s. ;oo code aoci qualit.ier equivalent s . A ttdos.cor.u~d 
Freight Ca r cistcrv :ile is output . 

P&OC EDUEE !~•CAIS JCL STAIE~E~T$ 
+-----------+-------------------------------------------------------- ♦ 
1 Statemen t !Contents 

• -----------♦--------------------------------------------- - ---------♦
I :: :t. EC 17he purpose at tne iii~ s t atement is to invo ~e ~rvced ure I 
I II3WCA!S. Th~ ~!~:ON auu rr~! parameters ~ay ~e specit.iej .1 
I I.\ 3l::G:ON of , ....K ,u...1 a T!~:: of 2 minutes na ·,e oeeo .t c u nd I 
I Ito te aaequdte Luc a Jo016S . The PA3M paca~e ter ~dY ~e I 
I 1used to spec14y ?LII a~d procedure IaWCATS execut.lCD t .l~e , 
I I Parameters. I 
I I l 
I 1~xample : I 
r 1//IBWCA!S EX~~ r~d=ia~~A!S,EiGIC~=14~i , :i~~=~ , 
I Ill PAa~=( 1 /:~=••~0 NVidT J OB COC!S 11 •,• paoa=J . 01 ' ) 

♦-----------♦--------------------------------------------------------♦
t ST::'.PLIB DD t !he pur~ose at t ue sr~rllS cc stat~ment is t o detina a 
I 1load library coutd.luin~ tne ~rccedure I3JC.\:S : cdJ ~ c j -
j 1ule. 
1 I 
I ;::xample: 
♦-----------♦----------------------------------------------------------

https://COC!S11�,�paoa=J.01
https://Ia.c,.rs
https://IP.wc.r.rs


I r. WC,\TS \,it iteuo -- l:aqe "' 

♦---------- - ·--- -------------- -- ------ - - ----------------- -- -------- - - - ♦
I State ment ,~onteots 

♦-----------♦----------- ---------- - ---- ------------------------------♦ 

♦ -----------♦- - --- ----- - -------- ---------------------- -- - ------------♦I SYSPBINT J~ IThe pur pose oi ~nc Sx5?BlN! C~ ~tatem e nt is t o define a 
I I SYSOUT file .nere procedure I ~ ~CAIS may ~lace messayes 
l l d u r i.nq e~ecuticn . Its detault record cbaract e r1 s t1cs ace 
I IRECF~=V8A , L~-~L=125 aud 8LKSIZ~= 129 . !be user :ay SFec

' lify a BLKSi wE ct 1~9 or la r qer is desir ed . 
I I 
I !Example: 
I I//SxSP8I~T ~c ~iS uU~= ,\ 

♦-----------♦------ - ---- -------------------- ---------- --------------♦ 
i ?l!DUt1? OD !The purpose ot tbe i~lJU~~ CD statement 1s t o def i ne a 
I I S'!SCUT f ile J aere a core 11 aoaqement report rr.ay t:e flaced 
I 1by the PL/I aou~e ~eep1oq procedures and where an ,\cE~D 
I !dump ~ay be p.acea it required. the rec o r d charact eris 
I l tic~ oi t he fL~DU~P ii~e are ?redefin~d. ~h~s DC s t ate -
I 1may be omit ~ta!d . 
I I 
I I Exa 11 i:le : 
I 1//PLIDU~P Oj ~tSuUl=A 

♦-----------♦ --- ------------ --------------------------------------♦
I SYSU1' 1 Ci: l !he purpose of t ne Si~u11 CC statement is to de tioe a I 
I !Physical se~uent1dl input file containioq tae fteiqht earl 
I !history data wni c o appl i es to sa mple cars . rts assumed I 
I trecord chardcteristics are ?.ECF~=PB and t ac.CL=130 . Its I 
I 13LKSIZE is t dKen i r om t he SYSU11 DD s t ateme nt , t ne fiie I 
I t label or may detdUL t to 13 0 . I 
I I I 
I l !xample : I 
I I//SXSUT 1 OD :s~=~adCJ . HISICSY . C,\i.SA~2LEC , c:S?=(SHc , ?A5S) I 

♦-----------♦ --------------------- ----- ------------------- -- - --------♦
ISYSU'r2 CC 1:he pu r pose or tne S,5U12 CC statement is to 1et1oe a 
I jph ysical sequeu t iaL out~ut file containinq freiqn t ca = I 
I 1nis t ory dat~ app.yi~~ to sample cars and wita transt or med 1 
I f iob codes . • ts reccca characteris t 1cs are ~r eaefinea as I 

t R! CFM= f B, L~ E~~=l~O aou 6LKSlZE=J120 . I 
I I 
!Exa mple : I 
I//SYSUT2 DD DSJ= i~~~~ . bIS!05Y . CAi . ?MMCOD E, U~ :::JJ3 0 , I 
1// VOL=SER=Pl"..:1i?AK , ::i?A..::E=(TiiK , (15C , 1~0) , iUSE) , I 
1// OISP=( , C.'l1L~ , u :.~.c.Ti) I 

♦-----------♦- ----- --------------------------------------------------♦ 

C-\O 
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P30CED OS E IE • CAT5 JCL STAilj~ ~:~ , ~ON!lNU~C 
♦-----------♦--------------------------------------------------------- ♦
I Statement 1co ntents 

♦-----------♦--------------------------------------------------------- ♦t S:!SIN DC 1rae purpose or t.ae S1S.iN CC s tatement 1.s to Jetioe a J 
I IPbysical se~ueotial 1.n ~ut ti le where data state Jents de - 1 
I 1rininq the relat1.onsu1.i,; uetwee r. PM~&cc. iol:: co.:ies dnd I 
I ,c . a. a. iob codes and qualifiers may be placed . :ts as - 1 
I 1sumed reco r~ coardcter i stics are a~CFM=FE and : ~~~L=jQ . 1 
I !Its BLKSlZE .I.S t. ci;llcil ttOIII t ne 5YS!N DD state::ien t, toe l 

I 1file label or may J~iault t o ao . l 
I I I 
I 1::xample: 1 
I 1//SYSIN JD • I 
♦---------- -♦---------------------------- - - - - ----- ----------- ------ -- - ♦ 

7he PAE~ para~et.er of th~ E. zc s tatement may be used to S?eClfy ?L/I 
aLd ~r ccedure Ia•CATS execuuoo tim ~ para meters. Its for~at 1s as tal 
l o ws : 

PA.:!M= (' i=L/: - parameters/.iii • CA"i"S - para11e tecs • ) 

!he formats of the PL/: executiou ti.me pa rameters may be : cunt l.D toe 
PL;I Programmers • Guide. Iheir .Jet aults, set cy procedur~ Z~~CAlS as 
FE? CRI' and IS,!.(1GK) , are ade~uata , and t.bey llay be omi tte::. J:roceduce 
I ?~C~TS ~arame t ers a r e keyw or u a~d may ce supp lied in any c r je r . 0~1t 
t ed paraiteters bave defaul t. Vdlues. Their iormats may be : -::und in tne 
follo.inQ ta c le . 

♦-----------♦---------------------------------------------------------♦
I Parameter 1ccoteots 

♦----------♦--------------------------------------------------------♦_..,- l ~he ID paramete r ~d Y oe used to speciiy any ~~arac t ec 
1s t.ring to be u~ed d~ 1aentif1cat1.oo. :ts dei dYit valJe 1s 1 

I' 1a nul l stria~. I 
I I 
I 1!xample: 'I u= ••~o~vE~r JOB COCES '' • 

I -

♦-----------♦------------------------------------------------------· 
li?i! Cc 1The P&OB pa.ca.aeter ilaY t:e used to specify t be i: r coa.bi i1.ty 1 
I It.bat a particular 1uo code traosior~at1. c o ce i or~atted . 
I ! I ts de fau lt va~u~ is 0 . 

·-----------♦--------------------------------------------------------♦ 

c. \\ 
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I ♦----------- ♦ ----------------------- ----------------- ----------------♦Para meter 1contents 
♦-----------♦ -- - - ·--------- - - ------ -------- ------- - --------- -- ---- - --• 

l!x a mple : ' f3Co=0 . 01 ' 

♦--------- -♦---------------------------- --- -------------------------♦IST O?A f! 1rhe STO~A?T p~rd~et~r ~ay t:e u~e<l to specifv the iaximum 1 
I 1nu!llt:er of reco ras to oe read fr o m ti.le S'1SU'I1. ii nec it 1s1 
I 1qreater tnau ze~ o , r1.~a SYSU11 will oe t r eated as tnouqn 1 
I t an end of f1.le o~u D~ea enccuntered afte r S!OP~,: 1ecords1 
I 1have been r eaa . ~ts :.erault value 1s O. I 
I I I 
l 1Exa mple: ' 5TutA,r=5000 ' 1 
♦-----------♦-------------------------------------------------------- ♦ 

Jcb code tiansformatioa u~c.a Std t e!llants are 10 the fcllcvicq tormat : 

CA!~GQ3\=cateqory-nu~cer 
CLIS!='CJ: - iob- code- l ist' 
CLIST= 1 qualifier-l1.st•; 

where CLIS~ and ~LIS: are oµ c.1.ooai . the data statemen t s ac t ually us~d 
may t:e ccun d in the foll~w1.0Q t~u.e. 

♦------------- ----------------------------------------------- --------♦ICA:Z:GO;i Y=1 . 1 I 
1c1is:= • 1cc~ . 1o oa . 10 12 , ,010 , 10,o , 10,u,1 02e ,1 cJ2 ,1036 ,1 C4o , 1: .... ,10 1. &, 
I 1C48 , 10 5 2 , 1060 , 1062 , 1 0 o .. , 1.J &v , 1.J C, ~ , 10 9 u, 1 1 lb , 1 1 ..0 , 11u4 ' ; ' I 
ICA l '::GO aY=1 . 2 I 
IQLIST= 1 A, , A2 , AC , AK , AJ , A~ , Ao ' I 
I CL : S:'= ' 1a c, 1 J C C, 1 3 Cu , 1 j Co , 1.l 1 .. , 1J 1 o , 1J , 0 , 13 &iO , 14 2_. , 14 2 8 , 1 ., J, , 1 '- 3b , I 
I 11. .. 0 , i u~ .. , 1~ ~ e, 1tl 52 , 1.. Su, 1.. :>o , i 5 3 2, 1 5 ~ 6 , 1oO O , 1o O:. , 16 0 8 , 16 1 ~' I 
IC.).T;::iC3Y =1 . J I 
IQL:ST= ' OB , ~c • I 
tCL:ST= ' 1520 , 152i.,15:!S,1 5.3~ , 1Sjo •; I 
I CA:rG c:; Y=1.~ I 
IU~IS! ='AH, ~S . ~V . CW , Cl , CX ,~i . J~ , DJ ' I 
I CL IS:= • 1 34 4 , 1 3 4 8 , 13 5 2 , 1., So , 1., ov , 1J o O, 13 6 .. , 13d 8 , 13 9 2 , 13 9 o, 1 .-0 0 , 14 014 • ; I 
ICAl ~G03 Y=1. 5 I 
ICl I ST= ' EK , 21 , DL ' I 
tCL:S:= 1 11J76 , 14~C , 1484,1 ..oo , 1.. jo 1 ; I 
1c;.. -:r.:.c sY=1 . ,; I 

♦-------------- ------------------------------------------------------♦r 

https://foll~w1.0Q
https://f3Co=0.01


CATA ST~Tt~!~:S I~PUT TO ?a~L~Du~~ l3 J CA1S , CCN!INUED 
♦------- ------------------------------------------------------- ------- ♦ICLlS!'= ' C:> , :~• 
I CL .::s:-= ' 15 5 6 , 15 o O, 1S64 , 1 ::> od , 1 S 7 ~, 1 .S 7 E, 15 7 c , 1: C ◄, 15 7 4 1 ; 

JCA!EliCS~=1 . 7 
I Cl I ST= I 11:32 3 , 13 30 , 18 36, 1 0 .JO , 10 ..o,1052 ' ; 
ICA !EGca 'i=1 . d 
1oLr s :- = • e:: , E:' , => "' , a :t, e Y, 5 z , .::.;,. , c 5 , c-.:: , cc , c :: , c P, CG , c H, c:;: , ,:J , c :< , c L , c ~, c 'i , 
I CO , C: , C>J ' 
1ctr s::= • 1 s s c , , a o o, 1 a 6 ~ , 1 o o o , , o 7" , 1 o 7 6 , , ec: c , 1ag~ , 1a ~ .. , , s c.. , , ., 1o, 1 g _ :: , 
I 19 3 6 , 1 9 .. C, 1 9 u u , 1 S 60 , 1~ o-., 19 od , 1., 7 2, 1 S 7 E, 1 S 60 • ; 
tCATEGC3Y-=1 . ~ 
IQLIS:=•AD , AE , Af , AG ,A N ,A ? ,Aw, Ai ,A ~ , ~! ,A □ , AV , Aj , AX,A Y , AZ , 2A , EE , aC , EJ , I 

I EH , 2J , EG , c~ , EN , 8P , 3u , ~~ , c3 , ci , 5U , SV , Cn , C! , Df , OG , DH , DK , ;~ , CN , CC , Jr , 1 

I CU , CR , OS , JT , DU , DV , :>~ , u ~, Dx ,~3 ,Z~ ,ED, EE ,~ : ,EG' t 
ICL IS: = ' 11 o O , 1 1 E : , 1 1 S 6 , 1 1 7 ~ , 1 1 7o , 1 1 o O, 1 18- , 118 o , 1 192 , 1 15 o , 1 2 0 0 , 1~ Ql. , I 
I 1 20 P . 1 i.1 2, 1 2 1 c , 1 ~ 2 0 , 1 ~ ..... , 1~ ... o , 1~ J 2 , 1 2 3 c , 1 2 u,J , 1 2 u4 , 12 6 0 , 1 .. 7 2 , 12 7 6 , I 
I 1-.S ,1c28 ,1 64E ,1 :5 52 , 1o5o , 1oo0 , looL. , 16Eb , 1672 ,1 676 ,1 6S.i , 1 c5 b , 1705 , I 
I 17 2 0 , 172 :J , 17 4 0 , 1 7 u.:. , 1 7 ,. o , 1 7 o .. , 1 7 o E, 1 7 7 2 , 17 7 6 , 17 ':3 2 , 17 5 o , 1c: C, 16 C;l , J 
I 1008 , ' 12 , 1264 ,1 268 , 110 0 1 ; I 
ICA:EGC 1 .=2 . 1 I 
11.J L:ST= ' iiZ , JA ' I 
t CI. : S'I= ' 205.: , 21 :~, 2056 '; I 
ICA!£G05Y:2 , 2 I 
1QLIS:=• n~ , dS , HT , oU , oV , H•, o •, 01 , Jo ,uC, JC , J:: , Jf ,J~ , JH , JJ , ~S,J1 , J U, JV , I 
I JW ' I 
tClIS7= • , C~8 , 2012 , 2016 , 2~ 17, 404.j , 40~8 , 2032 , L036 , 20~2 , 20 - o , 2v~7 , ,0o~, I 
1 LC6a , 2,12 , 2076 , :~ ➔ o , 2odo , ~0 .," , ~ 1 ou , 2 1c s , , 11 0 , 2 1 2u , 212~ , 21;0 , L1~~. 

21ua , 21s2 , 2 1oc,2 1s~ , 2 , d1 ,4 100 ,4 ~v4 , ~2 12 , ,210 , 222~ ,2 2,o , ,,j2 , ,"3u , 
I 2 LJ6 , 22U1 , 2252 , 2256 ,2..,o v , '-,o ◄ ,4~0€ , 2272 , 2276 1 ; 
JC,\!:GC:iY =2 . J 
IQLIST-= ' JX , JY , J Z' 
, c L r s:- =, 21 . c , 2 J J 1, 23o ~, 2., Ot1 , "., 1 2 ,, J , J , 2 Ji.. , 2 J, o , 23 11 , 23 .;:o , ~.;: J , 23 5~ , 
I 2355 , 22 )~ , 2358,2309 , 2j52 ' ; 
IC,\ :::Gc.?Y =J. ~ 
IQLIS:= 1 JK , J~ , J~ , JN , JP , J ~, J~ • 
Ic: : ST= ' 2uC ; , 2 ,. r: ~ , 2 4 0 8 , 2 .. lo , 2 -. ... .j , ,. -+ 4 8 , .: -. j" , " ~ 3o , "-' 5 ~ , : i. So , .: - 6 0 , : .. :: .. ' 
1:::A:~GCaY=3 . 1 
l~L!S!= 1 ~A,E n , ::J , EN, EP , f4 , ,~ • 
I CL IS 7 = ' .; 500 , 350 ➔ , 35 Od , JS 1 .. , j,S . O, ., 5 2 4 , 35 2 8, 3 5.3 2 , 3S Jo , j 5 i.O , 3 5: c, .:5o•J , 
I J5o4 , J56d , J572 , 35 16 ,J 57u ,j~d0 '; 
I CA :ZGC1t'.i=J . 2 
ICLIST=':J ,:~, FL ' 
ICLIST= ' 370~ , 37J4 , 3708 , 371~, J7 1o,3 720 , Ji,4 , 3728 , 3732 , 273 6 , 3~~c , :, - o , 
I 3752 , 3772 , 3784 , 3788 , 37-:,4 , 37,6 '; 
I CA '!!GCEi Y-=3 , 3 
♦------------------------------------------------------------------ --- ♦ 

C.. \:> 



♦------------------- - ------------- ------- -------------- ---------------· 
I CLIS'I='E D,FE,r~• I 
ICLIST=' 38 5 C, 3d5 u, 3d53 , 3d6,,j~ Go , ~~04 , 3 9Cd,j 912,3 ~ 1o , 3920 , 3S~4 , 2928 , I 
I 393 2 , 3940 , 3 S44 , 3 948 , 3 ~5~ , J~ 56 , Jj6Q , 39 €u , J968'; I 
JCA'I'EGO BY: 3 . ~ I 
I CLIST= ' FA,F B, :C ,rH• ; I 
I CA 'I :.G CiiY =4 . 1 I 
ICLIST:•~50C , 252C,2524 , 25 2d 1 ; I 
ICA! EGCRY=4,2 I 
ICLIST= 1 255 C, 2551 , 2554 , 255d '; I 
ICA'IEGCRY = u . J I 
lCLIST= ' ! Q,!3,!S ,ET , E0 , 2 V, E•' I 
JC~IST= ' 260 C, 26C4 , 26 CS , :o l ~ , ~o.J,.oi4,2628,26j2 , 26~0 ,26 ~4 , ~o~ 8 ,~670 , I 
I 257u, 267 8 , 26 :2 , 26 9 0 , 2o~~.~o~d ,i71u , 27JC,27 50 , 275u , 2758 , 2 7o2 , 2766 , I 
I 2770 , 2778 , 2756, 279u •; I 
ICA'!EG0 3Y=4 , u I 
l ~LIST = 1 Ei, f L,Zt , ZX,EY , EZ ' I 
ICL!ST= 1 , SOC, 2dC4 ,2812,2d1o,~d~0,i 8 .~,26 2~ , , 8 2d , 2840 , 2o: 6 , 2coC , l 

I 28€ 4 , 2 E6E , I 
lI 287 0 ,2 87 U, 267B , 26 82 '; 

ICATEGCaY=4 . 5 l 

1Cl.:i:ST= ' 3:?00 ,3 20 2 ,3 2C4 , 320o ,3~0d ,J~ J0 , 3232 , 3234 ,3236'; I 
ICA!!GO GY= 4 . 6 I 
ICLIST='325 2 , 325 4, 325 6 , 3,70 ,~. 7i , J.74 , 3276 , 327B • ; I 
JCA1EG CR Y= 5 . 0 I 
ICLIS~ =• 31 5C , 3 16 C, 3170,31ov •; I 
JCA!!GC ?.Y=S .1 I 
ICL!S7= 1 2CCC , J0 0 1, J 020 , 3C,~1 , 30~.,JJ51, 3C70 ,3071,J005 , 3006 , ) 0 2 5 , 3075l ; I 

ICA~!GCoY =S . 2 I 
CL!ST= 1 3C3 C, JC 31 , 3032 , 30ijO ,~ vd 1,JOo2, 31 10,30 JS , 3085 1 ; I 
CA!!G CuY= S . ] I 
CLIST= • 3~ 1 0 , 30 11 , 3012 , 30 ~0 , J0 ~1, J 0~2 , 3043 ,3050 ,30 91,30 9 2 , 3C 93 , ;1~1 , I 

; 12 2 , 30~5 , 30 9 5 '; I 
CA!EGC~Y =o . 1 I 
Q i.L : S 1 :: • !. J , L ,1 , ~;,,G , L H , K , L l , L ..? , ~a , =, S V, oi , 1 , :. Z !U , ~ B IL,J, • l T , L U , L l l I , L , , 

~c .~;:,11:: • I 
c t: s := • J 50 0 , u5 0 4 , u5C8 , 451i , ~5 1o , ~s.o ,u s,u,45 28 , 45J 2 , 45Ju,~ S36 , 453d , I 

u :uu': I 
CA!!GOi:l'i =6 . ) I 
CLIST=' iiS , :i! '; I 
C~~!GCE Y=7 . 1 I 
~L r s T = t ~ X, :! y , ~ z , NA • Na , N... t I 
CLIS7='U5 5~ ,~ 5 :4 , 455d , 45oi ,~ Sou'; I 

ICA!EGC tiY=7 . J I 

I1c trs1 = •,o , EG , ~ N•; 
♦------------------------------------------------------------------ ♦ 
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CATA STATEM! NT S INPUT TO Fa~CZDUR! ~JijCAlS , CCN TI!UEC 

♦-- -------- --------------------------------------------------- ---- -- - •ICA'!?:GCFY=7.5 
111,, LIS!-= KG, KH , K~ •; 

ICAT:::GC~Y =7 . 5 I 
ICLl S:'= ' SC,SL, SM, S~ , SP , S~ , SA, jS , Si, SU , SV , SW , SX , SY , SZ , !A , Tb ' ; I 
ICA:EGC BY =8 . 1 I 
f QLIST= ' K3 ,K S, K~ , KF , MN , ~! , N? , NG , NJ , iC, ?E ,r F, Fli , Qli , CJ, CK , ~L , C7 , ~~, 3A , 1 
I 3B, Nrt ' I 
ICLIS:' = 1 ~00( , UQ 04 , 4008 , 40 1,,.0 10 ,~ 020, ~osc , ucb2 , 40 66 , 45eO, ~C17 , ~0 1o , I 
I 4584 , 458c,• 5 96 , 4592 1 ; I 
fCATZGCB Y=8 . 2 I 
IQLI S!= ' KA , K3 , KT , PV , Fw, Q? , ~G • I 
fC LI S!= ' 4;00 ,4)20,4J24 , 4j~o , •~Ji , 4354 ,~35E , 4)62 ~4366 , •3 oo , ~o 24 , ~4 o2 , I 
I ~t0 0 , 4604 , • 6C 8 , 4612 , 461o, ~o~O • ; I 

ICATE GC aY=8. J I 
I ~L!.S:'= ' CY, CZ, ,J 3 , CS , CV , Q • ,:ta , i.iL , Pc•; I 

I Q L :s T = ' N K, N' , N11, N N, NS , N! , i» U, NV, ti ,i , li I , NY , lH , ~G, KV , K • , KX , , : , f ~ , P t., PP, 
I f3 , f S, PT,?U, PX '; 

ICAIEG05"' - • • I 
1Cl l S: = • ~H , ~J , ~K , ~L , 11F , ~~ , ~a , ~~ , KK , aX , RY' I 
ICLIST= 1 41o6 E, •4 E•'; I 
I CA1LGC87=d . 5 I 
I CLI S7= ' MS, ~C, ?Z , ~A , Qc , ~D , KJ, KN , K,,PZ '; I 
fi: AT:::GCE Y=8 . 6 

I ,,:A! :::G C 3 Y = d • 7 
!~LIS ~= • f F, F~ , ?R , ?S , :T,FJ , iV , i a, iX , iY , FZ , G,\ , Gc , GC , GC , GE , .:; ; , GG , Gc , GJ , 

GK, Gl , G~ , v ~ , CF,GC , GB , ~S , Gr , uu , ~v , Gi, GX , GY , GZ, HA, HB , HC , c: , ~~. cF, dG , 
orl , cJ , HK , dL , HM, RN , HP, rl w,~w•; 

I CA 'E GC iH =d . 3 
I . Ll S!= • ~~, K~ , ~U , KY , KZ ,LA, ~~. ~c , ~0 ,r.L, LF , ND , ~E , SZ , PC , fJ , ?K , f l , ~! , iU , 
I FV , Bii'; 
1::A~EGC !H=d . 9 
I Ci. Is:'= I F.C , : i) , ?. E I ; 

, ~ t r s r = • r :1 , 1? , r o , r a , rs , rT , r u , i' v , ~ • , .. x , : 1 , r z , u ~ , u & , □ c , u o , u ::: , u , , i.J G , u a , 
I J J , UK , U L, J ~ , U J , UP , UQ , U a, i.JS , U~ , ~U , UV , □ ~,OX , U Y , i.J Z ,V A , V E , 1C , 1: , ~E , ~! , 

I ?G , VH,VJ , VK ,V l , V! , VN,a U, di , d' ' 

t CA!E.:; ::z Y= 9 . 1 

I C L IST= 1 u1 0~ . ~,J~ ,. ◄ ss , u59~ •; 
JC,\1EG CilY=9 • .2 
l ~LIST= 1 SJ , SK, TC, TO , !~, Ti , ru , ~rl . TJ , 4K , !l , S~ , SF, SG , Sn ' 
I CL ::: ST::: ' : 0 0 ,; , 5 6 0 C, .2 5 7 '.) ' ; 

IC L: ST= ' Si) , ! ~ ; 

1..: A I EGC iiY=:, . 3 
I 

1 .: AT! GCR Y=9. ◄ 
l~ L:S7='FA , C~. ;u , cP , RG , s ~•; 

♦ -- --------------------------- ----------------------------------- --- ♦ 

C.. \ s 



I BWC A!S writeu~ -- ?a~e 8 

♦------------------- -- -------- ---------------------------------------•
I CAl !GCBY=O . O 
t oL:s:=• ~c , NP , SC,~~ . BP, R~,Sd,i). , ~5 , ic,zc,zE, ZF ,ZG,ZH' 
ICL:ST=• u~0~ , ~~7~ , u~76 , 0o~7 •; 

♦--------------------------------------------------------------------- ♦ 

C..\\.o 



i~CC !:LJi:: ~;~~ = :? . 1: 1:, ~ ~:Jce.~:e : o ~itrd ~- l~ta : ~r ~~=~le cd:& 
fro~ tac j • dU~ :: u~-~ r :lieS 

reat , ~ a: • 1=& , ~1t:b~-~ ~ .; C • 
10 25 :on~cctic~t ft,~ :Je, 
• dSOl~qtou , ~ - - · 
,zc ~l 22J -., s_s 

rcoceducc : ~•• LJ j: 1~ , rit:e~ t c ue c o ~p1: ei dnd ~~e 
cu ted at dn 1cstd.-dt1on SJ~~o rt1n 4 t~~ ~:;: C~ t:=1z10~ 
Co 11p1 lec , /e1~1~ n 1 , ;eiease i . 3 , ;:: o , ~c l ate: . 

: !J 3fC5:: : 

: he pur~cse er i::rocedtJLe ln • • J ~l. 1s to e x : ract materi¼l ~ectain i n~ 0 017 
t o saillcle cars tro ll! tile J.:il..:.a ti.~ . lD~uts a.re the Sdlll,ie ;:ro iile a od 
the en tir e : ~ L~~ file . A version ot t ne D~l.~o t i le contain:~ col v j ata 
for saJ1i::le tec o rds 1s out;:u t. :ne v,. .. i:.3 file 11ust oe 1 r. scrt ty car 
ide ctification (colu11ns J - 1o) . (t,ote ; tiu.s pcoq ram 111ust ne si::ecial.:.y 
comi:: il ed t o :iaodle tne pac t 1cu~ar vMLZ3 10 questio n. ~ ~ e vers i eL re~cr 
ted he r e 1s fer the T! a~ .. E~ . 1 

·-- ----- --- -♦ -- - - - -- - - - - - ·--- ------ - - ----- ------- -- -- - - - - - - - --- - -- - ♦ 
t State llent tCo ntents 

·---------- -♦ ------------------------- - - ---------- -- - - - -- ---- ------ - - - ♦ 
I cX : C l~he pur pos e OL ta~ ~IiC statement 1s to 1o'l=~e ~c~cecu r e t 
I 1: tHI XUi'IL . The azi;~ull Clna :Il!F. pa_rau1e te cs r.DClY :::e sj:ec1.r1ed . 1 
I IA 3EGI ON of 140~ aod d !l ~Z Ot 2 lll.OUtes ha'le oeec t :und I 
I tto be adequclte r oe c1 .io C;t>S . The E? A:ii'I paca:iecec lb 'f c.,a I 
I 1used to speciLy ?L/l execu t ico t ime ?araieters . I 

I 
I :: .x a 2pl~. 
III IR • 10~L ::ii~ PGj==~•iO~L , ~EG:C~=l~CK , I:~~=~ 

♦----------♦---------------------------------- ---- -- ---------------- ♦IST :PL18 CD tTbe purpose ot tae srZrLl3 CD statement 1s cc def1oa a 
I 1load l i br a r y contc11iu.nq the ~cocedur e ra ~XJ~: l edd :icd 
I lule . 
I I 
I 1:::.:ample : 
I 1//S!ZPLIB Du D5~= i ~~CO . LCAC . IR ■ l J i'IL , DIS?=(3 n:. ,~A35 ) 

♦ --------- -♦--- ---------------------------------- - - - ------------- -- -~ 

C. \7 

https://contc11iu.nq


PBOCEDOiE IiWX U~l JCL S7A:Z~iUI~ , ~ONTINUEO 

♦-----------♦--------------------------------------------------------- ♦I State~eot 1:ontents 

♦-----------♦--------- ---------------------------------------------- ♦lSY SPBIN! o:1The pu r pose or toe ~,~rRI~! CD statement i s to de f1oe a 
I JSYSC UT file vner~ procadure I2•XUML 2av ~lace ~essages 
I 1durioq execution . 4tS derault recorJ character1stics are 
I J3ECF~=VSA, lii~l=1- 5 aad aLKSIZZ =1 29 . The user ~ay s~ec -
I 1i:y a BLKSIZE or ,~, o r larqer is desired . 
I I 
I 1:::xa ;ple: 
I 1//SYSP&I 9T DD SY~OUT=A 

♦----------- ♦--------------------------------------------------------- ♦~D 1:be purpose cf tAe ?~:JU~f CD statement is t o ~e tioe a 1 
!SYSCO ~ file woere a cJre 2aoaqE ~ent report oay ce ~laced I 
10v the PL/! oouse~eepiuq pr ocedures and vbere ao AE END I 
ldum~ may be p!ace11 1..t requ1..tej, !he record c:1acac t er1.s - 1 
ltics o f the ELIDu~i rile are predefl.llea . This:: state- 1 
,~a, be omit ted . I 
I I 
l !xample: I 
1//FlIDO~P Du StSvUT=A I 

♦---------- -♦ --- -------- ------------------- - ----------------------- - -- ♦ISY SOUT Ct l!he purpose oL tne SYS~UT CC state ment is t o def1ae a 1 
I ISYSCOT file where toe sca~/~EaGr procedure ~a , ~ldce mes - J 
I 1saqes duri nq c~ecutio n . !ts reco r d c haract~~1st1.cs a r e I 
I I Predefi ned . 
I I 
I l!xa11ple: 
I 1//S YSOUT ::>D SY~JUT=~ 

·-----------♦--- ------------------ ------------------------- ---------♦1SC:TLIE cc J7he ~urpose c t tnc Sva:LIB to statecen t ~s tc Je tiae a 
I 1load library t o ~nicn the SCB~/~E3GE pr ocedu=e may link 

jj urinq e~ecution . 
I 
I ::xa rople: 
1//SORTLIB DD ~~~=S1S1. SCRTLIE , CI~P=(Sdn , FASS) 

·-----------♦------------------------------------------------------- ♦ 
ISC:5:7iiKJ1 ~: 1!~e pu rpos~ oi tne S0n~iiK CC statemen ts 1s t o je.c~r.e fc c ~1 
I t hru 13 to 6 scratcn riles cor use by the scaT;~,i~~ ~roceaure 1 
I SC:i'a,iKC6 ::>Cld ur1.nq execution. I 
I I I 
I 1~xa mple: I 
I I//SCR~• K01 DC UN ~I:s1~JA,SrA CE= (CYL , 2 ,,ccs::~) I 

♦-----------♦--------------------------------------------------------- ♦1~YS •JT1 c: I : :ie purpose 0 1: tn.a ;jJSU'I1 Z:C state:aent i :: to de ::ine d 

♦-----------♦------------------------- --------------------------------♦ 

https://charact~~1st1.cs


IRWX U~L Writeup -- Fa~e 3 

FRO CEDO&E l5W:tUlH JCl S'!AlE1'1~N!::i , C0 NTIN OED 

♦-----------♦ ------------------------------------------------- ------♦
1 Stateaent 1contents 
♦----------♦---------------------------------------------------------♦ 
I IPhvsical ~e4ueotial input ti l e ccntaininq the sa a: ~le c ar 
I j profile . Its d~~u~ea ~ecord cnaracteristic s are aEC F~~:B 

land LRECl=SO. Its o. KSlZE is taken from t he 5 YS 0! 1 CCI 
I 1statemeot , tne tile . aDel a t ~ay default tc cC . 
r I 
I I::xa a:ple: 
I l //5YSUT1 DD uS~=P~oCu . !!. O!L! 3 . SA~fLi , DI5f= (Sn D, f AS S) 

♦-----------♦---------------------------------------------------------♦
(SYSUT2 CC l!he purpose oi tne S1::iUT2 tt statement i s t o dei i ne a 
I !Physical se~ueutial input tile containi nq t~e eo tite 
I 1o ~LEa file. ~ts a~su~ea recor~ characteris~ic s are RiCF ~=I 
I lrB and LaEC~=,~d. it~ blKSIZ, i s taken rro m t he SYS U: 2 ~~I 

I 1state111ent , tne tile i,uiel er Qay defaul t t c 198 . 
I I 
I 1?:xample: 
I I//SYSUI2 DD ,s~=P~o~u . XT . DATA. CAE , Dl5P=( So E, c ASS} 
♦-----------♦---------------------------------------------------------♦
ISYSU'l'J CC !The purpose OL t ne ~Y~ OTJ tt statement is t c dei1ne a 
I jphysical sequeatial out~ut filE where a versi c n ci t ne 1 

I 1aaLEB file ccotai ni nq only sam~le cars ma y :e ~lac ed. :ts t 
I trecord c ha r acteristic~ are ► reae;iaed as a~~:~=;E , iQ~CL=i 

t1 9 a and Bl K.31.:..-:.= -.1 :>o . II 
I I 
I 1::xa111ple : 
I I //SYSOT3 DD DSN=P6dCO. IT . DATA . CA i . SAMPLE C, U~ ::=3 33C , 

Ill VOL=SE3=.?:ii:1i-~~,.3i',.C~=(~BK, (19C,190) ,.iiLSE ) • 
1// DISP=( , CA1LG , D~LZT~) 

♦-----------♦---------------------------------------------------------· 



-

IiWCABS ■ rit• UF -- Eaqe, 

fEOCfuUE E ~Aj~: I~WC ARS , ~ pr ocedure t o cc~vert NW U~LEa data tc the 
tasic comoinea ior~at. 

AC'! l:iC R: Sobert i •• nitaker 
Peat, ~aLwick, nitcnell ~ Cc . 
1025 Connecticut Avenue, N.•. 
Was b. i nq t on , r. . 1... ~ Ci C3 6 
(20,) 22J-::,5"5 

LA NGU AGE: : Procedure l h •CA~S 1s wr itte~ to be compiled anJ e~e 
cuted at an 1us ta~~aticn su~?o rtin g toe P~1 : c ► tim1z1 04 
Compiler. version 1, nelease 2. 3 , P~P 6 1, o r later. 

EUR cCS!: 

!he ► ur ► cse cf procedure l A•~AaS i~ to ccovert the N• u~:ri file t o tne 
tasic ccmbi ned f c::ma t. 

♦-----------♦--------------------------------------------------------♦J Sta tement 1Cootents 
+-- ------- - - ♦-- - -··- -·-- -- ------~-- - _ ,..., ·---- -------- -- --- ------ -- ---- ---♦ 
I EX : C 1: he purpose or the ;Ai ~ statemen t is to in vo~e ~r oced~re J 
I 1IR •CA as . The ~i~~OJ dna I~!l parameters ma y oe s~eciried .J 
I IA S! GlO~ of 1 ~~~ and d II~E er 2 minu tes have teen f ound I 
I Jto te adequate rur a 3oC/65 . Ihe ?Ai~ parameter mav be I 
I Jused to speci4, ~~I I dOd procedure l3wCA ~S executicn tim eJ 
I I pa rameters. J 
I I •1:::xatsple: I 

I//I .EWCASS t.ti-.. ?~;~= ~.-.: ARS , 3 !G::C:J= 120 !< , Il~ ?.=~. 
Ill EA3~=( ' 1Zt= •· ~~ ~A~~ coae:sEC :OE~A :' ' ',' ?=~o:C . ~1• ) 

♦-----------♦-------------------------------------------- · -----------♦
JS7 ~?L!3 CJ 1:a e ► ur ► ose ox ta~ S!~~L~3 CO statement is t o jefica ~ 
I 1load library cuata~il.l.nq tne r::: r ocedure Zn~~A~S .oaa ~od -
I 1ule. 
I I 
I 1::: xatsr:::le: 
I 1//S!E?LIS D~ j~J =~d~CO .LCAC.lE• CAn5 , J:SP=(Sn~ , ?ASS) 
♦----------♦---------------------------------------------------------♦
1515? 3::ir :D1!~e purpose of t ne SY~PRI~l CO statement is tc def lne a 
I ISYSOU: file wnere procedur e IE•CA ~S may r:::lace jessaqes 
♦-----------♦--------------------------------------------------------♦ 

https://cuata~il.l.nq


Ia WCA&S Wr iteu~ -- Page~ 

f60C.EDU 5E IEwCAES J CL STAifa L~TS , ~LNrINVED 

♦----------♦ - -------------------------------------- ----------- ------- +I St a t e me nt !Con t en t s 

♦-----------♦------------------------- ------------ --------------------♦ 
f j durinq executi on. ~ t .;. detault r ecord =haractar1st1cs ace 
I IREC f ~=VBA , ~4ECL= 1,5 and BlKSIZE=129 . Tbe user may s~ec -
I 1i i v a BL KS I LL oz 1"9 o c larger if de~, ired . 
I I 
I . 1::: x a 11 ple : 
I 1//S YSPRINT J~ Si~OU!=A 

♦-----------♦--------------------------------------------------------♦I flIDU !'IE DD l!he pur pose cf t ne i ~lJUMP CJ s t ateJent is to defi ne a 
j t SYSOUT file where a co r e J1anaqement r epo r t may te ~laced 
I j by the f t/I bouse~eep1.uq prccedure: and ~neca ao AEiND 
I tduaq: may be p .. act!<l l..t re4u1 r ed . lb~ r ecord character is 
I lt i cs of t he ?LIDu~~ tile are predet j n~d . This cc s tate
I llldY be emitted . 
I I 
I 1:::x a11 ple: 
I 1//flIDUMP DJ 3 YSvu==A 

♦----------- ♦---------------------------------- ------------ - ---------♦I S YSUT 1 I: D !The pu r pose c t tne SY,jU!1 CO s t at~11en t is tc defin e a 
I ! Physical sequent i a~ i npu t file con tai ni nq t ne ~- O~LEa 
I 1da ta. I t s assumeu r ecord characteristics ace aEC f ~ =PB andJ 
I 
I 

1La~c1 =21J . 
fs t atement , 

i t s 
t he 

wLh~~~L may te taken from 
i ile laoel or may default 

the SYS ~! 1 DD 
t c 21 3 . 

1 

I I 
I 1Exa 11 pl e : 
I I //SYSUT 1 00 ~,j ~= t~J~u . SA~PLE: . CA!A . CA3 , C~S?= (Sna , ?ASS) 

♦-----------♦---------------- --------------------------------- -------♦IS YSUT2 CD 1: he pu r pose ot t ne ,jXSu!2 CC state ment is tc jet i nt a 1 
I I Physical s e quen t 1.a.. out~ut tile c ont dininq :ecocds in thel 
I 1co mt ioed for~dt wito udta e xtrac t ed c co m the UJL~g rile . 1 
I t~t s r ec or d coa£actar1.stics are ~redei ine c as 3EC:~;f2 , I 
I ILRECL=1 20 a nd 0LK~~L~=~~OO . I 
I I I 
I 1~~ a11ple: I 
I l//SYSUT2 DD ~~~=Pd~CJ . oASE . CA!A . CCt'!BINEt , ON.Z:= J JJ0 , I 
I 1// VOl =SES=htli.cAt< , ,j?,;...:E=( Tf.K , (1t,C , 190) , 8LSE ) , I 
I 1// t I SP=( , C,. l ... G, DElE:E) I 

♦-----------♦--------------------------------------------- - ----·------♦!SYS.ZN DC 1:he pur~os e ct t he S15~N DC sta te me nt is tc detine a 
I I Ph vsical se~ue n t l.d~ input file where aata statements Je-
I 1fin1.nq the r eL1tion.:.t1.1.p t et weeo ftt1c;cc . jot .: caEs and 
I 1c . R. B. job ccae~ and -iualifiex:s may be placej . I ts as -
♦-----------♦----------------------------------------------------- --- ♦ 

https://1fin1.nq
https://bouse~eep1.uq


lRWCARS ariteup -- Paqe 3 

♦-----------♦-------------------------------------------------------- ♦
I Statement 1con tents 
♦---------·- -♦- - ----- ----- ---- ------------ -- --------- --------- -- ---- - - - ♦ 

1sumed r eco rd CAciracteristic~ are RECF~=FE and LE=Cl=SO.I 
I Its SI.KSIZ E l.S tdK.ea .t rom tbe SYS IN DD st.t tement, theI 

I 1file label or may detault tc 8C . 
I I 
I I Example: 
I 1//SYSIN DD • 
♦-----------♦--------------------------------------------------------- ♦ 

!he FAR~ cara~eter of t he ~X~C statement may be used to specify PL/I 
and procedure I E\i CARS execut.1.-.>n u.we parameters. Its format. i s as fol
lcw~: 

Ibe formats cf the PL/! e xecution time parameters may be found in the 
FL/ I Pr cqramme r s • Guide. Ibeir ae1au lts . set ty pr ocedure !n• CAES as 
BEPCRT and ISA (1 0i<) , are cidequate, ciDd t hey may be omitted . Procedure 
:awcAaS parameters ace key~cra ciUU may be su~plied in an y or de r. Omit
ted paramete r s have defau~t. va~ue~. Ineir fcrmats may be r ound in tne 
fcllc winq table. 

♦-----------♦------------------------------------------------------- ♦ 
I Pa rameter 1co ctents 
♦-----------♦--------------------------------------------------------♦ 
i !C 1:he I D para~~ter IDdY oe used tc specify any char acter 

1strinq to be usea dS iueatification. Its de:~ult value i stI 
I 1a cull strinq. I 

I II 
I 1.Example : ' I~= "i..: :tEA:r.; CC~BI~ED rORtAT "' l 

♦-----------•--------------------------------------------------------~ 
1.:iica 
I 
I 

J~he pgoe pa r amc~cr ~oY te u~eJ t o s pecitv the 
j that a particular o~tpu t ceccrd be formatted. 
I v a l ue i s O . 

~rcbability1 
~t~ cetaultt 

I 
I l I 
I 1::xample: 'fiiCd=0 . 0 1' I 

♦-----------♦--------------------------------------------------------♦ 



PROCEDURE NAM E: I3WPAIR, A procedure to create a unit record for each 
repair recor•J. 

AUTHCR: Eobert w. ■ bitaker 

Feat, ~a4wic~, ~itcnell £ Cc . 
1025 Connecticut Avenue, N.~. 
lilashinqton, u.c. ..20036 
120 2, 22.3-:, sis 

frocedure I~wPAia i$ vr itten to be compiled and exe
cuted at dU installdtion su~portinq tbe Pl/I Cpti~izinq 
Compiler, Version 1, nelease 2.3 , f:F 61, o r later. 

EUBFOSE; 

The purpcse oi procedure l~•PAl~ is to create a basic cembir.eri fct~at 
record fer each repair recoru. inputs are the frei4bt car hi$tOty :ile 
fer sam ►le cars and the tdSic comoineu data file. An updar ea vetsion of 
the combined data file i~ output. 

PSOCELOSE IFWPAIB JCl STAI~~~N rs 

♦-----------♦---------------------------------------------------------♦f Statement fContents 

♦-----------♦---------------------------------------------------------♦I UEC IIhe purpose er toe E1ZC statement is to invoke ~rocedure 1 
I JIRWfAIR. The 4,~lO~ ana TI~E para~eters say be s~eciri~d .f 
I IA 5£GION of 140K dO~ a !:3E cf 2 minute s have ceen fcund 1 
I Ito be adequdte ior a JoC/65. The PAR~ para=eter may oe 1 
I fused to specity P~/l and procedure IRWPAIS executi co time1 
I 1parameters. I 
I I I 
I fExaaple: I 
I 1//I.6iPAIR E.4EC ?lii1=.i..ii.oiPA.!3 ,li.£GlON=1Ut)K ,Til1::=2 , I 
I 1// fABl1=('/.0:D"'' ' C'1i ,G i. COl11HtL::Z: aEcoaos FOii ?AI:iS ' ti. I 
I 1// ' PBOB=O . O,. , •~Aalu="N• l'.:85220' 11 ) I 
♦-----------♦------------------------------------------------------- ♦iSTEPLIB CD 1The purpose ot tne s~~P LLB tD statement is to dexica a 
I Jload library con~diaio~ the ~rocedure I~WPAli lead ~0J-
I 1ule. 
I I 
I I ::xa ■ ple: 
I I //S1EPLIB D~ DSN=P~~~O.LOAD.IR•P~IR,DISP=(S~?.,cASS) 
♦-----------♦--------------------------------------------------~----♦ 

Microfilmed From 
RP.st Available Copy 



IuWPAI R writeup -- fa~e 2 

fSOCEDOBE I Bi PAIS _JCL STAIM6~~rs, ~O ~!I NUE~ 
♦-----------♦ - ----- ~ ----------------------------------------- ---------•
I Stateme nt JCo otents 
♦-----------♦-------------------------------------------------------- ♦
ISYSPRINl 00 1Tne puxpose ot the 51SPRlN! tD statement is t o define a I 
I ISY SCUT f i l e waere µrocedure IR -PAIE may Flace cesso~es I 
I td urinq execuuo~. l t s ~etault reco r d charac t eristics are I 

I IREC FM=VE A, ~aE~~=, ~S and BlKSIZ~=129 . Tae user ~ay spec - I 
I lify a BLKSIZi OL 12S or la r ger is desi red. I 
I I I 
I I Ex ample ; I 
I 1//SYSPRI~I DL StjOUT=A I 

♦-----------♦--------------------------------------------------------♦
I FLIDUMf DD tTh e purpose or tae i~~DU~f tt statement i s to defioe a 
I jSYS COT file waere a co re man oqe~en t r epo rt ma y te ~laced 
I lbY the PL/! nouse~eepinq prccedures and wnece a o AcE~ D 
I !dump ma y be placed iL required . Ihe record c ~ac ac t eris 
I ltics of tne ~LI CUjP ri le are predefined . Thi s CO state-
I 1men t may be emitted . 
I I 

I !Example: 
I 1//FlI DU~P CD Si~vur=~ 
♦-----------♦---------------------------------------------------------•
ISY SOU! Ct 1!he puxpose ot t he SYSOUT CC statement is t o det1ne a I 
I ISYSCUT file wnere t ae SCAT/~EEGE pr ocedure =av ~lace mes-1 

1saqes durinq executi~n. I t s r~cord characteristic s ace II 
I I Pre defined . I 

I I I 
I !Example: I 

I 1//SYSOOl DD ~tSJUI=A I 
♦----------♦--------------------------------------------------------♦
I SO ETL~E co ! The pu rpose ci tAe Sua!LIB CO stdtement 1s t c define a 
I 1l oad library t o woicn the SCaT;~EnGt pr ocedure ma y 1104 

I l durinq execatiou. 
I I 

I Example:
1//SO&Tl IS 0~ DS~=S1~1 . SCnTllc , C~~P=(SHE , rASS ) 

♦----------- ♦------------------------------- --------------------------· 
1s0s:wK 0 1 vc 1:he pu r pose or tne ~uniwK ct statemen ts 1s tc je i1r.e ic c ~I 
I t h cu 1J to 6 scratcn rile~ r o r use by the scaT;~E3uE ~roceJur e I 
IS0 3TWK06 DC ld urinq executiun. I 

I II 
I !Example: I 

I 1//50a~WK01 DL UN~I=S1SDA,SPACE=(CYL , 2 ,,C C~Tl~J I 
♦-----------♦---------------------------------------------------------♦1si s u:1 cc l!he pu rpose ot ~~~ SYSU 11 cc statement i s t o Je i1 oe d 

♦-----------♦-------------------------------- , ------------------------ ♦ 



I 

!iwPA I R ~riteup -- Faye J 

♦----------♦---------------------------------------------------------♦
State ■ ent !Contents 

♦-----------♦---------------------------------------------------------♦I !Physical sequential iaµut tile containing the rreiqbt car 1 
I !history file t or sa~p~e cars . I t s assumed r ecord cbarac- 1 

' 1teristics ace iiCi~s iB and LEECL=1JO . Its fLKrIZE is I 
I 
I. 

ltaxen from 
!default to 

tne S tSUI1 
,~o. 

OD statement, the tile l ~cel or mayj 
l 

I I I 
I !Example: l 
I 1//SYSOl'l DD .DSL1=t'dt1Cu. HISIO!iY. CAB. SAttPL£D, DISP= (SHh, PASS) I 
♦ -----------♦------------ --------- --- -- --------- ------ ---------- ---- ---♦ 
ISYSUT2 CD IThe purpose of the ~YSUT2 cc s tatement is t c def i ne a 
I fpbysical sequential lD µut tile con t aining t he bss i c com 
I lbined data rile. Its assum e d cecord cbacacter1s tics ar e 
I 1aE CfM=f8 and LAi~L=1.C. Its BLKSIZE is t aken frcm the 

ISYS0!2 DD stateadut, tne iile label or ■ ay default to'I 1120. 
I I 
I IExam ple : 
I I //SYSUT2 DD DSH =?Hft~U . ~ASE .CATA .CO~SINEC , DIS;= (SH5 , PAS S) 
♦----------♦---------------------------------------------------------♦
l SYSUT3 CC !The purpose or the SYSU!J Ct statement is to deiinE a 1 
I IPhfsical sequeg~idi ou c ~u t file wner e a versloo ct tbe I 
I 1comtined data ti~e cou taini nq recor ds toe re~air ~airs I 
l 1ma y be placed. lts r~cord charact eriscic s a=e ~redEtined 1 
I 1as &ECFM:fB, LA~~~:1~0 and ELKSIZE=4200. I 
I I I 
I lfX4mple : I 
I I//SYSOT3 DD ~SJ•Pl~~v.CATA.CCHB!~~D, UNIT=)3 j 0 , I 
I 1// 'lOL=SEli=i,jlSPAK , SiA..:Z=(TSK , ( 1SC,190 ) , BLSE) , I 
I 1// tISP=(,CAILlo,IJ.:,j.i.Ii::) l 

♦-----------♦---------------------------------------------------------♦ 

The fA&a ~arameter of the ,~~c 3Cdtement may be used t o s~ecify cL/ I 
acd ~rocedure Ia•?Aia execution r i ~e parameters . Its ior~a t is as i o1-
lo vs : · 

The formats cf the PL/I execuc~ou time ~ara~ecers may ~e r~ und 10 che 
PL/! Proqrammers• Guide. Iheu det ault s , set tv proce tl ure : 3iif..\13 as 
iiEFC?.7 and 1s;. (10K), are adequate, and they Ja"f be omitted . f r .::i.: ed ur e 

https://tISP=(,CAILlo,IJ.:,j.i.Ii


IBWEAIR parameters are k~ywor a and may be supplied in a ny or der. C~it
ted para11eters have default values. 1heir formats 111ay be .t ou nd iu t 11 c 
fcllowinq t able . 

♦-----------♦-------------------------------------------------------♦I Farameter !Contents 

♦-----------♦--------------------------------------------------------♦
I-ID !The ID ~aramcter may ue used tc speciry any character 
I 1s trioq to be used as ideotiric atioo. Its defau l t value isl 
I 1a null s trinq . I 
I I I 
I !Exa ■ ple: 'I~= •• ~a ~ATZ CC~oI~iD SiCO~DS FOR PAI ~s ••' I 
♦----------- ♦--------------------------------------------------------♦ 
I so ii':' !The SOR! parameter may be used to i ndicate t ne q uartit y I 
I 1o f core t o oe .ulocat ~d t o the sea l/MERGE ~rc c ed ure . its I 
I !default value is JOv uO. I 
I I I 
I 1Exa11i:le : ' SOB.':i:= .. vO OO' I 

♦ -----------+-------------------------------------------------------♦
1E3 C2 l~he ER OS paramet~r ~ay be u~e d to specify the ~rc bability1 
I 1tha t any one c o~bioeu record ou ti::ut will be printe d. Its I 
I 1Jeiaolt V¼lue is o. I 
I I I 
I 1:::xa11i::le : 1 Piiua=O . Jl 1 I 

♦-----------♦------------------------------------------------------♦
ICA 5I D 
I 

t~oe CAR1C may c~ 
1co mtined ce~cra i 

useu 
s tQ 

to si::ecity any 
ce pri nted . It~ 

r.or
de

- i d 
ta ui

f ee 
t va l ue 

wn1ch 
is 

thei 
a I 

I 1null strinq . I 
I I I 
I 1Example: ' CAiil u= ' ' Nw vt39220 "' I 

♦----------♦------------------------------------------ -------------- ♦ 



FROCEDURE NAHE : lAWPDST , A proceaura to ccm~lete and sor t t he Per Diem 
comparison data ti~e. 

AUTHOR: oobert Ii. #hJ.ta4er 
Feat, Harwick, ~itcoell & cc. 
102 5 Conuec ti.cat A venue, N. Ii . 
~ashinqt on, ~.~. 20036 
(20 ,) 22J-!j 525 

LJNGUAGE: Erocedure ~tt • PDjT is written t o be compiled and exe 
cuted at an 1nsta~lation Sufportiog t he Pl/I Cpt i mizing 
Compile r, Ver~ioo 1, aelease l . 3 , PTF 61 , er later. 

P08 r OSE : 

The pur~cse cf ~r ocedur e I~•PuST is t o su~ply the car initials ~hen 
they are missinq and to sort t Ae rasultioq tile by mo nth within year 
within c ar-i d. The unsorted ,er Ci.em Ccm~a r ison data tiie is in~ut ~nd 
a scrted versio n of the same is ou t~ut. 

FROCfDUBf IE~PDS! JCL 51A1lOl~I~ 
+-----------♦------------------------------------------------------ ♦
I Sta tement tConteots 
♦ ----------♦--- ---- ----- --------- -- ------ ---- --- -··------------ ---- - -- ♦ 
I l:X'EC 17he purpose or t oe ~xic statement is to invoke frocedu r e t 
I tIRWP DST. The iiGio~ and rI~ E parameters may oe s peciried .1 
I IA Sl GI ON of 1,0K ua 4 TI~E cf 2 mioutes have teeo fcund I 
I tto te adequate tor 4 joO;tiS. The ?Aiil'I paraileter :uy ce t 
I 1used to specl..fy P~/ i executi.cn time parameters. 1 
I I I 
I IExa aple: I 
I 1//ri~PDST El~C P~l'l=IA~ 2DS!,REGI0~ =1 20K,I I~E~2 I 
♦ ----------- ♦-------------------------------------------------------- ♦
1sr E:PLIB DD 1The purpose or tne ~T~i Lla co std t ement is to aef in4 a 
I tload library couta.i.IU.nq the s::rocedure Iii•i' DS! lead mod 
I I ul e . 
I I 
I I Ei:a I ple : 
I 1//ST~PLIB 0~ uj~ap~aco .LOAt.IB•rCSI,D1Sf=( So~ , ~~~5) 
♦ ------ ---- -♦-- - ------- --------------- -------·------------- -- - - - ---- --- ♦ 
I SYSPRIST DCl!he purpose 0~ tue SiSi i INT CD stateme nt is t c dei1ne a 
1 ISYSOUT file WA~r~ procedure InirCST may ~lace mtssaqes 
♦ -----------♦-------------------------------------------------------- ♦ 

https://couta.i.IU.nq
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IRWPDST Wtiteu~ -- PaqE i 

FaOC!DUSE IBWPDSl JCL STAI£oE~T~. CONTINOED 

♦-----------♦---------------------------------------------------------♦I Statement 1contents 
♦---------- -♦-- ---------- ---- ----- ---------------- ------- ------ ----- - -♦ 
I 1du rioq execution. it~ detault record cba~acteristics ace I 
I IRECF~=VBA. ~nl~L=1~S aud BlKS:ZE=129. Tne user may spec - J 
I lif y a 8lKSIZ~ Ot 1~9 o, latgEr is desi,ed. J 
I I I 
I !Example: I 
I I//S1SPRI~T ~L si~uJI=A I 
♦ --- - -------♦--- --- -------------------------------- ---- ----- ------- - - -♦ 
I ELID0::1P DD IThe purpose or toe ~Li~OliP CC statement is to aetioe a 
I JSYSO~T tile woer~ a core mana~emeot report may ce ~laced 1 
I 1bv the FL/I huusaKaeµinq procedures and wner e an AfE~ ~ I 
I jdu•~ may be p~aceJ it reQuired . 1he reco rd cnar3ctetis- I 
I ltics of the i~IJUJ? iilE are ?tedeiined. : nis :c state- I 
I 1may be omittea. I 
I I I 
l 1Exa11ple: I 
I 1//PLIDUMP DU S~SOUT=A I 

♦----------♦------------------------------------------------------♦
ISYSOUT CC l!he purpose ct tne ~Y30UT CD 3ta t ement i~ tc definE a I 
I ISYS OUT file vhere tn~ soaT/eE~G, procedure ~ay ~lace me~-1 
I 1saqes durinq axec~tion. Its record characteristics ace I 
I I predefined. I 
I I I 
I I Example: 
I 1//SYSOUT DD ~Y~vUT=A 
♦-----------♦---------------------------------------------------------♦
ISOnTLIE CD IThe purpose ct tad SUd TLIB DO statement is t c ~efine a l 
I 1load library t o waicD the SCa!;~EaGE ~r ocedu=e may link •I ldurinq execution. I 
I I I 
I 1:::xample: l 

1//SCRTLie DJ ~SN=3YS1.SCSTllf,tI~P=(SUR,EA SS) I 

-----------♦------------------------------------------------------ ♦ 
I SO ; :° 'ii KO 1 DI:1:he purpose o~ toe Su~l•K CC statements is t c de fice rrc~I 
I thru 13 t o 6 scratcn riies ccr use by the SC3!;~ES G; fr ocedure I 
15CrTWK06 Dtjdurinq execuuon. l 
I I I 
I 1E.xample: I 
I l//5 CaT•K01 u~ u~~r=SY~uA.SFACE=(CYL,2,,CCNI:~ ; I 

♦ -----------+---------------------------------------------------------·
IS'!SUT1 CC 1:he purpose or tne j1~u!1 Ct statement is t c je ri~E a 
I jpnysical sequentid~ lA ►u~ iil~ ccotaioinq t ne unsctted I 
I 1Per Die ~ com ►ari~oA Ja ta. Its assumed recor~ Cja ra cteris - 1 

♦-----------♦--------------------------------------------------------- ♦ 



IBWPDST VriteUF -- faqe 3 

EBOCEDUB E IaWPDST JCL STA1£a~NIS, CONTINUED 
♦-----------♦--------------------------------------------------------♦t Statement !Contents 
♦---------- -·♦-- - --- ------ --------- - -------- -------- ------- ---- --- ---♦ 
I ltics are RECEa=ia ~nd LRECL=72 . lts B~KSIZE is takEn frc111 
I lthe SYSOT1 DO st<1te11eot., the tile label or may detault. tol 
I 172. I 
I I 

• I 1zxa11ple: 

' I//SYSOT1 DD O~N=;M b~O . CCMf .EfBtIE~,DIS2=(S o& , PASS) 
♦-----------♦---------------------------------------------------------♦ISYSUT2 CC !The purpose oi tne SYSU!2 CC statement is to definE a I 
I &physical sequential out~ut file where the sorted VErsion 1 
I 1of the Per vie• ~oap~rison data may be placed. Its recordj 
I lcharacteris~ics are ~redefined as SECiO=io and la~CL=72. I 
I IIts BLKSIZE is se~ equal t o the SYSUT1 eLxs:zt. 1 
I I I 
I 1Exa ■ ple: I 
I I//SYSUT2 DO 0Stl=riiilCO.SCRTEt.CCt,P.PEBDIE!!,UN::"=J33C, I 
I I// VOL=SEazcl.StS i>At. ,!)PA Ci:.z(Ti i<, (1SC,190) ,S LSE) , I 
I 1// ~ISP=(,CA1Lb,DEL~TE) I 

♦-----------♦------------------------------------------------------ ♦ 

Microfilmed From 
Best Available Copy 



PEOC!DDB£ NAME : lRiDl~~. ~ proceu~re to extract ofiline miles aod days 
from the re~ ui~* ~om ► acisoo da ta G~d tc insert this 
infocmat.i.or nt.o t.11e Comtined data file. 

AO'!HCB: aobert ~. ijnitdkec 
Feat, ~acwic~, ~.i.t.caell & Cc . 
1025 Connecticut. Av~nue, :-t . ;., 
washinqt on , _. c. 20036 
12.C ,) 22.;-9 5~5 

L,\!IGlJAGE: Frocedure li~O~~M .1.s written to be compiled aud exe
cuted at an instd44at.1.cn su ► ~ortin~ the PL/l Cptim.i.z.1.nq 
compiler, Version 1, aelease ~. 3, P!F 61, cc l 4ter. 

PUR FCS E: 

The pur ► cse ct ► cocedure ~-J.EQ is to extract ofilioe miles and days 
from the Fee Oie i Compar.i.so~ i.1.le a~d t. o insert this information into 
the Combined data file. Input~ are t he scrted and corrected version er 
tbe Per Ciel Ccm ►arison ri4e and d previous version of the Ccmbined 
file. Output is an updated version of the Ccmbined file. !be ~et Die ■ 
ccm~ariscn file must be sorted aDa u ► dated ty 0roceduce I ~•?cs:. 

♦----------♦-------------------------------------------------------- ♦
I Statement 1cootents 
♦-----------♦-------------------------------------------------------♦ 
I EX EC 1The pu r pose ot the EXi~ statement is to invoke ~roced~re I 

1r aw :r::11. Tbe a.:;l.il u ti1 crna I.ItE pacame tecs m:ay l:e s~ecified.1I 
IA SEGION of ,~u~ ana a !IME ci 2 minutes have ceen f c und II 
1to be adequate tor a jo0/65. The ?Aa~ paramete~ may l:e II 

I 1used to spec.u.v tL/: a~d procedure llWDlE11 executicn t.i~el 
t 1parameters. I 
I I I 
I IExample: 
I 1//Ii~DIEM IlfC ~~a=I3~~ItM,SEGIC~=120K,TIME=2, 

Ill rA3M=('/~c.=••~xxnA~4 OiF llNE ~lLES ASO tA~s•••,I 
I I// ' PRO E =O. 0 1' ) 

♦---------- ♦--------------------------------------------------------+tSIEPLIE co tihe purpose oi tae ~r~,1:3 CD statement is to j efina a 
1 Jload library contaiu.i.o~ the ~rccedure I R~uI~~ lead ~od-
1 Iule. 
♦-----------♦--------------------------------------------------------♦ 

https://Compar.i.so
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+-----------♦------------ --------- --------- ------- --------------------•
I Statement ,contents 
♦-----------♦- ·-------------------------------------------------------+ 

1Exa 11i:; le : 
1//SIEPLIB DJ 0Sd=Pda~~ . LOAC. I3~ DIE~ . OI SE=( 5h5, ~ss, 

♦-----------♦ -- -------------------- -------------------------------- --• 
ISYSPaINI oc1rhe i::uri::ose er tue srsc6iN: CD state ment i s to def ine a 1 

-1 
I 
I 
I 

tSYSCUT file wnec~ ~rocedu re ~a~D!Z~ may Flace ~e~saqes 
1durinq execut~oo . ~t~ defa~lt r ecord c hardctec1st1cs a ce 
1alCFH=VeA, ~nic~=l~S and e ~K~IZE=1~9 . The use r ma ; SFeC -
(ify a 3LKSIZE OL 129 or la ce.e r is des ir ed . 

I 
I 
I 
I 

I I I 
I 
I 

l~xa mple: 
1//S~S?aINT D~ ~1SOu I=A 

I 
I 

♦-----------♦--------------------------------------------- -----------· 
IPL IDOIH DD 1The purpose attn~ P~i~ U~F cc statement 1s t c def1Je a 

tS YSCU ? file wnece a coce manaqement report ~a7 te ~lacea II 
f by the PL/I ~ouseKeepinq prcc e du ces and ~here an ~EE~ D I 
(dum ~ mav be ~lac~a l.t requited . the cec c c~ c naractetis - I 
1tics of the E~. DuH; c1.~e are predefined . :nis ;c state - 1 
, ~av be emit t ed. I 
I I 
I Example: I 
1//ElIOUME Ow s1~v U~=A 

♦-----------♦------------------------------------------------------- --♦ 
I SYSU~ 1 !:C (:'he pu rpose c t t.uc: S1 ::.U'! 1 CC s t atement 1:: t o ae f:ioe .l. • 

!Physical seque~tia~ in ~ut file ccotainin~ :~e u ~date~ 1I 
I !Per Diem Co111i:,a1.1..;:;o .1 ua ta. Its assumed re r..;.: = cnaca cteri s -1 
I ltics are RE~;a=io ~na ~a~:L=72 , :ts BLKS:ZE is ta~e o fr o~I 

1tne SYS 0:1 u~ Stdtemeo t, t he f ile label c: ~d/ derault t ~ II 
I 7 2 • II 
I II 

I (E xample: I 
t //SYSUT1 DD ~~~ =? Jct CU . j CEI!C . CC~? . ?ERulE~ , : :s,= (Srlo , ~AS:) II 

♦-----------~-----~' · -------------------- ---------------------- -- --- - ---~ 
I SY:5UT2 CC 1The pu~pose c t cne 31jU~2 C~ statement 1 !: : c d~:ioe a 

fphysical s e q ue ntia ~ 1n p~t tiie contaioinq :~e Cc ~oi nedI 
1data file t o woic n orfLioe mil es and days a =e t c 0€I 
1ad ded. Its a~~uQed recor d c naracteris tics a re a ECF ~=F3I 
rand L~ECL=1~0. l t ~ oMn SIZZ is ta~eo from t ne S15U!~ CDI 
1statement, the tiie LdL e.l cc ~av detault t c 120 .I 

I I 

I 1z xample:
I//SYSUT2 DC uSj=?rt~~j . u ATA. CC~EIN EO, J : Sf=(3n 3 , fAS5 )I 

♦-----------·---------------------------------------------------------♦ 
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♦-----------♦------------------- - ---- ------------------------------ ♦I Stat ement !Contents 
♦---------♦--------------------------------------------------------♦15YSUT3 !:C l! he pu r pose ct t he ~t~UT3 Ct sta t e men t is t o de i ine a 
I fphysical sequent ial outpu t tile wnere a ve r sion cf t he 
I !Combined ti l e coot dioioq o t fline miles and days ma y be t 
I I Placed. Its r ecora cnarac t eListics a r e pred~tined as R~c- 1 
I IF! =FB , LBZCL=1~~ anu dLKSIZ!=42 0G . I 
I I I 
I !Example: I 
I I//SISU!3 DD CS~=?M~~D. UPCA! ED. CAI A. C0 ~3I NEC, UN ~l=3~30 , I 
I Ill VOL =SER=?ru1.t'N.t\ , S?ACC:-=('::K , ( 15C , 190 ) , ii LSE) , I 
I I// l:IS?= ( , CA 'ILG , ::li;.lEIE) I 

♦ ----------- ~ ---------------------------------------------------------♦ 

The FARM cara me ter o f t he E~ E~ s t at e 2ent ma y be used to speci fy PL/I 
a nd cr ocedure I3 • JIEr. executiun t i~ e parameters . ! ts for mat is as fol 
lc 1i1 s : 

:he forJats oi the PL/I execution ti me ~arameters ma y be found io thT 
Pl/I Pr oq r amme r s • Guide . lhei.c Jetdults , se t ty pr ocedure :s - CI HS a s 
iiE?CET and IS.\ (10K) , are adequa t e , a.od the y may be omi t ted . f .coced ur e 
IBWCIE~ pa rame t e t s are ke yvor a d"~ aay te s upplied in any crde r. Omi t
t ed para meters have default v~lues. ! he i r fc r2ats may be :cu ad 10 t ne 
fol lo vinq table , 

♦ ---------- ♦ -------------------------------------------------------♦ 
t Parameter tCoote nts 
·-----------♦ - -------------------~ -----------------------------------♦17be ID par ame~er may oe used t c spe cify 3oy cnaracter I 

1st rinq to be used 4S iaent if ica t ion. I t s de fau.. t va lu~ 1s1 
1a null s trinq . I 
I I 
!Example : 'Iu=•• i~I~A~I CEELIN ~ ~lL ES AND DAYS ''' I 

♦ -----------♦------------------------------------------------------♦
I fRO i:! 1The EaOE pa r a~eter m4Y t e used t o i nd i c a t e t he ► t o taoil - I 
I l itv t hat a piU"t~cular out put r ecord v ill be pr inted . Its I 
I lde:ault value i s O. I 

♦----------♦------------------------------------------------------- ♦ 



I 

FBOCEDOBE ISWDIEb PABK PAiAdETEaS , ~ON? INOEC 

♦----------♦--------------------------------------------------------Paraaet er !Conten ts 

♦----------♦---------------------------------------------------------· 
♦-----------♦---------------------------------------------------------· 



IEW!NBO Write ui: -- Fd~E , 

PROC:EDUiH NAM!: - IEWINBO , " µroceuur~ t. O ccmbiue !!erqe and Jullito data 
into a sinq~~ ou t µu t. tile. 

~obert w. a hitd~~r 
Eeat, ~arwic~ . ~itcnell i ~c . 
1025 Connecticut. Aveou~ , s. •• 
■ ashi oq tou, ~. ~ . ~oC36 
(20~) 223-~S.:S 

LANGUAGl: Frocedure I~w. NuO is wcitteo to be comµiled aod exe 
cuted at an 40Std~~d ti on su~~o rtin~ the ?L;: C~timizioq 
Compile r, Ver~iun , . ~elea~e 2 . 3 , FTr o 1, o r l ate r. 

fURFOSZ : 

The purpcse cf procedure ~~w : ~ov 1s to cc~t:ine ~erqe and Ju mc c data 
intc a sinqle ou t put fil~ . ~er~e Ud ta an d Ju ~oo data tor sa ~~ le cars 
are ini:ut , t:ot h cf which 111ust o~ in sort t:v t l!l1e int.bin day wi tci o 
month within car-ideotiiica t1ou . ~ co~b 1ne d lerqe- Jumbo file is cutput . 

♦------------♦- - - ------------------ - --- ----- ------- --- -- ---- -- ----- - -
I Statement jCon t en ts 
♦----------♦--------------------------------------------------------♦ 
I EX !C !The purpose OL tn~ i A~ ~ statement is t o invo~e ~rocedure I 
I 1ra-INEO . Tbe a~~-u~ ~nd TI~! parameters may be s ~ecitied . I 
I IA iEGION of liJK dna a lI~i cf 2 ~inutes oave ceen t oua1 J 
I Ito ce adequ~te t or a 300/65 , !he ?ARM pa rametec ~ay oe I 
I 1used to specuv .?l./! dnd procedure I:l,i!NEO executico t i:11e1 
I jparameters. I 
I I l 
I IExa~ple : I 

I l //!5WINE C E.: .c.c c-1.1;1=.u .. i !foO, nEGI G:i=12~a< . 'IIlH=2. l 
I 1// EAR~=( ' / i~=·•~wJd:~ ~ ~~EGE A~: JO~oC ''' ) I 
~ -----------♦---------------------------------------------------------♦
15!:::PLIB co l !be purpose of tae sr~rLIB Ct statement is t o defica a 
I 1load libr ary c oata.1. uin-1 the i:rcced ure Ii.ii~~co l oad mod -
I 1ule . 
I I 
I IExaa;:le: 

1//S!!PLI3 DJ DSJ=i~~~U.LO~C .I3 ~I~ cO, O!Si= (SHi , i ~SS) I 
• - - -------- -♦-- - ------------- --------- ----------------- ----- -- ----- --♦ 



!BWihBC iriteup -- faqe 2 

ESOCEDU&E IEWINEO JCL STATElE~rs, Cv~TINUED 

♦-----------♦----·---------------------------------------------------♦I Statement 1contents 

♦-----------♦-------------------------------------------------------♦I SYSPaIIn DCl!he purpose ot tAe SYjiRINl CD statement is t o define a 1 
I ISYSOOT file where procedure IB ■ l~EC may ~lace messaqes 1 
I !during esecutiou. Lts default record characteristics are 1 
I IRZCFM 2 VBA, LiiCL=liS and BLKSIZE~l,9. !he user may spec- I 
I lify a BLKSIZi oi ,~9 ur larqer is desired. 1 
I I I 
I !Example: I 
I l//SYSPRINT u~ StSOUt•A I 

♦-----------♦---------------------------------------------------------♦IPlIDUl'tE CD !Th e purpose ot tne ELitUHP CC statement is t c de tine a 1 
I ISYSOUT tile wnerd a coLe manaqe ment report may te ~laced 1 
I I by the PL/I nousd~eepinq prcce a,1res and where a n ~EEND 1 
I tduap may be placea u required. !he rEcord cha~actecis- I 
I ttics of the PLlDUaP file are predefined. Thi3 tc state- 1 
I 1may be omitted. I 
I I I 
I ,~xaaple: I 
I 1//ELIDUeP D~ S~SUU!z~ I 

♦-----------♦--------------------------------------------------------♦I SY SOT 1 CO !The purpose OJ: tne S1jUT1 CC state ■ ent is to detine a 
I IP~Y!ical sequential i~put tile containing !Otted Merge 1 
I 1Jata for the sam~le cors. Its assumea r~cord cbaracter1s-1 
I ltics are RE <.:i~=Fa and LBECl:oS. Its BLKSIZE 1S take n fr o m1 
I tthe SYSUT1 D~ stotemcnt, the file laDel er may derault tel 
I I 6 5. I 
I I I 
I t!xample: f 
I I//SYSUT1 DD J~~=?d~Cu.SCiTI.C.BIG.MEauE,OISP= (Snn ,fASS) I 

♦-----------♦-------------------------------------------------------♦ISYSUT~ CD tThe purpose o~ tne SlSUT2 CC statement is tc ~efine a 
I IPhvsical sequenti4L input file containing sorted Jumbo 1 
I Jdata for the sample ca~s. Its assumed record coaract~ris - 1 
I ltics a:e aECla=Fd ana LR!CL=SO. Its BLKSIZ! 1S ta~ e n from1 
I I the SYSUT2 ~~ state~ent, tbe tile label er ma y de fau lt t e l 
I I 90 . I 
I I I 
I 1Exa ■ ~le: I 
I I I /S YSUT 2 OD tSN=~.ia<.:u • .:iO.li'I Et .J OIHC. SA ~PLI., DIS?= (Siiii , fAS.5) I 
♦-----------♦-------------------------------------------------------♦ISYSUT3 c.: !The ~urpose or tne SY3UT3 Ct statement is te detine a 
I !Physical sequeatia~ out~ut tile where a file ccntaininq 
I 1appended ~erqe ond JumDo data may be placed. :ts rEcor d 
♦-----------♦--------------------------------------------------------- ♦ 



I aWI~BO Write u~ -- Pa qe 3 

FBOC ED UBE I SWINfO JC L STAll~~~ ~S , ~O~TI NUED 
♦----------♦------------------------------------------------------♦
I St a t e me nt 1coote nts 
♦-----------♦--------------------------------------------------------- ♦ 
I 1c ha ra c teris t1c~ 4 r e pr e defined as RECF~= f B , L a iCL=155 a oa 1 
I IBLK.SIZ.E= 3100. I 

. I I I 
I !Example: I 
I • I//S YSOT3 00 Cj N=i~~co .o£ ~G E. J U~=C. APP , u~ ; T=33 30 , I 
I I// YOL =S EB= ?C1.1? iu { , SPA~E= (~iK , ( 1SC ,1 91'.: } , iLS£) , I 
I I // OISP=(, C~l LG, O~LE!E) I 
♦-----------♦----------------------------- ---------------------------♦ 

~be PARM ~a r ame t e r o f t he Elz~ sta t ement ma v te used t o s peci:y ~L/l 
and ~rccedure !3 WINeO execu t iua t 1 ~e para me ters. I t s fo rm at 1s as r o l 
l c vs : 

?A BM= (' EL/I - pa r ameter s;ra . IM&O- paramete r s ' ) 

The fo rmats ot the PL/I execution time ~ara me t ers ma y be tcu ~d ln t he 
Pl/I Pr oq ra ~me r s • Gui de. lheir deraults, set by pr ocedu r e ra . !NEO a s 
BEfCR'I and SA (1 0K) , a r e aa equa te, and the y 1.iy t ~ omi t te d . Pr ocedur e 
IBWI~ao ► a r am e te rs a r e ke yw or d dDd may ce suppl i ed i n a ny or j e r. emi t
ted pa r amet e r s have def a ul t Vdlues . !heir t criats may be t cu nd 10 t he 
f ollo winQ table . 

♦----------♦----------------------------------------------- - ---------♦
I Pa ra mete r 1c o nten t s 
♦---------- -♦--------------------- ---------------- ------------- ---- ---• 

I I D l!he ID pa r a me t er ~ay be used tc speci fy a a y ch¾r3cter 
I Js t r i nq to be use~ as i ~en t ification . ! t s de t au~ t value 1s1 

I 1a null s tr in~ . I 
I 
J '1Exa 11 pl e : 1 ID=11 Z.(!~A.:? CFFL;N E: ! :r.,s .:.NC DAYS ' ' ' I' 
♦-----------♦--------------------------------------------------------♦
IC AiiID l!he CABID pa r agc te r ~ay c e used to s pecif y t be i de nti i i -

1ca t 1on of a ca r •n ose o ut ► ot recor ds ~-e t o be r t 1cted .I 
I 1Its defauit val~e i s a nul l strinq . 
I I 
I ! Ex a mple : ' CAi.l.i:l= 11 .:i 111 0 8922C" 1 

♦-----------♦-------------------------------------------------------♦ 
I S! Ci?AF : 

♦-----------♦-------------------------------------------------------♦ 



IBWI~BO Writeu ► -- Paqe ~ 

PiOC!OOBE I6~INec PAS! PAAAdZi2aS, ~CNTINUEC 
♦-----------♦-----------------------------------------------------·
I Parameter 1cootents 

♦------·---♦-------------------------------------------------------♦
I 1ouater of records to ce read from file SYSU11. ihen SIOE-1 
I IAFT is qreater tnan v , tile SYSUT1 is treated as ttouqn 1 
I 1ao end of file nod occured after STOPAZ! records nave 1 
I 1beeo read. I~ default value is O. 1 
I. I I 

IExa1ple: 'SIOPAfT=5000' f' ♦-----------♦---------------------------------------------------------♦IPBINT !The PRINT parameter may be us~d to indicate ~bethet or 
I 1not output recora~ may te ► rioted. If C~BIC is alsc spec-1 
I lified, it ap~lies ~nly to the car identified. PilN1 is a I 
I 11-bit strin~ parameter. l ts default valu e is •o•e. I 
I I I 
I IExa•~le: 'P i l~~2 ••1• 1 a 1 I 

♦-----------♦-------------------------------------------------------♦ 



PROCEDOR! NAMZ: IRWMRBO, A procedure to add aerqe and Ju■ bo data to tbe 
Coa.bined u . .Le. 

AI/IHOii: &obert w. ■ nitaker 
feat, !arwick, ditcnell & Cc. 
1025 Coonecti~ut Avenue, ~-•• 
Wasbinqton, o.c. ~0036 
(20 i, 22.3-~5~5 

LANGUAGE: frocedure l4WMAB0 is written to be compiled and exe
cuted at an installation su~portinq the Plll C~ti~izinq 
Compi~er, ver~ion 1, kelease ~.3, PTF &1, or later. 

PORPCSE: 

The pur~cse ot procedure u-~dBO is to add Merqe and Jumbo data tc the 
Cc1bined file. Inputs are tne comoined aerqe-Jumbo file aDd a ~tevious 
version cf the Ccmbined J;ile. ou tputs are an updated versi c:i ct the 
Ccmbined file and a file containinq atstracted ~erqe-Jumbo data for use 
ia future processinq. 

PSOCEDUa! IFWMiEC JCL ST~1i~iNiS 
♦-----------♦----------·-----··--------------------------------··,...~ ---♦ 
I Statement 1contents 
♦ -----------♦-- - --------- ----------------- ------------------- --- ----- --♦ 
I !X£C 1:be purpose ct tne ~A-C statement is to invoke ftocedure I 

1rawaaao. tbe ai~lUN and TI!! parameters may be specified . II 
I A SEGICN of 1601< aud a 1111! cf 5 minutes have ceeo fcuud II 
Ito te adequat.e for a JoC/65. 'Ihe PA:il1 parameter aaay be lI 
1used to speciiy PL/! and procedu~e 1a~MiEO executicn time1I 

I I Parameters. I 

I I I 
I 1~xa11ple: I 

1/ll&waReo E~l~ i~~=!A•niEO,FEG:CN 2 160K,1111~=5, Il 
I ll EAR~=('ISA(3dK)/I~=••~oo 11EiGEIJU~BC 'IO CC~EISrt••·· II 
I/I 1 PBOl!=0.01' ,•~Aal.:.= 11 NW oas;"O "') II 

♦---,--------♦------------------------------------------------------♦
ISTEPL.Ia DO j!he purpose or t~a £IE?LI3 CD state11eot is to detioa a I 

1load library coot.ainia~ the ~rccedure !B~11iEO lead ~od- Il 
II 1ule. 
II I 
II 

♦----------♦---------------------------------------------------------♦ 

https://ISTEPL.Ia
https://PBOl!=0.01


Ii.iiiitsiHO Wri te u;: -- Paqe 2 

PBOCEDlliiE :;:I;i.iBl'!C JCL ~TAl.f:iiitH.S, CONTINUEC 

♦----------♦ ----:-----------------------------------------------------+I State ■ ent 1cootents 
♦ --------- -♦- ---------------------- - ---- -- --------- --- -- ---- -- -- ---- - --♦ 

♦-----------♦------------------------------------------------------- ♦
ISYSP:i INT DC fTbe purpose er ta~ S1Sf5INT to s t atement is t o derine a 
I 1sxscuT file woere pr ocedu re rawMRfO may flace ~essaqes 
I tduxinq execution . It.::. defaul t Lecord cha racterlstics are 
I IBECFtt=Vl!A, .. .ilECl.=l"S and BlKSI2E=129 . TbE user a:ay Sfec
I lify a BLKSIL~ or 1i9 o r la r ger is desired. 
I I 
I 12xasple: 
I 1// SXSPRijT ~O SISOUI=A 
♦-----------♦----------------------------------- ------------------- ♦
I FlIDU tH DD t!he purpose or tne tL1DUMf tC statement is tu defi ne a 1 
I I SY SCU': file where a c o re maoaqemeot report may te Flaced I 
I I by the PL/I nouse,eepi nq ~rccedures and voere an AEE~D I 
I 1du11p llllY be placea ii required . Ihe record cbaracteris- t 
I ftics of the PLI~Udi fi~e are predetined . This Ct sta t e - f 
I tment 11ay be caitted. I 
I I I 
I tExa ■ ple: I 
I 1//r lIDU t! P DJ sijuUT=A I 

♦----------♦------------------- -------------------------------------- ♦fSYS OT 1 tt ITba puxpose ot tne ~xsuti Ct statement i~ to detine a I 
I I physical se'-i uea tlc1l. in put tile cootai11 .1o q combined l!e r qe - 1 
I tJ u ■ to data • • ts c1s~umea reccrd characteristics are aEC :M =I 
I fPB and L3ECl. =1 5j. Its cLKSIZ f .1s taken f r o~ the SYSUT l tD I 
I fstatement, tae ti.1e label er may default t c 155 . I 
I I l 
I IZ¥ample: I 
I I //SYS UT1 DD OSU=?d~C~.~ERG E.J U~EC.AP? , DISP=(SdR ,r ASSJ I 
♦-----------♦------------------------------------------------------♦ISYSOT2 
I 

tD fThe purpose ot ta~ ~Y~UI2 
fpbysical sequent.la~ i~~ut 

tr statement is 
tile ccntaioinq 

t o define a t 
d ~r ev.1ous ve r-1 

I 
I 

tsico of the co mo.1nad r.1le. Its assumed rec orj charac~er-
listics a.re iiCE :1=fb an a LiUCl=120 . :ts BLKSIZZ is ta.<en 

1 
I 

I 1frc11 the SYSUT~ DD s~ctement, th~ til~ label or ma y de- I 

I tfault to 120 . 1 
I I l 
I 
I 

JExample: 
I//S?SOT2 DD DSb=PjdC~ . DATA .CCMEI~Eo , o:s?=(Sli~ , ?ASS) 

I 
I 

♦-----------♦-- - --------- ----------- - -------------- --- ----- -- - -- ---- --- ♦ 
fThe purpose oL tne SIS013 rt statement is to de fine a 
tphysical sequenti4L uut~ut tile vhere a vers ion ct tne 

♦----- ------♦ -- ------------- ----------------------------------- ---- - -- ♦ 

Microfilmed From 
Best Available Copy 

https://cootai11.1o


IiiiHBBO Writeu~ -- Faqe 3 

PBOCEDUBE IF~HREC JCL STA1Z~ZNt~. cc~:INUED 

♦-----------♦---------------------------------------------------------♦I Statement tContents 
♦----------♦---------------------------------------------------------♦
I fcomtined datd Liie cuntaininq updated records may te I 
I 1placed. rts record cu~racteristics ar e ~redetined as ar:c-1 
I l?H=FB, L£EC~=1~0 and BLKSI~E=4,CO. I 
I I 
r I Example: 'I 
I I//SYSUT3 DD ~S~=i~dCu.UEDAI£D.C~!A.COMBIN!C,UNI!zJ~30, I 
I I// VCL=SER=ro.:iP,\t.,SPA~E=(TiiK, (1SC,i90) ,RLSE), I 
I I// CISP=(,CAIL~,u~~~1~) I 
♦-----------♦--------------------------------------------------------♦ISYSUT4 Ct ITne purpose CL tne ~YS014 tt statement is to definE a 
I fphysical sequenti4l output file vhere abstracted Merge
I lJumco data may oe pidced fer further pcocessinQ. Its re-
I 1cord characteristics 4re ptedetined as RECFH=VBS and 

ILRECt=4096. Its o~KS~li mav te scecified in the SY~UT~ CtlI 
I 1stateaent or aay a~tauit tc ~,cc. • 
I I I 
I IEXa&~le: I 
I 1//SISUTij DD tS~=?~dCJ.,\BSiiiACT.~raGE.JUttllC.Acr,ONI!3 3330,I 
I 1// VOL=SER=?ei.iriu<,SiA..:E=('IiK, (19C,190) ,aLSE), 
I I// CISP=(,CAil~,~EL£!E) 
♦ ----- - ----- -♦------------------------------------------------- -------♦ 

The P~HM ► acameter of the ~X£~ ~tdtement may te used to specify PL/I 
and procedure IBWMaEO execution u~e parameters. Its iormat 1s as fol
lcv ::: 

!be fcrmats cf the ?L/! execution time ► acameters cay be found in the 
Fl/I ~roqraimers• Guide. 1neir decaults, set ty procedure i~•~BcC as 
ii!ECRT and rs,; (10K), are auequate, and they i1,ay oe omitted. ?rocedure 
IR•~RBO caramete~s are keyvo~~ and may be supplied in any order. emit
ted para:eters have defau~t V4lues. lheic fcraats may be fcuoJ in the 
fcllcvinQ table. 



♦----------♦---------------------------------------------------------♦
• Parameter !Contents 
•-----------♦--------------------------------------- ------------------♦
IID jTbe ID paraaeter aay b6 use d t c specify a~y cha racter 
I 1strioq to be used as 1dent1t1cation. Its detault value i s 1 

1a null strinq. 1•I I I 
. I tExa11ple : 'I u-=- ",\ .)i) i'.1 i::,u ;fjJ Ueec TO COMBINE: 1 11 I 

♦-----------♦---------------------------------------------------------♦!CASIO tTbe CARID m4y De u~eu t o specity aoy car-id tor ~hich thet 
1co ■ bined record is t o oe pr \ nted . Its default value 1s a I'I I nu 11 str i nq . I 

I I I 
I 1Eica11ple: 'CAliID= " Nli J892~C 11 ' I 

♦-----------♦-------------------------------------------------·-------♦
I f 1!CB !The PBOE para ■ et~r ~4Y te used t o spec1f7 the ftcoa bility1 
I ttnat any one como1oeu reco rd out~ut will oe ~rinted. It s t 
I !default value i s v. I 
I I I 
I !Example: 'P iC6=0.01' I 

♦-----------♦--------------------------------------------------------♦
fSTOPAf'I tThe STOPAFT para~eter may CE used to indicate hew 1any 

1recrods are t o oe r eaa, at the most, from toe SYSU12I 
I lfile. When S!OiAlT lS qreater than 0, procedure IR~MiBC 
I tbebaves as tuouqn 4D ~od ot tile hau been enccuntered on 1 

I I file SYSCT2 a.tt~r j!uPAfr records have ~eea passed . lts 
I tdetault value is O. 
I I 
I !Example: ' SIOPAzt=50v0 ' 
♦-----------♦---------------------------------------------------------♦ 

C... ~' 
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PROCEDU RE NA~E: ISWCTAB, A procedu re t o tab ulate the Com01ned Ja ta 
file. 

AO'I HCB : 6obert w. •nita,er 
f eat, Marwic,, ~itc hell & Cc. 
1025 Conoe~r.icut Avenue, N.li. 
washinqtoo, ~. ~ . ~0036 
(20 ,) 22.J-~ 525 

L~NGUAGE: rrocedure I~W~!A~ i~ vritte o to be compiled ao a exe
cut ed at an iosta41atic n su~~ortinq the Pl/I Cp tim1z 1nq 
Compiler, Version 1, 3elease ~.3, ~Tr 6 1, or later. 

F 0 iH OS E: 

The pur ► cse cf ► r oc edure Ii•CXAo 1s t o taculate th e Ccmbioed data f1le . 
Tables are tv P~~£Co. repair cate~ory and sno w car ty ~e by age . 

♦-----------♦-------------------------------------------------------♦
I Stat eme nt 1contents 

t ---------- - ♦-- - -·-- ---------------- -------------------------- -- ----- - --♦ 
I EX EC 1The purpose or tne u~~ statement is t o invo~e ~rocedure I 
I 1:awcTAB. The a~b~uN and TI~E paramete rs may =e s ► ec1f1ed .1 

IA ~EGION of ld~K ana a TI~E cf 2 minutes nave teen i cund II 
Ito te adequate toe a JoC/65. Ibe PAR~ pa ra ~eter may be II 

I 1used to specity PL/I and pr ocedure rawC!Ad executicn time1 
I jparameters. I 
I I I 
I I Example: I 

I 1//ISWCTAB E~iC Pbd=i3~~1A3,iEG: C~= 182K ,Tl~E=~ , I 
I 1// FARt!=!'/Ir:.=tt::.iiilACI .a,EAIR - 'I'l:?£ TA.oLES " • l I 

•-----------♦---------------------------------------------------------♦
1S~EPL IB CD tThe purpose cf tae SIE~LlB CD s t atement is t~ dt tice a 
I 1load library contairu.n~ t he ~rccEdure IR•CTA5 lead iod-
I 1ule . 
I I 
I 
I 

1c:xa:sple:
1//S'IEPLIS D~ ~S~=Pd~CO .LOAC.I a ~CIAB, O:Si=(SHi , iASS) 

♦ ---------- -♦--------------------------------- --------- ------- -- ------+ 
t SYSPRIN! J Di~he purpose ot the StjiB;Nr CD statemen t is t c de t1ne a 
1 ISYSCUT file wAere procedure : a . c!A6 may ~lace ~essaqes 
♦-----------♦-------------------- ---------------------- ------------♦ 

C: .. \..\.d 



IEWCTA6 irite u~ -- Page 2 

♦----------♦---~--------------------------------------------------♦I Statement !Contents 

♦-----------♦---------------------------------------------------------♦
I ldu rinq executicn. It~ aefau1t record characteris t ics are I 
I IHECFN=VBA. ~~LC~= 1i5 and BLK~rz:=1i9. The user ~av Sfec- I 
I lify a BLKSIZE or 1 4~ or la r qer it desi r ed. 1 
I I I 
I 1,xample : 1 
I 1//SYSPRINT o, Sl~OO~;A I 

♦----------- ♦-------------------------·-------------------------------♦lflIDUlH DO IThe purpose of tne PLiDUNP OD stateme nt is t o def i ne a 1 
I ISYSCUT file ~ne~e a core maoaqe ment re port may ce ~lac ed 1 
I tbY the PL/I aousexeepinq prccedu res and ijhere ao AEEND I 
I 1du a~ may be plac~d u required . Ihe record character is - j 
I ttics of t he rLlDU~P tile are prede rined . This ~c s tatP· 1 
I 1~av te omitted . 1 
I I I 
I 1Example : I 
I 1//flIDOMP Du S ~jUOT=A I 

♦ ----- ------♦-------------------------------------------------------♦ISYSUT1 CC !The purpose oL t he ~Y$U!1 CC state ment is to de fine a 
I !physical se~uent4a~ input file containinq t ne Cc~oined 
I !data fi le. ~ts a~sumeu r ecor d characterist ics are SECFM= 1 
I lfB and L3EC1;1iO. ltS BLKSIZE is taken t eem the 5YSUT1 c~, 
I 1s tatement, tne fil~ label er ma y default tc 1iG . J 
I I 
I 1 E xa ■ ple: 

I I//SYSDT1 DD CSN =?~~~v.DATA. CC~EINED , DISE=(Sa~ , rASS) 

♦-----------♦---------------------------------------------------------♦ 

The PA3~ ► arameter of the iX£~ statement may be used to s~eciry FL/: 
aod procedure I~ •C!AE execut~on ti~e parameters . I t s tor~at is as i o l
l o ws: 

The formats cf the PL/I execution time parameters may be rcund in tae 
Pl/I Proqrammers• Guide . Ioeir deraults , se t cy pr ocedur e :3•C!,c as 
SEPCRT and ISA (10K), are a11e4uat.e, and they may be otutte ri . Frocedure 
IR~CTAS ► arameters are keyworu anu ~av ce supplied io any crder . emit 
ted para meters ha ve default values. !heir fcrmats may be : cund in toe 
fcllowioq table. 



ISWCTAB Writeup -- Fa ge 3 

fFOCEDUSE ISiCTAE PAR~ P~aA~~!iiS 
•-----------♦--- --------------------------------- -- -- ------- -- -- - -- - --♦ 
I Parameter 1contents 
♦-----------♦--------------------------------------------------------♦
llD !The ID parameter may oe used to specity any character 

1string to be useu as identification. Its de f ault va lue is 1I 
I 1a null strinq. I 

I lI 
1Exa11ple: 'ID=' •~l'I.i.\CT SEPAIB-'I!?E T.\BLESHI II 

♦-----------♦-------------------------------------------------------♦ 
l'IY ~E l'Ihe 'IYPE paraaeter may te asEd to select the Pee&cc. re- I 

!Pair category to ~e taDulated. All repair catego ries are II 
!tabulated vhen it is less than o r equal to O. Its default!I 
1value is O. II 

II I 
I !Example: 1 TYfi2 2J' I 
♦------------♦--------------- ------------------------------------------♦ 



IiiWAY2 Wtiteup -- faqE 1 

FROCEDtJiiE HANZ: IBWWAt2, A proceciure to ► rei:;ate coabined recctd~ f o r 
paired C. ii. iS. reP4iJ: codes. 

AUTBOB: liobe.rt w. •lutaAer 
Eeat, !arvic~, aitcnell & cc. 
1025 Connecticut Avenue, M. ■• 
liashinqtoo, D.c. i0036 
t20 ,) 22.J-~ 525 

L.INGUAGE: Procedure ii••AY2 is vritten tc be cc ■ piled a nd exe
cuted at aA iuta..l.lation ~ui:portinq the PL/ I Cptimizinq 
Coapiler, Version 1, BeleasE 2.J, PTF 61, er later. 

FOiECS£: 

The purpcse of procedure ~A••All is to prepare combined reccrds for 
i:aited C.B.E. repair code~. An o~d version of toe Co ■ bined data file 
is input. An updated version ot tAe Coatined data file is cutFUt. 

fiOCEDOiE I5wWAY2 JCL STAliaE~IS 
♦---------♦---------·-----------------------------------------------♦ 
I Statement !Contents 
♦-----------♦----------------------------------------------------------• 
!EXEC !The purpose cf the ili;C statement is to involte i:rocedure 1 
I IIRWWAI2. The i~~40H and TieE paraaeters ■ay be specified.I 
I IA BEGIOH of l~OK aad a 1;sE ct 2 ainutes have CEen fcuad I 
I tto te adequate for a Jo0/65. !he PAiiS paraaeter aay ta 1 
I 1used to specuy PL/I and procedure IRWWAY2 executicn tiaeJ 
I jparaaeters. t 
I I f 
I ,z~a•ple: 1 
I 1//I&WWAY2 E~EC f~~•ll••AY2,SEGICN=100K,!I~Ez2, I 
I 1// FA2~=('/IIi= 11 ~A£A!~ 2-BECCitS''') I 

IST EPL IB :o 1The purpose ot tAe stiiLI3 tt stateaent is to detina a I 
I 
I 

1load library contaiiu.uq 
1ule. 

the ~rccedure IiWWAY2 load mod- I 
I 

I I l 
I I z:xa sple: I 
I 1//STEPLIB DU uSl•PdJ~O.lOAC.I3•WAY2,DISP=(SHi,F~SS) I 
♦----------♦-- - ------------------- ---·- ------------- ---------- - - --♦ 
ISYSPRI~t DCIThe purpose of tAe SYSPBIY! CD stateaent lS t o deiine a 
♦ ---------+---------------------------------------------------------♦ 

https://liobe.rt


IBWWAY2 irite u~ -- ca ge 2 

♦---~-----♦--------------------------------------------------------♦f Statement fCon tents 
♦-----------♦-------------------------------------------------------♦ 
I ISY SCOT file wnere ptocedurE Iai~AY~ may ~lace messages I 
I tducioq e xecution. :ts de ta ul t Lecord characte r istics are I 
I 13ECF~=VSA, L&~CL:1 25 ~nd a1Ks;zE =1 29 . The user may Sfec- I 
I lify a 8lKS I Zi or ,~~ o r la r qer is desired . I 
I I I 
I l~xample: I 
I 1//SYSPRINT DD SYSOOI =A I 
♦ -- -------- - ♦ - ----- -------------------------------- --------- --- ----- --♦ 
IP L! CU!H OD 1:r.e purpose cf tne ~L:Do~P tt statement is t o define a I 
I 
I 

tSYSC OT 
t hy the 

f ile wAere ~ co re 
PL/I nouse~eep~nq 

manaqement report may te ~laced 
prccedures acd where an AEEN D 

t 
I 

I 
I 

tdum~ may be 
ttics of the 

placed iL r equi red . !he r~ccrd cnarac teris -
iL!~Utt i tile are predefined . ?his cc state -

I 
I 

I 1~ay te emitted. I 
I I I 
I 
I 

t!xa~ple; 
1// cllDU ~l D~ ~Y SuU:= A 

I 
I 

♦-----------♦ -- -------------------------------------------------------♦
I SYSOT 1 CC I :he pu rpose cf. tae SYSO'I1 CC state11eot is t c define a I 
I jpbysical se~u~~tia l Laput file ccntaici nq ac cld versi QD I 

10£ tne Co mbinea aata tile. Its assumed r ecora c haracte~ - II 
1istics are aEC?J=Fa aad L3ECL=120 . I ts ElKSIZ! is taken II 

I tfrom the SYSU~1 ~D SC4teme ot , the file label or may de-
I f au l t t c 120 . 
I 
!E xample : 
I//SYSOT 1 DD ~S~=iMd~O. uATA.CC!EISEC, DISc=(SH; , ?ASS) 

♦ -. ----- ----♦-- ---- - --------------- -----------------------------·- ---♦ 
1s1su~ ~ re 1rne pu r pose o t tae S15U'I2 tC s tatement is tc aef ine a I 

physical sequentidi outfUt file wher e an u~da ted versio n I 
1o t t ~ ~ Combioea d4ta tile ma y be placed. Its reccr ci cnar -1 
1acteristics ,u- e ?Ceuetined as ~!Cfe=FB , L3EC~=120 an d I 
i2LKSIZ!=~200 . I 
I I 
t! xascle : I 
I//SYSOT2 DD ~S~=i ~dC~ . UFDA 'I!C.tATA.CO~Bl~Et , us:r=J;JO , I 
1// VOL=S!B=Pbli f AiC ,.:tc'ACE=("rSK , ( 190 , 190) , iilSZ) , I 
1// CISP=(, CAI~~, DE L~~~) I 

♦--------- -♦-- ---------------------------------------------- ---- ---♦ 



IBWWAY2 writeUF -- fayE 3 

The FABM ~ara ■ eter of the ~x~c ~tateaent aay be used to specify PL/ I 
and procedure I3wWAY2 execution u.me pa raaeters. Its toraat is as tol
lcvi: 

The formats of the PL/I executiou ti ■e para ■ eters aay be found in the 
FL/I Proqrammers• Guide. 1neir deLaults, set ty procedure :aWWAX2 as 
i!PCRT and ISA (10K), are adeq~ate, and they may be o ■ itted. Procedure 
IBWWAY2 parameters are keyword ana may be supplied in any order. emit
ted paraaetErs have default values. Their fcr~ats 1ay be found in the 
fcllowinq table. 

♦ ----- ----- -♦- -------------------------- -- ------------------- ------ ---♦ 
I Parameter fCon tents 

♦ -----------+------------------------------------------------------♦IID !The ID parameter ■ 4Y oe used tc specify any character I 
I fstrinq to be u~ed as identification. Its default value isl 
I fa null strinq. I 
I I I 
I iExa ■ ple: 'ID=••~£t2AT&: 2-ii!CCiCS''' I 
♦-----------♦-----------------------------------------------------------♦ 
ICA&lD !The CARID p .ira.11eter .:It!'/ .be used to specify the idectiii- 1 
I 1cation ct a car ■ hose out ► ut reccrds are to be ► rioted. , 
I IIts default value 1s a null striuq. 1 
I I I 
I I.Example: 'CAiiD:"Nil C89220'" , 
♦---------♦------·-----------·------------------·-----------------♦
IEBOB t!he FROf para~eter may te used to indicate t~e ► rctabil- I 
I litJ that a particuiar output record •ill be printed. Its I 
I jdefault value is o. I 
I I I 
I 1zxa11ple: 'PiCii -=0.01 1 I 

♦-----------♦--------------------------------------------------------♦llIST IIhe LISI paraaeter ~4Y te used to indicate woether er I 
I tnot output rceord~ ■dy te printed. If CABID is also spec-1 
I lified, it ap~lies on.1.y tc tbe car identified. lIST is a I 
I 11-bit strinq para~ete~. Its detault value is •o•a. I 
I I I 
I !Example: 1 liST:••1••a• I 

♦-----------♦-------------------------------------------------------♦ 
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EBOCEDORE NA~E: IRWWAYX, A µ~ocedu~ e to pxe~are combined records for 
paired P~t~Co. repair cedes. 

AOTHCR : 6obert w. Whitdker 
Feat, !arwic~, ! i t c~ell 6 c~ . 
1025 Connecticut Avenue, N • • • 
iashioqtoo, u . ~ . 2003& 
(20 2) 223-S 525 

LANGUAGE: Frocedure IS••AYA is writte n to be compi led and exe
cuted at a.n insta~latioo su~portinq t he Pl;: C~ ti3izi ng 
Compiler, Version 1, aelease 2.3, ETF 61, ot la ter . 

cOliEOSE : 

:he purpcse of ~rocedur e li ■ •A XX is to pr epare combined teccrds for 
cai r ed P~M&Co . repair codeS . Ao old version of the Combined data file 
is i cput . . \o upda ted ver""ioo of tAe coal:: ioed data file is ouq:u t. 

♦-----------♦------------------------------------------------------ ♦ 
I ~t ateme ot 1cooten t s 
♦ -----------♦-----------------------------------------------------♦ 
1EX EC l!he purpose ot toe .i~~ s tatement is t o iovo£e ~rocedure I 
I 1rawwAYX. The a,~lvN ~od TiftE ?arameters aay be speci ried .1 

I A EEGION of 100K and a II!E of 2 ~inutes have tee n found II 
I tto be adequate foi: a .lo0;65. I.he PA.BM parametet ■av be I 
I t used to spec1.fy t -..; ~ and pr ocedure IRWWAYX executicn time& 
I fparametecs. 1 
I I I 
I t~xa~ple: I 

1//!SiiiiAYX E,Li.C ?GJ=Lu•AYX, ii EG ION=100K , 'I~11E=2 , II 
I I ll fARt!=( ' / .t= 11 cat:;. ;:;; 2-a.;:cc.ats •• ' ) I 

♦----------♦-------------------------------------------------------♦
1~:''.:fL!5 CD l!he purpose er t ne ST~ cl!B LC sta t e men t i s t o aet ica a 
I 1load library contain1.u~ the ~rccedure IR•WAYX lead 11od-
I 1ule. 
I I 
I 1:: xaa ple: 

1//S!~PLIB DD D~~=ia~~u .LOAC. IB aW AYX , DISP=(S Ha , r~SS)I 
♦-----------♦------------------------------------------------------♦1s1s?RIN! )C i The ~urpose or t ae ~1SiuIN'I CD s ~atement i~ to J efine a 
♦ -- -------- -♦- - ----------------------·- ---------------------- ----- ---♦ 

https://spec1.fy
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IllWiAYI WriteUF -- Faqe 2 

PiOC!I>DS! IiWWAYI JCL STATid~~tS, CCHTINU!D 

♦----------♦-------------------------------------------------------♦I State ■ ent !Contents 

♦----------♦--------------------------------------------------------♦I ISYSCUT file where procedure IR~iAtX ■ ay Flace aEssaqes 1 
I ldurinq executioA. its uefault record characteristics are 1 
I IR?Cr8•VBA, LiECLsliS and BLlSIZE•1 29. the user ■ ay spec- I 
I lify a BLISI~I of ,~~ or larqer is desired. 1 ., I I 
I l!xa ■ ple: I 
I 1//SYSPBIHT Dt SlSOUt•~ I 
♦---------- -♦- ------------------------------------- --- ----- -- ----- --♦ 
t PtI~t?:iE DD !The purpose ox tbe fL~OD8P tt stateaent is tc define a I 
I ISYSOOT file waere a core manaqe ■eot report ~ay te Flaced I 
I lbf the PL/I housekeepinq procedures and where an A~i~D , 
I ldU ■ F ■ay be ~laced it required. The record characteris- I 
f ltics of the fL~UtSi> file are predefined. Th~s tt state- I 
I 1aay be emitted. I 
f I I 
I 1zxaaple: I 
f 1//PLIDU!P D~ SXSODT•A I 

♦-------,----♦------------------------------------------------------•ISYSOT1 tC !The purpose c.t t~e St~Ull tt statement is to defiDE a I 
I I physical sequent.1.al ill put file containin~ an old vusion I 
I tof the coab4oed data rile. Its assumed reccrd character- I 
I listics are Af~Po•Fd and LiECL=120. Its SLKSIZ? i ~ t&A8D I 
I tfro ■ the SYjUT1 ~D stdteaent, the file label er aay de-
I lfaolt to 120 . a 
I I f 
I I Example: I 
I I//SYSUT1 DD DSM•2ttaCJ.DATA.CC!fl~ED,DISP•(Saa,PASS) I 

♦----------♦----------------------------------------------------♦ISYSUT2 tt 1The purpose or toe SYSU!2 tt stateaeot is to detio• a • 
I jphysical sequeAt.l.a! output tile where an updated version I 
I 10£ the Co ■ bined da ta file aay te p!aced. Its reccrd char-1 
I 1actEristics are pr~aetined as i!CP!•PB, li!Cl•1~0 and I 
I IBLKSIZ!•4200. t 
I I I 
I l!zaaple: I 
I I//StSOT2 DD tSj•2daco.UELAlEt.tAtA.C088IMEt, UHil•J3JO, I 
I III VOL•Stl•iSl!iAK,~PA.; i:• (?ii(, C19C, 190) , BLSE), I 
I I// tISP•(,CAilG,D~~?~J I 

♦----------♦-----------------------------~ --------------------------♦ 

c.. .. 4Cf 
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IBWWAYl Writ•u ► -- iaqe 3 

The PABM ► arametet of the lXE~ state ■ ent may be used to s ► ecify PL/I 
and ► rocedure IaR ■ AYX execution ti~e parameters. I ts format is as tol
lcwE: 

Tbe formats of the PL/I ~xecution time ~ara~eters may be found in tbe 
Pl/I ?roqtammers• Guide. 1neir aeiaults. set ty procedure ra-iA~X as 
E!PCRT and ISA(iCK). a.re ade~uate, and they aay be omitted. Frocedure 
IRwi~YX ► arameters are keywora anj aay be supplied in any crder. Omit
ted parameters bave defau~t V4lues. !heir fcr~ats may be fcund in the 
tcllowioQ table. 

♦-----------♦ --------------------------------------------------------+ 
t Parameter !Contents 
♦-----------♦--------------------------------------------------------♦
II .C l!he ID pataQeter may oe used tc specit7 any character I 
I 1strinq to be used 4s identification. Its default value isl 
I 1a n ull strinq. t 
I I I 
I ,~xample: 'ID=' 1 CAEA1~ 2-RECCEDS''' j 

♦-----------♦------------------------------------------------------♦
ICA a: D !The CARit paLameter may be used to specity the 1dentifi• 

1cati0n of a car whose outFut tEcocds are to ce ~rioted.I 
I 1rts default value is a null string. l 
l I I 
I IExaai;le: 'CA.itiil="t.• 089220"' I 
♦-----------♦---------------------------------------------------♦
iP P.C 5 1r he rROE parameter may be u~ed to indicate tbe ~tctabil- t 
I tity that a particular output record vill be printed. Its I 

!default value i3 O. II 
I I I 

1Exa111ple: 1 PiiCB=0.01' I 
♦-----------♦-------------------------------------------------------♦
flI 5: trhe LIS1 parameter may te used co indicate whether or I 

1not output recvr~s m4y te printed. If CABID is a l sc ~pec-tI 
lified, it applies only to the car identitied. L;s1 is a II 
1i-t:it strinq pa.t"ameter. :ts deiault value is ' O'E. II 

I I I 
I 1Example: 1 Lisr=• 1 1 11 a 1 I 
♦-----------•-----------------------------------------------------♦ 

C.So 
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PBOCEDOBE NA~E: ISWFMAT, A procedure to tabulate records fer s~lected 
repair codes trom tne Combined aata file. 

A0THOB: Bobert w. Wl:utaker 
feat, MarwicK, aitch ell & cc . 
1025 Connecticut Avenue, ~ .•. 
liashinqton , D. c. 4'0036 
,20 ~) 223-9 525 

lANGUAGE: Erocedure IAWidAT is written to be compiled and exe
cuted at an in~t a!lation ~u ~portin ➔ t he ~l/l Cp t1m1zinq
Compiler, Versi on 1, 3eleasE 2. 3 , PTF 6 1, or later . 

PORiCSE: 

!be purpcse cf p rocedure iiW Fa~I is to tatulate records fer selEcted 
re ►air codeE for the Com01ned data iile. 

♦----------•------------------------------------------------------♦
I Statement 1contents 

♦-----------♦------------------------------------------------------♦
I EX!C !The pu4pose ct t~e E~tc statemEnt is to invoke ~rocedure ; 
I IIRiFKAT. The ai~~v~ dnd TlaI parame ters ~ay be specitied.J 
I IA 5EGION of 100K and a !lnE c : 2 minutes ha,e been fcund 1 
I 1to be adequat~ tor d Jo0/65. !he PAaM para~eter may be 1 
I 1used to specuy PL/I and procedure !R•FnAT executic o timeJ 
I I pa r ame t e rs . I 
I I I 
I !Example: I 
I 1// ISWFMAT E~EC ?ba=lA•i~AT,iEG1CN=100K,~IaE=2, I 
I I// PAB~=,•1~D= 11 ra~s~ ~ElEC1ED ccaBI~!D sico;ts••·, I 
I I// 'CLIS!="i;v,59 111 

) j 

♦-----------♦-------------------------------------------------------♦
ISTEl?LlB CD !The purpose OL t4e S~E~L:B tC statement is to define a 
I tload library containiuq the ► rocedure IB ■ FaAI load mod-
I 1ule. 
I I 
I I ~xa 11ple: 
I 1//SIEPLlB DJ uS~=Pn~~u .LOAC.I8aiMA T, DISP=(Sli3 ,fASS) 

♦-----------♦-------------------------------------------------------•ISYSPRI N! OCjThe purpose OL tba St~fRINl to statement lS to detine a 
♦--------- -♦--------- ------------ --------------- ----------------- - --· 



IBWF~AT Writeup -- Faqe 2 

EBOCEDUBE IaWF~At JCl STAila~~?S, ~uNTINOED 
♦---------- -♦------------------------=------------------ -------- ------ -- ♦ 
I Statement 1cootents 

♦---------♦ ---------------------------------------------------------+ISYSCOT tiie where procedure IB ■ iMAT may ~lace messages 
1during execution. Its defauit record cha racteri£t4cs are 
IRECEM=VSA, ~A~Cl.=1~5 and BLKSlZE=129. The user ;ay s~ec
lify a BLKSI~i or 129 .or larqer lf desired . 
I 
IExa ■ ple: 

1//SYSPRINT D~ SYSOUI=A 
•---------- -♦--- - --------------------------------- ----------- -- ----- -- ♦ 
t fLIDUIH CD 1The purpose o.t the ?l..IJUl:1E ct statemeo t is to det ioe a I 
I 1SY SCUT file w~ere ~ core ma naqe~en t repo rt may be ~laced I 
I 1bv t he PL/I uouse~eepinq prcce du res and vhere ao AfEND I 
I Jdump ~av be placed u required. !be record characteris- I 
t ttics of the iLiDU a? tile are pre~efined. !his cc s tate- t 
I 1aiay be omit ted. I 
t I I 
I 1Ex a 110le: I 
I l//ELIDUM? DD s1sou:=A I 

♦-----------♦-------------------------------------------------------- ♦ 
I SYSOT1 CC trhe purpose or t re S! SUT1 CC statement i~ to de rine a 
I (physical se~ueutial input file contaioinq the Cc acined 
I 1data file. Its assumad cecord cnaracteristics are BiCfM; I 
I tFB and LREC~=,~v. Lts clKSIZE is taken trom tae SY~ur1 co . 

1statement, tne r41e laDEl er may defaul t tc ii) .I 
I I 
I I !xa 11 ple: 
I I//SYSUT1 DD DS~=rM~~O . DATA . CC NE:SED, DlS E=(SH~,cASS ) 
♦--------♦-------------------------------------------------------♦ 

! he ~~HM ~atameter of th~ ill~ statement may be used to specity PL/I 
aod pr ocedu re In •f~A! execution ti~e parameters. Its format lS as tol 
lc w s : 

!he f or mats of the PL/I execution time parameters may be r ound in toe 
Fl/! ?roqramme rs• Guide. Ih~ir ue rau lts , se t by procedure :;•f~AT as 
IiEP CiiT and ISA (10 K) , a.re adequate, and they lldY be o,ut ted . i=rccedure 
I RW:MAT parameters are keywora ana ~ay be supclied in a ny cL der . Omi t
ted ~arameters have default value~. !heir tcrmats ma y be fo~nd lD tne 
fcl lc winq table . 



IBWPSAT Writeu~ -- Page 3 

PBOCEDUiE IEWFKA1 PAB! PA.ii.Ad~I~aS 

♦-----------♦ --------------------------------------------------------+t Para ■ eter 1contents 

♦-----------♦-----------------------------------------------------♦IID IThe ID parameter aay oe USEd to specify any chdracter 
I 1strinq to be U$eu ~~ i a entiiication. Its detault value isl 
I 1a null strin~. I 
I I I 
I 1Exa ■ ple: 'IO=•·~•IiACT BEPAiB-lYEE TAaLES''' I 

♦-----------♦------------------------------------------------------♦tCLIST 
I 

lthe CLISt ~ara ■ eter aay be used 
jpair codes tar vnich Co ■ tinE d data 

to specify 
records 

a li~t cf 
are tc te 

re-
tat-1 

I 

I 
I 
I 
I 

Julated. It is a cAaracter s tr ing 
10ull. 
I 
IExa ■ ple: 'CLISI•''00,9 9 ''' 

whose default value is I 
I 
I 
I 

• -- --- ----- -♦-- -------------------------- --------- ----------- ------ ---♦ 



PBOCIDUB£ N~~E: lSilTAB, ~ pruceQure to tabulate the Cotbined data 
file as pre ►4reQ oy ~-ocedure IBWWAYX. 

AU!HCB: Sobert ~. Wnita~e.r 
Eeat, ~arwic4, aitcAell & cc. 
1025 Connecticut Avenue, N.•. 
wasbinqton, o.c. 20036 
(20 ,) 2 iJ--3 5~ 3 

L.lN GO,\G E: Erocedure ~i•XIAD is written to be compiled and exe
cuted at an iusta1~4ticn su ~porting the PL/I Cp timizinq 
Compiler, Versi~n 1, aelease 2.3 , P!F 61, o c later. 

PORFCS E: 

The pur~cse ci ~tocedure Ia•XXAo is t o ta t ulat e tAe cc mbined da ta file 
as ► repared by ► rocedur e ra~ •A11. Tables are ~Y PM~Co. repair c a tegory 
aod show car tYPE by aqe . A s~~ected sctset ot the co ibiced data tile 
is ou~ ► at fer use in otbet proceau r es . 

♦----------♦-------------------------------------------------------♦I State~ent JCoote nt s 
♦----------♦--------------------------------------------------------♦
I El EC l!he ► ur ► ose oi t Ae 1l~~ statement is to invc~e ~cocedure I 
I 1rawx:AB. The 3ZuIO~ anJ TI~E parameters may be speciried,I 
I IA 3EGICN of 100K dnu a !IM! cf 2 ~inutes nave ceen foun d I 
I 1to be adequate t oe a 300/65 . !be PA3~ para mete r may be I 
I tused to speciry PL/~ ~xecuticn t ime pa rameters. I 
I I I 
I 1:::xa11ple: I 
I 1//IEiX~AB E1 ~~ P~a=4a~XTAB,EEGlON=100K,!IME=2 
♦-----------♦---------------------------------------------------------♦tS'!'E.?Lib DO !The purpose or toe SiiiliB CD state~ent is tc ae fice a 
I Jloa d library contaioia4 the ~rocedure IRWXTAE load mod
I tule. 
I I 
I 1:.:xa11ple: 
I 1//S!~PLIB D~ Js~~e~dCU .lOAC.!iiX1AS , ~IS f=(Sli3, i~SS) 
♦-----------♦---------------------------------------------------------♦I SYSPBIN! JC JThe purpose or tAe SY~EiINl CD sta~e~ent is t o define a 
I ISYS OUT file ~~ e c~ procedure IB~X:AB QdY ~iac~ ~ess aqes 
♦-----------♦ ------------------------------------------------------+ 

c. 5~ 



IB WX1AB Writeu~ - - Pag e 2 

EBO CEDOS E I S• XTAe JCL STA11~E~TS , ~C~TIN UED 

♦-----------♦ -------------------------------------- -- - ---- - - ------ - +I Stat ement !Con t en t s 

♦---------- ♦-------------------------------------------------- ------- ♦
I !du.ring e.xecuu.on . It.s detdult teco r d cbarac t erist.1.cs are I 
I l nEC:a =VBA , ~BE~L=145 dO d BlR 5IZE=12 9 . The us er ma y spec - I 
I lify a S1KSIZL Ct , ~~ or larqer ii des i .re d. 1 
I I I 
1 ! Exa mple: l 
I 1//SYSPBINT DC sr~uu~=A I 
♦-·----------♦-- - ------------ ------------- - ------- ---- ------ - - ----- - - ♦ 
1ElIDUl1~ CD l !he purpose at tne PLl~OaE ~D statement i s t o ue fine a I 
I ISYSOUT file wnere d core maoaqement r epo rt ma y te ~laced 1 
I lbY t he FL/l house ~eeµ.1.n~ pr cced ures aod where an AEEND I 
I idum ► ~ay be ►~aced i.r .req uired . The r eco r a characteris - 1 
I ! tics of t he rL~ DU~ i .ri ~e ar e predefined . : a i s cc sta~e- 1 
I 1may be omit~ed . I 
I I I 
I JExam~le : I 
I 1//PlIDUl1P DD ~YSUUi=A I 

♦- •---------♦--------------------- -----------------------------------♦1!:YSUT1 CC I The pu r pose o.r t ae Stju!1 cc sta t e meot 1 ~ t o de fine a 
I 1~b ysical se~uent.1.al i n~ ut tile con t ai ninq t he Ccmbined 
I I da a tile. Its d~~u m~a record characteris t ics ar e FlCF~= I 
I 1Fa and 1BECL=l ~O . 4t~ bLKS.i~ 15 t a~eo rrc ~ the ~Y~ OT 1 cc , 
I 1st~ tement, tn~ rii~ ldoel or may default t c ,~o. 
I I 
I l!xa mple: 
I I //SYSOT 1 DD ,su=?~~co . ~AIA . CC~EINEO , DISP; ( ~n3 , ? A5S) 
♦ - - ------- -♦------ ------ ----------- - ----- ----------- - -- -- - ------------♦ 
f !:YSU!2 !The purpose OL t ae ~1SUI2 CC s t a t e men t is to define a I 
I ! Physical sequential o utpu t tile wne.re a special sutset o il 
I lthe combine~ adt~ ti~e may ce ~l3ced . : ts :eccrd ~oa rac - 1 
I j t e r istics a.re n i CiJ=r~ , La,CL=120 and 5LKSI:E=~2CO . I 
I I I 
I ! Exa mple : I 
I I//SYSUT2 DD ~SN=Phd~J . SGBS E1 . J A!A . CO ~BIN E~ , ~~II=3310 , I 
I I// VOL=SC:R=i'1'1£1?A K, ~?"CE=(IiiK , (i9C ,1 90) , Bl.Sr) , I 
I I// CISP=( , CAILu , DiLiIE) I 

♦--------- - ♦ ------------------------------------------------------- ♦ 

C. .ss 
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ISWBfSS Writeup -- Faye 1 

PROCEDUR! NAa~: IBWR!SS, A procedure to create reqressi cn r ecords frcm 
tbe Coabioea dat~ tile . 

AOTHC.R: Sebert w. Wbitaxer 
ie&t, aarvicA , ~itcAell & Cc. 
1025 Connecticut Avenue . N.a. 
Wasbinqtoo, o. c. 20C36 
,20 ,> 223-~ si~ 

lJIN GUAGE : frocedure la•aES~ is written tc be compiled aod exe
cuted at an iostaliation su ~portinq tbe PL/ : CFtimiz10g 
Co~p1ler, ve~sioo i , Eelease 2.3, fTf 61 , er later . 

fOiiEOSE: 

The purpcse cf procedure ~i.aES~ is to create regress1cc recctd~ fro ~ 
the Combined data file. rnputs ar~ uaLER data for sample c ars aod the 
Ccmtined data file. !he ieqr~ssion data tile is output. 

♦-----------♦---------------------------------------------------------♦
I Stateseot tCoDteots 
♦----------♦-----------------------------------------------------♦t n:ic 1:he parpose oi tne i1E~ state~ent is to 1ovc ~~ ~tccedure 1 
I I IRWBESS . The aE~lv~ dDU ~I~E para~e ters aay =e spec1f1ed.f 
I ,~ ~EGICN of ,~o~ aoa a TI~E cf 2 minutes have ;een fcuoJ I 
I fto t:e adequate £or a 3o0/o5. 'Ibe PARM parameter may be I 
I 1usEd to specify Pr.II and proceaure I3•RESS executicn ti~e , 
I 1parameters. I 

I I 
!E xample : I 
11/IS•RESS Ei~C ~~~=IA ■ aESS,a~Gl C S=120K ,T I~!=2 . I 
Il l f,\Bt!=(• ;.:. c~••~ai.... zi S?:GSE~SICS CA:~ • 11 ) I 

♦-- ---- ----- -♦------- --- ---------------------- ------ ------ -- ----- -- ♦ 
ISTEPr.I2 c~ 1The purpose c t t~e $;E~Lla cc statemen t 1s t c i ef1ca a 
I 1load library cvntainin ~ the ~rccedure rawarss lead ~cd-
I 1ule. 
I I 
I J!xample: 
I 1//STEPLia DD ~Sw=ia~~J .lOAc .ra.a~SS , OISf ~(Sd~, ~~SS) 
♦-----------♦------------------------------------------------------♦I SYS P3I~T :Ct7he purpose oi tAe SYS?Ii!N ! tD statemect i~ t o dei10e a 
♦-----------·------------------------------------------------------ ♦ 

https://ISTEPr.I2
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PBOCED U6£ I 5W3ES~ JCL STATid~~TS , CO NTI NO ED 
♦-- ---- ---- -♦------------------------ ------ -- ------- -- - -- ----- - -- -- -- - -- ♦ 
t S t a te11Ent 1co ntents 
♦---------- -♦-- - -------------------------- - ------- ---- ------ - -- ---- - --♦ 
I ISYSCUT file wne r e Pi oc e du r e Ii i B£SS may ~lace messages 
I t durinq execuuon. l t ~ de f a ult r ecor d c haracter istics ace 
I 1a ECFM= VBA, LBE~~= l.5 and BlKSIZE=129 . !he user may spec
I lify a BLKSIZ i oi 12~ or lar qer i s desired . 
r I 
I I Exa ■ ple: 

I 1//SYSPBINT o~ SX~uUI =A 
♦----------♦---------------------------- ----------------------------- ♦
IPLl OO ME DD t '!'h e pur pose or t he PLICUa? c: s t a t e ment is tc de f i ne a t 
I tSY SOUT file VAere a cor e maoaqe men t repor t may te Flaced I 
I I by the PL/I ho u$e Kee pi oq p r ocedu r es and wnere an AcESD I 
I 1du 11~ 11ay be ~laced ii requ i red . The r ecor d cnaracter1s - I 
t I t 1. cs o f the f L.u>Uai r i ~e are prede r ined . This cc s t ate - 1 
I I 11e nt 11a y be cmitt~ J . I 
I I 
I IEx a ■ ple: I' 
I I//PLID08P Ou SXSOU1=A I 
♦----------♦------------------------------------------------------•
I SYSUT1 t D tThe pur pose cL t he SXSOl1 rt statement is tc define a I 

j ph ys ical sequential ~n pu t tile contai ning U~L ! 3 da ta fo r l 
I' t sa ■ ~le cars. I ts as~umed record characte ri s t ics a r e RECFMI 
I t=PB an d LBE~l=~ l~. r t ~ SlK!:IZ! is t ake n L=c ~ t ne SYSU:1 
I tD D statement., t ne r u e l ab e l or ma y defaul t t o 213 . 
I I I 
I tE xa ■ pl e : I 
I I //SYSO?, DO i:;Sli=? ,HS CO . ::i Ats PLEC . C.a'!A . CA a, t I.:c= (SiHi , PASS) I 

♦-----------♦-- ----------------------------------------------------♦
t SYSOT2 
I 
I 

OD t The purpose oi t Ae SYjU! 2 CC s t a t emen t is tc define a 
jphysical sequential in put f i le con t ai ning tne ~o~bined 
t data f ile.•ts as~u~e u reco r d c haracter istics are F!CfM = I 

I IFB and LB ECL= l~O. I t s o lKSIZ E is ta~en fro m tbe ~Y~U! 1 co, 
I jstatement, t oe Lile iabel er ~ay default tc 1~0 . I 
I I l 
I t E xa ■ cle : I 
I l//S YSOT2 DD cs~~ Prt ~~~ - ~ATA. CC~EINEO , OISP= (.:c: , PASS ) l 
♦-----------♦---------------------------------------------------♦ 
ISYSO'IJ t t IThe purpose ot t he sisa! J cc sta teme n t i s to de t ine a I 
I j physi cal seque n t i a ~ o utput file where the r eqressico ~dtat 
I 1se t 11ay be p l.ac e d . I. t s r ecor d char acte r istics are i:r ede - 1 
I lf i ned as RECr H= FB , La i ~L =145 and BLKSIZE=~~05 . I 
I I I 
I I E xa ■ ple : I 
♦----------♦-------------------------- ------------- ------------------ ♦ 

C. .S7 



IiilBESS iiriteu ~ -- Paqe J 

ESOCEDORE ISWaESS JCL STA1E~i~TS, CCNTI NU EC 
♦-----------♦-------------------------------------------------------- ♦I Statement 1ccntents 

♦-----------♦---------------------- ----------------------· ------------ ♦I //S YS UT3 DD OSN•FM~ CO . OATA.&!G5£SS,UNZ~:JJ J O, 
I// VOL=S,a=?~d?.\t<,;ifA..;,-:('ISK, (19 C,1 90) , aLSE) , 
I // CISP=(,C.\l~~.~E~iii) 

♦-- - ------- -♦--- --------- ---- ------------ ----- -------- --- - -- ---- - --♦ 

!be PABM ~arameter or the iXiC statement ma y te used t o s~ecify PL/I 
and 0r ocedure IB•RESS execution tige paraileters . Its for3 ¾t is as fol 
lcws : 

The icr~ats cf the ?L/I e•ecution time ~ara~eters ~a1 be f cuad in tae 
Pl/: Proqra mm e r s • Guide . lbeir deLaults, set cy pr ocedure :a• ~ESS as 
li:PCli! and ISA (1 0K) , are adequd.te, and tbey il ay l::e omit tee . ?tocedu:e 
I3 J 3~SS para~eters are keywor d d.Da aay t e supplied i o ao1 o r de r. Cm: t
ted para~eters bave default Vdlues. !heir fcr mats may be found in t he 
follo wioq table. 

♦----------♦-------------------------------------------------------- ,
I Para meter 1cootents 
♦ -----------♦-- ---- ------ ---------- ----- - -- --- -- -------- ~- ---- - - --- --♦ 

l~h e ID parameter aa1 oe used tc soecity anv c~a racter 
1strioq t o be usea dS i~entiticatioo. Its def3ult value isl 
la null s tri oq. I 
t I 
1!x a mple : ' ID= ' •~i~AI! a!~azssrcs D~TA ''' 1 

♦-----------♦ ----,--------------------------------------------------+
JCA:i:D 1:he CARID mdy oe u3ed t o s~ecity any car-id r cr woic~ Je - 1 
l jbuqqioq iniormat~oo is tote print ed . It~ de:a~l t value I 
I 1is a null s tri aq . t 
I I I 
I 1Exa 11ple: 1 C,\iil:.C= 11 :-iil 08S220 '" j 

♦-----------♦-------------------------------------------------------♦
lr~ C2 ,~he ?EOB param ete r ~a y t e used to speciL y the ~rcbatilit ? I 
I J that debuqq~oq i.iuor~d.tion ce ~rinted t or any ca r-id. rt~I 
I ld9 fault va lue is u. I 
I I I 
I f;'xa a i:;le: ' ?iii;.d=0 . 0 1' I 

♦-----------♦------------------------------------------------------♦ 

C .SC\ 
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IBWRESS Wtiteu~ -- Paqe 4 

fBOCP. D0RE ISWBESS PAB! PA4AdiTERS, ~CNTI~U!C 
♦-----------♦---------------------------------------------------♦
I Parameter ! Con tents 

♦---------♦-------------------------------------------------------♦ICA BGO ITbe CARGO parameter i s a 1-tit string vb~co indicates 
I 
I 

1wbetber 
11isted. 

or not t he ~arqos 
Its det4lllt va~ue 

carried by 
i s •c•a. 

each car are t o oe 
1 

I l I 
I - 1E xa ■ ple: 1 CA.&-:iu=••1••a• j 

♦----- ----- -♦-- ------------------------- --------------- --- -- -·-- -- ---♦ 

C~s9 



-

IBWSLST writeup -- Eaqe, 

PBOC!D UBE NA~.::: Ii?WSLS? , A p.1:ocedur.a to qenerate a de tailed repair 
listing on a ~Aop oasis. 

AOTBCR: Robert•• •n.1ta£er 
feat, ~arw1.cl, ~itchell & cc . 
1025 Connect1.cut Avenue, N.•. 
iiashinqton, o. c . 2v036 
120 ,) 223•'1.52.5 

LANGUAGE: ?rocedure :i•jiST 1.s writte n to be ccmpiled and e~e
cuted at an l.AStcl.J.latioo sui:porting the Pl / I Cp t1.uz.1ng 
Compiler, Versl.~o 1, aelease 2.3, PTF 61, o r later. 

PU3~CSE : 

! be ?urpcse cf procedure li.SLST 1.s to genera te a detailec reFair list
ir. q oo a shcp basis. Inputs clra tna O~LE~ data tor sa~ple cars , the 
treiQht car his tcrv data anu data stdte=ents relatinq P~~icc . repair 
codes t o C. n. S . repair coda~. A ~orted version of the tre1. ➔ nt car h.1s
tcr7 filE is ou t~ut. 

♦- - --------♦-------------------------------------------------------- ♦
I State~ent !Con tents 
♦ ---------- -+-- - ---·- ----- -------------------------------------- ---- --- ♦ 
I EX EC IThe purpose cf tAe LAiC statemeo~ is tc invoke ~rocedu.re I 
I II rt W~LST. The a,G:ON and tI~E Pdrameters mdy ce SFeC1.iied .1 
I IA EEGION of 1o0K dna a !I~Z ci ~ ~inutes have =een foun d I 
I Ito be adequate for cl .Jo0/6:. The Pi\311 para:iete c iuy l::e I 
I 1used to specuy ?L/l and procedure !3wSLST execu ticn ti~el 
I I Paramete rs. I 
I I I 
I !Example: l 
I 1//!~•SLS: EiEC ~u~=~-~lST,EEGiC S=180K,!I~~=4, I 
I 1// rA3 ~={'/:~•• ~Ab~LA I E RZ~~:D JA!A ''',' Y~A3=~6 •, I 

' I// •~OW.MON!o=1','h:Gn.~O~! E=7 ' ) I 
♦- ---- ----- -♦---------------------------------·- ----------- --------♦ 
1S:'IPLia CD 1rne purpose cf th~ S!EcLia CD statement 1. s t o ~efina a 
I !load ll.trary containio~ the ~rccedure ISiSLS! :cad mod-
I 1ule. 
I I 
I 1:: xa11ple: 
♦----------♦-------------------------------------------------------- ♦ 

C .c..o 
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IHWSLST •riteUF -- Eaqc 2 

·EBOC!DOB£ IEWSLS! JCL STAIEM~MTS, ~O MTIN U£D 

♦----------♦------------------------------------------------------♦t Stat,ae nt 1c c otents 

♦ ----------+------------------------------------------------------♦1//STEPLIB DL DS ~=idttCO .LOAt. IB iSlST,DISP=( SHa ,EA SS) 
♦ -----------♦-- -------------------------- ---- ------------- ----- -- -- - --♦
ISYSPR itil'I DC l ! he purpose ot the SYSERI N! tD stateaent i s t c define a 
I t SYS OOT file vnere procedw:e Ii iSLS~ aay Fl ace messages
I • !during e,ecut4on. I t~ deta ul t reco~ c harac ter i ~t ics a r e 
I IBECEN= VeA, LoEU.=1 i5 an d BLKSI ZE=1 29 . The user ■ a y ~~ec 
I lify a BLKSILf Ot 1~9 or lat qEr is desired. 
I I 
I tExa ■ ple: 

I 1// SYSP BINT D~ 3Y30UT•A 

♦---------♦--------------------------------------------------------♦I ELl tU l'!E tD !Th e purpos e ot the i lI DOe E tt ~tatement is t o de fi ne a 
I ISYSCUT file waere a core aanaqe11eot report 11ay t e Flaced 
I Jty the fl / I house4ee piog ~rcce duLes and where a n AfiN D 
I 1du11~ may be p.£.acea it required . 'Ihe reccrd c harac t e ris
I lti c s of the FL!DO~P f ile are predefi ned . This rL state-

I 
I

I 111av be 011itted. 
I I 'I

I!xa ■ s:le: I
I 1/ / fll DU ~P DO SYSOUI:~ ' j 

♦------ -----♦-- - -------------------------- ---------------------------♦
I SYSCO 'I tt l ! he purpose a t t ne SYSOUT tt sta teaent i~ t o de finE a 1 
I ISYSCOT file WAer~ the SCiT; ftIBGE procedure aa v Flace mes - 1 
I 1s aqes durioq execution. r t s record c haracte r is t ics are 1 
I IPredefined. I 
I I I 
I IExa ■ ple: I 
I 1//SYSOU T DD SYSOUT=A I 
♦----------♦----------------------------------------------------♦
ISOFTL!E ~D 1The s:ur~ose ~i tne ~OA£LIB CD ~tate11e nt is t o define a I
I lload library t u which the SCiT1 ft£BGE procedure 11 ay l i nk I
I fdurinq execution. I
I I I 
I IZxa ■ p l e: I 
I 1//SCRTLIB Du DSN:SYSl.~C&TLi f,t I ~P=(SHB,fA SS ) I 
♦-----------♦--------------------------------------------------♦ISORTik01 Dti The purpose ot tne SOiTWK tt sta teaents i.s tc define f r c a : 
I th ru 13 to 6 scratCA file s tor us e by t he SCRT/ !lfli .:i E i:roc e a ure 1 
l ~OR!iK06 Oti durioq execu tion. I 
I I I 
I lfxa ■ ple: l 
I 1//S0iTiK01 Dt Uhila SYS DA,SFACE:(CY L, 2 ,,CCNT: G) I 

♦-----------♦-------------------------------------------------------♦ 



IiWSLST iriteUF -- faqe 3 

♦----------♦--------------------------------------------------------♦I State ■ ent !Contents 

♦-----------♦-----------------------------------------------------♦ISYSUT1 tt !The purpose ct t~e SYSUT1 t~ state ■ent i~ to detine a I 
I jphysical seqwntial input file containioq UeLEi data tor I 
I 1sa•~le cars. Its assu ■ ed record charactetistics are BECia1 
I ,-,a and Li2CL•21J. ~ts BLKSIZE is taken fro ■ the SlSCT1 I 
I • IDD state ■ent, tn~ rue label ot may default to i1J. I 
I I I 
I l!xa ■ ple: I 
I I//SYSUT1 OD tS~=2aacv.UP.LEi.SA?fL!,DI.SP=(SHi,P~SS) I 

♦-----------♦------------------------------------------------------♦
ISY.SUT2 CD !The purpose or the StSC12 Ct statement is to define a I 
I !physical sequential input file containing the treiqht catl 
I !history data for saaple cars. Its assuaed tecord charac- I 
I lter:istics are A~~id=Fa and LBECL=130. Its BLKSIZE is I 
I 1takeo fro ■ the s~SUT2 DC statement, the rile label or aay1 
I 1def&U4t to 130. I 
I I I 
I 1zxample: I 
I I//SYSOT2 DD ~S~=ra~~O.ilStCiY.CAi.SA"fL!C,tISf:(SHi,PASS) I 

♦----------♦-------------------------------------------------------♦
!SYSGTJ Ct !The purpose ot tne SX3U13 Ct state ■ent is tc detinE a I 

jphysical sequentia~ out~ut file where a sorted ,ersion oflt 
I tthe freiqht car o~~to.cy file ccntaining only ~a•Fle cars I 
I 1 ■ay be placed. lts r~cord characteristics are ~red.tined f 
I 1as BECF?!'slB, LiE~LalJO aJld flKSIZE=4160. I 
I I I 
I 1zxa ■ ple: I 

I//SYSCT3 DD cs~=?~~~v.uiSTOiY.CAa.soaTED,U~!I=3330, II 
I 1// VOL=SZR~?tUSPAK,SrA~ia(TEK,(190,190),BLSE), I 
I 1// DISP=(,CAILG,DlLil?) I 

♦-----------♦----------------------------------------------------♦
ISYSI!I DC ! The purpose of t4e 3YSiM tt stAte ■ent is tc det1ne a I 

jphysical sequential 1n~ut tile where data state ■ ents de- II 
I lfininq the re.l<at1uns,11.i; between f!1d&Cc. jol:> codes and I 
I 1c.a.s. iob ccae~ ~nd ~~alitiers may be ~laced. :ts as- I 

1su ■ed record cnd.cacte.cistics a.ce 3ECFe=Pe ud La!Cl•SO. II 
!Its aLKSIZE is ta1.an tron the S?SIH DD state ■ ent, tile II 

I ltilE label o.c ■ ciy il-3.tciUlt tc 80. I 
I I I 
I 1zxaaple: I 
I 1//SISIN DD* I 
+---------♦--------,---------------------------------------------♦ 
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The fABe parameter of the iii~ stdtement may be used to s~ecity fL/I 
and procedure IBWSLST ex~cution t lae parameters. Its format is as fol
lcvs: 

The for ■ ats of the PL/I execution time ~ara ■ eters may be f ound in the 
Pi/I Programmers• Guide. ihair detaults, set by procedure la~SLSt as 
R!PCRT aDd ISA (1CK), are adequate, 4nd they ■ ay be o ■ itted. froceaure 
IRWSLSt parameters are keyvora and ■ ay ce supplied in any order. Cmit
ted parameters have default values. their formats may be icund in the 
follovinq table. 

fE OCfDU5! ISiSLS! ?A5a PAaAHSI~iS 

♦-----------♦-----------------------------------------------------♦t Para ■ eter ,contents 

♦---------♦-------------------------------------------------------♦!ID tThe ID parameter may oe used tc specify any character 
I tstrinq to be used as identification. Its default value ist 
I 1a null strin~. , 
I I I 
I IExa ■ ple: 'ID=' •~A.dUUTi liZfAI3 CATA" 1 I 

♦---------♦-------------------------------------------------------♦IYEAB IThe ?~AH paLameter ~4Y tE u~ed to indicate the year to te1 
I tasscciated witn tao1.u.4ted data. Its default value is O. 
I I I 
I IExaaple: 1 YtAA=7ti 1 I 
♦ -- ------- - ♦- - ----------------------- ---- ------------------ -·-------♦
tl0W .1'1C~I!l !The LCi.~ONili p4ram~te.t may be used to indic ate tbE lvvert 
I 11n a range ot mootbs tc be associated vith tabulated I 
I tdata. Its detaUJ.t v.uue is C. I 
I I I
I IExa ■ ple: 'Luw.jQ~Td=1 1 I 
♦-----------♦-----------------------------------------------------♦tti!G H.1'CS'IH l!h e HIGH.~ONlli paraaetec may ~E used to indicate the I
I t aiqber in a .t,u1qe or mcotbs t o be associated vith tac - j 
I 1ulated data. its default val ue is O. l
I l I
I l? xa ■ i:le: 'lUGli.LiUt.Ili,7 1 I 
♦----------♦-------------------------------------------------------·tSIZE tThe SIZf paLaaeter moy te used to speciry tbe Quantity cft 
I tcore to be alloc4tea for exEcution of ~he SOi! / ~EiGE ~r o -1 
I tcedure. Its uerault. value is 30000. I 
I I I 

♦----------♦------------------------------------------------------ ♦ 



I!ISLST Writ•u~ -- F&qe 5 

iiOCEDOiI IiiSLSt PAS! PAiAn~tZi~. CCITliUEt 

Para ■ eter 1cooteots 
♦---------,--♦-------------------~---------------------------------♦IEX&aple: 'SlZE•~~ooo• 

♦-----------♦--------------------------------------------------♦ 



IBWVIVE Wr.iteu~ 

PBOCE.OURI NA~E: IBWVIVE, A procedure to genErate survival curve~ for NW 
data. 

Bobert W. WbJ.tak~ 
feat, aarwick, a.1tcbell & cc. 
1025 conoec~.1cu~ Avenue, N. ■. 
wasb~oqtoo. o.c. ioOJ& 
(20,) 22J-95i5 

LANGUAGE: Erocedure lA ■ ViVE is written to be compiled and exe
cuted at aA installaticn su~portioq the Pl/I Cptimizioq
Compiler. VerSJ.OU ,. ielEaSE 2.J. PIP &1, or later. 

PORFCSE: 

The pur~cse ot ~rocedure li•VlV~ 1s to GEnerate survival curves f or Ni 
data. Ihe Ccmbined data rue and control state ■ents indicating whic h 
re~air cede~ are to be considdred are in~ut. 

PBOCEDU&E IBW \ IVI JCL STAIEo~dTS 
♦-----------♦------------------------------------------------------♦
I Statement !Contents 

♦----------♦------------------------------------------------------♦I EX EC !The purpose ot tbe EXZC state ■ ent is to invcke ~rocedure 1 
I IIBi91VE. The a~~lO~ anu ti!l para ■ eters may be sfecified.1 
I IA REGION of 160K and a I!!I cf 2 aioutes have CEED found I 
I 1to te adequate tor a JoC/65. Tbe ?AB! parasetec may te 1 
I 1used to specity PL/i and procedure IRWVIV! e%ecuticn time1 
I tpara ■eters. 1 
I I I 
I 1Exa1ple: I 
I 1//IoWVIVE EiEC PGa=iJ:t~VIVE.BlGIC~=160K,TI~Z=2. I 
I I// fABl!=( 1 /l.ta 11 TAi>ULA'IE !!EFAiiS FOB 2.4'") I 

♦---------♦--------------------------------------------------------·IST!PLII! CD !The purpose of th~ S!~PL!B tt state ■ent is tc de:ice a 
I 1load library contaiiu.nq tbe ~rccedure lBiV!VE load mod
I Iule. 
I I 
I 1E:ra ■ ple: 
I 1//SlZPLIB DD D~~=Pa~~O.lOAt.laaVIVE.OISP=(Soa,PASS) 
♦-----------♦---------------------------------------------------------♦ 
JSYSPBIN'I ot1The purpose ot t~e SY~Pi!N'I tt state ■ ent is to define a 

♦----------♦----------------------------------------------------♦ 
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IBiVIV! iriteu ► -- Paqe 2 

fiOCEDDiE IaWVIVE JCL STAIEMiNTS, ~ONTINO[D 
♦-----------♦---------------------------------------------------------♦I State ■ ent !Con tents 

♦-----------♦----------------------------------------------------,----♦
I ISYSCOT file woere procedure la~vrvi aay Flace messages I 
I tdurinq execuuon. ~ ts detault record c haracteri s tics are 1 
I IRECE!=VBA, LRiCL=l~s and BLK~I2E=129. The user may spec- I 
I lify a BlKSIZf ot 129 or larqEr it desired. I 
I - I I 
I 1~xa1ple: I 
I I//SYS PBINT DD sisouT=A I 

♦-----------♦--------------------------------------------------------- ♦IPLIDU IH CD tThe purpose er toe PLIDU!f tD state ■ eot is t o define a I 
I ISYSCUT file woere a core manaqeaent repo rt may te Flaced I 
I lbY the PL/I housekeeping prccedures and where an AEEND I 
I ldum~ may be placw~ u teGu1red. lhe reccrd charactEris- I 
I ltics of the fL~uUH? ri~e are predefined . This tc state- 1 
I 1may te omitted. I 
I I I 
I 12xample: l 
I 1// ElIDO"f D~ SYSuUT=A I 

♦----------♦-----------------------------------------------------♦!SYSCO! Ct !The purpose of the SXSOUT tt state ■ent is t o def10 E a f 
I ISYSCUT file voe.re toe SORT/eiRG£ procEdure ■ ay Flace aes-1 
I 1saqes durinq execution. Its record characteristics a+e I 
I I Predefined. I 
I I I 
I IEXa ■ ple: I 
I 1//SYSOO'I DO S~SOUl=A I 
♦----------♦---------------------------------------------------♦
I SOS'ILIE Ct jThe purpose er toe SvR!LlB tt state ■ent is t c define a 
I tload library to vAico the SCST1e£RGE pro~edure aay lin4 
I tdu rinq execut. ~. 
I I 
I 1 z xa ■ple: 

t 1//SCBTLIB OD DSb=SXS1 , SCRTLIE,CI~P= (SHR,fASS) 

♦•----------♦---------------------------------------------------· 1~0 9'IWK01 CCtThe pu.rpose oL t ne SOAl ■K CC state ■ ents is to dEt ioe frca1 
I th.tu 13 tc 6 scratch f~les tor use by the SCBT/MZiGE f r ocedure I 
ISCliTWKOS Dttdurinq execuuon. I 
I I l 
I 1zxa ■ ple: I 
I 1//SORT~K0 1 OD UMi:=SYjJA,SfACZ=(CYL,2,,CONTIG ) I 

♦-----------♦------------------------------------------------------♦
l~YSOT1 CD tThe purpose of the SXSU'I1 tt statement is to defin E a 
I IPhvsical sequential input file ccntaioiDq the Cc mbined 
♦--------♦------------------------------------------------------♦ 



IiWVIVE iriteu~ -- rage J 

♦----------♦------------------------------------------------------♦I Statement !Contents 
♦ ---------- -♦- - - ------ ---------·-- - --- -- -- ------- ---------- - ----- - - -♦ 
I !data iile. I ts a~~umed record characteristics are 5ECF~= 1 
I IFB and LiECL=l,O. lts ELKSIZE is taken from the SY~UI1 COi 
I tstatement, the ri~e 1aoel or may default to 1,0 . I 
I I I 

IEXa ■ ple: ' ·' I I//SYSOT 1 DD D~~=?ctd~u . JATA.CC~E~N2& , DISF 2 (Sli~ , PASS) I 
♦-----------♦-------------------------------------------------------♦SYSIN Dt !The purpose cf t oe SYSIH de statement is to defi ne a 

jphysical sequential input file where control stateaeots l 
1may be placed indiC4t4nQ vbich repair codes are t o ce 10-1 
1cluded. The SYSlj ri1e is o ► ticnal. All re ►air codes are I 
!included vben it 4S owitted. Its assumed record charact- I 
teristics are a~CF~=FB and li!CL:80. Its ELKSIZE in taken I 
lfrom the SY~I~ ~D stu tement, the file label er aay de- 1 
lfau.lt to 80. I 
I I 
IZxample: I 
1//SYSIN DD• j 

___,__ ----- -♦ ------------ ---------- -- -- -- -- ----- ---- - --------- -- -------♦ 

Tbe PAae ~arameter of tbe iXi~ statemen t may ce used t o s~ecify PL/I 
aod prccedure InllVIVE execution tl.lld parameters. Its forJ1at 1s as rol
lcvs: 

PAB~=('EL/I-parameters/~3JV~v~-paraaeters') 

Tbe formats ct the PL/I eiecutioo time ~ara1eters may be found in the 
Pl/I Pr oqr3mmers• Guide . lbe1.r Jeiaults , set by procedure IB•VIVE ~s 
5EPC.a'! aod ISA (10K). are adequc1ti:, and they isay be o mitted . ftocedure 
IEWVIVE ~arameters are keyword aoa aay te suppl1.ed in an7 crde r. emit
ted pa rameters bave def3ult vaiues. '!heir fcrmats may be found 1~ the 
fcllovioq table. 

♦----------♦------------------------------------------------------ ♦I Para~eter (Con tents 
♦ -- ---------♦-- - ----------------------- -- - --------- --------- - - --- - - - ♦ 

!The ID parameter aav be used to specity any character t 
1strinq to be use~ 4S 4dentification. Its default valJe isl 

♦ ----------- -♦----------------------- -------- ----------------------------- -♦ 
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EEOCEDOSE IBWVIV~ PAR! PAiiAa~!Eis. CCUTIHOfC 
•---------♦------------------------------------------------------• 
I Para ■ eter 1contents 

♦---------♦----------------------------------------------------♦I 1a null string. I 
I I 
I 1Exa11ple: 'ID=-" ~ .. BUl.Att. iEPAliS fOi 2.IP" •I 
♦---------♦-------------------------------------------------------♦jSOiiT !The SORI parctaeter ■ay te used to indicate the goa~tity I 
I 1of core to oe allocated to the SuiT/!EiG! Frocedure for I 
I te1ecuti00. ~ts detaiut value is 30000. t 
I I I 
I IExaaple: 'SOhT•ij-.QQQ• I 

♦----------♦----------------------------------------------------♦IIDAYS l'Ibe IDAYS paraaeter inaicates a nu ■ber of days fer vbicb I 
I 1aod below V4.lCb repair intervals are not to be ccnsid- 1 
t 1ered. Its detau.t vuue is C. I 

I I' I lfza ■ ple: 'lu~1S 2 S • I 
♦----------♦------------------------------------------------------♦ 

CC~tao t SIA1EKEN1S 

Ccotrol state ments ■ ay be placed in the SYSlN file tc iadicate ~bicb 
repair cedes are to be considered. 1beir tor ■at is as follows: 

cpa •q:erati cn •; 
LlSt=•repair-code-iist•; 

The •o ~etatico • 11ay be: 

lNClODE 
EXClDDE or X 
ALLIN 
ALlCDl 

and the •re~a i r•ccde -list• is any list cf repair codes and rang£s of 
re0air codes . The operations A~l..J:N and A1lCCI do net ha•e asscciated 
1 ~air code lists. 

As an e.1a11ple: 

C.P = t ALL l NI ; 
OP= ' EXC LUO Z 1 ; 

LI~t=•2.J,4.S-S.7•; 



IRWVIVf Writeu~ -- fa qe 5 

indicates that all repair code~ ~ber than 2.3 and 4.5 through :.7 are 
to be considered • . 



I.BWVIVA Write u i: Eage 1 

iBOC!DORE NAME: rawvIVA, A procedure to generate survival curves for 11 
data. 

A0TBOB: Sobert w. Whitaker 
feat, !arwick, di~cnell £ cc . 
1025 Connecticut Avenue, N.•. 
■ashinqton, o.c. l0036 
,20 ,, 22.J-9 sis 

LJNGOAGE: Erocedure IA•V~V~ is written to be compiled and exe
cuted at an instal~ation su~portinq tbe PL/ I Cp tiuzing 
Compiler, 1ersi~u 1, Release ,.3, PTF 61, or later. 

PUBECSE: 

lhe purpcse of procedure ili•VlVA is t o generate survival curves f o r 11 
data. lbe U~L EB file for $a ■ ple Cdrs, the 1! interval data and control 
state ■ ents indicatinq vhicn repa~r codes are to be considered are in-
P 'Qt. 

ESCCEOOSE ISWVIVA JCL S~Ali~i~IS 

I State ■ ent !Contents 

♦----------♦----------------------------------------------------♦ 
I EXEC !The purpose c t tne ...(EC state ■ ent is to invoke ~rocedure I 

' ' 
IIBWVIVA. The ~EulO~ and TJ~E parameters ■ay be si:ecitied.l 
IA SIGION of ,~o~ and a 1I~E of, ■ inutes bave a•en fcund I 
1to be adequate tor a JoC/65. The ;Aa" paraaeter ■ ay be II 
1used to spec.i.fy PL/I and procedure IRWVIVA executicn ti ■~! 

I' I parameters. I 

I I I 
I 1zxample: I 

1//IS•VIVA El i~ 2G~=iawVIVA,SEGlCN~,QOK,TlK2=,, II 
1// PAa~=('/I~=••rAoULAlE &EfAliS ?oa ,.~•··, fI 

♦----------♦----------------------------------------------------♦ 
IS': IP LIB CD ITbe purpose CL tne 5!~f ll3 CD state ■ent is to defioe a 

1load library containing the ~rcce0ure IBWVIVA lead ■ od-I 
I 1ule. 
I I 

1::xa ■ ple:I 
1//Sl!.i>LlS DD 05 N~P~ttCO .lOAt.IiiVIVA,OISP•(SHB,EA SS)I 

♦-----------♦--------.------------------------------------ -------♦ 
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EBOCEDOSE IBWVIV~ JCL STATEdiNrs, CC NTIN OED 

♦----------♦---~--------------------------------------------------♦
I Statement 1contents 

♦---------♦-----------------------------------------------------♦
iSYSPBlN'I DC!The purpose of tne SYScaIN! CD statement i s tc define a 1 
I !SYSCUT tile wnere procedure IR~VIV~ may ~lace ~e~sa qes t 
I 1durinq execution. its default r ecord cha rac t erist i cs a re I 
I IBECFM~V BA, La~~L=l.S and alKSlZE~129 . ? he user may ~pee - I 
1. lify a BLKSI~i or 129 or lar ger if J esired. I 
I I I 
I IExaaple: I 
I I//SYSPRINT DL SYSO U~= A I 
♦ -----------♦-- - --- - --- - ---- ------------- - ---·- --------------- ---- - --♦ 
I flIDUL'Jr DO t!h e purpose o t tne Pi.....C OMr C~ s t a t e ment is t o def ine a I 
I tSYS COT file where a core manaqemen t repor t ~ay ce flaced 1 
I jby t he EL/I nouse~eep~o g pr cceduces aod wner e ao AEEN ~ t 
I 1dump may be p~aced iL required . !he r eco rd c naracteris- I 
I ltics of the PLlDUcP tile are pr ede tined . This cc state- I 
I 1aay be emitted . I 
I I I 
I IExa ■ ple: I 
I 1//FLIOUMP OD ~YSOUX:A I 

♦-----------♦--------------------------------------------------------♦
I SY SOT 1 CC !The ~urpose CL the 51SUT1 cc s tatement i~ t c de fine a I 
I jphysical se~uentia ~ input file containioq D~L! o data f or I 
I 1sample cars. Its assumed rec or d cbdract eri~tics are REC E~I 

i=~B and LRE~i=1~c. its BLKSIZE is tak en fr o~ t be SYSUT1I 
I 10 0 statement, the ~tl~ labEl o r may default t o 198. 
I I 'I 
I JExa ■ ple: I 
I I //SYSOT1 DD ~~N=idd~u.!T . SAeELEC. CATA.CAa,r: sP= (S~a , PA5S ) I 

♦----------♦---------------------------------------- ---------------♦
I SY SOT 2 CD !The purpose of tne ~YSUT2 CC state~ent i s to detinE a I 
I !physical sequentldl 1npu~ tile containing I! in terva l I 
I 1data. Its assuaea rec o rd characteristics are a!CF~=FB andt 
I 1LaECl=26 . Its oLASlZE is taken f r o m the SYSC:2 ~c Stdte- I 
I 1aent, the tile 1aDe1 or may default t o 2o. I 
I I I 
I 1Exaaple: I 
I I//SYSUT2 DD CSb:Pd~~O. I !.OA!A.lNTE ~V~L, DISr= (Sli n,? )S5) I 

♦•----------♦------------------------------------------------------♦
ISYSHI DC !The purpose ox tne SYSrN dd sta t e~e - t i s t c detioe a 
I jpbysical sequential in~ut fil e whe re con trol sta t e me nts I 
I tmay be placea 1ndicat1uq v bich r epair codes ace t o be in- I 

1cluded. the ~XSI~ Lile is o~ticoal . All re~air ccdEs ar e II 
I 1included when it is omitted. It s assumed reco r d cba rac t- I 
♦ ---- ----- -•-- - - --- ---------------------- - ----- - --- -- -- - --- - ---- ---♦ 
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r BCCID UB E I BWVIVA JCL ST~!zoiNTS, CONIIjU ED 
♦-----------♦ ----~--------------------------------------------------- +
I Statement ,contents 

♦---------♦------------------------------------------------------♦teri.stics are i~Cfl~Fa and LStCL=80. Its ELKSIZE in tak en I 
tfroa the SYSIN DD .stateaent, tbe fil e lat:el e r aiay de - 1 
I faul t to 80. I 
I I 
IEza ■ ple: I 
I //SYSIIII DD • J 

♦-----------♦---------------------------------------------------------♦ 

1be PAB~ ~arameter of the tlEC statement aa y te used t o s~eci fy rL/I 
and ~rccedure I~i VIVA execut~~n time pa rameters . Its format is as fol
lcws: 

PAB~={'EL/I-parameters/Ii•VlV~-para ■ eters') 

The formats oi the Pl/I execution t1 me paraaeters may be found 1n t he 
Pl/! Proqraaimers• Guide. !heir ~etaults, set ty procedure I3•VIVA as 
sn:cBT and ISA (10K), are adequd.te, and they aay be o mitted. Erocedl!re 
IRWVIVA paramet e rs are keyword and aay be supplied in aoy crde~ . Oait
ted para~eters have detault v~.Lues. 1ueir i crmats may be fcund 1n tbe 
follo vi oq table. 

♦-----------♦--------------------------------,-------------------♦
I far a meter 1cootents 
♦----------♦------------------------------------------------------♦IThe ID para~eter ~ay be used tc specify any caa racterI !I: 

1strin~ to be used as identification. I t s default value islI 
I 1a null strinq. I 

I II 
! Example: 'ID= 11 TA.8ULATE. iUFAliiS FOii 2.1+ 1 

" II 
♦--·--------♦----------------------------------------------------♦ 
J:<DAYS !The XDAYS para~eter 1ndicates Q number ot days tcr which I 

1and below vbicn repair i ctervals are not tc be cc nsid- II 
1ered. Its d~1:ault va.L ue is C. II 

II I 
I iExa apl e : 'XDA't.:i2 5 1 I 

♦-----------♦-------------------------------~ ---------------------♦
IST CPAFT 1rhe S!OfAfT ~arameter may cE used to inaicate the 1aximui1 

t numter of recor ds t o be read from the SYSU!2 file . ■ hen II 
♦-----------♦-----------------------------------------------------· · ---• 
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♦---------♦------------------------------------------♦I Para.~eter IConteQtS 
♦---------♦---------------------------·------·----------------♦ 
I ISTOiAFT is assi~ned ~ value whic h is g reater t ~an, fi let 
I ISYS0!2 is trwatea as tQCUgh an e nd of tile dad teeD ea- I 
I tcountered attar ST02~rI reco rds have been F:ccesse d . :ts 1 
I !default value is O. I 

. I I I 
I IExaaple: 'SIOP~Z~2 SOJO I I 

♦----------♦--------------------------------------------------------· IQtIST ICLIS1 is a CAAracter striQq Fara=eter which ~a7 te usej 
I Ito select voicm iQterval records a=e t ote i oclu~~a by 
I 1ind.lcatinq a list oi quali!iers . !ts dei ault val ue is 
I 1•0,,,. 
I I 
I 1::::ra.~ple: ' OLZS:="1'" 
♦----------•-- ------------------- --------------------------- ------~ 

Ccntrol ~Tate~eots l&? be piacea i~ t he SY S!~ :ile 
reoair cedes are to be cousiae~cu. Iheir tor»at is 

t c 
as 

ind~cate 
fc:: c ~s: 

anica 

Cc'='c;:e.cati. 00 1 ; 

t:;l='repa i r-code- lu~• ; 

'!!le •oi:e ::::atioo ' ia y be: 

: ~c~ot::: 
.:'.IC!.JC! 
ALL!~ 
~ttC:.! 

c.c I 

aad t ~e •r= :ai .c-ccde-l.l.st' ~~ a~ , ~ist ct : e;a~= cc~es an~ :a~~Es o : 
: epair cede s . !~e o ?e tat~ ca~ ~ ~ ~~j and A!L: c : d o no t ~d7e ¼~scciated 
.ce;a~r ccje l ~sts . 

Cf:a • .\ll.I~ I; 

C?='E XCt Oi:1 ! 1 ; 

tIS:=•2.3,4.3- S.7•; 

ind~cates t ba t al l repai..c codas o~~e.c t han ~ . j and~ - = t~: = J ~ a : . 7 a.ca 
t c te cc osicered. 

'. 
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I. -BACKGROU~D 

The objective of this report is nre sentat ion of CI find· 
ings in investigatin~ and assessin~ data collection 
alternatives for use in the repair s hop environmen t. 
The report discusses various data collect ion devi ces as 
well as associated data con version method s for co mmun1-
cations purposes. Evaluation includes criter ia fo r e s t • 
imatin~ the per message cost from sourc e through conver
sion for each alte rnati ve . Result s are develooed in 
such a wa y as to oermit general comparison of the ad
vantages of each approach. 

The breadth of equinment covered bv the genera l ter~ 
"Data Collection" requires a or ecise definition of the 
scope of this report and associateu resea r ch. In t ha t 
our ob j ective was to iden tifv and evaluace equionent and 
techniques suitab le for the s hop environment, we focused 
on those classes of equipment de signed for operato r 
interaction. \\'e excluded all automat1c (or senso r- based} 
data capture equipment and the r 2nge of equ ipment class i
fied as proce ss control instrumenta! ion. The la tter ~en · 
erall y is an element of a closed-loon feedback sys:em
rather than a data collection technique. Their job
specific uature nrecludes meaningful application in b.·oad 
terms in the shop envircnment . 

Three t e rms ,H c ;;:: '? f 11 1 i n d i s t i n g u i sh i n g be t ween : :, e p r i • 
mary methods of data collection fo r computer proces sin~: 

• Key Entry: Batch data entrv , norma ll y fro~ 
manuall y transcribed recor ds , bv an opera t e ~ 
using keynunc h equipment; 

• Source Da~a Automat ion : na ta capture a s a 
by-product of a conventi onal business trans · 
acti on; ( for exa mole, ch:i r:i c tcr r e::ide r s o -:
bar code reader s emploved at the po int of 
sale to el imi nate the ~eed fo, nJ~JJ l Ja t J 
recordin~ fo r la ter hatch proces~i~~ o : 
tran sac tion data ) . 

• Fact0r~ n:i ta Co llec t ion : Re =o r di~~ o f dat 1 
on events a s the v occur in t he ~1 ,~ c 
environme nt . (The industr,ll equ!\"il~·"'l t r:::" 
sour ce Ja t ::i automati on). 



This report dwells primarily upon techniques that have 
been employed iri the plant environment, but does con
sider other methods both for purposes of perspective 
and their potential if packaged for industrial use. 

In narrowin~ the field for investigation, a number of 
important considerati_ons were established: 

• The need to function reliabl y and with 
minimal maintenance i n adverse 
environments. 

• Simplicity of design and function to 
promote ready comp rehensio~ and use 
by non-clerical shop personnel . 

• Performance character is tic s that com
plement rather than s t ymi e operato r 
execution of pr imary ta sks . 

The foregoin g cons ider a tions - environment a nd personnel -
are as important i n t he development of a data co llec t ion 
s ystem as t he i n:ormat ion to be collected. 

(As an aside, although beyond the scope o f thi s repo rt, the 
technique ultimatel v selec ted must be i mol ement ed in a 
fashion that S d t~== · 3~ immedia t e ly vi sibl e, useful purpo se 
in the eyes o f the operators. \ eglec t of this co~si deration 
may have a ne gati ve i mp lc t upon opera to r pe r fo r ma~: e ) . 

Further def ini tion o: genera l requi r ement s fo r wa r ~ s tation 
operator data entry in t he shop envi r onmen t s ugge s : s t he 
follow i ng 6ener a l equipment classes: 

1. Portab l e devic e s t hat can be c3 rr i ed t o 
the data en t r v l oc a tion. 

AC-powered , stand -alone jev1~cs that 
reco r d and s t o r e data for ba tch t r ans 
fer t o the co~nu te r on a r ou t ~r.e o r 
po ll ed bas i ;; : • 

3. AC - no~e r ed , ~t and -a l one devi ce s that 
coll ec t and tran ~fc r data on 3 real
t ime hasis t o , central r eco rder or 
di rectl v t o the com~uter. 
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-----------------------------------------

The balance of this r epor t describes and evaluates 
equ ipment selected f r om the above general categories, 
i n te r ms of the following cri t eria: 

CRITi:RI CI\ -
• 0.\TA 'IEDIUM 

Envi r onmental Suitability 
Data Capacity 
Redundancv 
Operator Convenience 
Provision for Back-Up 
Product Suitabilitv 
Sources 
Cos ts- • COLLECTI O~ DEVICE 
Environmental Suitability 

Onerator Convenience 
Error Checking/ Correction 
Interface Charac teristics 
Buffering Capabi lity
Reliabilit v 
Back-Up Pr ovisions 
~~:.: :- ,:es 
Costs 

The information carrier and data format 
Resistance to dirt, abrasion, humidi t y , etc. 
Number of cha racters accommodated per square in 
Format integrity , probabilit y of error 
F.ase of use 
Alterna t ive•entry method if damaged 
Is medium ph ~· s icall y compatible ,.-ith prod uct ? 
Suppliers 

The data entrv device 
Accommodation o f temperature variance, humid i t· 
etc. 
Ease of use, onerator ~uidance, feedback 
Device edit ing capabilitv 
~ature of link to data processin g sys tem 
Abil ity to sto re data 
Fail ure modes and frequency
Power-fail provision, alterna-:1ve P.ntrv metho-.! 
Suppliers 

• D..\T . .\ ~IED I U'-I/DE1: ICE:SYSTDI 1
Ident ification of c r ite ria fc , estimate o f 

PER ~IESSAGE Tl'IE S COST sys tem cost per data cntrv 
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II. APPROACHES TO DATA COLLECTJ OS 

On the basis of general anal ys i s of the ran~e of equip· 
ment now offered f or f actorv data coll ec t ion and t~e 
broad criteria described in· Section I of this repo r t , 
the following techniques were se l ec ted for detai l ed 
evaluation: 

• Bar Coding - Optical coding , similar t o 
the Uniform Product Code incorpor a ted i n 
JTOcery packagi n~, now read by automatic 
and handheld scanners. 

• Magnetic Coding - Cod ing simi lar t o that 
incorpor ated i n the da rk tape s tr ipe 
f ound on many c r edit cards, toll r oad 
ti cket s , r arki ng garage tic kets , et c . 

• Punched Car ds - The c l assical data ent r v 
vehicl e and app r oac h for non-va r iabl e in
format ion i nput . 

• Opt i cal Character Recognition (OCR ) -
St y l i zed encoding of human-readable 
characters suitabl e fo r machine process
ing (e. g . bank chec ~3, ;i! ro mo any cha r ge 
slips ) now i n us e fo r re tai l POS t r ans 
ac tion r ecor ding. 

• Voice Recognition - Electronic recognitio n 
and proce ss ing of s poken ooerator input. 

• Key F.nt r y - Oper ator use of ke vboard term -
i nal fo r da t a entry . 

Of the tec hni ques se l ected , the first fou r rel y t o ~a r v
ing de~rees upon operat or ne r formance. Da t a La n b~ en
coded in machine-readable fo r m and the ooe rato r si~,lv 
as sis t s in pre sent a tio~ fo r tTanscriot 1on bv an e~~~n
tiallv aut o~at ic ' reader'. The latter, kcv cntrv J~d 
voice · recognition arc mo r e dependent ~~on oncra t o r ,er
formance i n that he or she must make t~e transfer :rom 
the document t o th e da ta ~rocessinc ~v~rc~ hv rcadi~g . 
int ernretinc and manuall v o r vocall v ~ntcrin~ the d3ta . 
~e wi l l e~a~i ne th~~c m~thods f i r st in 0ur J1~~uss io n 
and compa r ison of the f1~ e techni aues. 
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A. KEY ENTRY 

Key Entry has one major advantage and one majo r di sadvantage 
over the other four methods. The major advanta~e i s that 
from a pure hardware point of view, it is the lea s t exnensive. 
Terminal costs range between $1,000 and S3, 000 dependin~ upon 
the features desired. Key Entry does no t require any cod ing
medium such as codi ng labels, specially printed ta~s . cards 
or forms. Its major disadvantage is the high degree of error 
which is possible with only mo de r ate data vo l ume. For 
example, if each input item is 10 cna rac ters and 500 it ems 
are required to be input each work shift, there i s a t o tal of 
S,000 characters that must be input without error. This is 
virtuall y impossible even for the most experienced opera tor. 
At the beginning of this report, we stated t~at the primary 
job function of the operator wa s not dat a entry . 
Therefore, even with its low 
a low priority when accuracy 

cost, thi s met hod must be 
is impo rt ant in the data 

given 

collection process. 

• Data Medium: Key entry sys tems are deoendent 
upon operator interpretation of printed o r o the r 
visuall y captured information. Acco rdingly, the 
only constraint on medium selection is that i t 
permit ready operator recognition; i.e. , be 
prominentl y l ocated and le~ible. 

l. Environmenta l Su i tab ilitv. See above. 
1;ene,a!! :: permits the w1dest l atitude 
in medium selection. 

2. ca1acitv. ten characters/ i nch is nor
ma l y reasonable. 

3. Redundancv . ~ore a fu nction of the 
devi ce/system. If the suppli er of fer s 
c heck-di~it verifi cation (s ee oaragrapr. 
3 under Data Collection Device , below) , 
the additi on 01· :i soeciall ·· c :il ctdated 
suffix for each da t J reco1J ht!! ~nhance 
integrity. Check di :it calc ul.1t io n ant! 
provisi on for its inclusion 1.1 t h o t he r 
data carried b~ the selec t ed meJium are 
gcner3ll v one-ti rnc cos ts ~h1ch c:tn be 
~morti :e~ over the l ife o~ the sv5tc rn. 
If the :>1edium is ~cncrotc..i 1111de r · ..: 0 r.i 

puter co ntrol ( C . \!. L1hcls , .:a rd :-1 , such 
cost 5 :t r c nom in:1 I . l"..; :- -: o:ino :1 r:ic J i.1 

(metal p l:itc s , pc rM:rnent t og-, , .;- t ..:. l r:i:1 ·.

r cqu ire 5ubc:t:i :1t i.ll cost:- for c il cc:-
digit inco rno r :1 t1 0 11 . 

4 . C1nt' r:it or Conve nience. Pependcn t upon 
medium selectcJ , l ocation :rn J 
access i bi l i t ~· . 

S. Provi5ion for ba ck-un . Design s hould 
D. 7 

https://calcul.1t


address possibility of damage and 
replacement alternatives. 

6. Produc t Compatibi l i t v. ~aximum 
flexi5iiit y . 

7. Sourc es / Costs . Curren t methods o~ 
product or task ident ification may 
be adequate . Without soecific aoo
lication detail, and in' that no • • 
special encodation is r ~qui red , we 
attach no i ncremen tal custs (except 
for suggestion of the probabl e cost 
of check-digit employment ) for the 
data medium element of key entry 
systems. 

• Data Collect ion Device: Data Ent r y i s required 
by an exper ienced operator in a field-bv-field 
mode on a kevboa rd usuallv as socia ted wlth an 
output display . • 

1 . Environmental Suitabilitv. Several 
manufacturers supply equtp~ent whi ch 
will meet the most rugged environments. 
The ke yboard is usuall y ~ounted in a 
sealed enclosure that ma v have heating 
or cooling. 

2 . Ooe rato r Convenience. Data input is via 
a numeri c or aloha-numeri c kevboard bv 
an experi enced ope r ato r. Specia l func
tion kevs mav be emnloved if th~ annli
cation requires repea t ed Je<l ic:i t oJ input. 
~ormal operato r t!"3 in i ng ca~ be acco ~r 
l ishe<l in a few J :l\·,- . \lost Jc •:i...: c :: i n 
clude a udi o nnd v isual di "o la v char3c t cr
istics for ope rato r ~uiJan~ e. · 

3. Error Chcck i n1! / Corroc t 1on . \o r 11n l oncr:1-
t1on Joo :: no t ~TuJo erro r c hc ...: :- i ng i n 
tho J.. c ,· ontr,· .l c \·i...:c it :-c l f . Tl11:' l'di t
in:,! o ( the i nput J .1 t:1 i s , c r11:1l ! •: 
l C ( 0 m" 1 i s h CJ :i t t hC C O :nn II t I.' r . r111 ' I ..: J 

::criou:- dr a i- bnck or thi ~ '!lc : !10d ,f d .1t:J 

colloc ti on. (\ ~ an o rti on , hnhc \ c r , ~ono 
r1 ;1 llll r :; ( t U I' C I'..; h j I l !HO\' i d C :·'I !' IC' \.. 1 ( \ ' C r • 
i :" i ...::it ion 01· .1 •.:!H' ...:1- -d 1.: i t ,h!d\.,J :J.S .1 

~11r 1·ix to tho oncoJcJ d; u :i n,! cn t l~:-cd h ,· 
tho oporator at the end o r t !,c- ·n c--- -- :q,:c-. 
Thi:; featu r e 1,d1i~h i s Jc~1~ncJ to iilt c r 
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out operator transcription errors would 
not only add to device cost, but also 
to th~ cost of the input media whose 
preparatio n for inclusion of the check 
digit would become a factor in overall 
technique assessment). 

4. Interface Characteristics. The distance 
between the kev station and comouter is 
usuall y limited to l, OOC feet. · However, 
greater distance may be accommodated if 
communication driving me thods are employ · 
ed such as modems. In th is event, the 
distance is vi rtual ly unlimited . 

S. Bufferin g Canabilitv. ,ypica l applications 
employ data buffer1n~ in the comouter tc 
which the terminal is linked. This would 
be the simplest and least expensive 
application. If bufferin g is required at 
the key station, small so li d state memor i es 
with capacity of up to 8, 00 0 characters may 
be purchased as an option. This could add 
as much as $3, 000 to the cos t of the key 
entry station. 

6. Reliabilitv. Published data on equipment 
verfc~~~nce varies for each manufactu r e~. 
It is safe to say , however, that meant i~e 
between failure exclus ive of mechanical 
abuse would be in the range of 20 , 000 
hours. 

7. Back-up Provision . Since key entry is the 
most primiti ve torM of Data Co llection , no 
direct pro~ ision for kev s~:1tion failure is 
incorporatcJ . The likel v alternltive is a 
spare key s tlt ion . 

S. Sources , Cost s . T~pi cJ l eouipmcnt is a~3i l-
abTe fr or.1 the fo ll o1-in~ companies: 

r 8~1 Cor;-io rat ion 
(Dayton, ,c1, .Te r $c,· ) 
\: urdat::i Co rj'o r :it i o n 
1Richl:ind, \".\ ) 
r.lcc tr:i / 1~.:- ncr .tl l:o rpor:.ition 
('linnct onk:1 1 '-1\ ) 

Other ~up~lie r s are li stcJ in ~ppcnJi~ II. 
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9. Estimated Per ~fessage Time 6 Cost. It 
1s estimated that d~ta £1eids should be 
under _seven (7) characters in length for 
best operator performance. At this rate, 
an effective messa~e input would be 7 to 
10 per minute, with the need to re-enter 
one message in SO. 

The per mes,age cost, aside from that 
associated ~ith device cost, would, there
fore, not normally he si&nificant in the 
shop environment. 
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R. VOICE RECOr.SITIO~ 

For several years now. a number of companies have worked 
on the development of devices which would re s pond to 
spoken control commands in the process environment where 
operators were required to use their hands for product 
or package manipulation. IBM, RCA. Phil co-Ford and Cutler
Harrison were among the pioneers in voice or spoken pattern 
recognition. More recently. micro-proces sor based units 
have been installed for data entry i n the factory environ
ment for quality control and material handling applications. 
System components t ypically include : 

. • A wirele ss or cable-linked operator headset 
and microphone which feeds opera tor commands 
to a: 

• Rack- or bench-mounted input terminal which 
nroces , es the commands through a snectral 
analys : ~ technique and formats t hem for 
transfer to the data processin~ system; 

• In some systems. a vi sual display device for 
operator feedback and / or guidance . 

Additional information on the se svstems is referenced in 
Aopendix I. Our evaluation of th~ir suitability is outlin~d 
below: 

• Data Medium: Voice recognition systems are also 
dependent upon operator interpretation of prin~ed 
or other visuall y captured information. Accoro
ingly , not unlike key entry , they nermit consid
erable flexibilitv i n data medium selection in
cluding, but not l i mited t o , labe ls. tags. metal 
plates. work s tation task "menus", etc. 

l . Environmenta l Su i tabil i t v. ~ee above. 
Product or ta s k 1dcnt1: 1cation me thod 
can be develoneJ to me e t the demands 
of the envi ronment . 

2. Capacity. ~ore a fun c tion of operator
convenience. How mnnv charac ter s per 
inch c an be r cadi lv seen and co rrecr l v 
interpre t ed in t he en~i ronmcn t ~ Ten • 
( 10 ) characters /inch .ipncars r cason:ir lc. 

3. Redunuancv . A variet\· o f ann roa-: he :
nrc :t\·all :i hl c fo r cnh:inccmcni: o r J:.i t:1 

integr i t v. The adJ i ti on o r J -: h~Lk 
charact e r simi lar t o tha t dc sc rihed 
for kcv cntrv i s ahso lut e l v e s sential 
for vo~c e cnirv of multi -~har:ic t c r 
record s . • 
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4. Operator Convenience. Dependent uoon 
earr1er (medium) t ype, l ocation and 
accessibility. 

S. Provision for back-up. Data carrier 
desl1n should address possibility of 
dama1e and replacement a l ternatives. 

6. Produc t Compatibi l i ty . Cons iderable 
flex1b 1l1 t y here. 

7. Sources /Cos ts . I n that voice recogni 
tion syst ems do not r equire spec ia l 
data encodation, current methods of 
prpduct or task i ien t ification may
well s u f fic e . Accor dingl y , we at t ach 
no inc re me ntal cos t s for the da t a med~ 
ium component of this da t a entry
techni que (exc ept as t hey may re la te t o 
special ~ne - t ime cos t s associated with 
incorpor a t ion of a chec~ char ac t e r ). 

• Data Co llection Device: Our discuss ion here r e
lates to the operato r heads et and vo ice recogni
tion termi na l. 

1. Environment al Suitabilitv. Manufac t 
urers ' spec1f1cat1ons indicate t he sys 
tems wi ll ope r ate in industria l areas 
within a tempe r ature r ange of 32°F t o 
122°F and 10-95~ rela t ive humidity . 
Dire.; t ionnl microphones oe rmit speaker 
recogni tion i n a r eas whe r e the noise 
level reaches 90db . 

2 . neerator Convenience. Except fo r in
d ividual preference ~hich ma v render 
t he headset und esi rable, it Jppears 
that the svstem is well suited t o 
ope r a to r m~bilit y . ~ visual Ji spl ay 
may b~ inco r po r ated in the ~ystem to 
permit ope r ator auJit of Jcvice recog 
nition of input pr ior to trJn~mi tt 31 
to the computer. The di::nl:iv ~3n :ilso 
be u!-cd fo r oper:itor ' promritin~• or 
~ui<lam:e. 0pc r ato r tr3ini ni.: i:: nor11-
a l lv ac comolishcd in J h:ilf-J:iv or 
l es~ depending upon task ~ompl~xity. 
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3. Error Checkin g/Co rrection. Voice 
recognit ion sys tems are ' programmed' 
to recognize individual operator 
speech patte r ns . An ope r ato r ' trains' 
the system bv repeat ing each word in 
the application vocabula r y ten times . 
Once ' t ra ined' , the information is 
stored for use when that operator is 
on the job. Most svstems wil l recog 
nize 98-99 ; of the unverified infor
mation ente r ed. Each recogni:ed word 
is di splayed for verification by the 
operator before entering . To enter 
the data after verification, the oper
ator says "go " or ''OK". Specific dat:i 
on error rates are not availab le, 
although it would apnear that they 
woul d be directl y linked t o message 
size, volume and the latter's impact 
upon operator performance . 

4. Interfa ce Cha racte r istics. Interface 
distance between :he headset and the 
terminal can be up to 1000 feet . 
Output fro n the ter~inal confo r ms to 
current indust rv standa rds fo r com
puter communications. 

5. Bufferin~ Capabilit~. Typical voice 
recognition terminals accommoda te a 
vocabu lary of 32 isolated words or 
phrases with provision fo r expansion 
up to 220 word s. Data bufferi~~ or 
storage would norm:illv be handled by 
the mini-computer t o whi ch the term
i nal is linked. 

6. ReliRbilit v. Publi=heJ d:it3 on equi~
ment performnnce is not available but 
mav be ob t a i ned fron s~s tem use r s ~ho 
i nclude: • 

Ol in -Winchester Co r poration 
S.S. Kr esge &Comn~nv f~n~ rks. ~evaJa )
United .\irlines 1::i...ic:li!O '' 'll:1rc ) 
Un i ted Par~cl Service 1 ~al t i~ore 1 
Continentol Cari Co. ' '1il1,aukcc J 
n"•e n s I 1 1 i no i :- ( Pi t t s ton , r \ ) 
Re"nolds ,:c-t3 ls f P. n:::tol. '.'.\ ) 
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7. Back-up PTovi sion . ~o direct pro 
vision foT micro-phone failure is 
incorporated i n typical systems
aside from replacement. Manual 
data transcripti on or key entry 
would appear to be the likely alter
natives. 

8. Sources, Costs . Commerciall y avail
able equ ipment is offe red by the 
following companies (See Appendix II ): 

Threshold Technology, Inc. 
(Delran, ~ew J ersey) 

Scope Electronics, : nc. 
(Res ton, Vi r ginia ; 

Dimens ion , Inc . 
(Res t on, Virginia) 

Terminal pricing is in the S10 , 000 
range. 

9. Estimated Pe~ Messace 7ime 6 Cost. 
All speech r ecognition equipment is 
based upon isolated word recognition 
requiring, therefore, a short ( 100 
millisecond ) pause between each spo
ken input. ~anufacturers indicate 
normal inouts of 60 -7 0 per ~ inute 
after trainin~. Assessment o f these 
parameters for app l ication in the 
shop environment would depend upon 
the nature of the inout dat a. If a 
typ~cal message were comoosed of ten 
characters (e.~., a product se r ial 
number ) , the effective ~essage input 
rate would be 6-7 per minute, wi th 
the need t o r een t er one ~essa~e pe r 
100 for lack of ini:ial r ~cogn1ti on . 
Thi s would aooear t o be qt1ire ~atis
fictor y for ihe shop environ~ent . 

Accordingl v , device co s t would he th e 
prima r y factor in nnnl~sis of nc r 
messace cost s fo r the vo ice dntn entr~ 
technl que. 
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C. BAR CODES 

Considerable visibility for bar codi ng as a source data 
entry technique has been achieved t h, ough grocerv indu!> try
adoption of the Uniform Product Code fo r oroduc t identif i
cation at the check -out counte r . ~ore pertinent t o t his 
report is the rapidl y growing use of bar code s fo r indust
rial material handli ng , production a~d inven t o r y contr o l. 
Objectives in these a~pli cations inc! ude minimi :at i on o f 
labor involvement in material contro: and data colle:tion 
activities, error reduct ion and cont,ol svstem sensi t1~ity 
to anomalie s in production or warehous i n~ operations. 

Initial appli cations of bar code te~hnology we re ceveloped 
in the mechan i : ed environment where c~nve\ ori:ed oroduct 
flow permitted the us e of automati: :~de reader s '( e .g. , 
laser scanners ). The suc ce ss o f the se systems c reated 
demand for appl ic at ion of the technol ogy i ~ those a r eas 
where either the na ture o: t he product o r the handling 
method precluded automat ic sc ann i n~ . I t is the handheld 
code reader developed t o meet t hi s de~and i n non- mec~ani: ed 
ODerations that we'll a ssess here in connection with their 
suitability for the shop environment. 

The fundamental elements -; f code re3din g systems are : 

1. The proauc ~ , it~ ~hy~ical characte~ is tic s , 
the amount of data requi red t o ident ify i :. 
the character is t ics of t he env i r onment in 
which it is handled and the handl i ng method. 

2. The code, wh ich is developed on the basis c f 
requi r ed da ta content (numbe~ of characte,s, 
alphanumeric or nu~er ic onl v) , code area 
wh ich is a function o f pr oduct s i:e and t he 
area 3vai lable f or cod i nc , ana l v<;i s of t ha : 
method of code orena rat i on an~ a"nl1cati on 
to the pr oduct best s ui t ed : o the n~ed s oi 
the user and de t ermi na t i~ n o f that code me=· 
ium ~h ich will pr ovi de the bes t rerfo r mance 
in the actu~l applica ti on environment. 

3. The code read in g i.\e t ho<l, aut o".lat ic or hand· 
hel d , ~hich ~i ll nc r ~i t r ead ~ 1n t ~~ rJt io n =~ 
the s vst e~ hith ~n- uo in ~ o~c r , ti on~ , nJ e~ 
hance ra ther t ha n :n~ib 1t Ja t a cnt r ~ : 1~~ 
executi on. 

J . :l ccod1 11 ::: c l c:: r on : ..·, 1-r.1.: 1, ....,:- ~ .:: ,, r ~.,.!c- r 
1n nut. ·:,I..:a t e .J:: _ : :, r -,1 : . : :·:, r ~,!-: . ·: 
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tr~n .: fc:- o r 1-..q frc :-:"l ~ : ,.. : ;... : .:!. · r:in ,;~=- . ... 
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Appendix I contains the reference material on cod~ reading 
systems which was reviewed in preparation of the foll owi n& 
evaluation. 

• Data Medium: Code readin~ technologv is based 
upon machine capture of encoded data typ1call v 
carried by a label, printed di rectl y on pro-
duct packagin~. incorporated in emnloyee bad ~es, 
incorporated in ,,.-ork st3 t ion task "menus". et .:. 

1. Environmental Sui tabil1 : ~. Labelin~ 
materials are available : or aoolica-
tion to a broad va r ietv of • 
substrates . .\ br oad ra:1;e o f stock 
and adhesive per~ i ts use 1n sub:ero 
to high temperature en~:~onnents. 
Laminate s and overllvs 3 :-c available 
to mini ~i:e the 1molc t o f mechanical 
abra sion and enhance o~e:-all dura 
bility JS reaui r ed. 

2. Capacity. Current coJi~;; f c. :-:!lat s pe:-
m1t encodtng at den si t ies o f up t o 10 
characters per lineal i:,~h . 

3. Redundancv. Bi t substit ut ion error 
probabilit y f o r mn~: cod1nR formats 
is less than 1 in 10°. 

4. Operat or Conve~icnce. Labels are nor
mallv numan as well as machine -readac : e 
and ~an be located in readi l v accessi ~:e 
posit ions. 

5. Provi sion fa:- Sa ckuo . La~el desi<?n s::~ul d 
address po ss1b ilit :: of Ja:ia!;e and· reo:l:e
ment alterna:: \·es 1 e .1;. , i n-:-hop labe: 
pr i nter ) . 

6 . Product Cor.ir:i : ihil 1tv. L;ihels are (?e~ :? :- 
all v the most tl e;\:01c method for orc .:: ·-.:t 
identification. I f Jata collection a~: 1-
vities include idcn: if i c:it1 on of cvc:,: s 
( e. ~., task completi on1, nc r :-onncl. et.: ., 
c od i n~ can ~e i ncor j'or:ttcJ in "t:i,k 
menus" or r el :-i teJ i oh ,:,o -, Jocument s 3, 

~ell as cmplovcc h:-t~~c~ . ~: ~. 

Source:- . Co:; t, ...\ \':Jril'.'t \· o r !-our cc, ·· ~ 
l3 tll' 1 , . 11:-1n · ·· r -- . ·•r('•"'l ··:n · c- 1 ,·o :- - -- . r : : .. 
l-f. COnttl:lLJ . n \r'"t."' ..,, "!., : .. ,:n- t, ... -.- _:: 

fron ·. no t nC' r ~au1 ~:- 1:,~h o !"° .1J~e;- : :"• 
hack c! . li, r .::,~e l 1- ..:-: := : :,..:~ t '1 5 . ... . - ... -
c:;auJr c ?:t~h :':· p!:i,::: :1- . .... ,: ...·J ..: : c: •. 
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• Data Collection Device: The use of code reading
technology in the shop environment would involve 
handheld "Lightpens" and as sociated decoding,
processing and communications formatting elec tronics. 

1. Environmental suitability . Typic:il industri:il 
code reading equipment 1s designed for ope ration 
in the plant envi ronment at temper:itures ranging
from 32°F to l :?ZOF and non-condensing hur.:t idi t y 
up to 90~. Pac kaging to accommodate broader 
extremes as well as possible mechanical abuse is 
available. 

2. OJerator convenience. Trpica l Lightpens are 
s 1ghtly larger than conver.:: onal f e lt ti ? ?ens 
an~ are manipulated in the sa:ne fash ion. . ·ort:1al 
operator training can be ac:omplished in le ss 
than ten minutes. Lightpen : o rd length :an be as 
■uch as 40 feet. ~any user; mount the devices on 
overhead retractor s whi ch ke e? the pens w!:hin 
reach, but clear of the wor~ a rea. Label s may be 
read bi-directional ly ( i.e. :eft t o righ~ or r ig ht 
to left ) at speeds f rom 3 to 30 or ~0 inc~es pe r 
second. Pens t rpicall y perm i t 30 t o ~0 degrees 
misalignment with respect t o the perpendi~~ lar to 
the coded message 

Code length, of course, .,.ill impact operator per
formance in tha t he or she mu: t sweep through the 
entire code on a single pass. In this cor.~ection , 
bar he ight may be increased f e r longer coces t o 
accollllllodate the nonnallv cun ·eJ motion obsen·ed 
during typical operato r ·".,.andi r. g". 

Although feature s vary. most devices incor~orate 
both audio and visual display characteris: ~:s for 
operator feedbac k and guidance. 

3. Error checking/ correc t i on. DecoJ ing e l ectr~~ics 
typi cally compare code i~put against kno"~ iimen
sional, format and content parameters. The y 
accommoda-te variations in ·pen speed t hroug~ ':he 
code by measuring dimensiona l tolerances o~ s 
relative basis. Upon comple t ion of a successful 
'read', the operator is g iven an audio ack~o~l edge
ment signal (and, in most cases , t he ~ode is 
displayed ) . In t he event of an un s uccc s~~~= read · 
ing attempt or an unreaJable code , no audi : s ignal 
i s provided. 

Lightpen-as soc iated clcc tr c~ics J 0 no t nc ~~~:! ~ 
provide e rror corrc~ ti on . 



'· Interface Characteristics. Most code readini de· 
vices provide current loop and EIA RS-232C outputs.
Soraally, as~nchronous Serial ASCII mess~ies are 
transmitted at standard rates up to 9600 baud. 
Line drivers are available for transmission over 
long distances and a number of manufacturers pro·
vide multiplexers and acoustic couplers. EBCDIC 
( IBM-compatible ) ouput is ava ilable on some mod~ls . 

A variety of options for communications handshaking
is available. 

S. Buffering capability . ~ost devices, with the ex
ception ot tully portable units . are used in an on· 
line configuration . ~anufacturers do . however, 
offer both solid state and c~ssette mer.io r y options 
for data storage in an off-line ~ode . Capacities 
vary from 200 16-character records to 8000 re :ords. 

6. Reliability. Published data on equipment mea~·ti~es
between failure is not readilv available. Analysi s 
of comoonent characte r istic! . however. leads us to 
project the foll owin~ figures: 

a) Li1htpens : 20.000 hours (exclusive of 
mechanical abuse) . 

Basic Electronics: 
within envirouMenta l 

c) Solid State ~em.ory : 
within environmental 

d) Cassette Transport : 
within environmental 

15,000 hours maintained 
limits. 

10 , 000 hours main~ained 
li~its . 

5,000 hours maintai~ed 
l i mits. 

7. Back -uo Provision. In most units, unreadable :abels 
or L1 ghtpen ~a1lure are hanJled through data entrv 
via kevhoard. To tal device ;ai lure ~ou ld rea~: re 
standard ma nual data transcription . 

8. Sources , Cos t s. Code readin~ eQuipment sunpli~rs 
are li sted 1n Appendix II. bevicc co5ts ~ill ~e a 
function of featu res selec ted, bu t 1.iould norr.ia llv 
range bet~een Sl ,300 and S3 , oon. 

~- Per ~c :-s~~e Time & Co~t. Comments here 3rc ~~~ J J 
cxclus1 •:el,· on st ructu r e<l tc :-tin1: of operat o r -ie r 
formanc c anJ octual field cxrcricn~c . 

a ) Oenendin :: 11non th(' "'or k -: :1t1 on ~onfi.:~i r :. Jn. 
coJc ac ccssih 1l1tv and ope rat o r re r ~o r~anc e , 
~~ monv J~ 60 r c~·J i~i : :ode~ can he e~ : c ~cJ 
in one· ~inutc h, a no~·clc ~1cal opc r~t o ~. 
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b) Typical first-pass read rates in the indus
trial •nvironaent exceed 97\. The balance 
are nonaally captured on a second pass. 

c) Properly inte1rated in the vort station. 
code reader per ■essa1e costs in ter■ s of 
operator ti■e will be ne1li&ible. 

d) Actual cost of identification labels coupled
with device costs. therefore. are the primary
factors to be analyzed in developina projected 
costs for specific applications. 
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D. MAGNETIC CODING 

There are two primary varieties of magnet ic s ys tems now 
used for source data entry: Magnetic ink character recog 
nition (MTCR ) and magnetic strioe senso r s. ~ICR systems 
have stiff constraint s on font design and fo rm lavout and . 
as in the case of bank checks, rel y heavil y upon c entral 
ized. tightl y controlled preprinting of the data . The 
magnet ic stripe techn ique. however, is mo re flexible and , 
accordingly , deserve s consideration i n this report. 

The magnetic stripe is used in some retail sys tems f or POS 
transaction record ing and is accep t~d a s a s tandard for 
credit card s by the airline and bank ing indus trie s . 

• Data Medium : nagnetic s tripe encoding i s 
covered by an A~SI standard which ca ll s f o r 
data recording ( seri a l by bit ) in a three 
track format. 

1. Environmental Sui t abi l itv. Labeling 
material s are generally ,agnet ic med
ium that is adhered per~anen tl v t o a 
card or form . The medium is sens i
tive to temperature extreme s bevond 
so0 and so°F. It goes wi thout savin~ 
that the medium is verv sen s iti ve t o 
even the smalle s t magnet ic fields. 

2 . Capacit v. Current codi ng fo rmats per
mit encod ing at densi ti es o f no r ma ll v 
15 c haracter s pe r linea r inch. 

3 . Redundancy. Bit subs tituti on er~o r 
probab ility is les s than 1 in 10 . 

4 . Operato r Convenience. Da t:i is no t hu
man reaJable and therefore, can no t be 
verified bv an ope rato r . 

S. Pro\"i si~n fo r back -un . Rcrl 1ccment 
alterna t ives shoulJ be 3\"Ji l ab l e. 
Spec i al equipment is rcqui r cJ to gen
erate the l;ihels. This eauinrnen t is 
usua ll r e xpen si ve. 

6. rro,lu~t C:o,r-;1• ihil 1t \', If 1ct ivi ric, 
ln~·fiwc1~r.:it1Ca t1 on of C\"Cn t s , : Ill-' 
met hoJ ot" ,,n-linL' '.!\.'!h't' .1 t1 Jn ,r t· ::1..0 .'.
i ::~ \" t'"' t:l ""l he !i f fi~~l: :- o 1:,~ , r:-, "' r • 
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7. Source s , Costs . Costs range from $ .OS 
per inch to $.1S per i nc h of olast ic 
laminated stock. 

• Data Collection Device: The use of magne tic s tripe
encoding i n the shop environment would invol ve an 
operator inserting a code simi lar to a credit card 
into a reading device. This device would decode , 
process and communicate the da ta to a ce ntral 
computer . 

1. Environmental Su it3bilitv. Typical equip· 
aent is designed for operation at tempera
tures of so°F to l00°F and non-condensi ng
humidity up to 90 \ . 

2. Operator Convenience. ~ormal ooerator 
training can be accomp lis hed in· le ss than 
10 minutes. Although fe atures vary, ~ost 
devices incorporate both audio and \·is ual 
d isnlay characteristi c s for operator feed
back and guidance . 

3. Error Checkinf/Correc tion. Decoding elect
ronics typ 1ca 1r compare code input aga inst 
known dimensional, format and conten! 
parameter s. Uoon completi on of a suc:es~ 
ful ''read" , the operator is given an 
acknowled gement. 

4. Interface Characte ri stics. ~ost dev i :es 
provi de curr ent looo and EIA R2 - 232C ~u tput. 
~ormall y , as ynchronous serial ASCII ~essages 
are transm itted at standard rate s up t o 9600 
baud. However , several me thods of h3~~
shaki~g protoc o l may be required be t~e~n the 
computer and the code reJding s t ~t to n . The 
specific method of ha nd ~haking ~ill dc ~end 
on the comf•..l t er man uf:i...:t:.i r e r sc l ec t ec!. 

s . Bufferin~ Capabi l i t v . These dev ices 3 ~~ 
useJ 1n :in on-l1nc- ...: onfi ~u r :ition . -::,.:- .- Jo 
not suppl y buf fering o t hc- r t han ,1 =>i:l:::!: 
me ~sa~e which mav he rctra~ ~mi tt cJ if : he 
ho~t ~omputcr rcquc~t~. 

6 . Rcli :t bilit v . D:na on c.11:1pmcnt r.ic:1n t. -l' bc
t'-"ecn f:lilur c , cxclu, in· 01· mcl.'h :i,i..:.il .1hu,c , 
is 10 , 000 to ~n. ooo ho 11 r~ . !his :.1,, ,1•-~.: t he 
cn,· ironmcntal spct:i f1\.'. ,1t ions nrc\· ,, ,:- : 
mcnti on<.'J . 
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7. Back-un Provision. Total device failure 
would require standard manual data 
transcription. 

8. Sources, Costs. Device costs are a 
function of features selected. The 
most primitive device has a price in 
the ran~e of $800 . A more sophisticated
device, with manual keyboard and display 
would cost in the range of 52,000. 

9. Per Message Time &Cost. A non-clerical 
operator could be expected to achieve a 
99 % first read rate in the shop environ
ment. It would appea r that the impact 
of operator time on pe r ~essage costs 
would be negligible. Soecific ner mes s 
age cost is a function of the volume of 
encoded cards. Typical vendor quan t it i es 
are in the 1, 000 unit qua ntit y . The 
price per unit is a function of the stock 
to which the encoding is apolied and t ~e 
cosmetic features wr i ch acc ompanv the 
encoding, such as a picture on an employee 
ident if ication badge. 
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E; PUNCHED CARDS 

The aost commonly used punched card is covered by the 
Allerican National Standard Institute (A~SI ) SO-column 
standard . This method has been used for many years in 
the com~uter field for inputting s t ored programs t o a 
coaputer. The data medium itself is inexpensive and 
is less subject to the environmenta l constraints on 
such media as magnetic tape. However, the data read i ng 
devices (card readers ) are generall y expen s i ve and, be
cause of their mechanical nature, are sub j ect t o re 
liability problems . The cards themselves are al so s ub
ject to handlin~ restrictions, s uch as "do not f old, 
spindle or mutilate" . Th is mus t be considered when i n 
the repair shop environment. 

• Data Medium: Data i nput is based upon 
mechanical reading o f hol e s punched i n 
the card. 

1. Environmental suitabi li tv. Card s 
are paper s t ock t ha t ma y 

0 

be stored 
at any temperatur e. Re la t i ve 
Humidity s hould be kept at 70\ f or 
best result s t o reduce s tatic 
change on t he ca rd s . 

2. Capa~ l ty . St andard and fi xed at 
80 charac te r s per ca rd in most 
cases. 51 and 96 cha rac te r systems 
are offered . 

3. Redundancv. Standa rd cards can 
accommodate a one-characte r check 
digit . 

4 . Operator Convenience. Cards no r 
ma l l y have human r eadab le infor
mat ion nrinted on t he ca rd in addi 
tion t o· t he punched ho l es. 

5. Prov i sion fo r Back-up. Sys tem de 
si~n ~hould addre ss possibi l ity of 
and replac ement of ca rd s (i . e. , 
l ocal c 3rJ punc h) . 

6. Pr oduct Comna tahil ;t v . Cards m:iv 
inc luJc n:i r t num Fc-rT. empl oyee • 
numhc r :rnd o t her -;hop J .1t :1 . The 
ca rJ mav he s t o rcJ for r eco rd 
kecnin~ ·. llo\,en~r , :.iffixi ng t he 
card t o the produc t n:.i y he difficult 
in some c:.iscs. 
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7. Sourc es, Costs. C3r ds are av3ilab le 
from any dat3 processing supplier. 
Typical costs r ange from 5 . 001 t o 
$.003 per c ard unpunched . Card 
punching devices and re la ted ope ra
ting costs must be conside red in 
overall asse ssment of thi s approach. 
In most cases, card ~unch1n~ is 
accomplished by the user's pr ocessing 
departmen t . 

• Data Collection Device: Card readers are manu
factured by a variety of suppliers, many of whon 
are l isted in Appendix II. These manufacturers 
supply many different models ~1th ~3 r1ous 
features. P.owever, the main diff ~rence is t~e 
card read i ng rate specified in card s pe r minute 
(C.P.P.L). In the shop environ,ent, cards \\OUld 
normally be singly rather than batch processed 
and CP~ is relativel y un important. tn the 
event, however, of the simpl e col lection of card s 
in the shop for l ater batchin~. one should ~e 
aware of the fact that increased CP~ requires 
more soohisticated dev ices whose pric es rise 
sharply . 

1. Environmental sui ta bili t y. Typical e ~~:p
ment 1s des1~ned tor operation at temo · 
eratures around i0°F and '10n-condens1 ~~ 
humid ity up to 90,. The environment ~~st 
be dust and oil free. 

2. oeera t or Convenience . Ope rat ion is s1~~1e. 
S1njZle cards o r a ''dec k" ( stack of c3rds ) 
is olaccd in the reade r or a hopper :inc a 
button i s ous hed. 

3. Erro r c hcc ki :1 ~ co rrec ti on. Error c hec :..: :1~ 
1s Jo ne o n eac, card rGr a par1t v c hcc, ~n 
the entire card. ~o cor : ection method :s 
sunplicd. 

J . Inte rface Charac ter1sti c._. ~os t card r zJd-
1n~ -:tc ~s prO \ " i Jc Cur r C n t l O O p ;1 nJ f. ; \ R~ -
Z3 ~f out nut. '.o rnJl l v, ,,,..,ch ronou" 'c :-:'11 
~SC [! J :i ta arc tra n~n i tt cd 1 t s t a~JJ rJ 
r :tt<'~ tin t o ~1,00 h:i ud. E!if[) TC (D'l •cc r. ..,:i t · 
ihlc ) out put 1s a v:ii la l'l l c- on ~o mc roJc: ~. 

5. Hufic r i nt: \.'.ao:1h 1l1tl C" - \11 <lcv1..:c~ trc 
~ctf in .1n on·l1nc-co nfi~urJt io n. Bu i f c r 
in~ is \.'.onfi,cJ to one SO ch:1 r1c t c r c3~J . 



6. Reliability, Pt,blished data on 
equi oment 1s gene ra ll y spec ified 
~t 6, 000 hours as sumi ng r outine 
preventive maintenance is regularly 
performed . 

7. Back -up Provision. Device failure 
would require manual data 
transcript io n. 

8. Sources, Costs . Carj reading equip
ment suppliers are l is t ed in 
Appendix Il. Devic e costs will be 
a function of r eadi n~ speed. Single 
card devices can be Jb tained for 
less than Sl OOO. do t h devices with 
rates up t o 300 C.P. 'I. is in the 
range of S6 000 . At 1200 C.P.M. , the 
cost can rise to $2 0 , 000. 

9. Per message time 6 cost. This is a 
function of the reader selected and 
the reading rate. 
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F. OPTICAL CHARACTER RECOG~ITION (OCR) 

OCR has been available for document processin~ in the office 
environment for over 2S years and yet fewer than 2000 sites 
now employ it. Primary constraints relate to ti~ht specifi
cati ons on document preparation, document reject rates 3nd 
reprocessing costs and the relatively hi~h costs associ3ted 
with sta rt ing up. Primary successes have been in oil 
company credit slip processing and heal th insurance f r om 
process ing. 

More recently, lower cost, handheld OCR scanners have been 
i ntroduced for data collection at the retail (non- grocery)
point of sale . It is this class of de v icP- that is examined 
in the following paragraphs. 

• Data ~tedium: In its analvsis of al:e rnatives for ::iachine
reada ble encodat ion of merchand ise tickets, the ~a tiona l 
Retail Merchant s Association (~R~•IA ) was particularly con
cerned with minimizing ticket si:e, emplo:•:nent of bo th 
low cost, low speed ticket encoders as wel l as hibh speed 
devices, and ticket content modification ( i.e. , add1n~ 
or deleting information ) . Their selection of the OCR-~ 
Si:e 1 character set was based upon t he se and other 
criteria . 

1. Environmental suitabili~v. Employment of OCR i n the 
shop environment would require maci1~,,.:: :-e:icf~h:e en
coding of labels or tags for product identif1.::3tion 
and the use of preprint~d forms for repetitive data 
input. As with bar codes , a wide range of m1:eri : ls 
is available to meet the performance requ i re ~e~ts 
dictated by the specific s hop environment. Ho~ever , 
the relativelv small si:e of individual OCR cha ract
ers cou ld be~ pr oblem if the t3g or label were sub 
j ected to mechanical abuse and portion or all o f a 
character obliterated. 

2. Capc1city. Character densi t y ranges from ei~h: :o 
e leven .0~~- inch high charac ter s oer lineal inc ~. 

3. Redundanc v. Standard techni ques for en~u r1ng iata 
inte~rit~ i~clude snecia l ch3 r actc rs for idcn:~~ving 
field (messa~e ) len gt h , 'protecti on' cha ractc, :5 , et..:. 
Although not snccificJlly 3JJrcsscJ in sunpl1 c, 
literJture , check ch:irJc t cn: ~ou l d more t h.in l !;..c l v 
be added to enham:e in tc\!r.i: \· . Char:ictcr ;: 11bs : !tu 
tion err or rates ate quo i cd J S hcing le ss thJ~ 
1 in 10 . 
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4. O~erator Convenience. A primary virtue of OCR is 
tat the media are both human and m:-ichi r.e-readah le. 
Minimal training is r equired t o fa mi li a r i?e oper
ators with the rather styli:ed na t ure of the OC R 
font. 

s. Provision f or Backup . Ta g or fo rm des ign s hou l d 
address possibility of damage and r eplac ement 
alternatives (e.g. in-s;.op l abel printe r ). 

6. . Product Comeatibility. Labels, ta~s. task •~enus ' 
can be readil y obtained t o accommodate the needs 
of the shop environment , bu t s trict attention to 
printing specifications is essential. .\l so , ir
regu!ar surfaces generall y uns~itable for OCR 
applications (e . g. labels on r ough cas tin g~ ) . 

7. Sources, Cost s. A variety of fi rms speciali :e in 
the supply of OCR tags, labe l s , fo rms, et c . The 
best source of infor mation on these s up pliers 
would be the OCR device manufac t•1 rer . (See 
Appendix II ) . Costs are similar to those outlined 
for bar coding. 

• Data Collection Device : The use of OC R technology i n 
the shop environmen t would invol ve handhel d 'readers' 
and associated decoding and output ~lectronics . 

1. Environmental Suit ab ilitv. CCR readers are a~ail 
able for use 1n environment s where temperature 
ranges from 3S°F t o l 0S°F with relati ve humidit y 
of S to 90\ . 

2 . Operator Convenienc e. Typical readers are ap prox
imatel y four-1nches lon~. three or fou r inche s high 
and one-inc h thick with a ~istol-like gr ip. ~eig, t 
wi thout cab l e varies from t hree t o five ounces . 
Cable !eneth vari es from s ix t o ten fe e t. Fe "': ire s 
vary, but. most OCR s vs t ems p ~ov ide audio acknc~l eJ ~e
ment of valid entr ies . OC R reade r s permit opc ~ato r 
wanding s peeds of three t o thirteen inches ~er 
second , reaJe r misa l i~nment of up t v S-d c~r ces : ~ 
any single olane with re spec t t o the pcrpcndi ~ 1: ~r 
to the coded mc ~sa (!e and cu:nul:lti\·c mi s :-i l ii:n r,c--. : o r 
not norc than 20 d~grccs in all nl 3nc s . l ncoJc~ 
label s may he r c3d in e ither di r ecti on. 

Lon!!Cr mc:-:-3\!CS mav pron• ,011c" ha t 'lo re ,I I iii.::!: 
t o h:ind le in t h:it c h.1, :1..: tcr hcL: ht :, f a nnrox1-.:-·lv 
1/ l 0t h or :i n inch n.1,· no t he i n..:re·1:-cd t o :· 1..:.'.: :: t c 
operato r h3nJlin~. 
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3. Error Checking/ Cor rection. Decoding electronics 
co~pare message input w1th known dimensional and 
content parameters, editing same prior to trans
fer to the output interface. In the event of a 
valid read, an audio tone is provided to the 
operator. In the event of an unsuccessful read 
ing attempt, no tone is provided and the operator 
rescans. Visual display of input data is orovid
ed with some models and, in any case, could be 
fed back from the user's data processing system 
to a display device. 

Reader electronics do not incorporate error 
correction capability. 

4. Interface Characteristics. Normal OCR ele_ctronics 
provide a ten-line parallel ou~ut to the user's 
processor. Cable length is currently limited to 
15 feet. One supplier offers an RS232C serial 
interface opt~on. 

5 . Buffering Capability. Current OCR devices buffer 
reader input from a single line of copy prior to 
outputting. Buffer capacity ranges from 25 to 63 
characters. Data storage for batch transfer to a 
business system would require additional user
supplied equipment. (A recently introduced port
able unit incorporates a mini-cassette with 8000 
character storage capacity.) 

6. Reliabilitv. The following information was drawn 
from published material of a single supplier and 
may not be typical . 

• Handheld reader: Desgined to provide 
5000 hour mean-time-between failure 
exclusive of lamp and fuses. Lamp 
MTBF desi gn goal is 1000 hours. Mean 
time-to-repair (via replacement) is 
quote~ at 15 minutes. • 

• Associated electronics: No data 
published. 

7. Back - un Provision. The basic OCR svstem consists 
ofare;1dcritnU.decod ing C 1cc t ron ic s. Devi CC fa i 1 -
ure \,·ould require manual data transcription. The 
user could, of course, adJ a manual entry back -up 
such as :1 keyboard. 
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upon o servat1 on of equipment 
interpretation of manufacturer 

8. SouTces. Costs . Appendix identifies current 
OCR system suppliers. Equipment costs, depend
ing upon volume, range between $1800 and $3000 
foT on-line devices. Portable units wit h 
appropr iate telecommunications interface hard
waTe are priced near SS000. 

9. Estimated Comments 
ere are in 

operation 
claims . 

a ) Dependin~ upon me ss age length and 
access ibilitv, a non-clerical oper 
ator could be expected to achieve a 
95\ f i r s t read Tate i n the shoo 
environment. Further, innut of 30 
to 50 ten character records per min
ute would apoear t o be an achievable 
rate. 

b) Althou~h operator training would re
auire more attention than for bar 
~ode read ing , it would appear that 
the impac t of operator t ime on per 
message costs would be negligible. 

c) Label, tag or forms cos t, ther., along 
with ba sic device and neces sarv use r 
supplied keyboards, displays, etc. 
cost are the primary facto r s to be 
analyzed in assessin5 specific appli
cat ion cos t s. 
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I II. SUMMARY & CO~CLUS I C~~S 

Tables I and II on the following page summari:e 
our general findings . Essen tiall y , t hey illustrat e 
sur pris ini, albeit superficial, simi lar itv between 
device char acteristics. With the exception of mag 
netic stripe and punched card, f or example, each 
technique permits considerable flexibilit y i n media 
selec t ion . Each data encoding aooroach packs 
roughl y ten c haracters per inch . The r e is little 
dif fe rence in packa~in~ fo r indust r ial applications 
(ignoring price vari ations ) . Equipment re l i ability 
appears to be gener all y good and, ~i th the pos sib le 
exception of voice recoRnition , ? r i cing generall y
fall s below $3 000 per device. 

BUT - There are differences. Let's briefly examine 
them: 

A. Neither f ey entry nor voice recognition re 
quires speciali zed data media. However , 
without addition o f a check digit suff ix or 
elabo r a t e central comoute r message valida
tion, the probabi l ity of operator error is 
high. 

B. Ba r codes and OCR use hi gh inte~rity med ia 
which can be made a n integral part o f the 
product (be it l abe l s on par t s or pages i ~ 
a cata lo gJ , but these media do repre sent an 
e lement of cont i nuing svsten cos t . The 
latter is al so true of ma gnetic stripe and 
punched cards wit h t he add i t ional d rawbac k 
of the need for de ve looinQ a method for 
attaching them secu r el y t o the product. 

C. ~one of the approac hes cons i de red r equire s 
el aborate opera to r trainin ~. but t here are 
subtle and i mnortant d i ::erences i n te r ms 
of techn i que lmpac t unc R ope r a t or pe r fo r mance 
of other tasks at the work s tat ion. He or 
she has to g ive some t hought to key o r vo i ~c 
data entry . Wi t h the o ther approac he s , t he" 
need onlv nc r form a mec h:inical function . 

O. ~one of the sy st ems cover ed pr ov i J c for 
back-up in the event of Jc vice f ai l ure a l · 
thou~h mos t ha r coJe SY$ t cr1s i nc l uJc a kcv • 
boar~! for manual cn trv· of non -codc<l in:"01 , .1-
t i I th C' t ·r Li ~ht pC fa i I O n . I\ C C \' ll O n Ur C , : :l C 

kc~·bo:i rd woul d be us cJ un t il t he pen i s r e· 
pl:iccJ. 
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TAB1..t i 

DATA COLLECTION TEOINIQJE Crt,1PARISON SlMIAAY : MEDIA 

DATA t.fl:OIIJ\1 C~ tH :RlA KEY ENTRY vnrr.E RECOC.NITION IV\.~ CODING MAGNETIC COOING PmOiED f.ARDS OCR 

I 

I 
I 

Envi roruncnta l 
Suit~1hili t y 

Data C;1pacity 

Iv i des t 
l.at it11dc 

10 ch:i r s/ 
i 11ch 

lvi<lcst 
l .:1t i t 1de 

I O diar s/ inch 

t-\1 l t ip1e 
f\ l t ernutives 

10 char s/ 
in,:h 

so0 to 80°F 
Sensi t ive to 
ma ~nl' t ic f i el ds 

l 0-1S char s/inch 

nama ~<' poss i -
hi l i t y i n hnr sh 
c-nv ironmcnts 

Stancla nl Sl t o 
160 1har s/c~rd 
sma l er car s 
:wa·iJ ahl e 

t-\Jl ti pl e al -
t er natives 
sensi tive to 
damage 

8 t o 11 chars/ 
i nch 

l!cdundancy None wi t h-
Ollt check 
digit 

None wit hout 
ched dig i t 

Er r or rate 
lt-ss t han 1 i n 
1•I 4 . Check 
Jigi t enhances 

Error r at e l ess 
than l in 10 4 . 
Ched J igit 
cnh.1nces 

Error. r ate 
l ess , han 1 in 
10 4. Check 
ti i ~ i t enhances 

Opera tor 
Conveni ence 

' 

l- lklck -11p 
Prov i s i on 

/\opJ ication 
Dcp~ 1J cnt 

-
'1anua I 

/\p;,I icati on 
iJC('Cndcnt 

1,1:mual 

llcasonabl c 
i.ith minimal 
trai11ing. 

Manual 

Rcasonahl c 
( locI t in~ and man · 
i p11l :1t in!! m:iy 
111h I Iii t) 

t-l1nual 

Reasonabl e , 
:.t i though 
cumher somc 

~lanua1 

Some care r e-
qui red al -
t l10u~h 
rc•ason:1hl e 

Manual 

Produc t 
Comr,:H ihi l i ty 

Wides t 
l .;1 t i t 11u<.! 

Wi dest 
I.at i tude 

Some 
c,,nstra i nts 

No t i ntegra l to 
proJ11c t. Un-
-;uitabl e for t ask 
menus . 

Not int egral 
to product. 
suitabl e for 
t ask menus. 

Some 
Un - Constra ints 

Sour ces Appl i cat i on 
Ucpcudcnt 

Aopl i cation 
llcrx-ndcnt 

Appendix JI Append i x II Append i x TJ Appendu JT 

r.osts 
onlr) 

(Est i11L1 tes App l ic.:~1 t ion 
Oe11c111lcnt * 

App l iCil t ion 
Ilcpcullcnt * 

$.0002 t o 
.005 per char-
ac ter depend -
in1~ upon 
GIIT ier 

$.005 to 
ch.1rcter 
i nt: upon 

.015 per 
tlcpcnd-
carr i er 

$.002 per card 
not including 
cost of 
punchi ng 

Simi l ar to 
har coding 

* t=~l'1 11di n1: 111sts assoc iated wi t h 
, 1 . I !1 • , ,. ,u1 .. ,1,1 l i o11. 



TAILE II 

FftJ1PC/f a11m1A m emtv '\ll'Nl"T1C cmt-c. J,l',\Jlr:t> C,UUllS llCA 

Envl~UI 
Sultab,lltY 

' bnv , ,,._., . 
r1.ll 

PIICka'" 

lZ°F to 1::0r 10• 
95\ rc-l ;itlYC' 
hl•1J1tv 

l.?°F co I::•~ 
to ,o\ rt' la• 
uve lu11J a,· 

I ridv.s I ri I I I':>.:k• 
Jt<"f .t\-i tl..1hlt' 

lnJ:u.~trul t"•,c , • 

•~es •~t l3Dl r 
l s<': to lOS°F 
to ~ \ Rel>· 
tt ve luolJitv 

C'lwrator 
Convenlfflte 

S.- ,kill 
,,,.....rl\l. 
'lclaUvtlv 

~II l'tl\UJ to 
orrr..1 tor l'!GtHluv. 
r-o.,, f'IOtCfttl31 lft • 

f~l 'IV t O UH' 
._,th "'l lftUID l 
tr,Hnlni , 

Con,•t f\1. t-ne:f: ll 
(ln.: ,~n oi' c,rJ 
x; r,., 1!>tl ,t v 2nJ 

..:onv.-111-e a 
r ..... non of <>rd 
1-, !C" • .-:cirss· 

._,_ 1l 1ll tt· 
QUtttJ . I.on~· 
er airs,~c:es 

~sy to UM 
..1,11 

COft\'t'-"lrntf with 
IIHJ,et . 

FCC\lbacl. p,d. wor\ cut ion 
lavouc . 

,bd tt• ' "°rk 
tt~tion 1:avout. 

1\.1.V rt"qULr~ 
;,tt.Jter c.ar;e . 

tra inlna 

EJ'TOr Checkint 
6 Con«tlon 

'lot ..1thou( 
check dlJ i t 
F.rnn ratod 
l to &\ 

Like lv 99' 1st 
ttad ~tr . 'lot 
sel r-corrKtina. 

Formt check· 
tni- 9"\ o r 
bette r fl n t 
read rate . 

Fo,,..: c~kl.n£. 
It~><! nee dr~
fl'ftt ~ . C~tN 
conch : ..on . 'iot 

~ :,d r,t,. dr
p,,,,Jmc ,,ron 
~ nl condtton 
'int • ~ l i 

~ - t clleck· 
U>J. Ila e rror 
:tiffKtlOfl . 
9<\ fl nt , ,.ad 

'lot ..ir u li ;orrec tinJ. t.orrect1n1 rat-t . 
COTTectina. 

lntttface 
Oi.arac: te·r 11 t lCI 

O.,nmt in• 

dUSt'l'l' 
sundanh 

Curttnt inckatrv 
stanlardl 

Current In· 
dllstrv 
Standards . 

Curr~! Il'ldust rv 
St.lnd, rds 

Current .I n• 
dustry 
Stmdarcb 

..H eri.n~ 
Ca-pabthty Obtional llaquIrn addi • 

t ional <WvtCe 
Opuond ~lttS 1dd1 • 

I ional ,W,lt r 
-..,,... II• done 
t,v host 
:caputer 

aellabt litv 
(n t1-tH) 

"IV: 
:o.ilOO 
'tlun 

lie f e re,ce uwr 
list 

'ffV: 
houn 

16.000 \ff1F 
l-olr• 

IS.000 ~ = 1,000 
houJ"• 'IT!F 
t:>e¥1ce, · 
s.ooo hours 
MTW' 

llack·"II 
~s1on.s -.al 

- read-abl e nonally 
parallel s ber 
code . 

lw,ual 

Di f hcul I unless 
data a lso ,,._ 
1n !aaan read.>M • 
forwat on ea.nitr 

_ ,'41n.tal 
01 fhc,..lt ..,J H S 
iu CJ • I so she,,,\ 
tn !uun rnda: .r 
fonat on can:«:-

Source• lilpendu 
! 1 

Append •• 
II 

~ 
II 

~u 
II 

Appmcli• 
I I 

~ 
II 

ix 

Co• ts (Est tat~,, S1000-S!0OO 510000 SUOO- HOOO 5100-S?:lOO UIOO · SSOOO 
\ku t ) 

.JU~1\!A =-:1t 
ES!"l'lo'T !\JC SYSi~ 
COSTS 

•.m,e . ••err< 
ch«~ J, , 1t 

-:one . '-'-"'"Pt er.eek 
dtJ lt 1: ~ 

5tt ,..,11 ... . 
CJnt1ntJ1n• 

::ee.-.d.u
·ontlllut!'tt 

Sre med11a. 

Cantino.11nz 
~ .....i , ..... 
~nt 1.raunt 

u ..a!.t'd .,;:ost. :ost. cost. ..:=-st. 

• ~v ic e k e CO~ t.S f. <;ce .:o,u ~e toJ t s/'ffSF <;c,e COS! ll'ITl!F 'Ce :os u /''fllF 
'lf"!F 

• i r.1 1n1n~ · tc, "t..~ l cnqt h 
Jcrx~nJcnt l >Jar'( 

l J.iv or :c~~ \ 11n1m l 

• ""-"ntor r,.., \r,,l lC"1 t1r,n 
sr«1 f1c 
rt ••.- " • Ml 
,..nin t- 1 

\nf'I IC-1ll"" 
"-fl('\:,fu. Hc.c 
IJ··t,unutc , 

\f\f';l IC', [ tf'ft 

"rec a ( ac 1r1sc 
, rt r.-...:nr _J.; / 

••nutf" J 

~lu..u:on 
51"CC I { 1C. 

··-t h.::u 10 r
,,,; r '1c ti,c 
• l tft ~n 
r:c.,rcJ, , "'I H\Ht 

-.u s,n 

Microfilmed From 
Best Available Copy 
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The foregoing table s allow for generalized compHriso n 
of the various data collect io n tec hni~ues cove red in 
this report . Evaluation for pur poses o f sel ection 
of that technique best s uited for a speci fic a ppli ca
tion must be ba s ed upon mo re detailed criteria devel 
oped on the bas is of actual oper a ting require~ents. 
Particularl y pertinent in this connection are: 

• Operating personnel qual ifications 
(skilled, unskilled, cler ical, non
clerical, etc . ) 

• Personnel wo rkload (na ture, complex 
or simple, and amount o f ~anual work 
to be performed ) 

• Work Station Layout (can the data entry 
device be readily integrated with the 
operator's stat i on ?) 

• Input Message Source (t ra ve l document, 
label, station 'tas k menu', operator 
judgment, etc.?) 

• Input Message / t en~th (number of charact
ers, cont ent , relation ship of iul'u~ !:c 
employee perfo r mance i.e. , incentive
link or merely an add itional task?) 

• Input ~e ssage Frequency (number of en-
tries per day, per hour?) 

We have selected a few of these cri ter ia for fur:her 
comparison of the techn iq ue s presented. Althou~~ some
what arb itrarv, the cate~o r ies de fined in Table ::r are 
not atvnical of the s hop environment . It is t he tech
nique as much a s the content that should serve as a 
useful guide line for data en trv system selec t ion. It 
should be unders tood t ha t t he fol lowini exe rc ise ~culd 
normally be undertaken subsequent t o p~e liminary 
sc reen i n~ on t he basis of c rit eria outlined in t he pre
ceding pa ges . 
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TABLE III 

0,.TA CDL.LfCTION ~ '!(NE CCMP.a\JUS(Y.-4 OWtT ( In application, only cTiter ia soecific to a given application need be cons idered l 

VOICE RECOCHtTICN BAil COOi~ ~1c c:am.c l'U'OE> CARDS OCR 

PenoMel C\lalifica· -\l thouah re· Best with MiniNl 'ti.niNl Minimal Sofflt train· 
tions 

Skilled 
Unski llei 

lated to mess· 
•ie leneth, 
workload , etc: , 

reasonably 
skilled 
workttS 

tninin1t 
requi -d 

trunine 
required 

train inc 
required 

-,. require.I 

Clttic:&l ke-; entry re· 
quires ceru1n 
denerit y and 
is no1"lllll I•• 
best suited 
for skilled 
pencMel 

PersoMe l \O rldoad 
Sir.pie, lo'" .-olunr •' K OK OK OK OK OK 
S1r:rile, 'ugh \'O l~ ~suon.able OK OK OK Quest ior..able OK 
Conolex. le'" ,-olu,,e t~Stlorutble 0,: o« OI( OI( OIC 
Co"l)lex, '11gh ..-olune ~st ionab le OJC OI( OI( ~stion&bl e ~ ,est ion.ah: 

l,orlc St3: 10n L.ivout Could be a 
Tight nuar: ers :,rob! e-,i 0 1( OIC OK OK QI( 

\r:,n le SJ)3C t 3 \'311. 1 1( 0 1( ()IC OK OK 0 1( 

!nout '!essas,e 

• "iource 
Ooc:1r1e:'\t OK OK OK 
Label QI( OK OK 
7ask ·•e"~ OK OK )I) 
:UCc-~•H OK ~ '° 

·, , OK ·;.. 
. : ::unc·~r, :-Uc,tionable ,, K OK -;.. 
:, ~ ~1 ~1 ~:~~· ·o QJest iorublc K '\...~.Stl -f\.lr..,~o .: ?-'\r.l~:c rs 'C OK i\.1es t 1on3t,. 

• F:eauencv 
l 1 ~~ 'lour OK i1K (11( OK "",,j,) c,e r ~ur OK ni. ~ OK 
JO r,er iour 1est ion.able OK OK OK OK 
o') per hour 'Nes t ionablc OK OK 0 1( QI( 

;:~ per !lour ,,n OJ.... ,~· OK* OK" 

• ' " " bet tn to 1-,,;ict e ifktt'ncv on otht'r ns:.s . \ccorJin1;lv , •1t1l1tv J func::1on oi ·::i:..1e )r 
cnt 1callt ·, o i JJ tJ entered. It 1111,· , L"ldeed. t:c arpronri.ite :o l5Sl!ll\ !ull -ttme l>t'rso~.n~I. 
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The report set out to assess alternative methods 
of data entry on the basis of their suitabi lity 
for the shop floor. Primary considerations 
included: 

• fhe need to function reliablv and 
with minimal maintenance in adverse 
environments . 

• Sim~licity of design and function to 
promote ready comprehension and use 
by non-clerical shop personnel. 

• Performance characteristics that com
plement rather than stymie operato r 
execution of primary tasks. 

In our opinion, none of the methods examined should 
be ignored in preliminary anal ysis of soecific data 
entry requirements. 

Final recommendat ions, of course, cannot be made 
without specific application characte ristics and 
requirements. It may indeed develup fer~ ,iven 
application that a hybrid device offers the best 
solution. In this connection, a number of suppliers
offer equipment which permits not on l y key, but also 
magnetic stripe, punched card or bar code data entry. 
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APPENDIX II 

Supplier Listings 

Data included in this appendix is 
representative. It uucj ~~~ ~urport 
to cover either all suppliers or all 
possible equipment variations. 
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KEY ENTRY SYSTE-'S 

Key: 1. Fixed position devices 
2. Portable devices 

Supplier Key 

Azurdata, Inc. 1+2 
1305 ~iansfield, 
Richland, \\'A 99352 

Computer Identics Corporation 1 
31 Dartmouth Street 
Westwood, MA 02090 

Numeric and full alphanumeric keyboard and 
16 or 32-character displays 

Datapathing, Inc. 2 
370 San Aleso Ave . 
Sunnyvale , CA 94086 

Digital Equipment Corporation 1 
146 Main St . 
Mavna rd, f-tA. 017 54 

Epic Data Corporation 1 
12728 15th Place ~.E. 
Bellevue, WA 98005 

IBf-1 Corporat ion 1 
Route 52 
Dayt on , ~J 01180 

MSI Data r.o rooration 
34 0 Fischer Avenue 
Costa ~es a , CA 9:!6 27 

'.':o rand Co rooration·, 1•:! 
Subs idia r y of Pioneer Hi-Bred International, Inc., 
P. 0. Box 666 
Cedar R.ap ids, IA 

Pa nasonic , u.r.C.A . 1•2 
InJus tr i3 l Apnaratus Department,
Indu~tri~ l nivision 
2960 !!art nri,·C' , 
Fra nk 1 i n r :1 r k. , rL 6 O 1 31 
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XEY ENTRY SYSTF.~fS cont'd 

Supplier .!!l. 

Perkin Elmer Corporation 
Randolph Park Wes t 
Randolph, NJ 07801 

1 

Sierra Research Corporation 
P.O. Box 222 
Buffalo, NY 0422S 

1 

Telxon Svstems Division 
Ghent Souare 
Bath, OH 44201 

1+2 

Termiflex Cornoration 
P.O. Box 1123 
Nashua, NH 03060 

1+2 

TRW Data Systems,
12911 Simms Avenue, 
Hawthorne, CA 902S0 

1+2 
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VOI CE RECOGNITION 

1. Threshold Technology , Inc., 1829 Underwood Blvd. , 
Delran, ~J 0807S 

2. Scope Electronics, Inc., 1860 Michael Faraday Drive, 
Reston, VA 22090 

3. Dimension, Inc., 1860 Michael Faraday Drive, Reston, 
VA 22090 
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BAR CODE 

Key: 1. Handheld Code Readers 
2. Automatic Code Readers 
3. Fixed position data entry ter11inals 
4. Portable data entry terminals 
5. Labels, label printers 
6. Forms printers 

Supplier 

Accu-Sort Systems
601 Lawn Avenue 
Sellersville, PA 18960 1, 2. 3, ,. S 

Avery Label 
777 E. Foothill Boulevard 
Azusa, CA 91702 2, S, 6 

Azur Data Corporation 
1305 Hansfield Avenue 
Richland , WA 00352 1, 3 • 4 

Bergen Brunswig Corporation 
22351 S . Wiimington Avenue 
Car~on, CA 90745 1, 3 • 4 

Centronics 
Data Computer Corporation 
One Wall Street 
Hudson, NH 030 51 S, 6 

Computer Identics C9rporation
31 Dartmouth Street 
Westwood , ~A 02090 1, 2. 3, 5 

Courier Ci t i =en Company 
339 Harbor Way
So. San Francisco, CA 94080 s. 6 

Data Royal
235 'fain Dunstahle Road 
~ashua, ~II 03060 S. 6 

Epic Data Corporation 
12728 15th Place ~ .E . 
Bellevue, ~A 98005 1. 3 

r-erranti-PJckJru, Ltd . 
121 lndu~trv Street 
Toronto, OntJrio 
CA~.\DA 
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BAR CODE cont'd 

Supplier Key 

IBM Corporation 
Route S2 
Dayton, NJ 08810 1, 2, S 

Identicon Cornoration 
1 Kenwood Cir~le 
Franklin, HA 02038 1, 2, 3, 4 

Interface !1echanisms 
S603 232nd Street S .W. 
Mountlake Terrace, WA 98043 1, 3, S 

3M Company 
Special Enterprises Dept. 
3M Center, Building 2232 
St. Paul , MN s 
Markem Corporation
1S0 Congress St ree t 
Keene, NH 03431 s 
Mead Cornoration 
1771 Springfield Street 
Dayton, OH 45401 S, 6 

Monarch ~1arking Systems 
P .0. Box if608 
Dayton, OH 45401 1, 2, 3, s, 6 

'-1RC Corporation
11212 ~lcCormick Road 
Hunt Valley, MD 21031 2 

MSI Data Co rooration 
34 0 Fischer Avenue 
Costa ~lesa , CA 92627 1, 3, .i 

:-.ICR Corporation 
950 !)anby Road 
Ithica, ~y 14850 2 

~ixdorf Computer , Inc . 
888 Worceste r Street 
Wellesley, ~IA 02181 3 

~orand Corporation
55 0 Second Street, SE 
Cedar Rapids, IA 52401 1 , 3, 4 

Panasonic 
2960 Hart Drive 
Franklin Park, IL 60131 2, 3 
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BAR CODE cont'd 

Supplier Key 

Plessey Canada Ltd. 
300 Supertest Road 
Dawnsview, Ontario 3Uj 
CA.~ADA 

2M2 
1 • 4 

Printronix 
17421 Der ian Avenue 
Irvine, CA 92714 s, 6 

Skanamatic 
P.O. Box Sor Route S West 
Elbridge , NY 13060 1 • 3 

Standard Register Co . 

Dayton, OH 45401 S, 6 

Telxon Corporation
7280 Wynnwood 
Houston, TX 77008 1, 3, 4 

Wallace Business Forms 
237 Lancaster Avenue 
Devon, PA 19333 S, 6 

Weber Marking Systems 
711 West Algonquin ~oad 
Arlington Height s , IL 60005 S, 6 
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~.AGNETIC STRIPE READERS 

1. Synergistics, Inc., 10 Huron Drive, E. Natick, 14A 
01760 

2. Sankyo Seiki, Inc., 149 5th Avenue, Nev York, NY 
10010 

3. Data Source Corooration 

4. Epi c Data Corooration, 12728 15th Place N.E., 
Bellevue, WA 98005 

5. IBM Corporation, Route 52, Dayton, NJ 08810 

• 

.. 
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PUNCHED CARD 

1. Constal Data, 1S92 N.W. 159th Street, Miami, FL 
33169 

"Smart Clock": 16 digit hol leri th code reader , 
numeric keyboard &display, clock 

* 2. IBM 2790 Data Col lection System using 2791 area 
stat ions and 2796 Data Entry Units i ncorporat ing 
card reader &Thumbwheels 

3. Epic Data Corporation, 12728 15th Place N. E. , 
Bellevue , MA 9800S 

4. Panasonic Models B & BT (10 to 22 characte rs ) 

s. Custom Terminals Corporation, 216 North Fehr Way, 
Bay Shore, NY 11706 

6. Wright Line, Inc . , Worcester, MA 01606 
Portable Key Punches 

* 7. IBM S230 Da t a Collection ~ystem using S23S Data Ent r y 
Station with sta tus lights, keyboard, action/ function 

keys, display, card and badge readers. Cutout to 
punched cards, diskettes or tel ecommunicat ions link. 

8 . Decicom Systems, Inc . , 8S7 Essex Street, Brookl yn, SY 
11208 - Model 0S7 Optica l Badge &Card Reader 

* 9 . Digital Equipme·nt Corporation, '.•laynard, ~tA 01 754 
Models RT803 and RT805 1\'ork Stations i ncorporating 

badge and card readers, 32-character display, 12 -
position kexpad operator guidance lights, and 

function kevs. 

• 

* The TB'I and DEC systems are typicallr marketed as 
pack~~es including manufacturer-supplied central pro
ces~ing hardware. 
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OPTICAL CHARACTER RECOGNITIO~ (OCR) 

1. Caere Corporation, 34S East Middlefield Road,
Mountainview, CA 

2. Recognition Products, Inc., P.O. Box S569, Dallas 
TX 7S222 

3. ~ey Tronic, P.O. Box 14687, Spokane, WA 99214 

4. Data Source Corporation, 235 0 Alaska 4venue,
El Se~undo, CA 9024S 

NOTE 1 : Recognition Products ha~ just intro
duced a oortable vCR data entry de
vice with keyboard, display and 
cassette memory . 

NOTE 2: OCR media. Most of the manufacturers 
identified as suppliers of bar code 
printers, labels or forms can supply
OCR media. 
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MISCELLANEOUS 

1. Data Recogni tion Ltd (England) - Optical Mark Readers 

2. Hewlett Packard 
P.O. Box #42 07 
Huntsville, Al . 35802 
Model 7261A Optical Mark Reader 

3. iCOM, Inc. 
6741 Variel Avenue 
Cagoga Park , Calif. 91303 
Model 60 Microperipheral card reader/ printer (mark sense) 

4. Moto r ola 
Room 2128, 8000 W. Sunrise Blvd. 
Fort Lauderdale, Fl. 33313 

S. Optical Scanning Corp . 
Newtown, Pa. 18940 
OPSCAN 12/ 17 Source Document Readers (mark sense). 

6. Quest Automation Ltd. (England) : 
Datapad System recognizes handwritten data entry 

7. Sentracon Corp. 
Westwood , Mass. 
Nc~-~~qnetic, non-optical electronically encoded badges 
and badge rea~ers with k~yboard and display. 

8. Sweda International 
Magnetic and punched hole encoding 

9. \·lyle Computer Pr oducts 
Series 700 Optical Mark Readers 

' 
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	I. INTRODUCTION 
	This report presents the results of research performed under oy Peat, Marwick, l'vlitchell & Co. (PMM&Co.). The study represents one of s.1x s) cost researcn program . The goal of this: research is to -..evelop procedures and methodologies aefined by the FRA which can be used by any railroad. within the frameworK of us existing accounting system. to determine the costs associated with the movement of goods between two points. Each of the six parts ot FRA's program focuaes on a different function of railro
	contrca1.ct 
	parts of the Federal Railroad Administration's (FRA
	I

	BACKGROL";'-;D 
	ustries. the railroad industry is underdev~loped in its ability to determine the cost of providing specific services. This underdevelopment has several causes. First. the task of determining. allocating, and assigning rail costs is extremely complex, particuldrly frorr. a mark~ting :3nd pricing viewpoint: second, railroads are extremely interdepenaent in providing "through" service. including the sharing of equipment and tac!lities (over 60 percent of all traffic is carried by two or more lines): third, t
	Compared to other L 
	1

	The need for accurate cost data permeates all aspects of railroaaing. from rates and regulation to operations. markPting, and maintenance policies. One costing system commonly used in the industry has been the Rail Form A form ula developed by the ICC. Railroads have generally been dissatisllect with Rail Form A because the formula was designed to use aggregate dollar amounts as inputs and produces average cost factors as output. Rail Form A is oeing replaced by the Uniform Rail Costing System (URCS) for I
	The development of costing systems by individual railroads has helped alleviate the need for better inform.ation. But, while a road's own systtm may serve the needs of that ,~oad, no industrywid~ conclusioris can.necessarily be based on information from one road. \Vhat is needed is a universally accepted 
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	cost in~ -nethodology and as sociated cost collection I'.:'roc.edures. The boal of FR A ' s co r esearcn p r ogr am 1s the development of _uch a methodology and pr ocedures . 
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	R E E .-\ RC H F R .-\ :\rE \ \" 0 R K The :novement o f goods between two points inv0lves a number of functional act1\·1t1es . The six studies included in the program focus on these different functions o f railroad operation. The studies cover the follr,wing areas: 
	R E E .-\ RC H F R .-\ :\rE \ \" 0 R K The :novement o f goods between two points inv0lves a number of functional act1\·1t1es . The six studies included in the program focus on these different functions o f railroad operation. The studies cover the follr,wing areas: 
	• • 

	. 
	. 
	right-o f -way ; 

	. 
	. 
	y ards and term inals: 

	. 
	. 
	t;,ain oper ations and control: 

	. 
	. 
	acces sorial services: 

	• general and administrative services: and 
	• general and administrative services: and 

	. 
	. 
	cars a~ 
	-

	power. 

	Each of th~ study areas addresses one aspect of moving goods between two points: what goods are moved in (car-s) and by (locomotives): how cars are classified and reclassified into trains: what the trains move over and how they a r e dispatched and controlled: and the activities which assist in the handling o f goods and support all railroad operations. 
	Each of th~ study areas addresses one aspect of moving goods between two points: what goods are moved in (car-s) and by (locomotives): how cars are classified and reclassified into trains: what the trains move over and how they a r e dispatched and controlled: and the activities which assist in the handling o f goods and support all railroad operations. 

	This report deals with the freight car portion of the cars and power study. Equipment ownership and maintenance costs make up a lar~e portion of the total cost of an average rail movement. Eq:Jipment costs have become even more important as a result of the dramatic effects of inflation on both equipment prices and maintenance labor rates. but costing techniques have not evolvea c-.:>ncurrently. Armed with more accurate equipment costs. railroad management would be better able to justify actions and costs t
	This report deals with the freight car portion of the cars and power study. Equipment ownership and maintenance costs make up a lar~e portion of the total cost of an average rail movement. Eq:Jipment costs have become even more important as a result of the dramatic effects of inflation on both equipment prices and maintenance labor rates. but costing techniques have not evolvea c-.:>ncurrently. Armed with more accurate equipment costs. railroad management would be better able to justify actions and costs t

	SCOPE AND OBJECTIVES 
	SCOPE AND OBJECTIVES 

	The study of freight cars. like the other five studies. is divided into three distinct phases. The first phase consists of a state-of-the-art review. This phase o f the cars and power st11dy was submitted in March 1976. The report contains the results of interviews conducted with railroad personnel. 
	The study of freight cars. like the other five studies. is divided into three distinct phases. The first phase consists of a state-of-the-art review. This phase o f the cars and power st11dy was submitted in March 1976. The report contains the results of interviews conducted with railroad personnel. 
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	representatives of the Interstate Commerce Commission. and other knowledgeable individuals·, as well as a review of relev~at literature. The Phase I report details the experience of the interviewed railroads in developing their own financial / costing systems, including a summary of information and data collection systems. Phase II consists of developing improved costing methodologies and procedures. and Phase III is devoted to testing and verifying those methodologies and procedures. 
	The scope of this report is Phase II of the freight car study. The report addresses both the examination and select! ~m of appropriate costing techniques and an exploration of the coricepts of incurrence and consumption. 
	Generally, incurrence relates to the expenditure of funds and consumption to the use of the assets purchased by those funrjs. For freight cars, these concepts are easily illustrated. Incurrence deals with the expense of repairing the cars . How and in what kind of facilities repairs are made, how and by what are costs affected, how labor and material expenses vary. and how decisions are made are some of the issues relating to incurrence. Consumption deals with the activity that causes an asset, a freight c
	-

	The FR.A cost research program is not intended to develop a universally applicable financial/ costing sy.;tem. Its objective is to provide information and rnethodologies usable by railroads with their existing systems. The research is aimed toward developing results which can be applied by a railroad's management to ascertain relevant costs and to direct cost control and data gathering efforts. The resear ch is also aimed toward developing results which can be applied at differing levels of detail. This fl
	STV DY APPROACH 
	This report explores the incurrence: i consumption relationship for freight ca rs and discusses applications of the information developed. For freight cars. incurrence is the a<.crual of expense dollars for car repair. Throughout the useful life of a fr eight car, expenses are incurred by car repair shops 
	I. 3 
	for periodic repair of defective components and !~e inspections and servicing required by regulation. Costs are incurred directly for the labor and materials used in repairing a car. Indirectly, overhead costs are incurred for the operation and administration of the car repair shops. The policies of a shop and the accounting methods used impact the cost of repairing a car and. therefore. incurrence. 
	• 
	The purpose of developing incurrence factors is to examine the behavioral characteristics of cost in relation to the volume of repair activity. This task also involves examining how costs (or indices) vary. Costs may vary between shops due to differences in size. productivity , facilities. and equipm ent. \.Vith the assistance of a participating railroad. the study team selected and visited five repair shops to study the car repair process. 
	As mentioned above. car repair incurrence m ay be separated into three components: labor incurrence, materials incurrence. and overhead incurrence. Previous studies of this type have shown that three basic ,n~thods of analysis provide meaningful results. Thus, statistical methods, an audit of the chart of accounts. and review of contractual i">bligations were used. One or more of these techniques was applied to each of the components of shop operation. T o be respo11sive to management and costing needs, rep
	This Phase II report examines the concept of consumption using actual data on the car fleet of a railroad and a car leasing company. To develop consumption relationships. a data base was constructed utilizing car repair cecords and operati ng statistics collected by the two firms. The raw information from the two sources was extracted, compiled, and edited, and a comprehensive data base was then constructed for each source. In addition. the universe of freight cars was segregated into appropriate groups lJ
	The service life of a freight car is influenced by a variety of situations to which the car is exposed. This is also true of the individual components and component groups which make up a car's construction. This resea:-ch examines these components, component groups, and cars to determine what factors cause them to wear out. Engineering studies may be used to deterrr.ine what causes such physical wear; however. the intent of this research was •1ot to 
	I. 4 
	conduct extensive engineering studies. The actual analysis of causal relationships was performed using econometric techniques. Regression analysis. correlation analysis, and various other techniques were used to explain component wear in terms of activity and usage. Engineering studies can easily be adapted to and combined with the procedures developed in this study. but the procedures are not dependent on engineering results. 
	Having examined the cor1cepts of cost incurrence and consumption. the PMI\il&Co. study team explored some uses of the information developed. The incurrence/ consumption information and procedures developed may be used for a variety of activities. from costing of potential traffic to budgeting shop activities. The intent was to demonstrate possible approaches to the costing of a commodity trip using the t:onsumptior. relationships researched, not to develop an exhaustive list. The actual use of the procedur
	ORGANIZATION OF THE REPORT 
	There are many different research results presented in this report. While all relate to the incurrence and consumption of freight car repair costs. some areas and applications may be of more interest to some readers. For this reason. the report is organized in the following manner: 
	• Sectiori I -Introduction: 
	. Section II -Description of the data base used for the developrr.ent of consumption relationships and the reporting system from which the information derives; 
	. Section III -Discussion of the analysis performed to identify how activities and situations affect asset life and thus to determine the appropriate measures of output for costing purposes; 
	. Section IV -Overview of the car repair process. ir,cluding descriptions of the car shops visited and a discussion of the reporting systems used: 
	. Section V -Description of the accounting systems and procedures used to record and monitor labor and material usage in car repair shops; 
	. Section VI -Discussion of factors affecting a :-ailroad's.ability to adjust labor hours incurred in the car repair process: 
	I. 5 
	. Section VII -Review of the information collected on the amounts and 
	•kinds 
	•kinds 
	•kinds 
	of materials used to repair freight cars: 

	• 
	• 
	Section VIII -Description of components, accounting procedures, and methods of distributing overhead (indirect) costs; 


	. Section IX -Discussion of two approaches to costing commodity trips based on consumption relationships: 
	. Section X -Description of possible application~ of incurrence/ consumption information, including cost control, budgeting, profit analysis, and pricing; 
	. Appendix A -Tabulations of the estimated nonparametric survival curves for total repair groups: 
	. Appendix B -Discussion of the sampling strategy used to select the data base described in Section II: 
	. Appendix C -Description of the prucedure used to compute and tabulate nonparametric survival curves: and 
	. Appendix D -Review of the adaptability of current data processing tools to data collection in the car repair environment. 
	I. 6 
	II. DATA BASE FOR DEVELOPMENT ·OF CONSUMPTION RELATIONSHIPS 
	Construction of a data base for use in developing consumption relationships will be described in three subsections: the derivation, the compilation, and the nature of the data base. The first subsection, derivation of the data base, describes the information systems from which equipment characteristics, repair records, and operating histories were extracted ~nd the completeness and sufficiency of the available information. Sample selection, editing
	• efforts, and the process of merging the several sources are described in the second subsection, compilation of the data base. The nature of the data base, including a summary of the information it contains and the implications for its use, is described in the third subsection. 
	Information from two sources, a major northeastern railroad and a large car leasing company, was used to construct the data base. These sources were used because of the availability of complete maintenance records and operating histories which could be matched for individual cars. 
	The information obtained from these two sources, a\though topically similar. differed significantly with respect to the details of the car, repair, and operating characteristics. These differences are attributable to the mix and service characteristics of the respective fleets; the kind of repairs performed: the reporting systems used: the number and accuracy of the operating statistics available: and the time period for which car histories could be obtained. Compa!"ison of results based on the individual
	DERIVATION OF THE DATA BASE 
	The inclusion of information in the data base is dependent on the availability and accuracy of such information. It is not feasible to include data that is not collected on an ongoing basis for a certain time period or that is not in a format compatible with the other data. Neither is it practical to include information which requires a large effort to extract, edit, or supplement in order to make it usable. Indeed, the very nature of correlation and regression analysis makes it worthless to construct ne
	IL 1 
	The data base was assembled from info1rnation cover;.,g three basic areas: 
	. car characteristics: 
	. car repairs; and 
	. operating histories. 
	Both the railroad and the car leasing company maintain this information as separate files derived from different information sources and gathering systems. Some of the sources and systems used to collect and maintain these three types of information are common to all U.s. railroads and private car owners. Others, however, are unique to the individual railroad or company which developed and uses them. Constructing a data base which could be used for analytical purposes necessitated combining information fro
	:i car) are contained in standardized Universal l'vlachine Language Equipment Register (UMLER) files maintained for all freight cars owned by railroads and private car companies in the Cnited States. Canada, and l\1exico. U!\ILER r,rovi ded a listing. by car initial and number, of the cars in the railroad's and leasing company's fleets. The railroad's fleet totals approximately 97,000 freight cars. \Vhile over half of these are of a single car type (open-top hoppers), the population includes a wide variet
	Car characteristics (the data de.:;cribing 

	For the two car populations. the Ur.ILER files provided considerabl~ descriptive data pertaining to each car. The following information was extracted: 
	-

	. car type; 
	. age (year built and rebullt); 
	. type of bearings (friction or roller): 
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	. tare weight; and 
	. pool assignment. 
	In addition to this information. UMLER files contained supplemental data on the car's construction, history, and use, including inside and outside dimensions. owner and lessee marks. original cost. year acqui,·ed secondhand. capacity. and per diem and mileage rates. None of these additional items were included in the data base since they were not considered either necessary or relevant for the analysis. 
	UMLER records were ideal in terms of the completeness and accuracy of the data they contained. Because the records are standardized. each rec ord contains the same data in an identical forr.1at and can be readily used without modification or manipulation. Editing was required only where the fleets included unusual or unrepresentative cars which. if involved in the analysis. could bias the results. 
	-

	The sources of car characteristic data were basically the same for both fleets: both sources were Ul\'ILER files modified slightly to fit the individual requirements of the two companies. but utilizing similar formats. Similar sources of car characteristic data are available. in the form of an U!\ILER file. for all railroads and private car owners. This information is thus available for use in developing consumption relationships for any fleet. This commonality is not the same for repair or operating data
	Records of repairs performed by other than the ca.r owner (and billed to the owner) are available from Car Repair Billing (CRB) records :naintained by all railroads in accordance with the Association of American Railroads (AAR) Code of Interchange Rules (CIR). These rules do not require that ownerperformed repairs be recorded. however, so these repairs must be entered and maintained in systems unique to the owners. Because all car owne-s do not have such systems, information on owner-performed repairs is o
	The CRB records of off-line repairs are transferred monthly from the railroad making the repair to the owner of the car. These monthly "bills." identified by car initial and number, contain information about where .And 
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	when the car was repaired and what specific repair was performed. Repair information is coded according to CIR requirements as published in the AAR Field Manual. Both the railroad and the car leasing company input these monthly bills to computerized car repair history files which are maintained for all their cars. 
	Off-line repair records are supplemented by the railroad through the use of "system" CRB records which supply an account of on-line repairs to the company's own cars. The railroad requires each of its car repair shops to prepare a bill for owned or "system." as well as !oreign, cars. The system bills capture repairs performed on each car in the same detail and format as repairs made to foreign cars. As with the bills for foreign cars, the system bills are coded in accordance with CIR. These bills are input 
	Data on one other type of maintenance performed on the railroad's cars are required to complete the car repair histories. This maintenance involves the program repairs performed on owned cars from time to time. When a component(s) on a specific type of car is found to wear out or fail frequently, the railroad will start a repair program for that particular car type. All railroad personnel are notified to route cars of that type to a specific shop where the program is being performed. Each car that goes thro
	Although the car repair histories are complete from the aspect of all types of repairs being recorded, there are limitations to the accuracy of the records. These limitations are imposed by the information system used to collect the records and by the repair process itself. 
	Th~ CRB bills (foreign, system, and program) go through a mechanized editing routine when they are input to the computerized files. This editing is not foolproof, however, since car initial and number are not edited. A larger number of problems concerning the accuracy and reliability of tne records lie with the car repair process. Cars are bad ordered when inspected, but the inspection procedures may fail to reveal a problem. Cars are normally inspected on switching tracks or in yards while trains are bein
	II. 4 
	limitations occur because the workload and car repair process make it im
	possible for shop personnel to audit car repair bills for correct and complete 
	coding of repairs. 
	The system used by the par ticipating railroad for collecting and recording repair information is primarily mechanized after the manual coding of the repair report forms is performed at the shop locations. Repair forms are forwarded daily to a central location where they are processed. The data on the forms are entered on data processing media (tape, disc, punch cards, etc.) at this location. Until mi.d-1977, the entries were made by keypunchers, but now they are made through optical scan techniques which 
	CRB records of repairs perf,.)rmed on the leasing company's cars are reported monthly and entered into the firm's computer files. These records comprise all repairs made by railroads and since the sources are the same, the data they contain are subject to the same limitations. Repairs other than those performed by railroads are made to the leasing ccmpany'a cars in the company's own shops and by contract shops. The r.~mpany has developed a shop billing system to capture records of these repairs. As with th
	Repairs recorded by the leasing company are program repairs. The cars are designed and built to function for ii certain service period before they must be overhauled. After this period has expired, the cars are taken out of service and reconditioned. Therefore. the repairs performed in contract or company shops reflect the service life of cars' components, since the periods between reconditionings are based on estimates of the service life and wear of various components determined through experience. These 
	componer.ts 

	The car leasing company has collected car repair histories for a considerably longer period than has the railroad. CRB repairs (those performed 
	IL 5 
	by railroads) have been recorded since 1972. although all the records are not on data processing ·medium. Company and contract shop repairs have been recorded since 1973. Reliable combined repair records are available beginning with the data for 1974. 
	The longer time frame of available data (3 years versus 7 months) makes the car leasing company's records more valuable for analytical purposes than the railroad's: yet both are far shorter than would be ideal. An ideal time period is one that is as long as or longer than the service life of the longestlived component--approximately seven to ten years. It is difficult to determine the causes of wear for a particular component while using records encompassing only a fraction of that component's life. Info
	Operating histories. like repair histories. are not completely collected by any one information system or the leasing company. Total days and mileage on foreign roads are reported to the owner in accordance with the AAR Code of Car Hir~ n-ules (circular No. OT-10). However. additional off-line statistics and on-Une statistics are not available from any standardized source. Systems to capture this more detailed data must be developed independently by those who want to use such information. 
	The railroad collects on-line operating statistics including time. mileage. load. tonnage. bad order classification. and utilization information (see Exhibit 11-1). These data are maintained in five files: two car movement files. a waybill extract file. and two files pertaining to special traffic movements. The two car movement files. one of which is a spin-off of the other. contain the bulk of the operating data. Additional information concerning the specific tonnage and commodity types by Standard Trans
	The two car movement files contain considerable data. but the information is not always complete or accurate. In terms of completeness. two problems exist: duplicate records and "holes" (missing records). The duplication problem is more easily solved than is the problem of missing records. Duplicate records can be matched and merged. However. before a "hole" can be filled, it must first be determined that something is missing (and exactly what it is). Missing records can be the result of any number of c
	. moves were not reported (this is especially true of empty movements): 
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	EXllllll1' 11-1 
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	""*"' 
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	...... 
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	• Ntl Ions 
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	• 
	Whan bad order ocetmMill..... 
	• 
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	• 
	Load or lfllPIY informaltoft lly IIIOW 
	-


	• Ntt -·· 
	• Ntt -·· 

	......... .... ...... trallic 
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	Figure
	• 
	• 
	• 
	car initial and number were recorded incorrectly, so the move cannot be associated with the car; or 

	• 
	• 
	in.formation on the record was miscoded so it cannot be integrated with other records. 


	Use of data with missing records will result in understated activity levels for· the railroad's cars. 
	Additional problems are caused by questionable accuracy and incompleteness of reporting. As shown in Exhibit Il-1, net tons are available from all three sources. The tonnage for a particular shipment may vary from source, to source, however, because of the different reporting procedures. Tonnage from the two special traffic files is more accurate than the car movement file tonnage, but the car movement file is the only source of the tonnage for general merchandise shipments. Commodity reporting is reliable
	For costing purposes, data should be collected in a consistent manner and maintained in a centralized location for easy retrieval. Detail is not as important as the manner in which the data are collected since the most detailed in.formation is of no value if it cannot be extracted from the sources in a usable form. lVIost important, the data used to develop consumption relationships should not be more detailed than the data used for costing. For example, number of classifications need not be collected o
	Off-line operating statistics are reported to the railroad monthly and are maintai!'led in a per diem file. The per diem report contains only total car days and total mileage. with no detail about the route (other than the name of the railroad), loading, or handling of the car. Commodity, tonnage, and utilization data for off-li!'le moves can be assumed to match the data for the car when it moved off-and on-line, but such data ignore additional loadings off line. Bad order information can be inferred from r
	The lack of detailed off-line reporting impacts the on-line statistics. as well as off-line activity records. Because the off-line reporting is incomplete 
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	by comparison with the on-line rec·.:>rds .•nere are. in effect. "holes" in the 
	data whenever a car moves off-line. As with the problem of missing on-line 
	movement records. the lack of complete information results in understated 
	total activity. 
	Because the car leasing company's equipment is always technically offllne. there is no source for operating statistics other than the per diem records. This lim~ts the available activity measures to total car days and total 
	• mileage. A further limitation is placed on these data by inaccuracies occurring in the reporting of time (r.ar days) by the railroads. When a car moves over two or more railroads during a month. the car days (which are reported on a monthly basis) can often be duplicative. The car days. reported separately by each railroad over which the c-ar travelled during a particular month. can occasionally total more thar. 30 or 31 car days for a single month 
	While such overlapping is eventually resolved, the resolution may take a long time. perhaps as much as a year or more. Therefore. car day statistics. particularly for current periods. cannot automatically be assumed to be correct. 
	COMPILATION OF THE DATA BASE 
	Although car characteristic. repair. and operating data are available. the information is scattered and must be condensed to form a workable data base. The problem of working with the sources as they stand involves not only the physical separation of complete data about a aingle car but also the volume of some of the source materials. Information about car type and age are available from one source, repair records from another, off-line operating statistics (car days and car miles) from another. and on-lin
	The processing of data for the entire populations of the two fleets (a total 
	of almost 174,000 cars) would not be practical because the volume of data is 
	so large. The amount of information needed for a data base covering 174.000 
	cars would not only be dUficult to collect•. but would be even more difficult to 
	manipuhite. Data processing time requirements alone for the several hun
	dred tapes would be impractical. Because of the time involved in making one 
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	pass through the data for 174,000 cars . only a limited number of analyses cocld be performed on a "complete" data bc:.se. Therefore . using such a data base would require restricting the relations tested to minimize the number of analyses. 
	For these reasons. sampling tec;1niques were necessary to select a data ba~Je of a practical size. The sampling strategy was based on the analysis objectives: to determine relations which are predictive of the incidence of maintenance and to achieve an acceptable level of precision on the parameters of those relations. To meet these objectives . a two-round sampling strategy was adopted. First, a modest random samplt! of cars was selected. With this sample bas e , predictive relations could be postulated.
	Sampling permitted ease in developing and testing da ta processing techniques and allowed more freedom in examining causal relationships. An initial 1 percent random sample (apnroximately 1.000 cars) was selected from the railroad fleet and a 2 percent random sample (2. 000 cars) was selected from the car leasing company fleet. It was determined that additional samples were not necessary. For the purpose of this study. which was to develop and test a methodology but not necessarily an exact measure, the
	The pr ocess of compiling the information and creating a data base is illustrated in Exhibits Il-2 and 11-3. Exhibit II-2 depicts the cor.1pilation of the railroad data base , while Exhibit ll-3 depicts the car leasing company's data . Because of,the differences in the sources and detail of the available infor mation. the compilation pr ocesses differ somewhat. Essentially, they achieve an identical result. however--a data base which contains car cha racteris~ic repair and operating data by individual car
	Prior to the selection of a sample. the r ailr oad's U!\ILER file was edited to eliminate cars which would add "noise" to the data base without contributing to the analysis results. Cars which are no longer used in interchange service were deleted since they receive only a minimum amount of maintenance and are thus not representative of the entire fleet. Also eliminated were minor car type populations , which would not provide enough data to 
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	support any conclusions about that particular car type. It was not necessary 
	to edit the car leasing company's UMLER, since no unusual or unrepresenta
	tive groups of cars were identifiable in the fleet. 
	Repair data also had to be modified prior to analysis. Since the objective of the analysis is to draw conclusions about what makes a freight car or one of its components wear out, it is desirable to include in the data base only those repairs attributable to wear. The repair data were modified to this end in two successive steps. 
	First. records of repairs attributable solely to damage were eliminated from the files. These include repairs made because of an unusual situation (such as a derailment) which does not reflect a components's normal service life. Although repairs which were solely attributable to damage could be deleted from the records. those which could have resulted from either damage or wear remain in the data base. Many of the CRB "why made" codes are not specific enough to allow identification of the cause of repair a
	Secondly. program repair records had to be incorporated with the other repair records. Because of the different repair philosophies, this was handled differently for the railroad and the car leasing company. Railroadperformed program repairs reflect the service life of particular components, since programs are generally instituted when a particular component or assembly on a specific car type has begun to fail or has proved weak or defective. Therefore. railroad program repairs were considered to be of 
	The car leasing company's program repairs. on the other hand. are performed at specified time intervals during a car's life. While the intervals are based on experience and knowledge of the car's service life. the timing of program repairs does not actually indicate that a particular component has worn out. Thus. these program repairs would be more highly correlated to time than to wear. As a result. program repair coding was translated to CRB coding but was maintained in a separate data file. The two can 
	Compiling operating histories for the railroad was a more difficult task than compiling the repair histories because the data were scattered. most source files were not edited. and much of the data overlapped. The first step in completing this task entailed merging the six (five on-line apd one off-line) 
	II. 13 
	operating statistic files. "Chaining" was then performed to create a continuous record and permit identification of the "holes." Editing procedures, which attempted to fill in the missing movements and eliminate duplicate ones, composed the second step. The third and final step involved extracting the relevant statistics from the merged files. 
	The six files were organized by sorting the data by car initial and number and sequencing the records by date. Merging was then attempted by arranging the records in date and time order. Thi s method was successful for linking the two car movement files. However, the waybill extract, special traffic. and per diem files would not match up with the car movement record(s) because the dates were different. The car movement files record the date (month and day) the car moved; the waybil1 extract file records 
	The per diem file contains information vital to the study because it is the only source of off-line statistics. Since the off-line days and mileage are recorded at an aggregate (monthly level}, it was decided to combine the per diem records and the on-line statistics on an aggregate (total history) rather than a record-by-record basis. Railroad personnel were consulted about what value the waybill extract and special traffic files might have for the study. Based on these discussions. it was determined that 
	Car movement records. which were merged and sorted by date, were then chained by matching the "to" station in one record with the "from" station in the following record. The computer could rearrange records with the same date to facilitate a match; however. it could not put the records out of date sequence. When as much chaining had been achieved as possible with the data in their original form. editing procedures were developed and implemented to identify and close any holes. First, moves were' linked if
	Figure
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	1111 
	to

	and "from" sta~ions were a short distance from one another in the same switching district or terminal area, where the move may not have been reported. 
	Next, records were skipped if, by skipping them , the other records would chain. This was done on the assumption that cars might have been recons igned after a movement record had been entered into the reporting system or that the recorded movement might apply to another car (since the railroad coes not check car initial and number). As a final step, movement records ·,.ere generated to fill the remaining gaps. 
	In general, the gaps were due to missing records of empty movements. : :any empty movements are not reported, including portions of most empty :::oves and almost the entire empty move of cars in dedicated service (pri:::arily open-top hoppers). While small gaps in the movement records could .:e patched fairly accurately, this was not the case with open-top hoppers. _-,__s a result, total mileage for hoppers is lower than it should be, partially .:ecause the circuity of their empty moves is not accounted fo
	Operating data were extracted from the edited records and seven operat-=.g statistics were derived from them (see Exhibit II-4). Some of these sta-_5:.:cs could be extracted directly from the merged and edited records; how:::>, others had to be calculated or extrapolated. Information from other 
	-
	-
	= 

	-;.:: :he edited car movement files was used in these calculations, including :.:.= car's tare weight from the UMLER file, off-line miles and days from the -~=-:::.iem files, and utilization (loaded versus empty) statistics from railroad -=:ords. 
	On-line car days and car miles were developed by adding the days and -=-.:.es (loaded and empty separately) from each movement record for each -=-:-. Off-line total days and miles were added for each car and multiplied 
	·::-:.oaded/ empty time and mileage ratios (calculated by the railroad) to sepa-=.:e loaded from empty statistics. On-line and off-line statistics were then ~-=ply added together. Gross ton miles were also initially collected sepa-=-:ely fur on-line and off-line moves. On-line gross ton miles were calcu----=.:ed on a move-by-move basis, using the car's tare weight from the UMLER =..::::. the net weight from the car movement file. To this were added off-line .=:-=.~istics calculated by multiplying loaded o
	-

	::.:ght of the car and the empty off-line miles by the tare. These statistics 
	::1:.r miles, car days, and gross ton miles) are slightly lower than they should .::e because of missing movement records but, aside from empty hopper rec _:-ds, they correspond reasonably closely with railroad-supplied statistics. 
	-

	The number of classifications were extrapolated based on the logic that, ..=-a car left a terminal more than four hours after it arrived and was then on 
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	a different train. it had been classified at that terminal. Incidents which qualified as classifications were ,counted: however. the resulting total was far lower than railroad-supplied statistics indicated it should be. Although some of the error is due to the lack of a count of off-line classifications. the 
	magnitude of the error indicates there is also an error in the on-line account. The number of loads counted is also far lower than it should be. reflecting 
	the absence of off-line data and the inability of the computer to differentiate 
	between a single load and a reload when there is no empty movement between loads. Although these statistics were included in the analysis. error can be 
	assumed in any results based on these counts. 
	Bad order locstion and the commodity being hauled prior to or when the car was bad ordered could be extracted directly from the files for some movements. Bad order location was only available when the car was bad ordered on-line and was in a terminal which has a terminal reporting system that collects such data. The availability of this information was so limited that what little was extracted from the car movement files was not usable for analysis. Similarly. commodity information was scarce but could al
	Compilation of the car leasing company operating statistics required 
	merely totalling the days and miles reported monthly for each car. As pre
	viously mentioned. when more than one railroad is involved. car days for a 
	particular month may total more· than 31 days. These figures were not ad
	justed since some of the reporting could be overlapping from prior or follow
	ing months and the adjustment of these larger totals might bias equally im
	precise reporting during other months for which total days look reasonable 
	(equal to or less than 31 days). 
	Overpayment (and underpayment) of per diem car hire charges is frequent and not at all unusual. Over or underpayment is usually the result of a transposition. wrong car number. or missed interchange. and these problems are eventually straightened out in the course of the leasing company's claims cycles. The first claims cycle begins seven.to eight months after a transaction. At that time. the car leasing company will list exceptions from their per diem records and contact the railroads involved. If the pr
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	and claims are not settled within two months and 10 days. Some leasing company cars have recently become subject to this rule. However, until the penalty can be levied on all cars, car hire claims can be expected to remain unresolved for extended periods. 
	Before the final process of combining the data sources was performed, one additional conversion was necessary to prepare the data for use in analysis. This step entailed categorizing both the car type and repair information to allow for the analysis of the maintenance of specific components in appropriate subsets. 
	Car type categories were based on AAR car types and were grouped or broken down further by mechanical designation, capacity. or special equipment (see Exhibit ll-5). This permitted aggregation or disaggregation to a detail consistent with the size of the population being studied and the level of analysis being performed. Repairs, identified by C RB job codes. were categorized into nine major component groups and 43 subgroups within those groups (see Exhibit ll-6). Although repairs were grouped, the specif
	The final step in creating the data base involved combining the individual merged and edited sources to create records in a format suitable fo r analysis. Since not all the information from the sources is needed. data processing and analysis requirements could be simplified by combining t~e pertinent information from each. The combined records incorporate descr iptive as well operating and repair data and centralize all information pertc3i:,ing to a particular car. Analysis needs were met by organizing th
	A car repair summary record was created for each car in the study sample. The record contains descriptive, operating, and repair data r e lating to that particular car. Descriptive data includes information extracted directly from the equipment register (UMLER) pertaining to the car's type. age. and other characteristics. The operating data contained in the su1n 1nary record consist of available operating statistics which reflect the use of the car for the entire study period. Repair data also comprise the
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	The other record, the interval record, is somewhat different frc,m the summary record, since it was designed to serve a different purpose. The organization and contents of the interval record provide information about the exi'ltence and size of intervals between repair occurrences. For every repair performed on each car, a record was created specifying the car type, age, repair category, repair date, and number of days since the last repair or maintenance incident. 
	Records were created for every repair to the car because, even when there is only one repair during the study period, there are two ''censored" intervals in the data: the interval between the beginning of the study period and the repair and the interval between the repair and the end of the period. It was also vital to create records for cars even when there were no repairs performed, in order to record the "censored" interval composed of the entire study period. 
	The formats of these two records (the car repair summary record and the interval record) are illustrated in Exhibit 11-7. Although these formats vary slightly because of the differences in the data avai.1.able from the two firms. the organization and basic contents are comparable. The records. in the formats shown. represent an extensive process of selection. modification, and synthesis of the information contained in the original source files. This process of compiling the records required a cor,s iderable
	The major factor affecting size of the data processing effort was the size of the source data records. For the leasing company (with 77,000 cars), the car repair billing history files consist of 150,000 to 200. 000 records per month. To extract 3 years of data, 36 times that number of records had to be scanned. These 5 to 7 million records represent only a small portion of the total volume of records which had to be proct.:>sed for both the railroad and the car leasing company. 
	Applying this costing methodology and determining consumption relationships for another fleet would require construction of a new data base for that particular fleet. The actual computer and person hours required to construct a comparable (in level of detail) data base will depend on the type of equipment being used and the experience of the programmer(s). However. the hours used by PMI\il&Co. to construct the data bases for the study can serve as benchmarks for future efforts. 
	-

	The person hours and hours of computer time required for compiling the railroad data base (the larger and more complex of the two) are shown in Appendix C. The leasing company data required approximately 225 person hours and 7 hours of computer time. 
	II. 21 
	EXHmIT 0-7 
	CAR REPAIR SUMMARY AND INTERVAL RECORD FORMATS 
	CAR REPAIR SUMMARY RECORD 
	CAR IDENTIFICATION DESCRl"1VE DATA FIELD NAME CAR CAR AGE j .,CAR DOOR IINITIAL NUll ■III TYN iYRS., TYPE C BLANKC = LOCATION ' ' ' ' I ' I I I I I ' I I 5 10 11 20 TARE WEIGHT CGDIW I I I 21 
	REPAIR DATA I REPAIR DATA 7.1 1, 1.1 1.2 1.3 ... ~-/ I-• 100 I .I 1.7 •••I ~-
	OPERATING DATA I CAR DAYS CAR MILES LI t.2 
	INTERNAL RECORD 
	ii 
	_;
	CARID 
	REPAIR E
	REPAIR E
	DAT

	a: 
	DAYS
	C
	C 
	"' Ill 
	e 

	a: c,
	_
	. 

	~ 
	► 
	BElWEEN
	CIII 
	-
	..:
	INITIAL 
	NUMBER
	NUMBER
	FIELD NAME 
	&. ►
	C Ill 
	VII.
	MO. 
	DAV
	IIC 
	Ill
	IIIC 
	IIIC 
	REPAIRS
	cc, 
	IIC
	C 
	IICU
	uc
	u 
	.
	I 
	I 
	' ' 
	•

	'15 
	'20
	I '10 
	• • 
	. . 

	25
	LOCATION 
	II. 22 
	A major factor affecting the level of effort required to compile a data base is the experience level of the analysts and programmers assigned to the project. To be able to work efficiently with the source files. a programmer would need to have acquired several years of experience and have a solid background in working with various types of records and information systems. \Vithout extensive general experience. compiling this kind of data base would be difficult. if not impossible. Familiarity with the spec
	In future attempts to construct a data base for the purpose of developing consumption relationships, the major factors affecting the level of effort required would be twofold: (1) the experience level of the personnel assigned to the project, and (2) the amount (size and complexity) of data to be processed. 
	~ATURE OF THE DATA BASE 
	The data base compiled for the development of consumption relationships contains descriptive. repair. and ,operating data. as summarized in Exhibit 11-8. 
	Descriptive data. most of which is extracted directly from equipment register (Uf..1LER) files, includes car type, age, kind of bearings, and tare weight for cars from both fleets. In addition, sources for the railroad data yielded information on door type. pool membership, and commodity. Commodity data were not used in the analysis because they were not always available, were not reliable, and could not be easily quantified. Pool membership data were included despite the fact that they indicate only whe
	Repair information is derived from both industrywide and fir:n-specific sources. The repairs are summarized by repair category. which eliminates some of the details available in source files but permits analysis of components and component groups. Because of the different repair philosophies of the railroad and the car leasing company. program repair records were merged with CRB records for the railroad. but maintained separately for tht. leasing company. Due to the practice of putting cars through rr.aint
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	Bad order location and repair location were additionally available from the source records· for the railroad fieet. This information, however. was not analyzed. Bad order location was only available if the car was bad ordered under certain conditions (as explained previously), so there is not a sufficiently complete source of information on which to base conclusions. Nonspecificity is the reason for not including the repair locations. Although specific shops can be identified for repairs performed on-line,
	Ttie reporting of repair occurrences is an additional item which must be qualified. As mentioned before, the reason for the performance of a repair cannot always be differentiated between normal wear. failure, or damage due to unusual circumstances or rough handling. Thus, there is the possibility that many repairs included in the analysis were caused by careless handling or other abnormal conditions. This situation, as well as errors resulting from inaccurate reporting and/ or editing, cannot be compensat
	Operating statistics available in the data base include total car days and car miles for both fleets. They also include loaded car days and car miles, gross ton miles, hump and total classifications, and number of loads for the railroad fleet. These statistics are subject to some inaccuracies due to previously noted problems with reporting and editing and/ or calculations using historical and average figures. With the exception of four statistics (hopper total mileage, total classification, hump classifica
	The completeness and accuracy of the data base variables have a substantial impact on analysis results, as does the fact that the data base contains information about two very different fleets. The railroad's fleet contains cars of nine different AAR car types, while the car leasing company's fleet contains only two. Analysis of fewer car types permits more reliable results for a specific car type. In addition, the age mix of the fleets is different. The leasing company's cars are, on the average, several 
	-

	The two fleets are different in service characteristics. as well as in having different car types and age mixes. The leasing company's fiat cars are free-running equipment--the cars, with some restrictions, can be used anywhere in the United States, Canada, or Mexico. This means that the cars might be traveling over any kind of terrain, over rail lines in ·varying physcial condition, and in different types of train services at varying speeds. 
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	By contrast, many of the railroad's cars are in captive service, so the terrain, track condition, and train service variables are relative constants. These factors concerning the kind of car service may have a.n effect on equipment and component wear. Although these factors are not quantifiable in either situation (free-running versus captive service), the variance in component life resulting from them would be greater in free-running cars than it would in captive service cars. It may be possible to mak
	A final difference (and perhaps the most important in terms of impact on the analysis results) is the variance in the time period for which data was available from the two sources. For the railroad, only 6 months of data could be obtained for analysis: the car leasing company had 3 years of data available. Availability from both these sources was constrained by the lack of compatible data collection systems. Before the beginning of the study periods, either the necessary information had not bet>n collected
	with other data. 
	The constraints the time period imposes on the analysis pe-rtain mainly to those components which have service lives which are longer than the study period. For these components. repair intervals would not be available except in "censored" form, which limits conclusions to not much more than the fact that the component service life is longer than 6 months or 3 years. Since the majority of freight car components have service lives which are longer than either of those periods, the limitations of the short s
	severe. 
	DATA BASE REQCIREivlENTS 
	The assembly of a data base and, ultimately, the analysis itself are dependent on the availability, centralization, and accuracy of the> source data. :\"ot only must needed information be collected, it must also be collected and maintained in a form which is compatible with other sources and which readily permits modification, extraction, and use of the pertinent data. The source must also yield accurate data to prevent bias of the results--data which are either reliably reported or develope\°! with a min
	bility and less bias to the results. 
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	The major inadequacy of the information used in this report is the short time span. Six months or even 3 years of data is not adequate for the analysis of components, component groups, and cars whose lives may be as long as 35 years. The use of data spanning such as short time period makes conclusions about all but the most short-lived systems questionable. 
	A large volume of information pertaining to freight car characteristics and car repair and operating histories is currently collected by the industry, as evidenced by the information available for use in this study. lVIerely having a lot of pieces of information does not, however, mean that a usable data base is available. Of the total information available, only a fraction can be extracted and used because data are often incomplete, inaccurate, or in inappropriate form. As evidenced by the time and level
	. with accurate, complete, and comprehensive data: 
	. at frequent time intervals to keep the results current: and 
	. of components with long lives. 
	These inadequacies suggest changes in data collection procedures to tailor the data specifically for the purpose of consumption relationship development. First, data collected for this purpose should include only information which can be used for analys;s and should be in a form which would require a minimum, if any, construction or manipulation of statistics. Secondly, the data that are collected should be arranged and stored in a format which can be used directly for analysis. Finally, the data should be
	components. 
	DATA COLLECTION ALTERNATIVES 
	Due to the volume of the information necessary for developing car repair consumption relationships, computer processing of that information is a requirement. A variety of possible data collection alternatives exist for computer processing of car repair and activity information. Appendix D contains the findings of an investigation and assessment of data collection alternatives for use in the repair shop environment. 
	FREIGHT CAR REPAIR RECORDS 
	One of the most important pieces of data for the development of freight car consumption relationships is a record of car repairs. Repairs to foreign 
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	cars are well documented through the use of the AAR CRB procedures. al
	though the cost of repairs are expressed only in terms of AAR standard costs. 
	Few railroads have attempted to maintain similar records for their own cars. however. Three railroads surveyed in the Phase I state-of-the-art study do generate information on repairs made on owned cars: their records are 
	described below. 
	One of the railroads studied has extended the use of the AAR CRB procedures to owned cars from which limited repair information is available on a per-car basis. Currently. when each owned car arrives at repair tracks or shops (but not those receiving repairs in train yards). shop personnel must complete a header form from the Original Record of Repair. Although these header forms are sent to the AAR billing department at the railroad's headquarters, the only information entered in the computer is: 
	. location of repair (the railroad's station number); 
	. repair status code (indicating repairs at repair track, on road. in yard, or in heavy shop); 
	. car initial and number; 
	. car type; 
	. load or empty status; and 
	. AAR "reason for shopping" code. 
	Although the nature of the repairs made is descr ibed on the header form by each category of component. nune of the information on the nature of the repairs made is keypunched. The header-forms are placed on microfilm. but this potential source of information is not available for use by the shops and other repair facilities in the preparation of management reports. Xo standardized reports are currently generated from this computerized data base for owned c:ars. Information is supplied on an inquiry basis 
	Another railroad maintains a computerized record of individual car data built around AA.R's UMLER. The data include: 
	. car number; 
	. kind; 
	. date built: 
	II.28 
	• 
	• 
	• 
	• 
	length: 

	. type of underframe: 

	• 
	• 
	• 
	type of superstructure: 

	. type of sides: 

	• 
	• 
	wheel data (kind, diameter, size journal. and number in truck): 

	• 
	• 
	cost new; and 

	• 
	• 
	all additions and betterments (both a description and dollar amount). 


	This information can be obtained on an inquiry basis for an individual car or for an entire series. However. no additional information is available on repair expenses or operating statistics. 
	Only one railroad studied maintains a complete unit record of repairs for individual owned cars that includes all types of repairs made during the life of a car. This railroad has created a car history file produced by rr.erging data from UMLER and the computerized CRB system. This file represents the most advanced state of the art in freight car unit records. 
	The car history file is designed to compile and categorize repairs performed on and off line to system freight cars. 
	Inputs 
	Exhibits II-9 and 11-10 summarize the flow of information through the car history file. Inputs are received from Ut1LER, the Original Record of Repair completed for repairs in a system shop, and the off-line billing statements received from other railroads. Information on repairs performed in the railroad's shops enters the file via optical scan techniques. Information on repairs to owned cars performed off line by other railroads enters the file when repair bills from foreign railroads are received and k
	Program repairs are also included in the car history file and the shop performance system. Information on all program repair work is taken from a standard bill of material completed by the foreman. which lists the material that will be applied to each car and the amount of labor required to apply it. As each program car is released from the shop. the standard bill of material information is inserted into its car history file. If any repairs were made on an individual car over and above the program repairs. 
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	EXHmlT D-9 
	FUNCTIONAL OVERVIEW OF FREIGHT CAR 
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	EXHIBIT D-10 
	DATA FLOW CHA&T OF 'nlE FREIGHT CAR HISTORY AND U'l1UZADON SYSTEM 
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	Rcord Formats Data from these various sources are merged into a profile record and a repair detail record. The profile record contains: . car initial and number; . car type; . AAR designation; . manufacturer; . date in service: . bearing type: 
	. length: 
	. light weight; 
	. capacity (cubic feet or pounds): 
	. pool assignment; . restencil information (new initial and number, and date of restenciling); and . date of retirement from service. The repair detail record contains: 
	. car initial and number: 
	. car type: 
	. AAR repair rule number; 
	. date of repair; 
	. location of repair (SPLC); 
	. repair point code if repaired on line; 
	. location of repair (on car); 
	II.32 
	• 
	• 
	• 
	quantity defective: 

	• 
	• 
	condition code: 

	• 
	• 
	applied job code: 

	• 
	• 
	qualifier. applied: 

	• 
	• 
	why-made code; 

	• 
	• 
	removed job code; 

	• 
	• 
	qualifier. removed; 

	• 
	• 
	responsibility: 

	• 
	• 
	defect card authorization (initial. date): 

	• 
	• 
	AAR repair value (shown separately for labor and material): 

	• 
	• 
	pool assignment: 

	• 
	• 
	billing road: 


	. bill number: and 
	. microfilm number. 
	Outputs 
	The railroad's system has been designed to produce reports in a variety of formats. Although an almost unlimited retrieval capability is available. several standardized reports have been developed which can be related either to a repair point or to a car series. Several component "failure trend" reports have also been developed. The various possible trend reports are summaries of failures: 
	• 
	• 
	• 
	to coupler yokes by yoke type: 

	• 
	• 
	to draft gears by manufacturer: 

	• 
	• 
	to lubrication by type of lubricator: 

	• 
	• 
	to journal bearings by type of bearing; 

	• 
	• 
	to journal wedges by type of wedge; 

	• 
	• 
	to roller bearings by manufacturer; 

	• 
	• 
	to wheels by type of wheel; 

	• 
	• 
	to axles by type of axle; 

	• 
	• 
	to truck bolsters by type of bolster; • 

	• 
	• 
	to side frames by type of side frame; • to truck springs by type of spring; 
	• 


	• 
	• 
	to air brake equipment by type of air brake; 

	• 
	• 
	to mechanical and pneumatic adjusters by manufacturer; 

	• 
	• 
	to brake beams by type of brake beam; . to brake shoes; . to geared hand brakes by manufacturer; and 

	• 
	• 
	to coupler bodies by type of coupler. File Uses The system examined provides a data base from which reports can be 
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	generated to: 
	. support individual car decisions to repair or scrap; 
	. assist financial planning related to car replacement needs. 
	capitalization studies. and new budget developments for both stores and shop organizations; . provide a research data bank to support technical and profitability studies; . analyze failure trends of components among car series for design and vendor problems; . summarize modifications related to cost and failure; . identify a road's leased cars in order to be billed through foreign car program: 
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	• 
	• 
	• 
	analyze manufacturer warranties: 

	• 
	• 
	support the bills payable audit function: 

	• 
	• 
	provide more accurate forecasting of freight car maintenance budgets: 


	. reduce current levels of report generation: 
	. assist in designing better preventive maintenance pro1rama for freight cars: and 
	. increase the flexibility of retrieving data for apecial atudiea. 
	Since the three reporting procedures are basically an extenaion of an existing system. the tools for collecting car repair information on owned cars are already developed. The detail and sophiatication of the reporting system uaed. as shown by the above ex.ample• • is dependent on the railroad'a needs and resources. Reporting formate. data entry techniques. complexity of the recorded information. and report 1eneration may be designed or adapted to provide railroad management and coat analysts with informati
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	III. ANALYSIS OF FREIGHT CAR MAINTENANCE CONSUMPTICJN 
	The objective of this section ia to determine whether the consumption concept ia valid for frei1ht car coatin1 and. if possible. to demonstrate the development of frei1ht car maintenance relationships for the two firms studied. The comparison of the results for the two firms can be used to determine whether the methodology is applicable to other rail firms. 
	There are at least three basic approaches to coatin1: accounting. en1ineerin1. and statistical. The accounting approach to costin1 is generally the least expensive and most convenient method. For this approach. the car repair categories of interest are related to an output measure to develop unit costs. Unfortunately. this approach does not c&tablish a causal relation between consumption and output nor does it separate fixed from variable costs. For these reasons. the accounting approach was rejected. 
	The engineering approach establishes the technical relationship between maintenance requirements and utilization throu1h engineerin1 laws or empirically through controlled experiment. This approach is potentially very accurate thou1h extremely costly to perform. The engineering ap?roach neglects the impact of maintenance policy as well as the various environmental factQrs that infiuence actual operations and are absent from controlled experiments. Based on these drawbacks. the enfineering approach was r
	The statistical approach was selected for this research as the most practical alternative. Statistical techniques are used to establish a relation between maintenance and output variables based on a sample of actual operations and maintenance records. For the two firms selected for study. the required information was developed from existing sources as described in the previous section. 
	The remainder of this section demonstrates how the statistical approach was used to develop freight car maintenance relations for the railroad and the car leasing company. The section begins with an orientation to the sample data and its limitations. This includes the car descriptive characteristics. operating activity level, and repair activity level. The distribution of maintenance cycles for selected components and component groups is studied and characterized. Next. the factors and operating activitie
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	SAMPLE CHARACTERISTICS 
	............--------------
	-

	The development of the data base for the analysis was discussed in the previous section. The sample of car histories was taken according to procedures outlined in Appendix B. This section describes the sample characteristics. including: 
	. freight car fleet -e.g .. age distribution. car types; 
	• operating activity -e.g.. miles per day. percent loaded days; and 
	. repair activity -e.g., repairs per mile. repa1rs by category. 
	The purpose of this exposition is two-fold. F i rst. the particular firms analyzed are special cases. and differ from other firms in fleet characteristics. operating environment. utilization. and maintenance policy. Thus, the advisability of extrapolating the conclusions of this study to the universe of railroads can be assessed by evaluating the similarities and differences between this case study and the set of railroads in question. 
	Secondly . there are many limitations to the accuracy of the data. The data base is constructed from a random sample of automated sources . The data. however. are only as reliable as the source data and the algorithms used to construct the data base. Hopefully. this section can illustrate the many limitations of existing data sources. Exhibit 111-1 defines the list of computer-coded variables used in this study. 
	Freight Car Fleet Characteristics 
	Exhibit 111-2 displays the distribution of freight car types for the railroad and car leasing company fleets. For analysis purposes. the railroad's cars are grouped into six categories: 
	. equipped box; 
	. unequipped box: 
	. equipped hopper: 
	. unequipped hopper: 
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	• gondola: and 
	• other cars. 
	It should be noted that the majority of the railroad's cars are unequipped hoppers. 
	For analysis purposes. the leasing company cars are aggregated to three groups: 
	• 
	• 
	• 
	intermodal: 

	• 
	• 
	auto rack; and 


	• other cars. 
	It should be noted that the majority of leasing company cars are intermodal. 
	One reason that car type is an important consideration ia that different types of cars have characteristic ranges of empty weight. Exhibit 111-3 displays the average tare for freight cars by type. Note that the leasing company's cars are heavier than the railroad'• cars. on the average. The average tare for the leasing company cars is 39 tons. versus 29 tons for the railroad's cars. The fact that the autorack car weight includes the autorack equipment accounts for part of the difference in average tare. 
	Another factor influencing maintenance requirements is the age of the car. Exhibit 111-4 depicts the age distribution of freight cars for the two firms. Only one in 10 of the leasing company cars are over 15 years old. while 38 percent of the railroad's cars exceed 15 years. The average reported age of freight cars in the sample is 13.8 years for the railroad and 9. 5 years for the car leasing company. 
	The type of bearing used can influence the maintenance activity in some categories. All leasing company cars have roller bearings. For the railroad's cars. Exhibit 111-5 displays the percentage of cars with roller bearings versus those with friction (journal) bearings by car type and age. The type of bearing is highly correlated to age. The majority of cars under 15 years of age have roller bearings. while only 9 percent over 15 years use this type of bearing. 
	The cars in pool service generally have higher utilization rates; higher utilization. in turn. implies higher maintenance. Exhibit 111-6 displays the 
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	percentage of the r~il~oad's cars in pool service by car type and age. Data 
	for the leasing company's cars are not available for this characteriatic. Equipped box cars and other types of cars constitute most of the pool cars 
	for the railroad. 
	Operating Activity 
	The railroad's data indicate the operating activity of cars for a sevenmonth sample interval, in which each car is attributed 213 car days. By contrast, the car leasing company's data range f.-om zero to 1 , 302 car days per car. In this case, a car day signifies a car day in use (per diem) Exhibit 111-7 displays a histogram of the total car days per car for the leasing company's cars. The median number of car days is 1,018, and two thirds of the cars fall in the range of 900 to 1 . 100 total car days for
	The leasing company's cars travel more miles per car day than the railroad's cars. Exhibit 111-8 illustrates the average total car miles per car day, by car typ~, for the two fleets. As previously indicated, some of the empty car-mile estimates for the railroad's cars are low, which in turn. biases the estimates of miles per day on the low side. In both firms, the average total miles per day varies significantly by car type. For the railroad firm, older cars tend to be used less. On the other hand. for the
	For the railroad, more detailed operating statistics are available, as tabulated in Exhibit 111-9. For every operating activity, an analysis of variance indicates a significant difference in activity levels among car types. The exhibit also reveals obvious 1imitations and inaccuracies in the data base. Apparently, the reported activity is low for: 
	. empty car miles; 
	. numoer of loads; and 
	. r.umber of c lassifications. 
	The r~ca.::tons for this problem were discussed in the section dealing with data collection procedures. 
	i\laintenance Activity 
	l\laintenance activity for freight cars was broken down into 10 major component groups (e.g., brake system) and then into the individual components within each group. A complete definition of these components. and groups was 
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	provided earlier in.this report. For this analysis. it is important to aggregate repairs into categories which may exhibit similar incidence of repair characteristics. 
	Exhibit lll-10 displays the number of repairs per thousar.c car days by component group for the railroad and the car leasing company. For both firms, the brake system repairs account for more than half the total repairs per day. Overall. the leasing company•s cars have more repairs per day; however, there is no clear dominance on a group-by-group basis. The railroad's cars ii:icur more repairs per day for draft gear. trucks. doors (leasing company cars do not have doors) and car body exterior. The leasing 
	Exhibit 111-11 represents a similar breakdown of repairs per 100,000 car miles. Although the overall repairs per car day is higher for the leasing company, the overall repairs per car mile is much higher for the railroad. In all but the special equipment category, the railroad's cars incur more repairs per mile than the leasing company cars. 
	Exhibit 111-12 compares the distribution of repairs by group for the railroad and the car leasing company. In both cases, repair or maintenance to the brake system is the predominant repair activity. Draft gear, trucks, and bearing and axle repairs constitute a greater percentage of total repairs for the railroad than for the car leasing company. The frequency of truck repair is related more to car age than to use (see Exhibits 111-24 and III-25). Since, on the average. the railroad cars are older (see Exh
	Overall, the leasing company's cars are younger and travel more miles per day than the railroad's cars. Consequently, the distribution of repairs displayed in Exhibit lll-1 2 shows a higher incidence in the mileage-related repairs for the car leasing company and a higher incidence in time-or agerelated repairs for the railroad. A more detailed analysis of correlations is presented in a later section on maintenance-related factors and operating statistics. 
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	:'iUMBER OF REPAIRS PER HUNDRED-THOUSAND MILES 
	COMPONENT GROUP 
	COMPONENT GROUP 
	COMPONENT GROUP 
	RAILROAD DATA 
	CAR LEASING COMPANY DATA 

	Brakes 
	Brakes 
	48.8 
	24. l 

	Draft Gear 
	Draft Gear 
	l 5.7 
	2.0 

	Trudu 
	Trudu 
	5.4 
	0.3 

	Bearings and Axles 
	Bearings and Axles 
	l 1.8 
	2.1 

	WhNls 
	WhNls 
	1.5 
	1.0 

	Doors 
	Doors 
	2.6 
	0.0 

	Car Body -Interior 
	Car Body -Interior 
	l.1 
	0.8 

	Car Body -Exttnor 
	Car Body -Exttnor 
	16.2 
	2.3 

	Special Equipment 
	Special Equipment 
	0.0 
	1.3 

	MisceUaneou, 
	MisceUaneou, 
	5.2 
	4.9 

	All Repairs 
	All Repairs 
	106.4 
	38.9 


	NOTE. R ■ 1lro• • data include CAB and pr,)CJ'am maintenance. Car ,...,"I compeny data ,epr ■-nt CAB rep■ ,n only. 
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	DISTRIBUTION OF I\IAINTENANCE CYCLES 
	To establish relations between utilization and incidence of maintenance, regression and analysis of variance techniques are used to estimate average behavior. However, values for average repairs per mile or average days per repair have meaning only in relation to the underlying frequency distribution assumed by the data. For example, if the distribution of maintenance cycles is characterized by a normal distribution. the average cycle ti:ne is at a point where 50 percent of the cars have a longer maintenan
	The purpose of this subsection is thus to characterize the distr ibution of maintenance cycles for freight car components. The subsection discusses: 
	. estimation of survival curves for freight car c::ornponents: 
	. comparison of survival curves to theoretical reliability functions and; 
	. implications of maintenance cycle distribution for regressio:1 testing. 
	Survival Curves 
	A survival curve represents the distribution of h~ length of t1;;:e that a co1nponent operates before it requires repair. The observed data consist 
	of u me intervals which represent the "lifetime," or maintenance ,:·:c le. of cornponents. 
	In this study . it is impossible to control the conditions under .,·:-uch the car components are observed or to obtain data on complete lifetir.;es for components. This problem of incomplete (or "censored") observations 1s particularly acute for the railroad data. since the maintenance cycle oi -::ost ca r components is longer than the seven-month time span of the cars -::ple. Only a small percentage of the ca rs in the sample have any comple!-= and valid cor.1ponent maintenance cycles (two or more repair
	. Type ...\ -The interval between suc<'ess1ve repairs to thP sa-::e ,;.:,,,:;"Onent or component group; 
	III. 18 
	u•... :t a... IIC... • 
	EXHIBIT ffl-13 
	COMPARJSON OF HYPOntESES ON DISTRIBUTION OF MAINTENANCE CYCLES 
	HYPOTHESIS: 10-AL DISTIIIIUT101 OF IIAIITEIAIICE CYCLES 
	5ft OF CAIU IREATEII THAI AVEIIAIE CYCLE 
	Figure

	I AVEIIAIE CYCLE 
	T•E TO IIEPAIII 
	HYPOTHESIS: EXPOIEITIAL DISTIIIIUTIOI OF IIAl■TEIA■CE CYCLES 
	► 
	37" OF CASES GREATER THAI AVERAGE CYCLE 


	TIIIE TO REPAIR 
	TIIIE TO REPAIR 
	~~l~Il.···················· .......... 
	AVERAGE CYCLE 
	AVERAGE CYCLE 


	II!. 1 ~ 
	• 
	• 
	• 
	TyPe B -The interval between the beginning or end of the sample interval and the most proximate maintenance inc1dent for the component or group; and 

	• 
	• 
	Type C -The full sample interval. if no maintenance to the component or group is observed in the sample interval . 


	Type A observations are the only observations which represent complete maintenance cycles and are thus the only noncensored observauons. It there are two maintenance incidents for a sample car history. there is ont complett maintenance cycle; if there are three maintenanct 1ncidents. the car cuntr1butes two complete maintenance cycle obstrvations . 
	Type B uoservations are censored observations. Every car n1story containing at least one incident of maintenance contr1outes two censorea ooservations: ( 1) the interval between the oegi nning or tnt sample 1ntervai. c1no the first rnaintenance incident and (2) the interval oet·.i.een the last ma1ntendnce incident and the end ol the sample inttrval. Thest censored obs~rvcitlons are important since they r epresent occasions whtre the complete md1ntenance interval exceeds the ooserved. partidl in terval. 
	Type C observations occur only for car h;.stories with no maintenance incident obser ved in the saniple interval. Tht-se censored observ&t1ons are important since, like the Ty pe B observations, they represent a ONer oound on the full (unobserved) maintenance eye le ut the component. 
	Exhibn lll-14 illustratt->S the three types of observations, oasec on c.ar h1s tor 1es of dr aft gear maintenance 1or the rad rodd. ~ote that n:u:it uoserva tions ar t:: censor t::d. Since the data fur the car leasing company cover a :nuch longer t1me period . tht::re would not t.,t dS many censored oost:rvatiuns. For br aKe compon ents . there \\. OUld ue fewer censured observallon:, tor the rai !road since rt:pairs drt! inore frequent; however, there wo uld bt a greater nurnbt::r of censored oo::;1::rvc.
	Conceptually . ea<.: n rna intenance eye le ubserva uon can be consic-=: red tu :Jegin at llmt zero; thus tht length u1 tht interval 1s called the t11-:-:c tu tdllur e." In this ·.vay , each c·u,nplt:-tt ..1na , ~n::;ured onservatlon can be :,u:nbered 1n ascending or der 1 t11n t tu t'adure . At e,H: 11 ume tu fauure, the percentagt 
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	•·surviving " 1.:..in be determ1ned . The e~timate ot the survival func: :,.:n at the K th failure i s: 
	1

	t ) = k 
	s, 

	.:\ 1 -f1 .,. >i 2 -f 2 .,. l >i k -f .,. 1 Ni -. + lk k .. . . . = • -'=1 -l :\2 -l y -1 n .:\. -1. .k i =l 
	\Villiam If. von Alven, ed ., Rellabllny Eng1neer1ng, ..\Rl.i'\C Resecircn Cu1·porat1on, Engl~wood Cilffs , . ew Jerst:y: Prentice-Hall. lnc., l~ti.5 . 
	1

	Ill. 20 
	EXIIIUIT Ul-14 
	ILLUSTllATION OF TYPES (A,B,C) OF MAINTENANCE CYCLE OBSERVATIONS RAILROAU DATA 
	-

	CAR HISTORIES AND PERCENT OF CARS HAVING TYPE OF OISERVATION CAR HISTORIES AS DEPICTED 
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	where: is the number o f surviving observation s beginning -the interval which precedes the ith failure. and 
	fi is the number o f uncensored failures occurring at the time of the ith failure . 
	The variance of the estimate is: 
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	Appendix A tabulates the survival curves for the inter val between repairs on any car component for the railroad and for the leasing company . The time interval between, for example, a br ake repair and a car exterior repair is considered a maintenance interval if the repairs occur on different days . The table, generated by computer (see Appendix C), lists numbers surviving before periods, complete and censored obervations, survival rate, and pre.portion surviving by the time period. 
	Exhibit III-15 presents the survival curves from Appendix A in graphical form. )-Jote that both curves descend very steeply before leveling out. This implies that repair activity to components 1s ''clustered" in time. 
	Survival curves were estimated for each component group and for several components for both the railroad and the car leasing company. In this instance, only observations concerning the particular group or cor::ponent are considered. As a result, the survival curves are typically less steep. !:)ecause they represent the repair interval for the specific cornponent or coinponent group. 
	Theoretical Rel iability Functions 
	Generally, only a portion of the survival curve can be estimated ~or a component or group. The greater the true 3verage time between re;,airs relative to the sample interval, the smaller the segment of the surv1val curve that can be computed reliably. To fully characterize the distr~bution of maintenance cycles, a means is needed to extrapolate from the measured seg,nent of the survival curve. 
	The process of extrapolation assumes a theuretical form for the distribution of maintenance cycles . For example, the normal curve reflects the probability of survival for items for which the failure (survival) rate increases (decreases) with time. This is typical of components subject to gradual wear or components that are repaired at a regular interval. The exponential curve 
	III. 2 2 
	EXHIBIT ID-15 
	SURVIVAL CURVES TIME INTERVAL BETWEEN REPAIR ACTIVITY OF AN. TYPE 
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	reflects the probab~lity of survival for items for which the failure rate is constant with time. This is typical of items that can fail or be replaced at c1ny time (regardless of the accumulated utilization) or items that fall wnen any one component of a group fails. 
	The appropriate theoretical function can be determined by graphical techniques in some cases. Repair l .1 category groups COT&S (clean, vll, test, and stencil) and IDT&S (indate, test, anci stencil) maintenance performed at fairly regular intervals constitutes most of the activity in this group. Thus. a normal distribution is an appropriate choice to test. Exhibit lll-16 presents a plot of the observed survival c urve for Repair 1 . 1 based on the railroad data . The curve is plotted on normal prooability 
	-

	The observed survival curve and the theoretical reliability function can be compared to assess the validity of the assumea theoretical form. I. it cannot be determined visu..dly that the reliability function is an adequate fit, the d-test) or the chi-square goodness of f1 t test is used . 
	Kolmogorov-Smirnov (or 
	II 
	11

	Exhibit 111-16 illustrates that tne surviva curve passes the d-test fur the normal c1ssumption. If assumpuons are not reJected, confidence interval estimates can be derived fur the average maintenance cycle based on tht' s..11nple s12e and the standard deviauon . 
	Dr aft gear syste1n repairs c an arise from a nuinber of separate causes, regardless of how much t11ne has passed since the last repair. Thus. cl reasonable assurnptton can be 1n.1de that tht' m.Jintenance cycle for drait gear is exponentially distributed . To test this hypothesis. the observed survival curve for draft gear is plotted for the rallroad in Exhibit Ill-17 ana ;or the car leasing company in Exhio1 t 111-18. The curves are plottea on expvnenual graph paper. An exponential distribution plots 3S 
	Exhibit III-1 7 indicates that the exponential hypothesis is reasonaole bastd on the fit. ~ote that the estimated average :na1ntenance eyele is 330 days, 
	III. 2-1 
	EXIIIDIT 111-16 
	SURVIVAi. CURVE FOR REPAIR 1.1 (COT&S AND IDT&S)RAILROAD DATA 
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	EXHIBIT W-17 
	SURVIVAL CURVE FOR DRAFT GEAR SYSTEM RAILROAD DATA 
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	which far exceeds both the largest cycle observed and the length of the sample interval (213 days). This illustrates that an estim,He uf mean mo1nttndnt:t: cycle can be obtained even if the true mean eyele time exceeds tht: length ot the sample interval. 
	Exhibit Ill-18 plots the same theoret,cal rehability function against tht survival curve observed for the car leasing company. Nott thd t ..i much greater segment of the survival curve is observed for this case. A. thougn the curve resembles a line. it deviates beyond the tolerance st:t by tht dtest. The bands are narrow because of the relatively larger sample for thi: car leasing company. This indicates that there ts only a small chance thdt the observed sur·vival curve represents an exponential distribut
	Brake shoes and keys (Repair 1.7) are sub;ect to gradual wtar. whtt:h implies an 1nc reas1ng failure rate and a normal type of distribution. The observed survival curve for the railroad. however. plotteCJ in Extuou 111-19 on exponential paper.indicates that the distribuuon ts not at all nul'mdl, out rather exponential. The estimated average maintenance cycle 1s 135 days. 
	The exponential behavior is caused by the circum stances unaer \h1ch the repair is µerformed. The repair 1s p<:rformed 11 any one of tht compuntnts is inspected and seen to be worn beyond the tolerance limit. The measurement is sub;ect to human variation and the decision to repair rnay oe based on other miscellaneous factors . ln addll1on. curs may be subject to tnsptction at i rregular intervals and m ay expe1·ience d11ferent mile-ptr-aay rutts . These factors dll contribute to the fairly constant rate o
	Conc lusion 
	The above illustrations of br ake and draft gear system mainttnonct cyclts dP.monstrate a principle applicable to most car systems and compunents. t..x tensive testing of observed survival curves has revealed that the 01strtouuun of maintenance cyc les for component groups and fur most 1nd1v1duol components 1nd groups subject to gradu:iJ wear are repa1rea at 1rregul..i r unerva!s. for any number of reasons. Thus, the distribution of maintenanc1:: cych:s typically does not center on an average value. but r
	-

	Techiques for regression and analysis of va:-iance. which art usea tu establish relations between utilization and maintenance act1v1ty . µroduc1:: estimates of average behavior. This analysis makes a distinction bttween average and typical behavior. Characterizuuon of maintenanct cycl1::s reveals the complexity of the causes of maintenance ac t1v1 ty . a cornplexny •.vh1ch can.1 nu.:n ar e 
	not be fully explained by a set of operaung and desc riptive la.<..tvrs 
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	EXHIBrr W-19 
	SURVJVAL CURVE FOR REPAIR l.7 (BRAK£ SHOES AND KIYS) RAILROAD DATA 
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	limited for practical reaeone. Thu•. the etatietical relations explainin1 maintenance coneumption are expected to account for only a part of the variance in maintenance activity (low Rvalue•). particularly for the railr oad <•hort •ample interval). However. thi• doe• not detract from the validity or utility of the relation• derived later in thi• •ection for co•t1n1 purpoae•. 
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	MAINTENANCE-RrLATED FACTORS AND OPERATING STATISTICS 
	This subsection investigates the interrelations among available descriptive factors, operating statistics, and maintenance activity. This analysis precedes the development of the car repair relations. with the aim of selecting the most appropriate combinations of variables for statistical testing. This includes evaluating the correlations between pairs of related factors. the coincidence of one type of repair with another. and the potential explanation or repair activity by selected factors. The availabl
	Correlation Between Maintenance-Related Factors 
	As described, the operating statistics for the railroad are more detailed than the data for the car leasing company. In both cases. there are important links between variables that must be identified. For example. both the age of a freight car and the type of bearing used correlate with the incidence of bearing maintenance. It is important to note the very strong relation between car age and type of bearing, since the apparent relation between bearIng and axle repairs and car age may result only from the
	Exhibit 111-20 tabulates the complete set of correlations between factors for the railroad. The correlations are Pearson product-moment correlation coefficients. which indicate the strength of the linear relationship between the variables. The square of this value measures the potential explanation of one variable for the other. The most statistically si&niflcant correlations are indicated by one or two asterisks. 
	The implication of the correlations Is that certain key variables can summarize most of the available information on car characteristics and activity. Thus, the later development of repair relations can employ a convenient set or independent factors without redundancies or collinearity problems. 
	Exhibit 111-21 tabulates the set of correlations between factors for the car leasing company. The car-type factor is not tabulated. but provides a large amount of information about tare weight since the tare weight for autorack cars includes the weight of the autorack equipment. In contrast. only 4 percent of the variance in car age is explained by car type. Car miles per car day is highly correlated to car type. Car type alone explains more than half of the variance in car miles per car day. ln contrast, 
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	Figure
	Correlation Between System Repairs 
	There are several reasons to anticipate significant correlations between number of repairs per car for different groups of repairs. Higher activity cars are likely to have morE> repairs in any category than lower activity cars. Thus, there may be an observed correlation simply because different repair 
	or maintenance activities are related to the same utilization factors. Similarly, car characteristics which strongly influence repair activity (such as car type, tare weight, and age) can cause a statistical correlation between repair groups. Finally, when one car component is repaired, it becomes more likely that related car components will be repaired or replaced while the car is in the shop. Other repair or maintenance requirements can be more easily identified in the shop, and a failure in one componen
	Exhibit III-22 presents the correlations between component group repairs per car for the railroad . Note that all correlations are positive and that most of these are statistically significant at the p=.001 level. 
	Exhibit 111-23 presents the correlations between component-group repairs per car for the car leasing company. In this case , CRB and program repairs are identified separately . Note that a ll statistically significant correlations between repair groups are positive . 
	The strongest tabulated correlations exist between program repair categories, as expected . The number of significant correlations between pro~ram repairs and C RB repairs reflects the potential (high) bias of some of the correlations observed for the railroad, since the railroad data do not distinguish CRB from program repair activity. The focus here is on the analysis 
	of the CRB activities for the car leasing company and the combined CRB and program repairs for the railroad. 
	The highest correlation is observed between bearing and axle repairs and wheel repairs for both the railroad (65 percent) anci the car leasing 1:ompany (76 percent) . Wheel maintena nce activity implies replacement of wheels , which requires axle replacement and bearing maintenance since the components are physically integrated . Axle maintenance i:nplies wheel replacement and bearing maintenance as well . The correlation between repairs per car to these systems is not 100 percent, since most maintenance i
	The second .11Jhest correlation observed for the railroad is between car body interior and exterior maintenance (48 percent). By contrast. thls correlation for CRB repairs for the car leasing company is only 18 percent: 
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	however, for program re,11rs the ,·nrr,.lari--~ •c; =:,? ner cent. Apparently , 
	1

	the observed magnitude of the correlation for the railroad can be attributed 
	to the mix of program repairs 1n the two categor ies that are naturally related. 
	When the brake system is repaired. pr oblems with the dr aft gear system are more ea3lly identified. 81Hh systems ·Ne 1r ,.,; d result of use. Thus, a s1gn1fic ant corr elation is ant1~1pated betw~~n rt-p.Hrs to these component gr oups. The railroad's dat.i indicate ,1 mvre s1J:11fit.:3nt correlation (44 percent) between draft gear dnd brake rcpu1r than 1:1e car leasing company's data (20 percent). From other statistics. the dr.1it gear repair activ ity appears related more to time than milea~0, while br a
	There are at least two comp,Jnent groups that ar e likely to be damaged from mishan<llln't 1n the hump yard . !)raft qe..ir and car body exterior :na1ntenance ar e correlated at 41 pe1·cent tor the railroad and 40 per cent for the car leasing company. Thus. the tndL"penden t sources retlec t a comparable leve1 of correlations . as anticipated, 
	Repair s to most compone· ' gr oups c1re ~orrelated to the misceilaneous r')pair group and the special equ ipment group for both the railroad and the car leasing company. Appar ent Iv. when a car 1 s 1n the shop for main:<?nance. special and miscellaneous e(Juipm ent ar P. often inspected for obvious probl ems. Thus. the degree of correl.1 t1on m.:t:-' v.:iry fro1~1 one firm to the nex: . depend ing on maintenance policy. 
	Correlation Between Reoa1r Ac:tiv1tv and Factors 
	This subsection pr esen•s correlations wh1C'h can be used to assess the potential explanation of repair activity by var ious factors. ,\nalysu; of the correlations can dir ect ..ind conservf" tht> amuunt of stati stical testin.z needed to develop the appropriate rF-1..tton~ . 
	Exhibit 111-2-l lists the c-0 1·rela11,,r1-, ot-:t\~,.,..n nurr.b(~r •>f rep;urs by component gr oup and poten tial expl,tni.ltory facto1·s for tht' railr oad. '.\!ote ·~at the cor relations between repairs and hump and total class1f1cations are :ess than 15 percent. This does not preclude these variables fr om statistical testing; it indicates that these var iables alone can explain only a small po rtion of the var iance in maintenance acti vity . 
	Exhibit lll-25 presents the correlations between number of repairs by component gr oup and a mor e limited set of factors for the car leasing corr.pany . These correlations are generally stron~er thun correlations for the railroad, 
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	Figure
	since the car leasing compa<1y's data cover a wider span of operations . during which relations·between maintenance and related factors can be observed. 
	For both firms , all significant correlations indicate that older cars require more maintenance than younger cars. To the extent that older cars are more (less) utilized, these correlations underestimate (over estimate) the true effect of age on maintenance requirements. Exhibit 111-20 indicated that car age is negatively correlated with utilization (older cars are less utilized) for the railroad, so that the correlation !)etween car age and repairs in Exhibit III-24 ur.derestimates the effect of car age. 
	Both firms show a 29 percent correlation between truck maintenance and car age. For the car leasing company, car age is the only f:o.ctor which is correlated to truck maintenance; for the railroad, car age and type of bear ing are the only significant factors. The inference is that trucks are subject to a very gradual deterioration with age that cannot be linked directly to operating activity in the time frame of the sample data. 
	An interesting observation is that the program repair activities are generally more correlated to car age than are the CRB repairs for the car leasing company. Also note that where significant correlations exist, tare is negatively correlated with program repairs and car miles is positively correlated with program repairs. These observations can be attributed to maintenance policy. Autorack cars are put through program maintenance less frequently than other cars . 
	For the car leasing company . the most important activity factors are car days and car milec;. Note that for brake system repairs, car miles is correlated 82 percent, while car days is correlated 42 percent. On the other hand, car days (correlated 28 percent) may be more important than car miles (correluted 11 percent) in explaining the variance in draft gear maintenance activity. Thus, for different component groups, the relative importance of potential causal factors can be analyzed roughly by correlatio
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	FREIGHT CAR ~tAl~TE'-:A~CE RELATIONS 
	This subsecuon presents the relations developed to explain marntenance activ1ty for groups of components by car descriptive and utilization factors. For each component {?roup, the s~parate results from ~he railroad data and from the car leasing company data are compared. Both the differences and similarities impact the potential of these methods for application to other firms. 
	As explained 1n the subsection on maintenance cycles , l"w Rvalues encour,tered rel1ect the complexity of the causes of maintenance activity, but do not detract from the utility of the relations derived for costing purposes. The results capture the effect of utilization and other factors on maintenance activitv ·Nh1ch generally confirm a priori Judgements concerning the causes of maintenance consumption. 
	2 

	Research Approach 
	As noted earlier. the research plan relies on the analysis of currently available historical data to test the consumption concept. The objective of the analysis 1s to obtain relationships which arc useful for costing and other .....nagerial decisions . Regression and analysis of variance are the principal techniques used to estimate these relations and to test for statistical significance . 
	A very useful "unit cost" to obtain is the expected number of repairs per car day or car mile as it varies with car type, car age, and so on. A relation is developed for each component group for both the railroad and the car leasing company. For each group, time or mileage is established as the predominant utilization factor. This judgment is hased on knowledge of the component group and s tatistical correlations . Then, the number of repairs per that factor is used as the dependent variable. For exar,ple, 
	For the car leasing company data, regressions are performed for some component groups in a series of steps. First, the number of repairs per car milP or per car day is expressed by car type. Then, additional variables (e.g., car age, tare weight) are added·at each step. The criterion is to enter the variable in the equation which results in the largest increase in R. In this way. the relations are made as simple as possible while fotermediate results can be used for alternate applications. 
	2
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	To demonstrate a slightly modified approach for the railroad data , analysis of covariance (ANOVA) and multiple classification analysis are performed, The analysis includes both quantitative independent v1:1riables (covar iates) and qualitative independent variables (factors). The ANOVA table presented for each component group provides only the statistics necessary for significance testing. The multiple classification analysis presented with the ANOVA table provides the pattern of the independent variables
	The equations developed by either of the above processes form the basic consumption relations for each component group. In a sense , the maintenance activity is "fully distributed" to the time and mileage traveled by the car: however, this may not represent the cost behavior of freight car maintenance in reality . For example, if the total number of car miles traveled for a freight car changes, there is typically a less than proportional change in the maintenance requirements . Thus, an interpretation can
	The remainder of this sub-section presents the derivation of freight car maintenance consumption relations for each component group. The brake system is emphasized, including an analysis of brake components , because roughly one-hdlf of all freight car repairs are made to the brake system. 
	Analysis of Brake System Maintenance 
	Maintenance of the brake system constitutes the greatest number of repairs for bo!h the railroad and the car leasing company . Maintenance of some brake components is required at intervals by regulation, and most components experience wear and deterioration with utilization. Different operating and descriptive factors have varying influences on the wear of the different brake components . Thus, an appropriate analysis considers maintenance at the component level, as well as at the total brake system le
	The first part of the following discussion develops relations to explain total brake system maintenance . The second part develops m~intenance re!ations for the two major component subgroups of the brake system (Repairs 
	1. l . 1 . 7 , and above) • 
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	EXHIBIT ID-26 DISTRIBUTION OF BRAKE SYSTEM REPAIRS 
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	Total Brake Sys-tem Maintenance 
	Based on experience and the correlations, brake system maintenance can be shown to be related foremost to car miles and secondarily to car days and car age. The type of car alone explains 12 percent of the variance in the absolute number of repairs to brakes for the railroad, but it is important to ascertain the true effects of car type once differences in car miles and car days for car types are considered. This can be accomplished by an analysis of variance of bra.ke repairs per mile and per day. 
	Since car miles is highly correlated to repairs and is a natural unit of utilization, it is appropriate to estimate brake repairs per car mile to establish a maintenance relation. Exhibit 111-27 presents an analysis of covariance for the railroad. Note that a straight average number of repairs per car mile alone accounts for over 15 percent of the variance in number of repairs. The analysis indicates that car type and car age strongly influence the rate of repair. The average number of repairs per mile inc
	Exhibit III-28 is a scatter plot of observed number of brake system repairs versus number of miles traveled for leasing company cars. In general, cars with more mileage in the sample interval experienced more brake repairs. Brake repairs and car miles are correlated 82 percent, which means that roughly two-thirds of the variance in repairs per car can be explained by a formula assuming a constant number of repairs per car mile, such as: 
	~umber of brake repairs: CRBl = 24 . 1 x (number of 100,000 car miles) 
	or 
	CRBl/ 100,000 car miles= 24.1 
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	ANALYSIS OF COVARIANCE OF' BRAKE REP AIRS PER MILERAILROW DATA 
	ANALYSIS OF COVARIANCE OF' BRAKE REP AIRS PER MILERAILROW DATA 
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	The line drawn on Exhibit III-28 represents the above formula. A more detailed formula accounts for the differences in repair rate by car type and other factors. Regressions performed stepwise yield: 
	Step 1 
	Step 1 
	Step 1 

	25 .7 
	25 .7 
	car tipe }intermodal 

	CRBl / 100 , 000 
	CRBl / 100 , 000 
	= 
	20 . 0 
	autorack 

	car miles 
	car miles 
	{ 
	26 . 2 
	other 


	= 10 percent 
	R2 

	Step 2 car type 21.6 
	dal} 
	inter mo

	CRBl/100,000 = 16. 5 autorack + 0 .41 x (AGE) 
	car miles 22 . 4 other (0 . 038)
	{ 
	{ 
	2 
	R


	=15 percent 
	The number in parentheses below coefficients denotes the standard error of the coefficient. ~ote that car age is a significant factor in explaining repairs even after car mileage and car type have accounted for most of the explainable variance in brake maintenance activity. The equ~tion implies that, after 10 years, a car will require repairs at a rate of 4,1 more repairs per 100,000 
	car miles than at the start. 
	It is interesting to compare the above results for the car leasing company with the results obtained for the railroad. In the first approach, using analysis of covariance . the result consists of a rectangular table of factors depending on car type and car age that is applied to total mileage. l'sing the regression approach. the maintenance activity is estimated by an explicit formula. The two forms illustrated are based on the same hypothesis: that brake maintenance activity is pr oportional to car mile
	-

	Exhibit Il!-29 illustrates the interpretation of the simple regression result within the format of the original scatter plot (Exhibit III-28). The line labeled "average" car is the same best fit line presented in Exhibit III-28 . Exhibit III-29a displays the predicted relationship between maintenance activity and car miles by car type. This represents the res ults of Step l. )iote that autorack cars have fewer repairs than other car types . on an average, for a given number of car miles . 
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	EXHIBIT ffl-29 
	INTERPRETATION OF A REGRESSION RESULT FOR BRAKE SYSTEM MAJNTENANCE 
	50 100 150 
	TOTAL CAR MILES (THOUSANDS) 
	B. EFFECT OF CAR AGE ON BRAKE SYSTEM REPAIRS (STEP 2) 
	INTERMOOAL ANO OTHER CARS 
	AGE OF AUTO RACK CAR 
	20 YEARS OLD 
	AVERAGE AGE 1 YEAR OLD 
	Exhibit III-29b ~ncorporates the results of Step 2 , using autorack cars as an example. The graph indicates that older autorack cars have more repairs than younger cars, on an average, for a given number of car miles. In fact, though autorack cars incur fewe1· r epairs per mile on an average , the graph indicates that a 20-year-old autorack car is expected to have more repairs per mile than an "average" car of average age . 
	The stepwise regression process can be continued either until all potential factors are employed or until it is judged that additional steps will not contribute materially to the explanation of maintenance activity. Controlling first for car type, at each successive step, the variable is introduced which contributes the greatest explanation of maintenance activity. ln this case, the next factor added to the formula is car days . yielding: 
	Step 3 
	Step 3 
	Step 3 

	car type 
	car type 

	CRBI/100 , 000 car miles 
	CRBI/100 , 000 car miles 
	= 
	{ 
	15-2 9 . 6 15.9 
	intermodaj autorack ~ other 
	0 . 35 (AGE)+ 0 . 007-1 (TCDAYS) (0 .038 ) (0 .oo 10) 

	TR
	R2 
	= 18 percent 


	~ote that the coefficient of car days is statistically significant and that the new variable passes an F-test for inclusion in the relation, Depicting this new result graphically for a given car type and car age. the relation between brake repairs and car miles is represented by difforent rays for d:fferent numbers of car days. :"laturally. this relation should not be extrapolated carelessly. since only certain ranges of car miles are feasible wit:1 a given number of car days . 
	The next variable added to the relation is tare, which enters with a positive coefficient. This means that heavier cars of a given type, age, and number of car days are expected to incur more brake repairs per :-:-:ile than lighter cars . It is I tteresting to note that the correlation between ::>rake repairs per mile and tare is -28 percent. However, once corrected for differences in car type and age , the partial correlation between brake repairs per mile and tare is slightly positive, The relati01. in
	The relations discussed above estimate br ake repairs per car r:-:ile, since car miles is the operating factor most logically related to brake repairs. As was noted in Exhibit III-25, brake repairs show a significant correlation (-12 percent) to car days for the car leasing company. (For the railroad data . 
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	all cars experience the same number of car days . ) A regression on brake re
	-

	pairs per car day yields: 
	Step 1 
	41.2 CRBl / 1,000 = 20.5 car days 16.7 
	{ 

	Step 2 
	23.0 
	CRBl/1,000 = 7.9 {
	car days 9. 1 
	Step 3 
	17 .o CRBl/1,000 = 0.4 car days { 3. 2 
	car type intermodal} autorack other 
	R2 =58 percent 
	car type }intermodal 
	car type }intermodal 
	car type }intermodal 

	autorack 
	autorack 
	+ 1. 2 (TCMIL E) 

	other 
	other 
	(0 . 06) 

	TR
	R2 
	=66 p~r cent 


	car type intermodal} 
	autorack + 1.2 (TCMIL£ -0 , 17 (AGE) other (0 .06) ,0 .042) 
	R2 = i,6 pe r cent 
	The result indicates that a large part of the variance in brake repairs !)er car day is explained by car type. Step 2 then shows that a significant rart of the variance explained by car type may be due to differences in m:leage , since the paired difference between car type factors narrows when the car miles variable is included. ~ote. however. that, with the inclusion of car age. the car type coefficients change in magnitude. but the difference between coefficients does not narrow. This implies that age a
	In comparing the above results with the results of estimating repairs per car mile. it is important to note that brake repairs are correlated 82 percent to car miles and 42 percent to car days. The relation developed for brake repairs per car mile achieved R= 18 percent. while the relation developed for brake repairs per car day achieved R= 66 percent. However, the for mer relation is superior since it provides the better explanation of the total numoer 
	2 
	2 

	of brake repairs. 
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	These analyses _obtain reasonable results based on either time or mileage separately, although mileage appears the most important factor. Thus . it may be fruitful to estimate brake repairs per car mile and per car day simultaneously. This can be done by means of a geometric relation. Regression with logarithmic transformation yields: 
	car type -5.748 
	intermoda} log (CRBl) = -6.244 autorack + 0. 73 (TCDAYS) + 0. 60 (TCr:IILE) 
	-6 .153 other (0 . 049) (0 ,031) 
	{ 

	2 
	R

	=71 percent 
	This relation implies: 
	car type }
	intermodal 
	autorad: x (TCDAYS)o •(TC'.\IILE)o •other 
	CRBl = 
	Figure
	73 
	60 

	There are several interesting implications of this r elation. One important result is obtained by computing the marginal maintenance activity with respect to car miles: 
	dCRBl = (0.60) A (TCDAYS) o. (TC;\IILE)-o. o dTClVIILE 
	73 
	4

	This indicates that the maintenance requirement increases with car :niles, but that the rate of increase is lower for higher values of total car miles . Similarly , the maintenance requirement increases with car days , but the rate of increase is lower for higher values of total car days . 
	The r elation implies that the elasticity of brake repairs is 60 percent with respect to car miles and 73 percent with respect to car days . This :::eans that for a given number of car days, a 10 percent increase in number of car miles obtains a 6 percent increase in repair activity . Similarly, for a given number of car miles, a 10 percent increase in number of car days obtains a 7. 3 percent increase in repair activity. 
	This analysis shows an interesting dependence of brake maintenance activity on time and mileage utilization and car type and age characteristics. ..\n important question is whether the dependence on time and mileage results from: 
	(1) the fact that each component requires maintenance due to both ti:::e and mileage, or (2) the fact that some components require maintenance due to time, while others require maintenance due to mileage. 
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	Brake Component Maintenance 
	The most frequently repaired brake components are Repair 1.1 (COT&S and IDT&S) and Repair 1. 7 (brake shoes and keys) . These cases are used to illustrate the contrasting importance of time and mileage on brake component maintenance. 
	The COT&S maintenance occurs every few years, depending on the type of control valve . In some cases , firms can obtain a waiver for s me car types . The IDT&S maintenance is recommended every 90 days, but is frequently performed during other backshoppings. Thus, Repair 1. 1 activity should be related more to time than to mileage . 
	!\Iileage is measur~d by total car miles in each sample interval . Time is measured by loaded car days for the railroad and by total car days for the car leasing company . The correlations between Repair I .1 activity and these factors are shown below. 
	CORRELAT1ON BET\VEE~ REPAIR 1 . 1 AND TIME AND \IILEAGE 
	Firm Ti:ne Mileal!e 
	Railroad 16% 
	Car Leasing Company 
	rt 1s reassuring that. in both cases. time is more highly correlated to Repair 
	l . 1 than is :nileage. The figures are lower for the r ailroad because. during the limited time frame of the data, the underlying pattern is more difficult to observe. 
	To test the relative importance of time and mileage for Repair 1. 1 activity. the geometric relation is estimated fr om the car leasing company data: 
	car type 
	inter modal} log(CR£p1. 1) --{--5-.•847 autorack + 1.02 log(TCD,\YS) 
	0 
	6
	29 

	-5. 540 other (0.074) 
	-0.005 log(TC\TILE) (0 . 045) 
	2 
	R

	= 18 percent 
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	which implies: 
	33 . 59xl0-
	33 . 59xl0-
	33 . 59xl0-
	car tn-}intermodal 

	CREPl.1 
	CREPl.1 
	= 
	32.89xlo-
	autorack 
	x (TCDAYS) l . 02 (TCMILE) -O . 005 

	TR
	{ 
	3 . 93xl0-3 
	other 


	Note that the exponent of car days is not significantly different from one . and that the exponent of car miles is not significantly different from zero. This result contrasts sharply with the results obtained for total brake system repairs with the geometric relation. Thus , for Repair 1 . 1 activity. it seems reasonable to assume that mileage is unrelated and that maintenance activity is roughly proportional to time. This implies that the relevant dependent variable for a maintenance relation is Repair 1
	An analysis of variance for Repair l. l activity per car day based on the railroad data shows that car type and car age are statistically significant factors. Using the car leasing company data . Repair 1.1 activity per car day is estimated by regression: 
	Step 1 
	car tvpe }
	4. 16 intermodal CREP l . 1 1 , 000 = 3 . 34 autorack car day s 4.59 other 
	4. 16 intermodal CREP l . 1 1 , 000 = 3 . 34 autorack car day s 4.59 other 
	1
	{ 

	2 
	R


	= a percent 
	Step 2 
	car tvpe 
	J
	2 . 81 intermodal CREPl . 1/ 1,000 = 2. 20 autorack + 0, 13 (AGE) 
	{ 3.35 other (0 .008) 
	2 
	2 
	R

	= 16 percent 

	Note that the car type effect (paired differences in factors) remains relatively fixed from Step 1 to Step 2. This im plies that the age variable accounts for a separate aspect of the variance in maintenance activity per car day. Of all brake components, age is correlated highest to Repair 1 . 1 activity for both the railroad (correlated 19 percent) and the car leasing company (correlated 38 percent). One hypothesis is that the car age variable accounts for the different control valve technology in the youn
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	the frequency of COT&S maintenonce depends on the type of valve , the older valve technology requiring more maintenance . 
	This analysis has shown that Repair 1. 1 activity is related pr imarily to ca r days , while the total brake system activity is related to both time and mileage . Brake repair component l . 7 (brake shoes and keys) is the most frequent of all repairs for both the railroad and the car leasing company. The component is subject to wear when the brake is applied; logically, wear may be more severe for the older or heavier cars . For this reason. gross ton miles is considered as a potential '.Jtilization measure
	l . 7 activity and these factors are shown below: 
	CORRELATION BETWEEN REPAIR l. 7 A):D TIME AND MILEAGE 
	Firm Time l\Iileage 
	Railroad 14% 
	Car Leasing Company 33% 
	It is reassuring that, in bvlh ca ses, mil~;lgc is more highly correlated ~o Repair l . 7 than is time. The figures are lower for the railroad becaus1?, during the limited time frame of the data , the underlying pattern is rrore difficult to observe. 
	To test the relative importance of time and mileage for Repair l . 7 activity, the geometric relation is estimated from the car leasing company data: 
	car type -5. 191 
	intermodal} 1 o g(C REP l . 7 ) -5. 746 a utorack + 0. 28 log(TCDAYS) -5. 646 other (0 .060) 
	Figure

	+ 0 . 92 log(TCMILE} (0 . 039) 
	2 
	R

	= 71 percent 
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	which implies: 
	car type intermodal} CREPl.7= autorack x (TCDAYS)o •(TCMfLE)o •2 other 
	Figure
	28 
	9

	The relation impHes that the elasticity of Repair 1. 7 is 28 percent with re spect to car days and 92 percent with respect to car miles . For a given number of car miles , this means that a 10 percent increase in car days obtains less than a 3 percent increase in expected repair activity. On the other hand , for a given number of car days. a 10 percent increase in car miles obtains over a 9 percent increase in expected repair activity . 
	The analysis indicates the dominance of car miles in the explanation of Repair 1.7 maintenane:e activity. This contrasts with the result obtained for Repair 1 . 1 activity, where car miles is somewhat unrelated to repairs and car days is most relevant. Car miles alone accounts for one-fifth of the variance in Repair 1. 7 activity for the railroad and two-thirds of the activity for the car leasing company. Thus , the analysis seeks to explain aspects of Repair 1.7 activity per car mile. 
	An analysis of varianc.:e of Repair l . 7 activity per car mile for the railroad shows that car type and car age are statistically significant factors . Using the car leasing company data, the Repair 1. 7 activity per car mile is estimated by regression: 
	Step l 
	car type 
	car type 

	21 . 83 
	{

	intermodal} CREPl .7/ 100,000 = 13. 98 auto rack . car miles 16 . 0 l. other 
	:: 24 percent 
	R2 

	Step 2 
	16 .50 
	{ 
	c a r tree 

	inter modal} CREPl.7/ 100,000 = 8. 30 autorack + 0. 0057 (TCDAYS) 
	car miles 10 .62 other (0 .0008) 
	= 26 percent 
	R2 
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	Step 3 
	car type 15.89 
	intermodal} 
	CREPl.7/ 100 ,000= 7.88 autorack + 0.0052 (TCDAYS)
	{
	car miles 10 .10 other (0 .0008) 
	+ 0. 104 (AGE) (0 .032) 
	2 
	R

	= 27 percent 
	Note that the car type effect (paired differences in factors) remains relatively fixed from Step 1 through Step 3, and the coefficient of car days varies only slightly from Step 2 to Step 3. This implies that car type, car days , and age 
	variables account for separate aspects of the variance in Repair 1.7 maintenance activity. 
	Summarv of Brake System Maintenance Findings 
	Freight car maintenance relationships imply that brake maintenance requirements depend on both time and milea~e utilization. Car type and car age are significant descriptive factors. 
	The dependence of brake maintenance on time and mileage results from the fac.t that time and mileage utilization, to a varying extent, affect the incidence of maintenance on brake components. Repair 1.1 activity (COT&S and IDT&S) is roughly proportional to time while unrelated to mileage. On the other hand. Repair 1.7 activity (brake shoes and keys) is most related to mileage and is related to time to a lesser extent. 
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	Analysis of Draft Gear System Maintenance 
	The draft gear systern constitutes a significant proportion of the total number of repairs , particularly in the case of the railroad. The four major components and their contribution to draft gear system repairs ar e shown below: 
	-

	DISTRIBUTION OF DRAFT GEAR SYSTEM REPAIRS 
	Draft Gear Railroad Car Leasing Data Company Data 
	Component 

	2 . 1 Knuckles 1U1o 18% 
	7 

	2. 2 Couplers 63% 80% 
	l u,o
	2 . 3 Yokes 7% 
	2.4 Draft gear and end-of-car 13% 1% hydraulics 
	TOTAL lOO'"o 100% 
	Evidently, coupler s are the most frequently repaired components of the draft gear system. Maintenance is the result of gradual wear through service. influenced by loaded versus empty service. curvature of track, grade, and slack. More than any other draft gear component, coupler maintenance is correlated to car age for both the railroad ( 14 percent correlation) and the car leasing company (32 percent correlation). On the other hand. the railroad's data show a more significant correlation between coupler 
	Repairs to the yoke and draft gear and end-of-car hydraulics categories constitute a minor part of draft gear system repairs. The difference in activity between the two firms in these two categories is due to the fact that 
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	the railroad data include program maintenance. The respective correlations to factors are remarkably similar for the two firms. as is shown below: 
	CORRELATION BETWEEN REPAIR ACTIVITY AND FACTORS 
	Repair 2 .3 (Yokes) 
	Repair 2 .3 (Yokes) 
	Repair 2 .3 (Yokes) 
	Repair Gear and Hydraulics) 
	2 .4 (Draft 

	Factor 
	Factor 
	Railro
	ad 
	Car Leasing Company 
	Car Leasing Railroad Company 

	Car Age 
	Car Age 
	12% 
	16% 
	l 3% 
	13% 

	Car Miles 
	Car Miles 
	3% 4% 
	8% 
	4% 

	Total or Loaded Car Days 
	Total or Loaded Car Days 
	2% 
	1% 
	3% 
	2% 


	Note that repair activity is not strongly related to utilization but is r ather most highly correlated with the age of the car. 
	Knuckle maintenance constitutes less than one-fifth of draft gear maintenance activity for both firms; yet it is the second major component of draft gear system repair. Unlike the other three draft gear components, which show significant correlation between repair acti'vity and car age. knuckle maintenance is no more frequent for older freight cars. The railroad data do not r eveal a pattern of repair activity with any specific factor available . 
	The car leasing company data show a correlation to knuckle maintenance of 18 percent for car miles and 17 percent for car days. No other draft gear component showed a significant relation to car miles for the car leasing com pany . One hypothesis is that knuckle maintenance is related to weather , the number of classifications, and mileage in general. Thus. th~ data at least support the contention that knuckle maintenance is related to utilization. 
	Frequently, knuckles are changed out in yards and on rip track in the course of inspection. Inspection or repair of other freight component groups may relate to draft gear maintenance for ether components as well. Draft gear repair activity is more highly correlated to brake system, truck, bearing and axle . exterior, or miscellaneous repair activity than to any potential causal factor. Thus , it may be difficult to observe causal relations explaining draft gear maintenance. given the confounding effect des
	m.59 
	Despite these li;nitations. the following geometric relation was estimated from the car leasing company data: 
	Car Age 
	-.416 0-5 years 
	Car Type .066 5-10 years 
	Figure

	intermodal} log (CRB2) = -3 .14 + .036 10-15 years 
	autorack -.045 15-20 years 
	other 0 20+ years 
	+ 0.469 log (TCDAYS) + 0 . 148 log (TCMILE) (0.1278) (0. C/34) 
	2 
	R

	= 13 percent 
	This relation implies: 
	CRB2 = A (TCDAYS)o . (TCI\IILE)0 . !5 
	47 

	where: 
	Car Age (Years) 
	Car Type 0 -5 5-10 10-15 15-20 20
	-

	intermodal 2.04 3.31 3.21 2.96 3. l 0 X 10-autorack 1.86 3. 0 1 2.92 2.69 2.82 
	A = 
	2 

	other 2. 85 ·L 62 4.48 -l. 14 4. 33 
	~ote that the exponent of car miles is significantly different from zero at the 95 percent level, but by a very fine margin. Ln fact, given the total number of car days. knowledge of the number of car miles adds little explanation of the variance in draft gear maintenance activity. Thus, car days (or a correlate of car days) is the major utilization factor relevant to the draft g•_.1r system . 
	..\pparently, car age and car type are important descriptive factors for predicting draft gear maintenance. In particular. the repair rate for the youngest cars (0-5 years old) is much lower than for other cars (although otherwise. age is not an important effect). Autorack cars are the heaviest cars; yet they have the lowest dr aft gear repair rate. Thus, tare was not found to be a significant variable. 
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	Draft gear maintenance is usually thought to be related to the number of classifications and car miles, as well as the length of the train, grade, curvature , and so for th. Unfortunately, most of these statistics are impractical to use . Both the total number of classifications and hump classifications are available for the railroad, but there are too few draft gear repairs in the data time span to establish a meaningful pattern between these factors and draft gear repairs. Note the interesting relation b
	CORRELATION BETWEEN FACTORS 
	FACTORS TCLASS HCLASS 
	LCDAYS 26% 35% 
	TCMILE 5% 10% 
	Classifications are usually thought to be related more to mileage than to time . These correlations indicate the opposite--that number of classifications is most related to Hme, as measured by loaded car days. If the number of classifications is an important underlying causal factor, these correlations may explain why car days, rather than car miles, is shown to be the :nost important utilization factor for the car leasing company's cars. 
	Using the car leasing company's data, draft gear maintena.nce per car day is estimated by regression: 
	Step l 
	Car Tvpe 
	2 intermodal} CRB2 / 1,000 = 1.65 autorack 
	. 16 

	[
	car days 2,86 other 
	R2 = 3 percent 
	Step 2 
	Step 2 
	Step 2 

	Car Tiee 
	Car Tiee 

	CRB2/ 1,000 car days 
	CRB2/ 1,000 car days 
	= 
	{ 
	1.03 0,71 1.82 
	intermodal } autorack other 
	+ 0 .11 (AGE) (0,010) 

	TR
	R2 
	= 
	9 percent 
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	Step 3 
	Car Type -0 .09 
	inter modal} CRB2 / l ,OOO = -0 . 08 autorack + 0,1 1 (AGE)+ 0.0007 (TCl\IILE)
	{
	car days 1.34 other (0 ,010) (0 .0001 ) 
	2 
	R

	= 10 percent 
	Note that the car type effect (paired differences in factors) is the same for Step 1 and Step 2 but changes in Step 3. T:1is implies that part of the explanation provided by car type is caused by different averagP car miles per day for the three car types. On the other hand. car age explains a separate aspect of the variance in maintenance activity., 
	Exhibit lll-30 pr esents an analysis of variance of draft gear system repairs per car day by car ctge for both firms. '.'iote that the repair activity levels out for the leasing company, while it increases ste3dily by car age for the railroad. The railr oad's data include program repairs as well as CHB repairs . For the leasing company, program r e pairs to draft gear are more highly correlated to car age (4o percent correlation) than is any other program repair category. If a similar relation~hip holds fo
	Exhibit III-30 shows a dramatic difference between maintenance activity per car day for the 0-5 year-old group and other freight car age groups. It is expected that older cars will have more frequent draft gear repairs because of older components, gradual wear, and the greater likelihood of proolem detection (since older cars are in the shop more often). An additional factor is the introduction of freight cars with floating center sills. The cushioned underframe is designed to prevent shocks ar:d impact s
	Analysis of Truck System l\Iaintenance 
	The truck system is the comple•.? assembly (aside from wheels) which supports the car body at each end . The major components are: 
	. bolsters; 
	ur. s2 
	EXHfflIT 111-30 
	DRAFT GEAR MAINTENANCE ACTIVITY BY CAR AGE 
	NO. OF REPAIRS PER THOUSAND CAA DAYS (RAILROAD DATA) 
	4.3 
	ANALYSIS OF VARIANCE: F(4,941) • 9.17 111 squ1rwd • 4% 3.2 2.3 0.9 
	G-5 5-10 10-15 CAR AGE (YEARS) AVERAGE AGE• 13.I YEARS 
	NO. OF REPAIRS PER THOUSAND CAR DAYS (CAA LEASING COMPANY DATA) 
	ANALYSIS OF VARIANCE: 
	F 14, 1912) • 59.91 tta squamt • 11% 
	0.9 0-5 &z. 5-10 2.5 2.5 I 10-15 15-20 2.1 20+ 
	CAR AGE (YEARSI AVERAGE AGE• 9.5 YEARS 
	NOTt: bll,•4 dna 1ndude CRI 111d IIICICfllll 11111ntmaca. 
	C. l-1 COIIIPIIIJ dl lJ r~ICH rtpa~ GIiiy. 
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	. side fra mes; 
	. springs: and 
	. side bearings and snubbers. 
	Exhibit Ill-31 displays the breakdown of truck maintenance activi tv into these four components. :'Jote the important difference between CRB and program maintenance activity for the car leasing company. Since maintenance activity is relatively infrequent, it is difficult to observe patterns between truck maintenance and utilization within the limited time frame of the data. However, the tr uck maintenance activity shows a uniformly higher correlation to mileage than to time. 
	Springs and bolsters are the components subject to normal wear . Bolsters connect the side frame and carry the weight of the car. The bolster wear limits are regulated, and wear is attributed to mileage for both bolsters and springs . 
	Springs comprise a larger proportion of total repairs for the ra1lroad, partly because of the different loading procedures and car types for the two firms. The car leasing company fleet consists of nat cars handling more fragile ladi g that is loaded gr adually onto the car. On the other hand, the majority of the railroad's cars are hoppers, which are gr avity feo coal in large quantities. The impact on the springs may be substantial. A related observation from Exhibit III-31 is that side bearings and snubb
	Exhibit 111-32 shows an analysis of covariance of truck maintenance activity per mile fo r the railroad . Both car age and car type a re signiiicant sources of variation. ..\s anticipated, hopper cars experience the lowest rate of maintenance once the results are ad3usted for car age. The unadjusted deviations indicate that equipped box cars have the lowest repair rate. This results from the re latively low average age of box cars . 
	Estimation of the geometric relation from the car leasing company's data obtained nonsignificant coefficients, since the period of data collection was 
	[fl. 6-! 
	EXHIBIT ill-31 
	BREAKDOWN OF TRUCK MAINTENANCE ACTIVITY (COMPONENT PROPORTION OF TOTAL ~UMBER OF REPAIRS) 
	RAILROAD DATA (CAI ANO PROGRAM REPAIRS) 
	CAB REPAIRS 
	+ 
	(25%1 
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	CAR LEASING COMPANY DATA PROGRAM REPAIRS 175%1 SIDE BEARINGS ANO SNUBBERS TOTAL BOLSTERS 
	Figure
	EXHIBIT ID-32 
	ANALYSIS OF COVARIANCE OF TRUCK REPAIRS PER MILE• RAILROAD DATA 
	-
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	insufficient to repr~::.ent a reliable pattern of maintenance for the relatively young fleet . The following maintenance rate was estimated: 
	Step 1 
	Car Type 
	0.219 intermodal CRB3/ 100,000 = 
	0.238 autorack car miles 
	o.383 other 
	= l percent 
	R2 

	Step 2 
	-0. 130 intermodal CRB3 / 100,000 = 
	Car Tvpe 

	+ 0 . 034 (AGE) car miles 
	-0.056 autorack 
	(0.0028)
	0.062 other 
	2 
	R

	=8 percent 
	Statistically, the most significant factor related to truck maintenance is car age. For the railroad firm, bolster and spring repairs are correlated to car age at 17 percent and 29 percent, respectively. For the car leasing company, bolster and spring repairs are correlated to car age at 28 percent and 12 percent, respectively. No other factor is significantly correlated to any truck maintenance activity for the car leasing company. Car age and total truck repairs are correlated 29 percent for both firms.
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	Analysis of Bearing and Axle System Maintenance 
	It is natural to address bearing and axle maintenance as one c mponent group, since •he repair activities and the causes of wear and damage are related for both .... omponents. The observed distribution of hearing and axle system repair activity differs for the two firms , as shown below: 
	DISTRIBUTlON OF BEARING AND AXLE REPAIRS 
	Repair Railroan Car Leasing Company 
	Lubricate 40'"o 12% 
	Bearir.gs 

	Replace Bearings -18% 58"", 
	Replace Axles 12% 30""o 
	TOTAL 100% l 00i: 
	01

	Th~ car leasing company's cars ali have modern roller bearings . On the other hand, 58 percent of the railroad cars are e ;.upped with high maintenance journal or friction Jearings. Exhibit 111-5 illustrated that all railroad cars in the 0-5 year age group a r e equipped with roller bearings . but only 9 percent of cars over 15 years old are equipped with this type of bearing. 
	Roller bearings usually require lubrication every 48 months. w:1ile jour nal bearings require lubrication every 36 months . Both types of bea r ings are also changed out periodically. Ax,,. .1aintenance is fairly infrequent, but usually accompanies wheel replacement. In fact, the highest corre:ation between component group repairs is found for bearing and axle syste~ and wheel system repairs for both the railroad (correlated 6-l percent) and th e car leasing company (correlated 76 percent). 
	Exhibit III-33 presents an analysis of covariance of bearing and axle repairs per car mile for the railroad . .:-lote that car type and car age are significant effects. The unadjusted deviations for bearing type a re highly significant; ho\'•ever, the effect is diminished when the deviations are adjt:sted for car age. 
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	EXHWIT ill-33 
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	The correlations between bearing and axle maintenance and factors are similar for the two firms, as shown below: 
	CORRELATION BETWEEN REP AIR ACTIVITY AND F ACTORS 
	Factor Car Age 
	Factor Car Age 
	Factor Car Age 
	Railroad 29% 
	Car Leasing Company 41% 

	Car Miles 
	Car Miles 

	Total or Loaded Car Days 
	Total or Loaded Car Days 
	3% 


	The correlations are uniformly lower for the railroad because of the shorter time span of the railroad data. Note that mileage appears to be the dominant utilization factor, although time is potentially an im portant factor. 
	C'sing mileage as the utilization factor. the following maintenance rate was estimated: 
	Step 1 
	Car T,rpe 
	2.09 al l 
	intermod

	CRB4/ 100,000 = 
	2.04 autorack 
	car miles 
	2.35 
	other 
	j 
	= 0 percent 
	R2 

	Step 2 
	Car T,rpe 
	Car T,rpe 

	0.37 intermodal CR B4 / l 00 , 000 = 
	+ 0 . 17(AGE) car miles 
	0 .58 autorack 
	0.77 other 
	(0 . 0084) 
	R2 = l 7 percent 
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	Step 3 
	Car Type -0 . 06 inter modal CRB4 / 100 .000 = 
	+ 0.16 (AGE) car miles 0 . 33 other 
	+ 0.0005 (TCDAYS) (0 .0002) 
	2 
	R

	0 .11 autorack 
	= 17 percent To consider the simultaneous effect of time and mileage , the geometric relation is estimated for the car leasing company . Car Age 
	-.851 0-5 years 
	Car Ty~e 
	. 286 interm dal
	-.356 5-10 years 
	+ 
	.075 autorack
	-.264 10-15 years
	log (CRB4) = -3 .42 + 
	0 other
	-.347 15-20 years 
	0 20+ years 
	+ 0 . 298 log (TCDAYS) + o . 354 log (TCMILE) (0.1224) (0. 0675) 
	2 
	R

	= 22 percent 
	This relation implies: 
	CRB4 = A (TCDAYS)o •(TCJ\1-ILE)o • 
	30 
	35 

	where: 
	Car Age (Years) 
	0-5 5-10 10-15 15-20 20• intermodal 1.86 3.06 3 . 35 
	Car Type 
	3.08 
	-L36 -2 

	X 10 
	autorack 1.51 2. 47 2.11 
	A= 
	2.50 
	3.53 

	2.30 2.52 2.32 3.28 
	other 1.40 
	The exponent of car days is significant and the exponent of car miles is highly significant. As usual. the older cars have a higher rate of repair. lntermodal cars (the most heavily used cars) have a higher rate of repair than 
	III. 71 
	autorack and other ~ars of comparable age. The result implies that a 10 percent increase in utilization obtains a 6 . 5 percent increase in maintenance requirements; of the increase. 3 . 0 percent is attributed to time and 3.5 percent is attributed to mileage . 
	Analysis of Wheel System Maintenance 
	Wheel maintenance is one of the less frequent repair activities. The data indicate 1.5 repairs per 100,000 car miles for the railroad and 1.0 repairs per 100,000 car miles for the car leasing company. Note that a "repair" for this study may involve one. two, or more wheel replacements at one time. though this information is not available in the data base. Furthermore, the three-year period of the car leasing company data and the seven-month period of the railroad data cannot capture the full life of a wheel
	With these limitations. it is still possible to observe relations between wheel repair and utilization, although the results may have less statistical significance. For the railroad, no factor is significantly correlated to wheel maintenance , but the highest correlating factor is total car miles (correlated 7 percent) . The correlations for the car leasing company are statistically significant ( ,001 level) and show a similar pattern, as noted below: 
	CORRELATION TO WHEEL MAI:--JTENA~CE ACTIVITY 
	Factor 
	Factor 
	Factor 
	Railroad Data 
	Car Leasin~ Companv ::>ata 

	Car 
	Car 
	Age 
	6% 
	37(7"~ 

	Car 
	Car 
	Miles 
	7% 
	36 (7": 


	Car Days or 1% Loaded Car Days 
	231)", 

	Data collected over a longer period of time for either firm should yield significantly higher correlations with respect to car mileage. The cor:-elation with car age reflects the importance of the accumulated mileage on the car wheels prior to the sample interval. 
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	For the car lea!;ling company data. yields: 
	-.32 0 log (CRB5) = -. 35 + 
	-.01 . 01 0 
	the estimation of the geometric relation 
	Car Age 
	Car Age 
	Car Age 

	0-5 year s 5-10 years 10-15 y ears 15-20 years 
	0-5 year s 5-10 years 10-15 y ears 15-20 years 
	. 12 . 01 + l0 
	Car Tyee inter modal! autorack other 

	20+ 
	20+ 
	years 


	+ 0 .252 log (TC MIL E) (0 . 0463) 
	2 
	R

	= 12 percent 
	This relation implies: CRB5 = A (T CMILE)O • 25 where: 
	Car Age (Years) 
	Car Age (Years) 
	Car Age (Years) 

	Car Tvee 
	Car Tvee 
	0-5 
	5-1 0 
	10-15 
	15-20 
	20+ 

	intermodal 
	intermodal 
	. 213 
	. 292 
	. 289 
	.295 
	. 292 

	,\ 
	,\ 
	= 
	autor ack 
	. 189 
	. 260 
	. 258 
	. 263 
	. 260 

	TR
	other 
	. 188 
	. 260 
	. 258 
	. 263 
	. 260 


	:-J'ote that a time variable is not included in the regression; the ? -level for the car days variable is below 0 .001 given the explanation pro.,,ided by car miles . It is reassuring that the car-mile variable is highly significant and that the time variable is not significant. Based on the three-year period of the car leasing company data. a 10 percent incr~ase in car :-:-:iles is expected to result in a 2. 5 percent increase in wheel repairs. 
	Exhibit !II-34 presents an analysis of variance of wheel repair per 100 .ooo car miles by car age. For both fir ms. car a~e is a statistically significant factor . Controlling for car age . a separate an.:'.~ysis showed that car type is not a significant factor for either firm . 
	Exhibit III-34 indicates different behavior for th~ •wo fir:ns. The car leasing company shows a gradual increase in the of wheel repair with car age . Program repairs, not included for the ca:-leasing company estimates, comprise a minor portion of total wheel maintenance and are not 
	likeli~.t.od 
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	EXHIBIT ill-34 
	ANALYSIS OF VARIANCE OF WHEEL REPAIR PER HUNDRED-THOUSAND CAR M;LJ~S BY CAR AGE 
	RAILROAD DATA 
	SUM OF SQUARES 
	SUM OF SQUARES 
	SUM OF SQUARES 
	df 
	MEAN SQUARE 

	BETWEEN GROUPS 
	BETWEEN GROUPS 
	9.80 
	4 
	2.46 

	WITHIN GROUPS 
	WITHIN GROUPS 
	411.37 
	904 
	0.52 

	TOTAL 
	TOTAL 
	478.17 
	908 

	TR
	F • 4.75 
	tU sqrd • 2" 


	CAR LEASING COMPANY DATA 
	Table
	TR
	SUM OF SQUARES 
	df 
	MEAN SQUARE 

	BETWEEN GROUPS 
	BETWEEN GROUPS 
	2.14 
	4 
	0.71 

	WITHIN GROUPS 
	WITHIN GROUPS 
	21.89 
	1,966 
	0.01 

	TOTAL 
	TOTAL 

	F • 73.05 
	F • 73.05 
	ltl1qnl • 13" 


	WHEEL REPAIRS PER ONE-HUNDRED-THOUSAND CAR Mli.ES BY CAR AGE 
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	1.0 
	Figure
	Figure
	Figure
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	highly correlated to car age . If this is also true for the railroad's data (including program repairs) , the observed difference between the two firms must be explained by some other reason. 
	The railroad's data indicate that the highest incidence of repair occurs in the 10-15 year bracket. Of the many car wheels that are replaced in this tirr.e bracket, most will not need repair for a few years. Thus, a decline in repair rate for the next five-year interval is reasonable. For wheels not repaired in the 10-15 year bracket, maintenance in the 15-20 year interval is more likely. Thus, the obser ved behavior of wheel maintenance activity with age for the car leasing company may be due to higher uti
	Analysis of Door Svstem Maintenance 
	Since the car leasing company's fleet consists of flat cars , the cars have no doors and no door repairs are reported . ?or the railroad, the relevant car types are equipped box. unequipped box, and the "other" car type . Doors are coded into 16 door types for the railroad; they were , however , recoded into four categories for this analysis: 
	. no door; 
	. regular door -single or double , centered or staggered; 
	plug door -single or double, centered or staggered; and 
	. oth~ -combination, or split refrigerator, hinged, overhead, or other. 
	The distribution of door types by car type is sl-iown below: 
	DOOR TYPE 
	DOOR TYPE 

	Car Tvpe Regular Plug 
	No Door 
	Other Total 

	equipped box 0% 54% 42% 4% 100% 
	0 
	0 
	01

	O°'o 0 l O oo-o 
	86
	07 

	unequipped box 14% 0 
	4111,,
	other type 82% 1-!'o 
	11
	0% 100% 
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	The unequipped .box cars without doors are 40-and 50-foot box cars used to carry cement and limestone. The load is blown in and out through the ends of the car. while the door openings are covered with paper. 
	Exhibit IIl-35 presents an analysis of covariance for door repairs per 1,000 car days which accounts for 21 percent of the variance in door maintenance activity. Car age is. not significant as a covariate. which is interesting, since most other component groups have shown a high correlation between repair activity and car age . For doors, it appears that new cars are fairly resistant to damage but. beyond 5 years of age. there is not much difference in door repair rates by car age. 
	Car type and door type are highly significant factors, as might be expected. In particular, a higher repair rate is shown for equipped box cars and for cars equipped with plug doors. Equipped box cars are generally the most utilized and the most frequently repaired cars for the railroad . Thus. a door is more likely to be damaged and damage is more likely to be detected on equipped box 
	.::ars than on other cars. 
	The estimated higher repai r rate for cars with plug doors was anticipated, since regular sliding doors are mechanically less complicated than plug doors. Because there are four bars on the outside of the door, it is particularly susceptible to damage . lnte.·cha.1ge rules require that plug doors be closed and locked before the car is moved . 
	Analvsis of Car Interior Maintenance 
	Car interior maintenance includes activities associated with repairing wooden or steel floors, lining sides or ends , and loading equipment. The observed distribution of repair activity differs for the two firms, as shown below: 
	DlSTRIBt.:TION OF CAR INTERIOR REPAIRS 
	Interior Repair 
	Interior Repair 
	Interior Repair 
	Railroad 
	Car Leasing Company 

	7. 1 
	7. 1 
	Wooden or Steel Floors 
	39% 
	0!7'' 

	7 . 3 
	7 . 3 
	Lining Sides or Ends 
	7% 
	99% 

	7. 5 
	7. 5 
	Miscellaneous 
	17% 
	0% 

	7 . 7 
	7 . 7 
	Lading Equipment 
	37% 
	1% 

	TR
	TOT.~L 
	100% 
	1OOa,o 
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	EXHIBIT ID-3S ANALYSIS OF COVARIANCE OF DOOR REPAIRS PER CAR DAY* 
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	Virtually all of the car leasing company's interior repairs are classified as lining and a negligible number are classified as floor repairs or as repairs to lading equipment. All of the program repairs for the car leasing company (not included in the above distribution) are classified as floor repairs . The analysis here is performed on the total car interior maintenance activity. 
	Car interior repair activity should vary with utilization, but more with time than with mileage. Naturally, the most important factor to explain the variation in repair activity is the type of car . 
	Exhibit III-36 presents an analysis of covariance of car interior repair per 1,000 car days for the r ailroad . The analysis shows that car type is a highly significant factor, as anticipated. No repairs were reported for hoppers (hoppers do not have interiors). but gondolas have the highest interior repair rate of all cars. Equipped box cars also have a very high rate of interior repair. one which is significantly higher than the rate for unequipped box car s . If adjusted for car age , the difference is 
	The analysis shows that older cars g~nerally have a higher rate of interior repair than younger cars. For the car leasing company, interior car repair is significantly correlated to age (correlated 22 percent), while the correlation for the railroad data was positive but not significant (correlated 3 percent). This is reflected by the positive beta coefficient for age, which is not statistically significant. Interior repair rate generally increases ·.dth car age, but cars in the 15-20 year age group have 
	Based on the car leasing company's data. the geometric relation obtains: 
	Car ,\ge 
	-.020 0-5 years .085 5 -10 years log (CRB7) = 1. 64 + 
	.155 10-15 years .115 15-20 years 0 20· years 
	Figure
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	EXHIBIT ill-36 ANALYSIS OF COVARIANCE OF CAR INTERIOR REPAIRS PER CAR DAY* 
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	This r elation implies: 
	CRB7 = A (TCDAYS)O • 2
	7 

	where: 
	Car Age (Years) 
	0-5 5-10 10-15 15-20 20+ intermodal .216 .240 .257 .247 .220 
	Car T.z:pe 

	A = 
	A = 
	autorack . 188 . 208 . 224 . 215 . 191 other .190 . 2 11 .227 .218 . 193 

	:.'-J'ote that car miles does not enter into the regression . This is reassuring since . given the number of days in service for a car. the number of miles traveled should not affect the incidence of interior repair. The number of car loadings is probably an important factor. but this statistic is not available. Since car loads are related more to car days than to car miles. this is additional evidence supporting the relation. 
	The geom~tric relation implies that car interior maintenance is partly attributable to utilization of the car and partly fi,,ed. For a 10 percent increase in time utilization , there is a long-run increase of 2 . 7 percent in maintenance activity. On the other hand, two comparable cars, used for the same number of days but with quite different mileage. should incur th~ same interior maintenance activity according to the relation. 
	To assess the average interior maintenance activity per car oa_v for the car leasing company. the following relation is estimated: 
	Car T;tee 1.2 19 
	l 
	Stee l 

	intermoda l l 
	CR87 1. 000 = 0.517 autorack car da,vs o . 669 other 
	1

	R2 = 8 percent 
	Step 2 intermodal l 
	l 
	Car T,Ype 
	0 .866 

	CR87/l ,000 = 0. 221 autorack + 0. 034 (AGE) 0.345 other (0 .0054) 
	car days 

	= IO percent 
	R2 

	III. 80 
	The car type an~ age variables are highly significant. Note that the car miles variable does not enter into the ~egression as before. 
	Analysis of Car Exterior Maintenance 
	Car exterior maintenance includes activities associated with repairing crossovers, brake steps , ladders, roof hatches, underframes, and side. end . elope, and r oof sheets . The observed distribuuon of car exterior r epair a c tivity differs for the two firms, as shown below: 
	DISTRIBUTION OF CAR EXTERIOR REPAIRS 
	Car Leasing Exterior Repair Company 
	Railroad 

	8. l Crossovers. Br ake Steps , Hand Holds , Ladders, etc . 12% 
	29Q!o 

	8.2 Painting, ACI, etc. 24% 82% 8 , 3 Side Sheets 150-0 0% 8 .4 End Sheets 5% 0% 
	301,} o.ro
	8 . 5 Roof Sheets 
	8.6 Hopper Outlets and Roof Hatches 5% 0% 61J'."o
	8. 7 Underframe 14% 
	8.8 Miscellaneous 4% 0% 
	8 .9 Slope Sheets l "'o Total 100% IOO'"o 
	0% 

	The immediate distinction between the two firms is explained by the different mix of car types. Since all of the leasing company's cars are t1at cars , they cannot have repairs to side, end, roof, or slope sheets, or to hopper outlets and roof hatches. Most of the reported exterior repairs for the car leasing company are CRB r epairs. Program repairs are more evenly distributed to the three active repair codes listed in the table (8 .1. 8. 2. 8. 7). 
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	Like car interio_r repair activity. car exterior repair activity should vary witil utilization but is more related to time than to mileage. Exhibit IIl-37 presents an analysis of covariance of exterior repair activity per l .:>00 car days, based on the railroad's data. The analysis indicates that both car type and car age are highly significant factors . This contrasts with the ana lysis of interior maintenance. which does not show a statist:...allv significant re lation between repair activ: ty and car ag
	As expected. gondolas have the highest rate of repair. !\.lost of the spot painting occurs for gondolas and hoppers, but program painting occurs !or all car types. Side sheets may deteriorate with agf: for the hopper cars , but box cars are less susceptible. On the other hand, end sheet damage due to internal stress is possible for box cars and gondolas. The most common exteri-:>r repair for the railroad (Repair 8 .1 on the table) occurs so:newhat randomly. Most of these repairs should relate more to time t
	Based on the car leasing company's data, the geometric relation obtains: 
	-.475 0-5 years -.176 5-10 years 
	Car Age 

	log(CRB8 ) = -3.8-l+ -.116 10-15 y ears . 033 15-20 years 0 20.,.. years 
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	al l + -.5-l5 a1.1to1ack 0 Otnc r 
	l 
	inte rmod

	+ 0.614 log (TCDAYS) + 0, 138 log CTC:\IILE) (0 . 1265) (0 .0724) 
	2 
	R

	= 15 pe:-cent 
	This relation implies: C RB8 = ..\ (TCDAYS)0 where: 
	intermodal 
	Car Ty~ 

	A = 
	autorack other 
	· 6 1 (TC i\tILE)O . l4 
	· 6 1 (TC i\tILE)O . l4 
	· 6 1 (TC i\tILE)O . l4 

	Car Age (Years) 
	Car Age (Years) 

	0-5 1.03 0 . 78 1.34 
	0-5 1.03 0 . 78 1.34 
	5-10 1.39 1.05 1.80 
	10-1 5 1.48 1. 11 l.91 
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	20... 1.66 l.~5 2 . 10 
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	EXHIBIT ill-3i ANALYSIS OF COVARIANCE OF CAR EXTERIOR REPAIRS PER CAR DAy• 
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	To assess the average exterior maintenance liCtivi ty per car day for the car leasing company. the following relation is estimated: 
	Step 1 
	Car TiEe 
	2 .78 al l CRB8 / l,000 = 1.60 autorac!k car days 3.12 o ther 
	intermod
	}

	l 
	= 7 percent 
	R2 

	Step 2 
	Car Tiee al! 
	l 
	1.40 
	intermod

	CRB8/ 1, 000 = .44 autorac.k + 0 . 134 (AGE) 
	0 

	car days 1 . 85 other (0 .0105) 
	R2 = 1-+ pe r cent 
	Step 3 
	Car T_x:ee 
	Car T_x:ee 
	al ! 
	l
	O.44 
	intermod

	CRB8/ l,OOO = -0.20 autorack + 0.135 (AGE) = 0. 0006 (TCMILE) 
	1.46 other (0.0 104) (0.00015) 
	= 15 percent 
	R2 

	In contrast to the analysis of interior maintenanc e, car miles enters as a significant factor in both relations , even though mileage is not as ,mportant as car days. The effect of age is highly significant, though less dra:ciatic than the railroad data indicate. The relation shows that. genera lly, ot:ier types of cars have the highest rate of exterior repair and autoracks have tne lowest rate. For inter or repairs, intermodal cars have the highest repair rate. Thus, there is no clear relation between int
	The geometric relation indicates that if car days are held constant. a 10 percent increase in car miles yields only a 1 .4 percent increase in repair activity . For a given number of car miles, the relation predicts a 6.1 percent increase in repair activity for a 10 percent increase in car davs. Jn total, the result implies that three-fourths of exterior maintenance activity is variable with utilization. 
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	Analysis of Special .Equipment Maintenance 
	Special equipment maintenance includes activities.associated with repairing refrigeration equipment. trailer-on-flatcar (TOFC) equipment. and automobile racks. Special equipment repairs are very infrequent for the railroad and the observed distribution of repair activity differs for the two firms as shown be low: 
	DISTRIBUTION OF SPECIAL EQUlP:\IENT REPAIRS
	. 
	Special Equipment Repair Railroad Company 
	Car Leasing 

	9.1 Refrigeration Equipment 0% O"'o 
	9 . 2 TOFC Equipment 0% 98aro 
	9.3 Automobile Equipment 68% 2ar? 
	9.4 Miscellaneous 32% 0% 
	TOTAL 100% 1000 
	01

	There are no refrigerator equipment repairs. since the railroad leases all its refrigerator cars from a firm which maintains them. The railroad's refrigerator cars, acquired by merger, are either not used or have their motors removed and are used as insulated box cars. 
	The automobile equipment category for the railroad (which concerns racks on box cars which secure automobile parts) comprises the majorit:: of special equipment repairs . Virtually all special equipment repairs for the car leasing company are repairs to TOFC equipment since the autoracks are o·.\·ned by the railroads. Special equipment activity is strongly dependent on the type of car , since not all cars have certain types of special equipment. 
	The maintenance activity on special equipment should logically depend to a greater degree on time than on mileage. Exhibit III-38 presents an analysis of covariance of special equipment maintenance per l,000 car days for the railroad. Car type is a highly significant factor. since box cars a:-e the only cars for which repairs are reported. 
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	EXHIBIT ffi-38 
	ANALYSIS OF COVARIANCE OF SPECIAL EQUIPMENT REPAIRS PER CAR DAY* 
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	A similar analysis is performed for the car leasing company's da ta by regression: 
	Step 1 
	,ree intermodall 
	l 
	Car T
	3 . 58 

	CRB9/l ,000 = 0. 11 autorack car days 0 . 06 other 
	= 60 per cent 
	R2 

	Step 2 
	Car T,r:pe 
	2 .95 
	l

	al l CRB9/ 1,000 = -0 .42 autorack + 0.061 (AGE) car days -0 . 52 other (0 .0071 ) 
	intermod

	= 61 per ceut 
	R2 

	Step 3 
	intermodal l
	Car Trpe 

	2 .09 
	l

	CRB9 I 1,000 : -1.02 autorack + 0. 062 (AGE) car days -0.88 other (0 .0070) 
	+ 0.00056 (TCMILE) (0 .00010) 
	2 
	2 
	R

	=61 percent 

	The relation implies that intermodal cars have , by far , the highest special equipment repair rate. Older leasing company cars also have a (statistically significant) higher rate of special equipment repair. Trailer hitches of older cars are of a different design. 
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	An interesting implication of the relation is that mileage affects maintenance activity controlle d for car days . This hypothesis is examined further by estimating the geometric relation with the car leasing company's data: 
	Car Type 
	.866 intermodall
	I

	Log (CRB9) = -8.209 + -.~30 autorack + ot her 
	Car Age 
	Car Age 
	Car Age 

	. 001 
	. 001 
	0-5 
	years 

	. 132 
	. 132 
	5-10 
	years 

	. 236 
	. 236 
	10-15years 

	, 264 
	, 264 
	15-20 years 

	0 
	0 
	20+ 
	years 


	+ 1 .023 log (TCDAYS) + 0 . 182 log (TC MILE) (0. 1368) (0 . 1027) 
	2 
	R

	= 32 percent This relation implies: CRB9 = A (TCDAYS)l .0(TCMILE)O. lwher e: 
	= 32 percent This relation implies: CRB9 = A (TCDAYS)l .0(TCMILE)O. lwher e: 
	= 32 percent This relation implies: CRB9 = A (TCDAYS)l .0(TCMILE)O. lwher e: 
	2 
	8 


	Car Age (Years) 
	Car Age (Years) 

	Car Tie e 
	Car Tie e 
	0-5 
	5-10 
	10 -15 
	15 -20 
	20+ 

	A 
	A 
	= 
	intermodal autor ack 
	6 .48 2 . 39 
	7 . 38 2 . 73 
	8 . l 9 3 . 03 
	8 .43 3 . l l 
	6 . 47 2 . 3D 
	X 
	10 
	-4 

	TR
	other 
	2 . 72 
	3.11 
	3 . 45 
	3 . 54 
	2 . 72 


	The geometric relation confirms that mileage is an impor tant as;:,ect of utilization affecting special equipment maintenance activity. [n total, the relation predicts that a 10 percent increase in utilization (time and rr.::eagel yields a 12 percent increase in special equipment activity. With s1..ch an increase in maintenance activi ty . about 10 percent is apportioned to t:~e and 2 per cent to m ileage. 
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	SUMMARY 
	The analysis presented in this section has illustrated a methodology to determine the relations between car system or component maintenance activity and car descriptive and utilization factors for costing purposes. This summary subsection discusses: 
	. implications that the findings from railroad and leasing company data may have for other firms; 
	statistical considerations of car sample size and required time 
	span for car histories; and 
	. the feasibility of implementing this methodology for a rail fi rm . 
	Summary of Findings 
	The specific relations developed for each component group confirm a 
	priori judgments concerning the causes of maintenance consump!:on . In most 
	cases, both a geometric relation and a relation based on repair per car day ·or per car mile were estimated. Depending on the particular application. one 
	or the other of the forms is appropriate for the costing methodology . For 
	example, the repair per car mile relation is appropriate for a "fully distri
	buted" cost , while the variability estimated from the geometric relation can 
	be used to derive variable or incremental cost. 
	Exhibit III-39 summarizes the relative importance of factors explaining maintenance activity for the two firms studied. The exhibit indicates the high degree of conformity of these two very different firms. For most ::ar systems, older cars experience a higher rate of repair. The only except10ns are the door, car interior, and special equipment systems for the ra 1lroad. Car systems located physically below the truck experience a repai r rale that is only moderately influenced by car type. However, above t
	For most component groups. both time and mileage utilization effect maintenance activity. Mileage is the most crucial factor for component groups physically below the truck except for the draft gear systems. Ti:r.e utilization is the most crucial factor for the draft gear system and for components physically above the truck. It is anticipated that other rail firms .vould i?xhibit similar behavior with minor exceptions. 
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	EXHIBIT ill-39 
	RELATIVE LI\IPORTANCE OF FACTORS EXPLAINING FREIGHT CAR MAINTENANCE ACTIV ITY 
	CA!l SYSTEM 
	CA!l SYSTEM 
	CA!l SYSTEM 
	FACTORS 

	DESCRIPTIVE 
	DESCRIPTIVE 
	UTILIZATION 

	CAR TYPE 
	CAR TYPE 
	CAR AGE 
	TIME 
	MILEAGE 

	Brakes Draft Gea r Truck Bearings and Axle Wheels Doors Car Interior Car Extenor Special Equipment 
	Brakes Draft Gea r Truck Bearings and Axle Wheels Doors Car Interior Car Extenor Special Equipment 
	L M L M L H H H H 
	M H/M• H H H NS LIM H NS/M 
	M M L M NS M M H H 
	H L M H H L NS M L 


	KEY 
	KEY 
	KEY 

	Level of lmp0runce: 
	Level of lmp0runce: 
	H 
	hifh o, vwy high 

	TR
	'4 
	medium 

	TR
	low 

	TR
	NS 
	not lltntficam 


	• High for railroad/medium force, 1Nlintcompeny 
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	A comparison of the separate relations developed for the railroad and the car leasing company supports the application of this methodology to other firms. The coefficients will change , of course. as will the relative importance of factors in the relations for each firm to which the methodology is applied. However, the same procedures employed for the firms in this study can be used to develop relations for other r ail firms. 
	Some refinements to this methodology may be possible in the future . If reliable statistics on car loadings, classifications. and-so forth are available, these statistics could be used in place of ti me and mileage. The potential benefit would be a greater explanation of maintenance activity, but a costing methodology based on these relations would require more detailed information to apply. A greater explanation of maintenance activity could also be attained with a longer time span of car histories. If thi
	Statistical Considerations 
	Before developing freight car maintenance relations for a :i r:n , the time span of data collection and the car sample size must be decided . The former question is the most critical statistical consideration. 
	This study illustrates results based on a very short time interval fo r the railroad (7 months) and an intermediate time interval for the car leasing company (3 years). For practical applications. the time span of data collection preferably exceeds 3 years. 
	As noted, a longer time interval of data collection enables pa :e rns to form between maintenance activity and utilization. Relations bet·.~·een main tenance activity and utilization are more difficult to observe witl:::1 short ti:ne intervals, especially for components with average maintenance cycles that are long in relation to the sample interval. Thus. the appropriate time interval depends on the average maintenance cycle of the car components being studied. For example, a much longer interval than 3 y
	-

	The second statistical consideration. car sample size. is addre ssed oy a two-round sampling strategy. In the first round, a convenient-siz ed random sample of cars is used to develop suitable car maintenance relauons. Based 
	111. 91 
	on these results, a .second-round sample size is determined to achieve satisfactory statistical precision. The second round is optional, since the precision objectives can be attained, in some cases, with the first-round sample. The sample selection strategy is detailed in Appendix B. 
	Implementation 
	Assuming that data collection and data processing efforts are feasible, applying this methodology successfully involves additional personnel and computer resources over several months. The level of effort depends on the depth of the analysis performed and the skill and experience of personnel applied to the project. 
	Although most analysis of maintenance activity was performed at a c omponent group level in this study, either a more or less disaggregate approach is possible (e.g.. maintenance relations could be developed separately for each car component). The particular level of detail (or disaggregation) of maintenance ac tivity determines the amount of effort required to develop the relations. Thus, maintenance activity should be analyzed at a level appro priate to the detail of the costing methodology. 
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	IV. CAR REPAIR FACILITIES 
	Exhibit IV-1 is a diagram of the car repair p rocess. Although tn1s process is basically the same for all shops at the level depicted by tne flow chart, the actual performance of repairs can vc1ry greatly frum shop tu shop. This variance can be attributed to, among othtr factors. the type oi repair being performed and the staffing , facilities, phys-1cal structure, ana equipment of the individual shop. 
	REPAIR CATEGORIES 
	Three general types of repairs were being performed by the cc1r repair shops visited: running: periodic repairs, ught repairs. and heavy repairs. These types can be separated by the level o f eifort, time. skill, and 1::qu1pment required to complete the repair. At the lower end of the spectrum are running/program repairs, which require a of equipment and often entail merely changing out a component. These repairs may inc1uae replacing brake shoes and air hoses and periodic inspections such as a COT0i.S (c
	m1m.::.um 
	i\.lak.:.ng 

	The five shops visited perfor m one or more of these types oi :-epairs. The shops differ in the type of equipment and fac1i1ti~s they pu!;stss and in their methods of performing the repairs . Some of these diflerence:> a re summarized m Exhibit lV-2. The shops selech::a comprise a wu !y r~prest:ntative cross-section of the participating railroao's car repair shop;; .n terms of the kinds of repairs they perform and their agt's, loc:.auons, unc i::4uiµ ment. 
	Shop A 
	1s located in a :naJor freight facility. Three tracks are used fur repair wu rk; howevt:r. ·.-.ni::tl re1s no covered enclosure ;.,rotecting these tracks, so all work 1s perfor med in full t'Xposure tu the ·.~eatht:r. The only building on the premises i::. ustd for paper work, office space. and a storage area fvr materisls that cannot bt: :;lured outdoors. T!1e .,.no;:> 1s 
	Shop A is the smallest of the five facilities and 
	placement is limited to one track . There 
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	located between a mainline and a classification yard which limits room for expansion. (The shop tracks are, in fact, part of the yard.) Despite the lack of sophisticated facilities or equipment, this shop meets the anticipated (budgeted) performance standards established by the railroad. 
	Shop B 
	Shop B, by comparison, is a relD.tively new fadlity . The enclosed car repair shop covers three tracks with builL-in floor Jacks on the center tr ack. A transfer table located outside the shop at the incoming e nd allows some flexibility for channeling cars with particular repairs to a special track. although the mix of repairs often makes that impossiole. The shop 1s located adjacent to a hump yard, which impacts the types or repairs the shop must complete. Many of the repairs performed (such as straighte
	Shop C 
	Repairs at Shop C are made largely to automobile pool cars, ana many carmen are assigned to work at pool docks or auto loading docks where such cars are used. The shop itseld is enclosed. but the construction oi ~ne build
	ing does not make adequate provision for free movement ot forklit't t:-ucks 
	and 89-foot cars cannot be worked on without leaving the doors optn. Shop C perfor ms only running/periodic and some light repairs, and heovj· repairs are sent to larger facilities . One problem interferes with a smooth :low of cars through the shvp--there is not much room on the outgoing tr acks to store completed cars . As a result, cars get backed up and work must be done outdoors if a switch is not provided in a timely fashion . 
	Shop D 
	Shop D comprises several shops, whi~h gives the facility the capaollity to perform a wide range of repairs . Heavy repairs are performed, as .\ ell as running/periodic and light repairs , although the two types of repairs a.re physically separated in different buildings. The lighter repairs are perfurmed in an enclosed building containing two through tracks. with two storage tracks on the inbound side and one on the outbound sidt. The running; perwa~..: dnd light repairs at Shop Dare usually made on cars th
	tem . 
	:\lany materials used in the car repair process are bulky and htavy anti cannot practically be stor ed in proximity to the car repair location. \Vheel 
	IV. 4 
	sets, for example ,. are both large and heavy . The wheels are usudlly stored outdoors because space is needed both for st•Jrage and tor maneuv~r1ng tht forklift trucks which move a set of wheels to the car being repairtd. Replacing a set of wheels therefore involves getung a fork lift truck going outside the shop, and retrieving the wheels. The proximity of tht ,heels. or any other materials, to the car repair location affectc, the t1me requ1rtd to complete a repair. At Shop D, m c1.terials ar-e stored cl
	Shop E 
	Shop E also has the capability to pertorm all three types oi repairs. The running/periodic and light repair shop has three tracks . but tht outlding nousing them is quite short and narrow, making it a1fficult to accommodate cars. Because it is located close to a hump yard, much of the repair worK is hurnprelated. Repairs which cannot be completed at the rip track canoe pertormed at one of the other shops, so there is no need to patch heavily camaged car s 
	for forwarding. 
	FACTORS AFFECTING EFFICIENCY A:'-D VARIANCE 
	The differences noted in Exhibit IV-2 and in the discussio,s nave a considerable impact on the efficiency and variances in the repair process. The types of repairs (running/periodic. light, or heavy) and tne :nix ul repairs (bad orders from through trains versus hump-related damage) ar-t:: 1mpurtant variables, particularly as they affect the ume it takes to complete a repe1ir . Because the work is not of a standardized nature. the carman must use his own discretion in deciding how to effect a repair. There
	-

	Another factor which accounts for part of the differences oet·.\etn shups is the personnel , As pointed out, carmen must use their own ClSLreuun 1n carrying out most repairs. The number of personnel, their experience. ,, u rk 
	IV. 5 
	habits. superv1s1on_. and r esponsibilities (as well as the physical facturs such 
	as equipment, facilities, and materials) impact the time it takes to oo ca Job 
	and the variances that are observed. 
	FACTORS AFFECTING MAINTENANCE 
	The railroad studied by the project team has :naintained high equipmtnt c1 bc1d order ratio of less than 6 percent. Several factors influenced this high level of maintenance beyond the basic r equ1rement of an adequately maintoined supply of equipment. They include corporate pro11tab1hty, the 10r particular car types, new car investment. anu th1:: desire to maintain a stable workforce and minimize unit repair costs. 
	maintenance standards for many years and has consistently ma1nta101::d 
	der.~a.nd 

	At the railroad studied, budgets and expenses for running repairs ore not distinquished between repairs to foreign ana system cars. All freight car repair expenses are debits to a single account. This accounting proc ttce confor ms to the Interstate Commerce Commission L:nifurm System oi Accounts. which is used by all Class 1 railroads. Railroads :nake no effoct to apply foreign CRB receipts as credits to expenses at the individual shop 11::vel. A.AR standard costs do not, in general, reflect ac tual cos
	parttci;.ar 

	The railroad nas begun to make a comparison ot AAR stanauro ~vsts c:jnd actual labor and material charges for freight car running repairs. This comparison has indicated that total actual labor and material cost (sys,1::m ...nd foreign car ) exceed total costs at AAR standard r ates. The compor1son, however. can be made only on a total running repair basis for foreign o:lU syst1::m cars since, ·.vhlle full CRB procedures are in use for both systerr. and tureign <:ars repaired in the railroad's fac1lit1es, 
	6

	AAR CAR REPAIR BILLING PROCEDu HES 
	Svstem Repairs to AU Cars 
	The sample railroad has an efficient computerized CHS syst1:::r. . This system captures both on-line repairs to foreign equipment ono u11-.,nt: r1::pairs to system equipment. as well as all on-line r epoirs to syste:-r. ~4u1pm1::nt for both light and heavy repairs . 
	n·. 6 
	The AAR CRB ~odes and re quired information are used to re cora the ma jority of repairs at over 120 of the railroads repair points. Exn101 t 1V-3 shows both sides of the Original Record and Repairs form used fur recording the majority of repairs. The only additional field for ms usea are o supplemental wheel and axle form used to record additional 1nJormd t1on required 1n these areas and a train yard repair form used to record group billdble rtpc1u•s that are performed without switching the car out of th
	Exhibit IV-4 is a process flow chart showing the flows of the maJOr c:omponents of this system. 
	Repairs to System Cars 
	The railroad's system captures all repair costs on railroa d-owned ~quipment. Foreign road repairs to owned equipment enter this system as the foreign road bills are received. Re pairs made by the railruad enttr thrt1ugh the completion of field forms at the repair points. It should be notec that tht: railroads heavy and wreck repairs also enter this system . This 1s acco mplished through use ot the AAR CRB codes, s upplemented by CHB-typ~ codes which will be designed by railroad personnel to cover wo rk 
	Program repairs will also be captured by the system for inclusion in tht Car History File and the Shop Perfor mance System. All program repairs have a standard bill of material, completed by the tore man, l1st1r.g tne ma terial that wil! be applied to each car and the amount of labor re4u;rt:u to dµp1y such material. As each pr ogram repair car 1s relt:astd from the-;:;nup, tht into 11s Car History _File. 
	repair infor mation is inserted 

	If any repairs are made to an individual car beyona program r~pa1rs , they are reported on the standard repair form (Orig10al Hi:-curd u; rlepairsJ. 
	The Car History File is designea to compile and c:ategor1z1:: r~pu1rs p~rformed on-and off-line to owned fr eight l:ars . The ra druad's sy.:itt:r:1 pr uv101::s a data bank which can be used to: 
	. support the bills payable to auo1 t funeuon; 
	. support techn-1cal and prof1tab1hty stu<.J1es; 
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	V. ACCOUNTING PROCEDURES 
	The description of accounting procedures presented in this section reflects the information system used by the railroad that participated in this study . Employees in the railroad's Mechanical Department record their hours on a daily time card (Exhibit V-1 ) by function code and work location code. The separate function codes to which labor hours are charged are subs --ts of ICC accounts. Separate function codes have been established for repairs done in shops, for r epairs in train yards. for dismantling eq
	Functional Account Pr imar y Included in Column 1 Description 
	Account 

	314 206 Inspecting freight cars 314 219 Repairs to cabooses 314 235 Regular maintenance to freight cars 314 240 Periodic lightweighting 314 291 FRA periodic inspection 327 407 Regular maintenance to work equipment 402 452 Servicing work equipment 314 269 Oil and lubrication 402 272 Servicing freight cars 402 273 OF equipment repairs and equipping cars 402 782 Adjusting lading 
	A Labor Function and Material Repor ting Manual is supplied to all employees in the Mechanical Department. This manual includes a descr iption of all activities included under each function code. In some cases. wor :< is perform ed at a specific location under a specific shop order number. This sr.op or der num ber accompanies the function code on the employee's time <:ard and implies a specific activity at a specific location. These for ms are submittea to the appropr iate clerk in each shop and input i
	FUNCTIONAL HIE RARCHY 
	A functional hierarchy has been estaLlished that combines the :nd1vi dual function codes into groups of functions at sever al levels cf aggregation for reporting purposes . In this hierarchy. individual function codes are defined as 
	Figure
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	the "fourth fU!1ctional level. " These codes provide the most detailed breakdown of repair activity. At the "budget analysis" level (level three), individual functions that are aggregated into separate labor and material categories are combined into a single line item in the budget . The level of aggregation (level one) summarizes the budget line iterns into even mor e generalized cate
	gories. 
	gories. 
	RESPONSIBIL ITY HIERARCHY 
	In addition to the functional hierarchy discussed previously , the carrier has a hierarchial management structure within each department . Responsibility levels have been developed that show the scope of responsibility of ·ndividuals in the management hierarchy and parallel the corporate organization chart. The narrowest (most localized) area of responsibility 1s identified by a responsibility identification number (R l:"-1). 
	The relationship of the ,·esponsibility levels to the geogr aphical and managerial subsections of the railroad (system , region, division, and te rritory) varies from department to department. Certain departments, such as Finance, operate only at the system level. In the ~Iechanical and Transportation Departments, however, the fourth level of responsibility corresponds to the territory in the maintenance of equipment hierarchy. In the :-:iaintenance of-way section of the Mechanical Department and in the
	RESPONSIBILITY PERFORMAt\CE REPORTS 
	A series of "responsibility performance" reports are generated on a monthly basis to monitor activity at repair points . These a r e s u:-:; r:,arized at the different function and responsibility levels. The shop perfor:nance system summarizes shop activity by function . Each report compares actual labor. hours. and dollars with work function. 
	MATERIAL ACCOUNTING DEPART:vIENT 
	The railroad's material accounting pr ocedures vary both with ~he type of repair facility and with the type of material. ~laterial accounting ::>rocedures in running. light, and heavy repair fac1li ies differ from procedures us ed 1r. car rebuilding programs or new car construction programs. In t!-:e repair facilities, car repair materials and components are classified as either standard or nonstandard materials. Standard :naterials are common components that are repeatedly ordered. such as wheels , axles,
	-
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	system that automatically r eorders the economic order quantity from a supplier whenever inventory levels for a particular part fall below a computermaintained order point. 
	Within the standard material cl assification, items are classified as either select or nonselect materials. Select materials ar e items of relatively high value. These materials make up approximately 80 perc ent of the dollar value of materials used in car repairs and 20 percent of the physical inventory . Because of the relative value of these parts. a perpetual inventory is maintained at the individual stocking points, and each item remains in the perpetual inventory until applied. This determination of
	Nonsel ect materials include items of lower value that ar e not expens ive enough to justify extensive inventory control on an individual basis. Examples include screws, bolts, or pins. These components ar c gen~rally ordered in bulk and ar e carried in inventory at distribution storehouses. They are charged out of inventory when transferreed to other material locations or received directly from vendors . '.':onsele(:t materials are charg'-'d out to the individual shop and the appropriate ICC account at th
	Material usage is not recorded by car number or car serit'S. .\ cnr man requests a component on a charge-out ticket (see Exhibit V-2). 1:··,,n using the store's clerk to aid in the completion of the form. 
	The second major class of materials ar e termed nonstandarc --:,,3ter1als. They ar e usually specially designed or madP to order for a p.irt:rula r application. These items are not charged out to the appr0printe ICC ,1-c,)unt until the shop placing the order actually receives the componPnt or rpred. Inventory controls of nonstandard material ar e conducted without tr.e us<· of a computerized inventory system . 
	For mater ials maintained in inventory, reaching the computer-:-na i ntained or der point initiates the fo llowing sequence of events: 
	. The comp1Jter indicates that the order point has been r eached . 
	•1·11 puter . 
	. The order is placed with the proper vendor anJ entered into 
	-

	. The computer indicates that the material is on or der . 
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	MATERIAL UOCUMENTATION COUIN(; -ALL UOCUM•:NTS 
	Figure
	'1w I-Hl-clnl..il eoi U1e llllY\.reU_, '"'l• &N ~ M I.lie •Acc...U.W-eel-.,,,. are a.-\MI\ u u..-, .,.. 0 1e k-, Le l ..11\lfl'l,_. _. ,.,,....,.... n.... eel--. lndlu\e w. le ..Ult \lie •"-lo.l (.._._..., c.r, • t.c . ), Ule ,,,. •I -a..,.l>l ..-. l" _, u,.. \he~ ., _,. lMh1....i ·-·., eq,.1,..., ...r1t... n.... eel-lJI -·-al.ae lnCuu U.....,.. ..u.ru, Le ~o , ... Ml•rlo.l lt Le 1M
	,..,,.., 
	'""""''-' W• .....,, ,-"4ll rw "-•• eel,_.. w u.. rt,_ •f • ufll ,-._..rt~J•. n.. ~-... '--,i.u ,,. u.. ""u ..i.. 11,e 
	w ...v•'-· 
	,_ w-u-•..., 1.e nu_, \he ,--s,._ ., lllh.,,. ..u .,..., •l.atAI ---""· r.lotr '--l?• """ ,,..,,...,,.. ,-1,_ ~ l orhl h l'!"''l'll, ,...te.. ~'1, 1970. 
	"'-• ,u,...,,.,,, ac,...,,u"' 
	col_.• aro V • ,.,., •" , U &<Ct\l... M h '1a.l •oc-rlt ..... ., "'-""'· 1• 
	..,,, fer urhl,. -..s,.-or\ , ~J T ►•• • ,..._.. wUl w ,...,_ l• IMlrlfi.al -• tourlrllwu 
	..,,, fer urhl,. -..s,.-or\ , ~J T ►•• • ,..._.. wUl w ,...,_ l• IMlrlfi.al -• tourlrllwu 
	or.>ro"'"1t\t ..,ut • -• T>ou hloll cod,. wtll Ille er_...,. In rtla\lo-1tJ11 
	'·,,..,.... N t c•I.-h 64~\f c..U,y. In ro\allMol\i" ,iv.,._, \hit .... ~Ill , eel-. ""°'6J41 Ille,.,.. (¥ U•• 


	_,k , ....,,,u_ ,,..,.....,.,..,.. , J• "-• 
	,. :="•~ 

	l, ~ Cod• : tor trol a \ t 'W .s... Coclo 2 ,.,,. ll&OU"(•• Th ~,..,.,,, tlllt , .,._ lo w.1 l <> M ...... o\ 
	.,.. 
	1. 1.c.c. AC,_,, 
	Rcv1,ed 5/1/74 
	Figure
	. The material is received. and receipt is entered into the computer . 
	• The computer adjusts inventory levels. and the on-order cond1 tion is removed . 
	. An invoice is received from the vendor and 1s entered into the com puter • 
	• The invoice is checked by the computer against the corresponding purchase order. and a receipt is recorded 1f everything checks. 
	. The computer prints a voucher. 
	The computer-maintained order varies for each item based on freauency of usage. cost. expected delivery date. and other factors. 
	:\1aterial usage is closely monitored in rebuilding programs . Before such a program is approved. labor and materia. s costs are estimated :rom a small sample of the cars to be rebuilt to establi4Jh a budget for the progra:r. . As materials are received at shops for use in the program (and costs are incurred) . they are charged out to an account and function code assigned to the rebuild program. Labor hours are also charged to the function code. 
	Figure
	VI. LABOR lNCURRE~CE 
	CONSTRAINTS TO VARYl~G CAR REPAIR SHOP LABOR HOURS 1:-J RESPONSE TO CHANGES IN DE~t.~~O 
	Investigation has shown that repair shop labor hours are not highly var iable. [n other words. the number of labor hours does not respond o changes in output volume in any consistent manner. This behav1or 1s predictable in the short term, since a shop foreman cannot readily adJust his staff to minor variations in demand. Labor hours should, however. be respons 1ve to long term changes in output levels . 
	Estim ates on cross-section data consisting of an average of tl~e series observations for fi ve study shops indicate that labor hour s (and hencP. costs) for these shops vary approximately 45 percent 1n the long run . .~dm1ttPdly, these estimates are the results of analysis performed only to tll..13trate a methodology and cannot be relied upon with :nuch confidence or extrapolated to other shops . The long long -run var1abd 1ty 1 ncica ted does. ho·"·ever. sug gest a failure on the part of car repair shops
	Ultimately, decisions concerning repair shop staffing rest ,·.·h upper railroad managPment. :"-J~vPrtheless. m nagPmPnt riecisions are ::ifluenced by other factor s. Constraints to the ra llroad' s respons i v~ness m:ly e x1s t in one or more of the following ar eas: 
	. labor agreements and work rules; 
	. the nature of car repair work; and 
	• m anagement policies . 
	These areas were investigated to determine whether constraints ex1st and to what extent they explain the railroad's behavior. 
	Labor agreements and work rules specify the amount of nexib!l1ty management has in hi ring. laying off. transferring, or otherwise deter r:1ining the size of the labor for ce in a particular shop. Some of these agreerr.Pnts are 
	Labor agreements and work rules specify the amount of nexib!l1ty management has in hi ring. laying off. transferring, or otherwise deter r:1ining the size of the labor for ce in a particular shop. Some of these agreerr.Pnts are 
	national in scope. while others apply only to individual shops. In most shops. positions from general foreman on down are subject to the labor agreements. 

	Figure
	Figure
	1n only one of the five shops are there noncontract supPrvisors. Al !1ough 
	many crafts and unions are involved, carmen and laborers and their rPspec 
	tive unions are the major organizations dealt with in the shops . 
	Agreements address most phases of ernployment. some in more dPtail than others. Hiring policies specify that the railroad must offer open1ngs o furloughed employees before ''going to the street." ...\ new employee 1s required to pass a physical examination and the railroad has 30 to 60 days . depending on the agreement. to approve or reject the appl iC"ant. Once the appllc t:on is approved. the employee (who must join the union ·.vithin this same tur.e frame\ is automatically subject to the terms and prov1
	-

	Protection had its beginning in 1936 with the \\·ash1ngton Agrei:--T.ent. This agreement Pnsures that employees are not placed in a worse ... ~~;:,io.vment pos:tion as a result of a railroad consolidation. merger. or other 'coordination" between two or more carriers. In 1944 and l '}52. the Oklahc :-:ia and '.':ew Orleans agreements. respectively. expanded pr otection to a:: nual1fied employees affected by &n ICC approved transaction . Regular agr"-e-nent provisions may apply to protected employees: the r
	sp"1f1"-d for furlou~hing both nonprotected and protected employees. Nonpr; f:'cted Prnployees must be givPn 5 working days' notice for an indeterminate :Jr lough. The agreements further stipulate that workers must be furloughed .:1 reverse order <fr om the bottom of the roster) and recalled in sen:.:>r1 tv or
	In the event that a reduc tion in force is indicated. conditions a:-
	0 
	0 
	senioritv 
	~ 
	-

	-
	der. Protected employees can only furloughed under certain cond:· .•Jns ~pe:it 1f certain negotiated "yardstick" condilions indicate that a reduction 1s 1:1 )rder. This condition is usually avoided. since the exact measure is difficult to negotiate. A second condition permits the railroad to furlough employees temporarily for the duration of an emergency. Furloughing employees :o 3djust for changes in demand is subject to a 5-<lay lag because of the nOtll.,, rPquire ment and may not be used at protected
	-
	cified by national agreement. Five working days' notice is suffic:
	0

	-
	An employee's mobility can be affected by agreements in two ways , w1th1n a particular shop and between shops. Within a shop, the agreement lC1ass1fication of work rule) and common practice determine what work Ot:longs to each craft and, therefore, what jobs a particular employee mcty perturm . There are, however, excieptions to this rule wh ch give the ra1lroaa some latitude in staffing. If there is not enough wori<. dl dny location 1or ..1 particular craft JOb, a person of another cr aft can perform the 
	-

	Employee mobility between locations is affected by agreement condiuons pertaining to transfer. Agreements spec 11y conciuons under 'An.ch en1pluyees can be transferred as follows: 
	. The employee must be given 90 days' notice (employees tc :.>t ,ransferred are listed--junior peopl~ are transitrred first) • 
	. The employee must be given the choice of trdnsrerr1ng ur :;~1ng severed • 
	. An employee with more seniority may tr ans1e1· 1n place 01 ::1c Junior employee but may not choose sevei·dnct: 1nst~ad. 
	In either situation (transfer or severanct) , the railroad 1Tiust pay. It th~ worker decides to transfer, the railroad must "makt whole" h1s vr tltr c,,sts involved in moving. If the worker decides to leave, he or sne ge s St:paration pay. Either way, it costs the radr oad to trans1er e,Ylp oy1::c:s . 
	..J mtrger or other "coordination" situation or rrom cond1t1ons such as abancunment uf a point, as specified in a Septer.1ber 1974 agreement. ln sue h a s.:uau un, an employee must transfer, with his or her work . o r loose protection . Th~ railroad must then "make whole" the employee for the movt. Protecuon can last varying lengths of time. depending on the maximum spec1flta oy tnt agree
	As previously discussed, the need for protection can arise frv~ 

	• ment. Protection is prorated according to the length of service; su:r.e pr ottction, however. applies as long as an employee ma1ntc:11ns a relat1un:;n1p wllh the company. The protection agreernent results 1n '3 a1sincent1vt tv tht: railroad to get into the kind of situation to which prottctlon might app._v. 
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	Figure
	Overall, the wo_rk rules and agreen1ents pose some r estric tions on the railroad's ability to adjust its work for ce but do not prevent it from responding to changes in demand. :'-Jonprotected employees can be furloughed wi th only 5 working days' notice and then rehired when demand inc r easPs. Pr o visions pertaining to protected employees are more stringent, but th~y m~rely provide a di sincentive to the railroad in the shor t-term. In the lon~-,erm , the railroad can vary its work force in any way it
	The nature of car repair work is in itself a c-0nstraint which ho! :--.111 road has less leeway to surmount. The rail road cannot control the numb...r of cars or repairs at each shop other than by shifting program \vo rk or br1n{?;1ng c::irs out of storage to repair. Program or s t•.>rage ca rs. ho'-" ever, usu l lly re qui r t more work than most cars. which suggests that t::e number of c-a r:, pr r>('essed may not be an accurate measure of output (a lthough it may be a go,><.: ~e.lsure of demand). Since t
	Since management has the ultimate responsibil i ty for adjust ~~h,1 .vork force, constraints within management must also be cons idered. -:-!'1~ !<1bor force may not be adjusted for small drops in demand, either as :1 ;:P•! ~µ against the t 1mf> when demand wll l pie k up or because rejustify1 n[! , pos1uon creates a larger problem than employing an extra person for a sr. :-period of ti me. These possibilities, however, 3pply only in the short tt-r --:-:. ·.,hen demand can be expec ted to incr ease \\ithin 
	1
	5 
	-
	in the long ter m that the railroad really seems to adj ust its work : 

	ln conelusion. the railroad appears to cope with changes in de~. ::-id in di fferent ways, depending on the time frame of the change. Labor aE!r'':•:!:11t.'nts and work rules allow some flexibility but. in the case of protec eo c-:-::ployees (approximately 58 percent of the total), the penalties involved do no· 1ust1fy short-term action. In addition. the nature of car repa 1r work doP n,)t aid identification and reaction to short-term fluctuations. Finally. :T:d:1~ e-&>ment policies seem to encourage littl
	\"I.-! 
	cope well enough in the longer time frame. There seem to be few long-term constraints on the adjustment of work forces. This suggests that the 45 percent variability is low, perhaps because there were no major demand changes at the shops during the study period. A more comprehensive analysis (encompassing more shops and a time frame longer than 9 months would include some major shifts) might result in a higher indication of variability. 
	THE VARIABILITY OF SHOP HOURS WITH NUMBER OF CARS OUTPUT 
	Regression analysis is used to measure the response of cost to output and to attribute cost to different causes. The objective of this subsection is to illustrate a methodology for determining the long-run variability of labor expenditures with the output of shops. 
	Data Base 
	The data base for this example analysis consists of thP. records of the same five r ailroad repa: r shops over a 7-month period. The data on number of cars output, actual lc1bor dollars, actual labor hc-urs, and summarv statistics are provided in Appendix A. 
	The average wage rate may vary from one location to the next. To isolate this factor, this analysis measures expenditure by the actual labor hours rather than labor dollars, In this way, the true expenditure of shops is more comparable. The actual labor hours are related to the number of care processed by the shop. For this analysis, the number of cars processed is consi dered the r elevant measure of shop output. 
	The individual time series data for each shop reflect the short-term var iation of expenditur e with output. As anticipated, the labor hours are not highly variable and do not respond to minor changes in output in a consistent manner. The short-term percent variable is apparently low, since the shop manager cannot adjust his staff to minor nuctuations in demand. 
	In contrast, the expenditures should respond to long-term changes in output levels, Long-run costs are estimated from cross-section data on a number of shops. The data consist of an average of time series observations for each shop. This is an essential technique to avoid the effects of the "regression fallacy," a potentia11y serious bias which can be caused by costs incurred in one period being entered into accounts in another. The regression fallacy also arises because some !'hops are processing more car
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	Exhibit Vl-1 summarizes the time-averaged cross-section data ivr this analysis. Shop D has a gr-eater expenditure of labor hours per car . Consequently, this "outlier" must be excluded from the subsequent statisticc1l analysis. 
	Derivation o f Cost Formulae 
	The small number of valid data points restricts the analysis to tht: most simple formulae. Any hypothesis on the relation between expendHurt: dnJ uutput must be evaluated on the basis of: 
	• the underlying assumptions of the hypotheucal formula; 
	. the statistical significance of the regression r esults; and 
	. the implications of the results for the ~su mated variab1l1ty 0 1 expenditure with output. 
	This subsection concerns the first of these criteria . The second and third c riteria are addressed in the following subsections . 
	The most simple assumption regarding the response of expenditure to output is that there is a constant change in labor hours per unit of rncrt:ased output, regardless of the existing level of output. This hypothesis translat~s into the linear case: 
	Labor hours = a b (numoer uf cars)
	T 
	or Y = a T bX ln the linear case. the percent variable. or elasticity. is computed: dY X = oX dX Y a+bX Typically. this means that percent variable increases as output 1nc reas1:s . 
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	EXHIBIT Vl-1 TIME-AVERAGED CROSS-SECTION DATA FOR SHOPS 
	Table
	TR
	AYERABE 
	AYEIIABE 
	AYERAIE 

	SHOP 
	SHOP 
	10. 0FCAIII 
	ACTUAL LAIOII NOUIII 
	LAIOII NOUIII 

	TR
	PEii llOITN 
	PfllllOITh 
	PIii CAIi 

	A 
	A 
	524 
	3,071 
	5.J 

	B 
	B 
	1,116 
	1,514 
	5.1 

	C 
	C 
	801 
	3,124 
	4.5 

	D 
	D 
	431 
	31 ,135 
	72.2 

	E 
	E 
	1,412 
	u• 
	Z.7 
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	Another simple _assumption is that a percentage change in car output yields a per centage change in labor hours expenditt1re . Mathematically. 
	dY 
	dY 
	dY 

	Percentage change i n expenditure 
	Percentage change i n expenditure 
	Y 

	Percentage change in output 
	Percentage change in output 
	= 
	dX 

	TR
	X 


	= dY X dX y 
	= Elasticity (percent variable) Thus, this assumption implies constant elasticity or percent variable. The assumption translates into the geometric case: 
	Labor hours = a (number of cars)b or Y = a xb This function can be estimated 10 a linear regression by the transformation: 
	log Y = log a + b log X Both the linear and geometric forms are considered in this analysis . Regression Results 
	This subsection presents the results of regression tests for the linear and geometric cases. As indicated. a greater number of shops is required to provide confidence in these estimates. 
	Exhibit Vl-2 plots the five shops by labor hours versus number of cars output. Excluding Shop D. the least-squares line obtained is: Labor hours = 2 ,454 + l.893 (number of cars) or Y = 2,454 + 1.893 X whicr. is drawn on the scatter plot. 
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	Figure
	Table
	TR
	EXlllDIT Vl-2 
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	Figure
	If Shop Dis inc)uded in the regression, the line obtained is: Labor hours:: 22,181 -14.1 (number of cars) 
	or 
	Y -= 22,181 -14.1 X 
	The dramatic change ;n t.~c Glnpc and intercept of the line indicates the insta
	bility of the results witn a sil'all number of shops. Thus, Shop D is excluded 
	from this analysis (SnoF' D is a heavy repair-shop with a different mix of 
	capital and labor than the other four shops). 
	Exhibit VI-3 displays the scatter plot of Exhibit Vl-2 with the best-fit geometric curve obtained by regression. Shop D is excluded from this analysis also. The regression obtained the relation: 
	Labor hours :: 179.1 (number of cars)•0 
	0
	42

	or y :: 179. l X O. 420 
	Comparing E xhibits VI-2 and VI-3, it is apparent that the two curves are very similar in the range of output for the four shoQS. Exhibit VI--l quant.1ies the comparison with a tabulation of residuals and Rmeasures. in summary. linear and geometric regression explained 25 and 28 percent, respectiv~ly. of the observed variance in labor hours. The remaining unexplained var iance is attributed to differ;~nces among shops or variablc.s not included 1n the . 
	2 
	equat.on

	Variability of Shop Hours 
	Both of the derived relations between labor hours and cars output can be interpreted by establishing the respective elasticities or percent variable . Exhibit VI-5 is a comparative plot of ~ercent variable versus output for the geometric and the linear hypotheses . 
	In the linear case. the percent variable is computed: 
	1.893 X 2.454+1.893X 
	As indicated in the upper graoh of Exhibit VII-5, variabUity increases wi th output. At an average output level of 1,000 cars per month. labor hours are 44 percent variable. 
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	EXIIIOIT Vl-3 
	~f.ATIEil Pl.OT ANU OEST-FIT Gt:OMETRIC CURVE: LAUOK IIOURS Vt:RSUS CARS OUTPUT 
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	EXHIBIT VI-4 COMPARISON OF LINEAR AND GEMOETRIC RELATIONS 
	l 
	l 
	l 
	SHOP 
	ACTUAL HOURS 
	PREDICTED HOURS 
	LINEAR RESIDUAL 
	SQUARED ERROR 
	PREDICTED HOURS 
	GEOMETRIC RESIDUAL 
	SQUARED ERROR 

	TR
	A B C 0 E 
	3,079 6,684 3,624 31,1 JS 3,988 
	3,446 4,699 3,970 -5,259 
	-367 +1,985 -34F --1,271 
	134,689 3.940,225 119,716 -1,615,441 
	J, 191 4,647 3,879 -5,148 
	-112 2,037 -255 --1, 160 
	12,544 4,149,369 65,025 -1,345,600 


	SUMMARY : 
	SUMMARY : 
	SUMMARY : 
	Sundafd Em,r • 1,20!5 hours 
	Standard 1:;,.... • 1,180 ho<lra 
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	~rution• ,SJ 

	TR
	R 
	• 25% 
	R 
	• :ln 
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	EXHIBIT Vl -5 
	GRAPHICAL COMPARISON OF PERCE~T VARl.\J3LE (ELASTICITY) FOR LINEAR AND GEO'.\IETRIC HYPOTHESES 
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	In the geometric case, the estimated elasticity, or percent variable, 1s 46 percent , regardless of the output level. This is depicted in the lower graph of Exhibit VI-5 
	Conclusion 
	The estimated variability for the shops in this analysis is tabulated 1n Exhibit Vl-6. The linear hypothesis and the geometric h.vpothesis yield fairly comparable results for the long-run variability of shop hours . 
	This analysis was performed only to illustrate the use of regression analysis to derive long-run variability. The specific results from this limited sample cannot be extrapolated to other shops. \\'1th a broader cross-section of shops. the methodology outlined may provi de an estimate of the long-run variability of s? .n hour s with number of cars output . 
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	EXHIBIT VI-6 
	TABULATED COMPARISON OF ESTIMATED VAJUABILITY FOR LINEAR AND GEOMETRIC HYPOTHISES 
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	VII. MATERJAL lNCURRENCE 
	MATERIAL USE AND BILLING 
	The AAR annually publishes rules pertaining to the maintenance and repair of freight cars used in interchange service . The AAR Interchange Rules address botn the performance and billing of repa i r s and deal specifically with material use . ivlaterial requirements for particular repairs; specification for the reclamation, reconditioning, and reuse of materials; the dollar amount to be billed for certarn materials: and the penalty to be assessed if the wrong material 1s used are all specified by the rules
	A railroad making a repair to a foreign car is required to record (in addition to general i n fo rmation about the repa1 r ) the following informauon ap plicaole to the use and billing of materials: 
	. condition code -indicates new, secondhand. etc.; 
	job code applied -indicates type of mater1al(s) and/or repa1:work applied t o the car; 
	qualifier -indicates the type and1or manufacturer of the corr.ponent; 
	why made code -indicates the reason a repair was necessary; 
	job code removed -indicates type of mater1a)(s) and/ or repa1:worK removed 1rom the car; 
	qualifier -same as for Job code applied; and 
	respons1b1lity code -indicates the respons1b1hty for repairs made (owner. handling line. etc . ) . 
	This infor mation forms the basis on which it can be determinea ,4•hether "correct" repairs were performed. Corre1..t repairs are specified in the AAR Field ~.lanual of Interchange Rules mainly in terms of what type1s) com ponents can be applied to replace the type removed and what substitutions are acceptable. 
	In addition to specifying what type of materials may be used, the Interchange Rules also specify their condition. The condition code on the repair 
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	record indicates basically five allowaole conditions for materials applied 
	during the repair process: 
	use new material; 
	use secondhand mater ial; 
	use reconditioned material; 
	use owner'', material: and 
	• remove. repair, and replace the same part. 
	Allowable conditions for each category of repair are exhibited 1n Exh1b1t 
	\ 11-1 . The Interchange Rules allow some choice in making most repairs. 
	However. there are several rules perm1tung only new material to :>P .ipplied. 
	New material is usually purchased either from a manufacturer or a distributo r, but it can also be fabricated by the railroad. Railroads rr.av have several reasons for manufacturing or fabricati ng materials: the most common are the use of eXlsting facil111es or investments (such as a founorv1; cost effectiveness (some components may be fabricated less expensive!\· ·han they can be bought); or the unavailability of manufactured parts. The rr.ost commonly fabricated items are safety appliances (such as ha
	Secondhand :naterial 1s obtained mainly fr om scrapped cars. \', ~en a car i:, sent to a scrap dealer, a railroad may mark p11rt1cular component3 which 1t 1,1,ants returned when the car 1s disassembled. Scrap dealers also -5.~lvage ..no liell other usabl~ components to railroads when they cut up a car. Secondhand materials a re also occasionall v obtained from "can.,1balizeo cars. ',\:,en other sources are unavatlable. 
	Hecono111oned material is that which has been removed from a ca:-and repaired or rebuilt by either the railroad or manufacturer. One exa--:iple would be AB valves removed fr om one car for periodic maintenance ,3nd later replaced in another. This differ s from the fourth category above in ·:iat the latter is replaced in the same car from which it was removed. 
	Owner 's material may be in any of the above condiuons except the last. Owner's material is used only when o repair r equires an unusual or atypical mater ial which the repairing road does not stock. When this occurs, the o'A ner is contacted by the r epairing r oad anu r equested to send the ~ateri:il needed to complete the repair. The material might be new, secondh..ind, or reconditioned but that need not be noted on the repair record. Since there is 
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	EXHIBIT VII-I ALLOWABLE MATERIAL CONDITIONS 
	FROM l 977 AAR FIELD MANUAL OF INTERCHANGE RULES 
	NAME OR DESCRIPTION
	RULE NO. 
	Figure
	2 
	3 4 
	5 
	6 7 8 9 10 11 12 13 16 17 18 19 20 21 24 
	25 26 27 30 31 32 
	Air Brah -Periodic Attention COT&S 
	X IDT&S Air Braka ■ nd P■ ru 
	X Air Brak ■ Ho11 
	X Brak ■ B•ms 
	X Br1k1 B..m H ■ngan 
	X Brake B•m Hangan Br■ckt!J 
	X Brake Connacti11n Pins, Hangar Pins or Bolts 1792 
	X Brak■ B■am and Bottom Rod Suppora 
	X Brak■ l■wn, Guida, -Conn ■ ction Rods 
	X BAkl Sho• ■ nd i(ey1 
	X Hand Braka -G11rtd ind Non -G ■end 
	X Couplen, Type Eind Pam 
	X Couplen Type Ell ■nd Pam 
	X Cou_pltn, Type f 1nd Pw1I 
	X Yokes -Type E 
	X Yok• -Type E/f & f 
	X Draft GNn, Carritn and Followtn 
	X Lubricaton 
	X Periodic Lube of Pl111 BNril'I Box■ Periodic LMbt Rolltr Bwlllfl 
	Ptriodic: Lutll 1nd ln&pec:tlon of Trainer Hitch■ Journal Barin91 X Journal 8-ing Wedges X Joumtl Stopa X 
	Ptriodic: Lutll 1nd ln&pec:tlon of Trainer Hitch■ Journal Barin91 X Journal 8-ing Wedges X Joumtl Stopa X 
	X X X X 

	X X X X X X X X X X X 
	X 
	X 
	X 
	X X X X X X X 
	X 
	X X X X X X X 
	X X X X X X X 
	X 

	X X X 
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	EXHIBIT VII-1 (Continued) 
	RULE NO. 
	33 36 37 41 42 
	'13 
	47 48 ~9 50 53 54 57 58 59 ciS 66 67 68 69 70 71 7 73 
	NAME OR DESCRIPTION 
	Joum11Bo• Ltds. Seals and Repair Seils Roller Bearings Roller Bunng Adapter i Frame Keys Wheels Axles -JRNL Axles -Roll er Tru ck Bolsten Truck Side Frames and Separable J RN L BoxH Truck Side Planks Truck Springs Metal Wood Center Sills Side Sills 
	Cushioned Underlrame Oevicas Tra iler Hitch Parts TOFC Bridge Pam Mist. Instruction~ Refrigeration Equipment Misc. Material Lightweighting and Stenciling Cardboards and Receptacles Manufactured Material ACI 
	Figure
	X X X X X X X X X X X X X X X X X X X 
	X X X 
	X X X X 
	X X 
	X X X X 
	X X 
	X 
	X 
	X 
	X 
	X 
	X X l( 
	< 
	X X 
	X 
	X 
	X X X 
	X 
	X 
	VII. 4 
	F\IHBIT\li I (CQnt nut>d) 
	Figure
	NAME OR DESCRIPTION
	RULE NO. 
	'(
	i4 Securtmtflt 75 M1sr Labor X 76 Stra,ghttmng 1ndfor Forge Wald,ng Pins OH Car 
	X 
	X 78 Lumber X 79 Laddtn. l •ddtr Tretds, Handholds and Sill Steps X 
	77 Door and Door Pam X 
	X 80 Pam1,ng fnd S11nc1hng X 81 Tank and Tanlo. Car Rep11n X 
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	often some aelay 1n transporung the materia fr om owner to the repair shop (anywhere from 2 days to a month/ . a car awaiting owner's material wt!! be put on ;,er aiem relief. 
	The dec1s1on to use one rather than another condiuon o f material .s usually based on considerations of convenience, availability. cost , and. of course . compliance with the AAR Interchange Rules. To what extent these consioerauons (particularly cost) affect a dec1s1on depends on the rnformation available to the railroad . 
	Convenience is primarily a consideration in tr.e "repair versus replace" s1tuat1on. \\nen there 1s a backlog of cars at a s::op, the decision :"::dY oe mdde simply to remove a defective part and r eplace 1t. rather than repair ano replace 1t, unless there ar e no replacement parts available. '.:ot only coes th1s save ume when the r epair 1s being r.:ade: the car men can also r etJrn ano repair the component when time permits . 
	As menuoned, the avallabtllly of a replacement part plays a role 1n repair v~r sus replace. as well as in new versus secordhand versus recond1:1oned decisions. A car shop may prefer to use secondhand mater:a:s for a ;,arucular repair, but none may be avallable irom me scr&p dealer. S.T.1Jarly, although reconditioned components might be preferred, it r:-a·· oe impossiole to obtarn them when needed . Although availabil1ty 1s ofter. :,eyond the control of a railroad, it 1s also a matter oi efficient rnventor
	-
	-

	Cost 1,s pernaps the greatest smgle consideration when a railrc .. c can ,.ake an 1nlormed dec1s1on on this basis. For the sa1<e of billing. --::ater ial prices ar t aetermineo by an AAR committee and C"ons1st of an dv-er..,~.. of the ;:,r.ces pa10 oy a v.1r1ety oi railroaas. This r."ethod of pr 1cm ~ rr.ear,; ·hat ,,,.,r-;;e radroaas ar e gorng to be able to buy certain rr.ater1als for lt-ss than ~ ,P olllini:, pr ice im..tKe money); others will have to pay more (lose"':". .,ney,. 1nt varianc!:' 1rom the a
	-
	-

	The four th cr1ter1on mentioned was compliance ·.nth AAR Rules . This actually beco11es a question -ii cost ,.,hen the .\AR olll:n:r ;,roce aures are considered, The computer program wnich ver1ri.,s, pr:c~;,,, and Dills repau· records follows a complicated edit routrne to dewrmint: .\hether 
	lnteri:-~an.ze 
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	a correct repair was made before pricing and billing the repair. If an error in the r epair is detected, a penalty is assessed against the repairrng road for making a w roog repair. 
	While there ar e about 600 AAR job codes . th!:,,P are mor e than~ .000 "couplets. " possible pairs of Job codes appll~d ,.i:1d JOb codes remo\'ed . When the com;:>uter gets a repair record. ll compare!:> •:1e JOb code applied ;ob code removed pair to the 6,000 couplets stored 1n its :---..-mory. If it cannot match the couplet, tt assumes a wrong repair was :r.od.-and assesses the penalty . If it finds the couplet. it checks further lo deter~ .ne whether the v. h_v made code . qualifiers , responsibility co
	The use of di fferent materials varies fro:i-. ra..road to railroa.: .JOO within a single r ailroad over time . This makes It 1rr.po5s1ole to know·;.. !':a, k:nd of materials will generally be used for a partH.:ular repair or cost-specific repairs with a single price . Furthermore , because of the vast ntJ::-:oer of possible materials (6,000 couplets plus .iterations to include the \'a:-1ous condition codes. qualifiers, rPspons1bility codes . and why made codes,. a standard bill of materials for a particu
	:\l ATERIAL ACC01,;:-.1Tl!'-IG 
	;\laterial accounting can be divided into two parts as follows: 
	Determining the cost of materials acquired. This deter mrna1:on raises numerous issues. Should gr oss invoice pr ice. net 1nvo1ce price. or price actually paid be regarded as the basic cost of acquired materials? How should "freight-in " bt added to the cost of materials ? Should acquisition costs 1purchasing and handll:ie costs) be added to the basic cost? What accounting treatment should be accorded storage costs? 
	Determining the part of material cost to be transferred to repairs in process. The cost of mater ials not transferred will oe presented i n the c urrent asse t section of the railroad's balance sheet. Cost of materials destroyed or damaged by forces not inherent in the repair pr ocess should be tr eated as an expense in the statement of repair costs . 
	The methoas for determi:1ing the portion of material to be transferred o r epai rs accounts are: fir st-in, first-out; last-10, first-out; movrng a\'erage; standard cost; and specific cost. 
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	First-In, First-Out 
	The first-in, first-out method (FIFO) assumes that items first received are the first to be issued and that requisitions are priced at the cost at which these items were placed in stock. 
	Last-In, First-Out 
	This method of pricing requisitions assumes that the last items purchased are the first to be used, the balance on hand being priced at the cost of the earliest purchase . 
	Moving Average 
	This method, called the weighted average or running average method by some accountants. is used by those concerns desiring to spread total costs evenly over all goods on hand. To calculate the moving average unit cost, the pr ocedure 1s as follows: 
	Add total quantity received to total quantity on hand . 
	Add cost of materials received to cost of those on hand. 
	Divide total values by total quantities . 
	Average unit cost is used in pricing requisitions and balances on :-:and until 
	new purchases are received, when it is necessary to calculate a new aver age 
	unit cost . 
	Standard Cost 
	Under this method, materials are priced at a predetermined o r standard cost . The accounting procedure for materials under a standard cost system depends upon which of the following methods is used: 
	materials are kept at actual costs on stores cards and priced into the process at standard; or 
	materials are kept at standard cost on stores cards and pri"ced into the process at standard . 
	Jf stores ledger accounts are to be kept on an actual cost basis and requisitions are priced at standard, the stores ledger clerk keeps his recor ds in the usua! manner . but the cost clerk uses the standard prices to charge to production , with the difference between actual and standard cost being handled through a material variance account . 
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	When standard ccsts are used irom the point of receipt on through production, the accounting procedure for the receipt and issue of materials is greatly simplified. Under this method, only quantities of receipts and is sues need be recorded on stores cards. When materials and supplies a re received, the -;tores control account is charged at standard cost, the difference between actual and standard being charged or credited to a material price variance account . At the same time. the quantity received is 
	Specific Cost 
	Under this method, purchases made for particular repairs or programs are kept separate in the storeroom and stores cards are made out ior the specific purchases . When materials are charged to a program or repair . requisitions are priced at the exact cost recorded on the stores cards. This system is employed effectively when nonstandardized units have to be purchased to meet a railroad's specifications. 
	ADJUST!\1ENT OF ACCOUNTS 
	lt is important that unused materials be given appropriate account recognition. The costs of the unused materials. having been included among those costs charged to specified repairs o r programs , are included in the total cost of materials transferred from the materials control account to the repairs-in-process account in the subsidiary ledger. Since these materials were not needed on the job or a repair order indicated on the stores requisition, it is appropriate that their related costs be removed fr
	To serve as the basis for these accounting entries . a returned rr.aterials report is usually prepared. 
	Supplies Used 
	As a general rule. there is a definite distinction between materials purchased for repair and those purchased for supplies. These two gr oups are often segregated. In such cases. control accounts are established in the 
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	subsidiary ledger for materials or stores to record direct m aterials . Indirect materials or supplies are recorded in a supplies control account. Withdrawal of direct materials is distinguished from withdrawal of indirect m aterials by using requisition forms in different colors. 
	Scrap 
	Some accountants (&s well as nonaccountants) use the terms " scrap." spo1 age . mterc
	11 
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	• 1 " "waste. and "b y-products" • hangeably . These terms de-scribe the materials that result from repair activi ties . They are similar in that they are incidental to the achievement of the basic objective of repairing cars; they appear as the inevitable consequences of operations. They a re also similar in that they ordinarily have little value in comparison to the major pr oducts . 
	In accounting for scrap. sound theory would indicate that the value as signed to it should be its "cost." If the scrap under consideration has a stable value in tJ-: J scrap market. thi~ may be used as the basis for making a scrap inventory. thus reducir.g the cost of repair components. Following this line of thought. the cost of scrap to be entered in the scrap inventory and removP.d from the repairs-in-process account or finished goods should be determined by subtracting the expected market value of the
	In job-lot cost accounting, the materials-in-process account may serve as a control account . supported by cost summary sheets for jobs or production orders m pr ocess. Under these circumstances. the detail of the cr edit in the foregoi ng entry must be posted to the individual cost summar~· sheets. 
	If the value of scr ap products is significant and if the quantity var ies iron: Job to Job. it may be desirable to identify the scrap produced oy each job and reouce the material cost of each job by the sales value o f r eiated scrap products . Only in rare cases. however. does this procedure appear to oe Justified. If several program or ders are in process at a given t1:-:-:e (each producing similar or nearly identical types of scrap). it might be difficult and costly to relate the value of scrap pr oduct
	or ders . Under these conditions. the value of the s crap may be regarded as a reduction in the cost of all repair orders. 
	VII. 10 
	Vlll . OVERHEAD INC 
	URREr-.CE 

	Overhead includes all repair-associated costs except direct labor and direct material . It is thus composed of a II repair costs which cannot be tr aced to specific unlts repaired. For this study, overhead cos,s were divided into the three following groups: 
	• lndirect Labor -labor which is not identifiable with a specific repair but which performs a service associated with the r epair facility operations. Th• following indirect labor costs were considered in this study: 
	Direct Supervision -car foreman and assistant, mechanical foreman , and gang leader s who are directly involved in repair of cars. 
	General Supervision -master mechanic, regional mechanical offi cer , general foremen, and supporting office force. 
	All Other Labor -laborers. machi rte operator s. inspectors , maintenance crews (janitors) , and writeup men. 
	lndirect Material and Shop Supplies -includes the cost of mate
	rial and supplies which cannot be charged to a specific unit re
	paired . The following indirect material a nd shop supplies were 
	included in this study: 
	lubricants; 
	fasteners; 
	welding supplies and gases; 
	small tools; and 
	fuel and lubricants for facility-assigned vehicles. 
	Shop Operations -items that keep the shop in working order and support repair shop operations. The following shop operations were included in this study: 
	. water and sewage; 
	VIII. l 
	. electric;ity; telephone; equipment rent; fuel and lubricants for highway vehicles; power plant (if applicable); 
	. shop switching; . stationery and printing; shops and support building; . machinery (includin~ power plant); 
	track; . assigned shop and highway vE.:hicles; . depreciation and taxes on applicable property and 
	equipment; interest on land and building; machinery and track; liability and property damage; and 
	. computer and personnel allocation. 
	TREATME:',(T OF OVERHEAD ITEMS 
	The method selected by participating r ailroads for handling overhead items or components may vary due to indi'l.idual preferences. These meth· ods are discussed below . 
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	Building Repairs and Maintenance 
	Building repairs and maintenance cost are accounted fo r in one of two ways: 
	• Actual costs incurred for repairs and maintenance each month are charged to a building repairs and maintenance cost account which is allocated at the end of each month . 
	A maintenance reserve or allowance account is used. 
	Under both plans, the departmental distribution of repairs and maintenance cost is often based upon the area occupied by each department in the building, expressed as a percentage of total area. 
	Depreciation. Insurance, and Taxes 
	These costs are collected from records under the control of the following general ledger accounts: 
	• accumulated depreciation; . prepaid insurance; and prepaid or accrued taxes . F'ixed charges resulting from the above accounts are analyzed and charged under the proper cost classification. Lejgers for property and plant, insur
	ance, and taxes are maintained in valuation accounting. These records can be used to provide a detailed analysis of the fixed charges for each period. Building Depreciation Cost 
	A property ledger is used to classify shop investment land , buildings, and equipment . This reco rd should show location and cost. with accumulated depreciation. The allocation of building depreciation to departments is based upon three factors: 
	cost of the building; total area of the building; and area occupied by each department in the building. 
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	The cost of the building is obtained from a building and equipment ledger . The total area of each building (and also the area of each department within a given building) is obtained from an AFE or ehop layout showing distribution of floor space . From this information , a worksheet analysis of depreciation can be prepared. This analysis provides the total depreciation charge for each building and the allocation, where necessary. to departments with.in each building. 
	Depreciation of Machinery and Equipment 
	Distribution or depreciation on shop machinery and equipment i s made to the different departments based upon: 
	cost of the equipment; 
	. rate of depreciation; and 
	. location of the machinery . 
	This information is provided by the equipment ledger. A worksheet analysis provides the information v r the departmental expense distribution. 
	Insurance 
	Insurance cost consists of several types of coverage aga!nst losses. The insurance register is used to obtain coverages for equip,nent and facilities. This cost is charged on the basis of the insurabie value of these ite:ns in each department. 
	Insurance cost should be collected with all other costs . to be prorated on a floor-space basis and distributed t o all departments . 
	Workmen's Compensation Insurance 
	Workmen's Compensation and liability insurance cost should be accrued monthly. Distr•bution of Workmen's Compensation i s based upon total shop labor . which includes both direct and indirect labor. 
	Insurance on Machinery and Equipment 
	Distribution of the cost of insurance on machinery and equipment i s based upon the following factors: 
	premium cost; and 
	machinery and equipment cost. 
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	Figure
	The monthly insurance premium co.it on machinery is obtained from the insurance register. The cost of machinery and equipment is obtained from the fixed asset ledger sheets. 
	Building Insurance 
	The basis for allocating building insurance cost is obtained from: 
	. premium cost; 
	total area of the building; and 
	• area occupied by each department in the building . 
	The monthly premium cost is obtained from the insurance register. The distribution is similar to that for depreciation on buildings . 
	Real and Personal Taxes 
	Taxes on buildings a re segregated from those on personal property. Any special taxes levied by county authorities, such as automobile taxes, are char ged as site-specific . 
	Taxes on personal property should be allocated departmentally on the basis of the taxable values in each department . 
	Taxes on machinery and equipment should be charged to the individual departments, according to the valuation percentage of machinery and equipment in each department . 
	The taxes on materials and stores should be charg~d to the stores department. 
	Building Taxes 
	The distribution of building taxes is based on the area occupied by each department in a building, although other bases are possible . Where real property taxes are prepaid, the amount applicable to a given year is available from a Prepaid Property Taxes account. If property taxes are due sometime after the beginning of the fiscal year, the amount of taxes applicable to the fiscal year must be estimated. If land taxes are assessed separately from building taxes, it is necessary to prorate those taxes applic
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	Railroad Retirement 
	Distribution of this cost item can be computed in the same manner as Workmen's Compensation. The payr oll tax rates applicable for a given year are multiplied by the departmental labor distribution totals in order to arrive at the allocation of departmental cost for Railroad Retirement . 
	Shop Office Supplies 
	There are two ways to account for this item: 
	• 
	• 
	• 
	All purchases of office supplies may be charged to an inventory account when purchased. When supplies are needed, they a re requisitioned and charged to the r equisitioning shop . 

	• 
	• 
	All purchases of office supplies are charged as a cost directly to the shop for which the purchase was made . 


	Shop Supplies and Indirect Materials 
	These include the cost of all materials and supplies that are applied directly to the equipment repaired account. The pr imary cost distribution of supplies is made on the basis of an analysis and a summary of the store's requisitions that show the shops to which the supplies were charged. 
	Fuel Cost 
	The purchase c,f fuel may be accounted for by charging the cost either to an inventory account or directly to a cost account . Under the forme r plan , allocation of fuel cost to departments is based upon the quantities consumed by each department using fuel. Quantities used are measured or estiwated. \vhere fuel is charged to cost at time of purchase. the departmental allocation is indicated on the purchase voucher. 
	Gener al Shop Cost 
	Most costs can be identified with a functional division or department. Regardless of how finely a shop is departmentalized, however, there are costs that are general to all departments of a shop. In order to collect these costs, a department or cost-center account entitled General Shop Cost or Factory Service is used. Gener al shop costs are distributed on the basis of departmental use of nonpr oduction supplies . 
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	Scrap Disposal 
	The cost of disposing of scrap may be charged either directly to the department producing the scrap o r to Building Occupancy or Genera l Shop Cost. 
	Indirect Labor 
	ln the broadest sense, indirect labor refers to labor cost that cannot be specifically or directly associated with jobs or products. The distribution of indirect labor cost is obtained from an indirect labor or payroll distribution sheet. indirect labor not specifically identified is distributed on total labor dollars directly allocated. 
	Interest on Investment 
	Whether imputed or implicit interest on investment should be considered a cost of repair is an un settled question. If such interest is to be included, the charge for interest on building investment would be pr orated on the basis of space occupancy, and the charge for interes~ on investment in machinery and equipment would be prorated on the basis of the location of these assets . 
	Utilities (Electricity, Gas) 
	The cost of utilities can be prorated on the basis of meter records of consumption or, lacking meters, on the basis of capacity of equipment and facilities. If a record of the use of equipment is not maintained . the distribution may be performed solely on the basis of the capacity of the equipment and shop. In some cases, using portable meters in each facility for limited periods is an economical method of obtaining an equitable basis for prorating utility costs . 
	Small Tools 
	One of three methods can be used to allocate the cost of small tools . At the time of purchase, such tools may be: ( J ) capitalized in a Small Tools account. (2) charged to Stores, or (3) charged to expense. 
	Capitalization Method 
	All purchases of small tools can be capitalized in a Small Tools a ccount, which is consider ed a fixed asset. Depreciation is applied to establish the monthly and annual amounts to charge off as expense. It is difficult to ad minister this method properly because of the variation in (and the uncertainty of) the service life of many different small tools . Under this method. the monthly allocation of small tools cost is similar to that used for depreciation of machinery and equipment. 
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	Charging to Stores 
	All small tool purchases can be charged to stores inventory. As tools are needed, they are requisitioned and char ged to the proper department . Analysis of the requisitions provides a means of allocating the cost to departments . 
	Charging to Expense 
	Small tool purchases can be charged to expense at the time of purchase. This method is popular because of its simplictty. Analysis 1s made of all purchase vouchers which indicate a charge to the account for small tools. in order to allocate the charges t o the several fac11it1es . 
	Telephone 
	lf a record of telephone calls by facility is kept . telep.,one cost can be distributed with consider able accuracy. In many cases, it is only the cost of long distance calls that can be identified on a facility basis. T,e oasic monthly charge for local service can be allocated on the basis of the number of telephones in the fa.:ility or by means of a special study of telephone use. 
	Water and Sewage 
	When water is purchased from a public utility. the statement :-endered is based on meter readings. If bills are rendered only quarter!/, however. the monthly cost must be estimated. The schedule of r ates prov:ded by the utility company can be used to ascert31n the estimated water cost. 
	FINAL STEP AFTER DISTRIBUTION OF O VERHEAD 
	After all service department costs have been distributed unae:-.vhatever plan may be used, the total service costs a r e entered in the repair department accounts. The repair department cost totals now represent ,he direct department costs and indirect service costs distributed to repair oepartments. 
	These amounts can be used to obtain applicable overhead rates for assigning the departmental cost to r epairs . If predetermined rates are used , the repair department cost totals will be compared with repair charges to determine the amount of overabsorbed (or underabsorbed) departr.1ental over head . 
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	SHOP CLASSIFICATION FOR OVERHEAD COMPUTATION 
	'T'he study team separated the five shops visited into three categories as follows: 
	outside repair track; 
	enclosed repair shop; and 
	. heavy repair shop. 
	Separate overhead rates for each class of shop were developed. In the development of overhead costs. the following ICC accounts provided the nee essary documentation to support the overhead calculation: 
	-

	Shop Machinery -Depreciation 305 (44) Power Plant Machinery -Depreciation 305 (45) Dismantling Retired Shop and Powe::
	Shop Machinery -Depreciation 305 (44) Power Plant Machinery -Depreciation 305 (45) Dismantling Retired Shop and Powe::
	Shop Machinery -Depreciation 305 (44) Power Plant Machinery -Depreciation 305 (45) Dismantling Retired Shop and Powe::
	Superintendence 
	301 
	-

	Shop Machiner y -Maintenance 
	Shop Machiner y -Maintenance 
	302 

	Power Plant Machinery 
	Power Plant Machinery 
	304 

	f-lant l\lachinery 
	f-lant l\lachinery 
	306 

	;\,liscellaneous Equipment -Repairs 
	;\,liscellaneous Equipment -Repairs 
	328 

	Dismantling Retired Equipment Miscellaneous Equipment -Depreciation 331 (58) 
	Dismantling Retired Equipment Miscellaneous Equipment -Depreciation 331 (58) 
	329 

	Retirements -Equipment 
	Retirements -Equipment 
	330 

	Injuries to Persons 
	Injuries to Persons 
	332 

	Insurance 
	Insurance 
	333 

	Stationery and Printing 
	Stationery and Printing 
	334 

	Health and Welfare Expenses 
	Health and Welfare Expenses 
	335 

	Joint Maintenance of Equipment Expenses 336 dr. 337 er. Other Expenses 
	Joint Maintenance of Equipment Expenses 336 dr. 337 er. Other Expenses 
	339 

	Shops and Engine Hottse -Maintenance 
	Shops and Engine Hottse -Maintenance 
	235 

	Tax Accruals -Maintenance of Equipment Shops and Engine House -Deprecjation 266 (20) 
	Tax Accruals -Maintenance of Equipment Shops and Engine House -Deprecjation 266 (20) 
	532 

	E xhibit Vlll -1 illustrates the computation of overhead for the three classes of repair shops. 
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	EXHIBIT Vlll-1 
	SUMMARY OF OVERHEAD FOR 
	SELECTED REPAIR SHOPS 
	A. OVERHEAD INDEX 
	LAIOR COMPONENT 
	NON•LAIOR COWONEJIT OUTSIDE 
	HEAVY REl'AIR 
	HEAVY 
	OUTSIDE 
	UCLOSEO
	Er4 CLDSED 
	REPAIR TRACK REPAIR 
	REPAIR
	REPAIR
	REPAIR 
	REPAIR 
	TRACK 
	SHOP 

	SHOPSHOP 
	SHOP 
	Ovtf'hud ActountJ !1xelud1d Hulth 1nd W1lool 
	Oirtct Supervision 
	3.46 
	4.32 General Su pervision 6.67 
	us
	16.49 
	36.84 
	9.89 All Other Labor 14.45 
	31.24 
	1.76 
	5.06
	4.92 
	18.0433.42 
	7.88 
	-

	14.60
	15.93 
	26.92 
	-
	-
	-

	-
	23.12 
	32.25 Shop Supplies 78.21 
	71.33 
	10.89
	Subtotal 
	37 34 
	37 34 
	20.32 

	30.12 Sh OP O perauons 7.28 
	105.67 
	88.30 Main11n1nc1 27.77 
	27.59 Fiu d Charges 4.53 
	9.86 
	52.39 Insurance 10.40 
	69.76 
	20.06 Car Repair Billing 10.14
	1.63 
	.34 .18 Subtotal 
	--
	--

	.13 
	-

	216.09 
	218.6451.74 
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	EXHIBIT VIII-1 (Continued) 
	B. OVERHEAO FOR SELECTED SHOPS 
	::.:.lumn 5 is the Overhead Rate as a % of Direct Labor Dollen. 
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	EXHrBIT VID-1 (Continued) 
	C. INDl'UCT LABDR AND MATERIAL 
	OVERHEAD CLASSIFICATION I FIXED 
	VARIABLE 
	"VARIABLE 
	co•ENTS 
	Direct Supervi.sion 
	Gen eral S.,pervision 
	All Other Labor 
	Shop Supplies 
	Sh op Operations 
	Car Foreman and Aaistlilt Mechanical Foremen Gang L11den 
	Mutlf Mechanic Regional Mechlnia.1Officer General Foreman 
	Clarial Office Stiff 
	Llbore11 
	Machine OplfflDl1 lnspec:to11 Writt-up Men 
	Lubric1nt1 Fat111e11 Walding Supplia Small Tools Full and Lubrit111t1 
	for F1cilitin Vehicles 
	Water and Sewage ElectricitV Telephone Equipment Rent Full and Lubricants for 
	Highway Vehicles Pow• Plant Shop Switching 
	• 
	• 
	h 
	I 
	I 
	Stationerv end Printing 
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	• 
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	• SN Exhibit IX-3,4.S and 6. 
	VARIABILITY OF OVERHEAD WITH CAR OUTPUT 
	Regression techniques were used to measure the variability of shop overhead costs with output. The te chnical methodology employed is similar to the direct labor techniques discussed in Section V. 
	DATA BASE 
	The data base for this analysis consisted of the records of three classes of repair shops: heavy, modern light. and open light. A description of the general characteristics of these shops can be found in Section IV . Repair volume, which was aver aged for a 7-month pe r iod , was regressed against four shop variables: all other labor. shop supplies, shop operations , and maintenance of the shop . The variables and their indexed dollar amounts are discussed in Section VI. Exhibit VIII-2 indicates the data th
	REGRESSION RESULTS 
	Exhibits VIII -3 , 4, 5 . a nd 6 graphically display the results of the regression analysis . As indicated, a greater time period is required to ;,erform long-run, as opposed to short-run, analyses . 
	VARIABILITY OF OVERHEAD COST COMPONE~TS 
	As shown in Exhibits Vlll-3, 4, 5, and 6, the variability of overhead components with shop output is low or fixed . 
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	IX. COSTING BASED ON THE FRA METHODOLOGY 
	Thoug1 there are a multitude of applications for the results developed in this report. the effort focuses on a costing methodology based on the concept of incurrence and consumption . This section discusses how the analyses of incurrence and consumption can be used for direct costs ...ssociated with "commodity trips . " 
	Two approaches to costing are proposed. The first approach assigns each category of repair to a primary c;:,usal factor. Then the repair costs, determined from the maintenance relationships and standard costs for repairs, a re fully distributed to the factors. The second approach attributes the reported mainter.ance costs for each repair category to one or more ac tivities based on the respective elasticities. This is used to determine the variable cost of a commodity trip. 
	Both approaches are first generalized and then applied to a specific example based on results developed in Section III. The section concludes with a comparison between this methodology and the ICC's regulatory costing methodology . 
	COSTING APPROACH :.NE 
	This approach is based on standard costs for maintenance and the s tatistical relatio1,ships between repair activity and operating statistlcs . A r epair category is assigned to a meaningful operating statistic. For this repair categorJ, the cost per repair and the repair rate per the operating statistic are combined to yield the repair ccc:t r r the operating statisti c . For costing a commodity trip, the relevant operating statistics are deter:nined and applied to the cost rates to obtain the estimated 
	General Proc.edure for Approach One 
	For a given car "description" (e.g.. car type. average car age, tare weight. commodity) the following steps are performed: 
	Step I: Develop the Appropriate Level 
	of Aggregation of Repair Groups 
	All of the various types of repairs should be aggregated in a logical way to form a number of repair groups. The repair gr oup list should be mutuall,> 
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	exclusive and collec_tively exhaustive of the repairs applicable to the car 
	aescription. The repair groups should be at such a level of detail that sta
	tistical analysis can successfully identify the causes of maintenance . 
	Step 2: Develop a Standard Cost per Repair 
	for E:ach Repair Group Established in Step l 
	This step may involve computing a weighted average in some cases. For example, if the car described has any one of a nur.1ber of different types of control vqlves , the cost of control valve maintenance is computed as the weighted average (weighted by the frequency of the valv~ type for the car described) of repair costs for control valves. If the repair group encompasses repairs to different components, the standard cost per repair for the gr oup is computed as the weighted average (by the relative freque
	Step 3: Assign an Operating Statistic to Each Repair Group 
	The operating statistic assigned to the repair group should be causally related to the wear or br eakage of the components. This judgment ~ay be aided by the use of statistical correlati.:>n in conjunction with professional judgment. For example . wheel wear is related to mileage, door da~age is related to car loadings. and coupler damage is related to the nu::r:ber of classifications. In this case. the operating statistics car miles, car loadings, and classifications, respectively, would be assigned. 
	Step 4: Derive Repair Rates for Repair Gr oups and Operating 
	Statistics (.-\ssigned in Step 3) Based on Car Characteristics 
	This ::;tep involves selectin_g a consumption relationship in which ·ne de
	-

	~ndent variable is the ratio of repair group activity and the related cper,ilin~ activity. The car characteristics (e.g .. car t_vpe, car a~e) fire then input as the independent variables. This process yields a repair rate for each repair group. 
	Step 5: Compute Repair Cot:t per Each Operating Statistic 
	Based on Standard Costs p•.:r Repair (Step 2) and 
	Repair Rates (Step 4) for Each Repair Group 
	For example , brake repair cost per mile is obtained by multiplying the cost per brah.e repair by the expected nu111ber of brake repairs per mile. For other repair groups assigned the operating statistic car miles, the cost per mile should also be computed and totalled to obtain the total repair cost per car mile, This process should be repeated to obtain a cost per operating statistic for each operating statistic assigned to at least one repair group. 
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	Step 6: Develop Values for Each Operating Statistic to Represent the Commodity Trip to Be Costed 
	For example , determine how many car miles are travelled, how many car loadings. and so on . The car miles statistic may include empty return mileage depending on the particular application. 
	Step 7: Compute Cost of the Commodity Trip Based on Repair Costs per Operating Statistic and the Values of Each Operating Statistic for the Commodity Trip 
	For example, multiply the repair cost per car mile by the number o f car miles travelled, multiply the repair cost per car loading by the number of car loadings, and so on . The sum of these costs represents the cost for the commodity trip. 
	Costing Example for Approach One This example demonstrates the costing of a commodity trip on intermodal flatcars with an average age of 10 years . The trip is assumed to require 
	3,500 car miles and 20 car days. Step I: Aggregate Repair Groups For this application, the repair groups have been developed as follows: 
	group I -brakes; group 2 -draft gear; group 3 -trucks; group -+ -bearings and axles; group 5 -wheels; group 6 -car interior; group 7 -car e xterior; group 8 -special equipment; a nd group 9 -miscellaneous. 
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	Note that door repair is not included as a repair group since this repair is not applicable to intermodal flatcars. Step 2: Develop Standard Costs 
	The standard costs per repair are obtained by weighting the costs of indi• vidual component repairs. For example. the repair cost per component and the relative frequency of occurrence for the dr aft gear system are: 
	Draft Gear Relative Frequency Cost per Component of Repair 2. l Knuckles 18°'o 2. 2 Couplers 80°'o 2 .3 Yokes 
	Repair 
	S 35 .66 
	$ 91 .53 

	$1➔ 6 -30 
	2 .4 Draftgearandendof-car hydraulics 5235 . 00 Standard Cost S 83 .45 The cost per draft gear system repair is obtained as follows: .18(35.66) + .80(91.53) + .01(146.30) + .01(235.00) = 83 .45 This pr ocedure is performed for each repair group. The resulting costs per r epair by repair gr oup are: Reoair Group Cost per Repair
	I 
	S 41.00 2 S 83.00 3 $431 . 00 ➔ $ 102 . 00 5 S 99.00 6 $ 95.00 7 3 22 .00 8 S 60.00 9 $100 .00 
	4 
	rx. 

	Step 3: Assign Operating Statistics 
	The statistical correlation between group repair activities and car days and car miles is as follows: 
	Repair Group Car Days Car l'vliles 
	Correlation to Repair Activity 

	1 • Brakes .42 .82 
	2. Draft gear •11
	.:11! 
	3. Trucks .04 .06 
	4. Bearing and axles .29 . 40 5. Wheels .23 .36 6. Car interior . 17 .23 
	7. Car exterior . 1 7 
	.:11! 
	8. Special equipment .61
	ill 
	9. Miscellaneous .26 .31 
	For each repair group , either the car days statistic or the car miles statistic is chosen as the primary causal factor, indicated by the scorea numoers. In five cases , car miles was chosen, while car days was chosen for the remaining four groups . Note that in some cases the statistic with the highest correlation to repairs was not the one chosen as the primary causal factor. The choice of factors was also based on professional judgment. For example, special equipment maintenance is more highly correla
	Step 4: Derive Repair Rates 
	The repair rate for each repair group is determ ined from the relations that were presented in Section III. For example . given that car miles is the primary causal factor for brakes, the appropriate relation is: 
	Car type 21 .6 intermodal} CRBl / l 00,000 car miles = 16. 5 autorack + 0.41 ( . .\GE)
	{ 
	22.4 other 
	Thus , for an intermodal flatcar which is 10 years old: 
	CRBl/ 100 , 000 car miles= 21.6 + 0.41(10) = 25 .7 
	IX. 5 
	That is. the intermodal flatcar described is ~xpected to have 25. 7 repairs per 100,000 car miies . This procedure is performed for each repair group. 
	Based on the repair relations for the car leasing company in Section III, the repair rates for intermodal flatcars with an average age of IO years are: 
	Repair Repairs per Repairs per Group l,000 Car Days 100,000 Car Miles 
	l 25 ,7 2 2. I 3 3 0 .21 
	2.07 
	.. 

	5 0 ,96 
	6 I . 2 l 
	7 2 .74 
	8 2.71 
	9 4,69 
	Step 5: Compute Repair Costs 
	The repair cost per car mile and per car day a re computed by multiplying the above repair rates (Step 4) by the repair costs (Step 2) and summing for car miles and for car days. For example, the repair cost per car mile fo r brakes (repair group I ) is computed: 
	($41 per repair)· (25.7 repairs per 100,000 car miles)= $1 , 054 per 100,000 car miles 
	This pr ocess yields: 
	Repai r Repair Cost per Repair Cost per Gr oup I . 000 Car Days 
	100. 000 Car Miles 

	l $1,054 .".10 
	$ 95.00
	5 6 $ 115. 00 7 S 60.00 8 $163. 00 9 $ 46~LQQ 
	TOTAL $515 .00 $1 ,920 .00 
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	Step 6: Develop Values for Operati~g Statistics 
	The operating statistics representing the commodity trip were provided: 
	. car days = 20; and 
	. car miles =3,500. 
	Step 7: Compute Commodity Trip Cost 
	The cost of the commodity trip is computed by applying the above operating statistics to the corresponding cost rates developed in Step 5. This yields: 
	20
	(Repair cost per 1,000 car days) •/. ) + \ 1,000 
	(Repair cost per 100,000carmiles) . /. 3,SOO ) = \100,000 
	515 (,020) + 1.920 (. 03500) =. 50 
	77 

	Thus, the cost of the commodity trip is approximately $78.00 . :'.\ote that this represents the maintenance costs attributable to the trip. Other costs . such as the original cost of the car, are not included. 
	COSTING APPROACH TWO 
	This approach is based on standard costs for maintenance and the maintenance relationships (geometric) developed to estimate the variability (elasticity) of !Tiaintenance with respect to operating statistics. Thus, this approach derive s variable, or incremental, costs. Approach one allocated all 
	of the maintenance expense for a repair group to a primary causal fac tor for that group. In contrast, approach two recognizes that the maintenance requirement within a repair group may be related to more than one 0j)erating factor and, in fact, that some maintenance activity cannot be attributed to operations. Thus. approach two attributes the expenditure within repair groups to related operating statistics according to their respective elasticities of maintenance activity. Then the expenditure attribute
	The following description generalizes this procedure. Then the approach is demonstrated using the maintenance relationships developed in Section III. 
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	General Procedure for Approach Two 
	For a given car description (e.g., car type, average car age, tare weight, commodity) , the following steps are performed. 
	Step 1: Develop the Appropriate Level of Aggregation of Repair Groups 
	The repair groups should be selected at a level for which reliable estimates of variability can be obtained. For example. if variability is estimated at the car system level and these estimates are j udged to be valid for the components involved, then component level repair groups are appropriate. 
	Step 2: Develop the Total Standard Cost for Each Repair Group Established in Step I 
	The total standard cost by repair group may be estimated on an annual basis by multiplying a weighted standard cost per repair for a r epair group by the projected or historical annual repair activity for the repair group. Both the standard cost per repair and the r epair activity estimates are for the car described only, if possible. 
	Step 3: Derive l\laintenance Elasticities of Operating Statistics for Each Repair Group 
	;\laintenance elasticity of operating statistic ~ is derived as follows: 
	.\laintenance elasticity = dF(X, Y) X with respect to X d.X F(X,Y) 
	where: 
	F'(X , Y) = functional relationship between maintenance activity and operating st.:.tistics; and 
	X , Y = operating statistics 
	For the geometric relations. the maintenance elasticities are the exponents 
	of the operating statistics. If possible, the maintenance elasticity can be s pecific to the car characteristic; however, elasticities should vary only slightly among car characteristics, 
	of the operating statistics. If possible, the maintenance elasticity can be s pecific to the car characteristic; however, elasticities should vary only slightly among car characteristics, 
	Step 4: For Each Operating Statistic. Compute the 

	Variable Unit Cost Based on Standard Repair Costs 
	and Maintenance Elasticities for Repair Groups 
	For each operating statistic, the unit cost is computed by multiplying the standard costs for each r~pair group by the respective elasticities. summing over repair groups, and dividing by the annual value of the operating statistic. 
	Step 5: Compute the Variable Cost of the Commodity 
	Trip Based on Var iable Unit Costs and the Value 
	of Each Operating Statistic for the Trip 
	For example, multiply the variable unit cost per car mile by the numbe r of car miles travelled, multiply the variable unit cost per car loading by the number of car loadings. and so on. The sum of these costs represents the variable cost for the commodity trip. 
	Costing Example for Approach Two 
	This example demonstrates the costing, by approach two, of a commodity trip on intermodal flatcars with an ci verage age of IO years. As before. the trip is assumed to require 3,500 car miles and 20 car days. Step I is identical to the previous example. so it will no t be repeated here. 
	Step 2: Develop Standard Costs 
	Assuming that there are approximately 3,800 ten-year-old inter:-nodal flatcars in the leasing company fleet and the corresponding repair activity is known, the annual expenditure is derived as follows: 
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	As a check for reasonableness , this implies an average annual repair cost of $1 , 080 per car for ten-year-old intermodal flatcars . Note that if repair data cannot be obtained at this level of detail, then the repair rates, as used in approach one, can be applied to project the expected repair activity. 
	Step 3: Derive Maintenance Elasticities 
	From the geometric relations developed in Section III , the resulting elasticities (variability) with respect to car days and car miles are: 
	l . 73 .60 2 .47 .15 
	3 .oo .oo .30 ,35 5 .oo . 25 6 .27 .oo 7 .61 .14 8 1.02 . 18 9 .65 .27 
	.. 

	Stee 4: Compute Unit Costs 
	For this example, suppose that the 3,800 ten-year-old intermodal natcars travelled l ,824 hundred-thousand car miles and l, 140 thousanc car days during the year. Ln this case, the variable unit costs are computed as follows . 
	Firs t, the total cost by repair group is allocated to car days and car miles ac cording to the elasticities developed in Step 3. For example, the total draft gear expense is S199,000. Thus, 
	(total cost) • (elasticity) = (199,000) . ( .47) = $94,000 is attributed to car days 
	and 
	(199 ,000). ( .15) = S30,000 is attributed to car miles . 
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	For each group, this pr ocess yields: 
	Repair Total Gr oue Exeense Car Days Car Miles 
	Total Var i11ble Exeense Attributed to: 

	1 $1,923,000 $1,404 , 000 Sl .1 54,000 2 199,000 94 , 000 30 , 000 3 172,000 4 388 , 000 116,000 136 , 000 5 178,000 45,000 6 133 , 000 36,000 
	7 68,000 41 , 000 10,000 8 186,000 190,000 33 , 000 9 559,000 
	860,000 
	232 , 000 

	TOTAL $4,107,000 $2,440,000 (59%) $1,640,000 ( 40'"o) Note that the sum of expenditures attributed to car days and car miles does not equal the total expense in general. The two figures will be equal only when the total variability is 100 percent. Thus , the resulting variable unit costs are: Variable cost per 2 1440 , 000
	= = $2 , 140 
	l , 000 car days 1, HO Variable cost per 1,640 , 000
	= = $899 
	100 , 000 car miles 1,824 Stee 5: Comeute Trie Cost The variable cost of the commodity trip is computed by applying the vari
	able unit costs to the operating statistics for the commodity tr ip: Variable cost of 
	= ( variable cost per) . (car days for)commodity trip l , 000 car days trip (000 I 
	+ ( variable cost per ) . ( car miles for) 100,000 car miles tr ip [00,000) 
	= 2, 140 (.020) + 899 (.03500) =. 27 
	74

	Thus, the variable cost of the com~odity trip is approximately $74 . slightly less than the aver age cost computed by approach one . 
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	COMPARISOI': OF THE FRA COSTING METHODOLOGY 
	TO REGULATORY COSTING l\lETHODOLOGY 
	The FRA methodology discussed in this report is a system intended for managerial use while the ICC' s Rail Form A is a costing system for regulatory use . The regulatory system seeks to estimate long-run incremental costs associated with railroad services in order to j1.tdge the reasonableness of rates . This is achieved by c ross-s ctional analysis of broad expense and operating data from a lar ge number of different railroads . In contrast . the FRA methodology develops more specific costs for managerial
	:\Ianagerial costs can be used for regulatory purposes but they are more difficult, and costly. to obtain . :\Ianagerial costs may also require the use of proprietary information. The confidentiality and cost issues diminish the use of managerial costs for regulatory purposes; however, the carriers are encour aged to pr esent to the ICC their own evidence from special studies. 
	Though regulatory costs are no t intended for managerial applications. many firms use Rail Form A in lieu o f morP costly managerial costing systems . The costs produced by Rail Forr.1 A are not as precise or correct as those obtained by the FRA methodology. The following discussion clarifies the differences between the two and suggests th benefits of the FRA approach to managerial costing. 
	Rall For m A ..\pproach to Freight Car Costing 
	The ICC's Rail Form A costing methodology has continually evoh.-ed and .::; being revised even today. Simplifying the procedure for Freight Car :\lain
	enance (Account 31-l) . Rail Form A splits the reported expense between that .vnich is related to mileage activity and that which is related to time. These factors are viewed as causal agents of car deterioration. Both the mileage and time pnrtions of expense are multiplied by a variability factor to cevelop th~ respective unit costs . 
	Currently . thP time1mileage split is 50 percent to time and 50 percent to mileage, though several years ago a split of 30 percent to time and -:-n pe:-cent to mileage was employed. Before 1973. the ICC used a single variability factor of 80 percent for most accounts. In 1973, accounts were grouped into sever3l categories and individual variability factor s were estimated in a study by the ICC Burea•J of Accounts . For freight car maintenance. the variability factor used sin: e the study is 86 per cent .
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	Rail Form A, pre@~ribing a ~ariability factor that shifts for different levels of a railroad's sL:e and annual output, 
	Advantages of the FRA Approach 
	The methodology proposed in this report develops elasticities to distribute repair costs for separate repair groups. This detail can more accurately represent the "consumption" of maintenance by freight car movements. The multitude of advantages of this approach are all based on the fact that better management decisions can be made when the true costs of operations are known. 
	Clearly, the Rail Form A methodology, which of necessity is based on viewing the similarities in cost behavior among diverse railroads, cannot capture some of the details of cost behavior which may distinguish individual railroads. The methodology proposed here, when implemented, would be based on data and assumptions tailored to the particular r ailroad. Thus , it can provide potentially more specific and correct costs for managerial decisions. 
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	X. APPLICATIONS 
	The consumption of maintenance of equipment (M of E) costs was analyzed in Section III. and a method for estim1:o.ting repair or replacement frequency distributions for each component was suggested. Tht: consumption of the maintenance (i.e., assigning the M of E costs to the uses of rail cars) has also been discussed. In addition. a standard costing system with flexible overheads for managing M of E costs has been presented separately in Volume II. This section describes the application of these three conc
	It is assumed that cars and components are tracked in a data bank so that thE: frequency distributions of repair and replacement are known. These frequencies are largely determined by existing programmed maintenance (PM-synonomous here with planned maintenance and preventive maintenance) and inspection standards. Therefore. it is assumed that information is also available on the hypothetically unconstrained incidence of the three following bcsic occasions for M of E: 
	. failure of a component; 
	. increase in the expense of operating a component due to its deterioration; and 
	. detrioration in the performance of a component beyond acceptable service or safety standards. 
	A third assumption is that the standard costs for the activities of a shop are known, along with the amount and variability of overhead accounts. :\ final assumption is that accurate traffic forecasts are available. 
	This presentation of options does not presume to evaluate the profitability or feasibility of the options. Such conclusions would depend on the characteristics of a railroad's fleet, current maintenance operations , and current management practices. 
	-

	The decisions that could be made usir,g the M of E costing methods include: 
	cost control decisions such as: 
	. variance analysis; and 
	. PM scheduling. 
	X. l 
	• 
	• 
	• 
	budgeting for .!VI of E . 

	• 
	• 
	profit analysis, including profit by: . shipper; 

	• 
	• 
	product; 


	. line; shop; and foreign car maintenance activity . 
	• investment decisions, including repair , rr.ake , lease , or buy decisions . 
	. pricing. 
	The presentation of applications of the costing method begins with those applicatons that are currently entire!y within the pr ovince of most railroad M of E departments: cost control through variance analysis and P~I scheduling. The discussion then proceeds to more central applications such as profit analysis and equipment specification. 
	COST CONTROL 
	Controlling the costs of maintenance operations is accomplished primarily through i ntelligent supervision at successive levels of management . However , the efficient use of manpower, materials, machines, ana shops can be facilitated through variance analysis and PM scheduling. 
	Variance .-\nalvsis 
	Variance analysis is the process of diagnosing variations frorr: standard costs and budgets . The standard costing and budgeting systems are designed so that the variances can be easily identified on the output reports . 
	Variations from standard costs indicate that the cost per unit is higher or lower than standard. These variances may occur in: 
	labor , because of variation in the time from the time-standards 
	o r because of a variation from the standard compensation rate (e.g., because of a skewed :nix in the labor classifications); 
	x. 2 
	• materials. b~cause of abnormal waste or change in price; or 
	• overhead, because of variation in capacity utilization. changes in rates (e.g. utility rates or rental payments), or var iance i n the efficiency of support activities (e.g. . excess clerical overtime). 
	This analysis of overhead variance, which was described in Volume II, de
	pends on the use of a flexible budgeting technique . so that variances in over
	head accounts do not confuse volume variances w ith variances fron standard 
	cost. 
	When the total amount of the variance from standard costs is subtracted from the total variance from budge•. the r emainder is a volume spending variance . This variance is the result of devi ations from the budgeting volum e of maintenance. It may be caused by unanticipated operating conditions (e . g.. adverse weather), management deci sions to depart from budgeted maintenance st8ndards (e.g•. bad ordering cars with 15, 16" wheel wear rather than waiting for 13/ 16" wheel wear) . or inaccurate budget proj
	The process of tracing variances back to each of these cc1uses allows a manager to pinpoint and correct weakuesses i n his l\I of E operation. The standard costing system described in Volume ll is the basis for this variance analysis. 
	Preventive l\laintenance Scheduling 
	A second CJSt control method is the adjustment of the mix bet\loeen Pl\I (r aintenance performed before it 1s required for further operation o f th~ car) and breakdown maintenance (maintenance required for further operation). This adjustment is among the most valuable applications of the incurrence/ consumption data. The discussion of this application consists of: 
	• 
	• 
	• 
	the fundamentals o t preventi ve maintenance economics: 

	• 
	• 
	a prototypical component's most ec0nomic maintenance inte:-\-al; and 

	• 
	• 
	a real-time decision process for determining the most effi-:1ent long-run maintenance decision. 


	Fundamentals 
	The basis of the decision to perform preventive maintenance is the belief that there is some cost or loss (above the actual cost of repair or r eplacement) resulting from the breakdown of a component i n senice. As suggested by the three basic occasions for performing majntenance listed above. the breakdown 
	x. 3 
	of a component may consist not only of its physical failure, but also of its falling below minimum economic, operational. or safety standards. All of these , however, are physically detected phenomena. As an example of an economic standard, wheel wear may cause the trucks t o hun• for the rail to the extent that rail wear . further wheel wear, and ener gy inefficiency warrant the repai r or replacement of the wheels. Similarl y , the danger of derailment =nay be the constraining factor. In either case . a p
	The cost of such a breakdown , symbolized by the letter B, will be defined as the average cost, in addition to the cost requfred to shop the car and perform the repair or replacement. The cost B includes: 
	costs c. deadheadmg the car to the shop: 
	costs in traffic congestion and delay caused by the breakdown; 
	. costs 01 any damage resulting from the breakdown; 
	marketmy 10sses (i .e., future profits foregone) resulting from delay 
	or oam age; 
	costs of detecting the breakdown above the costs necessary to conduct a viable car inspt ction program; and 
	any costs involved in repairing or replacing the component that 
	would not be necessary if the component had not fai led {e .g. , 
	necessity o f replacement rather than rE:pair). 
	The purpose 0 1 Pi\! 1s to reduce the number of times that cost Bis ., curred 
	oy ctnt1cipatmg breakdowns . The amount of preventive maintenance 1s determined by trading off the costs of br eakdowns against the increased !"umber of repairs. One pr ocess for making this trade-off for a single component is de::,cr1bed 1n the following paragraphs. 
	Deter m ining the !\lost Economic Amount 
	of Preventive Maintenance 
	Let us assume that the distribution of intervals between unconstrained oreai<downs of a component is known (see Exhjblt X-1 a). We also knc.w the cumul ative (unction I (x) = the length of interval such that x proportion of intervals have length l(x) or less (see Exhibit X-Jb). 
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	EXHIBIT X-1 
	DISTRIBUTION OF REPAIR INTERVALS 
	A. FREQUENCY OISTRIIUTION OF REPAIR INTERVALS 
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	The imposition of a maximum interval (i.e. . the introduction of preventive maintenance) simply puts a ceiling L on the interval length. decreasing the average interval and increasing the total number of intervals in any given schedule of car miles (see Exhibit X-lc). The reason for imposing such a maximum (rather than simply letHng all components run until breakdown) is to save the additional costs of an in-service breakdown, B. The most economic preventive maintenance interval. L, is the one which minjmiz
	where: 
	C = total cost affected by PM; 
	R = cost of repairing or replacing the component; 
	B = cost , above R, .of a breakdown of the component in service; 
	{3 = the proportion of replacements resulting from in-service breakdowns; and 
	T = the total number of replacements. 
	then: 
	C = (/3T • 8) + (R • T) 
	Furthermore, the total number of trips must be enough to provide the required car miles, V. In other words, referring to tlte graph for PM, where: L = the maximum length of interval allowed; 1 (x) = the longest interval in the shortest x fraction of intervals; and V = total car miles in service; then: 
	V =[Ia.Sl(x) + L (1-{3 >] ·T a the shaded area in the exhibit. 
	x. 6 
	We assume that the·railroad can estimate the values of the following variables; 
	• 
	• 
	• 
	Y, provided by demand projections; 

	• 
	• 
	B . from cost analysis; 

	• 
	• 
	R. from the standard costing system; and 

	• 
	• 
	l(x), the incurrence distribution. 


	To solve for (and then minimize) C in terms of these known quantities we proceed as follows; 
	1(/1) = L fJ = l-(L) 
	1

	T = V + l[fJ<x>] + L (1 -i'>f 
	j ( 1 -1 (L) 1 ]l T = v ~lJo l(x>J + L [1 -l-(L) ~ 
	1

	By substitution; 
	l [ l -1 (L) C = 1-(L) • V + ~ l(x) + L -1 ]
	-L • l (L) • B 
	l-(L) 
	1

	+ R • V + Jo l(x) + L
	[ 
	x. 7 
	Although this equation has been derived using V. total car miles, the value of L which minimizes C does not depend on V. By dividing by V, we obtain : 
	-1 
	C -1 
	(L)
	[i l 

	2 -1 ]
	V l (L) + O l(x) + L L • l (L) • B 
	. 
	l -l (L) 
	+ R + O l(x) + L L · 1-l(L)]
	[f 
	1
	l-(L) • B + R 
	= 
	l -l(L) l(x) + L,l-l(L)
	L 

	0 
	f

	Since B and R are known, this equation can be solved for the L , which minimizes C / V. or the total l\l of E cost per mile. 
	As an illustration of the quantities involved, let us assume that we are to calculate the optimal replacement interval for couplers. In this case, the coupler almost never fails in service, but is often bad-ordered by an inspector . Therefore. we would expect that preventiv!! maintenance intervals would be lenient, permitting a significant amount of "breakdowns," (i.e ., bad-ordering). In fact . let us assume: 
	R = the cost of replacing a coupler : $400 
	B = the additional cost incurred when the coupler is bad -or derec rather than preventively replaced (due to switching costs, transferring cargo, and an estimate for the disruption in yard operations) = $150 
	Let us further assume the approximation of the distribution of breakdown intervals, l(x), as illustrated in Exhibit X-2, a through c. The continuous distribution has been approximated by a discreet distr ibution to illustrate the method . If adequate data were available. the distribution observed (Exhibit in Exhibit 
	X-2a) could be converted to cumulative form and fitted to a curve as 

	1
	X-2b . To avoid curve fitting and integral calculus, the cumulative distribution 
	'Tangent functions can often be used in fitting a cumulative distribution curve. In this case, a transfor mation of the repair interval could be used to reflect the skewed distribution (e . g ., {J =tan(L/ )J . 
	1
	1
	2
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	EXHIBIT X-2 
	HYPOTHETICAL DISTRIBUTION OF COUPLER BREAKDOWNS 
	11 I 
	• 
	Figure

	► 
	• .. 
	• 
	• 
	•

	II 
	1• 
	ll•.--.ef---ef--LIXl•l■a 
	of repair intervals is approximated by a discontinuous linear function in Exhibit X-2c. This· approximation will be used in the following examples. In this case, the integral term in the cost-pe..---mile formula above can be calulated as the shadec-area under the polygon in Exhibit X-2c . Calling this area A, the formula can be rewritten as: 
	C/V = e•B + R (A + L) -(L • f3) 
	In this example. we also know that in the critical section of the distribution. the relationship between f3 and L is the following linear equation: 
	L :: 1((3) =40f3 -21 
	By substituting the data values. the cost equation becomes: 
	c / v :: ________.___ ___+_4_0_0 _
	{3 •_150 ______ 
	[6.495 + (L -9) (. 25 +l -tJ) • .5) + L -{3L 
	= __________..../3_•____1·__50___+____4_00_____________ 
	[6.495 + (4013 -30' . (1.25 -f3) • . 5) 1'" 4013 -21 -13(40 -21) 
	__;;._____,;;_,.;__________
	:: _ (3 • 150 + 400 _ I10113 -60/J -33 .255 
	2 

	To minimize the cost, we differentiate this quotient and find the values of (3 where the differential is zero: 
	dC = (101/3 -60(3 -33.255). 150 -(150'3 + ~00) (101 -120'3 > 
	2 

	(101/J -6013 -33.255)
	d/3 
	2 
	2 

	L"sing the quadratic fnrmula to solve for a zero numerator yields: 
	13 :: • 7681661 
	The second value pr oduced by the quadratic formula, 6.5651672, is discarded. The solution for 13 also implies: 
	L :: 40 13 -21 =9.7266 
	C/ V = 57.7281 
	Thus , the optimal preventive maintenance interval is 9. 727 miles, and the cost per mile if this interval is adhered to will be $ .0577. To demonstrate 
	X.10 
	that thi nterval is.optimal. the effect of shorter and longer intervals can be calculated to be: 
	for L = 9,000 miles. C / V = $.0586 per mile• 
	• for L = 9,800 miles. C/ V = $.0585 per mile. 
	As expected, the interval is long for coupler repair. and almost 77 percent of the repairs should result from breakdowns (inspections) rather than programmed maintenance. 
	To illustrate the effect on repairs where programmed maintenance is more important. let us examine a second repair, truck replacement. which is not caught by inspectors but can result in on-line breakdowns. For simplicity, let us assume that the breakdown interval distribution and repair costs are similar to those for couplers: 
	Cost to repair = R = $400 
	Cost of a breakdown. beyond basic repair cost = B = $2,000 
	Going through the same steps of substituting these data into the cost formula. differentiating the equation and solving for the zero differential using the quadratic formula, we find a minimum at: 
	t3 = .38013 C / V = $ .02099 per mile 
	L=S.9683 
	That is, only 38 percent of the repair intervals should be allowed to proceed to breakdown, and this can be accomplished with a programmed maintenance interval of 5,968 miles . The resulting cost minimum for this repair will be $ .02099 per mile. 
	Real-Time Decision Making 
	In practice. a railroad manager is continually faced with shortages or surpluses of capacity and any number of car components which are approaching or have passed the mandatory maintenance mileage, L. How should the railroad decide how many cars to shop? For the cars that are shopped, how many of the components should be repaired ? What circumstances will justify 
	aying overtime or paying for idle capacity? 
	One paradigm for answering these questions, using the incurrence/consumption concept, is presented here. Let us assume that each of the 26 
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	components has been lettered a through z, and that each has a PM interval derived as described above, L through L . Then let us assume that the total budgeted costs of M of E ~ave been f;lly allocated to the repairs. C through Cz· A cost per mile Ca/V through Cz/V can be calculated for e:ch component. The railroad's decision can now be analyzed on a pro fit maximizing basis. The railroad manager knows: 
	. S , the cost of shopping a car; 
	• Ra through Rz. the incremental cost above S of repair ing components a through z; 
	Ma through Mz, the mileage accumulated since the last repair 
	of components a through z; 
	• Ba through Bz, the incremental cost of an in-service breakdown; 
	. D, the mileae before the car will reach the next classification yard; and 
	6

	• 1 a -l (Ma•D) -la-l (!Via). the probability that component a will fail betwen the mileages Ma and Ma • D, 
	If the costs of maintenance are capitalized into a current asset called "capitalized maintenance" at the rate of Ca/ V • '.\la. then each shop can continually evaluate the profitability to the railroad of shopping a ca , repairing components. or letting a car proceed to the next classification yard . Exhibit X-3 illustrates this decision. In the exhibit, it is assumed that each shop is charged for i ts actual expenses plus the standard costs . B. of any in-service breakdowns occurring before the next inspe
	The decision, however, need not be so rigorously analyzed in practice . If the shop manager understands how the shop is credited with capitalized maintenanct. ~..,reign car repair billings, and breakdowns repaired, and that it wi ll be charged for all breakdowns that occur between inspection points and the succeeding inspection points, as well as ac tual expenditures . he will be able to make the j udgments that maximize profit. 
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	EXHIBIT X-3 
	MAINTENANCE DECISION TREE 
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	To illustrate the use of this real-time decision tool, let us consider only the repairs illustrated above, trucks (T) and couplers (C). The maintenance manager may be in the following situation: 
	S • $50 
	Re = $250 
	Cc/ V = $.0577 
	Note that the cost Sand Rare actual expenditures the manager expects to make. They could be adjusted to reflect the need for overtime or the availability of idle capacity . Because the optimal PM interval is calculated using fully allocated costs , and the cost used by the manager is an increrr.ental cost . the costs here are less ($250 -+ $50 = $300) than was used fo r the opumal interval calculation ($400). 
	Assuming that the manager is not considering any other repairs. his decision tree is illustrated in Exhibit X-4. He bas four chvices: 
	. repair the coupler: 
	. repair the true k; 
	. repair both; or 
	send the car on. 
	The costs incurred and the capitalized maintenance that would be credited are shown for each choice. When he sends the car on , one of the cor.-:;,onents may fail. Using the cumulative probability distribution from Exhibit X-2c for both types of repair. the pr obability of failure can be calculated for each case. The charge for a breakdown is also added into the net profit figures. Calculating the probability-weighted or expected profit, the manager can see that repairing only the truck is the proper decisi
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	for every such decision, computers could assist in implementing the technique, either: • 
	. by computing the costs, credits, and charges for periodic reports so that the manager learns to make the correct decisions empiri cally; or 
	. in an on-line system, by calculating the options (for all cars) open to the manager and li~ting them in descending order of profitability. 
	This real-time decision-making technique eliminates the need for rigid adherence to a planned maintenance interval, L , and still uses the incurrence frequency distribution to minimize maintenance costs. • 
	BUDGETING/ PLANNING 
	The uses of the standard costing system and incurrence/ consumption relationships for cost control s•1ggest similar uses for budgeting. Assuming that traffic projections are available so that the total car miles . V. is projected for each car type . then the number of each type of repair, a through z, can be anticipated. Some components may have the same consumption characteristics on more than one type of car; repair or such components can be treated as one repair type and the mileages for the respectiv
	Flexible budgeting implies a variable overhead rate which can be applied to the direct elements of the budget to derive the total M of E department budget. This budget can be allocated on the basis of a historical record of the volume of repairs for each shoµ. Exhibit X-5 illustrates this concept. In this way. the unique efficiencies or inefficiencies of individual shops a re not disguised or rewarded. 
	This "top-down" budget can be merged with a "bottom-up" budget based on each snop's anticipated staffing. material. and overhead expenses. By merging budgets, the changing costs that influence the manner in •:, htch mainl:>nance is performed can already be identified during the budget r,rocess. A comprehensive discussion of budgeting is presented in Vulume II. 
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	PROF IT ANALYSIS 
	One use of the iocurrence/coosumption data in profit analysis has already been discussed: the treatment of each shop as a profit center to decentralize maintenance scheduling. In addition, the standar d costing system can be used to analyze the profitability of: 
	. repairs on foreign cars; 
	. car age and type; 
	. particular commodities; 
	. particular rail lines or loading points; and 
	. individual shippers. 
	The profitability of repairs on foreign cars has been alluded to, but deserves further emphasis. It is in the railroad's, as well as the national economy's, interest for each railroad to perform a disproportionate number of those repairs that it performs most efficiently. The standard cost sy stem provides the railroad with .information concerning its cost to repair and, especially if each shop becomes a profit center wi th some discretion concerning which r epairs it will perform, the net profit for for
	To perform the other types of profit analysis listed above, it is necessary to have standard costs and i:~nsumption characteristics for all railroad cost accounts. The amount of overhead to be allocated among the products. services . or shippers being analyzed should be determined by the time :rame and the organizational scope of the decision to be made. For example, if a decision is to be made regarding the profitability of serving a particular shipper at its siding, very little overhead should be allocat
	REPAIR / LEASE/ BUY/ MAKE 
	The decisions to repair or replace a component and (if to replace> to lease , buy. or makt! the component are similar to those decisions for an entire car. The range of values of the r elevant variables is significant. but the analytical techniques used to make such decisions are the same in both cases . 
	x. 18 
	These decisions, however. depend not only on the economic factors that are 
	subject to these analytical techniques, but also on less easily analyzed fac
	tors. Among such factors a re: 
	• 
	• 
	• 
	• 
	the degree of independence from one or more external sources of supply; 

	the degree of flexibility i n controlling fleet size; 

	• 
	• 
	the number of parts that must be kept on hand and the degree of standardization in maintenance operations; 

	• 
	• 
	• 
	the availability of limited sources of capital such as equipment trust 

	certificates and the effects of the decision on the future availabjlity of such sources; and 

	• 
	• 
	the overhead expenses and leverage of investment i n assets resulting from the decision . 
	-



	The influence of these and similar factors on the repair/lease/buy make dt-· 
	cis.ion will depend on the individual characteristics of the railroad and its 
	current situation. 
	In general. the decision to repair, lease, buy, or make the component, will depend on the nature of the maintenance expenses for the component. the costs of the replacement alternatives, and the railroad's cost of capital, It should be noted that these costs must always be calculated on an after-tax basis (i.e., if the railroad is paying 48 percent of its profit in income tax or has an equivalent carry-back opportunity. the before-tax expenses should be multiplied by 52 percent). Similarly, any available .i
	Repair or Replac~ 
	The decision to repair or replace depends on the nature of the repair frequencies. If the repair operation is so effective that the repair interval does not decrease with age (i.e., if the repaired component is as good as new), the decision i s made strictly on a cost comparison c, f performin g a repair versus the purchase p rice. 
	X.19 
	If (as is almost always the case) the component deteriorates with successive repairs so that the r epair interval becomes shorter and shorter. the life cycle costs of the alternatives must be compared. This is most easily accomplished by assuming a utilization rate (e.g., 100 ,000 miles per year) and plotting the maintenance cost per year on the vertical axis against years on the horizontal axis. The result will be an upward sloping curve. The capital costs can be plotted against any specified useful life
	-

	Lease/ Buy/ t.lake 
	The economic im pacts of the lease, buy, or make decision are largely determined by the railr oad's cost o f capital. If either the railroad or a vendor can achieve economies of scale (either volume discounts or manufacturing economies), this will also influence the decision. The basic technique 1s to calcuiate the net present value o f the decision or , equivalently. to annualize the costs. For the lease decision, the usual case is that the railroad will own the car after a specified number, N, of lease pa
	N 
	+ i) -y
	n L (1 
	y =-0 to the purchase pr ice to determine which option is cheaper, 
	The buy or make decision is similar in nature. The life span of the capital equipment. L, needed to manufacture the components and the number of new components per year, n, must first be determined. Then the stream of purchases at the full purchase price . P , 
	L ( I + i)-Y
	nP L 
	y=O 
	ls compared to the investment in equipment, : . plus the stream of slightly lower manufacturing costs. M. 
	L 
	I + nl\1 
	L 

	y=-u 
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	EXIIIBff X-6 
	OPTJMJZING THE REPAIR/REPLACE DECISION 
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	Since generally a lease rather than buy decision will result from a high cost of capital and a buy rather than make decision will result from the same, these decisions can normally be taken in sequence. Only when a vendor. lessor. or manufacturer has a cost of capital that wries greatly from the industry in general will the sequence lead to an incorrect decision. 
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	APPENDIX A 
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	ESTIMATION OF NON-PARAMETRIC SURVIVAL CURVE 
	TYPE REPAIRS SEL E~TED = 0 -9.9 
	SIMPLE AV~RAG~ LIFE = 4 3.27953 Sll'IPL? Lill VA RIA~C?: -= 1476 . 76656 EXPO"EWTIAL AVEFA~E LIPE = 181.51~ 17 
	PlGr 4 

	+----+-------♦ -------♦--------------♦ -----♦-----♦ 
	~Ul'I B?R I fSURVIVINGf OBSERYATl v ~S 
	' 
	t 

	I I I '! TUI!!: TOI BEPORE ~----+-----+SU?.YIVAL! PROPORTIONI 
	' 
	IPEBIODI PAILDREI PER I OD ICO~PLETE fCE~SOPED f PAT~ fSORVIYI!'iG 
	f 

	+---+------♦--------♦-----♦------♦ --------+-----♦ 
	♦----♦------♦ ---------♦-------♦-------♦------♦ --------
	-

	A. 5 
	ESTIMATIONOF NON-PARAMETRIC SURVIVAL CURVE 
	TlP? R?l> AIBS S?L!CT!D • 0-9 -~ 
	SA!1PL! AV!RAG~ LIFE • 4 3. 27953 SA !1PL! LI l'E V1.?IA"1CE = 1476 .76656 OPON!NTIAL lVERAG? LIPE • 181.512 17 PAGt 5 
	♦-----♦ ------♦ -------+-----------------♦----+------+ 
	I NUl'1B!B I 
	ISURVIVI NG! OBStRVATIO ~S f I ITI~E TO I BEP O~E +~ ----+------+SIJ!Vrv AL 'I PROPORTIO!f I fP!RIOD I FAILtn>E I PE!!lOD fCO~PLETEICENSO~FDI P.l tt fSO!'fITI!IG r 
	I 
	I 

	♦----+---♦------♦-----♦-----♦-----+----♦ 
	-------♦--------♦ ------+----------♦
	♦------♦-----♦--------
	-

	A. 6 
	ESTIMATION OF NON-PARAMETIUC SURVIVAL CURVE 
	TYPE REPAIR -SELE~TED 
	c 4 3. 279S3 SlftPLE LIFE VAFil~C s 1476 .76656 EJPONE!TIAL AV!RAGE Llf! = 181.512 17 PlG! 6 
	SlftPLE 
	AVERAGE LirE 

	♦---+----.-------+-·-------------♦------..----.-. 
	,oi'IBER IStTBVIYINr.f oa~ERYATiuNS fTiftE TOI BEPOR? , +-----+-------+S0RYI TlLIPIOPOITIOlf 
	' 
	I 
	I 
	I 

	'I ' ' ' 
	IPrlIODf FllLtJP.?f P!BIOD ICO~PLETEICEJSOR?DI P.ATE fSilPYIYnc; 
	♦---+ --♦------♦-----♦-------+-------♦------+' 
	I 205 f204-2051 224 I 3 I I 206 f205-206f 221 'I 1 I ' 
	I 

	I 207 1206-2071 220 'I I ' ' I 208 t 207-2C8 f 220 I 2 ' ' ' I 209 1208-2C9 I 218 I 'I II 'I ' r 210 f 209-21CI 214 I I I ' I 211 1210-2111 214 I I 214 I I I 
	' 
	I 
	' 

	' 
	I 212 I 212+ I I I I I I I I I I ' 
	TOT 1109 1899 ' ♦------t-♦ -------+-----♦--_,_,. __ ' '
	' 
	I I 
	I 
	' 
	' 
	' 

	' 
	A. 7 
	E.~r ,,ur10, OF ~O.N-PARA)IETRIC SUR\IVAL Cl"R\ E (Car Leuing Compan} Data) 
	TYPE .s ~t:Ll::t:Tt;D ::: c,-,., 
	Rei-....ir

	SAttPLE ,.•,en AG~ LIP E = 27 .t>t0.t7 S•liPLE 1.1.f'l-. YA l-IANCl. = 1~7~.Sll14) EXPO?l EN'l·ill A YLll"t. = J2 . 14:)7C,,1. .t'au:. l 
	t.&.t.GE 

	♦-----♦ -----♦ -------♦ -------------♦-----------♦ 
	I ~Jt1&Eh I I I SOBVl.VING,l Od !.f:!! V• 'l ...o~:. I I l'l'l.:!E l 'CI I BEPUliE ♦-------.:, .1i i rw AL I i-lt,fruR'l·l.u:, I 
	I 

	I 
	'

	l PER 100 I tAlLOP.~I P.ElslOD IC~t1Pl.t?LIC~~:,v~LDI RiT, I :,u!:'1 l WlliG I 
	♦---♦ -----♦ ------♦-------♦ -------♦ -------♦---------♦ 
	--t 
	---.-------..------
	-

	♦ ----♦ -----♦ -----♦
	-

	..\. 
	E Tl.'\IATION OF ~ON-PARA.\tETRIC SlJRVl\'AL Ct.:RVE 
	TiPZ HJ::i>Al.It5 SEL~Cl'ED = 0-1:, . ~ 
	S.iUH' l. .E: A"ir:fiAGt LIPE = L7 . ot:J,7 SAMfLf. Lli'E VAflI AN~E ::. 157~. ~111l~ EX Pu ti £ST i AL A Y E.IlnG1. L1Pr.. = j". '15702 r.'.uL 
	2 
	♦ ----♦ 
	---------♦--------------♦-------♦----------♦ 
	SU1HsfR
	I I I I !>UR ~ 1 VltlG I Oo~!;RVAT !uti S I 
	I ll~f Tu t bEPCJQE ♦ -------------•~Uk V l V A.,. I •' .1-.J~Jhl'lvi, t
	I I r E.RI OD I .1:'Al.LUHft i?.fh10D IcuttfL!~~,L ~~s~Rf~I t1 AT !: I 
	l->Jl::V1 '11:t.'.; 

	♦----♦---♦------♦----♦----•-----♦--♦ 
	-♦-----. ------------.. -------♦
	♦ ----• ------
	-

	ESTUt1ATION OF NON-PARA.'\IETRIC SURVIVAL CURVE 
	SAt!.P LZ AVERAGE LlfZ = L1.bli~~1 SAMrLE Lli'E VARIAU~f ~ 1~7~ .~t14J 
	J
	EXPON E~T.UL 1V EEAGE LlfB = 31 .4~ 70~ 
	♦---♦---♦-------♦-------------♦ --------♦-------♦ 
	I MUl!b!:B I 
	1suav1VINGI . CJl:ISl:.:IIVATlvt.:::. I I I I i 'l'lr1E '.? CI I BEl'OBE •-----♦ ----• S U l!VlVAL I ••~OPJ kl'l.UH I l-&l.LOBEI P£ii. 1 0D j D:l!1fLJ::1·1:.l~f::.!>J iiEDJ luLTt. l~D,Hl Y1 !hi I 
	IPl::Rl.OD l 

	♦-----♦----♦-------♦ -------♦-----♦-------♦ 
	♦ --♦ -----♦ -------♦ ---------♦-----♦-------♦ 
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	APPENDIX B 
	SAMPLING STRATEGY FOR ESTIMATION OF FREIGHT CAR MAINTENANCE RELATIONS 
	B. l 
	APPENDIX B 
	SAl\IPLING STRATEGY F OR ESTTI\l.ATIO~ OF FREIGHT CAR l\L.\INTE~ANCE RELATIONS 
	For practical reasons, a two-round sampling strategy is recor:imended to develop freight car maintenance relations. A modest first -r ')und sample can be used to test suitable functional forms. This preliminary analysis determines the total sample requirements to achieve satisfactory statistical precision. On this basis, the sample for analysis can t e augmer.t~d in a second-round sample to achieve precision obJ~c:1ves. 
	WHY A S . .\).lPLE (OF A S.Al\IPLE) ? 
	The data files available from the ra1lr,.,ad (C:\ILER, CRB, a:1d car movement records) represent a 7 month history ..,f repairs and operating statistics for roughly 100, 000 cars. The statistician ,;; often tempted ·o use all 1t is not practical for the rail:·oad, the car leasing company, and m ost firms to which the methodology will b.:> applied. 
	the data available to him/her, but 

	The predominant reason for selecting a sample is that the t:-,·iJ1cal data base is too large. The me rged data for the railroad consume o·:er-200 magnetic tape reels. For data processing reasons, it 1s not feasible :o ·.\·ork with this much material. 
	F ortunately, using only a sampl~ fr,Jm a large data base dOt:'S :1ot pre S<a'nt severe limitations. In a sense, the total set of car histories represents a sample itself, since it covers only a limited period of operatior:s. Thus there is nothing "sacred" about using the "total" sample, since it :s not really compl1:te anyway. Uning a •total" sample of the car histon.:s would 1s far 
	1
	provide no greater validity to the study, since the nme span limu:a:1on 

	m ore c ritical. 
	A:--J'ALYSIS OBJECTIVES 
	Sampling objectives must be defined before sampling strategies are discussed. There are two fundamental analysis obJectives: 
	Objective 1 -To find predictive relations of maintenance acti-:1~.by car descriptive and utilization factors . 
	B. 2 
	Objective 2 -To achieve an acceptable level of precision on the 
	parameters (coefficients of the independent variables) for each relation developed. 
	Objective 1 relates to the particular forn chosen and not directly to sample size. The degree of attainment of Ob3ective 1 is measured by the multiple coefficient of correlation (R), th~ standard er ror of estunate, and the residuals (difference between actual and estimated values). .-\11 of these statistics are provided by most statistical packages (e. g., SPSS, B:\ID). 
	2

	Objective 2 relates directly to sample size • .-\s a rule, ::he larger the sample size, the greatt?r the precision that :s realized. Al hough ,;ery specific objectives should be a voided before the analysis beg-ins, ~he re is a recommended measure for the precision of the :-egression coeffic1ents. For example, the estimated coefficients .;hould be within + 10 percen:: ..>r + 20 percent of the "true" coefficient value. The "truecoefficien: lS an abstract term denoting the coeffic ient value tha t might be 
	11 

	The attainment of Objectiv..: 2 may bt: measurtd by analys _., .::,i ·he regression output. Spec ifically, the output provtdes the standa:-1 e"·ror of ..:ach estimated coefficient. Based on the standard error, a 95 pt:-ent confidence interval for the "true" coefficient is computed: 
	confidence interval = (a + tSF.a) 
	whe1·e: a is the estimated coeffict<!nt; tis the value of the student's t distribution for th.-level (approximately 1. 96 for la rge samples); :::.:1d SEa is the standard error 0f the estimated c0oeffic:::1~. 
	35 pt>rc.,.nt 

	In the example for ±20 percent precision, th~ obJect1ve is _,_ ·tained :J the extreme edge of the confidence interval does not exceed 20 pt!::-:~nt mo re than the coefficient itself. That is, if 
	tSEa <. 20a 
	Note: All computations in these notes ignore the finite popu :i.u.>n correction factor, since comparisons are made to :l:t! "true," as opposed to the total, sampli: value. In :he !.atter 
	8. 3 
	comparison, the addend in the confidence i terval should be factored by 
	where N is the to al universe size, and n is the sample size. Effectively, this results in a more "lenient" analysis. 
	SAMPLING STRATEGY 
	Given the criteria explained above, the proper sample of \,;ar must be selected. There are no universal or magic constraints that die a ample size requirements; the size is determined from the characteris ·c of the data and the hypothetica! relation to be estimated. In other wor s , '.Ve must sample the data base to find how large a sample is ne ded. 
	This is accomplished economically by 'irst selec ing a modes random sample of cars. In this study, samples of 1,000 and 2, \JOO car h·s ones were used for the railroad and the car leasing company, r sp c:·: 1 . Sample sizes in this range are quite suffici nt for the first round. \ • h hi practical data base, the hypothetical rel tions are t sted with th regression programs. If acceptable precision is not achie ed for he parar::e:er f the r lations, the sample will b augmented to achi ve the precision :-qu 
	-

	The expected margin of error for th estimation is equat d ,-::h h ch')s n tole ranee for rror (exampie :!:_ 20 p re nt): 
	xpected confid nee interval= tSEa or t J; = . 20 a = selected ;:,recision 
	wh-= re s is the standard deviation based on the initial sampl . 
	This yields a sample size requirement of: 
	., 
	)

	ts "' 
	n= (--/
	. 20 a 
	Note that+ 10 percent precision requires four times the sample size corresponding to :!:. 20 percent precision. 
	B.-! 
	For each parameter and each relation desired, the total u3able sample size required is computed with the above equation. The maximum of all computed puted requirements, n*, is the total usable sample size required. To deter mine the number of additional cars to select, the initial sample Slze is subtracted from n* and this result is divided by the usable data percent rate. In the initial sample for the railroad, 4 percent of the cars selected had r.o records assignable; thus the usable data rate is 96 per
	SUMM...\RY 
	The sampling strategy is comprised of Seven steps: 
	Step 1 -Select a modest sample of cars for preliminary anal\·sis (1, 000-2, 000 car histories), 
	Step 2 -Postulate freight car maintenance relations (for:n and s pecific variables), 
	Step 3 -Perform regression on postulated relations for the sam ple selected in Step 1. 
	Step 4 -Analyze relations for degree of prediction. Reps=at St~ps 2 and 3 until Objective 1 is attained or deemed U.'1attaina ble. 
	Step 5 -Compute required sample size for each relatior. ·.vh1ch was developed. 
	Step 6 -Select additional cars to achieve total usable sar.:;,le size requirements. 
	Step 7 -Perform regression on augmented sampltc! to ven.:·y that parameters are within precision requirements, (If not, repeat Steps 5 and 6, ) 
	B. 5 
	APPENDL"I: C 
	CO;.\IPUTATION OF NON-PARA;.\IETRIC SURVIVAL Ct:RVES 
	Procedure IRWVIVA was written to be compiled and executed at an in1s to compute and tabulate non-parametric survival curves for the car-leasing com pany's car repair history data. A comparable procedure, IRWV[VE, was prepared to compute and tabulate non-parametric survival curves for the railroad' s freight car repair history data. 
	stallation supporting the PL/ I Optimizing Compiler. Its purpose 

	Non-parametric survival data are tabulated for one or more P:'.\Dl&Co. major repair categories. Entries are printed for each period, a 10-day period being used for the car-leasing company's data and a 1-day period for the railroad's data. Columns contain time (days) to failure, the number of cars surviving before the period, the number of complete and censored observations, the survival rate, and the proportion surviving. 
	The distinction between a complete and a censored observation may be seen in the following exhibit: 
	A I C 0 
	t 
	fllPAIII 1110, I 
	Intervals A-Band D-E are censored observations. Intervals B-C and C-D are complete observations. 
	The number of cars surviving before each period is compute~ as :ollows: 
	COUNT (O) ,.SUM(COMP)+SLl-1 (CENS) ; 
	DO '.11•1 TOH ; 
	R N-l; 
	COUNT (N) ,.MAX (0,COUNT(R) -CC>r'P (R)-CENS ( R)); 
	END; 
	where CO::\IP and CENS are vectors containing complete and censored observations and H is the number of periods. 
	The survival rate is computed as follows: 
	DO N,.0 TOH; TEMP..COUNT(N)+l; O 
	IF TEMP
	2 

	THEN RATE (N)•O; -~ ELSE RATE(N)•MAX(O,(TEMP-COMP(N)-CENS(N))/TD1P): END; 
	c. 1 
	The proporti~n.surviving is computed as follows: 
	PROP(O)• l; 
	R•O; 
	DO N•l TO 8; 
	IF COMP(N) '> 0 
	THEN DO; 
	PROP(N)•RATE(N) *PROP(R); 
	R•N; 
	END; END; 
	The sample avc:rage life (AVG). the sample life variance (SLV). and the exponential average life are also computed and printed for each table. r.1ey are computed a.s follows: 
	DO N•O TOH; 
	AVG• AVG+Hl D(N) *COMP (N); 
	CUMF• CUMF+cOHP (N); 
	SUM4P•SUM4P+cOMP(N); 
	SUM4PP•SUM4PP+cOHP(N)*HID(N) ; 
	SUM5PP•SUH5PP+cENS(N)*HID(N) ; 
	SUH4PPBAR•SUM4PPBAR+cOHP (N)*~ID(N); 
	SUH4PPBAR2•SUM4PPBAR2+cOMP (N) *(HID(N) **2); 
	END; 
	IF CUHF•O 
	'raEN AVG•O; 
	ELSE AVG•AVG/CUMF; 
	TEMP• SUH4P*(SUM4P-l); 
	IF TEMP•O 
	THEN SLV• O; 
	ELSE SLV•(SUM4PPBAR2*SUM4P-SUH4PPBAR**2)/TEMP; 
	IF SUM4P•O 
	THEN EAL=-0; 
	ELSE EAL•(SUM4PP+SUMSPP)/SL1i4P; 
	where CIDIF, SU:\'14P . SUM4PP. SU:VISPP, SU:Vl4PPBAR, and SC:\14PPBARZ are working variables with initial values of 0 . 
	The procedures to compute non-parametric survival curves are not difficult to write: data processir.g obstacles are the chief problem. 
	Over the period of a single year, a typical Class I railroad will generate several million repair incidents. . processing was alwa} s performed on a restricted sample of these incidents. The sampling procedure 
	Pl\Dl&.Co

	c. 2 
	itself can be quite time-consuming and expensive. Moreover, special input data must be prepared for the non-parametric survival curve programs. These data must combine information derived from two sources--namely, the UMLER File and the Freight Car History File--and merged. 
	Thus, although the results of the program m ay be interesting, the preparation of this information may represent too extensive an effort to be practical, unless associated data processing is also being performed. 
	The development of procedure IRWVIVE required approximately -1 hours of an expert programmer's time. Its modification as procedure IRWVrvA required an additional 2 hours. Preprocessing procedures required approximately 16 hours to develop. 
	All procedures were written in PL/ I, an advanced, highly flexible programming language which facilitates program development. 
	Approximately 4 hours of CPU time on an IB:\l 370/ 155 was needed for all aspects of program development and data preparation. However, this did not include the cost of the extraction of sample cars from the complete Freight Car History Files. These extractions were performed by the railroad itself and undoubtedly required several hours of CPU time. 
	3 
	c. 

	TECHNICAL APPENDIX 
	-1 
	c. 

	PSOCEDUaE 9A~E: IEWPCAB, A proceoure to extract data tor sa m~ le car s froa tne NW lre1.4nt Car t:istory Fi.le. 
	AUTHO:?: Eobert w. Wh1.taKec ~ Co. 1025 Connect1.cut Avenue,~-•· liashioqton., o. c. 20C36 
	Peat, 
	aarwick, 
	~
	itcne.ll 


	(20 2) 223-~ 52:i 
	LAN GOA GE: frocedure I ~•FCA4 1.s vcitten to be co0?1.led anJ axe cuted at .u 1.nstal lat1.on su ► portinq t ne Pt / I Cp Co111piler, 1, aelease 2.3, fTF 6 1, o r la ter. 
	t1~1z1.04 
	Ver~1.on 

	PU!ifOSE: 
	The purpcse oi procedure !3•:CAa 1.s to extract material pecta101nq only 
	to sample cars from the i~e14nt c~r history file. Inputs are tne sa~ple 
	and the entice fre1.4nt car ~1story f1.le. A version of the 
	proti.le 

	treiqht car histcry t1.i~ couta1.A1.n~ only data for sa~p:e cecc rJs 1.s output. !he ireiqht car hlitocy tile 111ust be 10 sort ov car 1.aent1:1cation (columns 1-10 ) . 
	-

	•----------♦------------------------------------------------------·
	I Statement 1contents 
	♦-----------♦-------------------------------------------------------· 
	I EX ~C ITt e purpose of tne ~i~ ~ statement 1s to 13vo~e Fcocadure I I 1rRli.fCAR. ':he iii:lilu~ and :'I!!E cara111eters Hf be si:ec1.r1eJ . 1 I IA 3EGION of ,~~~ dGd a II~E of 15 ainutes ~ave been t OUOUI I 1to be adequate t oi: 4 Jo0/65 . !he ?AaK ~aratete r ~a y oe J I 1used to speciiy ?~ll 4ild procedure I3aFC~E ti~e, I I Parameters. I I I I I 1zxaaple: I I 1//IiiWFCAa E~i~ ?~~~:i WiCAR,aEGIC~=,~UK1 I !~~=1 5, I I Ill PAli11=( /_..,: ,:;1:aA~! SA~FLl CARS"'i''tE.:.l =7o•, I I Ill 'LOW.~ONTn=l'1' h4liu
	execut1.cn 
	1 
	11 

	♦-----------♦-------------------------------------------------------♦
	IS':' ZPL!i3 ~J 1:he purpose oi tne sr~~L!S CD statement is ~o de ti ta a 
	1l oad the i;cocedure : !i•:C.:..i'! l.o~d :iod-
	I 
	Librar·,-c0Gtdl.OJ.n4 

	I 1ule. 
	I I 
	♦-----------♦--------------------------------------------------------· 
	c.s 
	♦-----------♦--------------------------------------------------------♦ 
	t Statement 1cootents 
	•-----------♦--------------------------------------------------------♦
	1::xample:I/ / STEP .. I 3 Di) ;> .:3 ~ =?,'1 11Cu • LOAD.l RWf C,\ii, DI S?= (ShF. , P~ SS) 
	♦-----------♦---------------------------------------------------------♦
	ISYSPBI!lT ~D IThe purpose oL ~ne jY ~!RI~I C~ statement is t o define a I 
	1. tSYSC UT file w"~re pruc,dure I~•FCAB may place messages I 1durinq execution. r ~~ ~ei~~lt record characteristics are I
	I 
	1aECF~:V8A, ~a~CL=1l5 and SLKSIZZ=1~9. The user aay s~ec-I
	I 
	li fv a BLKSIZ~ Ot 1t9 ?~ 1 a ~qer is desired. I I I I 1::xaiple : I 1//SYSPRI~: vC 3Y~~UT=A I 
	I 
	I 
	I 

	♦-----------♦-----------------------~ -------------------------------♦ 
	DD l!he purpose or t n~ PLlDUaf CD stat ement is t o detine a I ISYSCUT file woer~ d coce maoaae~eot report ~a y be ~laced I
	t PLIDO~P 

	I 
	tbY the PL/I nouseKeepioQ proc edures and where an ~,!SO I
	I 
	tdulli;: may oe ple1cca u required. The r-=eord coarac~eris-I ttics of the ~LlDU~2 ri~e are predefined. !tis:: state-t
	I 

	I tmav be OQltted. I 
	I 

	I 
	I I l~xample: I j//fLIDU~~ D~ si~0u:=A I 
	I 
	I 

	♦----------♦--------------------------------------------------------♦ 
	1:he purµose or t ne S1S U!1 t~ statement is t o detine a I IPhvsical sequP.ntidi in?ut tile containing toe sam~l~ cat I
	ISYSU': 1 C~ 

	I 
	tProtile. It$ a~su~ea r~cord characteristics are R,CE~•,B I
	I 
	1anJ LRSC:=8u. i ts ~~~.:3:z~ is taien fro• the S13UT 1 DL I
	I 
	fstatement, tue til~ laoel or may detault t c 30. I
	I I I • 1::xample: I 
	I 

	I//SYSUT1 DD uS~=rd!~u.ue~ta. SAjfL.E, DI SF=(S~R,r~SS) I
	I 
	+-----------♦--------------------------------------------------------· 
	♦-----------♦---------------------------------------------------------♦ 
	fSYSU!] CD 1:he ~urpose or toe SY~U!J CC statement is to define a 
	♦-----------♦---------------------------------------------------------♦ 
	♦-----------♦---------------------------------------------------------♦
	I State•ent 1contents 
	♦-----------♦--------------------------------------------------------♦
	•-----------♦---------------------------------------------------------· 
	The PAR~ para ■ eter of tAe ~•~~ ~tate■ent ■ay be used to SFec ity PL/ : and procedure I BWrCAR exacution ti ■e parameters. lts fo r2a: is as fol
	lc11s: 
	The for ■ ats oi the PL/I executiou ti ■e ~•r• ■•ters ■av be tound in the PL/I Pcoqra ■■ers• Guide. Taeir deraults, set DJ procedure ; EifCA~ as 
	iiPO&T and ISA(1CK), are ade~uate, and they ■ ay be o ■ itted. Frocedure IBIHCAi para ■ eters are keyw~rci 4JN ■a r be supplied in any o r der. C ■ itfor■ats ■ay ~e found in the follovinq table. 
	tea para1eters have detau.t values. Their 

	♦-----------♦-------------------------------------------------------♦
	I Parameter !Contents 
	♦-----------♦-----------------------------------------------------♦
	trD &The ID p4ra•etar ~•Yo~ used tc specity a ny character I 1strioq to be used a~ iaectification. Its defaul t vJlue is 1 I 1a null striAq. I I I I I 1ixa ■ ple: •:"•"~.?iAt..:I SAIHLZ CAAS'" t 
	♦-----------♦--------------------------------------------------------♦
	♦-----------♦----------------------------------------------------------♦ 
	C:.'7 
	~ 
	I RWfCAR Wciteu~ --Pa qe 

	♦-----------♦--------------------------------------------------------♦
	I Parameter 1coo tents 
	♦-----------♦--------------------------------------------------------♦
	tlCW.~CN!H 1:he LQij.~OUTd paramet~r may te used to indicate tnE lower1 I 1in a range of ~ontas t o be associated with extracted 1 I 1data. rts detault value is O. I 
	I I I 
	I ,~xample: •~u~.~o"ra=1• 
	J 

	♦-----------♦-------------------------------------------------------♦
	IHIGH.~ONiH tThe HIGH.MO~Tri PdCometer may be used to indicate tbe 
	I thiqher in a ran4e ot wonths to oe associated with ex
	I ttracted data. ~ts derault value is O. 
	I I 
	I !Example: • H~~H . aUN~d=7• 
	♦-----------♦-------------------------------------------------------♦
	tSTOPAFl 1Ihe STOPA?T paca~eter may ce used to specity t oe maximum 1 I taumber of recoras t o 0e read fro~ file SYSUT2. •he n it is1 I jqreater than zero, tile SYSu!2 will be treated as though 1 I 1an end of tile nad oeen encouoterea 4iter STOP~F: recordst I tna ve been ~eaa. ~t~ d~tault value is O. I I I j I !Example : 'SICPAf~=SOOv• I 
	♦-----------♦--------------------------------------------------------♦ 
	PEOC!OU.a.E NA:-'.Z:: , " proccuure to uansror;n job ccJes .ln t ::i.;: Freiqht ~ar a.istory file to their 2MM&Cc. ~qu1valents. 
	IP.wc.r.rs

	AUTHOR : 5obert ~-■ hita~er Feat, ttarwic~, ~itcnell & ~c . 1025 Connecticut Avenue, s . •. Washinqton, .) . C. .:: 0036 !20 ~) 22J--, S25 
	LANGOAGf: frocedurP. i~ writte n to be compiled aod exe cuted at an .instaliation su~portinq the ?~1 : (~ t1m1z1oq C~mpiler , Vecsiou 1, P.elease i .3, PT: 61, o r later. 
	Ia.c,.rs 

	?URfOS ! : 
	7he purpcse of ~rocedure :i~~~;s is to sutstitute f~~,cc. eQuival cnt icb codes tor the c.&.a. coacs or.iqioally t o be found io t ne :reiqnt Car aistccv File. The Fceiqot ~ar a.istory :ile containioG sa~~le cars is input together with a ti~e ot data state;nents r elatin~ ?~~&cc. 10c codes to th eir c .a.s. ;oo code aoci qualit.ier equivalent s . A ttdos.cor.u~d Freight Car cistcrv :ile is output. 
	P&OC EDUEE !~•CAIS JCL STAIE~E~T$ 
	+-----------+--------------------------------------------------------♦ 
	1 Statement !Contents 
	• -----------♦-------------------------------------------------------♦
	I :::t. EC 17he purpose at tne iii~ s t atement is to invo~e ~rvcedure I I II3WCA!S. Th~ ~!~:ON auu rr~! parameters ~ay ~e specit.iej .1 I I.\ 3l::G:ON of ,....K ,u...1 a T!~:: of 2 minutes na ·,e oeeo .tc u nd I I Ito te aaequdte Luc a Jo016S . The PA3M paca~e ter ~dY ~e I I 1used to spec14y ?LII a~d procedure IaWCATS execut.lCD t .l~e , I I Parameters. I I I l I 1~xample : I r 1//IBWCA!S EX~~ r~d=ia~~A!S,EiGIC~=14~i , :i~~=~ , I Ill PAa~=(/:~=••~0NVidT JOB ') 
	1
	COC!S•,•paoa=J.01
	11


	♦-----------♦--------------------------------------------------------♦
	tST::'.PLIB DD t!he pur~ose at t ue sr~rllS cc stat~ment is to detina a I 1load library coutd.luin~ tne ~rccedure I3JC.\:S :cdJ ~cj j 1ule. 1 I I ;::xample: 
	-

	♦-----------♦---------------------------------------------------------
	-

	I r. WC,\TS \,ititeuo --l:aqe "' 
	♦-----------·---------------------------------------------------------♦
	I Statement ,~onteots 
	♦-----------♦--------------------------------------------------------♦ 
	♦ -----------♦--------------------------------------------------------♦
	ISYSPBINT J~ IThe purpose oi ~nc Sx5?BlN! C~ ~tatement is t o define a 
	I ISYSOUT file .nere procedure I ~~CAIS may ~lace messayes 
	l ldur i.nq e~ecuticn. Its detault record cbaracter1st1cs ace 
	I IRECF~=V8A, L~-~L=125 aud 8LKSIZ~=129. !be user :ay SFec
	lify a BLKSiwE ct 1~9 or larqer is desired. I I 
	' 

	I !Example: 
	I I//SxSP8I~T ~c ~iSuU~= ,\ 
	♦-----------♦-------------------------------------------------------♦ 
	i?l!DUt1? OD !The purpose ot tbe i~lJU~~ CD statement 1s t o defi ne a 
	I IS'!SCUT file Jaere a core 11 aoaqement report rr.ay t:e flaced 
	I 1by the PL/I aou~e~eep1oq procedures and where an ,\cE~D 
	I !dump ~ay be p.acea it required. the record characteris
	I l tic~ oi t he fL~DU~P ii~e are ?redefin~d. ~h~s DC s t ate-
	I 1may be omit~ta!d . 
	I I 
	I IExa 11 i:le : 
	I 1//PLIDU~P Oj ~tSuUl=A 
	♦-----------♦-----------------------------------------------------♦
	♦-----------♦--------------------------------------------------------♦
	ISYSU'r2 CC 1:he pu r pose or tne S,5U12 CC statement is to 1et1oe a I jph ysical sequeu t iaL out~ut file containinq freiqn t ca= I I 1nist ory dat~ app.yi~~ to sample cars and wita transt or med 1 I fiob codes. • ts reccca characterist 1cs are ~r eaefinea as I 
	t R! CFM= f B, L~ E~~=l~O aou 6LKSlZE=J120. I 
	I I 
	!Exa mple : I I//SYSUT2 DD DSJ=i~~~~.bIS!05Y.CAi.?MMCODE,U~:::JJ30, I 1// VOL=SER=Pl"..:1i?AK , ::i?A..::E=(TiiK , (15C , 1~0) , iUSE) , I 1// OISP=(, C.'l1L~, ) I 
	u:.~.c.Ti

	♦-----------♦--------------------------------------------------------♦ 
	C-\O 
	Ir.~CATS Writeu~ --?aqe 3 
	P30CED OS E IE•CAT5 JCL STAilj~~:~ , ~ON!lNU~C 
	♦-----------♦---------------------------------------------------------♦
	I Statement 1contents 
	♦-----------♦---------------------------------------------------------♦
	tS:!SIN DC 1rae purpose or t.ae S1S.iN CC statement 1.s to Jetioe a J I IPbysical se~ueotial 1.n~ut tile where data stateJents de-1 I 1rininq the relat1.onsu1.i,; uetwee r. PM~&cc. iol:: co.:ies dnd I I ,c.a.a. iob codes and qualifiers may be placed. :ts as-1 I 1sumed recor~ coardcteristics are a~CFM=FE and :~~~L=jQ . 1 I !Its BLKSlZE .I.S t. ci;llcil ttOIII tne 5YS!N DD state::ient, toe l I 1file label or may J~iault t o ao . l 
	I I I I 1::xample: 1 I 1//SYSIN JD • I 
	♦-----------♦---------------------------------------------------------♦ 
	7he PAE~ of th~ E. zc s tatement may be used to S?eClfy ?L/I aLd ~r ccedure Ia•CATS execuuoo tim ~ parameters. Its for~at 1s as tallows : 
	para~et.er 

	PA.:!M= (' i=L/:-parameters/.iii•CA"i"S-para11etecs•) 
	!he formats of the PL/: executiou ti.me pa rameters may be : cunt l.D toe PL;I Programmers • Guide. Iheir .Jet aults, set cy procedur~ Z~~CAlS as FE?CRI' and IS,!.(1GK) , are ade~uata, and t.bey llay be omitte::. J:roceduce 
	I?~C~TS ~arameters are keyworu a~d may ce supplied in any cr jer. 0~1t
	t ed paraiteters bave default. Vdlues. Their iormats may be : -::und in tne 
	follo.inQ tacle. 
	♦-----------♦---------------------------------------------------------♦
	I Parameter 1ccoteots 
	♦----------♦--------------------------------------------------------♦
	-l~he ID parameter ~dY oe used to speciiy any ~~aractec 
	_..,

	1s t.ring to be u~ed d~ . :ts deidYit valJe 1s 1 I' 1a nul l stria~. I I I I 1!xample: 'Iu=••~o~vE~r JOB COCES'' • 
	1aentif1cat1.oo

	I 
	-
	-


	♦-----------♦------------------------------------------------------· 
	li?i!Cc 1The P&OB pa.ca.aeter ilaY t:e used to specify tbe i:rcoa.bii1.ty1 I It.bat a particular 1uo code ce i or~atted. I !I ts de fault va~u~ is 0. 
	traosior~at1.co 

	·-----------♦--------------------------------------------------------♦ 
	c. \\ 
	♦-----------♦ --------------------------------------------------------♦
	Para meter 1contents 
	♦-----------♦ ----·---------------------------------------------------• 
	l!xample: '' 
	f3Co=0.01

	♦----------♦--------------------------------------------------------♦
	♦-----------♦--------------------------------------------------------♦ 
	Jcb code tiansformatioa u~c.a Stdte!llants are 10 the fcllcvicq tormat: 
	CA!~GQ3\=cateqory-nu~cer CLIS!='CJ:-iob-code-list' qualifier-l1.st•; 
	CLIST= 
	1 

	where CLIS~ and ~LIS: are oµc.1.ooai. the data statements act ually us~d may t:e ccund in the t~u.e. 
	foll~w1.0Q 

	♦--------------------------------------------------------------------♦
	ICA:Z:GO;i Y=1 . 1 I 1c1is:=•1cc~.1ooa. 1012, ,010,10,o,10,u,102e,1cJ2,1036,1C4o, 1: .... ,101.&, I 1C48 , 10 5 2 , 1060, 1062 , 1 0 o .. , 1.J&v , 1.J C, ~, 10 9 u, 1 1 lb , 1 1 ..0 , 11u4 ' ; ' I ICAl '::GOaY=1 . 2 I IQLIST= A,, A2,AC,AK,AJ,A~,Ao' I 
	1

	ICL : S:'= ' 1a c, 1 JC C, 1 3 Cu, 1j Co , 1.l 1 .. , 1J 1 o, 1J, 0, 13&iO , 14 2_., 14 2 8, 1., J,, 1 '-3b , I I 11. ..0 , i u~ .. , 1~ ~ e, 1tl 52, 1.. Su, 1.. :>o , i 5 3 2, 1 5 ~ 6, 1oO O , 1o O:. , 160 8 , 16 1 ~' I IC.).T;::iC3Y=1 .J I IQL:ST= ' OB, ~c • I tCL:ST=' 1520, 152i.,15:!S,15.3~,1Sjo•; I I CA:rGc:;Y=1.~ I IU~IS!='AH, ~S.~V.CW,Cl,CX,~i.J~,DJ' I ICL IS:= • 1 34 4 , 13 4 8, 13 5 2, 1., So, 1., ov , 1J o O, 13 6 .. , 13d 8 , 13 9 2 , 13 9 o, 1.-00, 14014 • ; I ICAl ~G03 Y=1. 5 I IClIST= 'EK,21, 
	tCL:S:= 
	1 
	1

	♦--------------------------------------------------------------------♦
	r 
	CATA ST~Tt~!~:S I~PUT TO ?a~L~Du~~ l3J CA1S , CCN!INUED 
	♦---------------------------------------------------------------------♦
	ICLlS!'= ' C:> , :~• I CL .::s:-= ' 15 5 6, 15o O, 1S64, 1::> od, 1 S 7 ~, 1.S 7 E, 15 7 c, 1:C ◄, 15 7 4 1 ; JCA!EliCS~=1 . 7 I Cl I ST= I 11:32 3 , 13 30, 18 36, 10 .JO , 10..o,1052' ; ICA !EGca 'i=1 . d 1oLr s:-= • e::, E:' , => "' , a:t, e Y, 5 z , .::.;,. , c 5, c-.::, cc, c::, c P, CG , c H, c:;:, ,:J , c :< , c L , c ~, c 'i , 
	I CO,C:,C>J ' 1ctrs::= • 1 s sc , , a o o, 1 a 6 ~ , 1 o o o , , o 7", 1 o 7 6, , ec: c , 1ag~ , 1a~ .. , , s c.. , , ., 1o, 1 g _:: , I 19 3 6, 1 9 .. C, 1 9 u u, 1 S 60, 1~ o-., 19 od, 1., 7 2, 1 S 7 E, 1 S 60 • ; tCATEGC3Y-=1 . ~ IQLIS:=•AD ,AE,Af ,AG,AN,A?,Aw,Ai,A ~ ,~!,A □ ,AV ,Aj,AX,AY,AZ ,2A ,EE ,aC,EJ , I 
	I EH,2J,EG,c~,EN,8P, 3u,~~,c3, ci,5U,SV,Cn,C!,Df, OG,DH,DK,;~,CN,CC,Jr, 1 I CU,CR,OS,JT, DU,DV,:>~,u~, Dx,~3,Z~ ,ED, EE,~:,EG' t ICL IS:= ' 11 o O , 1 1 E : , 1 1 S 6, 1 1 7 ~ , 1 1 7o , 1 1 o O, 1 18-, 118o , 1 192 , 1 15 o , 1 2 0 0, 1~ Ql. , I I 1 20 P . 1 i.1 2, 1 2 1 c , 1~ 2 0 , 1~ ..... , 1~ ... o , 1~ J 2, 1 2 3 c, 1 2 u,J , 1 2 u4 , 126 0 , 1 .. 7 2, 12 7 6 , I I 1-.S ,1c28,164E,1:552,1o5o,1oo0, looL.,16Eb,1672,1676,16S.i,1c5b, 1705, I I 172 0, 172 :J, 17 4 0, 1 7 u.:., 1 7 ,.o, 1 7 o .. , 1 7 o E,
	1

	11.JL:ST='iiZ,JA' I t CI. : S'I= ' 205.: , 21 :~, 2056 '; I ICA!£G05Y:2 , 2 I 1QLIS:=•n~, dS, HT, oU, oV,H•,o•,01,Jo,uC, JC,J::,Jf,J~, JH,JJ,~S,J1,JU, JV, 
	I 
	I JW ' 
	I 
	tClIS7=•,C~8, 2012,2016, 2~17, 404.j,40~8,2032,L036, 20~2, 20-o,2v~7, ,0o~, 
	I 
	1 LC6a,2,12,2076,:~➔o,2odo ,~0.," ,~1ou,21cs,,110,212u,212~,21;0 ,L1~~. 
	21ua, 21s2, 21oc,21s~, 2, d1,4100,4~v4,~212, ,210,222~,22,o,,,j2, ,"3u , I LJ6 , 22U1 , 2252 , 2256 ,2..,o v , '-,o ◄ ,4~0€ , 2272 , 2276 ; JC,\!:GC:iY =2 . J IQLIST-= 'JX, JY,J Z' , c Lr s:-=, . c , 2J J 1, 23o ~, 2., Ot1, ".,12,,J, J, 2 Ji.., 2J, o, 23 11, 23 .;:o , ~.;: J, 23 5~ , I 2355,22)~,2358,2309,2j52' ; IC,\:::Gc.?Y=J. ~ JK,J~,J~,JN ,JP,J ~,J~• Ic: :ST= ' 2uC ; , 2,. r: ~ , 2 4 0 8, 2 .. lo , 2-. ... .j , ,. -+ 4 8, .: -. j", "~ 3o , "-' 5 ~ , : i. So , .: -6 0 , : .. :: .. ' 1:::A:~GCaY=3 . 1 l~L
	2 
	1 
	21 
	IQLIS:= 
	1 
	1 

	I CA :ZGC1t'.i=J . 2 
	ICLIST=':J,:~, FL ' ICLIST='370~,37J4,3708, 371~,J71o,3720,Ji,4,3728,3732,2736, 3~~c,:,-o, I 3752, 3772, 3784 , 3788 , 37-:,4 , 37,6 '; I CA '!!GCEi Y-=3 , 3 
	♦---------------------------------------------------------------------♦ 
	\:> 
	C.. 

	♦---------------------------------------------------------------------· ICLIS'I='E D,FE,r~• 
	♦---------------------------------------------------------------------· ICLIS'I='E D,FE,r~• 
	I 

	ICLIST='385C, 3d5u,3d53,3d6,,j~Go,~~04,39Cd,j912,3~1o, 3920,3S~4,2928, 
	ICLIST='385C, 3d5u,3d53,3d6,,j~Go,~~04,39Cd,j912,3~1o, 3920,3S~4,2928, 
	I 

	I 3932, 3940,3S44,3948, 3~5~ ,J~56, Jj6Q,39€u, J968'; 
	I 3932, 3940,3S44,3948, 3~5~ ,J~56, Jj6Q,39€u, J968'; 
	I 

	JCA'I'EGO BY: 3 . ~ 
	JCA'I'EGO BY: 3 . ~ 
	I 

	ICLIST= ' FA,F B, :C ,rH• ; 
	ICLIST= ' FA,F B, :C ,rH• ; 
	I 

	I CA 'I :.G CiiY =4 . 1 
	I CA 'I :.G CiiY =4 . 1 
	I 

	ICLIST:•~50C,252C,2524,25 2d ; 
	ICLIST:•~50C,252C,2524,25 2d ; 
	1 

	I 

	ICA! EGCRY=4,2 
	ICA! EGCRY=4,2 
	I 

	ICLIST= 255 C, 2551 , 2554 , 255d '; 
	ICLIST= 255 C, 2551 , 2554 , 255d '; 
	1 

	I 

	ICA'IEGCRY= u. J 
	ICA'IEGCRY= u. J 
	I 

	lCLIST='!Q,!3,!S,ET, E0,2V, E•' 
	lCLIST='!Q,!3,!S,ET, E0,2V, E•' 
	I 

	JC~IST='260C, 26C4, 26 CS,:ol~, ~o.J,.oi4,2628,26j2, 26~0,26~4, ~o~8 ,~670, 
	JC~IST='260C, 26C4, 26 CS,:ol~, ~o.J,.oi4,2628,26j2, 26~0,26~4, ~o~8 ,~670, 
	I 

	I 257u,2678, 26:2,2690, 2o~~.~o~d,i71u,27JC,2750,275u,2758,27o2,2766 , 
	I 257u,2678, 26:2,2690, 2o~~.~o~d,i71u,27JC,2750,275u,2758,27o2,2766 , 
	I 

	I 2770 , 2778 , 2756, 279u •; 
	I 2770 , 2778 , 2756, 279u •; 
	I 

	ICA'!EG0 3Y=4 , u 
	ICA'!EG0 3Y=4 , u 
	I 

	l~LIST=Ei,fL,Zt,ZX,EY, EZ' 
	l~LIST=Ei,fL,Zt,ZX,EY, EZ' 
	1

	I 

	ICL!ST= 1,SOC, 2dC4,2812,2d1o,~d~0,i8.~,262~, ,82d, 2840, 2o:6, 2coC, 
	l 
	I 28€4, 2E6E, 
	I 28€4, 2E6E, 
	I 

	l
	I 2870,287U,267B, 2682'; 
	ICATEGCaY=4 . 5 
	l 
	1Cl.:i:ST= '3:?00,3202,32C4, 320o,3~0d,J~J0,3232,3234,3236'; 
	1Cl.:i:ST= '3:?00,3202,32C4, 320o,3~0d,J~J0,3232,3234,3236'; 
	I 

	ICA!!GOGY=4.6 
	ICA!!GOGY=4.6 
	I 

	ICLIST='3252, 3254, 3256, 3,70,~.7i,J.74,3276, 327B•; 
	ICLIST='3252, 3254, 3256, 3,70,~.7i,J.74,3276, 327B•; 
	I 

	JCA1EGCRY=5.0 
	JCA1EGCRY=5.0 
	I 

	ICLIS~=• 315C,316C, 3170,31ov•; 
	ICLIS~=• 315C,316C, 3170,31ov•; 
	I 

	JCA!!GC ?.Y=S .1 
	JCA!!GC ?.Y=S .1 
	I 

	1 2CCC,J001, J020, 3C,~1,30~.,JJ51,3C70,3071,J005, 3006,)025, 3075l ; 
	ICL!S7= 

	I 
	ICA~!GCoY =S . 2 
	ICA~!GCoY =S . 2 
	I 

	CL!ST= 1 3C3C,JC31, 3032,30ijO,~vd 1,JOo2, 3110,30JS,3085 ; 
	CL!ST= 1 3C3C,JC31, 3032,30ijO,~vd 1,JOo2, 3110,30JS,3085 ; 
	1

	I 

	CA!!GCuY=S. 
	CA!!GCuY=S. 
	] 
	I 

	CLIST=• 3~10,3011 ,3012,30~0, J0~1,J0~2,3043,3050,3091,3092, 3C93, ;1~1, 
	CLIST=• 3~10,3011 ,3012,30~0, J0~1,J0~2,3043,3050,3091,3092, 3C93, ;1~1, 
	I 

	;122, 30~5,3095 '; 
	;122, 30~5,3095 '; 
	I 

	CA!EGC~Y =o . 1 
	CA!EGC~Y =o . 1 
	I 

	Q i.L : S 1:: • 
	Q i.L : S 1:: • 
	!. J , L ,1 , ~;,,G, L H , K, Ll , L 
	..? , ~a , =, S V, oi , 1 , :.Z !U, ~ B IL,J, • l T , LU, L l l I , L , , 

	~c .
	~c .
	~;:,11:: • 
	I 

	ct:s:=•J500, u504, u5C8, 451i,~51o, ~s.o,us,u,4528, 45J2, 45Ju,~S36, 453d, 
	ct:s:=•J500, u504, u5C8, 451i,~51o, ~s.o,us,u,4528, 45J2, 45Ju,~S36, 453d, 
	I 

	u :uu': 
	u :uu': 
	I 

	CA!!GOi:l'i=6 . ) I CLIST=' iiS , :i!'; 
	CA!!GOi:l'i=6 . ) I CLIST=' iiS , :i!'; 
	I 

	C~~!GCE Y=7 . 1 
	C~~!GCE Y=7 . 1 
	I 

	~Lr s T = t ~ X, :! y , ~ z , NA • Na, N
	~Lr s T = t ~ X, :! y , ~ z , NA • Na, N
	... t 
	I 

	CLIS7='U55~,~5:4,455d,45oi,~Sou'; 
	CLIS7='U55~,~5:4,455d,45oi,~Sou'; 
	I 

	ICA!EGC tiY=7 . J 
	I 
	I
	I

	1c trs1= •,o, EG , ~N•; 
	♦------------------------------------------------------------------♦ 
	I B WC A 'IS Wu t e ui= --Pa -4 e 7 
	CATA STATEM!NTS INPUT TO Fa~CZDUR! ~JijCAlS, CCNTI!UEC 
	♦--------------------------------------------------------------------•
	ICA'!?:GCFY=7.5 
	1
	11,,LIS!-= KG, KH , K~ •; ICAT:::GC~Y=7 .5 
	11,,LIS!-= KG, KH , K~ •; ICAT:::GC~Y=7 .5 
	I 

	ICLlS:'='SC,SL, SM,S~ ,SP, S~,SA, jS,Si,SU,SV,SW,SX,SY,SZ,!A,Tb '; 
	ICLlS:'='SC,SL, SM,S~ ,SP, S~,SA, jS,Si,SU,SV,SW,SX,SY,SZ,!A,Tb '; 
	I 

	ICA:EGC BY=8 . 1 
	ICA:EGC BY=8 . 1 
	I 

	fQLIST= ' K3,KS, K~,KF,MN,~!,N?, NG,NJ,iC,?E,rF, Fli,Qli,CJ,CK,~L,C7 ,~~,3A, 
	fQLIST= ' K3,KS, K~,KF,MN,~!,N?, NG,NJ,iC,?E,rF, Fli,Qli,CJ,CK,~L,C7 ,~~,3A, 
	1 

	I 3B, Nrt' 
	I 3B, Nrt' 
	I 

	~00(,UQ04,4008,401,,.010 ,~020,~osc,ucb2,4066, 45eO,~C17,~01o , 
	~00(,UQ04,4008,401,,.010 ,~020,~osc,ucb2,4066, 45eO,~C17,~01o , 
	ICLIS:' = 
	1 

	I 

	I 4584 , 458c,• 5 96 , 4592 ; 
	I 4584 , 458c,• 5 96 , 4592 ; 
	1

	I 

	fCATZGCB Y=8 . 2 
	fCATZGCB Y=8 . 2 
	I 

	IQLI S!=' KA,K3, KT,PV,Fw,Q?,~G• 
	IQLI S!=' KA,K3, KT,PV,Fw,Q?,~G• 
	I 

	fCLIS!='4;00,4)20,4J24,4j~o,•~Ji,4354,~35E,4)62~4366,•3oo ,~o24, ~4o2, 
	fCLIS!='4;00,4)20,4J24,4j~o,•~Ji,4354,~35E,4)62~4366,•3oo ,~o24, ~4o2, 
	I 

	I ~t00, 4604,•6C8, 4612,461o,~o~O•; 
	I ~t00, 4604,•6C8, 4612,461o,~o~O•; 
	I 

	ICATE GC aY=8. J 
	ICATE GC aY=8. J 
	I 

	IQ L :sT = ' N K, N' , N11, N N, NS, N! , i» U, NV, ti ,i , li I, NY , lH , ~G, KV, K • , KX , , : , f ~, P t., PP, I f3, fS, PT,?U, PX'; 
	I ~L!.S:'=' CY, CZ, ,J3, CS,CV , Q• ,:ta , i.iL , Pc•; 
	I 

	ICAIEG05"' -•• 
	ICAIEG05"' -•• 
	I 

	1CllS: =•~H,~J, ~K,~L, 11F,~~,~a,~~ ,KK,aX,RY' 
	1CllS: =•~H,~J, ~K,~L, 11F,~~,~a,~~ ,KK,aX,RY' 
	I 

	ICLIST= 41o6E, •4E•'; 
	ICLIST= 41o6E, •4E•'; 
	1

	I 

	ICA1LGC87=d . 5 
	ICA1LGC87=d . 5 
	I 

	ICLIS7='MS, ~C, ?Z,~A,Qc, ~D,KJ,KN,K,,PZ'; 
	ICLIS7='MS, ~C, ?Z,~A,Qc, ~D,KJ,KN,K,,PZ'; 
	I 

	fi:AT:::GCEY=8 .
	fi:AT:::GCEY=8 .
	6 

	I,,:A!:::G C 3 Y = d •
	I,,:A!:::G C 3 Y = d •
	7 

	!~LIS~=•fF, F~ ,?R,?S, :T,FJ,iV,ia,iX, iY,FZ,G,\,Gc,GC, GC,GE,.:;;, GG,Gc, GJ, GK, Gl,G~,v ~,CF,GC ,GB,~S, Gr, uu,~v,Gi,GX,GY,GZ, HA,HB,HC,c: ,~~. cF, dG, orl,cJ, HK,dL,HM, RN,HP,rlw,~w•; 
	!~LIS~=•fF, F~ ,?R,?S, :T,FJ,iV,ia,iX, iY,FZ,G,\,Gc,GC, GC,GE,.:;;, GG,Gc, GJ, GK, Gl,G~,v ~,CF,GC ,GB,~S, Gr, uu,~v,Gi,GX,GY,GZ, HA,HB,HC,c: ,~~. cF, dG, orl,cJ, HK,dL,HM, RN,HP,rlw,~w•; 

	I CA 'E GCiH=d. 
	I CA 'E GCiH=d. 
	3 

	I Ci. Is:'= I F.C , : i) , ?. E I ; , ~ t r s r = • r :1 , 1? , r o , r a , rs , rT , r u , i' v , ~ • , .. x , : 1 , r z , u ~ , u & , □ c , u o , u ::: , u , , i.J G , u a , JJ,UK,UL,J~ ,UJ,UP ,UQ,Ua,i.JS,U~,~U ,UV ,□~,OX,UY, i.JZ,VA,VE,1C ,1: ,~E,~!, I ?G,VH,VJ,VK,Vl ,V!,VN,aU, di,d'' 
	I .
	LlS!=•~~, K~,~U, KY,KZ,LA,~~.~c, ~0,r.L, LF,ND,~E,SZ,PC,fJ,?K,fl ,~!,iU, I FV , Bii'; 1::A~EGC!H=d . 
	9 
	I 

	t CA!E.:; ::z Y= 9 . 
	t CA!E.:; ::z Y= 9 . 
	1 

	ICLIST= u10~ .~,J~,.◄ss ,u59~ •; 
	ICLIST= u10~ .~,J~,.◄ss ,u59~ •; 
	1


	l~LIST= SJ,SK, TC, TO,!~,Ti,ru,~rl.TJ,4K,!l,S~,SF,SG,Sn' I CL ::: ST::: ' : 0 0 ,; , 5 6 0 C, .2 5 7 '.) ' ; IC L:ST= ' Si), ! ~ ; 
	JC,\1EG CilY=9 • .
	2 
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	·-----------♦ ---------------------------------------------------------♦ 
	I cX :C l~he pur pos e OL ta~ ~IiC statement 1s to 1o'l=~e ~c~cecur e t I 1: tHI XUi'IL . The azi;~ull Clna :Il!F. pa_rau1ete cs r.DClY :::e sj:ec1.r1ed . 1 I IA 3EGI ON of 140~ aod d !l ~Z Ot 2 lll.OUtes ha'le oeec t :und I I tto be adequclte r oe c1 .ioC;t>S . The E? A:ii'I paca:iecec lb 'f c.,a I I 1used to speciLy ?L/l executico time ?araieters. I 
	I I::.xa 2pl~. III IR •10~L ::ii~ PGj==~•iO~L , ~EG:C~=l~CK , I:~~=~ 
	♦----------♦--------------------------------------------------------♦
	IST :PL18 CD tTbe purpose ot tae srZrLl3 CD statement 1s cc def1oa a I 1load l i br a r y the ~cocedur e ra ~XJ~: l edd :icd I lule. I I I 1:::.:ample : I 1//S!ZPLIB Du D5~= i~~CO . LCAC . IR ■ l J i'IL , DIS?=(3 n:. ,~A35 ) 
	contc11iu.nq 

	♦ ----------♦--------------------------------------------------------~ 
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	♦-----------♦---------------------------------------------------------♦
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	♦-----------♦-------------------------------------------------------♦
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	♦-----------♦---------------------------------------------------------♦
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	·-----------♦-------------------------------------------------------♦
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	·-----------♦-------------------------------------------------------♦ 
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	I I I I fExaaple: I I 1//I.6iPAIR E.4EC ?lii1=.i..ii.oiPA.!3,li.£GlON=1Ut)K,Til1::=2, I I 1// fABl1=('/.0:D"'' ' C'1i,Gi. COl11HtL::Z: aEcoaos FOii ?AI:iS ' ti. I I 1// ' PBOB=O . O,. , •~Aalu="N• l'.:85220' ) I 
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	♦-----------♦--------------------------------------------------------♦
	ISYSPRINl 00 1Tne puxpose ot the 51SPRlN! tD statement is t o define a I ISYSCUT fil e waere µrocedure IR -PAIE may Flace cesso~es I tdurinq execuuo~. l ts ~etault record characteristics are I IRECFM=VEA, ~aE~~=,~S and BlKSIZ~=129. Tae user ~ay spec-I lify a BLKSIZi OL 12S or larger is desired. I I I I I Ex ample ; I 1//SYSPRI~I DL StjOUT=A I 
	I 
	I 
	I 
	I 
	I 
	I 

	♦-----------♦--------------------------------------------------------♦
	IFLIDUMf DD tThe purpose or tae i~~DU~f tt statement is to defioe a jSYSCOT file waere a core manoqe~ent report may te ~laced lbY the PL/! nouse~eepinq prccedures and wnece a o AcE~D !dump may be placed iL required. Ihe record c~acacterisltics of tne ~LICUjP rile are predefined. This CO state-1men t may be emitted. 
	I 
	I 
	I 
	I 
	I 

	I I 
	!Example: 1//FlIDU~P CD Si~vur=~ 
	I 
	I 

	♦-----------♦---------------------------------------------------------•
	1!he puxpose ot the SYSOUT CC statement is to det1ne a I ISYSCUT file wnere t ae SCAT/~EEGE pr ocedure =av ~lace mes-1 1saqes durinq executi~n. I t s r~cord characteristics ace I
	ISYSOU! Ct 
	I 

	I I Predefined . I 
	I 

	I 
	I I 
	!Example: I 1//SYSOOl DD ~tSJUI=A I 
	I 
	I 

	♦----------♦--------------------------------------------------------♦
	ISO ETL~E co !The purpose ci tAe Sua!LIB CO stdtement 1s t c define a 1l oad library t o woicn the SCaT;~EnGt pr ocedure may 1104 ldurinq execatiou. 
	I 
	I 

	I I I Example:1//SO&Tl IS 0~ DS~=S1~1.SCnTllc,C~~P=(SHE, rASS) 
	♦-----------♦---------------------------------------------------------· 
	vc1:he purpose or tne ~uniwK ct statements 1s tc jei1r.e icc~I 1J to 6 scratcn rile~ r or use by the scaT;~E3uE ~roceJur e I IS03TWK06 DC ld urinq executiun. I 
	1s0s:wK01 
	I thcu 

	I I
	I !Example: I 1//50a~WK01 DL UN~I=S1SDA,SPACE=(CYL,2 ,,CC~Tl~J I 
	I 
	I 

	♦-----------♦---------------------------------------------------------♦
	1sisu:1 cc l!he purpose ot ~~~ SYSU11 cc statement i s to Jei1oe d 
	♦-----------♦--------------------------------, ------------------------♦ 
	Figure
	Figure
	!iwPAI R ~riteup --Faye J 
	♦----------♦---------------------------------------------------------♦
	State ■ ent !Contents 
	♦-----------♦---------------------------------------------------------♦
	I 
	I 
	I 
	!Physical sequential iaµut 
	tile containing 
	the 
	rreiqbt 
	car 1 

	I 
	I 
	!history file t or 
	sa~p~e 
	cars. 
	I t s 
	assumed 
	record 
	cbarac
	-

	1 

	' 
	' 
	1teristics ace 
	iiCi~s iB 
	and 
	LEECL=1JO . 
	Its fLKrIZE 
	is I 

	I I. 
	I I. 
	ltaxen from !default to 
	tne StSUI1 ,~o. 
	OD 
	statement, 
	the 
	tile 
	l ~cel 
	or mayj l 

	I 
	I 
	I 
	I 

	I 
	I 
	!Example: 
	l 

	I 
	I 
	1//SYSOl'l 
	DD 
	.DSL1=t'dt1Cu. HISIO!iY. CAB. SAttPL£D, DISP= (SHh, PASS) I 


	♦ -----------♦----------------------------------------------------------♦ 
	ISYSUT2 CD IThe purpose of the ~YSUT2 cc s tatement is t c def i ne a 
	I fpbysical sequential lDµut tile containing the bssic comI lbined data rile. Its assumed cecord cbacacter1stics are I 1aECfM=f8 and LAi~L=1.C. Its BLKSIZE is taken frcm the 
	■ ay default toI 1120. I I I IExam ple : I I//SYSUT2 DD DSH=?Hft~U.~ASE.CATA.CO~SINEC, DIS;=(SH5,PASS) 
	ISYS0!2 DD 
	stateadut, 
	tne iile label or 
	'

	♦----------♦---------------------------------------------------------♦
	l SYSUT3 CC !The purpose or the SYSU!J Ct statement is to deiinE a 1 I IPhfsical sequeg~idi ouc~ut file wnere a versloo ct tbe I I 1comtined data ti~e coutaininq records toe re~air ~airs I l 1ma y be placed. lts r~cord characteriscics a=e ~redEtined 1 I 1as &ECFM:fB, LA~~~:1~0 and ELKSIZE=4200. I 
	I I I I lfX4mple : I I I//SYSOT3 DD ~SJ•Pl~~v.CATA.CCHB!~~D, UNIT=)3 j 0 , I I 1// 'lOL=SEli=i,jlSPAK , SiA..:Z=(TSK , ( 1SC,190 ) , BLSE) , I I 1// ::) l 
	tISP=(,CAILlo,IJ.:,j.i.Ii

	♦-----------♦---------------------------------------------------------♦ 
	The fA&a ~arameter of the ,~~c 3Cdtement may be used t o s~ecify cL/ I acd ~rocedure Ia•?Aia execution ri ~e parameters. Its ior~at is as io1
	-

	lovs :· 
	Figure
	The formats cf the PL/I execuc~ou time ~ara~ecers may ~e r~und 10 che PL/! Proqrammers• Guide. Iheu detaults , set tv procetlure :3iif..\13 as iiEFC?.7 and 1s;. (10K), are adequate, and they Ja"f be omitted. fr.::i.:edure 
	The formats cf the PL/I execuc~ou time ~ara~ecers may ~e r~und 10 che PL/! Proqrammers• Guide. Iheu detaults , set tv procetlure :3iif..\13 as iiEFC?.7 and 1s;. (10K), are adequate, and they Ja"f be omitted. fr.::i.:edure 
	IBWEAIR parameters are k~ywor a and may be supplied in a ny or der. C~itted para11eters have default values. 1heir formats 111ay be .tound iu t 11c fcllowinq t able . 

	Figure
	Figure
	Figure
	♦-----------♦-------------------------------------------------------♦
	I Farameter !Contents 
	♦-----------♦--------------------------------------------------------♦
	I-ID !The ID ~aramcter may ue used tc speciry any character 1s trioq to be used as ideotiricatioo. Its default value isl I 1a null strinq . I I I I I !Exa ■ ple: 'I~=••~a ~ATZ CC~oI~iD SiCO~DS FOR PAI~s ••' I 
	I 

	♦-----------♦--------------------------------------------------------♦ 
	Iso ii':' !The SOR! parameter may be used to indicate tne quartity I 1of core to oe .ulocat~d to the seal/MERGE ~rccedure. its I I !default value is JOvuO. I I I I I 1Exa11i:le: ' SOB.':i:= .. vOOO' I 
	I 

	♦ -----------+-------------------------------------------------------♦
	1E3C2 l~he ER OS paramet~r ~ay be u~ed to specify the ~rcbability1 1that any one co~bioeu record outi::ut will be printed. Its I I 1Jeiaolt V¼lue is o. I 
	I 

	I I I 
	I 1:::xa11i::le : Piiua=O .Jl I 
	1 
	1 

	♦-----------♦------------------------------------------------------♦
	ICA 5I D I 
	ICA 5I D I 
	ICA 5I D I 
	t~oe CAR1C may c~ 1comtined ce~cra i 
	useu s tQ 
	to si::ecity any ce printed. It~ 
	r.orde
	-i d ta ui
	f ee t val ue 
	wn1ch is 
	thei a I 

	I 
	I 
	1null strinq. 
	I 

	I 
	I 
	I 
	I 

	I 
	I 
	1Example: 
	' CAiilu= ' 
	' Nw 
	vt39220 "' 
	I 


	♦----------♦--------------------------------------------------------♦ 
	Figure
	Figure
	FROCEDURE NAHE: lAWPDST , A proceaura to ccm~lete and sort t he Per Diem comparison data ti~e. 
	AUTHOR: oobert Ii. #hJ.ta4er Feat, Harwick, ~itcoell & cc. 1025 Conuec ti.cat Avenue, N. Ii. ~ashinqton, ~.~. 20036 
	(20 ,) 22J-!j 525 
	LJNGUAGE: Erocedure ~tt•PDjT is written to be compiled and executed at an 1nsta~lation Sufportiog t he Pl/I Cpti mizing Compiler, Ver~ioo 1, aelease l . 3, PTF 61 , er later. 
	P08 rOSE : 
	The pur~cse cf ~rocedure I~•PuST is to su~ply the car initials ~hen they are missinq and to sort tAe rasultioq tile by month within year within c ar-id. The unsorted ,er Ci.em Ccm~a r ison data tiie is in~ut ~nd a scrted version of the same is out~ut. 
	FROCfDUBf IE~PDS! JCL 51A1lOl~I~ 
	+-----------♦------------------------------------------------------♦
	I Statement tConteots 
	♦ ----------♦-------------------------------------··-------------------♦ I l:X'EC 17he purpose or toe ~xic statement is to invoke frocedure t I tIRWP DST. The iiGio~ and rI~E parameters may oe s peciried.1 I IA Sl GION of 1,0K ua 4 TI~E cf 2 mioutes have teeo fcund I I tto te adequate tor 4 joO;tiS. The ?Aiil'I paraileter :uy ce t I 1used to specl..fy P~/i time parameters. 1 I I I I IExa aple: I I 1//ri~PDST El~C P~l'l=IA~2DS!,REGI0~=120K,II~E~2 I 
	executi.cn 

	♦ -----------♦--------------------------------------------------------♦
	1srE:PLIB DD 1The purpose or tne ~T~iLla co stdt ement is to aef in4 a I tload library the s::rocedure Iii•i'DS! lead modI I ul e. I I I IEi:aI ple : I 1//ST~PLIB 0~ uj~ap~aco.LOAt.IB•rCSI,D1Sf=(So~, ~~~5) 
	couta.i.IU.nq 

	♦ -----------♦--------------------------------·-------------------------♦ 0~ tue SiSiiINT CD statement is tc dei1ne a 1 ISYSOUT file WA~r~ procedure InirCST may ~lace mtssaqes 
	ISYSPRIST DCl!he purpose 

	♦ -----------♦--------------------------------------------------------♦ 
	Figure
	IRWPDST Wtiteu~ --PaqE i 
	FaOC!DUSE IBWPDSl JCL STAI£oE~T~. CONTINOED 
	♦-----------♦---------------------------------------------------------♦
	I Statement 1contents 
	♦-----------♦---------------------------------------------------------♦ 
	I 1du rioq execution. it~ detault record cba~acteristics ace I I IRECF~=VBA. ~nl~L=1~S aud BlKS:ZE=129. Tne user may spec-J I lif y a 8lKSIZ~ Ot 1~9 o, latgEr is desi,ed. J I I I I !Example: I I I//S1SPRI~T ~L si~uJI=A I 
	♦ -----------♦---------------------------------------------------------♦ 
	I ELID0::1P DD IThe purpose or toe ~Li~OliP CC statement is to aetioe a I JSYSO~T tile woer~ a core mana~emeot report may ce ~laced 1 I 1bv the FL/I huusaKaeµinq procedures and wnere an AfE~ ~ I I jdu•~ may be p~aceJ it reQuired . 1he record cnar3ctetis-I I ltics of the i~IJUJ? iilE are ?tedeiined. : nis :c state-I I 1may be omittea. I I I I l 1Exa11ple: I I 1//PLIDUMP DU S~SOUT=A I 
	♦----------♦------------------------------------------------------♦
	ISYSOUT CC l!he purpose ct tne ~Y30UT CD 3tat ement i~ tc definE a I I ISYSOUT file vhere tn~ soaT/eE~G, procedure ~ay ~lace me~-1 I 1saqes durinq axec~tion. Its record characteristics ace I I I predefined. I I I I I I Example: I 1//SYSOUT DD ~Y~vUT=A 
	♦-----------♦---------------------------------------------------------♦
	ISOnTLIE CD IThe purpose ct tad SUdTLIB DO statement is tc ~efine a l 1load library t o waicD the SCa!;~EaGE ~rocedu=e may link 
	I 

	•
	I ldurinq execution. I I I I I 1:::xample: l 1//SCRTLie DJ ~SN=3YS1.SCSTllf,tI~P=(SUR,EASS) I 
	-----------♦------------------------------------------------------♦ 
	I SO ; :°'iiKO 1 DI:1:he purpose o~ toe Su~l•K CC statements is t c defice rrc~I I thru 13 t o 6 scratcn riies ccr use by the SC3!;~ESG; frocedure I 15CrTWK06 Dtjdurinq execuuon. l I I I I 1E.xample: I l//5CaT•K01 u~ u~~r=SY~uA.SFACE=(CYL,2,,CCNI:~ ; I 
	I 

	♦ -----------+---------------------------------------------------------·
	IS'!SUT1 CC 1:he purpose or tne j1~u!1 Ct statement is t c jeri~E a jpnysical sequentid~ lA ►u~ iil~ ccotaioinq t ne unsctted I 1Per Die ~ com ►ari~oA Ja ta. Its assumed recor~ Cjara cteris-1 
	I 
	I 

	♦-----------♦---------------------------------------------------------♦ 
	IBWPDST VriteUF --faqe 3 
	EBOCEDUBE IaWPDST JCL STA1£a~NIS, CONTINUED 
	♦-----------♦--------------------------------------------------------♦
	t Statement !Contents 
	♦-----------·♦-------------------------------------------------------♦ 
	I ltics are RECEa=ia ~nd LRECL=72 . lts B~KSIZE is takEn frc111 
	I lthe SYSOT1 DO st<1te11eot., the tile label or may detault. tol 
	I 172. I 
	I I • I 1zxa11ple: 
	I//SYSOT1 DD O~N=;Mb~O.CCMf.EfBtIE~,DIS2=(So&,PASS) ♦-----------♦---------------------------------------------------------♦
	' 

	ISYSUT2 CC !The purpose oi tne SYSU!2 CC statement is to definE a I 
	I &physical sequential out~ut file where the sorted VErsion 1 
	I 1of the Per vie• ~oap~rison data may be placed. Its recordj 
	I lcharacteris~ics are ~redefined as SECiO=io and la~CL=72. I 
	I IIts BLKSIZE is se~ equal t o the SYSUT1 eLxs:zt. 1 
	I I I I 1Exa ■ ple: I I I//SYSUT2 DO 0Stl=riiilCO.SCRTEt.CCt,P.PEBDIE!!,UN::"=J33C, I I I// VOL=SEazcl.StSi>At. ,!)PACi:.z(Tii<, (1SC,190) ,SLSE) , I I 1// ~ISP=(,CA1Lb,DEL~TE) I 
	♦-----------♦------------------------------------------------------♦ 
	Microfilmed From Best Available Copy 
	Figure
	~ proceu~re to extract ofiline miles aod days re~ ~om ► acisoo da ta G~d tc insert this nt.o t.11e Comtined data file. 
	PEOC!DDB£ NAME : lRiDl~~. 
	from the 
	ui~* 
	infocmat.i.or 

	AO'!HCB: aobert ~. ijnitdkec Feat, ~acwic~, ~.i.t.caell & Cc . 1025 Connecticut. Av~nue, :-t . ;., washinqton, _. c. 20036 
	12.C ,) 22.;-9 5~5 
	L,\!IGlJAGE: Frocedure li~O~~M .1.s written to be compiled aud exesu ► ~ortin~ the PL/l compiler, Version 1, aelease ~. 3, P!F 61, cc l 4ter. 
	cuted at an 
	instd44at.1.cn 

	Cptim.i.z.1.nq 

	PUR FCS E: 
	The pur ► cse ct ► cocedure ~-J.EQ is to extract ofilioe miles and days from the Fee Oie i ~ i.1.le a~d t.o insert this information into the Combined data file. Input~ are t he scrted and corrected version er tbe Per Ciel Ccm ►arison ri4e and d previous version of the Ccmbined Die ■ ccm~ariscn file must be sorted aDa u ► dated ty 0roceduce I ~•?cs:. 
	Compar.i.so
	file. Output is an updated version of the Ccmbined file. !be ~et 

	Figure
	♦----------♦--------------------------------------------------------♦
	I Statement 1cootents 
	♦-----------♦-------------------------------------------------------♦ 
	I EX EC 1The pur pose ot the EXi~ statement is to invoke ~roced~re I 1raw :r::11. Tbe a.:;l.ilu ti1 crna I.ItE pacametecs m:ay l:e s~ecified.1
	I 
	IA SEGION of ,~u~ ana a !IME ci 2 minutes have ceen f cund I
	I 
	1to be adequate tor a jo0/65. The ?Aa~ paramete~ may l:e I
	I 
	1used to spec.u.v tL/: a~d procedure llWDlE11 executicn t.i~el 1parameters. I I I I IExample: 1//Ii~DIEM IlfC ~~a=I3~~ItM,SEGIC~=120K,TIME=2, 
	I 
	t 
	I 
	I 

	Ill rA3M=('/~c.=••~xxnA~4 OiFllNE ~lLES ASO tA~s•••,
	I I I// ' PRO E =O. 0 1' ) 
	♦----------♦--------------------------------------------------------+
	tSIEPLIE co tihe purpose oi tae ~r~,1:3 CD statement is to jefina a 1 Jload library contaiu.i.o~ the ~rccedure I R~uI~~ lead ~od1 Iule. 
	-

	♦-----------♦--------------------------------------------------------♦ 
	Figure
	+-----------♦---------------------------------------------------------•
	I Statement ,contents 
	♦-----------♦-·-------------------------------------------------------+ 
	1Exa 11i:;le : 1//SIEPLIB DJ 0Sd=Pda~~.LOAC. I3~DIE~. OISE=( 5h5, ~ss, 
	♦-----------♦ --------------------------------------------------------• 
	ISYSPaINI 
	ISYSPaINI 
	ISYSPaINI 
	oc1rhe 
	i::uri::ose 
	er 
	tue 
	srsc6iN: 
	CD 
	statement 
	i s 
	to 
	def ine 
	a 
	1 

	-1 I I I 
	-1 I I I 
	tSYSCUT file wnec~ ~rocedu re ~a~D!Z~ may Flace ~e~saqes 1durinq execut~oo. ~t~ defa~lt r ecord c hardctec1st1cs a ce 1alCFH=VeA, ~nic~=l~S and e~K~IZE=1~9. The user ma ; SFeC-(ify a 3LKSIZE OL 129 or lace.e r is desired . 
	I I I I 

	I 
	I 
	I 
	I 

	I I 
	I I 
	l~xa mple: 1//S~S?aINT 
	D~ ~1SOu I=A 
	I I 


	♦-----------♦--------------------------------------------------------· 
	1The purpose attn~ P~i~U~F cc statement 1s t c def1Je a tS YSCU? file wnece a coce manaqement report ~a7 te ~lacea I
	IPLIDOIH DD 

	I 
	fby the PL/I ~ouseKeepinq prccedu ces and ~here an ~EE~D I (dum ~ mav be ~lac~a l.t requited. the ceccc~ cnaractetis-I 1tics of the E~.DuH; c1.~e are predefined. :nis ;c state-1 , ~av be emit t ed. I 
	I I I Example: I 1//ElIOUME Ow s1~v U~=A 
	♦-----------♦---------------------------------------------------------♦ 
	(:'he purpose c t t.uc: S1::.U'!1 CC s t atement 1:: t o ae f:ioe .l. • !Physical seque~tia~ in~ut file ccotainin~ :~e u~date~ 1
	ISYSU~ 1 !:C 

	I 
	!Per Diem Co111i:,a1.1..;:;o.1 uata. Its assumed rer..;.:= cnacacteris-1 ltics are RE~;a=io ~na ~a~:L=72 , :ts BLKS:ZE is ta~eo fro~I 1tne SYS 0:1 u~ Stdtemeo t, t he f ile label c: ~d/ derault t ~ I
	I 
	I 

	I 
	I 7 2 • I
	I 
	I I
	I 
	(E xample: I t//SYSUT1 DD ~~~=?~?. ?ERulE~,: :s,= (Srlo, ~AS:) I
	I 
	JctCU.jCEI!C.CC


	I 
	I 
	♦-----------~-----~'· ---------------------------------------------------~ 
	1The pu~pose ct cne 31jU~2 C~ statement 1 !: : c d~:ioe a fphysical seq uentia~ 1np~t tiie contaioinq :~e Cc~oi ned
	ISY:5UT2 CC 

	I 
	1data file t o woic n orfLioe miles and days a=e tc 0€
	I 
	1added. Its a~~uQed record cnaracteristics are aECF~=F3
	I 
	I 
	rand L~ECL=1~0. l t ~ oMnSIZZ is ta~eo from t ne S15U!~ CD
	I 

	1statement, the tiie LdLe.l cc ~av detault t c 120 .
	I 
	I I 
	1zxample:
	I 

	I//SYSUT2 DC uSj=?rt~~j. uATA.CC~EINEO,J: Sf=(3n3, fAS5)
	I 
	♦-----------·---------------------------------------------------------♦ 
	Figure
	♦-----------♦------------------------------------------------------♦
	I Stat ement !Contents 
	♦---------♦--------------------------------------------------------♦
	15YSUT3 !:C l!he purpose ct the ~t~UT3 Ct statement is to deiine a I fphysical sequential output tile wnere a ve rsion cf t he I !Combined tile cootdioioq ot fline miles and days ma y be t I I Placed. Its recora cnaracteListics are pred~tined as R~c-1 I IF! =FB , LBZCL=1~~ anu dLKSIZ!=420G . I 
	I I I I !Example: I I I//SISU!3 DD CS~=?M~~D. UPCA!ED.CAIA.C0~3INEC, UN~l=3~30, I I Ill VOL =SER=?ru1.t'N.t\ , S?ACC:-=('::K , (15C , 190) , iiLSE) , I I I// l:IS?= (, CA'ILG, ::li;.lEIE) I 
	♦ -----------~ ---------------------------------------------------------♦ 
	The FARM carameter of the E~E~ st ate2ent may be used to specify PL/I and crocedure I3•JIEr. executiun ti~e parameters. !ts format is as fol
	lc1i1s: 
	Figure
	:he forJats oi the PL/I execution time ~arameters may be found io thT Pl/I Proqrammers • Guide. lhei.c Jetdults, set ty pr ocedure :s-CIHS as 
	iiE?CET and IS.\ (10K) , are adequate, a.od they may be omit ted. f.cocedure 
	IBWCIE~ parametets are keyvora d"~ aay te supplied in any crder. Omi t
	ted parameters have default v~lues. !heir fcr2ats may be :cuad 10 tne fol lovinq table , 
	Figure
	♦ ----------♦ -------------------------------------------------------♦ 
	t Parameter tCootents 
	·-----------♦ --------------------~ -----------------------------------♦
	17be ID parame~er may oe used t c specify 3oy cnaracter I 4S iaentification. Its de fau..t valu~ 1s1 1a null s trinq. I I I 
	1st rinq to be used 

	!Example: 'Iu=••i~I~A~I CEELIN~ ~lLES AND DAYS''' I 
	♦ -----------♦------------------------------------------------------♦
	IfROi:! 1The EaOE par a~eter m4Y te used to indicate the ►t o taoil -I litv that a piU"t~cular output record vill be pr inted. Its I lde:ault value i s O. I 
	I 
	I 

	♦----------♦-------------------------------------------------------♦ 
	Figure
	Figure
	FBOCEDOBE ISWDIEb PABK PAiAdETEaS , ~ON? INOEC 
	♦----------♦--------------------------------------------------------
	Paraaet er !Contents 
	♦----------♦---------------------------------------------------------· ♦-----------♦---------------------------------------------------------· 
	Figure
	IEW!NBO Writeui: --Fd~E , 
	PROC:EDUiH NAM!: -IEWINBO , " µroceuur~ t. O ccmbiue !!erqe and Jullito data into a sinq~~ ou t µu t. tile. 
	~obert w. a hitd~~r Eeat, ~arwic~ . ~itcnell i ~c . 1025 Connecticut. Aveou~ , s. •• 
	■ ashi oq tou, ~. ~. ~oC36 (20~) 223-~S.:S 
	LANGUAGl: Frocedure I~w. NuO is wcitteo to be comµiled aod executed at an 40Std~~dtion su~~ortin~ the ?L;: C~timizioq Compile r, Ver~iun , . ~elea~e 2. 3, FTr o1, or later. 
	fURFOSZ : 
	The purpcse cf procedure ~~w:~ov 1s to cc~t:ine ~erqe and Jumcc data intc a sinqle ou t put fil~ . ~er~e Ud ta and Ju~oo data tor sa ~~ le cars are ini:ut, t:oth cf which 111ust o~ in sort t:v tl!l1e int.bin day witcio month within car-ideotiiicat1ou. ~ co~b1ned lerqe-Jumbo file is cutput. 
	Figure
	♦------------♦------------------------------------------------------
	-

	I Statement jCont ents 
	♦----------♦--------------------------------------------------------♦ 
	I EX !C !The purpose OL tn~ i A~~ statement is t o invo~e ~rocedure I 1ra-INEO. Tbe a~~-u~ ~nd TI~! parameters may be s ~ecitied. I I 
	I 

	IA iEGION of liJK dna a lI~i cf 2 ~inutes oave ceen t oua1 J Ito ce adequ~te t or a 300/65 , !he ?ARM pa rametec ~ay oe I 1used to specuv .?l./! dnd procedure I:l,i!NEO executico t i:11e1 jparameters. I I I l I IExa~ple : I l//!5WINEC E.:.c.c c-1.1;1=.u .. i !foO, nEGIG:i=12~a<.'IIlH=2. l 1// EAR~=('/i~=·•~wJd:~~ ~~EGE A~: JO~oC''') I 
	I 
	I 
	I 
	I 
	I 

	~ -----------♦---------------------------------------------------------♦
	15!:::PLIB co l!be purpose of tae sr~rLIB Ct statement is t o defica a 1load library c oata.1.uin-1 the i:rccedure Ii.ii~~co l oad mod 
	I 
	-

	I 1ule . 
	I I 
	I IExaa;:le: 
	1//S!!PLI3 DJ DSJ=i~~~U.LO~C.I3~I~cO, O!Si=(SHi,i~SS) 
	I 
	• -----------♦--------------------------------------------------------♦ 
	Figure
	!BWihBC iriteup --faqe 2 
	ESOCEDU&E IEWINEO JCL STATElE~rs, Cv~TINUED 
	♦-----------♦----·---------------------------------------------------♦
	I Statement 1contents 
	♦-----------♦-------------------------------------------------------♦
	I SYSPaIIn DCl!he purpose ot tAe SYjiRINl CD statement is t o define a 1 I ISYSOOT file where procedure IB ■ l~EC may ~lace messaqes 1 I !during esecutiou. Lts default record characteristics are 1 I IRZCFMVBA, LiiCL=liS and BLKSIZE~l,9. !he user may spec-I I lify a BLKSIZi oi ,~9 ur larqer is desired. 1 I 
	2 

	I I 
	I !Example: I 
	I l//SYSPRINT u~ StSOUt•A I 
	♦-----------♦---------------------------------------------------------♦
	IPlIDUl'tE CD !Th e purpose ot tne ELitUHP CC statement is t c detine a 1 I ISYSOUT tile wnerd a coLe manaqement report may te ~laced 1 I I by the PL/I nousd~eepinq prccea,1res and where a n ~EEND 1 I tduap may be placea u required. !he rEcord cha~actecis-I I ttics of the PLlDUaP file are predefined. Thi3 tc state-1 I 1may be omitted. I I I I 
	I ,~xaaple: I 
	I 1//ELIDUeP D~ S~SUU!z~ I 
	♦-----------♦--------------------------------------------------------♦
	I SY SOT 1 CO !The purpose OJ: tne S1jUT1 CC state ■ ent is to detine a I IP~Y!ical sequential i~put tile containing !Otted Merge 1 I 1Jata for the sam~le cors. Its assumea r~cord cbaracter1s-1 I ltics are RE<.:i~=Fa and LBECl:oS. Its BLKSIZE 1S taken from1 I tthe SYSUT1 D~ stotemcnt, the file laDel er may derault tel I I 6 5. I I I I 
	I t!xample: f 
	I I//SYSUT1 DD J~~=?d~Cu.SCiTI.C.BIG.MEauE,OISP= (Snn,fASS) I 
	♦-----------♦-------------------------------------------------------♦
	ISYSUT~ CD tThe purpose o~ tne SlSUT2 CC statement is tc ~efine a I IPhvsical sequenti4L input file containing sorted Jumbo 1 I Jdata for the sample ca~s. Its assumed record coaract~ris-1 I ltics a:e aECla=Fd ana LR!CL=SO. Its BLKSIZ! 1S ta~en from1 I I the SYSUT2 ~~ state~ent, tbe tile label er ma y defau lt t el I I 90. I 
	I I I I 1Exa ■ ~le: I I I I /S YSUT 2 OD tSN=~.ia<.:u • .:iO.li'I Et .JOIHC. SA ~PLI., DIS?= (Siiii , fAS.5) I 
	♦-----------♦-------------------------------------------------------♦
	ISYSUT3 c.: !The ~urpose or tne SY3UT3 Ct statement is te detine a 
	I !Physical sequeatia~ out~ut tile where a file ccntaininq I 1appended ~erqe ond JumDo data may be placed. :ts rEcord 
	♦-----------♦---------------------------------------------------------♦ 
	Figure
	IaWI~BO Writeu~ --Paqe 3 
	FBOCEDUBE ISWINfO JCL STAll~~~~S, ~O~TINUED 
	♦----------♦------------------------------------------------------♦
	I State ment 1cootents 
	♦-----------♦---------------------------------------------------------♦ 
	I 1charac terist1c~ 4re predefined as RECF~=fB, LaiCL=155 a oa1 I IBLK.SIZ.E=3100. 
	I 

	. I I I I !Example: I I • I//SYSOT3 00 CjN=i~~co.o£~GE.JU~=C. APP,u~;T=3330, I I I// YOL=SEB=?C1.1?iu{ ,SPA~E=(~iK, (1SC,191'.:} ,iLS£) , I I// OISP=(, C~l LG, O~LE!E) I 
	I 

	♦-----------♦--------------------------------------------------------♦ 
	Figure
	~be PARM ~arameter of t he Elz~ statement mav te used to speci:y ~L/l and ~rccedure !3WINeO executiua t1~e parameters. Its format 1s as rol 
	l cvs: 
	?ABM=(' EL/I-par ameters;ra. IM&O-parameters ') 
	The formats ot the PL/I execution time ~aramet ers may be tcu~d ln the Pl/I Proqra~mers • Guide. lheir deraults, set by procedure ra.!NEO as BEfCR'I and SA (10K) , are aaequa te, and they 1.iy t~ omit ted. Procedure IBWI~ao ►aram ete rs are ke yword dDd may ce suppli ed in any orjer. emi tted parameters have default Vdlues. !heir tcriats may be tcund 10 the followinQ table. 
	Figure
	♦----------♦---------------------------------------------------------♦
	I Parameter 1contents 
	♦-----------♦---------------------------------------------------------• 
	IID l!he ID paramet er ~ay be used tc speci fy aay ch¾r3cter Jst rinq to be use~ as i~entification. !ts detau~t value 1s1 I 1a null strin~. I 
	I 

	I J '1Exa11ple : ID=Z.(!~A.:? CFFL;NE: !:r.,s .:.NC DAYS' ' ' I' 
	1 
	11 

	♦-----------♦--------------------------------------------------------♦
	ICAiiID l!he CABID paragcter ~ay ce used to specify tbe identiii 1cat1on of a car •nose out ►ot recor ds ~-e to be rt 1cted.
	-

	I 
	1Its defauit val~e is a null strinq. 
	I 

	I I !Exa mple: ' CAi.l.i:l= .:i 111 08922C" 
	I 
	11 
	1 

	♦-----------♦-------------------------------------------------------♦ I S! Ci?AF: 
	♦-----------♦-------------------------------------------------------♦ 
	Figure
	IBWI~BO Writeu ► --Paqe ~ 
	PiOC!OOBE I6~INec PAS! PAAAdZi2aS, ~CNTINUEC 
	♦-----------♦-----------------------------------------------------·
	I Parameter 1cootents 
	♦------·---♦-------------------------------------------------------♦
	I 1ouater of records to ce read from file SYSU11. ihen SIOE-1 I IAFT is qreater tnan v, tile SYSUT1 is treated as ttouqn 1 I 1ao end of file nod occured after STOPAZ! records nave 1 I 1beeo read. I~ default value is O. 1 
	I. I I IExa1ple: 'SIOPAfT=5000' f
	' 
	♦-----------♦---------------------------------------------------------♦
	IPBINT !The PRINT parameter may be us~d to indicate ~bethet or 
	I 1not output recora~ may te ► rioted. If C~BIC is alsc spec-1 I lified, it ap~lies ~nly to the car identified. PilN1 is a I I 11-bit strin~ parameter. l ts default value is •o•e. I I I I IExa•~le: 'Pi l~~••1• a I 
	I 
	2 
	1 
	1 

	♦-----------♦-------------------------------------------------------♦ 
	Figure
	Figure
	Ju■ bo data to tbe 
	PROCEDOR! NAMZ: IRWMRBO, A procedure to add aerqe and 

	Coa.bined u . .Le. 
	AI/IHOii: &obert w. ■ nitaker feat, !arwick, ditcnell & Cc. 1025 Coonecti~ut Avenue, ~-•• Wasbinqton, o.c. ~0036 
	(20 i, 22.3-~5~5 
	frocedure l4WMAB0 is written to be compiled and executed at an installation su~portinq the Plll C~ti~izinq Compi~er, ver~ion 1, kelease ~.3, PTF &1, or later. 
	LANGUAGE: 

	PORPCSE: 
	The pur~cse ot procedure u-~dBO is to add Merqe and Jumbo data tc the Cc1bined file. Inputs are tne comoined aerqe-Jumbo file aDd a ~tevious version cf the Ccmbined J;ile. outputs are an updated versic:i ct the Ccmbined file and a file containinq atstracted ~erqe-Jumbo data for use ia future processinq. 
	PSOCEDUa! IFWMiEC JCL ST~1i~iNiS 
	♦-----------♦----------·-----··--------------------------------··,...~ ---♦ 
	I Statement 1contents 
	♦ -----------♦----------------------------------------------------------♦ 
	1:be purpose ct tne ~A-C statement is to invoke ftocedure I 1rawaaao. tbe ai~lUN and TI!! parameters may be specified . I
	I !X£C 

	I 
	I A SEGICN of 1601< aud a 1111! cf 5 minutes have ceeo fcuud I
	I 
	Ito te adequat.e for a JoC/65. 'Ihe PA:il1 parameter aaay be l
	I 
	1used to speciiy PL/! and procedu~e 1a~MiEO executicn time1
	I I Parameters. I 
	I 

	I 
	I I 
	1~xa11ple: I 160K,1111~=5, I
	I 
	1/ll&waReo E~l~ i~~=!A•niEO,FEG:CN
	2 

	l 
	Ill EAR~=('ISA(3dK)/I~=••~oo 11EiGEIJU~BC 'IO CC~EISrt••·· II/I ' ,•~Aal.:.= NW oas;"O"') I
	I 
	1 
	PBOl!=0.01
	11 

	I 
	♦---,--------♦------------------------------------------------------♦
	DO j!he purpose or t~a £IE?LI3 CD state11eot is to detioa a I 1load library coot.ainia~ the ~rccedure !B~11iEO lead ~od-I
	ISTEPL.Ia 
	ISTEPL.Ia 


	l 
	I
	I 1ule. 
	I
	I I 
	I
	Figure

	I 
	♦----------♦---------------------------------------------------------♦ 
	Figure
	Ii.iiiitsiHO Wri te u;: --Paqe 2 
	PBOCEDlliiE :;:I;i.iBl'!C JCL ~TAl.f:iiitH.S, CONTINUEC 
	♦----------♦ ----:-----------------------------------------------------+
	I State ■ ent 1cootents 
	♦ ----------♦-----------------------------------------------------------♦ 
	♦-----------♦-------------------------------------------------------♦
	ISYSP:i INT DC fTbe purpose er ta~ S1Sf5INT to s t atement is t o derine a I 1sxscuT file woere pr ocedure rawMRfO may flace ~essaqes I tduxinq execution . It.::. default Lecord characterlstics are I IBECFtt=Vl!A, ...ilECl.=l"S and BlKSI2E=129. TbE user a:ay Sfec
	I lify a BLKSIL~ or 1i9 or larger is desired. 
	I I 
	I 12xasple: 
	I 1// SXSPRijT ~O SISOUI=A 
	♦-----------♦------------------------------------------------------♦
	I FlIDUtH DD t!he purpose or tne tL1DUMf tC statement is tu define a 1 I ISY SCU': file where a c o re maoaqemeot report may te Flaced I I I by the PL/I nouse,eepi nq ~rccedures and voere an AEE~D I I 1du11p llllY be placea ii required . Ihe record cbaracteris-t I ftics of the PLI~Udi fi~e are predetined. This Ct state -f I tment 11ay be caitted. I I I I I tExa ■ ple: I I 1//rlIDU t! P DJ sijuUT=A I 
	♦----------♦---------------------------------------------------------♦
	fSYSOT 1 tt ITba puxpose ot tne ~xsuti Ct statement i~ to detine a I I Iphysical se'-i uea tlc1l. in put tile q combined l!er qe-1 I tJ u ■to data • • ts c1s~umea reccrd characteristics are aEC :M =I I fPB and L3ECl.=15j. Its cLKSIZf .1s taken fro~ the SYSUTl tDI I fstatement, tae ti.1e label er may default t c 155 . I I I l I IZ¥ample: I I I//SYSUT1 DD OSU=?d~C~.~ERGE.JU~EC.AP?,DISP=(SdR ,rASSJ I 
	cootai11.1o 

	♦-----------♦------------------------------------------------------♦
	ISYSOT2 I 
	ISYSOT2 I 
	ISYSOT2 I 
	tD 
	fThe purpose ot ta~ ~Y~UI2 fpbysical sequent.la~ i~~ut 
	tr statement is tile ccntaioinq 
	to define a t d ~r ev.1ous ve r-1 

	I I 
	I I 
	tsico of the como.1nad r.1le. Its assumed recorj charac~erlistics a.re iiCE:1=fb ana LiUCl=120 . :ts BLKSIZZ is ta.<en 
	-

	1 I 

	I 
	I 
	1frc11 
	the 
	SYSUT~ 
	DD 
	s~ctement, 
	th~ 
	til~ 
	label 
	or 
	ma y de-
	I 

	I 
	I 
	tfault 
	to 
	120 . 
	1 

	I 
	I 
	I 
	l 

	I I 
	I I 
	JExample: I//S?SOT2 DD 
	DSb=PjdC~ . DATA .CCMEI~Eo, o:s?=(Sli~ , ?ASS) 
	I I 


	♦-----------♦----------------------------------------------------------♦ 
	fThe purpose oL tne SIS013 rt statement is to de fine a tphysical sequenti4L uut~ut tile vhere a version ct tne 
	♦-----------♦ ---------------------------------------------------------♦ 
	Microfilmed From 
	Best Available Copy 
	Figure
	IiiiHBBO Writeu~ --Faqe 3 
	PBOCEDUBE IF~HREC JCL STA1Z~ZNt~. cc~:INUED 
	♦-----------♦---------------------------------------------------------♦
	I Statement tContents 
	♦----------♦---------------------------------------------------------♦
	I fcomtined datd Liie cuntaininq updated records may te I I 1placed. rts record cu~racteristics ar e ~redetined as ar:c-1 l?H=FB, L£EC~=1~0 and BLKSI~E=4,CO. I I I 
	I 

	r I Example: 'I I//SYSUT3 DD ~S~=i~dCu.UEDAI£D.C~!A.COMBIN!C,UNI!zJ~30, I I I// VCL=SER=ro.:iP,\t.,SPA~E=(TiiK, (1SC,i90) ,RLSE), I I// CISP=(,CAIL~,u~~~1~) I 
	I 
	I 

	♦-----------♦--------------------------------------------------------♦
	ISYSUT4 Ct ITne purpose CL tne ~YS014 tt statement is to definE a 
	fphysical sequenti4l output file vhere abstracted Merge
	I 

	lJumco data may oe pidced fer further pcocessinQ. Its re-
	I 

	1cord characteristics 4re ptedetined as RECFH=VBS and 
	I 

	ILRECt=4096. Its o~KS~li mav te scecified in the SY~UT~ CtlI 1stateaent or aay a~tauit tc ~,cc. • I I I I IEXa&~le: I I 1//SISUTij DD tS~=?~dCJ.,\BSiiiACT.~raGE.JUttllC.Acr,ONI!3330,I 1// VOL=SER=?ei.iriu<,SiA..:E=('IiK, (19C,190) ,aLSE), I// CISP=(,CAil~,~EL£!E) 
	I 
	3 
	I 
	I 

	♦ ------------♦--------------------------------------------------------♦ 
	Figure
	► acameter of the ~X£~ ~tdtement may te used to specify PL/I and procedure IBWMaEO execution u~e parameters. Its iormat 1s as follcv::: 
	The P~HM 

	Figure
	!be fcrmats cf the ?L/! execution time ► acameters cay be found in the Fl/I ~roqraimers• Guide. 1neir decaults, set ty procedure i~•~BcC as ii!ECRT and rs,; (10K), are auequate, and they i1,ay oe omitted. ?rocedure IR•~RBO caramete~s are keyvo~~ and may be supplied in any order. emitted para:eters have defau~t V4lues. lheic fcraats may be fcuoJ in the fcllcvinQ table. 
	Figure
	♦----------♦---------------------------------------------------------♦
	• Parameter !Contents 
	•-----------♦---------------------------------------------------------♦
	b6 used t c specify a~y character I 1strioq to be used as 1dent1t1cation. Its detault value i s 1 1a null strinq. 1
	IID jTbe ID paraaeter aay 

	•
	I I I . I tExa11ple : 'Iu-=-",\.)i) i'.1 i::,u ;fjJUeec TO COMBINE: I 
	1
	11 

	♦-----------♦---------------------------------------------------------♦
	!CASIO tTbe CARID m4y De u~eu t o specity aoy car-id tor ~hich thet 
	1co ■ bined record is to oe pr\nted. Its default value 1s a II I nu11 str i nq . I I I I I 1Eica11ple: 'CAliID= " Nli J892~C ' I 
	'
	11 

	♦-----------♦-------------------------------------------------·-------♦
	I f1!CB !The PBOE para ■ et~r ~4Y te used t o spec1f7 the ftcoability1 I ttnat any one como1oeu record out~ut will oe ~rinted. Its t I !default value i s v. I I I I I !Example: '' I 
	PiC6=0.01

	♦-----------♦--------------------------------------------------------♦
	fSTOPAf'I tThe STOPAFT para~eter may CE used to indicate hew 1any 1recrods are t o oe r eaa, at the most, from toe SYSU12
	I 
	lfile. When S!OiAlT lS qreater than 0, procedure IR~MiBC tbebaves as tuouqn 4D ~od ot tile hau been enccuntered on 1 I Ifile SYSCT2 a.tt~r j!uPAfr records have ~eea passed . lts I tdetault value is O. 
	I 
	I 

	I I 
	I !Example: ' SIOPAzt=50v0 ' 
	♦-----------♦---------------------------------------------------------♦ 
	C... ~' 
	Figure
	PROCEDU RE NA~E: ISWCTAB, A procedure t o tabulate the Com01ned Jata file. 
	AO'IHCB : 6obert w. •nita,er f eat, Marwic,, ~itchell & Cc. 1025 Conoe~r.icut Avenue, N.li. washinqtoo, ~. ~. ~0036 
	(20 ,) 22.J-~ 525 
	L~NGUAGE: rrocedure I~W~!A~ i~ vritteo to be compiled aoa executed at an iosta41aticn su~~ortinq the Pl/I Cptim1z1nq Compiler, Version 1, 3elease ~.3, ~Tr 61, or later. 
	F 0iHOS E: 
	The pur ► cse cf ► r oc edure Ii•CXAo 1s to taculate th e Ccmbioed data f1le. Tables are tv P~~£Co. repair cate~ory and snow car ty~e by age. 
	♦-----------♦-------------------------------------------------------♦
	I Statement 1contents 
	t -----------♦----·------------------------------------------------------♦ I EX EC 1The purpose or tne u~~ statement is t o invo~e ~rocedure I 1:awcTAB. The a~b~uN and TI~E paramete rs may =e s ► ec1f1ed .1 IA ~EGION of ld~K ana a TI~E cf 2 minutes nave teen i cund I
	I 

	I 
	Ito te adequate toe a JoC/65. Ibe PAR~ pa ra~eter may be I
	I 
	1used to specity PL/I and procedure rawC!Ad executicn time1 jparameters. I I I I I I Example: I 1//ISWCTAB E~iC Pbd=i3~~1A3,iEG: C~=182K,Tl~E=~, I 1// FARt!=!'/Ir:.=tt::.iiilACI .a,EAIR -'I'l:?£ TA.oLES " • l I 
	I 
	I 
	I 
	I 

	•-----------♦---------------------------------------------------------♦
	1S~EPL IB 
	1S~EPL IB 
	1S~EPL IB 
	CD 
	tThe 
	purpose 
	cf 
	tae SIE~LlB 
	CD 
	s t atement 
	is 
	t~ 
	dt tice 
	a 

	I 
	I 
	1load library contairu.n~ 
	t he 
	~rccEdure 
	IR•CTA5 
	lead 
	iod-

	I 
	I 
	1ule. 

	I 
	I 
	I 

	I I 
	I I 
	1c:xa:sple:1//S'IEPLIS D~ 
	~S~=Pd~CO .LOAC.Ia ~CIAB, O:Si=(SHi , iASS) 


	♦ -----------♦---------------------------------------------------------+ 
	tSYSPRIN! JDi~he purpose ot the StjiB;Nr CD statement is tc det1ne a 1 ISYSCUT file wAere procedure : a . c!A6 may ~lace ~essaqes 
	♦-----------♦------------------------------------------------------♦ 
	C:..\..\.d 
	Figure
	IEWCTA6 iriteu~ --Page 2 
	♦----------♦---~--------------------------------------------------♦
	I Statement !Contents 
	♦-----------♦---------------------------------------------------------♦
	I ldurinq executicn. It~ aefau1t record characteristics are I I IHECFN=VBA. ~~LC~=1i5 and BLK~rz:=1i9. The user ~av Sfec-I I lify a BLKSIZE or 4~ or larqer it desired. 1 I I I I 1,xample : 1 I 1//SYSPRINT o, Sl~OO~;A I 
	1 

	♦-----------♦-------------------------·-------------------------------♦
	lflIDUlH DO IThe purpose of tne PLiDUNP OD stateme nt is t o defi ne a 1 I ISYSCUT file ~ne~e a core maoaqement report may ce ~laced 1 I tbY the PL/I aousexeepinq prccedu res and ijhere ao AEEND I I 1dua~ may be plac~d u required. Ihe record characteris-j I ttics of t he rLlDU~P tile are prederined . This ~c s tatP· 1 I 1~av te omitted. 1 I I I I 1Example : I I 1//flIDOMP Du S~jUOT=A I 
	♦ -----------♦-------------------------------------------------------♦
	ISYSUT1 CC !The purpose oL t he ~Y$U!1 CC statement is to define a 
	I !physical se~uent4a~ input file containinq t ne Cc~oined 
	I 
	!data file. ~ts a~sumeu record characteristics are SECFM= 1 I lfB and L3EC1;1iO. ltS BLKSIZE is taken t eem the 5YSUT1 c~, I 1statement, tne fil~ label er ma y default tc 1iG . J I I 
	I 1 Exa ■ple: 
	I I//SYSDT1 DD CSN=?~~~v.DATA.CC~EINED,DISE=(Sa~,rASS) 
	♦-----------♦---------------------------------------------------------♦ 
	The PA3~ ► arameter of the iX£~ statement may be used to s~eciry FL/: aod procedure I~•C!AE execut~on ti~e parameters. Its tor~at is as ioll o ws: 
	Figure
	The formats cf the PL/I execution time parameters may be rcund in tae Pl/I Proqrammers• Guide. Ioeir deraults , se t cy pr ocedur e :3•C!,c as 
	SEPCRT and ISA (10K), are a11e4uat.e, and they may be otutteri . Frocedure IR~CTAS ► arameters are keyworu anu ~av ce supplied io any crder . emitted parameters ha ve default values. !heir fcrmats may be : cund in toe fcllowioq table. 
	Figure
	ISWCTAB Writeup --Fage 3 
	fFOCEDUSE ISiCTAE PAR~ P~aA~~!iiS 
	•-----------♦---------------------------------------------------------♦ 
	I Parameter 1contents 
	♦-----------♦--------------------------------------------------------♦
	!The ID parameter may oe used to specity any character 1string to be useu as identification. Its def ault va lue is1
	llD 

	I 
	1a null strinq. I I l
	I 

	I 
	1Exa11ple: 'ID=' •~l'I.i.\CT SEPAIB-'I!?E T.\BLESHI I
	I 
	♦-----------♦-------------------------------------------------------♦ 
	l'IY ~E l'Ihe 'IYPE paraaeter may te asEd to select the Pee&cc. re-I !Pair category to ~e taDulated. All repair categories are I
	I 
	!tabulated vhen it is less than or equal to O. Its default!
	I 
	1value is O. I
	I 
	I
	I I 
	!Example: TYfi2J' I 
	I 
	1 
	2 

	♦------------♦---------------------------------------------------------♦ 
	Figure
	IiiWAY2 Wtiteup --faqE 1 
	FROCEDtJiiE HANZ: IBWWAt2, A proceciure to ► rei:;ate coabined recctd~ for paired C. ii. iS. reP4iJ: codes. 
	AUTBOB: w. •lutaAer Eeat, !arvic~, aitcnell & cc. 1025 Connecticut Avenue, M. ■• liashinqtoo, D.c. i0036 
	liobe.rt 

	t20 ,) 22.J-~525 
	L.INGUAGE: Procedure ii••AY2 is vritten tc be cc ■ piled a nd executed at aA iuta..l.lation ~ui:portinq the PL/ I Cptimizinq Coapiler, Version 1, BeleasE 2.J, PTF 61, er later. 
	FOiECS£: 
	The purpcse of procedure ~A••All is to prepare combined reccrds for i:aited C.B.E. repair code~. An o~d version of toe Co ■ bined data file is input. An updated version ot tAe Coatined data file is cutFUt. 
	fiOCEDOiE I5wWAY2 JCL STAliaE~IS 
	♦---------♦---------·-----------------------------------------------♦ 
	I Statement !Contents 
	♦-----------♦----------------------------------------------------------• 
	!EXEC !The purpose cf the ili;C statement is to involte i:rocedure 1 I IIRWWAI2. The i~~40H and TieE paraaeters ■ay be specified.I I IA BEGIOH of l~OK aad a 1;sE ct 2 ainutes have CEen fcuad I I tto te adequate for a Jo0/65. !he PAiiS paraaeter aay ta 1 I 1used to specuy PL/I and procedure IRWWAY2 executicn tiaeJ I jparaaeters. t 
	I I f I ,z~a•ple: 1 I 1//I&WWAY2 E~EC f~~•ll••AY2,SEGICN=100K,!I~Ez2, I 
	I 1// FA2~=('/IIi= ~A£A!~ 2-BECCitS''') I 
	11 

	IST EPL IB 
	IST EPL IB 
	IST EPL IB 
	:o 1The 
	purpose 
	ot 
	tAe 
	stiiLI3 tt stateaent 
	is to detina 
	a 
	I 

	I I 
	I I 
	1load library contaiiu.uq 1ule. 
	the ~rccedure 
	IiWWAY2 load mod-
	I I 

	I 
	I 
	I 
	l 

	I 
	I 
	I z:xa sple: 
	I 

	I 
	I 
	1//STEPLIB DU 
	uSl•PdJ~O.lOAC.I3•WAY2,DISP=(SHi,F~SS) 
	I 


	♦----------♦-------------------------·----------------------------♦ 
	ISYSPRI~t DCIThe purpose of tAe SYSPBIY! CD stateaent lS to deiine a 
	♦ ---------+---------------------------------------------------------♦ 
	Figure
	IBWWAY2 iriteu~ --cage 2 
	♦---~-----♦--------------------------------------------------------♦
	f Statement fCon tents 
	♦-----------♦-------------------------------------------------------♦ 
	I ISY SCOT file wnere ptocedurE Iai~AY~ may ~lace messages I tducioq execution. :ts detault Lecord characteristics are I I 13ECF~=VSA, L&~CL:125 ~nd a1Ks;zE=129. The user may Sfec-I lify a 8lKS I Zi or ,~~ or larqer is desired. I II I I l~xample: I I 1//SYSPRINT DD SYSOOI=A I 
	I 
	I 

	♦ -----------♦ ---------------------------------------------------------♦ 
	IPL!CU!H 
	IPL!CU!H 
	IPL!CU!H 
	OD 
	1:r.e 
	purpose 
	cf 
	tne 
	~L:Do~P 
	tt statement 
	is t o 
	define 
	a 
	I 

	I I 
	I I 
	tSYSC OT t hy the 
	f ile wAere ~ co re PL/I nouse~eep~nq 
	manaqement report may te ~laced prccedures acd where an AEEND 
	t I 

	I I 
	I I 
	tdum~ may be ttics of the 
	placed iL r equired . !he r~ccrd cnaracteris iL!~Utti tile are predefined. ?his cc state-
	-

	I I 

	I 
	I 
	1~ay 
	te 
	emitted. 
	I 

	I 
	I 
	I 
	I 

	I I 
	I I 
	t!xa~ple; 1//cllDU ~l 
	D~ 
	~Y SuU:=A 
	I I 


	♦-----------♦ ---------------------------------------------------------♦
	ISYSOT1 CC I:he purpose cf. tae SYSO'I1 CC state11eot is tc define a I jpbysical se~u~~tial Laput file ccntaicinq ac cld versi QD I 10£ tne Combinea aata tile. Its assumed recora characte~-I
	I 

	I 
	1istics are aEC?J=Fa aad L3ECL=120 . I ts ElKSIZ! is taken I
	I tfrom the SYSU~1 ~D SC4temeot, the file label or may de-If au l t t c 120 . I !Example : I//SYSOT 1 DD ~S~=iMd~O. uATA.CC!EISEC, DISc=(SH; , ?ASS) 
	I 

	♦ -. ---------♦---------------------------------------------------·----♦ 
	1s1su~ ~ re 1rne pur pose ot tae S15U'I2 tC s tatement is tc aefine a I 
	physical sequentidi outfUt file where an u~da ted version I 1ot t~ ~ Combioea d4ta tile ma y be placed. Its reccr ci cnar -1 1acteristics ,u-e ?Ceuetined as ~!Cfe=FB, L3EC~=120 and I i2LKSIZ!=~200 . I I I t! xascle: I I//SYSOT2 DD ~S~=i~dC~. UFDA'I!C.tATA.CO~Bl~Et, us:r=J;JO, I 1// VOL=S!B=PblifAiC,.:tc'ACE=("rSK, (190, 190),iilSZ) , I 1// CISP=(,CAI~~,DEL~~~) I 
	♦----------♦-------------------------------------------------------♦ 
	Figure
	IBWWAY2 writeUF --fayE 3 
	The FABM ~ara ■ eter of the ~x~c ~tateaent aay be used to specify PL/ I and procedure I3wWAY2 execution u.me paraaeters. Its toraat is as tol
	lcvi: 
	Figure
	The formats of the PL/I executiou ti ■e para ■ eters aay be found in the FL/I Proqrammers• Guide. 1neir deLaults, set ty procedure :aWWAX2 as i!PCRT and ISA (10K), are adeq~ate, and they may be o ■ itted. Procedure IBWWAY2 parameters are keyword ana may be supplied in any order. emitted paraaetErs have default values. Their fcr~ats 1ay be found in the fcllowinq table. 
	Figure
	♦ -----------♦---------------------------------------------------------♦ 
	I Parameter fContents 
	♦ -----------+------------------------------------------------------♦
	IID !The ID parameter ■ 4Y oe used tc specify any character I I fstrinq to be u~ed as identification. Its default value isl I fa null strinq. I I I I 
	I iExa ■ ple: 'ID=••~£t2AT&: 2-ii!CCiCS''' I ♦-----------♦-----------------------------------------------------------♦ 
	ICA&lD !The CARID p.ira.11eter .:It!'/ .be used to specify the idectiii-1 I 1cation ct a car ■ hose out ► ut reccrds are to be ► rioted. , I IIts default value 1s a null striuq. 1 I I I 
	I I.Example: 'CAiiD:"Nil C89220'" , 
	♦---------♦------·-----------·------------------·-----------------♦IEBOB t!he FROf para~eter may te used to indicate t~e ► rctabil-I I litJ that a particuiar output record •ill be printed. Its I I jdefault value is o. I I I I I 1zxa11ple: 'I 
	PiCii-=0.01 
	1 

	♦-----------♦--------------------------------------------------------♦
	llIST IIhe LISI paraaeter ~4Y te used to indicate woether er I I tnot output rceord~ ■dy te printed. If CABID is also spec-1 I lified, it ap~lies on.1.y tc tbe car identified. lIST is a I I 11-bit strinq para~ete~. Its detault value is •o•a. I I I I 
	I !Example: liST:••1••a• I 
	1

	♦-----------♦-------------------------------------------------------♦ 
	Figure
	Figure
	EBOCEDORE NA~E: IRWWAYX, A µ~ocedu~e to pxe~are combined records for paired P~t~Co. repair cedes. 
	AOTHCR : 6obert w. Whitdker Feat, !arwic~, ! i t c~ell 6 c~ . 1025 Connecticut Avenue, N • •• iashioqtoo, u. ~. 2003& (20 2) 223-S 525 
	LANGUAGE: Frocedure IS••AYA is writte n to be compiled and executed at a.n insta~latioo su~portinq t he Pl;: C~ti3izing Compiler, Version 1, aelease 2.3, ETF 61, ot la ter. 
	cOliEOSE : 
	:he purpcse of ~rocedure li ■•A XX is to pr epare combined teccrds for caired P~M&Co. repair codeS. Ao old version of the Combined data file is icput . . \o updated ver""ioo of tAe coal::ioed data file is ouq:u t. 
	Figure
	♦-----------♦------------------------------------------------------♦ 
	I ~t ateme ot 1cootent s 
	♦ -----------♦-----------------------------------------------------♦ 
	1EX EC l!he purpose ot toe .i~~ statement is t o iovo£e ~rocedure I 1rawwAYX. The a,~lvN ~od TiftE ?arameters aay be speciried.1 IA EEGION of 100K and a II!E of 2 ~inutes have teen found I
	I 

	I tto be adequate foi: a .lo0;65. I.he PA.BM parametet ■av be I t used to t -..; ~ and pr ocedure IRWWAYX executicn time& I fparametecs. 1 I I I 
	I 
	I 
	spec1.fy 

	I t~xa~ple: I 1//!SiiiiAYX E,Li.C ?GJ=Lu•AYX, ii EG ION=100K , 'I~11E=2 , I
	I Ill fARt!=( ' / .t=cat:;.;:;; 2-a.;:cc.ats•• ' ) I 
	I 
	11

	♦----------♦-------------------------------------------------------♦
	1~:''.:fL!5 CD l!he purpose er t ne ST~cl!B LC stat ement i s t o aetica a 1load library contain1.u~ the ~rccedure IR•WAYX lead 11odI 1ule. 
	I 
	-

	I I 
	1:: xaa ple: 1//S!~PLIB DD D~~=ia~~u.LOAC.IBaWAYX,DISP=(SHa,r~SS)
	I 

	I 
	♦-----------♦------------------------------------------------------♦
	1s1s?RIN! )C iThe ~urpose or t ae ~1SiuIN'I CD s ~atement i~ to J efine a 
	♦ -----------♦------------------------·-------------------------------♦ 
	Figure
	IllWiAYI WriteUF --Faqe 2 
	PiOC!I>DS! IiWWAYI JCL STATid~~tS, CCHTINU!D 
	♦----------♦-------------------------------------------------------♦
	I State ■ ent !Contents 
	♦----------♦--------------------------------------------------------♦
	I ISYSCUT file where procedure IR~iAtX ■ ay Flace aEssaqes 1 I ldurinq executioA. its uefault record characteristics are 1 I IR?Cr8•VBA, LiECLsliS and BLlSIZE•1 29. the user ■ ay spec-I I lify a BLISI~I of ,~~ or larqer is desired. 1 
	., 
	I I 
	I l!xa ■ ple: I I 1//SYSPBIHT Dt SlSOUt•~ I 
	♦-----------♦-------------------------------------------------------♦ 
	t PtI~t?:iE DD !The purpose ox tbe fL~OD8P tt stateaent is tc define a I I ISYSOOT file waere a core manaqe ■eot report ~ay te Flaced I I lbf the PL/I housekeepinq procedures and where an A~i~D , I ldU■F ■ay be ~laced it required. The record characteris-I f ltics of the fL~UtSi> file are predefined. Th~s tt state-I I 1aay be emitted. I 
	f I I 
	I 1zxaaple: I f 1//PLIDU!P D~ SXSODT•A I 
	♦-------,----♦------------------------------------------------------•
	ISYSOT1 tC !The purpose c.t t~e St~Ull tt statement is to defiDE a I I Iphysical ill put file containin~ an old vusion I I tof the coab4oed data rile. Its assumed reccrd character-I I listics are Af~Po•Fd and LiECL=120. Its SLKSIZ? i ~ t&A8D I I tfro ■ the SYjUT1 ~D stdteaent, the file label er aay de-I lfaolt to 120 . a I I f 
	sequent.1.al 

	I IExample: I I I//SYSUT1 DD DSM•2ttaCJ.DATA.CC!fl~ED,DISP•(Saa,PASS) I 
	♦----------♦----------------------------------------------------♦
	ISYSUT2 tt 1The purpose or toe SYSU!2 tt stateaeot is to detio• a • I jphysical sequeAt.l.a! output tile where an updated version I I 10£ the Co ■ bined data file aay te p!aced. Its reccrd char-1 I 1actEristics are pr~aetined as i!CP!•PB, li!Cl•1~0 and I I IBLKSIZ!•4200. t I I I I l!zaaple: I I I//StSOT2 DD tSj•2daco.UELAlEt.tAtA.C088IMEt, UHil•J3JO, I I III VOL•Stl•iSl!iAK,~PA.; i:• (?ii(, C19C, 190) , BLSE), I I I// tISP•(,CAilG,D~~?~J I 
	♦----------♦-----------------------------~ --------------------------♦ 
	c.... 4Cf 
	Figure
	IBWWAYl Writ•u ► --iaqe 3 
	The PABM ► arametet of the lXE~ state ■ ent may be used to s ► ecify PL/I and ► rocedure IaR ■ AYX execution ti~e parameters. I ts format is as tol
	lcwE: 
	Figure
	Tbe formats of the PL/I ~xecution time ~ara~eters may be found in tbe Pl/I ?roqtammers• Guide. 1neir aeiaults. set ty procedure ra-iA~X as E!PCRT and ISA(iCK). a.re ade~uate, and they aay be omitted. Frocedure IRwi~YX ► arameters are keywora anj aay be supplied in any crder. Omitted parameters bave defau~t V4lues. !heir fcr~ats may be fcund in the tcllowioQ table. 
	Figure
	♦-----------♦ --------------------------------------------------------+ 
	t Parameter !Contents 
	♦-----------♦--------------------------------------------------------♦
	II.C l!he ID pataQeter may oe used tc specit7 any character I 1strinq to be used 4s identification. Its default value isl 1a null strinq. t I I I ,~xample: 'ID=' CAEA1~ 2-RECCEDS''' j 
	I 
	I 
	I 
	1 

	♦-----------♦------------------------------------------------------♦
	!The CARit paLameter may be used to specity the 1dentifi• 1cati0n of a car whose outFut tEcocds are to ce ~rioted.
	ICA a: D 

	I 
	1rts default value is a null string. l l I I IExaai;le: 'CA.itiil="t.• 089220"' I 
	I 
	I 

	♦-----------♦---------------------------------------------------♦
	iPP.C5 1rhe rROE parameter may be u~ed to indicate tbe ~tctabil-t tity that a particular output record vill be printed. Its I !default value i3 O. I
	I 

	I I I I 1Exa111ple: ' I 
	1 
	PiiCB=0.01

	♦-----------♦-------------------------------------------------------♦
	trhe LIS1 parameter may te used co indicate whether or I 1not output recvr~s m4y te printed. If CABID is a l sc ~pec-t
	flI5: 

	I 
	lified, it applies only to the car identitied. L;s1 is a I
	I 
	1i-t:it strinq pa.t"ameter. :ts deiault value is ' O'E. I
	I I 
	I I 
	1Example: Lisr=• 1a I 
	I 
	1 
	1 
	11 
	1 

	♦-----------•-----------------------------------------------------♦ 
	C.So 
	PBOCEDOBE NA~E: ISWFMAT, A procedure to tabulate records fer s~lected repair codes trom tne Combined aata file. 
	A0THOB: Bobert w. Wl:utaker feat, MarwicK, aitchell & cc. ~ .•. liashinqton, D. c. 4'0036 ,20 ~) 223-9 525 
	1025 Connecticut Avenue, 

	lANGUAGE: Erocedure IAWidAT is written to be compiled and executed at an in~t a!lation ~u ~portin ➔ t he ~l/l Cp t1m1zinqCompiler, Versi on 1, 3eleasE 2. 3, PTF 61, or later. 
	PORiCSE: 
	!be purpcse cf procedure iiWFa~I is to tatulate records fer selEcted re ►air codeE for the Com01ned data iile. 
	♦----------•------------------------------------------------------♦
	I Statement 1contents 
	♦-----------♦------------------------------------------------------♦
	I EX!C !The pu4pose ct t~e E~tc statemEnt is to invoke ~rocedure ; I IIRiFKAT. The ai~~v~ dnd TlaI parameters ~ay be specitied.J I IA 5EGION of 100K and a !lnE c: 2 minutes ha,e been fcund 1 I 1to be adequat~ tor d Jo0/65. !he PAaM para~eter may be 1 I 1used to specuy PL/I and procedure !R•FnAT executico timeJ I Ipar ame t e rs. I I I I I !Example: I I 1// ISWFMAT E~EC ?ba=lA•i~AT,iEG1CN=100K,~IaE=2, I I I// PAB~=,•1~D= ra~s~ ~ElEC1ED ccaBI~!D sico;ts••·, I I I// 'CLIS!="i;v,59) j 
	11 
	111 

	♦-----------♦-------------------------------------------------------♦
	ISTEl?LlB CD !The purpose OL t4e S~E~L:B tC statement is to define a I tload library containiuq the ► rocedure IB ■ FaAI load mod-I 1ule. I I 
	I I~xa 11ple: I 1//SIEPLlB DJ uS~=Pn~~u.LOAC.I8aiMAT,DISP=(Sli3 ,fASS) 
	♦-----------♦-------------------------------------------------------•
	ISYSPRI N! OCjThe purpose OL tba St~fRINl to statement lS to detine a 
	♦----------♦--------------------------------------------------------· 
	IBWF~AT Writeup --Faqe 2 
	EBOCEDUBE IaWF~At JCl STAila~~?S, ~uNTINOED 
	♦-----------♦------------------------=----------------------------------♦ 
	I Statement 1cootents 
	♦---------♦ ---------------------------------------------------------+
	ISYSCOT tiie where procedure IB ■ iMAT may ~lace messages 1during execution. Its defauit record characteri£t4cs are IRECEM=VSA, ~A~Cl.=1~5 and BLKSlZE=129. The user ;ay s~eclify a BLKSI~i or 129 .or larqer lf desired. 
	I 
	IExa ■ ple: 
	1//SYSPRINT D~ SYSOUI=A 
	•-----------♦---------------------------------------------------------♦ 
	t fLIDUIH CD 1The purpose o.t the ?l..IJUl:1E ct statemeot is to detioe a I 1SY SCUT file w~ere ~ core manaqe~ent report may be ~laced I 1bv t he PL/I uouse~eepinq prccedu res and vhere ao AfEND I Jdump ~av be placed u required. !be record characteris-I ttics of the iLiDU a? tile are pre~efined. !his cc s tate-t I 1aiay be omit ted. I t I I I 1Exa 110le: I l//ELIDUM? DD s1sou:=A I 
	I 
	I 
	I 
	t 
	I 

	♦-----------♦--------------------------------------------------------♦ 
	I SYSOT1 CC trhe purpose or t re S! SUT1 CC statement i~ to derine a (physical se~ueutial input file contaioinq the Ccacined 1data file. Its assumad cecord cnaracteristics are BiCfM; I tFB and LREC~=,~v. Lts clKSIZE is taken trom tae SY~ur1 co . 
	I 
	I 
	I 

	1statement, tne r41e laDEl er may default tc ii).
	I 
	I I I I !xa11ple: I//SYSUT1 DD DS~=rM~~O.DATA.CCNE:SED,DlSE=(SH~,cASS) 
	I 

	♦--------♦-------------------------------------------------------♦ 
	! he ~~HM ~atameter of th~ ill~ statement may be used to specity PL/I aod pr ocedu re In•f~A! execution ti~e parameters. Its format lS as tollcw s : 
	!he formats of the PL/I execution time parameters may be r ound in toe Fl/! ?roqrammers• Guide. Ih~ir ueraults, set by procedure :;•f~AT as IiEP CiiT and ISA (10K) , a.re adequate, and they lldY be o,utted. i=rccedure I RW:MAT parameters are keywora ana ~ay be supclied in a ny cL der . Omi tted ~arameters have default value~. !heir tcrmats ma y be fo~nd lD tne 
	fcl lc winq table . 
	IBWPSAT Writeu~ --Page 3 
	PBOCEDUiE IEWFKA1 PAB! PA.ii.Ad~I~aS 
	♦-----------♦ --------------------------------------------------------+
	t Para ■ eter 1contents 
	♦-----------♦-----------------------------------------------------♦
	IID IThe ID parameter aay oe USEd to specify any chdracter I 1strinq to be U$eu ~~ i aentiiication. Its detault value isl I 1a null strin~. I I I I 
	I 1Exa ■ ple: 'IO=•·~•IiACT BEPAiB-lYEE TAaLES''' I 
	♦-----------♦------------------------------------------------------♦
	tCLIST I 
	tCLIST I 
	tCLIST I 
	lthe CLISt ~ara ■ eter aay be used jpair codes tar vnich Co ■ tinE d data 
	to 
	specify records 
	a li~t cf are tc te 
	retat-1 
	-

	I 

	I I I I 
	I I I I 
	Julated. It is a cAaracter s tring 10ull. I IExa ■ ple: 'CLISI•''00,99 ''' 
	w
	hose 
	def
	ault 
	value 
	is 
	I I I I 


	• -----------♦---------------------------------------------------------♦ 
	Figure
	~ pruceQure to tabulate the Cotbined data file as pre ►4reQ oy ~-ocedure IBWWAYX. 
	PBOCIDUB£ N~~E: lSilTAB, 

	AU!HCB: Sobert ~. Wnita~e.r Eeat, ~arwic4, aitcAell & cc. 1025 Connecticut Avenue, N.•. wasbinqton, o.c. 20036 (20 ,) 2iJ--3 5~ 3 
	L.lN GO,\G E: Erocedure ~i•XIAD is written to be compiled and executed at an iusta1~4ticn su ~porting the PL/I Cp timizinq Compiler, Versi~n 1, aelease 2.3 , P!F 61, oc later. 
	PORFCS E: 
	The pur~cse ci ~tocedure Ia•XXAo is to tatulate tAe ccmbined data file ► repared by ► rocedur e ra~•A11. Tables are ~Y PM~Co. repair category aod show car tYPE by aqe. A s~~ected sctset ot the coibiced data tile ou~ ►at fer use in otbet proceaur es. 
	as 
	is 

	♦----------♦-------------------------------------------------------♦
	I State~ent JCootents 
	♦----------♦--------------------------------------------------------♦
	I El EC l!he ► ur ► ose oi t Ae 1l~~ statement is to invc~e ~cocedure I I 1rawx:AB. The 3ZuIO~ anJ TI~E parameters may be speciried,I I IA 3EGICN of 100K dnu a !IM! cf 2 ~inutes nave ceen found I I 1to be adequate t oe a 300/65. !be PA3~ paramete r may be I I tused to speciry PL/~ ~xecuticn t ime parameters. I 
	I I I I 1:::xa11ple: I I 1//IEiX~AB E1 ~~ P~a=4a~XTAB,EEGlON=100K,!IME=2 
	♦-----------♦---------------------------------------------------------♦
	tS'!'E.?Lib DO !The purpose or toe SiiiliB CD state~ent is tc ae fice a I Jloa d library contaioia4 the ~rocedure IRWXTAE load modI tule. I I I 1:.:xa11ple: I 1//S!~PLIB D~ Js~~e~dCU.lOAC.!iiX1AS,~ISf=(Sli3,i~SS) 
	♦-----------♦---------------------------------------------------------♦
	ISYSPBIN! JC JThe purpose or tAe SY~EiINl CD sta~e~ent is t o define a ~~ e c~ procedure IB~X:AB QdY ~iac~ ~essaqes 
	I ISYSOUT file 

	♦-----------♦ ------------------------------------------------------+ 
	5~ 
	c. 

	IBWX1AB Writeu~ --Pag e 2 
	EBOCEDOSE I S•XTAe JCL STA11~E~TS, ~C~TINUED 
	♦-----------♦ ------------------------------------------------------+
	I Statement !Contents 
	♦----------♦---------------------------------------------------------♦
	I !du.ring . It.s detdult tecord are I I lnEC:a=VBA, ~BE~L=145 dOd BlR5IZE=129. The user may spec-I I lify a S1KSIZL Ct , ~~ or larqer ii desi.red. 1 
	e.xecuu.on
	cbaracterist.1.cs 

	I I I 
	1 !Example: l I 1//SYSPBINT DC sr~uu~=A I 
	♦-·----------♦-------------------------------------------------------♦ 
	1ElIDUl1~ 
	1ElIDUl1~ 
	1ElIDUl1~ 
	CD 
	l!he 
	purpose 
	at 
	tne 
	PLl~OaE 
	~D statement 
	i s 
	t o 
	ue fine 
	a 
	I 

	I 
	I 
	ISYSOUT 
	file 
	wnere 
	d 
	core 
	maoaqement 
	r eport 
	ma y 
	te 
	~laced 
	1 

	I 
	I 
	lbY 
	t he 
	FL/l 
	house~eeµ.1.n~ 
	prccedures 
	aod 
	where 
	an 
	AEEND 
	I 

	I 
	I 
	idum ► 
	~ay 
	be 
	►~aced 
	i.r 
	.required . 
	The 
	r ecora 
	ch
	aracteris
	-
	1 

	I 
	I 
	! tics of 
	t he 
	rL~DU~ i 
	.ri~e 
	are 
	predefined. 
	: ai s 
	cc 
	sta~e
	-

	1 

	I 
	I 
	1may 
	be 
	omit~ed . 
	I 

	I 
	I 
	I 
	I 

	I 
	I 
	JExam~le : 
	I 

	I 
	I 
	1//PlIDUl1P 
	DD 
	~YSUUi=A 
	I 


	♦-•---------♦--------------------------------------------------------♦
	1!:YSUT1 CC IThe purpose o.r tae Stju!1 cc statemeot ~ to define a I 1~b ysical in~ut tile containinq the Ccmbined I Ida a tile. Its d~~um~a record characterist ics are FlCF~= I I 1Fa and 1BECL=l ~O . 4t~ bLKS.i~ 15 t a~eo rrc~ the ~Y~OT1 cc, I 1st~ tement, tn~ rii~ ldoel or may default t c ,~o. 
	1
	se~uent.1.al 

	I I I l!xa mple: I I//SYSOT1 DD ,su=?~~co.~AIA.CC~EINEO,DISP;(~n3 ,?A5S) 
	♦ ----------♦----------------------------------------------------------♦ 
	f !:YSU!2 !The purpose OL t ae ~1SUI2 CC s tatemen t is to define a I I !Physical sequential output tile wne.re a special sutset oil I lthe combine~ adt~ ti~e may ce ~l3ced. : ts :eccrd ~oa rac-1 I j t e r istics a.re ni CiJ=r~ , La,CL=120 and 5LKSI:E=~2CO . I 
	I I I I !Example: I I I//SYSUT2 DD ~SN=Phd~J. SGBSE1.JA!A.CO~BINE~,~~II=3310, I I I// VOL=SC:R=i'1'1£1?AK, ~?"CE=(IiiK, (), I I I// CISP=(, CAILu , DiLiIE) I 
	i9C,190),Bl.Sr

	♦----------♦ -------------------------------------------------------♦ 
	C. .ss 
	ISWBfSS Writeup --Faye 1 
	PROCEDUR! NAa~: IBWR!SS, A procedure to create reqressi cn records frcm 
	tbe Coabioea dat~ tile. 
	AOTHC.R: Sebert w. Wbitaxer ie&t, aarvicA , ~itcAell & Cc. 1025 Connecticut Avenue . N.a. Wasbinqtoo, o.c. 20C36 ,20 ,> 223-~si~ 
	lJIN GUAGE : frocedure la•aES~ is written tc be compiled aod executed at an iostaliation su ~portinq tbe PL/ : CFtimiz10g Co~p1ler, ve~sioo i , Eelease 2.3, fTf 61 , er later. 
	fOiiEOSE: 
	The purpcse cf procedure ~i.aES~ is to create regress1cc recctd~ fro ~ the Combined data file. rnputs ar~ uaLER data for sample cars aod the Ccmtined data file. !he ieqr~ssion data tile is output. 
	♦-----------♦---------------------------------------------------------♦
	I Stateseot tCoDteots 
	♦----------♦-----------------------------------------------------♦
	t n:ic 1:he parpose oi tne i1E~ state~ent is to 1ovc ~~ ~tccedure 1 I IIRWBESS . The aE~lv~ dDU ~I~E para~eters aay =e spec1f1ed.f I ,~ ~EGICN of ,~o~ aoa a TI~E cf 2 minutes have ;een fcuoJ I I fto t:e adequate £or a 3o0/o5. 'Ibe PARM parameter may be I I 1usEd to specify Pr.II and proceaure I3•RESS executicn ti~e , I 1parameters. I 
	I I 
	!Example: I ~~~=IA ■ aESS,a~Gl C S=120K ,T I~!=2 . I Ill f,\Bt!=(• ;.:.c~••~ai.... zi S?:GSE~SICS CA:~ • ) I 
	11/IS•RESS Ei~C 
	11 

	♦------------♦-----------------------------------------------------♦ 
	c~ 1The purpose c t t~e $;E~Lla cc statemen t 1s tc ief1ca a I 1load library cvntainin~ the ~rccedure rawarss lead ~cd-I 1ule. I I 
	ISTEPr.I2 

	J!xample: 1//STEPLia DD ~Sw=ia~~J.lOAc.ra.a~SS, OISf~(Sd~, ~~SS) 
	I 
	I 

	♦-----------♦------------------------------------------------------♦
	ISYS P3I~T :Ct7he purpose oi tAe SYS?Ii!N! tD statemect i~ to dei10e a 
	♦-----------·------------------------------------------------------♦ 
	Figure
	rawRESS Wr1t eu~ --Page ~ 
	PBOCEDU6£ I5W3ES~ JCL STATid~~TS, CONTI NOED 
	♦-----------♦-----------------------------------------------------------♦ 
	t State11Ent 1contents 
	♦-----------♦---------------------------------------------------------♦ 
	I ISYSCUT file wnere Pi ocedure IiiB£SS may ~lace messages I tdurinq execuuon. l t ~ defa ult record characteristics ace I 1a ECFM=VBA, LBE~~=l.5 and BlKSIZE=129. !he user may specI lify a BLKSIZ i oi 12~ or larqer i s desired. I I IExa ■ ple: I 1//SYSPBINT o~ SX~uUI =A 
	r 

	♦----------♦---------------------------------------------------------♦
	IPLl OOME DD t'!'he pur pose or the PLICUa? c: statement is tc define a t I tSY SOUT file VAere a core maoaqe men t report may te Flaced I I I by the PL/I hou$e Keepi oq pr ocedures and wnere an AcESD I I 1du11~ 11ay be ~laced ii requi red . The r ecor d cnaracter1s-I t It 1.cs of the fL.u>Uai ri ~e are prederined. This cc st ate-1 I I11e nt 11a y be cmitt~J . I 
	I I I IEx a ■ ple: I
	' 
	I I//PLID08P Ou SXSOU1=A I 
	♦----------♦------------------------------------------------------•
	ISYSUT1 tD tThe purpose cL t he SXSOl1 rt statement is tc define a I 
	jphys ical sequential ~nput tile containing U~L!3 data for l I' t sa ■ ~le cars. Its as~umed record characterist ics are RECFMI I t=PB and LBE~l=~l~. rt ~ SlK!:IZ! is taken L=c~ t ne SYSU:1 I tDD statement., tne ru e label or may default to 213. 
	I I I I tExa ■ple : I I //SYSO?, DO i:;Sli=?,HSCO. ::iAtsPLEC. C.a'!A. CA a, t I.:c= (SiHi, PASS) I 
	I 

	♦-----------♦------------------------------------------------------♦
	tSYSOT2 I I 
	tSYSOT2 I I 
	tSYSOT2 I I 
	OD 
	tThe purpose oi t Ae SYjU! 2 CC s t at emen t is tc define a jphysical sequential in put f i le cont ai ning tne ~o~bined tdata f ile.•ts as~u~eu recor d character istics are F!CfM= 
	I 

	I 
	I 
	IFB and 
	LBECL= l~O. 
	I ts 
	olKSIZE 
	is 
	ta~en 
	from tbe 
	~Y~U! 1 
	co, 

	I 
	I 
	jstatement, 
	t oe 
	Lile iabel 
	er 
	~ay default 
	tc 
	1~0 . 
	I 

	I 
	I 
	I 
	l 

	I 
	I 
	t E xa ■ cle : 
	I 

	I 
	I 
	l//SYSOT2 DD 
	cs~~Prt~~~ -~ATA. CC~EINEO, OISP= (.:c:, PASS ) 
	l 


	♦-----------♦---------------------------------------------------♦ 
	ISYSO'IJ t t IThe purpose ot the sisa!J cc statement is to detine a I jphysical sequenti a~ output file where the reqressico ~dtat 1set 11ay be pl.aced. I.ts record characteristics are i:rede-1 I lfined as RECrH=FB, Lai~L=145 and BLKSIZE=~~05. I I I I I I Exa■ple : I 
	I 
	I 

	♦----------♦---------------------------------------------------------♦ 
	C. .S7 
	IiilBESS iiriteu~ --Paqe J 
	ESOCEDORE ISWaESS JCL STA1E~i~TS, CCNTINUEC 
	♦-----------♦--------------------------------------------------------♦
	I Statement 1ccntents 
	♦-----------♦--------------------------------------------· ------------♦
	I//SYSUT3 DD OSN•FM~CO . OATA.&!G5£SS,UNZ~:JJJO, 
	I// VOL=S,a=?~d?.\t<,;ifA..;,-:('ISK, (19C,190) , aLSE) , 
	I// CISP=(,C.\l~~.~E~iii) 
	♦-----------♦------------------------------------------------------♦ 
	Figure
	!be PABM ~arameter or the iXiC statement ma y te used t o s~ecify PL/I and 0r ocedure IB•RESS execution tige paraileters. Its for3¾t is as follcws : 
	Figure
	The icr~ats cf the ?L/I e•ecution time ~ara~eters ~a1 be f cuad in tae Pl/: Proqrammers • Guide. lbeir deLaults, set cy pr ocedure :a•~ESS as 
	li:PCli! and ISA (10K) , are , and tbey ilay l::e omit tee. ?tocedu:e I3J3~SS para~eters are keyword d.Da aay te supplied i o ao1 or der. Cm: tted para~eters bave default Vdlues. !heir fcr mats may be found in t he follo wioq table. 
	adequd.te

	♦----------♦--------------------------------------------------------,
	I Parameter 1cootents 
	♦ -----------♦-------------------------------------------~------------♦ 
	l~h e ID parameter aa1 oe used tc soecity anv c~aracter 1strioq t o be usea dS i~entiticatioo. Its def3ult value isl la null strioq. I 
	Figure

	t I 
	1!xa mple : ' ID= ' •~i~AI! a!~azssrcs D~TA ''' 1 
	♦-----------♦ ----,--------------------------------------------------+
	JCA:i:D 1:he CARID mdy oe u3ed t o s~ecity any car-id r cr woic~ Je-1 l jbuqqioq iniormat~oo is tote print ed. It~ de:a~l t value I I 1is a null striaq. t I I I I 1Exa 11ple: C,\iil:.C= :-iil 08S220'" j 
	1 
	11 

	♦-----------♦-------------------------------------------------------♦
	lr~C2 ,~he ?EOB paramete r ~ay te used to speciLy the ~rcbatilit?I I Jthat debuqq~oq i.iuor~d.tion ce ~rinted tor any car-id. rt~I I ld9fault value is u. I I I I I f;'xa ai:;le: ' ?iii;.d=0. 01' I 
	♦-----------♦------------------------------------------------------♦ 
	C .SC\ 
	IBWRESS Wtiteu~ --Paqe 4 
	fBOCP. D0RE ISWBESS PAB! PA4AdiTERS, ~CNTI~U!C 
	♦-----------♦---------------------------------------------------♦
	I Parameter !Contents 
	♦---------♦-------------------------------------------------------♦
	ICABGO 
	ICABGO 
	ICABGO 
	ITbe CARGO 
	parameter 
	i s 
	a 
	1-tit string 
	vb~co 
	indicates 

	I I 
	I I 
	1wbetber 11isted. 
	or not t he ~arqos Its det4lllt va~ue 
	carried by i s •c•a. 
	each 
	car 
	are 
	t o 
	oe 
	1 

	I 
	I 
	l 
	I 

	I 
	I 
	-

	1E xa ■ ple: 
	1 CA.&-:iu=••1••a• 
	j 


	♦-----------♦------------------------------------------------·-------♦ 
	C~s9 
	IBWSLST writeup --Eaqe, 
	PBOC!D UBE NA~.::: Ii?WSLS? , A p.1:ocedur.a to qenerate a detailed repair listing on a ~Aop oasis. 
	AOTBCR: Robert•• •n.1ta£er feat, ~arw1.cl, ~itchell & cc. 1025 Connect1.cut Avenue, N.•. iiashinqton, o. c. 2v036 
	120 ,) 223•'1.52.5 
	LANGUAGE: ?rocedure :i•jiST 1.s written to be ccmpiled and e~ecuted at an l.AStcl.J.latioo sui:porting the Pl/ I Cp t1.uz.1ng Compiler, Versl.~o 1, aelease 2.3, PTF 61, or later. 
	PU3~CSE : 
	! be ?urpcse cf procedure li.SLST 1.s to generate a detailec reFair listir.q oo a shcp basis. Inputs clra tna O~LE~ data tor sa~ple cars , the treiQht car histcrv data anu data stdte=ents relatinq P~~icc. repair codes t o C. n. S. repair coda~. A ~orted version of the tre1. ➔ nt car h.1stcr7 filE is ou t~ut. 
	Figure
	♦----------♦--------------------------------------------------------♦
	I State~ent !Con tents ♦ -----------+------·---------------------------------------------------♦ 
	I EX EC IThe purpose cf tAe LAiC statemeo~ is tc invoke ~I I IIrt W~LST. The a,G:ON and tI~E Pdrameters mdy ce SFeC1.iied.1 I IA EEGION of 1o0K dna a !I~Z ci ~ ~inutes have =een foun d I I Ito be adequate for cl .Jo0/6:. The Pi\311 para:iete c iuy l::e I I 1used to specuy ?L/l and procedure !3wSLST executicn ti~el I I Parameters. I I I I I !Example: l I 1//!~•SLS: EiEC ~u~=~-~lST,EEGiCS=180K,!I~~=4, I I 1// rA3 ~={'/:~•• ~Ab~LA I E RZ~~:D JA!A ''','Y~A3=~6 •, I I// •~OW.MON!o=1','h:Gn.~O~!E=7 ' ) I ♦-------
	rocedu.re 
	' 

	♦----------♦--------------------------------------------------------♦ 
	C .c..o 
	IHWSLST •riteUF --Eaqc 2 
	·EBOC!DOB£ IEWSLS! JCL STAIEM~MTS, ~O MTINU£D 
	♦----------♦------------------------------------------------------♦
	t Stat,aent 1c c otents 
	♦ ----------+------------------------------------------------------♦
	1//STEPLIB DL DS~=idttCO.LOAt. IBiSlST,DISP=(SHa,EASS) 
	♦ -----------♦---------------------------------------------------------♦
	ISYSPRitil'I 
	DCl! he purpose ot the SYSERIN! tD stateaent is tc define a I tSYSOOT file vnere procedw:e IiiSLS~ aay Fl ace messages
	I • 
	!during e,ecut4on. It~ detault reco~ characteri~t ics are I IBECEN=VeA, LoEU.=1i5 and BLKSIZE=129. The user ■ay ~~ecI lify a BLKSILf Ot 1~9 or latqEr is desired. I I I tExa ■ ple: I 1//SYSP BINT D~ 3Y30UT•A 
	♦---------♦--------------------------------------------------------♦
	IELltU l'!E tD !The purpose ot the ilIDOeE tt ~tatement is to define a I ISYSCUT file waere a core aanaqe11eot report 11ay t e Flaced I Jty the fl/ I house4eepiog ~rcceduLes and where an AfiND I 1du11~ may be p.£.acea it required. 'Ihe reccrd characterisI ltics of the FL!DO~P file are predefi ned. This rL state-
	I 

	I
	I 111av be 011itted. I I 
	I
	'

	!xa ■ s:le: 
	I

	I
	I 1// fllDU~P DO SYSOUI:~ 
	j 
	' 

	♦-----------♦--------------------------------------------------------♦
	ISYSCO'I tt l! he purpose at tne SYSOUT tt stateaent i~ to definE a 1 I ISYSCOT file WAer~ the SCiT; ftIBGE procedure aav Flace mes-1 I 1s aqes durioq execution. r ts record character istics are 1 I IPredefined. I I 
	I I 
	I IExa ■ ple: I I 1//SYSOU T DD SYSOUT=A I 
	♦----------♦----------------------------------------------------♦
	ISOFTL!E ~D 1The s:ur~ose ~i tne ~OA£LIB CD ~tate11e nt is t o define a 
	I
	I lload library t u which the SCiT1ft£BGE procedure 11ay l i nk 
	I
	I fdurinq execution. 
	I
	I
	I I 
	I 

	I IZxa ■ pl e: 
	I 
	I 1//SCRTLIB Du DSN:SYSl.~C&TLif,tI ~P=(SHB,fASS) 
	I 
	♦-----------♦--------------------------------------------------♦
	ISORTik01 Dti The purpose ot tne SOiTWK tt stateaents i.s tc define f rca: I th ru 13 to 6 scratCA files tor use by the SCRT/!lfli.:iE i:roceaure 1 l~OR!iK06 Oti durioq execution. I I I I 
	I lfxa ■ ple: l I 1//S0iTiK01 Dt UhilaSYSDA,SFACE:(CYL,2 ,,CCNT:G) I 
	♦-----------♦-------------------------------------------------------♦ 
	Figure
	Figure
	IiWSLST iriteUF --faqe 3 
	♦----------♦--------------------------------------------------------♦
	State ■ ent !Contents 
	I 

	♦-----------♦-----------------------------------------------------♦
	ISYSUT1 tt !The purpose ct t~e SYSUT1 t~ state ■ent i~ to detine a I jphysical seqwntial input file containioq UeLEi data tor I 1sa•~le cars. Its assu ■ ed record charactetistics are BECia1 ,-,a and Li2CL•21J. ~ts BLKSIZE is taken fro ■ the SlSCT1 I IDD state ■ent, tn~ rue label ot may default to i1J. I I I I l!xa ■ ple: I I//SYSUT1 OD tS~=2aacv.UP.LEi.SA?fL!,DI.SP=(SHi,P~SS) I 
	I 
	I 
	I 
	I • 
	I 
	I 

	♦-----------♦------------------------------------------------------♦
	ISY.SUT2 CD !The purpose or the StSC12 Ct statement is to define a I I !physical sequential input file containing the treiqht catl !history data for saaple cars. Its assuaed tecord charac-I lter:istics are A~~id=Fa and LBECL=130. Its BLKSIZE is I 1takeo fro ■ the s~SUT2 DC statement, the rile label or aay1 
	I 
	I 
	I 

	I 
	1def&U4t to 130. I I I I 1zxample: I I//SYSOT2 DD ~S~=ra~~O.ilStCiY.CAi.SA"fL!C,tISf:(SHi,PASS) I 
	I 
	I 

	♦----------♦-------------------------------------------------------♦
	!SYSGTJ Ct !The purpose ot tne SX3U13 Ct state ■ent is tc detinE a I jphysical sequentia~ out~ut file where a sorted ,ersion ofl
	t 
	tthe freiqht car file ccntaining only ~a•Fle cars I 
	I 
	o~~to.cy 

	1 ■ay be placed. lts r~cord characteristics are ~red.tined f 
	I 

	1as BECF?!'slB, LiE~LalJO aJld flKSIZE=4160. I 
	I 

	I I I 
	I 1zxa ■ ple: I 
	I//SYSCT3 DD cs~=?~~~v.uiSTOiY.CAa.soaTED,U~!I=3330, I
	I 
	1// VOL=SZR~?tUSPAK,SrA~ia(TEK,(190,190),BLSE), I I 1// DISP=(,CAILG,DlLil?) I 
	I 

	♦-----------♦----------------------------------------------------♦
	ISYSI!I DC !The purpose of t4e 3YSiM tt stAte ■ent is tc det1ne a I jphysical sequential 1n~ut tile where data state ■ ents de-I
	I 
	lfininq the re.l<at1uns,11.i; between f!1d&Cc. jol:> codes and I 
	I 

	1c.a.s. iob ccae~ ~nd ~~alitiers may be ~laced. :ts as-I 
	I 

	1su ■ed record cnd.cacte.cistics a.ce 3ECFe=Pe ud La!Cl•SO. I
	I 
	!Its aLKSIZE is ta1.an tron the S?SIH DD state ■ ent, tile I
	I 
	ltilE label o.c ■ ciy il-3.tciUlt tc 80. I I I I 1zxaaple: I I 1//SISIN DD* I 
	I 
	I 

	+---------♦--------,---------------------------------------------♦ 
	Figure
	Figure
	Figure
	IBWSLST iriteup --faqe 4 
	The fABe parameter of the iii~ stdtement may be used to s~ecity fL/I and procedure IBWSLST ex~cution tlae parameters. Its format is as fol
	lcvs: 
	Figure
	The for ■ ats of the PL/I execution time ~ara ■ eters may be f ound in the 
	Pi/I Programmers• Guide. ihair detaults, set by procedure la~SLSt as 
	R!PCRT aDd ISA (1CK), are adequate, 4nd they ■ ay be o ■ itted. froceaure 
	IRWSLSt parameters are keyvora and ■ ay ce supplied in any order. Cmit
	ted parameters have default values. their formats may be icund in the 
	follovinq table. 
	fEOCfDU5! ISiSLS! ?A5a PAaAHSI~iS 
	♦-----------♦-----------------------------------------------------♦
	Para ■ eter ,contents 
	t 

	♦---------♦-------------------------------------------------------♦
	tThe ID parameter may oe used tc specify any character I tstrinq to be used as identification. Its default value ist I 1a null strin~. , I 
	!ID 

	I I I IExa ■ ple: 'ID=' •~A.dUUTi liZfAI3 CATA" 1 I 
	♦---------♦-------------------------------------------------------♦
	IThe ?~AH paLameter ~4Y tE u~ed to indicate the year to te1 I tasscciated witn tao1.u.4ted data. Its default value is O. I 
	IYEAB 

	I I I IExaaple: YtAA=7tiI 
	1 
	1 

	♦ ----------♦------------------------------------------------·-------♦
	!The LCi.~ONili p4ram~te.t may be used to indicate tbE lvvert I 11n a range ot mootbs tc be associated vith tabulated I I tdata. Its detaUJ.t v.uue is C. I 
	tl0W.1'1C~I!l 

	I I 
	I
	I IExa ■ ple: 'Luw.jQ~Td=1 1 
	I 
	♦-----------♦-----------------------------------------------------♦
	l!he HIGH.~ONlli paraaetec may ~E used to indicate the 
	tti!GH.1'CS'IH 

	I
	I t aiqber in a .t,u1qe or mcotbs to be associated vith tac-j I 1ulated data. its default value is O. 
	l
	I l 
	I
	I l? xa ■ i:le: 'lUGli.LiUt.Ili,7 
	1 

	I 
	♦----------♦-------------------------------------------------------·
	tSIZE tThe SIZf paLaaeter moy te used to speciry tbe Quantity cft I tcore to be alloc4tea for exEcution of ~he SOi!/ ~EiGE ~r o-1 I tcedure. Its uerault. value is 30000. I I I I 

	♦----------♦------------------------------------------------------♦ 
	♦----------♦------------------------------------------------------♦ 
	Figure
	Figure
	I!ISLST Writ•u~ --F&qe 5 
	iiOCEDOiI IiiSLSt PAS! PAiAn~tZi~. CCITliUEt 
	Para ■ eter 1cooteots 
	♦---------,--♦-------------------~---------------------------------♦
	IEX&aple: 'SlZE•~~ooo• 
	♦-----------♦--------------------------------------------------♦ 
	Figure
	Figure
	IBWVIVE Wr.iteu~ 
	PBOCE.OURI NA~E: IBWVIVE, A procedure to genErate survival curve~ for NW data. 
	Bobert W. WbJ.tak~ 
	feat, aarwick, a.1tcbell & cc. 
	1025 conoec~.1cu~ Avenue, N. ■. 
	wasb~oqtoo. o.c. ioOJ& 
	(20,) 22J-95i5 
	LANGUAGE: Erocedure lA ■ ViVE is written to be compiled and exe
	cuted at aA installaticn su~portioq the Pl/I Cptimizioq
	Compiler. ,. ielEaSE 2.J. PIP &1, or later. 
	VerSJ.OU 

	PORFCSE: 
	The pur~cse ot ~rocedure li•VlV~ 1s to GEnerate survival curves f or Ni state ■ents indicating whic h re~air cede~ are to be considdred are in~ut. 
	data. Ihe Ccmbined data rue and control 

	PBOCEDU&E IBW\ IVI JCL STAIEo~dTS 
	♦-----------♦------------------------------------------------------♦
	I Statement !Contents 
	♦----------♦------------------------------------------------------♦
	I EX EC !The purpose ot tbe EXZC state ■ ent is to invcke ~rocedure 1 I IIBi91VE. The a~~lO~ anu ti!l para ■ eters may be sfecified.1 I IA REGION of 160K and a I!!I cf 2 aioutes have CEED found I I 1to te adequate tor a JoC/65. Tbe ?AB! parasetec may te 1 I 1used to specity PL/i and procedure IRWVIV! e%ecuticn time1 I tpara ■eters. 1 
	I I I I 1Exa1ple: I I 1//IoWVIVE EiEC PGa=iJ:t~VIVE.BlGIC~=160K,TI~Z=2. I I I// fABl!=( /l.ta TAi>ULA'IE !!EFAiiS FOB 2.4'") I 
	1
	11 

	♦---------♦--------------------------------------------------------·
	state ■ent is tc de:ice a 
	IST!PLII! CD !The purpose of th~ S!~PL!B tt 

	I 1load library tbe ~rccedure lBiV!VE load mod
	contaiiu.nq 

	I Iule. 
	I I 
	I 1E:ra ■ ple: 
	I 1//SlZPLIB DD D~~=Pa~~O.lOAt.laaVIVE.OISP=(Soa,PASS) 
	♦-----------♦---------------------------------------------------------♦ JSYSPBIN'I ot1The purpose ot t~e SY~Pi!N'I tt state ■ ent is to define a 
	♦----------♦----------------------------------------------------♦ 
	IBiVIV! iriteu ► --Paqe 2 
	fiOCEDDiE IaWVIVE JCL STAIEMiNTS, ~ONTINO[D 
	♦-----------♦---------------------------------------------------------♦
	I State ■ ent !Con tents 
	♦-----------♦----------------------------------------------------,----♦
	I ISYSCOT file woere procedure la~vrvi aay Flace messages I I tdurinq execuuon. ~ts detault record characteristics are 1 I IRECE!=VBA, LRiCL=l~s and BLK~I2E=129. The user may spec-I I lify a BlKSIZf ot 129 or larqEr it desired. I I -I I I 1~xa1ple: I I I//SYSPBINT DD sisouT=A I 
	♦-----------♦---------------------------------------------------------♦
	IPLIDU IH CD tThe purpose er toe PLIDU!f tD state ■ eot is to define a I I ISYSCUT file woere a core manaqeaent report may te Flaced I I lbY the PL/I housekeeping prccedures and where an AEEND I I ldum~ may be placw~ u teGu1red. lhe reccrd charactEris-I I ltics of the fL~uUH? ri~e are predefined. This tc state-1 I 1may te omitted. I 
	I I I I 12xample: l I 1// ElIDO"f D~ SYSuUT=A I 
	♦----------♦-----------------------------------------------------♦
	state ■ent is to def10E a f I ISYSCUT file voe.re toe SORT/eiRG£ procEdure ■ ay Flace aes-1 I 1saqes durinq execution. Its record characteristics a+e I I IPredefined. I I I I I IEXa ■ ple: I I 1//SYSOO'I DO S~SOUl=A I 
	!SYSCO! Ct !The purpose of the SXSOUT tt 

	♦----------♦---------------------------------------------------♦
	ISOS'ILIE Ct jThe purpose er toe SvR!LlB tt state ■ent is tc define a 
	tload library to vAico the SCST1e£RGE pro~edure aay lin4 
	I 

	I tdurinq execut. ~. 
	I I 
	I 1 z xa ■ple: 
	t 1//SCBTLIB OD DSb=SXS1 , SCRTLIE,CI~P= (SHR,fASS) 
	♦•----------♦---------------------------------------------------· 
	1~0 9'IWK01 CCtThe pu.rpose oL t ne SOAl ■K CC state ■ ents is to dEtioe frca1 I th.tu 13 tc 6 scratch f~les tor use by the SCBT/MZiGE f r ocedure I ISCliTWKOS Dttdurinq execuuon. I I I l I 1zxa ■ ple: I 1//SORT~K01 OD UMi:=SYjJA,SfACZ=(CYL,2,,CONTIG) I 
	I 

	♦-----------♦------------------------------------------------------♦
	l~YSOT1 CD tThe purpose of the SXSU'I1 tt statement is to defin E a IPhvsical sequential input file ccntaioiDq the Ccmbined 
	I 

	♦--------♦------------------------------------------------------♦ 
	Figure
	IiWVIVE iriteu~ --rage J 
	♦----------♦------------------------------------------------------♦
	I Statement !Contents 
	♦ -----------♦------------------·------------------------------------♦ 
	I !data iile. I ts a~~umed record characteristics are 5ECF~= 1 I IFB and LiECL=l,O. lts ELKSIZE is taken from the SY~UI1 COi I tstatement, the ri~e 1aoel or may default to 1,0. I I I I 
	IEXa ■ ple: ' I I//SYSOT1 DD D~~=?ctd~u. JATA.CC~E~N2&,DISF2 (Sli~ , PASS) I 
	·' 

	♦-----------♦-------------------------------------------------------♦
	SYSIN Dt !The purpose cf t oe SYSIH de statement is to define a jphysical sequential input file where control stateaeots l 1may be placed indiC4t4nQ vbich repair codes are t o ce 10-1 1cluded. The SYSlj ri1e is o ► ticnal. All re ►air codes are I !included vben it 4S owitted. Its assumed record charact-I teristics are a~CF~=FB and li!CL:80. Its ELKSIZE in taken I lfrom the SY~I~ ~D stutement, the file label er aay de-1 lfau.lt to 80. I 
	I I 
	IZxample: I 1//SYSIN DD• j 
	___,__------♦ ----------------------------------------------------------♦ 
	Tbe PAae ~arameter of tbe iXi~ statemen t may ce used t o s~ecify PL/I aod prccedure InllVIVE execution tl.lld parameters. Its forJ1at 1s as rollcvs: 
	PAB~=('EL/I-parameters/~3JV~v~-paraaeters') 
	Tbe formats ct the PL/I eiecutioo time ~ara1eters may be found in the Pl/I Proqr3mmers• Guide. lbe1.r Jeiaults, set by procedure IB•VIVE ~s 5EPC.a'! aod ISA (10K). are adequc1ti:, and they isay be omitted. ftocedure IEWVIVE ~arameters are keyword aoa aay te in an7 crder. emitted parameters bave def3ult vaiues. '!heir fcrmats may be found 1~ the fcllovioq table. 
	suppl1.ed 

	Figure
	♦----------♦------------------------------------------------------♦
	I Para~eter (Contents 
	♦ -----------♦-------------------------------------------------------♦ 
	!The ID parameter aav be used to specity any character t 
	1strinq to be use~ 4S 4dentification. Its default valJe isl 
	♦ ------------♦-------------------------------------------------------------♦ 
	Figure
	IiiWVIVE Wri teup --iage ~ 
	EEOCEDOSE IBWVIV~ PAR! PAiiAa~!Eis. CCUTIHOfC 
	•---------♦------------------------------------------------------• Para ■ eter 1contents 
	I 

	♦---------♦----------------------------------------------------♦
	I 1a null string. I I I 1Exa11ple: 'ID=-"~ .. BUl.Att. iEPAliS fOi 2.IP" •
	I 

	I 
	♦---------♦-------------------------------------------------------♦
	■ay te used to indicate the goa~tity I I 1of core to oe allocated to the SuiT/!EiG! Frocedure for I I te1ecuti00. ~ts detaiut value is 30000. t I I I 
	jSOiiT !The SORI parctaeter 

	I IExaaple: 'SOhT•ij-.QQQ• I 
	♦----------♦----------------------------------------------------♦
	IIDAYS l'Ibe IDAYS paraaeter inaicates a nu ■ber of days fer vbicb I I 1aod below V4.lCb repair intervals are not to be ccnsid-1 t 1ered. Its detau.t vuue is C. I 
	I II lfza ■ ple: 'lu~1S2 S• 
	' 
	I 

	♦----------♦------------------------------------------------------♦ 
	CC~taot SIA1EKEN1S 
	Ccotrol state ments ■ ay be placed in the SYSlN file tc iadicate ~bicb tor ■at is as follows: 
	repair cedes are to be considered. 1beir 

	cpa •q:eraticn •; LlSt=•repair-code-iist•; 
	The •o~etatico • 11ay be: 
	lNClODE 
	EXClDDE or X 
	ALLIN 
	ALlCDl 
	As an e.1a11ple: 
	C.P =t ALL l NI ; 
	OP=' EXC LUO Z ; 
	1 

	LI~t=•2.J,4.S-S.7•; 
	IRWVIVf Writeu~ --faqe 5 
	indicates that all repair code~ ~ber than 2.3 and 4.5 through :.7 are to be considered •. 
	Figure
	I.BWVIVA Writeui: Eage 1 
	iBOC!DORE NAME: rawvIVA, A procedure to generate survival curves for 11 data. 
	A0TBOB: Sobert w. Whitaker feat, !arwick, di~cnell £ cc. 1025 Connecticut Avenue, N.•. 
	■ashinqton, o.c. l0036 ,20 ,, 22.J-9 sis 
	LJNGOAGE: Erocedure IA•V~V~ is written to be compiled and executed at an instal~ation su~portinq tbe PL/ I Cp tiuzing Compiler, 1ersi~u 1, Release ,.3, PTF 61, or later. 
	PUBECSE: 
	lhe purpcse of procedure ili•VlVA is to generate survival curves for 11 data. lbe U~LEB file for $a ■ple Cdrs, the 1! interval data and control state ■ ents indicatinq vhicn repa~r codes are to be considered are in-
	'Qt. 
	P 

	ESCCEOOSE ISWVIVA JCL S~Ali~i~IS 
	Figure
	State ■ ent !Contents 
	I 

	♦----------♦----------------------------------------------------♦ 
	!The purpose ct tne ...(EC state ■ ent is to invoke ~rocedure I 
	I EXEC 

	IIBWVIVA. The ~EulO~ and TJ~E parameters ■ay be si:ecitied.l IA SIGION of ,~o~ and a 1I~E of, ■ inutes bave a•en fcund I 1to be adequate tor a JoC/65. The ;Aa" paraaeter ■ ay be I
	' 
	' 

	I 
	1used to PL/I and procedure IRWVIVA executicn ti ■~! ' I parameters. I I 
	spec.i.fy 
	I

	I I 
	1zxample: I 1//IS•VIVA Eli~ 2G~=iawVIVA,SEGlCN~,QOK,TlK2=,, I
	I 

	I 
	1// PAa~=('/I~=••rAoULAlE &EfAliS ?oa ,.~•··, f
	I 
	♦----------♦----------------------------------------------------♦ 
	CD ITbe purpose CL tne 5!~fll3 CD state ■ent is to defioe a 1load library containing the ~rcce0ure IBWVIVA lead ■ od-
	IS': IPLIB 

	I 
	I 
	1ule. I I 
	1::xa ■ ple:
	I 
	1//Sl!.i>LlS DD 05N~P~ttCO .lOAt.IiiVIVA,OISP•(SHB,EASS)
	I 
	♦-----------♦--------.-------------------------------------------♦ 
	Figure
	IBWVIVA Writeup --fage 2 
	EBOCEDOSE IBWVIV~ JCL STATEdiNrs, CC NTIN OED 
	♦----------♦---~--------------------------------------------------♦
	I Statement 1contents 
	♦---------♦-----------------------------------------------------♦
	iSYSPBlN'I DC!The purpose of tne SYScaIN! CD statement i s tc define a 1 !SYSCUT tile wnere procedure IR~VIV~ may ~lace ~e~saqes t I 1durinq execution. its default record characteristics are I I IBECFM~V BA, La~~L=l.S and alKSlZE~129. ?he user may ~pee -I 
	I 

	1. lify a BLKSI~i or 129 or larger if Jesired. I I I I 
	I IExaaple: I I I//SYSPRINT DL SYSO U~=A I 
	♦ -----------♦--------------------------------·-----------------------♦ 
	I flIDUL'Jr DO t!he purpose ot tne Pi.....COMr C~ statement is to define a I I tSYSCOT file where a core manaqement report ~ay ce flaced 1 jby t he EL/I nouse~eep~og prcceduces aod wnere ao AEEN~ t 1dump may be p~aced iL required . !he record cnaracteris-I I ltics of the PLlDUcP tile are pr edetined. This cc state-I I 1aay be emitted. I I I I I IExa ■ ple: I I 1//FLIOUMP OD ~YSOUX:A I 
	I 
	I 

	♦-----------♦--------------------------------------------------------♦
	I SY SOT 1 CC !The ~urpose CL the 51SUT1 cc statement i~ t c define a I 
	I jphysical se~uentia ~ input file containioq D~L!o data for I 
	1sample cars. Its assumed record cbdracteri~tics are RECE~I 
	I 

	i=~B and LRE~i=1~c. its BLKSIZE is taken fro~ t be SYSUT1
	I 
	100 statement, the ~tl~ labEl or may default t o 198. 
	I 

	I I 'I 
	I JExa ■ ple: I 
	I//SYSOT1 DD ~~N=idd~u.!T.SAeELEC.CATA.CAa,r:sP=(S~a,PA5S) I 
	I 

	♦----------♦-------------------------------------------------------♦
	ISY SOT 2 CD !The purpose of tne ~YSUT2 CC state~ent i s to detinE a I !physical sequentldl 1npu~ tile containing I! interval I I 
	I 

	1data. Its assuaea record characteristics are a!CF~=FB andt I 
	1LaECl=26. Its oLASlZE is taken f r om the SYSC:2 ~c Stdte-I I 1aent, the tile 1aDe1 or may default t o 2o. I I I I I 1Exaaple: I I//SYSUT2 DD CSb:Pd~~O. I!.OA!A.lNTE~V~L, DISr= (Slin,?)S5) I 
	I 

	♦•----------♦------------------------------------------------------♦
	ISYSHI DC !The purpose ox tne SYSrN dd sta t e~e-t i s t c detioe a 
	jpbysical sequential in~ut file where control state ments I 
	I 

	tmay be placea 1ndicat1uq vbich repair codes ace to be in-I 
	I 

	1cluded. the ~XSI~ Lile is o~ticoal. All re~air ccdEs are I
	I I 
	1included when it is omitted. Its assumed record cbaract-I 
	♦ ----------•-------------------------------------------------------♦ 
	Figure
	IBWVIVA ititeu~ --faqe 3 
	rBCCIDUBE IBWVIVA JCL ST~!zoiNTS, CONIIjUED 
	♦-----------♦ ----~---------------------------------------------------+
	I Statement ,contents 
	♦---------♦------------------------------------------------------♦
	teri.stics 
	teri.stics 
	teri.stics 
	are 
	i~Cfl~Fa 
	and 
	LStCL=80. 
	Its ELKSIZE 
	in 
	taken 
	I 

	tfroa the 
	tfroa the 
	SYSIN 
	DD 
	.stateaent, 
	tbe 
	file 
	lat:el 
	er 
	aiay 
	de
	-

	1 

	Ifault 
	Ifault 
	to 
	80. 
	I 

	I 
	I 
	I 

	IEza ■ ple: 
	IEza ■ ple: 
	I 

	I //SYSIIII 
	I //SYSIIII 
	DD 
	• 
	J 


	♦-----------♦---------------------------------------------------------♦ 
	Figure
	1be PAB~ ~arameter of the tlEC statement aay te used to s~ecify rL/I and ~rccedure I~iVIVA execut~~n time parameters . Its format is as follcws: 
	PAB~={'EL/I-parameters/Ii•VlV~-para ■ eters') 
	The formats oi the Pl/I execution t1me paraaeters may be found 1n t he Pl/! Proqraaimers• Guide. !heir ~etaults, set ty procedure I3•VIVA as sn:cBT and ISA (10K), are , and they aay be o mitted. Erocedl!re IRWVIVA parameters are keyword and aay be supplied in aoy crde~. Oaitted para~eters have detault v~.Lues. 1ueir icrmats may be fcund 1n tbe follo vi oq table. 
	adequd.te

	Figure
	♦-----------♦--------------------------------,-------------------♦
	I fara meter 1cootents 
	♦----------♦------------------------------------------------------♦
	IThe ID para~eter ~ay be used tc specify any caaracter
	I !I: 
	1strin~ to be used as identification. I t s default value isl
	I 
	1a null strinq. I 
	I 

	I I
	I 
	!Example: 'ID=TA.8ULATE. iUFAliiS FOii 2.1+ " I
	11 
	1 

	I 
	♦--·--------♦----------------------------------------------------♦ 
	para~eter 1ndicates Q number ot days tcr which I 1and below vbicn repair i ctervals are not tc be ccnsid-I
	J:<DAYS 
	!The XDAYS 

	I 
	1ered. Its d~1:ault va.L ue is C. I
	I 
	I
	I I 
	iExaapl e : 'XDA't.:i5 
	I 
	2 
	1 
	I 

	♦-----------♦-------------------------------~ ---------------------♦
	1rhe S!OfAfT ~arameter may cE used to inaicate the 1aximui1 tnumter of records to be read from the SYSU!2 file. ■ hen I
	IST CPAFT 

	I 
	♦-----------♦-----------------------------------------------------· · ---• 
	Figure
	Figure
	♦---------♦------------------------------------------♦
	I Para.~eter IConteQtS 
	♦---------♦---------------------------·------·----------------♦ I ISTOiAFT is assi~ned ~ value which is greater t~an, filet I ISYS0!2 is trwatea as tQCUgh an end of tile dad teeD ea-I 
	I tcountered attar ST02~rI records have been F:ccessed. :ts 1 I !default value is O. I . I 
	I I 
	I IExaaple: 'SIOP~Z~2 SOJO I 
	I 

	♦----------♦--------------------------------------------------------· 
	IQtIST ICLIS1 is a CAAracter striQq Fara=eter which ~a7 te usej I Ito select voicm iQterval records a=e tote i oclu~~a by I 1ind.lcatinq a list oi quali!iers. !ts deiault value is I 1•0,,,. 
	I I I 1::::ra.~ple: ' OLZS:="1'" 
	♦----------•------------------------------------------------------~ 
	Figure
	Ccntrol ~Tate~eots l&? be piacea i~ t he SY S!~ :ile reoair cedes are to be cousiae~cu. Iheir tor»at is 
	Ccntrol ~Tate~eots l&? be piacea i~ t he SY S!~ :ile reoair cedes are to be cousiae~cu. Iheir tor»at is 
	Ccntrol ~Tate~eots l&? be piacea i~ t he SY S!~ :ile reoair cedes are to be cousiae~cu. Iheir tor»at is 
	t c as 
	ind~cate fc::c ~s: 
	anica 

	Cc'='c;:e.cati.00 1 ; t:;l='repa i r-code-lu~• ; 
	Cc'='c;:e.cati.00 1 ; t:;l='repa i r-code-lu~• ; 

	'!!le 
	'!!le 
	•oi:e ::::atioo ' 
	ia y 
	be: 

	: ~c~ot::: .:'.IC!.JC! ALL!~ ~ttC:.! 
	: ~c~ot::: .:'.IC!.JC! ALL!~ ~ttC:.! 
	c.c 
	I 


	aad t ~e •r=:ai .c-ccde-l.l.st' ~~ a~, ~ist ct : e;a~= cc~es an~ :a~~Es o: : epair cede s . !~e o ?etat~ca~ ~ ~ ~~j and A!L:c: do no t ~d7e ¼~scciated .ce;a~r ccje l~sts. 
	Figure
	I; 
	Cf:a • .\ll.I~

	C?='EXCtOi:1! ; 
	1

	tIS:=•2.3,4.3-S.7•; 
	ind~cates t bat all repai..c codas o~~e.c t han ~. j and~-= t~:=J~ a : . 7 a.ca t c te cc osicered. 
	'. 
	Figure
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	I. 
	I. 
	-BACKGROU~D 


	The objective of this report is nresentation of CI find· ings in investigatin~ and assessin~ data collection 
	alternatives for use in the repair shop environment. 
	The report discusses various data collection devices as 
	well as associated data conversion methods for commun1
	-

	cations purposes. Evaluation includes criteria for est• imatin~ the per message cost from source through conver
	sion for each alternative. Results are develooed in 
	such a way as to oermit general comparison of the ad
	vantages of each approach. 
	The breadth of equinment covered bv the general ter~ "Data Collection" requires a or ecise definition of the scope of this report and associateu research. In that our obj ective was to identifv and evaluace equionent and techniques suitab le for the s hop environment, we focused on those classes of equipment designed for operator interaction. \\'e excluded all automat1c (or sensor-based} data capture equipment and the r2nge of equipment classified as process control instrumenta! ion. The latter ~en· erally
	Three t e rms ,H c ;;:: '? f 11 1 i n d i s t i n g u i sh i n g be t ween : :, e p r i • mary methods of data collection fo r computer processin~: 
	• 
	• 
	• 
	Key Entry: Batch data entrv , normally fro~ manually transcribed records, bv an operate ~ using keynunch equipment; 

	• 
	• 
	Source Da~a Automation: nata capture as a by-product of a conventional business trans · action; (for examole, ch:ir:ictcr re::iders o -:bar code readers emploved at the point of sale to el iminate the ~eed fo, nJ~JJ l Ja t J recordin~ for later hatch proces~i~~ o: transac tion data ) . 

	• 
	• 
	Fact0r~ n:ita Collect ion: Re=ordi~~ of dat 1 on events as thev occur in the ~1,~c environment. (The industr,ll equ!\"il~·"'lt r:::" source Jat ::i automation). 


	This report dwells primarily upon techniques that have been employed iri the plant environment, but does consider other methods both for purposes of perspective and their potential if packaged for industrial use. 
	In narrowin~ the field for investigation, a number of important considerati_ons were established: 
	• 
	• 
	• 
	The need to function reliably and with minimal maintenance in adverse environments. 

	• 
	• 
	Simplicity of design and function to promote ready comprehensio~ and use by non-clerical shop personnel . 

	• 
	• 
	Performance characteristics that complement rather than stymie operator execution of primary tasks. 


	The foregoing considerations -environment and personnel are as important i n t he development of a data collec t ion system as the in:ormation to be collected. 
	-

	(As an aside, although beyond the scope of this report, the technique ultimatelv selected must be imolemented in a fashion that Sd t~== · 3~ immediat ely visible, useful purpose in the eyes of the operators. \eglect of this co~sideration may have a negative implct upon operator performa~:e) . 
	Further definition o: general requirements for war~ station operator data entry in the shop environment sugges:s the follow i ng eneral equipment classes: 
	6

	1. Portabl e devic es that can be c3rried to the data entrv loca tion. 
	AC-powered , stand -alone jev1~cs that record and store data for batch trans fer to the co~nuter on a rout ~r.e or polled bas i;;: • 
	3. AC-no~ered, ~tand-alone devices that 3 realt ime hasis t o , central r eco rder or directlv to the com~uter. 
	collec t and tran ~fc r data on 

	D. 4 
	The balance of this r epor t describes and evaluates equipment selected from the above general categories, 
	in terms of the following criteria: 
	CRITi:RICI\ 
	-
	• 0.\TA 'IEDIUM Environmental Suitability Data Capacity Redundancv Operator Convenience Provision for Back-Up Product Suitabilitv Sources Costs
	-
	• COLLECTIO~ DEVICE Environmental Suitability 
	Onerator Convenience Error Checking/ Correction Interface Characteristics Buffering CapabilityReliabilitv Back-Up Pr ovisions 
	~~:.: :-,:es 
	Costs 
	Figure
	The information carrier and data format Resistance to dirt, abrasion, humidi t y, etc. Number of characters accommodated per square in Format integrity, probability of error F.ase of use Alternat ive•entry method if damaged Is medium ph~·sically compatible ,.-ith product? Suppliers 
	The data entrv device Accommodation of temperature variance, humidi t· 
	etc. 
	Ease of use, onerator ~uidance, feedback Device edit ing capabilitv ~ature of link to data processing sys tem Abil ity to store data Failure modes and frequencyPower-fail provision, alterna-:1ve P.ntrv metho-.! Suppliers 
	• D..\T . .\ ~IEDIU'-I/DE:ICE:SYSTDI Identification of cr iteria fc, estimate of PER ~IESSAGE Tl'IE S COST sys tem cost per data cntrv 
	1
	1
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	II. APPROACHES TO DATA COLLECTJOS 
	On the basis of general analysis of the ran~e of equip· ment now offered for factorv data collect ion and t~e broad criteria described in· Section I of this report , the following techniques were selected for detailed evaluation: 
	• 
	• 
	• 
	Bar Coding -Optical coding, similar to the Uniform Product Code incorpor ated i n JTOcery packagin~, now read by automatic and handheld scanners. 

	• 
	• 
	Magnetic Coding -Coding similar to that incorporated in the dark tape stripe found on many cr edit cards, toll road tickets, rarking garage tickets , etc. 

	• 
	• 
	Punched Cards -The cl assical data entrv vehicle and approach for non-variable informat ion i nput . 

	• 
	• 
	Optical Character Recognition (OCR) Stylized encoding of human-readable characters suitable for machine processing (e.g. bank chec~3, ;i! romoany charge slips) now in use for retail POS transac tion recording. 
	-


	• 
	• 
	Voice Recognition -Electronic recognition and processing of spoken ooerator input. 

	• 
	• 
	Key F.ntry -Oper ator use of kevboard terminal for data entry. 
	-



	Of the techniques selected, the first four rely to ~arving de~rees upon operator ner formance. Data Lan b~ en
	coded in machine-readable form and the ooerator si~,lv 
	assists in presentatio~ for tTanscriot1on bv an e~~~n
	tiallv auto~atic 'reader'. The latter, kcv cntrv J~d 
	voice· recognition arc more dependent ~~on oncrator ,erformance in that he or she must make t~e transfer :rom the document to the data ~rocessinc ~v~rc~ hv rcadi~g . internretinc and manuallv or vocallv ~ntcrin~ the d3ta. 
	~e will e~a~ine th~~c m~thods first in 0ur J1~~ussion 
	and compar ison of the f1~e techniaues. 
	0.6 
	A. KEY ENTRY 
	Key Entry has one major advantage and one major disadvantage over the other four methods. The major advanta~e is that from a pure hardware point of view, it is the leas t exnensive. Terminal costs range between $1,000 and S3, 000 dependin~ upon the features desired. Key Entry does not require any codingmedium such as coding labels, specially printed ta~s . cards or forms. Its major disadvantage is the high degree of error which is possible with only moderate data volume. For example, if each input item is 1
	job 
	job 
	job 
	function of 
	the operator 
	wa s 
	not 
	data 
	entry . 

	Therefore, even with its low a low priority when accuracy 
	Therefore, even with its low a low priority when accuracy 
	cost, thi s method must be is important in the data 
	given 

	collection process. 
	collection process. 


	• 
	• 
	• 
	Data Medium: Key entry systems are deoendent upon operator interpretation of printed or other visually captured information. Accordingly, the only constraint on medium selection is that i t permit ready operator recognition; i.e. , be prominently l ocated and le~ible. 

	l. 
	l. 
	Environmental Sui tabilitv. See above. 1;ene,a!!:: permits the w1dest latitude in medium selection. 


	2. 
	2. 
	2. 
	caacitv. ten characters/ i nch is norma l y reasonable. 
	1


	3. 
	3. 
	Redundancv. ~ore a function of the device/system. If the supplier offers check-di~it verification (see oaragrapr. 3 under Data Collection Device , below) , 01· :i soeciall·· c:ilctdated suffix for each da t J reco1J ht!! ~nhance integrity. Check di:it ion ant! 1.1 t h other data carried b~ the selec t ed meJium are gcner3llv one-tirnc costs ~h1ch c:tn be ~morti:e~ over the life o~ the sv5tcrn. If the :>1edium is ~cncrotc..i 1111der· ..:0 r.i ( C . \!. L1hcls , .:a rd :-1 , such cost 5 :tr c nom in:1 I . l"
	the addition 
	calcul.1t 
	provision for its inclusion 
	puter control 
	-



	4 
	4 
	4 
	. C1nt'r:itor Convenience. Pependcnt upon medium selectcJ , location :rnJ access i bi l i t ~· . 

	S. 
	S. 
	Provi5ion for back-un. Design should 
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	address possibility of damage and replacement alternatives. 
	6. 
	6. 
	6. 
	Produc t Compatibil i t v. ~aximum flexi5iiity. 

	7. 
	7. 
	Sources/Costs. Current methods o~ product or task identification may be adequate. Without soecific aoolication detail, and in' that no • • special encodation is r~quired, we attach no incremental custs (except for suggestion of the probable cost of check-digit employment ) for the data medium element of key entry systems. 


	• Data Collection Device: Data Entry is required by an exper ienced operator in a field-bv-field mode on a kevboard usuallv associated wlth an output display. • 
	1. 
	1. 
	1. 
	Environmental Suitabilitv. Several manufacturers supply equtp~ent which will meet the most rugged environments. The keyboard is usually ~ounted in a sealed enclosure that mav have heating or cooling. 

	2. 
	2. 
	Ooerator Convenience. Data input is via a numeric or aloha-numeric kevboard bv an experienced operator. Special function kevs mav be emnloved if th~ annlication requires repeated Je<lic:it oJ input. ~ormal operator t!"3in ing ca~ be acco~rl ishe<l in a few J:l\·,-. \lost Jc•:i...:c:: i nclude audio nnd visual di"olav char3ctcristics for operator ~uiJan~e. · 

	3. 
	3. 
	Error Chcckin1!/Corroct1on. \or11nl oncr:1t1on Joo:: not ~TuJo error chc...::-ing in tho J..c ,· ontr,· .lc\·i...:c it:-cl f. Tl11:' l'di tin:,! o( the input J.1t:1 is ,cr11:1l ! •: l C ( 0 m"1 i sh CJ :it t hC CO :nnII t I.' r . r11 ' I ..: J ::criou:-drai-bnck or thi ~ '!lc : !10d ,f d .1t:J colloction. (\ ~ an ortion, hnhc\cr , ~ono r1;1 llll r :; ( t U I' C I'..; h j I l !HO\' i d C :·'I!' IC' \.. 1 ( \' C r • i :" i ...::it ion · .1 •.:!H'...:1--d 1.: i t ,h!d\.,J :J.S .1 ~11r 1·ix to tho oncoJcJ d; u
	-
	1
	01
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	out operator transcription errors would 
	not only add to device cost, but also 
	to th~ cost of the input media whose 
	preparation for inclusion of the check 
	digit would become a factor in overall 
	technique assessment). 
	4. Interface Characteristics. The distance between the kev station and comouter is usually limited to l, OOC feet. · However, greater distance may be accommodated if communication driving methods are employ· ed such as modems. In th is event, the distance is virtual ly unlimited . 
	S. Buffering Canabilitv. ,ypical applications employ data buffer1n~ in the comouter tc which the terminal is linked. This would be the simplest and least expensive application. If buffering is required at the key station, small solid state memor ies with capacity of up to 8, 00 0 characters may be purchased as an option. This could add as much as $3,000 to the cost of the key entry station. 
	6. Reliabilitv. Published data on equipment verfc~~~nce varies for each manufactur e~. It is safe to say , however, that meant i~e between failure exclus ive of mechanical abuse would be in the range of 20 , 000 
	hours. 
	7. Back-up Provision . Since key entry is the most primitive torM of Data Collection, no direct pro~ision for kev s~:1tion failure is incorporatcJ . The likelv alternltive is a spare key stlt ion . 
	S. Sources, Costs. T~picJl eouipmcnt is a~3ilabTe fror.1 the follo1-in~ companies: 
	-

	r 8~1 Cor;-iorat ion 
	(Dayton, ,c1, .Te r $c,·) 
	\:urdat::i Corj'or:it ion 
	1Richl:ind, \".\ ) 
	r.lcctr:i/ l:o rpor:.ition 1 '-1\) 
	1~.:-ncr.tl 
	('linnctonk:1 

	Other ~up~lie rs are li stcJ in ~ppcnJi~ II. 
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	9. Estimated Per ~fessage Time 6 Cost. It 
	1s estimated that d~ta £1eids should be 
	under _seven (7) characters in length for 
	best operator performance. At this rate, 
	an effective messa~e input would be 7 to 
	10 per minute, with the need to re-enter 
	one message in SO. 
	The per mes,age cost, aside from that associated ~ith device cost, would, therefore, not normally he si&nificant in the shop environment. 
	D. 10 
	R. VOICE RECOr.SITIO~ 
	For several years now. a number of companies have worked on the development of devices which would respond to spoken control commands in the process environment where operators were required to use their hands for product or package manipulation. IBM, RCA. Philco-Ford and CutlerHarrison were among the pioneers in voice or spoken pattern recognition. More recently. micro-processor based units have been installed for data entry i n the factory environment for quality control and material handling applicatio
	. • A wireless or cable-linked operator headset and microphone which feeds operator commands 
	to a: 
	• 
	• 
	• 
	Rack-or bench-mounted input terminal which nroces, es the commands through a snectral ~ technique and formats t hem for transfer to the data processin~ system; 
	analys : 


	• 
	• 
	In some systems. a vi sual display device for operator feedback and/ or guidance . 


	Additional information on these svstems is referenced in Aopendix I. Our evaluation of th~ir suitability is outlin~d 
	below: 
	• 
	• 
	• 
	Data Medium: Voice recognition systems are also dependent upon operator interpretation of prin~ed or other visually captured information. Accoroingly, not unlike key entry, they nermit considerable flexibilitv i n data medium selection including, but not l imited to, labels. tags. metal plates. work station task "menus", etc. 

	l. 
	l. 
	Environmental Sui tabilit v. ~ee above. Product or task 1dcnt1: 1cation method can be develoneJ to meet the demands of the envi ronment . 


	2. Capacity. ~ore a function of operatorconvenience. How mnnv characters per inch can be rcadilv seen and correcrlv interpreted in the en~ironmcnt ~ Ten • 
	(10) characters/inch .ipncars rcason:irlc. 
	3. 
	3. 
	3. 
	Redunuancv. A variet\· of annroa-:he:nrc :t\·all:ihlc for cnh:inccmcni: or J:.i t:1 integrit v. The adJi tion or J -:h~Lk character similar to that dcscrihed for kcv cntrv is ahsolutelv essential for vo~ce cnirv of multi-~har:ictcr records. • 

	4. 
	4. 
	Operator Convenience. Dependent uoon earr1er (medium) t ype, l ocation and accessibility. 
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	S. Provision for back-up. Data carrier desl1n should address possibility of dama1e and replacement al ternatives. 
	6. 
	6. 
	6. 
	Product Compatibil i ty. Considerable flex1b1l1 t y here. 

	7. 
	7. 
	Sources/Costs. In that voice recognition systems do not require special data encodation, current methods of prpduct or task i ientification maywell suf fice. Accordingly, we attach no incremental costs for the data med~ ium component of this data entrytechnique (except as they may relate to special ~ne -t ime cos t s associated with incorporat ion of a chec~ character ). 


	• Data Collection Device: Our discussion here relates to the operator headset and voice recognition termi nal. 
	1. 
	1. 
	1. 
	Environmental Suitabilitv. Manufact urers ' spec1f1cat1ons indicate the systems wi ll operate in industrial areas within a temperature range of 32°F to 122°F and 10-95~ relative humidity. Dire.;t ionnl microphones oermit speaker recognition in areas where the noise level reaches 90db . 

	2
	2
	. neerator Convenience. Except fo r individual preference ~hich ma v render t he headset undesirable, it Jppears that the svstem is well suited to operator m~bility. ~ visual Jisplay may b~ incorporated in the ~ystem to permit operator auJit of Jcvice recognition of input pr ior to trJn~mitt31 to the computer. The di::nl:iv ~3n :ilso be u!-cd fo r oper:itor ' promritin~• or ~ui<lam:e. 0pc rato r tr3ini ni.: i:: nor11al lv accomolishcd in J h:ilf-J:iv or l es~ depending upon task ~ompl~xity. 
	-
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	3. 
	3. 
	3. 
	Error Checking/Correction. Voice recognition systems are 'programmed' to recognize individual operator speech patterns . An oper ator ' trains' the system bv repeat ing each word in the application vocabula ry ten times . Once ' t ra ined' , the information is stored for use when that operator is on the job. Most svstems will recognize 98-99 ; of the unverified information entered. Each recogni:ed word is displayed for verification by the operator before entering. To enter the data after verification, the

	4. 
	4. 
	Interface Character istics. Interface distance between :he headset and the terminal can be up to 1000 feet. Output fron the ter~inal conforms to current industrv standards for computer communications. 

	5. 
	5. 
	Bufferin~ Capabilit~. Typical voice recognition terminals accommodate a vocabulary of 32 isolated words or phrases with provision fo r expansion up to 220 words. Data bufferi~~ or storage would norm:illv be handled by the mini-computer t o which the terminal is linked. 

	6. 
	6. 
	ReliRbilitv. Publi=heJ d:it3 on equi~ment performnnce is not available but mav be obtained fron s~stem users ~ho i nclude: • 


	Ol in -Winchester Co rporation 
	S.S. Kr esge &Comn~nv f~n~rks. ~evaJa)United .\irlines 1::i...ic:li!O '' 'll:1rc) Un i ted Par~cl Service 1~al t i~ore 1 Continentol Cari Co. ' '1il1,aukcc J n"•en s I 1 1 i no i :-(Pi t ts ton , r \) Re"nolds ,:c-t3 ls fP.n:::tol. '.'.\ ) 
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	7. Back-up PTovision. ~o direct provision foT micro-phone failure is incorporated i n typical systemsaside from replacement. Manual data transcription or key entry would appear to be the likely alter
	natives. 
	8. Sources, Costs . Commercially available equipment is offered by the following companies (See Appendix II): 
	Threshold Technology, Inc. (Delran, ~ew Jersey) Scope Electronics, : nc. (Reston, Virginia; Dimens ion , Inc . (Rest on, Virginia) 
	Terminal pricing is in the S10 , 000 
	range. 
	9. Estimated Pe~ Messace 7ime 6 Cost. All speech recognition equipment is based upon isolated word recognition requiring, therefore, a short (100 millisecond) pause between each spoken input. ~anufacturers indicate normal inouts of 60-70 per ~inute after trainin~. Assessment of these parameters for appl ication in the shop environment would depend upon the nature of the inout data. If a typ~cal message were comoosed of ten characters (e.~., a product serial number) , the effective ~essage input rate would 
	Accordingl v, device cos t would he the primary factor in nnnl~sis of ncr messace costs for the vo ice dntn entr~ technl que. 
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	C. BAR CODES 
	Considerable visibility for bar codi ng as a source data entry technique has been achieved th,ough grocerv indu!>tryadoption of the Uniform Product Code fo r oroduc t identification at the check-out counter. ~ore pertinent to this 
	report is the rapidly growing use of bar codes for indust
	rial material handling, production a~d inventory control. Objectives in these a~plications inc!ude minimi:ation of 
	labor involvement in material contro: and data colle:tion activities, error reduction and cont,ol svstem sensit1~ity 
	to anomalies in production or warehousin~ operations. 
	Initial applications of bar code te~hnology were ceveloped 
	in the mechani: ed environment where c~nve\ori:ed oroduct flow permitted the use of automati: :~de reader s '(e.g. , laser scanners). The success of these systems created demand for appl ication of the technology i~ those areas where either the nature o: the product or the handling method precluded automatic scanni n~. It is the handheld code reader developed t o meet t his de~and in non-mec~ani:ed ODerations that we'll assess here in connection with their suitability for the shop environment. 
	The fundamental elements -;f code re3ding systems are: 
	1. 
	1. 
	1. 
	The proauc~, it~ ~hy~ical characte~istics, the amount of data required to identify i :. the characteristics of the environment in which it is handled and the handl ing method. 

	2. 
	2. 
	The code, which is developed on the basis cf requi r ed data content (numbe~ of characte,s, alphanumeric or nu~eric onlv) , code area wh ich is a function of product s i:e and t he area 3vailable for codinc, analv<;is of tha: method of code orenarat ion an~ a"nl1cation to the pr oduct best suited :o the n~eds oi the user and det erminat i~n of that code me=· ium ~hich will provide the best rerformance in the actu~l application environment. 

	3. 
	3. 
	The code reading i.\et ho<l, auto".latic or hand· held, ~hich ~ill ncr~it read~ 1nt~~rJtion =~ the svste~ hith ~n-uoin~ o~cr, tion~ ,nJ e~ hance rather than :n~ib1t Jata cntr~ :1~~ execution. 


	J. :lccod1 11::: cl c::ron: ..·, 1-r.1.:, ....,:-~.:: ,, r~.,.!c-r 1nnut. ·:,I..:at e .J:: _ ::,r-,1: .: :·:,r ~,!-: .·: 
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	tr~n.:fc:-or 1-..qfrc:-:"l~ :,..: ;... : .:!. · r:in,;~=-.... a d:tt:l ;,rocc, o; :11..: , : .-;c 0-. 
	Appendix I contains the reference material on cod~ reading systems which was reviewed in preparation of the followin& evaluation. 
	• Data Medium: Code readin~ technologv is based upon machine capture of encoded data typ1callv carried by a label, printed directly on product packagin~. incorporated in emnloyee bad~es, incorporated in ,,.-ork st3t ion task "menus". et.:. 
	-

	1. 
	1. 
	1. 
	Environmental Suitabil1:~. Labelin~ materials are available :or aoolication to a broad var ietv of • substrates. .\ broad ra:1;e of stock and adhesive per~its use 1n sub:ero to high temperature en~:~onnents. Laminates and overllvs 3:-c available to mini~i:e the 1molc t of mechanical abrasion and enhance o~e:-all durability JS reaui red. 
	-


	2. 
	2. 
	Capacity. Current coJi~;; fc.:-:!lats pe:-m1t encodtng at densities of up to 10 characters per lineal i:,~h . 

	3. 
	3. 
	Redundancv. Bi t substitut ion error probability for mn~: cod1nR formats is less than 1 in 10°. 

	4. 
	4. 
	Operator Conve~icnce. Labels are normallv numan as well as machine-readac:e and ~an be located in readi l v accessi~:e positions. 

	5. 
	5. 
	Provision fa:-Sackuo. La~el desi<?n s::~uld address poss1bilit:: of Ja:ia!;e and· reo:l:ement alterna::\·es 1e .1;. , in-:-hop labe: printer) . 


	6 . Product Cor.ir:i: ihil 1tv. L;ihels are (?e~ :? :-allv the most tle;\:01c method for orc.::·-.:t identification. If Jata collection a~:1vities include idcn: ific:it1on of cvc:,:s 
	-

	(e. ~., task completion1, ncr:-onncl. et.:., codin~ can ~e incor j'or:ttcJ in "t:i,k :-i teJ ioh ,:,o-, Jocuments 3, ~ell as cmplovcc h:-t~~c~ . ~: ~. 
	menus" or rel 

	\':Jril'.'t\· or !-ourcc, ··~ l3tll'1, . 11:-1n· ··r --. ·•r('•"'l··:n· c-1 ,·o :----. r : : .. l-f. COnttl:lLJ . n \r'"t."' ..,,"!., : .. ,:n-t, ... -.-_:: fron ·. no t nC' r ~au1 ~:-1:,~h o !"° .1J~e;-: :"• hackc! . li, r .::,~e l 1-..:-: :=::,..:~ t '1 5 . .... -... c:;auJr c ?:t~h :':· p!:i,::: :1-. .... ,:...·J ..::c:•. 
	Source:-. Co:; t, ...\ 
	-
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	Figure
	• Data Collection Device: The use of code readingtechnology in the shop environment would involve handheld "Lightpens" and associated decoding,processing and communications formatting electronics. 
	1. 
	1. 
	1. 
	Environmental suitability. Typic:il industri:il code reading equipment 1s designed for operation in the plant environment at temper:itures rangingfrom 32°F to l :?ZOF and non-condensing hur.:tidit y up to 90~. Packaging to accommodate broader extremes as well as possible mechanical abuse is available. 

	2. 
	2. 
	OJerator convenience. Trpical Lightpens are s 1ghtly larger than conver.::onal fe lt ti? ?ens an~ are manipulated in the sa:ne fashion. . ·ort:1al operator training can be ac:omplished in less than ten minutes. Lightpen : o rd length :an be as 


	■uch as 40 feet. ~any user; mount the devices on overhead retractors which kee? the pens w!:hin reach, but clear of the wor~ area. Labels may be read bi-directionally (i.e. :eft to righ~ or right to left) at speeds from 3 to 30 or ~0 inc~es per second. Pens trpically permit 30 to ~0 degrees misalignment with respect to the perpendi~~lar to the coded message 
	Code length, of course, .,.ill impact operator per
	formance in that he or she mu: t sweep through the 
	entire code on a single pass. In this cor.~ection , 
	bar height may be increased fer longer coces to 
	accollllllodate the nonnallv cun ·eJ motion obsen·ed 
	during typical operator·".,.andir.g". 
	Although features vary. most devices incor~orate 
	both audio and visual display characteris:~:s for operator feedback and guidance. 
	3. Error checking/correct ion. DecoJing el ectr~~ics typically compare code i~put against kno"~ iimensional, format and content parameters. They accommoda-te variations in ·pen speed t hroug~ ':he code by measuring dimensiona l tolerances o~ s relative basis. Upon complet ion of a successful 'read', the operator is given an audio ack~o~l edgement signal (and, in most cases , t he ~ode is displayed) . In t he event of an unsuccc s~~~= read · ing attempt or an unreaJable code , no audi: signal i s provided.
	Lightpen-assoc iated clcctrc~ics J0 not nc ~~~:!~ 
	provide error corrc~tion. 
	'· Interface Characteristics. Most code readini de· vices provide current loop and EIA RS-232C outputs.Soraally, as~nchronous Serial ASCII mess~ies are transmitted at standard rates up to 9600 baud. Line drivers are available for transmission over long distances and a number of manufacturers pro·vide multiplexers and acoustic couplers. EBCDIC (IBM-compatible) ouput is ava ilable on some mod~ls . 
	A variety of options for communications handshaking
	is available. 
	S. Buffering capability. ~ost devices, with the exception ot tully portable units . are used in an on· line configuration . ~anufacturers do . however, offer both solid state and c~ssette mer.iory options for data storage in an off-line ~ode . Capacities vary from 200 16-character records to 8000 re:ords. 
	6. Reliability. Published data on equipment mea~·ti~esbetween failure is not readilv available. Analysis of comoonent characteristic! . however. leads us to project the followin~ figures: 
	a) Li1htpens : 20.000 hours (exclusive of 
	mechanical abuse) . 
	Basic Electronics: within envirouMental 
	c) 
	c) 
	c) 
	Solid State ~em.ory : within environmental 

	d) 
	d) 
	Cassette Transport : within environmental 


	15,000 hours maintained limits. 
	10 , 000 hours main~ained li~its . 
	5,000 hours maintai~ed l imits. 
	7. 
	7. 
	7. 
	Back -uo Provision. In most units, unreadable :abels or L1ghtpen ~a1lure are hanJled through data entrv via kevhoard. Total device ;ailure ~ould rea~:re standard manual data transcription. 

	8. 
	8. 
	Sources, Cost s. Code readin~ eQuipment sunpli~rs are listed 1n Appendix II. bevicc co5ts ~ill ~e a function of features selected, but 1.iould norr.ia llv range bet~een Sl ,300 and S3 ,oon. 


	~-Per ~c:-s~~e Time &Co~t. Comments here 3rc ~~~ J J cxclus1•:el,· on structure<l tc:-tin1: of operator -ier formanc c anJ octual field cxrcricn~c . 
	a) Oenendin:: 11non th(' "'ork -: :1t1on ~onfi.:~i r :. Jn. coJc acccssih1l1tv and operator rer ~or~ance, ~~ monv J~ 60 rc~·Ji~i: :ode~ can he e~:c~cJ in one· ~inutc h, a no~·clc~1cal opcr~to~. 
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	b) Typical first-pass read rates in the industrial •nvironaent exceed 97\. The balance 
	are nonaally captured on a second pass. 
	c) 
	c) 
	c) 
	Properly inte1rated in the vort station. ■essa1e costs in ter■ s of ti■e will be ne1li&ible. 
	code reader 
	per 
	operator 


	d) 
	d) 
	Actual cost of identification labels coupledwith device costs. therefore. are the primaryfactors to be analyzed in developina projected costs for specific applications. 
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	D. MAGNETIC CODING 
	There are two primary varieties of magnetic sys tems now used for source data entry: Magnetic ink character recognition (MTCR) and magnetic strioe sensors. ~ICR systems have stiff constraints on font design and form lavout and. as in the case of bank checks, rely heavily upon centralized. tightly controlled preprinting of the data . The magnetic stripe technique. however, is more flexible and , accordingly, deserves consideration in this report. 
	The magnetic stripe is used in some retail systems for POS transaction recording and is accept~d as a standard for credit cards by the airline and banking industries. 
	• Data Medium: nagnetic stripe encoding is covered by an A~SI standard which calls for data recording (serial by bit) in a threetrack format. 
	1. 
	1. 
	1. 
	Environmental Sui tabi l itv. Labeling materials are generally ,agnetic medium that is adhered per~anentlv to a card or form . The medium is sens itive to temperature extremes bevond soand so°F. It goes wi thout savin~ that the medium is verv sens itive to even the smallest magnet ic fields. 
	0 


	2. 
	2. 
	Capacitv. Current coding formats permit encoding at densities of normallv 15 characters per linear inch. 

	3. 
	3. 
	Redundancy. Bit substitution er~or probab ility is less than 1 in 10 . 

	4. 
	4. 
	Operator Convenience. Dat:i is not human reaJable and therefore, can not be verified bv an operator. 


	S. Pro\"isi~n for back-un. Rcrl 1ccment alternat ives shoulJ be 3\"Jilabl e. Spec ial equipment is rcqui rcJ to generate the l;ihels. This eauinrnen t is usuallr expensive. 
	6. rro,lu~t C:o,r-;1• ihil1t\', If 1ctiviric, ln~·fiwc1~r.:it1Ca t1on of C\"Cn t s , : Ill-' methoJ ot" ,,n-linL' '.!\.'!h't'.1 t1 Jn ,r t· ::1..0.'.
	i ::~ \" t'"'t:l ""l he !i f fi~~l: :-o 1:,~ , r:-, "' r • 
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	7. Sources , Costs . Costs range from $.OS per inch to $.1S per i nch of olast ic laminated stock. 
	• Data Collection Device: The use of magnetic stripeencoding in the shop environment would involve an operator inserting a code similar to a credit card into a reading device. This device would decode , process and communicate the data to a central computer . 
	1. 
	1. 
	1. 
	Environmental Suit3bilitv. Typical equip· aent is designed for operation at temperatures of so°F to l00°F and non-condensinghumidity up to 90\ . 

	2. 
	2. 
	Operator Convenience. ~ormal ooerator training can be accomplished in· less than 10 minutes. Although features vary, ~ost devices incorporate both audio and \·isual disnlay characteristics for operator feedback and guidance . 

	3. 
	3. 
	Error Checkinf/Correction. Decoding electronics typ1ca 1r compare code input aga inst known dimensional, format and conten! parameters. Uoon completion of a suc:es~ ful ''read", the operator is given an acknowledgement. 

	4. 
	4. 
	Interface Characteristics. ~ost devi:es provi de current looo and EIA R2 -232C ~utput. ~ormall y , asynchronous serial ASCII ~essages are transmitted at standard rates up to 9600 baud. However, several methods of h3~~shaki~g protocol may be required bet~e~n the computer and the code reJding st ~t ton. The specific method of hand~haking ~ill dc~end on the comf•..lter manuf:i...:t:.irer sclectec!. 


	s. Bufferin~ Capabil itv. These dev ices ~~ useJ 1n :in on-l1nc-...:onfi~ur:ition. -::,.:-.-Jo ,1 =>i:l:::!: me~sa~e which mav he rctra~~mi ttcJ if : he ho~t ~omputcr rcquc~t~. 
	3 
	not supply buffering ot hc-r than 

	6. 
	6. 
	6. 
	Rcli:tbilitv. D:na on c.11:1pmcnt r.ic:1nt.-l' bc01· mcl.'h:i,i..:.il .1hu,c , is 10, 000 to ~n.ooo ho11r~ . !his :.1,,,1•-~.: t he cn,·ironmcntal spct:i f1\.'.,1t ions nrc\·,, ,:-: mcntion<.'J . 
	t'-"ecn f:lilurc, cxclu,in· 


	7. 
	7. 
	Back-un Provision. Total device failure would require standard manual data transcription. 

	8. 
	8. 
	Sources, Costs. Device costs are a function of features selected. The most primitive device has a price in the ran~e of $800 . A more sophisticateddevice, with manual keyboard and display would cost in the range of 52,000. 

	9. 
	9. 
	Per Message Time &Cost. A non-clerical operator could be expected to achieve a 99% first read rate in the shop environment. It would appear that the impact of operator time on per ~essage costs would be negligible. Soecific ner mess age cost is a function of the volume of encoded cards. Typical vendor quantities are in the 1,000 unit quantity. The price per unit is a function of the stock to which the encoding is apolied and t~e cosmetic features wr ich accompanv the encoding, such as a picture on an empl
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	E; PUNCHED CARDS 
	The aost commonly used punched card is covered by the Allerican National Standard Institute (A~SI ) SO-column 
	standard . This method has been used for many years in the com~uter field for inputting stored programs to a coaputer. The data medium itself is inexpensive and 
	is less subject to the environmental constraints on such media as magnetic tape. However, the data readi ng devices (card readers) are generally expensi ve and, because of their mechanical nature, are subject to reliability problems . The cards themselves are also sub
	ject to handlin~ restrictions, such as "do not fold, spindle or mutilate". This must be considered when in 
	the repair shop environment. 
	• Data Medium: Data i nput is based upon mechanical reading of holes punched in the card. 
	1. 
	1. 
	1. 
	Environmental suitabi litv. Cards be stored at any temperatur e. Relative Humidity should be kept at 70\ for best results to reduce static change on t he cards . 
	are paper stock that may 
	0 


	2. 
	2. 
	Capa~l ty. Standard and fixed at 80 characters per card in most cases. 51 and 96 character systems are offered . 

	3. 
	3. 
	Redundancv. Standard cards can accommodate a one-character check 


	digit . 
	4 . Operator Convenience. Cards nor mal l y have human readab le informat ion nrinted on t he ca rd in addi tion to· the punched hol es. 
	5. 
	5. 
	5. 
	Provi sion for Back-up. System desi~n ~hould addre ss possibil ity of and replacement of cards (i .e. , local c3rJ punch) . 

	6. 
	6. 
	Product Comnatahil;tv. Cards m:iv inc luJc n:ir t numFc-rT. employee • numhcr :rnd ot her -;hop J.1t:1. The carJ mav he storcJ for record kecnin~·. llo\,en~r, :.iffixing the card to the product n:.iy he difficult in some c:.iscs. 

	7. 
	7. 
	Sources, Costs. C3rds are av3ilable from any dat3 processing supplier. Typical costs range from 5.001 to $.003 per card unpunched . Card punching devices and related operating costs must be considered in overall asse ssment of this approach. In most cases, card ~unch1n~ is accomplished by the user's processing department . 
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	• Data Collection Device: Card readers are manufactured by a variety of suppliers, many of whon are l isted in Appendix II. These manufacturers supply many different models ~1th ~3r1ous features. P.owever, the main diff~rence is t~e card reading rate specified in cards per minute (C.P.P.L). In the shop environ,ent, cards \\OUld normally be singly rather than batch processed and CP~ is relatively unimportant. tn the event, however, of the simple collection of cards in the shop for l ater batchin~. one shoul
	sharply . 
	1. 
	1. 
	1. 
	Environmental suitabilit y. Typical e~~:pment 1s des1~ned tor operation at temo · eratures around i0°F and '10n-condens1~~ humidity up to 90,. The environment ~~st be dust and oil free. 

	2. 
	2. 
	oeerator Convenience. Operation is s1~~1e. S1njZle cards or a ''deck" (stack of c3rds) is olaccd in the reader or a hopper :inc a button i s oushed. 

	3. 
	3. 
	Error chccki :1~ correction. Error chec:..::1~ 1s Jone on eac, card rGr a par1tv chcc, ~n the entire card. ~o cor:ection method :s 


	sunplicd. 
	J . Interface Character1stic._. ~ost card rzJd1n~ -:tc ~s prO \" i Jc Cur r C nt lO Op ;1 nJ f. ; \ R~ Z3~f outnut. '.ornJllv, ,,,..,chronou" 'c:-:'11 t sta~JJrJ r:tt<'~ tin to ~1,00 h:iud. E!if[) TC (D'l•ccr...,:i t · ihlc) output 1s av:iilal'll c-on ~omc roJc:~. 
	-
	-
	~SC[! J:ita arc tran~ni ttcd 
	1

	5. 
	5. 
	5. 
	Hufic r int: \.'.ao:1h 1l1tlC" -\11 <lcv1..:c~ trc ~ctf in .1n on·l1nc-confi~urJt ion. Bui fcr in~ is \.'.onfi,cJ to one SO ch:1r1ctcr c3~J . 

	6. 
	6. 
	Reliability, Pt,blished data on equioment 1s generally specified ~t 6, 000 hours assumi ng routine preventive maintenance is regularly performed . 

	7. 
	7. 
	Back -up Provision. Device failure would require manual data transcription. 

	8. 
	8. 
	Sources, Costs . Carj reading equipment suppliers are l ist ed in Appendix Il. Device costs will be a function of readin~ speed. Single card devices can be Jbtained for less than Sl OOO. do t h devices with rates up to 300 C.P.'I. is in the range of S6000 . At 1200 C.P.M. , the cost can rise to $20,000. 

	9. 
	9. 
	Per message time 6 cost. This is a function of the reader selected and the reading rate. 
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	F. OPTICAL CHARACTER RECOG~ITION (OCR) 
	OCR has been available for document processin~ in the office environment for over 2S years and yet fewer than 2000 sites now employ it. Primary constraints relate to ti~ht specifications on document preparation, document reject rates 3nd reprocessing costs and the relatively hi~h costs associ3ted with starting up. Primary successes have been in oil company credit slip processing and health insurance from processing. 
	More recently, lower cost, handheld OCR scanners have been introduced for data collection at the retail (non-grocery)point of sale. It is this class of devicP-that is examined 
	in the following paragraphs. 
	• Data ~tedium: In its analvsis of al:ernatives for ::iachinereadable encodation of merchandise tickets, the ~ational Retail Merchants Association (~R~•IA) was particularly concerned with minimizing ticket si:e, emplo:•:nent of both low cost, low speed ticket encoders as wel l as hibh speed devices, and ticket content modification (i.e. , add1n~ or deleting information) . Their selection of the OCR-~ Si:e 1 character set was based upon these and other 
	criteria . 
	1. 
	1. 
	1. 
	Environmental suitabili~v. Employment of OCR in the shop environment would require maci1~,,.:: :-e:icf~h:e encoding of labels or tags for product identif1.::3tion and the use of preprint~d forms for repetitive data input. As with bar codes , a wide range of m1:eri: ls is available to meet the performance require~e~ts dictated by the specific shop environment. Ho~ever, the relativelv small si:e of individual OCR characters could be~ problem if the t3g or label were sub j ected to mechanical abuse and port

	2. 
	2. 
	Capc1city. Character density ranges from ei~h: :o eleven .0~~-inch high characters oer lineal inc~. 

	3. 
	3. 
	Redundancv. Standard techniques for en~ur1ng iata inte~rit~ i~clude snecial ch3ractcrs for idcn:~~ving field (messa~e) length, 'protection' charactc,:5 , et..:. Although not snccificJlly 3JJrcsscJ in sunpl1 c, literJture , check ch:irJc tcn: ~ou ld more t h.in l !;..c l v be added to enham:e intc\!r.i:\·. Char:ictcr ;:11bs: !tution error rates ate quoicd J S hcing less thJ~ 1 in 10 . 
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	4. O~erator Convenience. A primary virtue of OCR is tat the media are both human and m:-ichir.e-readahle. Minimal training is required to familiar i?e operators with the rather styli:ed nat ure of the OCR font. 
	s. Provision for Backup. Tag or form design should address possibility of damage and replacement alternatives (e.g. label printer ). 
	in-s;.op 

	6. 
	6. 
	6. 
	. Product Comeatibility. Labels, ta~s. task •~enus ' can be readily obtained to accommodate the needs of the shop environment , but strict attention to printing specifications is essential. .\lso , irregu!ar surfaces generally uns~itable for OCR applications (e .g. labels on rough casting~). 

	7. 
	7. 
	Sources, Costs. A variety of fi rms speciali:e in the supply of OCR tags, labels , forms, etc. The best source of information on these suppliers would be the OCR device manufac t•1rer . (See Appendix II) . Costs are similar to those outlined for bar coding. 


	• Data Collection Device : The use of OCR technology i n the shop environment would invol ve handheld 'readers' and associated decoding and output ~lectronics . 
	1. 
	1. 
	1. 
	Environmental Suitabilitv. CCR readers are a~ailable for use 1n environments where temperature ranges from 3S°F t o l 0S°F with relative humidity of S to 90\. 

	2. 
	2. 
	Operator Convenience. Typical readers are approximately four-1nches lon~. three or four inches high and one-inch thick with a ~istol-like gr ip. ~eig, t wi thout cable varies from three to five ounces. Cable !eneth varies from six to ten feet. Fe"': ires vary, but. most OCR svstems p~ovide audio acknc~leJ~ement of valid entries. OCR readers permit opc~ator wanding speeds of three to thirteen inches ~er second, reaJer misali~nment of up tv S-dc~rces :~ any single olane with respect to the pcrpcndi~ 1:~r to


	mc:-:-3\!CS mav pron• ,011c"hat 'lore ,I I iii.::!: to h:indle in th:it ch.1,:1..:tcr hcL:ht :, f annrox1-.:-·lv 1/l0th or :in inch n.1,· not he in..:re·1:-cd to :·1..:.'.: ::tc operator h3nJlin~. 
	Lon!!Cr 
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	3. Error Checking/ Correction. Decoding electronics co~pare message input w1th known dimensional and content parameters, editing same prior to transfer to the output interface. In the event of a valid read, an audio tone is provided to the operator. In the event of an unsuccessful read ing attempt, no tone is provided and the operator rescans. Visual display of input data is orovided with some models and, in any case, could be fed back from the user's data processing system to a display device. 
	Reader electronics do not incorporate error correction capability. 
	4. 
	4. 
	4. 
	Interface Characteristics. Normal OCR ele_ctronics provide a ten-line parallel ou~ut to the user's processor. Cable length is currently limited to 15 feet. One supplier offers an RS232C serial interface opt~on. 

	5. 
	5. 
	Buffering Capability. Current OCR devices buffer reader input from a single line of copy prior to outputting. Buffer capacity ranges from 25 to 63 characters. Data storage for batch transfer to a business system would require additional usersupplied equipment. (A recently introduced portable unit incorporates a mini-cassette with 8000 character storage capacity.) 

	6. 
	6. 
	Reliabilitv. The following information was drawn from published material of a single supplier and may not be typical . 


	• 
	• 
	• 
	Handheld reader: Desgined to provide 5000 hour mean-time-between failure exclusive of lamp and fuses. Lamp MTBF desi gn goal is 1000 hours. Mean time-to-repair (via replacement) is quote~ at 15 minutes. • 

	• 
	• 
	Associated electronics: No data published. 


	7. Back -un Provision. The basic OCR svstem consists ofare;1dcritnU.decod ing C 1cct ron ics. DeviCC fa i 1 ure \,·ould require manual data transcription. The user could, of course, adJ a manual entry back-up :1 keyboard. 
	-
	such as 

	D .28 
	Figure
	upon o servat1on of equipment interpretation of manufacturer 
	8. 
	8. 
	8. 
	SouTces. Costs . Appendix identifies current OCR system suppliers. Equipment costs, depending upon volume, range between $1800 and $3000 foT on-line devices. Portable units with appropriate telecommunications interface hardwaTe are priced near SS000. 

	9. 
	9. 
	Estimated Comments 


	ere are in operation claims . 
	a) Dependin~ upon message length and access ibilitv, a non-clerical operator could be expected to achieve a 95\ first read Tate in the shoo environment. Further, innut of 30 to 50 ten character records per minute would apoear t o be an achievable 
	rate. 
	b) 
	b) 
	b) 
	Althou~h operator training would reauire more attention than for bar ~ode reading , it would appear that the impact of operator t ime on per message costs would be negligible. 

	c) 
	c) 
	Label, tag or forms cos t, ther., along with basic device and necessarv user supplied keyboards, displays, etc. cost are the primary factor s to be analyzed in assessinspecific application costs. 
	5 


	I 
	I 
	II. SUMMARY & CO~CLUS IC~~S 
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	Tables I and II on the following page summari:e 
	our general findings. Essentially, they illustrate 
	surprisini, albeit superficial, similaritv between 
	device characteristics. With the exception of mag
	netic stripe and punched card, for example, each 
	technique permits considerable flexibility in media 
	select ion. Each data encoding aooroach packs 
	roughly ten characters per inch. There is little 
	difference in packa~in~ for industrial applications (ignoring price variations). Equipment reli ability appears to be generally good and, ~i th the possible 
	exception of voice recoRnition, ?ricing generally
	falls below $3000 per device. 
	BUT -There are differences. Let's briefly examine them: 
	A. Neither f ey entry nor voice recognition re quires specialized data media. However, without addition of a check digit suffix or elaborate central comouter message validation, the probability of operator error is 
	high. 
	B. Bar codes and OCR use high inte~rity media which can be made an integral part of the product (be it labels on parts or pages i~ a catalogJ , but these media do represent an element of continuing svsten cost . The latter is also true of magnetic stripe and punched cards with the addit ional drawback of the need for deve looinQ a method for attaching them secur ely to the product. 
	C. ~one of the approaches considered requires elaborate operator trainin~. but there are subtle and imnortant di ::erences in terms of technique lmpact uncR operator performance of other tasks at the work station. He or she has to give some thought to key or voi~c data entry. With the other approaches, the" need onlv ncr form a mec h:inical function . 
	O. ~one of the systems covered proviJc for back-up in the event of Jcvice failure al · thou~h most har coJe SY$tcr1s incluJc a kcv• boar~! for manual cntrv· of non-codc<l in:"01, .1t i I th C' t ·r Li ~htpC fa i I 
	-

	O n . I\ C C \' ll O n Ur C , : :l C 
	kc~·bo:ird would be uscJ unt il the pen is re· pl:iccJ. 
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	TAB1..t i DATA COLLECTION TEOINIQJE Crt,1PARISON SlMIAAY : MEDIA 
	DATA t.fl:OIIJ\1 
	DATA t.fl:OIIJ\1 
	DATA t.fl:OIIJ\1 
	C~ tH:RlA 
	KEY 
	ENTRY 
	vnrr.E RECOC.NITION 
	IV\.~ 
	CODING 
	MAGNETIC COOING 
	PmOiED f.ARDS 
	OCR 

	I I I 
	I I I 
	Envi roruncnta l Suit~1hili t y Data C;1pacity 
	Ivi dest l.atit11dc 10 ch:i r s/ i 11ch 
	lvi<lcst l.:1t i t 1de I O diar s/ inch 
	t-\1 l t ip1e f\l ternutives 10 char s/ in,:h 
	so0 to 80°F Sensi t ive to ma ~nl't ic f i el ds l 0-1S char s/inch 
	nama~<' poss i hil i t y i n hnr sh c-nv ironmcnts Stancla nl Sl t o 160 1har s/c~rd sma l er car s :wa·iJ ahl e 
	-

	t-\Jl ti pl e al-t er natives sensi tive to damage 8 to 11 chars/ i nch 

	TR
	l!cdundancy 
	None wi t h-Ollt check digit 
	None wit hout ched digi t 
	Er r or rate lt-ss t han 1 i n 1•I 4 . Check Jigi t enhances 
	Error r at e l ess than l in 10 4. Ched Jigit cnh.1nces 
	Error. r ate l ess , han 1 in 10 4. Check ti i ~ i t enhances 

	TR
	Opera tor Conveni ence ' l-lklck -11p Prov i si on 
	/\opJication Dcp~ 1Jcnt -'1anua I 
	/\p;,I icati on iJC('Cndcnt 1,1:mual 
	llcasonabl c i.ith minimal trai11ing. Manual 
	Rcasonahl c ( locIt in~ and man · i p11l :1t in!! m:iy 111h I Iii t) t-l1nual 
	Reasonabl e, :.t i though cumher somc ~lanua1 
	Some care r e-quired al -t l10u~h rc•ason:1hl e Manual 

	TR
	Product Comr,:H ihil i ty 
	Widest l.;1 t i t11u<.! 
	Wi dest I.at i tude 
	Some c,,nstraints 
	No t i ntegral to proJ11c t. Un-;uitabl e for t ask menus . 
	-

	Not int egral to product. suitabl e for task menus. 
	Some Un-Constraints 

	TR
	Sour ces 
	Appl i cat i on Ucpcudcnt 
	Aopl i cation llcrx-ndcnt 
	Appendix 
	JI 
	Appendi x 
	II 
	Append i x 
	TJ 
	Appendu 
	JT 

	TR
	r.osts onlr) 
	(Est i11L1 tes 
	Appl ic.:~1 t ion Oe11c111lcnt* 
	App l iCil t ion Ilcpcullcnt * 
	$.0002 to .005 per char-ac ter depend-in1~ upon GIITier 
	$.005 to ch.1rcter int: upon 
	.015 per tlcpcndcarr i er 
	-

	$.002 per card not including cost of punchi ng 
	Simil ar to har coding 


	* t=~l'1 11din1: 111sts associated with 
	,1. I !1 • ,,. ,u1 .. ,1,1 l i o11. 
	Figure
	TAILE II 
	FftJ1PC/f 
	FftJ1PC/f 
	FftJ1PC/f 
	a11m1A 
	m emtv 
	'\ll'Nl"T1C cmt-c. 
	J,l',\Jlr:t> C,UUllS 
	llCA 

	Envl~UI Sultab,lltY 
	Envl~UI Sultab,lltY 
	'bnv ,,,._.,. r1.ll PIICka'" 
	lZ°F to 1::0r 10• 95\ rc-l;itlYC' hl•1J1tv 
	l.?°F co I::•~ to ,o\ rt'la• uve lu11J a,· 
	Iridv.s I ri I I I':>.:k• Jt<"f .t\-itl..1hlt' 
	lnJ:u.~trul t"•,c , • •~es •~tl3Dl r 
	ls<': to lOS°F to ~ \ Rel>· ttve luolJitv 

	C'lwrator Convenlfflte 
	C'lwrator Convenlfflte 
	S.-,kill ,,,.....rl\l. 'lclaUvtlv 
	~II l'tl\UJ to orrr..1 tor l'!GtHluv. r-o.,, f'IOtCfttl31 lft • 
	f~l'IV t O UH' ._,th "'l lftUID l tr,Hnlni , 
	Con,•t f\1.t-ne:f: ll (ln.: ,~n oi' c,rJ x;r,., 1!>tl ,tv 2nJ 
	..:onv.-111-e a r ..... non of <>rd 1-, !C" • .-:cirss· 
	._,_ 1l 1ll tt· QUtttJ. I.on~· er airs,~c:es 

	TR
	~sy to UM ..1,11 
	COft\'t'-"lrntf with IIHJ,et. 
	FCC\lbacl. p,d. 
	wor\ cut ion lavouc . 
	,bd tt• ' "°rk tt~tion 1:avout. 
	1\.1.V rt"qULr~ ;,tt.Jter c.ar;e. 

	TR
	trainlna 

	EJ'TOr Checkint 6 Con«tlon 
	EJ'TOr Checkint 6 Con«tlon 
	'lot ..1thou( check dlJi t F.rnn ratod l to &\ 
	Likelv 99' 1st ttad ~tr . 'lot sel r-corrKtina. 
	Formt check· tni9"\ o r bette r fl n t read rate. 
	-

	Fo,,..: c~kl.n£. It~><! nee dr~fl'ftt ~ . C~tN conch : ..on. 'iot 
	~ :,d r,t,. drp,,,,Jmc ,,ron ~ nl condtton 'int •~ l i 
	~ -t clleck· U>J. Ila error :tiffKtlOfl. 9<\ fl nt ,,.ad 

	TR
	'lot 
	..ir 
	u li ;orrectinJ. 
	t.orrect1n1 
	rat-t . 

	TR
	COTTectina. 

	lntttface Oi.arac:te·r11 t lCI 
	lntttface Oi.arac:te·r11 t lCI 
	O.,nmt in• dUSt'l'l' sundanh 
	Curttnt inckatrv stanlardl 
	Current In· dllstrv Standards . 
	Curr~! Il'ldust rv St.lnd,rds 
	Current .In• dustry Stmdarcb 

	..H eri.n~ Ca-pabthty 
	..H eri.n~ Ca-pabthty 
	Obtional 
	llaquIrn addi • t ional <WvtCe 
	Opuond 
	~lttS 1dd1 • I ional ,W,lt r 
	-..,,...II• done t,v host 

	TR
	:caputer 

	aellabtlitv (n t1-tH) 
	aellabtlitv (n t1-tH) 
	"IV: :o.ilOO 'tlun 
	lie f e re,ce uwr list 
	'ffV: houn 
	16.000 
	\ff1F l-olr• 
	IS.000 
	~ = 1,000 houJ"• 'IT!F t:>e¥1ce,· s.ooo hours 

	TR
	MTW' 

	llack·"II ~s1on.s 
	llack·"II ~s1on.s 
	-.al -readabl e nonally parallels ber code . 
	-

	lw,ual Di f hcul I unless data also ,,._ 1n !aaan read.>M• forwat on ea.nitr 
	_ ,'41n.tal 01 fhc,..lt ..,J H S iuCJ • Iso she,,,\ tn !uun rnda: .r fonat on can:«:
	-


	Source• 
	Source• 
	lilpendu ! 1 
	Append •• II 
	~ II 
	~u II 
	Appmcli• I I 
	~ 
	II 
	ix 

	Co• ts 
	Co• ts 
	(Esttat~,, 
	S1000-S!0OO 
	510000 
	SUOO-HOOO 
	5100-S?:lOO 
	UIOO·SSOOO 

	\ku t ) 
	\ku t ) 

	.JU~1\!A =-:1t 
	.JU~1\!A =-:1t 

	ES!"l'lo'T!\JC SYSi~ 
	ES!"l'lo'T!\JC SYSi~ 

	COSTS 
	COSTS 

	TR
	•.m,e. ••err< ch«~ J,, 1t 
	-:one . '-'-"'"Pt er.eek dtJ lt 1: ~ 
	5tt ,..,11.... CJnt1ntJ1n• 
	::ee.-.d.u·ontlllut!'tt 
	Sre med11a. Cantino.11nz 
	~ .....i , ..... ~nt 1.raunt 

	TR
	u 
	..a!.t'd 
	.,;:ost. 
	:ost. 
	cost. 
	..:=-st. 

	• ~vice 
	• ~vice 
	k e CO~t.S 
	f. 
	<;ce .:o,u 
	~e toJt s/'ffSF 
	<;c,e COS! ll'ITl!F 
	'Ce :os u /''fllF 

	TR
	'lf"!F 

	• i r.11n1n~ 
	• i r.11n1n~ 
	·tc, "t..~ lcnqt h Jcrx~nJcnt l >Jar'( 
	l J.iv or 
	:c~~ 
	\ 11n1m 
	l 

	• ""-"ntor r,.., 
	• ""-"ntor r,.., 
	\r,,l lC"1 t1r,n sr«1 f1c rt••." • Ml ,..nin t-1 
	-

	\nf'I IC-1ll"" "-fl('\:,fu. Hc.c IJ··t,unutc , 
	\f\f';l IC',[ tf'ft "rec a ( ac 1r1sc , rt r.-...:nr_J.;/ ••nutf"J 
	~lu..u:on 51"CC I { 1C. 
	··-th.::u 10r,,,;r'1c ti,c • l tft ~n r:c.,rcJ,,"'I H\Ht -.u s,n 


	Microfilmed From Best Available Copy 
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	The foregoing tables allow for generalized compHrison of the various data collection techni~ues covered in this report. Evaluation for pur poses of selection of that technique best suited for a specific application must be based upon more detailed criteria devel oped on the basis of actual oper ating require~ents. Particularly pertinent in this connection are: 
	• 
	• 
	• 
	• 
	Operating personnel qualifications 

	(skilled, unskilled, clerical, nonclerical, etc . ) 

	• 
	• 
	Personnel workload (nature, complex or simple, and amount of ~anual work to be performed) 

	• 
	• 
	Work Station Layout (can the data entry device be readily integrated with the operator's station?) 

	• 
	• 
	Input Message Source (travel document, label, station 'task menu', operator judgment, etc.?) 

	• 
	• 
	Input Message/ten~th (number of characters, content, relationship of iul'u~ !:c employee performance i.e. , incentivelink or merely an additional task?) 

	• 
	• 
	Input ~essage Frequency (number of entries per day, per hour?) 
	-



	We have selected a few of these criteria for fur:her comparison of the techniques presented. Althou~~ somewhat arbitrarv, the cate~ories defined in Table ::r are not atvnical of the shop environment . It is the technique as much as the content that should serve as a useful guideline for data entrv system select ion. It should be understood that the followini exerc ise ~culd normally be undertaken subsequent t o p~eliminary screenin~ on the basis of criteria outlined in the preceding pages . 
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	TABLE III 0,.TA CDL.LfCTION ~ '!(NE CCMP.a\JUS(Y.-4 OWtT (In application, only cTiteria soecific to a given application need be consideredl 
	VOICE RECOCHtTICN BAil COOi~ ~1c c:am.c l'U'OE> CARDS OCR 
	PenoMel C\lalifica· 
	PenoMel C\lalifica· 
	PenoMel C\lalifica· 
	-\lthouah re· 
	Best with 
	MiniNl 
	'ti.niNl 
	Minimal 
	Sofflt train· 

	tions Skilled Unski llei 
	tions Skilled Unski llei 
	lated to mess· •ie leneth, workload, etc:, 
	reasonably skilled workttS 
	tninin1t requi -d 
	trunine required 
	train inc required 
	-,. require.I 

	Clttic:&l 
	Clttic:&l 
	ke-; entry re· 

	TR
	quires ceru1n denerity and 

	TR
	is no1"lllllI•• 

	TR
	best suited 

	TR
	for skilled 

	TR
	pencMel 


	PersoMe l \Orldoad Sir.pie, lo'" .-olunr •' K OK OK OK OK OK S1r:rile, 'ugh \'Ol~ ~suon.able OK OK OK Questior..able OK Conolex. le'" ,-olu,,e t~Stlorutble 0,: o« OI( OI( OIC Co"l)lex, '11gh ..-olune ~stionable OJC OI( OI( ~stion&ble ~ ,estion.ah: 
	l,orlc St3: 10n L.ivout Could be a Tight nuar: ers :,rob! e-,i 0 1( OIC OK OK \r:,nle SJ)3Ct 3\'311. 1 1( 0 1( ()IC OK OK 0 1( 
	QI( 

	!nout '!essas,e 
	• "iource Ooc:1r1e:'\t OK OK OK Label QI( OK OK 7ask ·•e"~ OK OK )I) 
	Figure

	:UCc-~•H OK ~ 
	'° 
	Figure
	Figure
	·, OK ·;.. 
	Figure
	, 
	Figure
	Figure

	. : ::unc·~r, :-Uc,tionable ,, K OK -;.. 
	:, ~ ~1 ~1 ~:~~· ·o QJestiorublc K '\...~..
	Stl-f\.lr

	.,
	~o .:?-'\r.l~:crs 'C OK i\.1est 1on3t,. 
	• F:eauencv l 1 ~~ 'lour OK i1K (11( OK 
	"",,
	j,) c,er ~ur OK ni. ~ OK JO r,er iour 1estion.able OK OK OK OK o') per hour 'Nest ionablc OK OK 1( QI( ;:~ per !lour OJ.... ,~· OK* OK" 
	0 
	,,n 

	Figure
	• '" " bettn to 1-,,;ict eifktt'ncv on otht'r ns:.s. \ccorJin1;lv, •1t1l1tv J func::1on oi ·::i:..1e )r cnt 1callt·, oi JJtJ entered. It 1111,·, L"ldeed. t:c arpronri.ite :o l5Sl!ll\ !ull-ttme l>t'rso~.n~I. 
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	The report set out to assess alternative methods of data entry on the basis of their suitability for the shop floor. Primary considerations 
	included: 
	• 
	• 
	• 
	fhe need to function reliablv and with minimal maintenance in adverse environments . 

	• 
	• 
	Sim~licity of design and function to promote ready comprehension and use by non-clerical shop personnel. 

	• 
	• 
	Performance characteristics that complement rather than stymie operator execution of primary tasks. 


	In our opinion, none of the methods examined should be ignored in preliminary analysis of soecific data entry requirements. 
	Final recommendations, of course, cannot be made without specific application characteristics and requirements. It may indeed develup fer~ ,iven application that a hybrid device offers the best solution. In this connection, a number of suppliersoffer equipment which permits not onl y key, but also magnetic stripe, punched card or bar code data entry. 
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	APPENDIX II 
	Supplier Listings 
	Data included in this appendix is ~~~ ~urport to cover either all suppliers or all possible equipment variations. 
	representative. It uucj 
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	KEY ENTRY SYSTE-'S 
	Key: 1. Fixed position devices 
	2. Portable devices 
	Supplier 
	Key 

	Azurdata, Inc. 1+2 1305 ~iansfield, Richland, \\'A 99352 
	Computer Identics Corporation 1 31 Dartmouth Street Westwood, MA 02090 
	Numeric and full alphanumeric keyboard and 16 or 32-character displays 
	Datapathing, Inc. 2 370 San Aleso Ave . Sunnyvale , CA 94086 
	Digital Equipment Corporation 1 146 Main St . Mavnard, f-tA. 017 54 
	Epic Data Corporation 1 12728 15th Place ~.E. Bellevue, WA 98005 
	IBf-1 Corporation 1 Route 52 Dayt on , ~J 01180 
	MSI Data r.orooration 34 0 Fischer Avenue Costa ~esa , CA 9:!6 27 
	'.':orand Corooration·, 1•:! Subs idiary of Pioneer Hi-Bred International, Inc., P. 0. Box 666 Cedar R.ap ids, IA 
	Pa nasonic , u.r.C.A. 1•2 InJustri3l Apnaratus Department,Indu~tri~ l nivision 2960 !!art nri,·C' , Frank 1 i n r:1 r k. , rL 6 O 1 31 
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	XEY ENTRY 
	XEY ENTRY 
	XEY ENTRY 
	SYSTF.~fS 
	cont'd 

	Supplier 
	Supplier 
	.!!l. 

	Perkin Elmer Corporation Randolph Park West Randolph, NJ 07801 
	Perkin Elmer Corporation Randolph Park West Randolph, NJ 07801 
	1 

	Sierra Research Corporation P.O. Box 222 Buffalo, NY 0422S 
	Sierra Research Corporation P.O. Box 222 Buffalo, NY 0422S 
	1 

	Telxon Svstems Division Ghent Souare Bath, OH 44201 
	Telxon Svstems Division Ghent Souare Bath, OH 44201 
	1+2 

	Termiflex Cornoration P.O. Box 1123 Nashua, NH 03060 
	Termiflex Cornoration P.O. Box 1123 Nashua, NH 03060 
	1+2 

	TRW Data Systems,12911 Simms Avenue, Hawthorne, CA 902S0 
	TRW Data Systems,12911 Simms Avenue, Hawthorne, CA 902S0 
	1+2 


	D.42 
	VOICE RECOGNITION 
	1. 
	1. 
	1. 
	Threshold Technology, Inc., 1829 Underwood Blvd. , Delran, ~J 0807S 

	2. 
	2. 
	Scope Electronics, Inc., 1860 Michael Faraday Drive, Reston, VA 22090 

	3. 
	3. 
	Dimension, Inc., 1860 Michael Faraday Drive, Reston, VA 22090 


	D.43 
	BAR CODE 
	Key: 1. Handheld Code Readers 
	2. Automatic Code Readers 
	3. 
	3. 
	3. 
	Fixed position data entry ter11inals 

	4. 
	4. 
	Portable data entry terminals 


	5. 
	5. 
	5. 
	Labels, label printers 

	6. 
	6. 
	Forms printers 


	Supplier 
	Supplier 
	Supplier 

	Accu-Sort Systems601 Lawn Avenue Sellersville, PA 
	Accu-Sort Systems601 Lawn Avenue Sellersville, PA 
	18960 
	1, 
	2. 3, 
	,. 
	S 

	Avery Label 777 E. Foothill Boulevard Azusa, CA 91702 
	Avery Label 777 E. Foothill Boulevard Azusa, CA 91702 
	2, S, 
	6 

	Azur Data Corporation 1305 Hansfield Avenue Richland , WA 00352 
	Azur Data Corporation 1305 Hansfield Avenue Richland , WA 00352 
	1, 
	3• 4 

	Bergen Brunswig Corporation 22351 S. Wiimington Avenue Car~on, CA 90745 
	Bergen Brunswig Corporation 22351 S. Wiimington Avenue Car~on, CA 90745 
	1, 
	3• 
	4 

	Centronics Data Computer Corporation One Wall Street Hudson, NH 03051 
	Centronics Data Computer Corporation One Wall Street Hudson, NH 03051 
	S, 
	6 

	Computer Identics C9rporation31 Dartmouth Street Westwood , ~A 02090 
	Computer Identics C9rporation31 Dartmouth Street Westwood , ~A 02090 
	1, 
	2. 3, 
	5 

	Courier Ci t i =en Company 339 Harbor WaySo. San Francisco, CA 
	Courier Ci t i =en Company 339 Harbor WaySo. San Francisco, CA 
	94080 
	s. 
	6 

	Data Royal235 'fain Dunstahle Road ~ashua, ~II 03060 
	Data Royal235 'fain Dunstahle Road ~ashua, ~II 03060 
	S. 6 

	Epic Data Corporation 12728 15th Place ~.E . Bellevue, ~A 98005 
	Epic Data Corporation 12728 15th Place ~.E . Bellevue, ~A 98005 
	1. 3 

	r-erranti-PJckJru, Ltd . 121 lndu~trv Street Toronto, OntJrio CA~.\DA 
	r-erranti-PJckJru, Ltd . 121 lndu~trv Street Toronto, OntJrio CA~.\DA 
	TD
	Figure



	D. 44 
	BAR CODE cont'd 
	Supplier Key 
	IBM Corporation Route S2 Dayton, NJ 08810 1, 2, S 
	Identicon Cornoration 
	1 Kenwood Cir~le 
	Franklin, HA 02038 1, 2, 3, 4 
	Interface !1echanisms 
	S603 232nd Street S.W. 
	Mountlake Terrace, WA 98043 1, 3, S 
	3M Company 
	Special Enterprises Dept. 
	3M Center, Building 2232 
	St. Paul , MN s 
	Markem Corporation
	1S0 Congress Street 
	Keene, NH 03431 s 
	Mead Cornoration 1771 Springfield Street Dayton, OH 45401 S, 6 
	Monarch ~1arking Systems 
	P.0. Box if608 
	Dayton, OH 45401 1, 2, 3, s, 6 
	'-1RC Corporation
	11212 ~lcCormick Road 
	Hunt Valley, MD 21031 2 
	MSI Data Co rooration 340 Fischer Avenue 
	Costa ~lesa , CA 92627 1, 3, .i 
	:-.ICR Corporation 950 !)anby Road Ithica, ~y 14850 2 
	~ixdorf Computer , Inc . 
	888 Worcester Street 
	Wellesley, ~IA 02181 3 
	~orand Corporation550 Second Street, SE 
	Cedar Rapids, IA 52401 1 , 3, 4 
	Panasonic 2960 Hart Drive Franklin Park, IL 60131 D. 45 
	2, 3 

	BAR CODE cont'd 
	BAR CODE cont'd 
	BAR CODE cont'd 

	Supplier 
	Supplier 
	Key 

	Plessey Canada Ltd. 300 Supertest Road Dawnsview, Ontario 3Uj CA.~ADA 
	Plessey Canada Ltd. 300 Supertest Road Dawnsview, Ontario 3Uj CA.~ADA 
	2M2 
	1 • 
	4 

	Printronix 17421 Derian Avenue Irvine, CA 92714 
	Printronix 17421 Derian Avenue Irvine, CA 92714 
	s, 
	6 

	Skanamatic P.O. Box Sor Route S West Elbridge , NY 13060 
	Skanamatic P.O. Box Sor Route S West Elbridge , NY 13060 
	1 • 
	3 

	Standard Register Co . 
	Standard Register Co . 

	Dayton, 
	Dayton, 
	OH 
	45401 
	S, 
	6 

	Telxon Corporation7280 Wynnwood Houston, TX 77008 
	Telxon Corporation7280 Wynnwood Houston, TX 77008 
	1, 
	3, 
	4 

	Wallace Business Forms 237 Lancaster Avenue Devon, PA 19333 
	Wallace Business Forms 237 Lancaster Avenue Devon, PA 19333 
	S, 
	6 

	Weber Marking Systems 711 West Algonquin ~oad Arlington Heights , IL 
	Weber Marking Systems 711 West Algonquin ~oad Arlington Heights , IL 
	60005 
	S, 
	6 


	D. 46 
	~.AGNETIC STRIPE READERS 
	1. 
	1. 
	1. 
	Synergistics, Inc., 10 Huron Drive, E. Natick, 14A 01760 

	2. 
	2. 
	Sankyo Seiki, Inc., 149 5th Avenue, Nev York, NY 10010 

	3. 
	3. 
	Data Source Corooration 

	4. 
	4. 
	Epic Data Corooration, 12728 15th Place N.E., Bellevue, WA 98005 

	5. 
	5. 
	IBM Corporation, Route 52, Dayton, NJ 08810 


	• 
	.. 
	D. 47 
	PUNCHED CARD 
	1. Constal Data, 1S92 N.W. 159th Street, Miami, FL 33169 
	"Smart Clock": 16 digit hollerith code reader , numeric keyboard &display, clock 
	* 2. IBM 2790 Data Col lection System using 2791 area 
	stations and 2796 Data Entry Units incorporating card reader &Thumbwheels 
	3. 
	3. 
	3. 
	Epic Data Corporation, 12728 15th Place N.E. , Bellevue , MA 9800S 

	4. 
	4. 
	Panasonic Models B &BT (10 to 22 characters ) 


	s. Custom Terminals Corporation, 216 North Fehr Way, Bay Shore, NY 11706 
	6. Wright Line, Inc . , Worcester, MA 01606 Portable Key Punches 
	* 7. IBM S230 Data Collection ~ystem using S23S Data Entry Station with status lights, keyboard, action/ function 
	keys, display, card and badge readers. Cutout to punched cards, diskettes or telecommunications link. 
	8. Decicom Systems, Inc . , 8S7 Essex Street, Brooklyn, SY 11208 -Model 0S7 Optica l Badge &Card Reader 
	* 9. Digital Equipme·nt Corporation, '.•laynard, ~tA 01 754 Models RT803 and RT805 1\'ork Stations i ncorporating badge and card readers, 32-character display, 12position kexpad operator guidance lights, and 
	-

	function kevs. 
	• 
	* The TB'I and DEC systems are typicallr marketed as pack~~es including manufacturer-supplied central proces~ing hardware. 
	D. 48 
	OPTICAL CHARACTER RECOGNITIO~ (OCR) 
	1. 
	1. 
	1. 
	1. 
	Caere Corporation, 34S East Middlefield Road,

	Mountainview, CA 

	2. 
	2. 
	2. 
	Recognition Products, Inc., P.O. Box S569, Dallas 

	TX 7S222 

	3. 
	3. 
	~ey Tronic, P.O. Box 14687, Spokane, WA 99214 

	4. 
	4. 
	Data Source Corporation, 2350 Alaska 4venue,


	El Se~undo, CA 9024S 
	NOTE 1 : Recognition Products ha~ just introduced a oortable vCR data entry device with keyboard, display and 
	cassette memory . 
	NOTE 2: OCR media. Most of the manufacturers identified as suppliers of bar code printers, labels or forms can supplyOCR media. 
	D.49 
	MISCELLANEOUS 
	1. 
	1. 
	1. 
	Data Recognition Ltd (England) -Optical Mark Readers 

	2. 
	2. 
	Hewlett Packard P.O. Box #4207 Huntsville, Al. 35802 Model 7261A Optical Mark Reader 

	3. 
	3. 
	iCOM, Inc. 6741 Variel Avenue Cagoga Park , Calif. 91303 Model 60 Microperipheral card reader/ printer (mark sense) 

	4. 
	4. 
	Motor ola Room 2128, 8000 W. Sunrise Blvd. Fort Lauderdale, Fl. 33313 


	S. Optical Scanning Corp . Newtown, Pa. 18940 OPSCAN 12/ 17 Source Document Readers (mark sense). 
	6. 
	6. 
	6. 
	Quest Automation Ltd. (England) : Datapad System recognizes handwritten data entry 

	7. 
	7. 
	Sentracon Corp. Westwood, Mass. Nc~-~~qnetic, non-optical electronically encoded badges and badge rea~ers with k~yboard and display. 

	8. 
	8. 
	Sweda International Magnetic and punched hole encoding 

	9. 
	9. 
	\·lyle Computer Products Series 700 Optical Mark Readers 


	' 
	D. 50 
	Figure
	1.0 
	111~ 
	25 4 
	111111. 11111 '-11111 1.6 
	10 ,.a 
	Figure
	Figure
	6" 
	and the •re~air•ccde-list• is any list cf repair codes and rang£s of re0air codes. The operations A~l..J:N and A1lCCI do net ha•e asscciated 1 ~air code lists. 
	Figure
	Figure
	Figure
	Figure
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