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Preface 
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EXECUTIVE SUMMARY 

A. Introduction 

During this research, tactical (short-term) operations planning 

procedures were developed for improving the shift-by-shifr operations 

of a railroad, in particular, the dispatching and yard management 

operations .'~ 

The tactical operations planning procedures developed du ring this 

research are designed to improve the efficiency o f dispatchers and 

yardmasters by explic itly requiring them to plan their a ctivities for 

an entire shif t at the beginning of the shift, taking i nto account 

sys temwid e operation conditions . These procedures will lead to more 

eff i c ien t local a nd systemwide operations and will have a positive 

e ffect on improving car transit times, car utilization, labor produc­

tivity , and trip consistency throughout an entire system. 

The tactical planning procedures developed during the course o f 

this research require accurate c urr ent and predictive yard inventory, 

train consist, and train movemen t data. The Grand Trunk Western's (GT) 

Railroad Automated Identification and Location System (RAILS), which 

uses the advanced technologies of automatic ca r identif i cation (AC I) 

scanners, wheel sensors , and computer and communication hardware to 

instrument and monitor the entire GT railroad, provides current data on 

yard invento r y, train consis t, and train movement. Predictive data on 

yar d inventory , train consist, and train movement are provi ded by the 

dynamic movement predictor (DMP), a systemwide railroad simul;i, i on 

* The emphasis on tactical operations planning i s to be contrasted with 
strategic (long-term) planning, which is usually performed by a higher­
level railroad offi cer . The outputs o f s t rategic planning influence 
monthly or yearly decisions . 
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model constructed by SRI during this project to interface with RAILS 

and to run sufficiently fast to be useful in a tactical operating 

environment. 

B. Results 

To date, research in developing new tactical operations planning 

procedures for railroads has been limited; in fact, most of the research 

on improved planning procedures has been at the strategic planning l evel. 

This project has achieved significant advances in developing new tactical 

operations planning procedures. The results of the research are discussed 

below. 

l. Analysis of Conventional Ope rational Procedures 

Conventional dispatching and yard operations were studied and 

analyzed. It was found that, due to lack of accurate current and 

predictive data, both dispatchers and yardmasters planned their shift 

operations inefficiently; they tended to wait to the last minute to make 

decisions or they made decisions on an ad hoc basis. Thus, instead of 

contro lling problems, dispatchers and yardmasters merely react to them. 

Because of a lack of systetTMide information at the local level, dis­

patchers and yardmasters often fail to effectively coordinate their 

operations from a systemwide perspective. These conditions produce l ess 

efficient local and systemwide operations r esulting in nono?timal labor 

productivity, excessive car transit times, inefficient car utilization, 

and trip unreliability. (For further details see Volume 1, Section III.) 

2. New Tactical Operations Planning Procedure s 

A nominal systemwide ope rating plan for both dispatching and 

yard operations was implemented. The DMP simulation wa s used to predict 

f uture yard inventories and train consists. Detailed tac tical dispatchini 

and yard management procedures were developed to use the DMP predic tions 

to plan dispatching and yard operations for a shift. 
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The dispatching tactical operations planning procedure involves 

reviewing the DMP outputs to determine whether trains are heavy or light, 

what yard s are congested and when congestion occurs, and what blocks are 

caus i ng congestions. The dispatching decisions involve cancelling trains, 

running extra trains, or having t r ains pick up and set out differen t 

blocks than those scheduled. In the yard tactical oper ation planning 

procedu re, a manually tabulated worksheet whose inputs are RAILS/DMP 

informa tion displays the connections of cars already switched and to be 

switc hed. Priorities are set for the connections, which allows the 

yardmaster to plan efficiently the sequence of his switchi ng operations 

for a shift to meet these connec t ions. 

Both the dispatching and yard tactical operations pl ann i ng 

proce dures develop modifica tions to the nominal plan to meet local 

operating constraints. After modifications are discussed by both 

dispatchers and yardmasters, a modified systemwide operating pl an 

is developed for a shift. Improvements to the tactical ope ra tions 

decision-making process of dispatchers and yardmasters are likel y to 

result in a more e fficient use of resources at both a local and system­

wide level, and improved car transit times in yards and over the road. 

(For f urther details, see Vol ume 1, Section IV . ) 

3. DMP Simulat i on 

A large, systemwide railroad simulation was cons tructed to 

interface directly with a " live" operations data base called RAI LS . The 

simulation modele d ove r 20 yards in the GTW system; it had sufficient 

operational fidelity for tactica l operations decision- making and it ran 

sufficiently fast to be useful in a tactical operating environment. 

fur ther details, see Volume 1, Section II, and Vol ume 2.) 

4 . Training of Railroad Personnel 

(For 

GTW personnel were trained to r un the computer programs a nd 

implement the tactical planning p rocedures developed in this project. 

During the training , the procedures were modified to make them amenable 
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to the "real world." As a co:1sequence the procedures developed herein 

are close to a "production" version as opposed to an idealistic "proto­

type" version. (For further details, see Volume 1, Section V.) 

5. Operational Experiment 

The operational experiment took place during the week of 25 

J uly 1977, and included a period of 48 consecutive hours during which the 

Chicago Division line- haul trains and the eastbound operation of Battle 

Creek yard were operated using the tactical planning procedures developed 

during the project. Tactical planning of train and yard operations 8 to 

12 hours in advance was routinely accomplished; for certain trains the 

planning horizon was extended to 16 to 20 hours . The average values of 

the absolute prediction errors for total train size and t r ain block counts 

were 19 percent and 26 percent, respectively . This accuracy was consid­

ered satisfactory for planning 8 to 12 hours in advance what trains should 

run, when they depart, what b locks they should carry, and what p i ckup and 

setouts should be made. Based on . a shift's tactical plan, dispatching and 

yard operations, power schedul ing, and crew a ssignments could 

GT opera t ing personnel invo lved in implementing the new pro­

cedures we re uniformly positive about the experiment. They viewed the 

new procedures as an effective means of planning dispatching and yard 

operations in advance and of imposing a n operating discipline on dis­

patchers and yardmasters that would constr a in them t o coordinate their 

activi ties on a systemwide basis yet al l ow them to plan an efficient 

local operation. (For further details, see Volume 1, Section V.) 

6. Measures of Effectiveness on Operating Performance 

A selected set of measures of effectiveness (MOEs) for the dis­

patching and yard operations of the GT rai lroad were gathered and evaluate _ 

from February to August 1977, (i . e., before and during the opera tional 

experiment). MOEs were gathered before the experiment to provide a base­

line o f operational data from which statistical inference could ·oe made 

on the improvements t o GT operations resulting from implementi ng 
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~= tactical operations planning process during the experiment. The 

::::.alysis revealed a large, daily variation in all MOEs resulting in a 

_£=ge statistical variance. This large variability is due to the large 

~ ~ly variations in traffic, plant, and labor conditions. Using statis­

=~cal techniques, we found that, in order to detect any significant change 

:_.= the MOEs, the experiment must be conducted for periods in excess of 

::·.·e ral months. Even then, because of the large variability in certain 

.... ~s, the detection of a signifir~nt change in t he entir e set of MOEs 

_=._3o t be guaranteed. Consequently, a definitive statistical analysis 

_: t he MOEs before and during the experiment was unconclusive. Definitive 

==a cistical conclusions in measuring the change in railroad operating 

::erformance are not likely unless improved statistical experiment design 

:: =ocedures are developed. Otherwise,. the daily variation in the MOEs 

~ue t o traffic variabilities and operating disruptions completely mask 

=3e effects of any change in operating performance over a short period 

;:i : t ime. (For further details, see Volume 1 , Section V, and Appendix B.) 

C. Conclusions and Recommendations 

New tactical operations planning procedures are needed to improve 

cispatching and yard operations at both the local and systernwide level 

s i nce ultimately dispatchers and yardmasters run the railroad by con­

t rolling trains over the line-haul and switching activity in yards. 

This research has developed systemwide tactical operations planning 

procedures for dispatching and yard operations utilizing accurate current 

information from RAILS and predictive information from DMP. 

Based on both the results of our research and the insights gained 

during the project, we make the following recommendations: 

• Install a permanent "production" version of the tactical 
operations planning procedures on· GT. 

• Modify the procedures and tools developed herein to inter­
face with a manually input data base on another railroad . 
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• Automate the yard planning process by using interactive 
graphics . 

• Develop a practi cal (i.e. , obtainable at low cost) set of 
measures of ef fectiveness for measuring the performance of 
railroad operations and statistically valid e xperimental 
design procedures to measure perforn~nce changes. 
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I INTRODUCTION 

A. Gene r al 

This report documents SRI's work to ass ist the Grand Trunk Western 

Railroad Co. (GT) in making its Railroad Automated Identification and 

Location System (RAILS) operations data base applicable to tactical 

(short-term) operations planning. 

The decision makers who directly control the movement of cars on a 

r ailroad on a minute-by- minute basis are the dispatchers and yardmasters. 

Dispatchers directly control the movement of trains on the line- haul 

po rtion of the railroad, and yardmasters directly con t rol the movement of 

cars within a yard an d terminal dist rict. Both the dispatcher and yard­

master are restricted in the amount of s hort- t erm planning they can do 

during their shift, because of t he lack of rel iable current and predictive 

car i nventory and movement inf ormat ion. In fact, one of the criticisms 

of present railroad operations i s that most dispatchers and yardmasters 

tend to r eac t to prob l ems rather than p l an and to optimize their own 

local operations rather than t h e total systemwide operations. 

The car inventory and movement in formation of most railroads is 

initially input to a compute r information system manually and 

is therefore subject to human e r ror and often not available in a timely 

manner . Although cars moving onto a system from loca l industry and 

interchange have a big impact on operations , information on their move­

ment is generally imprecise . For these reasons, dispatchers a nd yard­

masters may delay decisions until the last minut e , hoping tha c the 

information will be more p r ecise a t the time the d e cision is made, or 

they may follow a routine pattern of decisions which may or may not b e 

responsive to dai ly traffic varia tions. Although such decision actions 
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are ra t her e xtreme, i t is th~ exception ra ther than the rule fo r a dis ­

patcher or a ya rdmaster to systematically plan his operation at the 

beginning of his shift and to consider the systerrwide impac t of his 

decisions. 

I t has been conjectured that if accur ate current train and yard 

inventory information an<l a shift- by-shift systemwide nomi nal operations 

pl an wer e fed into a computer model of the railroad, the outputs of this 

mo del predicting the yard inventories and train consists resulting from 

this nominal plan would enhance the ability of dispatchers and yardmasters 

to perform tactical planning of their own local operations. This 

tactical planning pr ocess fo r dispatching and yard management involves 

using the predictions fo r the nominal plan to develop modifi cations to the 

nominal plan . These mo<li fications or exceptions to the nominal pla n are 

communicated an<l coordina ted between dispatche rs and yardmasters; this 

new plan is used to run the railroad over the riext shift . Consequent l y , 

the nominal operating plan fed into the computer model i s the means for 

coordinating decisions by <lispatchers and yardmasters so that the rail­

road is optimized on a systemwi<le basis rather than a local basis . 

E. Ob jective and Scope 

Th e objective of this work was to assess the impac t and utility of a 

tactical, system,lide, compu t er model of a railroad and new tactical 

ope r ations planning procedures for dispatching and yard management on 

the operations of the yard and line-haul portions of a r ailr oa~ . To 

this end SRI developed a tacti cal operations simulation model called t he 

dynamic movement predictor (DMP), to i nterface with the RAILS system; 

designed tactical operati ons planning procedures for aiding shift-by- s hift 

dispatching and yard decision niaking using RAILS/DMP i nformation; and 

assisted GT in the conduc t and evaluation of expe~irnents using the new 

procedures. 
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Grand Trunk Western Railroad Co. 

The Grand Trunk Western Railroad Co . (GT), a U.S . Class I rai lroad 

headquartered in Detroit, operates in the fou r midwestern states of 

Illinois, Indiana, Michigan, and Wisconsin (see Figure 1). 

GT operates 1,320 r oute miles (including carferry mileage across 

=.ake Michigan) wi th 2,148 miles of running and switching tracks, and 11 

p rimary flat swit chyards (no h ump yarJs). It is pr edominantly a Michigan 

railroad; 85% of its rout e mileage is loca t ed in that state (see Figure 1). 

At the end of 1976, GT's equipment fleet consisted of 187 locomotive 

un i ts, 10,183 fre ight train cars, and 402 unit s o f work equipment. Its 

o perations emp l oy about 4 , 276 persons and are en tirely freigh t , e xc e p t 

~o r three commuter trains , which ope r a te between Pontiac and Detroi t and 

o ne Amtrak trai n e ach way b etween Port Huron and Ba t t le Creek . I n 1 976, 

GT handl ed 468,790 r even ue carloads of freight a mounting to 18.9 mil lion 

cons . 

Th e GT p rope r ty is characterized by its small geographic size and 

dense traffic centers populated with servi ce- cons cious c ustomers . This 

comb ination of circumstances produces fast and short line-haul train 

o perations. A high percentage o f the revenue carloads consists of 

a utomobiles and automobile-related produc t s due to the automot i ve manu­

f ac turing plants located a l on g GT r ights - of-way. To keep th e automobile 

plan t s wo rking a t maximum efficiency, GT ' s service must be both d e pend­

ab le and rapid. The bulk of the traffic h a u l e d by GT moves in the co r­

ri dor betwe en Chicago and Port Huro n . In th e Chicago terminal a r ea the 

GT interchanges with a number of railroa ds including the ATSF, BN, BOCT, 

BRC, CNW, CO, CR, EJE, ICG, IHB, MILW, t1P, NW, and RI. At Por t Huron the 

GT inte r changes with the CN. 

The railroad is divided into two operating divisions . One is head­

q_uarte r ed at Battle Creek, Michigan, and i s known as the Chicago Division. 

Thi s di vision operates the main line f rom Chicago to Po rt Huron, Michigan 

(a dis tac,ce of 334 miles) a nd a short bra n ch line servin g Kal amazoo, 

:-lich igan. The Chicago Division main line has a basic freight train s peed 
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limit of 60 mph. The major yards on the Chicago Division are: Elsdon, 

Blue Island, Harvey, Kalamazoo, Battle Cr eek, Lansing, Flint, and 

Port Huron. 

GT's second operating division is headquartered at Pontiac, Michigan, 

and is known as the Detroit Division. This division opera t es the main 

l ine from Detroit to Muskegon, Michigan (a distance of 194 miles) and 

from Detroi t to Port Huron (a distance of 57 miles). In addition, the 

Detroit Division operates t he several branch lines feeding into Pontiac 

and Durand, Michigan and the bran ch line ser ving Grand Haven, Mi chigan. 

The Detroit Division main line has a freight train speed limit of 60 mph 

in signal system territory and 45 and 49 mph in nonsignal system territory. 

The major yards on the Detroi t Divis i on a r e Pontiac and Durand, and the 

two major yards in the Detroit terminal area, namely, Ferndale and East 
Yard . 
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II ACCURATE CURRENT AND PREDICTIVE YARD I NVENTORY 
AND TRAIN CONSISTS INFORMATION: RAILS AND DMP 

RAILS is an au tomated car inventory a nd movement i nformat ion syst em 

t hat provides accurate, current information on y ard inventory a nd train 

consists at any given time a nd estimat es of inte rchange and industry 

craffic. Thi s information, along wi th a shift- by- shif t nominal sys t em­

~ ide opera tion plan, can be input to the DMP simulat ion to predict 

:u tu r e ya rd inventories and train consists. This predictive informat ion 

: or a nominal- p lan i s t he basis f or new tactical planning procedures 
d iscussed in Section IV. 

RAILS: Current Inventory for Tactical Operations Planning 

1. Purpose and Funct i on 

RAILS i s an i ntegrated , automated informat i on system on car 

~ovemen ts, operations , and r evenues. It i s a railroad- wide informat i on 

and management system combining opera ting and revenue data, using the 

c u rrent technologies of optica l automatic car identificat i on (ACI) 

scanners, whee l sensor s, computer-s tored repetitive waybill data, medium­

nigh speed data communication channe ls , a nd distributed processing 
computer hardware. 

For t actical operations planning , RAILS can p rovide a curren t 

inven t ory of the railr oad. In particular , at an y given ins t ant of time, 

c urrent yard inventory and train consist a nd location i nformation are 

available. This current system status i nformation i s used to provide 

the " initial conditions" for the DMP simu lation (d i scussed Section II. B) 

to predict future yard inventory, train cons is ts, and train movements. 

In addition, to support ya rd activi ties, RAILS can provide for each 

major yard a complete inbound/outbou nd train list, an a utomatic switch 

l ist, and a t rack standing i nven tory . 
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2 . System Inputs 

a. Scanner Inputs and Data Enhancements 

The ACI scanner i s an electrooptical device located 

along tracks ide. Its purpose is t o r ead a co lor-coded label which is 

placed per the regulations of the Amer ican Association of Railr oads (AAR) 

on e ach side of r ailroad freight cars and l ocomotives and on other pieces 

of r ailroad eouipment. 

Each color-coded l abel is designed accord i ng to the AAR 

ACI standard fo r Nor th American and contains 13 distinct lines : the 

fir s t or bottom line is the start module. The second line is the equip­

ment code ident i fica tion , which indica tes the type of equipmen t (e.g ., 

freight car , l ocomo t ive, caboose , trai l er, container, work equipment, 

or passenger equipmen t). The third, f ourth, and fifth lines gi ve the car 

owner's code, such as 308 for the GT. The sixth throug h eleventh lines 

give the car number, and the twe l ft h line i s t he stop modu le , which 

t e lls the scanner it has completed r eading the car initial and number. 

The t hirteenth or top line of each label is a digit serving as a valid i t y 

check t o verify that the label has been read properly. 

The ACI scanners on GT property are -activated and deac­

tivated by approach mon itor devices (wheel sensors) placed along track­

side at appropriate distances from the scanners. Upon a ct ivation , an 

ACI scanner reads t he AAR co l or- coded label on the car passing in f r ont 

of i t from bottom to top and forwards the information to a regiona l 

computer cal l ed t h e Node computer. 

Scanners are located at the entrance and exit points of 

12 pri ncipal GT terminals (see Figure 2) . Within t he heavier volume 

t erminals, scanners are located at key points to r ecord car locat ion 

changes . The 61 i ndividual scanner l ocations in RAILS wer e selected to 

capture as complete a cover age a s possible of GT line-haul operations 

and interchange and industry act ivities . The s canner cannot capture 

the foll owing movements : (1) a car that comes on line at other than on e 

of the 12 principal terminals and goe s o ff line before passing through 
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one of sai d termina l s; and (2) a car that i s switche d into an industry 

s erved j ointly by GT and a not her r ailr oad and is taken out of the i ndus­

try by the othe r railroad without passing a GT scanner . 

To increase the accuracy of car identification beyond the 

raw scanner reading RAILS makes extensive use of the concept of data 

enhan cement. This concept uses the data f r om advance cons i s t wayb ill 

info rmation which is i nitially enter ed f or each car at i ts or iginating 

point on GT property to enhance t he ACI scanner r eadings. The enhance·­

ment concept as used in RAILS provides a virtual ly comp l e t e inbound 

t r ain lis t in tra i n standing order wi t h no miss ing car initials and 

numbers, upon the arrival of a train in a yard which has an ACI scanner 

at the yar d entrance . 

The enhancement process works as follows : An advance 

train consist i s s ent t o a Node computer cover i ng 1 of the 12 principal 

yards. As a t r ain arr i ves at that yard it passes t he yard entrance 

scanner a t which time the ACI input is sequentially matched with the 

a dvance cons i s t i nformat ion previously stored in the Node computer. 

The scanner inpu t is used as the primary sourc e of data for car initia l 

and number as well as train s tand ing order ; the advance cons ist data 

are used for cars which for some reason were no t read by the scanners . 

The inbound train lis t, which is the product of t he inbound enhancement 

process, notes as an except ion a car that was part of the advance consist 

but was not found by t he scanner . 

b. CRT Video Display Termina l s and Repetitive Waybill Entry 

The ca thode ray t ube (CRT) video d isplay terminal is 

an e l ectronic input and output devi ce . Fift y- nine CRT devices are 

instal led in the fie ld and attached to RAILS Node computers. The s e 

devices replace all fie ld punch card equi pment as input devices. 

Thir t een devices are ins talle d at headquarters . 

The CRT devices used by GT dis play a maximum of 1,920 

char acters at any on e time and handle preformat t ed input displays a s 

well as s tring i nput, s uch as a punch card image would r epresent . 
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Waybill informat ion is ente red in the f ield via the CRT 

termina ls; this in fonna t ion is normally handled throu g h the use of the 

Repetitive Waybill Code (RWC). The RWC concept is built around the 

repeated u s e of c ompute r-s to r e d co nstant data for repet i tive traf fi c 

;;iov ing between two points . On the GT, repe titive tra ffic is local , 

~nt e r line forward e d, interline received, as well as overhead. RWC 

? rocess ing is basically handled by the centra l computer with the excep­

: i on tha t pr inters attached t o a r eg ional computer actually print t he 

.aybills, a nd the way bil l orig in a nd des t ination information is au t o ­

=.a tically f ed i n to the data base o f the proper reg i ona l compu ter for 

zu r the r yard and agency use . 

3. Computer Sys t em Descr iption 

a. Node Computers 

RAILS consists of several computer p r ocess ing capabilit ies 

tist rib uted between t h e field a nd GT headquarters (see Figure 3 ). 

The f ield process i ng capabil ities r evo l ve around fou r 

reg ional computer centers, or Node s, which are themselves linked to the 

~eadquarters computer complex via data communica t i on fac ilities. These 

:en ters use mi nicomputer configur ations to rece i ve data f rom onl i ne 

cata terminals , ACI scanners, a nd car inven t ory wheel sensors and to 

send processed information back to t he online 't e r minal s f or display 

2-:id/o r printing. Many d a ta terminal s , scanners, and sensors located at 

··arious yards , agencies, and o utly ing location s along rights - of-way are 

connected with t h e same minicomput e r configurat i on to centralize certain 

rela t ed da t a f l ows and to provide for the maximum in backup capabilit ies . 

Informat i on from the Node processor deals with f irst-l ine 

-;.anageme 11L 1.noblems, which are basically the proper and ef fi c ient han­

=l ing of cars and the paperwo r k rel ated theret o . Th e Nod e automates 

:he paper flow pr ocess and forwards i n formation needed for essential 

;;ioni tor and control functions t o the head quarters computer complex. 
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The geographical coverage of the f ou r Node con f igurations 

~ o een determined by operating territory and traffic vo l ume consider­

~=cns and is as fol lows (see Figure 3): The Node 1 configuration 

e rs the westernmost portion of the Ch icago Divis i on, which is essen­

_2:ly the Chicago t e rminal area. The Node 2 conf i guration covers the 

-~t~l e portion of t h e Chicago Division, which includes the industrial 

=eas o f Kalamazoo, Battle Creek, and Lan sing, Michigan . The Node 3 

"~: iguration covers t he easternmost portion of the Chicago Division and 

"2 : is essentially the western half of the Detro i t Division. The Node 

- con figuration covers the heavily industrialized Detroit- Pontiac area 

: che Detroit Divis i on. 

Every Node conf igurat i on con t ains a primary a nd secondary 

-=ocessor, each with its own disk, to ma intain du plica t e -data bases on 

_ c~ntinuous l,asis. If the primary compu t er fails due to a hardware 

-=oblem, th e secondary processor will instantaneousl~ take over the 

;::going p r ocess ing and will permit cont inued communicat ions with t he 

a r i o us f i e ld devices as well as with the computer complex located at 

-:eadquarters . 

b. Central Computers 

Three principal functions are carried out in the central 

computer complex located at headquarters (see Figure 3). The f i rst 

; rinc ipal function is the collec tion of d ata from the four Nodes for 

-Se at headquarters as well as the transmission of data between the 

Xodes . This function, which essentially is one of providing data 

communicat i on capabil ity, is handled by a minicomputer configuration 

=eferre d t o as the Fron t End Processor (FEP). The FEP configura t ion , 

l ike each Node, contains a primary a nd secondary processor, each with 

its own disk. However, unlike the Nodes, the secondary processor does 

no t maintain a cont inuou s duplicate data ba se of the primary system . 

There f ore , should the primary system fail due to a hardware problem, 

several minutes are consumed in sw itching over to the secondary 
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processor. This switchover involves the physical transfer of d i sk packs 

in addition to the manipulation of certain two-way switches. 

The second principal function carried out at headquarters 

i s the editing, composing, and expandi ng of the data rece ived from the 

FEP and the compilation of it into one large online data base in which 

certain movement information will be r e tained fo r periods of weeks. 

A System 370 computer configuration with disk, r e f erred to a s the Data 

Central OnLine (DCOL) processor, handles this s econd principal func tion . 

It is from the DCOL processor that data will be provided t o data inquiry 

t erminals at headquarters, traffic offices, and cus t omer locations . 

The DCOL System 3 70 configuration is backed up by another System 370 

conf i guration which will normally be used fo r the third principal h ead­

quarters fu ncti on . 

The third h eadquart ers function i s t o r eceive information 

from the DCOL processor via log tape and use t his information in an 

of fline envir onment to prepar e t he various ma nagement r eports required 

at r egular or semiregular intervals . The computer conf i guration handling 

the third function is r eferred to as the Data Central Scheduled Appli­

cation (DCSA) process or . The DCSA processor is t he terminating point 

for the RAILS flow o f da ta. 

B. DMP: Predictions f o r Tactical Operations Planning* 

1. Purpose and Func tion 

RAILS provides information abou t curr ent yard inventory, train 

movements, and train consi sts . The DMP uses this current information 

and a nominal oper at ing plan to pr edict fu ture yard inventory, train 

movements, and t r ain consists . The tact ical operation s plann ing process 

uses both the current and predicted information to devel op modifications 

*The DMP is discussed and documented mor e extensively in Vol. 2 of this 
report. 
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=o che nominal oper ating plan. The modified plan is then used to oper­

~=e the ra i lroad over the next shift. 

The DMP is an event-step computer simul a tion o f railroad net-

u rk operations. Given a user-specified network configuration and a 

Se [ o f train and yard marshalling instructions , the DMP will s i mulate 

=~e movement of trains, blocks, and cars in and out of yards for a u ser­

S?Ec if ied period of time (e .g., 8 to 10 hours). Inputs to the DMP has 

:2en s tructured so t hat changes to nominal t rain and marshalling instruc­

=~on s can be accomplished easily. Output s t atistics a re generated 

=- ~c e rning train and yard ac tivity so tha t system performance can be 

= ·alua ted easily. The DMP can i nterface with both a real-t i me car 

-~,·emen t data base, such as RAILS , and synthetic inputs generated from 

-=sco rical data. 

The entire set of simulation programs can be run i n e ither a 

:ccch or time-shared env i ronment. Regardless of the env i r onment, rapid 

=r a ns fe r of a railroads ' s computerized inventory is necessary . In the 

~c2rse of this proj ec t, the simulation was run on two computer s and 

c~er ating s ystems: an IBM 370/135 under OS/VSl; and a commercial time­

s~a r ing system under VM/CMS. To ru n a 12- hour simulation period, t he 

-~!P executive program (the simulation logic exclusive of i nput, inventory 

~r ec essing, and output reports) requires approximately six minutes under 

~5 and two minutes under VM. The time required to run auxil iary pro­

~rams (input and output) depends on the quanitity of input and t he type 

~= reports specified. 

The simulation has b een designed for ease of use by railroad per­

s o~ne l . The s imulation paramet e r s have been documented in railroad 

=2rm i nology. 

Although the DMP is u sed in this research as a short - term, 

=ac tical, pred i ctive simulat ion tool, it can also be used for long- t erm 

scra tegy planning in whic h a myriad of alternative strategies for oper­

a ting a railroad can be evaluated . For example, the user can evaluate 

=he fo llowing: 
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• ? ::-e\·ious cay's o;:ieracir1g ;iolic: :>y us i ng t he traff i c 
loading ~f the ? r c~ i ous ~ay an~ exper imenting with the 
time table , ~ar shall i ng ins:ruc tions, call-t imes for 
trains, dec isions no t t o r un tra ins, and t he l i ke to 
see_ if improvements in perf or mance can be ob tained. 

• New alternative timetable and marshalling instruc tions 
when a yard becomes overloaded or underloaded, o r when 
traffic loading changes. 

• Costs versus r evenues of taking on new traffic or 
providing a new service. 

• Desirability of making new interline agreements to 
build solid trains for interchange before these 
agreements are en t ered i nto . 

• Benefits of changes to plant capacity (e . g . , new yard, 
changes in road-haul engines, changes in yard engines , 
changes in classification tracks) . 

2. System Inputs and Data Interfaces 

Inputs to the DMP can be categorized as follows (see Figure 4) : 

• Initial car inventory and train consists 

• Interchange and industr y traffic projections 

• Train and ma r s halling instructions (i.e., nominal 
oper a t ing plan) 

• Network configuration and characteristics 

At the start of the simulation , the DMP requires the i nitial 

inventories and consists of trains in transit . These data, which con­

stitute the "initial condition" for the simulation, ar e supplied by the 

RAILS system to a special computer file that is accessed by the DMP. 

The DMP also requires a projected traffic loading that consists 

of two time histories : (1) cars entering the system via interchange, 

and (2) cars entering the sys t em via local industry . For example, the 

interchange projections from the CN at Port Huron are automatically 

input to the DMP based on data from the CN ~omputer information system 

at Montreal. On the other hand, many industry projections are manually 

input to DMP because of the rapid offering of cars for movement. These 

data are obtained from either telephone calls to the cogni zant station 
or from historical da t a. 
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The train and marshalling instruction provide operat ing instruc­

tions for t rain movement and yard marshalling, and thus constitute the 

nominal operating plan for the r ailr oad . In pa rticular , these instruc­

tions s pecify: 

• Departure time for each train. 

• Assigned horsepower fo r e ach tra in. 

• Maximum car limit for each tra in. 

• St a tion stops and route fo r each tra i n . 

• Blocks to be picked up or set out at each sta tion 
for each tra in . 

• Cu toff time f or blocks at each stat ion, specify i ng t he 
latest time a car must be a t a s tation t o make a pickup. 

• Nominal de l ay for work at each station . 

These oper ating ins t ructions are manually input t o the DMP. An "inpu t 

editor" e f ficiently allows a small number of modifications t o be made 

t o a nominal schedule . 

The network configura t ion and charact eristics spec i f y the 

geographical and physical features of the r a ilroad network ( e . g ., t he 

l ocat i on of ya rds and the line- ha ul segmen t s interconnecting t he yards) . 

Figure 5 indicates t he yards and single and doubl e track portions o f the 

GT network; this f igure ,-;hould be compared wi th the map of t he GT system 

in Figure 1 . Maximum speed limi ts and gr a de fac tors for each line-haul 

s egment are also s pec ified in th e comput er model. 

A summary of the inputs and data interfaces to DMP when DMP 

i s used for t ac tica l operation planning is s hown in Table 1 . The data 

interfaces are a mixture of a utoma ted a nd manual procedures. 

Both t he initial car inventory a nd train consists and the 

inter change and industry pro jections can be specified entirely f r om 

his torical data on an indi vidual car basis or in terms of " supercars. " 

A supercar i s a grouping of car s that enter s and leaves the system as a 

group and ther efore can b e considered as a s i ngle entity . In addi tion, 

the DMP can f l exibly represent networks on either a coarse or detailed 

level. The user can decide on the l evel of fide lity of network repre­

sentation , depending on whether detail ed or approximate results are 
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Table 1 

SUMMARY OF INPUT AND DATA INTERFACES TO DMP 
WHEN USED FOR TACTICAL OPERATIONS PLANNING 

Input 

Initial car inven t or y and 
train consists 

Inter change projections 

Indus try traffic 
proj ections 

Train and ma r shall ing 
instruct i ons 

Networ k con f i guration 
and characteristics 

Data Interface 

Obtai ned from RAILS sys tem via speci al~ 
created initialization fil e ; automated 
input to DMP . 

CN and DTSL interchange data are obtai= 
from a data link . The r emainder of t h: 
inter change dat a are obtained fr om pho­
calls, histo r ical data, or advance con­
sis ts and are manually input to DMP . 

In ·gener al, ob t a ined from RAILS. Beca~ 
of t he rapid of f ering of cars for move­
ment, however, automobile industry t ra:­
fic data are obtained f r om telephone 
calls or from historica l data. 

Manually input t o DMP; an "input editor 
efficiently al l ows modificat i ons t o a 
nominal set of instructions. 

Manual ly inpu t to DMP. 
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des i red . Furthermore, hypothetical network configurations can be repre­

sented corresponding t o new yards or new trackage. These features are 

particularly useful when the DMP is used for long-term strategy planning 

studies rather than for tact i cal operations planning . 

3. Train Movement Simula t ion Logic 

The s i mulation is based on event-s t ep rather than time-step 

log ic. This means that the s imulation timeclock advances to the next 

c ime that a n event is scheduled or calculated t o occur, rather than 

a dvan cing in uniform, discrete increments of time. Typ i ca l events 

i nclude: 

• Train makeup in orig in sta tion 

• Train departs from a stat ion 

• Train e nters a new line - hau l segment 

• Train arrives at a station 

• Train pickup at a station 

• Train setout at a sta tion 

• Train departs from a stat i on 

• Train disbands at a destination station. 

Even ts are gen erated in time by many d iffer en t trains from d i fferent 

location s in the sys t em and are processed in chronological order of their. 

occurrence . 

For purposes of illustration, let us follow the events of a specific 

t rain. The events a nd the logic associated wi th the movemen t of t h e 

t rain can be described as fo l lows : At the origin s ta t i on, makeup i ns truc­

t ions deta i l whi c h blocks a re to be picked up by the train. For each 

b loc k , all cars in the yard prior to a specified cu toff time are allowed 

to be p i cked up; limits on the t otal number of cars to be pic ked u p are 

specified. At t h e origin station, the scheduled departure time det e r ­

mine s the depa rture of the train. The transit time over the line-haul 

segment to the next station is determined b y the ho r sepower-to-weigh t 

r atio, g r a de factors , a nd speed limi ts. Wh en the t rain arrives at the 

next station, t h e setout and pickup instructions indicate which blocks 
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are to be set out and picked up. For pickups, only those cars in the 

yard prior to a specified cut-off time are allowed to be picked up; 

in addition, these pickups are subject to train size limits . From an 

intermediate station, train departures a re not governeq by a scheduled 

departure time but are calcul ated by adding to the arrival time and 

the time delay associated with the work done at the yard. The trai n 

departs at the calculated time, and the train logic moves the train over 

line-haul segments, stopping at intermediate yards for pickups and 

setouts, in the manner described previously. At the destination station, 

the train sets out all cars in its consist and disbands. 

4. Outputs and Reports 

The outputs and reports of DMP have been designed specifically 

to facilitate the tactica l planning and decision-making associated with 

the dispatching and yard management f unctions. Three outputs are pro ­

vided: train summary, yard summary, and cos t summary . 

In the numerical coding sch eme associated with trains, yards, 

and blocks , trains are designated with a three-digit number (e.g., 391) ; 

an extra sec tion of the train is designated by placing the number "2" 

i n front of the nor mal tra in number (e.g . , 2391) . Yards and stations 

are coded with a three-digit number . The DMP models only the major 

yards and stat ions listed in Table 2 . 

Blocks are coded with a two-digit number and represent an 

aggregation of s t ation destinations (see Table 3). The station destina­

tion numbers assoc i ated with a block are also shown in Table 3. If t he 

destination is a major yard , then a block can be associated with both 

the destination yard and the i~terchange railroad at that destination 

(e.g., block 2 reprRsents destination Elsdu11 and interchange to the BN 
railroad.) 

An example train summary is shown in Figure 6. This output p r ovides 

the following information for each train: 



cS 

Tabl e 2 

YARDS AND STATIONS MODELED I N DMP 

Name 

Elsdon 
Blue Island 
Harvey 
Thornton J unction 
Griffith 
Haskells 
South Bend 
Ka l amazoo 
Pavilion 
Bat t le Creek 
Erickson 
Lansing 
Durand 
Flint 
Lapeer 
Por t Huron 
De troit 
W. Det r oit 
Pontiac 
Holly 
Greenv i l l e 
Grand Rapids 
Muskegon 
Sag i naw 
Bay City 
!'li d l and 

No. 

970 
954 
952 
951 
918 
91 3 
903 
845 
842 
83 7 
831 
830 
823 
819 
811 
801 
603 
51 6 
610 
617 
767 
649 
786 
715 
727 
733 

No te: See Fi gure 5 for the network mode led in DMP . 
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Block 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 
16 

17 
18 
19 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 

Table 3 

BLOCK NAMES AND NUMBERS 

Block Name 

Elsdon 
Elsdon/ATSF 
Elsdon/CNW 
Elsdon/Railport 
Spare 
Blue Island 
Blue Island/RI 
Blue Is l and/MILW 
Blue Island/IHB 

Harvey 

Thornton Jct 

Griffith 

Haskells (913) 

South Bend 

Pavilion/Kalamazoo 
South Bend Sub. East 

Batt le Creek 
Battle Creek/CR 
Erickson/Flint Sub . West 

Lansing 

Durand 
Holly Sub. North 
Grand Rapids 
Milwaukee 
i'1uskegon 
Grand Haven 
Saginaw 
Bay City 
Greenville 

Flint 
Lapeer/Flint Sub. East 
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Station Numbers 

970 & 973- 990 
970 ATSF 
970 CNW 
972 
999 
954 
954 RI 
954 MILW 
954 U!B 

952- 953 

950- 951 

918- 920 

905-917 

903-904 

842-845 
838- 841 & 850-902 

837 
837 CR 
820-822, 824-829 & 
831-836 

830 

823 
611- 622 
630-649 
690 
784- 7 86 
651- 665 
707- 717 
719- 728 
750-767 

814-819 
802- 813 



Block 
Number 

32 
33 
34 
35 
36 
37 

38 
39 
40 
41 

42 
43 
44 

45 
46 
47 

Table 3 (Cont i nued) 

BLOCK NAMES AND NUMBERS 

Block Name 

Port Huron 
Sarnia ETY 
Port Huron/CN Tunnel 
Port Huron/CN Boat 
Canadi an Perish 
Canadi an Sand 

Pontiac 
Jackson Sub. 
Romeo Sub. 
Cass City Sub. 

Holly Sub. South 
Detroi t/DTSL 
Detroit 

Detroit/CR 
De trait /Perish 
Mt . Cl emens Sub. South 
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Station Numbers 

800- 801 & 500- 502 
801 CNE 
801 CN 
801 CNB 
801 CNP 
801 CNX 

610 
537- 556 
530-536 
560- 586 

606-609 
516 DTSL OR DTS 
514- 516 & 603- 605 & 
503 

516 CR 
603 P 
504-513 
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• "Yard Number" indicates the- schedule yard stops. 

• For each yard stop, "Arrival Time, Day, With Cars" 
indicates the a rrival time, the day (Julian date), 
and the number of cars arrived on the train. 

• For each yard stop, "Pickup-- Block No. (No. of Cars)" 
indicates the number of cars for each block picked up. 

• For each yard stop, "Setout--Block No. (No. of Cars)" 
i nd i cates the numb er of cars for each block setout. 

• For each ya rd stop , "Departure Time, Day, With Cars," 
indicates the departure time, the day (Julian date), 
and the number of cars departed on the train. 

• For each yard stop, "Gross Tons and Car Miles" indi­
cares the gross tons and car miles accumula ted by the 
tra i n up to that stop. 

An example yard summary for Battle Creek Yard (Yard 837) is 

s::own in Figure 7. Similar outputs are available for a l l yards in the 

sys tem. The b l ocks are listed in the left-hand col umn of the figure. 

~~e arrival and departure of trains and the t ime a n d day (Julian date ) 

: the arrival or dep a rture are l i sted from left to right in time order . 

:-:,e effect of each train arrival or dep a rture on each block i s indicated . 

::: p articular, the net c hange to the number of car s in each block is 

: :1di cated, and the c umulative total of cars remaining in the block is 

-oced as a direct result of the arrival or departure of a train. Traf ­

: : c b rought to the yard f r om inter c hang e or local industry is treated 

5 :_milar l y to a train arriva l but is denoted "TRAF." 

An example cost summary is s h own in Figure SA and B. In this 

su::unary, per d i em car h i re cos ts and car hours are broken down by car 

~2st ination as well as by t otals. Train car miles and cos ts are broken 

::oKn by trains and totals. 

The DMP has b een designed so t h at the simulation events are 

::c::1t to a special output f ile, whicl1 l;; proce;;sed Lo produce the three 

u tputs described above . For other a pplications, different outputs 

0ul d be provided by simply p rocessing the output file in a different 

.:a sh ion. 
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~oR THE PERIOD OF D/T 67/ 701 TO D/T 67/1400 
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FIGURE 8 COST SUMMARY REPORT 
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III GT CONVENTIONAL OPERATIONAL PROCEDURES 

GT railroad operations and procedures a r e fairly s tandard. The 

di s patching a nd yard management f unct i ons control the movement of cars 

on a minute- by- minute basis. The dis patching funct i on controls the move­

ment of trains a nd their associated work on the line- ha ul portion of the 

r ailroad , t hat is , between yards . The yard management function controls 

the swi t ching and transferring of cars in yards from an i nbound train to 

an outbound t rai n . 

A. Dispatching 

1. Introduct ion 

GT t r ain operations are based on a s chedule known as the " GT 

Freight Train Schedule and Marshalling Inst ructions, " which specifies 

wh e n trains s hould depart, the proposed sequen ce of stops , and what b l ocks 

should be picked up or set out at each stop . However , traffic varies 

cons iderably on both a seasonal and a daily basis . For this reason, 

dispatchers are required to modify th e train schedule on a shif t-by-

shift basis to adjust t he runnin g of the tra ins to match the daily 

traffi c and opera t ing condi tions. Although most of the trains have 

flexibility in the way they can be operated , certain trains ("hotshot " 

trains) are re l atively inviolate and must be run as prescribed in the 

sche<lule. The job of the di spatcher i s to run the trains in such a \·1ay 

as to move t ra f f i c eff ecti vely yet keep t r ain costs reasonable ; the t r ain 

schedule is used as a guide . 

The GT Chicago Division dispa tchers are located in Battle 

Cr eek, Michigan ; t hey control t h e bulk of the express and manifest t r ain 

movements and tonnage . The De troit Division dispatchers are located in 

Pont i ac , Michigan; their ope r a tions deal with more l ocal train operations, 
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that is, they provide service to smaller yards and local industries . 

Most of the effort in this project focused on operations of the Chicago 

Division. 

The Chicago Division dispatching operation is run by a team 

for each shift. Each team consists of a chief dispa tcher and two as ­

sistant dispatchers (an east- end and a west-end dispatcher) who monitor 

and control train movements on their division. The chief dispatche r 

plans the power and cr ew for all trains on the Chicago Division a nd 

dispatches trains east and west out of Battle Creek to Elsdon and 

Port Huron, Mi chigan, respectively. The west-end dispatcher dispatches 

trains eas t out of Elsdon t o Battle Creek. The east-end dispatcher 

dispatches trains west out of Port Huron to Battle Creek. 

We describe bel ow the fo llowing functions of the dispa t ching 

team : 

• Power planning 

• Caboose planning 

• Train makeup 

• Train cancellation 

• Car pickup and setout 

• Network disruptions 

• Train monitoring and control. 

In particular, we focus on how much planning or scheduling is done to 

assign power units and cabooses to a new t rain; how much time i s given 

to planning a makeup or a cancellation of a train; and how much and when 

pertinent information is availab le to plan or schedule train operations . 

2. Functions of Dispatching Team 

a. Power Planning 

Power scheduling, at present , is done manually by the 

chief dispatcher of the division (or an assistant chief dispatcher) in 

cooperation with the operations control center in Detroit. A large peg­

board in the chief dispatcher's office shows, at any time, the location 
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o : each power unit, which is rep resent ed by a uniquely numbered chip. 

:-his chip not only identifies the power unit but a l so ind i cates the 

,orsepower of the unit. The board shows whether a power unit is on a 

currently running train, in a ya rd for new assignment to a train, or in 

:he roundhouse for maintenance or repair. Colored tags are attach e d to 

: h e numbered chips to indicate the sta tus of a power unit, for example, 

::? for monthly maintenance, something may be wrong with the unit, or 

something i s wrong with the unit. The chief dispatcher also keeps records 

o: main tenance schedules, which he updates as required . He also contac t s 

: he roundhouse e a ch morning to get estimat es on when un i ts to b e repaired 

~ r serviced will be available. 

Under normal conditions, present power assignment and 

5cheduling procedures are reasonab ly effective fo r 12 hours in advance. 

:ioweve r, because of excessive power breakdowns, or extreme traffic and 

~ea ther conditions, there will be times when power assignments become a 

? ro blem (e.g., yards that originate trains are left without power for 

some time because of power shortages). Problems also occu r when trains 

running times are a l tered since , in most cases, power units of termi­

~a t ing trains are trans f erred immediately to a departing train. Under 

:nese circumstances, t h e assignment of units is made more or l ess as a 

react ion to system conditions . It appears that under abnormal co nditions 

: h e present planning and scheduling of power units can be improved . 

b. Caboose Planning 

Presently, as cabooses are not associated with a specif i c 

c rew , t hey are interchangeable . Cabooses are monitored in a way s i milar 

to that of power units . Chips carrying the identi f i cation number of a 

caboose are used to show whether the caboose is on a train, in a yard 

~aiting for a new assignment, out for repairs, or out t o be serviced. 

Cabooses will b e serviced eve r y seven days in Chicago. The chief dis­

patcher keeps a caboose service l og , which indicates by color code which 

caboose must go to Chi cago to be serviced . Green mean s t h e caboose has 

be en serviced, and red indicates the day the caboose must be servi ced. 

This log is maintained on a daily basis . Each morning, the chief 
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dispaLcher prepares a list of cabooses that need servi cing and hands 

this list to each shift of dispatchers for consideration . I n general, 

under normal condit i ons there does not appear to be any problem in the 

cycling and scheduling of cabooses . 

c. Train Makeup 

Trai ns are made up in close collaboration with yardmasters. 

At the beginning of each shift, each dispatcher will contact the yard­

masters under his jurisdict ion. They wil l obtain from the yardmasters 

car counts according to destination . The yardmaster a lso will in form 

the dispatcher when a train has been built or is r eady to be cal led. At 

this time the dispatcher will ascertain whether he has the power units 

and the crew for the train. I f so, he will contact the crew di spatcher 

t o have the crew ass igned.* Crew members must be notified no later than 

t wo hours before the train is call ed and must have rested at least eight 

hours since their last assignment. A train may depart from the yard 

any time after the call time , but not before . 

To ensure efficient scheduling of trains, each dispatcher 

keeps a list of away-from-home crew members presently available and a 

list of power units that are ready or will become ready within hours for 

assignment at the various yards. Furthermore, each dispatcher knows 

that a specific number of "regular" trains must be run daily . There 

seems to be a fixed set of these regular trains which are scheduled as 

cl ose as possible to the existing timetable. In most cases these trains 

are manifiest trains that move whole blocks and need not be marshalled. 

Power and crews are given priority for this set of trains, and therefore 

power and crew are nearly a l ways available . 

Crew dispatching is a separ ate operation; it is handled by diiferent 
personnel at a different locati on. Its main function i s to manage 
the assignment of crews to trains and to ensure that the calling 
of crews upholds the agreed l abor regulations. 
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Uncertainties in planning and scheduling of t rains arise , 

however, when dispatchers have to make decisions about "drags , " that is, 

trai ns tha t are not regular. Drags are made up when warranted by the 

traffi c . In most cases, there is not enough informat i on availab l e at 

the stations about the number of cars ready to be moved by a drag. 

Drags a lso pose a problem to crew and power scheduling . 

These trains are very o ften made up on the spur of the moment because 

of heavy unforeseen interchange deliveries. The dispa tcher is often not 

aware of such a delivery until the cars have been switched at the re ceiv­

ing yard and are ready to be moved. Under these circumstances, power 

units and rested crews may not be available until a regular train i s 

scheduled . This results in added accumulation delays to the cars in 

:he yard and the performance of unnecessary wo r k in the yard , namely, 

ouilding a train that cannot be called . Occasionally a train already 

b uilt may have to be taken apart because of lack of power. 

d. Train Cancellation 

A dispatcher may decide to cancel a train because the 

informat ion he has gathered indicates the train will have too few cars . 

This informat i on may be quite inaccurate , h owever , because i t is not 

timel y . This is especially true of deliveries from indust ry and inter­

chan ge . Yet, cancelling a train may have very serious and far-reaching 

e ffects on the system. It may affect power and crew cycling, it may 

contribute to yard congesti on , it may affect the running t ime of later 

scheduled trains because of the resultant excessive car handling and 

car l oads , and it may cause excess accumulation delays in yards. Most 

dispatchers are not sure what i mpact cancelling of trains has on the 

system at the time a decision i s made. 

e . Car Pickup and Setout 

Dispatchers also monitor the pickup and setout of cars. 

Unwritten rules dictate which blocks, ranked by priority, must be p i cked 

up by a specific train. For example, consider train 393 . If it is 
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known that a great number of cars with destination Harvey are in the 

system , train 393 could very well be a train made up only of Harvey cars . 

But mor e likely, it will be a train that gives priority to cars with 

destination Harvey. Consequently, at Port Huron, the originating station 

of the train, room will be saved for pickup of Harvey cars at other 

stations along its route. If it is determined that there is not a suf­

ficient number of Harvey cars to be picked up along the route, then the 

train at Port Huron would be made ·up with other car s in addition to 

Harvey cars, most likely Chicago. This decision i s difficult to make 

unless reliable information o n the cars ready to be moved at various 

yards is known . 

Depending on the time of the day, dispatchers may have 

little information on the number of cars that can be picked up by a train. 

The number of blocks and the size of blocks may not be kn own far enough 

in a dvance to have any effect on the planning of train operations. He 

will not know with certainty whether a trai n is go i ng to be light or 

heavy unless it is a run- through train. He also cannot predict if a 

train, by its setout operations, will contr i bute to yard congestion 

since he does not know the sta te of the yard before the arrival of the 

train he is monitoring . In general, none of the di spatchers seems to 

know precisely the thr esholds for yard congestion. Yardmasters will 

contact the dispatchers when their yards become congested. Un f ortunately 

the dispatcher does not have this information well enough in advance to 

allow for alternate scheduling of trains. 

f. Network Disruptions 

At certain times train operations are chan ged because 

constraints are put on the network . Such contraints may be planned 

network disruptions or disruptions caused by untoward events . Pla nned 

disruptions are known some time in advance. They may be track outages 

because of track repair or slow order movements caused by rail testing at 

10 mph . With planned disruptions, dispatchers will proceed to schedul e 

trains to "work around" the disruption. However, network disruptions 

caused by accidents or powe r failures must be dealt with on an emergency 
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::ias is. This may involve rerouting of trains, deadheading o f power units, 

o r changing the work sche dule of a train en rout e. These decisions are 

;;:ade on an ad hoc basis as resources permit. 

g . Train Monitoring a nd Cont ro l 

Dispatchers are in direc t radio contact with eac h train 

and can monitor and control train progress. Between Elsdon and Battle 

Creek the system is mainly double track; b etween Ba t tle Creek and Por t 

Hu ron the sys t em i s ma inly centrali zed traffic contro l (CTC) s ingle 

track. In the s i ngle track operation, the dispatcher s directly control 

the switch settings . 

If emergencies or unexpected events occur, the t r ain c r ew 

can ask fo r and r e cei ve instr uctions from the appropriate dispatchers. 

3 . Improvements to the Dispatching Process 

Based on observations a nd a nalysis of the d ispatchin g opera tions, 

we conclude that i nformation and procedures developed using the RAILS 

a nd the DHP pro vi de dispa t cher s with information c on cerning t h e system­

wide impacts of th e ir decisions a nd could be used to improve t he follow-

i ng aspects of the dispatch ing process : 

• Power planning--Predi c tive info rmation on traffic build-up 
in yards c ould be provided a nd yard congestion could be 
indi cated . 

• Train makeup--Predictive information on the s i ze of the train 
and the n umber of car s to b e p i cked up and se t out a lon g i ts 
route cou l d be provided t o de t e rmine wh e the r "drags" s hould be 
made up . 

• Car picku p and setout--Predictin g the car counts of various 
blocks along the route would enable the dispatcher to de t er­
mine what pickups an d setouts s h ould be made a l on g a train ' s 
route . The rnlP will allow the dispatcher to tradeoff the 
prioriti es of moving traffic and still maintain s ufficient 
car s to run t~e train. 

37 



B. Yard Management 

1. Introduction 

The Battle Creek f l at yard is located on the Chicago Division 

at approximately the midpoint of the main l ine between Elsdon and Port 

Huron (see Figure 9). Although the GT system has 12 pr imary flat switch­

yards, the Battle Creek Yard i s one of two which are ma i nly system classi­

fi cati on yards . The other yar ds are mainly interchange industry yards. 

For this reason, Battle Creek Yard was chosen as the focus of our analys i s. 

The Bat t le Creek Yard is divided into two halves-- the southern 

half (the East Yard) is for eastbound traffic and the northern half (the 

West Yard) is for westbound traffic. In fact, the yard is often run 

with t wo yar dmas ters . I t also has nearby an associ ated industrial yard 

called City Yard, which deals mainly with i ndustry swi t ching activities 

and performs very l ittle class i ficat i on work per se. 

The yard generally supports a switch engine working on each 

of the four leads . In addition to regular switching, crossover, and rip 

work, the swi t ch engine•in this yard must handle traffic flow to and 

from the City Yard , which includes i nterchange deliveries and pickups, 

industrial traffic , and special weighing functions. The lead layout 

permits switching to continue durin g departure and arr ival of trains 

into the center long a lleys. A CTC section of main line north of the 

yard provides a bypass for through trains . The re i s conside rable i nter­

action between the East and West Yards. In particular, the l ong central 

tracks can be used by either side . Rip work must be crossed from the 

westbound side to the eastbound side. 

All work for each swit ch crew is assigned by one yard master 

when traffic is light (e.g. , less than 2,000 cars/day) . When traffic is 

heavy , two yardmasters are assigned to the tower , one for each yard. 

Work is assigned to the switch crews by yardmasters instructing clerks 

t o give appropriate lists to the yard conductor and by voice communi­

cation between yard conductors and yardmaster over a s peaker system. 

The yardmaster monitors operations from the tower during the shift. 
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~t t~tt\~ ~r eek ~ard, inbound trains are b l ed b y the swi t ch 

c rews after ins pection by the car d e p a rtme nt. Occas i o na lly the train­

mast e r calls in an extra yard man to assist with this t ask. 

2. Yard Decision Making 
I 

To formalize yar d operations it is necessar y to iden tify key 

decision ma kers a nd key decision variables i n a ya rd . It i s e specially 

important to point out the ty pe of information available with which to 

make specific de c i s i o ns . For example, it was found that the accuracy, 

timeliness, a n d fo rm o f s uch data as switch lists could have a pro f ound 

e f f ect on yard operations . In this section we summarize the key decision 

makers, their f unctions, and the in fo rmation they use in performing 

th ose f unctions. A n umber of personnel are involved i n ma king decisions 

that affect yard flow . These include: 

• Th e trainmaster , who i s i n charge of yard personnel (inc lud ing 
the yardmaster) . 

• The yardmas t er, who makes decis i ons o n track ass i gnment s, controls 
(in large par t ) the general order of switch ing, negotiates with 
wi th a dispatcher to alter call times, and runs additional 
t r a ins . 

• The dispatcher who plans and con t rols s upervi ses the switch engine 
and c r ew l ine- haul movements . 

• The yard co nductor , who ch ooses where to make cuts in trains, and 
deci de what cars t o switch first .. 

The discussion below describes the personnel involved i n the operations 

or the Battle Creek Yard. 

a. Trainmaster 

Th e trainmaster does not generally become involv~d i n the 

detai l ed sequencing of switching wo rk in the yard . He s urveys a turnover 

sheet of standing inventory for each track at shi ft change times and a 

report of inbo und trains . Further mor e, h e is aware of c ritical traffi c 

movement and recei ves telephone requests fro m many sour ces to expedite 

parti c ular cars. He passes s uch information to a yardmaster v i a a 

"hot sheet ." 
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b. Ya rdmas t er 

The yardmaster comes on duty 1/ 2 hour prior to the switch 

crew shift change and evaluates the turnover sheet giving the track 

standing i nventory at s hift change, a telegr aphic report of inbound trains 

fr om the dispatch i ng office , and a switchin g list of cars t o be swi tched 

in the near t erm. Because much of this informa tion fl ows in after the 

yardmaster has come on duty, the lead time for making decisions i s re­

duced. Occasionally, a yardmas ter going off duty annotates his turnover 

s heet t o indica te wh e re he would r ecei ve an inbound train arriving close 

to the shift changeove r time or how he would handle other imminent events. 

Using t he above i n formation, the yardmaster sends work t o the 

switch crews. The type of work he assigns and the const raints under 

which he wor ks are l isted below. Based on experience and in tuit ion, the 

yardmaster attempts to schedule clear tracks compatib l e with th e switching 

order he has chosen. 

ORDERS GIVEN BY YARDMASTER 

• Switch standing traffic. 

• :--take local (e.g., city yard) moves. 

• Pick up and delive r interchange from designated yard track. 

~ Assign open tracks to incomin g trains and engine moves . 

• Assemble ("build") classifications of cars to makeup outbo und 
trains . 

• Move repair t r affic to and from r i p tracks . 

• Assign yard caboose and yard power moves. 

• Designate when crews take lunch breaks. 

• Miscel l aneo us (e.g., move a dangerous car so t hat it is a se t 
number of cars from a train' s end) . 

The pattern of trains arrivj ne at and departing from a 

yard clearl y affects yard efficiency. Because Battle Creek yard is a 

major originating point for trains, the yar dmaster often negotiates 

a l terations in t he scheduled train makeup and departure with a d i spatcher 

on the basis of projecting his ability to build a train given the current 

yard conditions. 
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Much of the yard master' s work is based on experience and 

intuitive judgment. Yardmasters do not operate their yards on the basis 

of any formally defined, nominal set of conditions or any type of 

s tructura l planning process . Little forma l effort is r equired to 

schedule track and swi tcher usage to get the mos t utili zation out of a 

yard' s resources. In practice, about half of the trains yardmasters 

work with are unsch eduled, and they have little time to experiment 

with alternative work plans fo r swi tch crews. Hence, t he exact order 

of work carried o u t by the crews is of t en made by a yard conductor. 

There are important exceptions, however. For example, the yardmaster 

of ten builds t r ains against incomi ng car grou ps that are a lrea dy 

p r operly blocked fo r o u tbound movement. In this case he must s pec ify 

the place where a c ut is to be made and the sequence in whic h work i s 

to be switched. 

As an aid to his dec i s ion-making process, the yardmaster 

ma y fill out a count sheet that summarizes the cars in h is yard by out­

bo und destination b lock. Accurate monitoring of the block situati on 

a n d the ability to predict the s tatus of b l ocks are cr i tical to the 

ya rdmas t e r's f unction. 

In e xceptional cases a yardmaster may an t i c ipa t e h ow he 

will ha ndle an inbound gr oup of cars that has not ye t arrived at the 

yard. Information on such cars may come from a n a dvanced cons i s t or 

o ther sources and be forwarded by a trainmaster or c lerk. S uch planning, 

however, could be dange r o us since errors in sources o f data other tha n 

f rom advance consists enhanced by ACI scanners can be l arge. Yard­

mas ters do no t like to " gamble " an d hen ce pre f e r to limit their pro­

jec tion of work to leaving empty t racks for receiving and mak i ng up 
J. 

trains . 

* In one obser ved case, switching work was begun on the ass umpt i on that 
a large b l ock of cars was on the head e nd of a train. Arrival on the 
rear end caused an hour or so loss i n switching time . 
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c. Dispatcher 

The dispatch er 's i nfluence on a yard is great because the 

s izing and time sequencing of inbound and outbound trains are critical to 

a yard ' s performance . For example, a long t r ain (number 512 carryin g 1 30 

cars) was followed by a shor t train ( carrying 35 cars or so) . Both were 

held outside yar d limits because (a) they arrived too c lose to preceding 

trains and (b) the yardmaster could not handle t he long train immediately. 

Be tter sizing and time s equencing could have minimized this yard- related 

delay. In other cases, a yard could have been cleared by departing trains 

if line- haul power and/or crews were avai l ab l e at the best time f or running 

a train. 

The dispatcher needs consi derable lead time for decisions 

involving the deadheading of crews or t he holding of crews at terminal 

pay a t an away- f rom-home terminal. However, the information availab l e t o 

a dispatche r to ma ke s uch decisions early is ofter minima l since yard­

maste r s themselves do not assess outbound train requirements until inbounc 

traffic has arrived and been inspected . 

d. Yard Conductor 

Yard conductors make some dec i sions during the switchin g 

process (e.g., wh e r e to make cuts i n trains and what to switch first). 

It appears that it may be best for most of the decisions that are now 

made dynamically in t he yard by the ya r d conductor to be made pri or to 

the start of any s witchin g effort- -either by the yardmaster or the yard­

master and the c onductor in concert . Experienced yard conductor s exhibit 

great s ki ll in planning, for example, how bleedi ng operations can be i nter­

faced with switching, so it may be useful to incorporate their assistance 

in the de cision-making process. 

3. Overview of Yard Deci sion Makers and Their Interaction 

Fi gure 10 s hows a s implified picture of critical information 

paths and deci sion making among yard operations personnel during a s h ift . 
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FIGURE 10 CRITICA L INFORMATION PATHS IN CONVENTIONAL YARD OPERATIONS 
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2. 
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4. 

5 . 

6. 

7. 

8 . 

9. 

Table 4 

INFORMATION FLOW PARAMETERS FOR FIGURE 10 

Yardmaster to Dispatcher 

• Yard status--number of cars for given destinations 
swi tched and unswitched. 

• Expected sizes of called trains 

• Request for special train runs 

• Requests for position of trains or data on sizes of 
locals 

• Re quests for alte ring call times 

Dispatcher to Yardmas t er 

• Re quests for yard status 

• Requests for status of trains being made up, 
size of blocks 

• Restrictions on train or block size 

• Call times for trains 

• Inbound train positions, est imated time of arrival, 
n umber of cars 

Special load or condit ion informa t ion 

Special load or condition information 

• Report flows -- trainmaster is manager responsib l e 

• Special priority requests for yardmaster to assign 

Special priority requests 

Hot-car flow, special priorities 

Special back order moves to and from rips 

• Requests for inbound inspection 

• Ready cabooses or special r epairs 
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10. 

11. 

12. 

13. 

14. 

15. 

16 . 

17 . 

I 1s. 

19. 

20 . 

21. 

Table 4 (Continued) 

IN FORMATION FLOW PARAMETERS FOR FIGURE 10 

• Pertinent car lists 

• Special location info rma tion for particular cars 

• Rip track conditions and requests 

• Lists of work coming from c i ty yard 

• Li sts of to-be-switched tracks with destinations 
and bad orders 

• Counts of other tracks and bad o rders 

• Special lis ts or counts when errors suspected 

• Requests counts 

• Requests lists to be given to switch crews 

• Reques ts corrections to clerk lists 

• Class track assignments 

• Switching tasks 

• Lunch break permission 

• Special instructions or corrections for dangerous 
cars, etc. 

• When observed, corrections to erroneo us switching 

Reques t s for work or special handling instructions 

Switch lists 

Inbound wheel lists 

Outbound lists fo r conductor 

Advance cons i sts 

Special ha ndling orde rs 

Information on portions of lists switched 
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In practice, two or more y.a:-:dmasters can be in a tower during periods of 

high activity, one for each well-defined area of a yard. Also, an assis­

tant trainmaster is on duty on each shift, and he frequently carries out 

the trainmaster tasks discussed above. Table 4 gives the flow parameters 

for each path shown in Figure 10. 

4. Areas of Improvement Based on a Case Study 

SRI interviewed and studied GT yard decision makers in their 

operating environment. Appendix A contains a description of an intensive, 

three-day study of yard operators at the Battle Creek East Yard. Suffic­

i ent data were recorded during the study to analyze, replay and exper iment 

alternative ways of operating the yard. The results of our study demon­

strated the potential for significant improvements in yard operations. 

There is room for improvement in the fol lowing areas: 

• Transit times (detention times) of cars in yards can 
be r educed. 

• Capacity of yard (its ability to keep blocking for a 
greater number of cars handled/day) can be improved. 

• The amount and quality of blocking, given a certain 
number of cars to handle, can be increased. 

• The switching effort required per car to move 
traffic properly can be reduced . 

To realize these improvements in actual yard operations, the following 
steps must be taken: 

• Improve the speed and accuracy with which data are 
delivered to and from the yard decision makers . 

• Provide s uitable formats for presenting current 
data to decision makers. 

• Increase the time available for making decisions. 

• Formalize the roles of the yardmaster , truinmuster, 
and others involved in the deci s ion process. 

• Tie yard personnel closer to the planning and 
scheduling process. 

• Report yard conditions in a manner suitable for 
re-evaluation and review. 
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• Elongate the time horizon over which yardmasters plan. 

• Provide the dispatcher with traffic flow projections 
that subsume predictable yard characteristics. 

Our analysis indicate that a yard can be run "better" with 

accurate up-to-date, current and predictive informat i on . In subsequent 

sec tions we describe a tactical operations planning procedure for Battle 

Creek Yard that takes advantage of the more accurate and up-to-da te 

current and predictive information provided by RAILS and DMP. 



IV NEW TACTICAL OPERATIONS PLANNING PROCEDURES 

A. Introduction 

In both the dispatching and yard management operations RAILS and 

DMP can provide accurat e , up-to-date, current and predictive car 

inventory and t rain consists informa tion . Without such informat i on, 

dispatchers and yardmas ters are prevented from effect i vely performing 

tactical (short-term on a sh i ft-by- s hift basis) operations planning. 

Presently , they use their accumulated experie n ce to make operating 

dec i s i ons as the need arises; suc h ad-hoc decision making optimizes 

neither systemwide nor local operations. 

Figure 11 shows an overview of the tactical planning process. At 

the beginning of each shift, the DMP s imu lation is run using inputs 

from the RAILS data base and a nominal systemwi de operating plan for 

the shift. Th e DMP outputs predict the yard inventory for each yard 

in the system in the form of a· yard summary r eport and train consists 

for all trains in the form of a tra in summary r eport wh i ch would 

result if the nominal operating plan were implemented . Both reports 

a r e p r esented to the dispatching a nd yard management planning 

pe r sonnel who a ttempt to develop a modified nominal operating plan 

within the f~rst hour of the shift . Any except ions to the nominal 

plan are negotiated a nd coordinated during this period of time. 

The tactical planning process a l lows each dispatcher and yard ­

master to deve l op a plan of his own l ocal activities for the shift 

base d on trying to imp l ement the nomi nal operating p l a n, with the 

k nowledge tha t others are trying to do the same thing . After the 

DMP predictions on yard inventory and train consists a re examined, 

changes to the nominal operating p l an are negotiated between the 

dispatchers and yardmasters as t he need arises. In thi s manner, the 

nominal operating plan pr ovides the central mechanism for insuring 
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~ ~o cal decisions are made with a systemwide perspect i ve. Decisions 

_ :.a t e f r om the nominal p lan are eff icient l y communicated and 

-::.:la ted as modi f ications or exceptions to the n ominal plan . As a 

~equence, the p l anning process allows dispa tchers and yardmasters to: 

• Consider the sys temwide consequen ce of decisions 

• Coordinate more prec i se l y the dispatching and 

yardmas t ering o pe rations 

• Consider the impact of curren t decisions on f uture events. 

We discuss in detai l below the dispatching and yard management 

: ac t ical planning processes. 

Dispatching Tactical Planning Procedure 

1. Goals a nd Benefits 

The main i ntent of t he dispatching t act i cal planning pro­

ed ures i s to provide the dispa tche r with an operating plan for the 

~ext shift that expedi tes the movement of traffic from a sys t emwide 

~iewpoint, keeps yards from being c onges t e d, and allows e ff i cient use 

of dispatching a s well as yard resourc e s (e.g ., engines and crews). 

As stated previous l y , the GT schedule h as been designed for a 

:iomina l day. However, because most days are not monimal, the 

d i spa t cher must make daily modif icat i ons to the schedule. The magni­

t ude and extent o f the modif i ca tion s depend on how far away the 

p r esent day i s from t he nominal day. In general, the dispat che r can 

~o dify the nominal schedule by : 

• Canceling trains , or a dding extra trains 

• Ch a nging the start time of a t r ain 

• Add i ng or canceling sch e <lt1l Pd stops of t r a in 

• Changing the blo c ks ( classifi ca tions) picked up 

or se t out at the stops. 
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For any specific division of the GT system, however, practical modifi­

cations to the schedule on a daily basis are fundamentally constrained 

by workrules, the 12- hour law, the nature of the train, terminal 

restrictions, and traffic priorities. 

Because individual train decisions have an impact on other 

trains, these modifications must be orchestrated from a systemwide 

viewpoint. Presently, these modifications a re made ad hoc based on 

the experience and judgment of the dispatcher. When the number of 

schedule modifications is small, it is likely that the experience and 

judgment of the dispatcher is effective. However, when the number of 

modifications is large, or when unusual circumstances arise, it is 

likely that the experience and judgment of the dispatcher can be aided 

by tactical planning. 

Tactical planning can positively aid in dispatching in several 

situations. These include : 

• Light traffic demand 

• Heavy traf f ic demand 

• Shortages of locomotives or crews 

• Track repair or outages. 

We discuss below each situation. However, because several are likely 

to occur on any given day the decision making for an actual day is 

usually more difficult than that discussed below. 

a. Light Traffic Demand 

In the case of light t raffic demand, some trains must 

be canceled, and the work of these canceled trains must be reassigned 

to other trains (subject to the 12-hour law). The start time of 

trains whose work is reassigned may have to be rescheduled to accom­

modate the new traffic, and the systemwide impacts of the rescheduling, 

as well as the constraints on individual trains must be considered. 

Those trains which are eligible to be canceled have "pool" crews; 

certain trains can work at most one extra stop; trains designated 
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_:shot " must start o n time; and trains designated "runthrough" 

- : =ally do not stop at Battle Creek Ya rd e xcept for a 10-minute 

- ::'."lange. Under light tra f fi c conditions these "runthrough" train s 

.=.::ce p t a "fill" at Battle Cree k ; however, this mus t be known suff i ­

_fently in advance to allow Battle Creek Yard to have the "fi l l " ready. 

~jus there are many op tions i n movin g tra f f ic under l i ght traffi c 

conditions . The DMP can predict which trains will run ligh t and thus 

::an aid the dispatcher in deciding which trains to c ancel and how to 

reorganize t ra in consists taking into account i ndividual train con­

s :raints. 

b. Heavy Traff ic Demand 

In the case of heavy traf f ic demand, extra tra ins a re 

: i ke l y t o be a dded . These trains are likely to run heavy, thus slow­

i ~g their speed . The work of these heavy trains may have to b e re­

a s signed so that they will carry fewer blocks, and cert ain yards are 

:ikely to become congested . Th e DMP can pred i ct t he e ffects of 

heavy tra f fic demand so that vario us actions can be implemented to 

re lieve the sys t em . For exampl e , the traf fic normally carrie d by 

tra in 386 can be projected by the DMP to be heavy enough fo r an ext r a 

train 2386. Al t ernatively , the DMP can predict when ya rds become 

c ongested and which blocks are unusually large . Scheduled trains or 

e xtra trains can be ass i gned to relieve con gestion by p i cking up these 

blocks at the appropriate t i mes i ndica t ed by the DMP. Thus, the DMP 

c an be useful in predicting the occur rence a nd nature of unusually 

heavy t r affic, and it can indicate ways to r elieve congestion from a 

systemwide viewpoint. 

c . Shortages of Locomotives or Crews 

GT cannot i nstantaneously change the number of locomo­

tives available for its operations . Therefore, if traffic increases un-

expec tedly, or if there is an unexpected number of l ocomotive failures, 

then GT could have in the short term a shortage of locomotives. In 
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such a circumstance, tra ins are l i kely t o run heavy and therefore 

slower than normal. This i mpac ts the planned dail y cycling of locomo­

tives , since locomotives on trains going in on e direction a r e cycled 

onto trai ns going in the opposite direction. Because t he DMP can pre ­

dict the altered running times of trains, more effective locomotive 

schedul i ng can be accomplished. 

Arriving crews a r e required to rest for a certain 

number of hours before they can work again, a nd they must be notified 

or called two hour s before t he ir next departure. In certain s ituation~ 

for example, when a t r ain is unexpectedly l ate and there is a shortage 

of c r ews, a departing t rain must be delayed until the c r ew is ready . 

The effects of this delay have a systemwide i mpact on operations. If 

the delay is large, the dispat cher may have to r eorder train priorities 

and schedule di ffe rent work for each t ra i n. Because the DMP can pre­

dict altered a r riving and departing times of trains , c rew scheduling 

can b e facilitated . 

d. Track Repair or Outages 

Frequently, porti ons of t r ack are "out" or have " s l ow 

orde rs" for varying amounts of time due to track repairs. These 

track disruptions can significantly affect the running t i me of t r ains 

and severely impact oper ations under conditions of heavy traffic and 

locomotive cr ew shor tages. In such circumsta nces, the network charac­

teristics input to the DMP can be a l tered, a nd the DMP can predict the 

effect of track disruptions, thus allowing the dispatcher to make more 

effective modifications t o the schedule from a systemwide viewpoint. 

2. Overview 

The new dispatching tactical operations planning procedure a nd 

how it fits into the overall dispatching operat i on i s shown in Figure 

12. RAILS is the primar y information sour ce for the procedure; it 

provides current information on yard inven tory and train consists and 

predicti ve interchange and industry data. This RAILS information is 
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input ~o the DMP simulation along with a nominal operating plan, and 

the DMP is run a t the end of each shi ft. The outputs of the DMP are 

then available for evalua tion at the beginning of each shift. These 

DMP outputs predict train movements and consists as well as yard loac­

ings for a shift, assuming that the nominal operating plan were im­

plemented. 

At the beginning of each shift, the DMP predic tions for the 

shift are analyzed and evaluated by a dispatching planner (perhaps t t = 

chief dispatcher). This dispatching planning process involves coord~­

tion with the yard planning process and results in a modified opera t~­

plan (game plan) for the shift . This modified operating plan is the~ 

given to the dispatchers to guide their decisions. It is envisioned 

that this dispatching planning process can be accomplished in less 

than an hour. 

In parallel with the dispatching planning process. normal 

on- line dispatching operations are continuous l y taking place. This 

on-line dispatching process continuous l y monitors and performs the 

minute-by-minute decisions to run the railroad; the outputs of this 

process are train and yard instructions. The on-line dispatching pr~­

cess is aided by direct access to the RAILS data base and by the 

modified operating plan provided by the dispatching planner near the 

beginning of each shift .* This modi fied operating plan is used by 

the on-line dis patching process as a guide; depending on the "real-ti:. 

contingencies which arise, the plan will be further modified and 

adapted to the "on-line" situation . The main purpose of the plan is 

to aid the dispatcher in making decisions that take into account 

present and future systemwide impacts. 

*The tactical planning process takes an hour before a modified operat­
ing plan is produced. During that hour, the on-going dis patching pro­
cess utilizes the "tail-end" of the modified operating plan produced 
from the previous shift. 
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At the end of each shift, the a c tual changes made by the on­

line dispatching process to the modi f i e d operating plan and the reasons 

for these changes are "fed back" t o the DMP simulation in preparation 

fo r the tactical planning process of the next shift . 

3. Detailed Description 

The DMP simulation is run at t he e nd of each shift so tha t 

the DMP outputs can be rea d y for evaluation at the beginning of the 

next s hi ft (see Figure 13). This requires that at the end of each 

shift the following information be input to the DMP: 

• RAILS data on c urrent yard inventory and train consist s , 

and predict ive inte r cha n ge and industry data.• 

• Decisions and operating situations from current 

shift . 

• Nominal s chedule of operations for the next shift . 

Much of t h e RAI LS d a ta will be automat i cally input to DMP; 

a la r g e a moun t of t h e interchange a nd industry data will be obtained 

manually via tel ephone calls to a ppropria t e yards or foreign roads. 

The DMP simulation requires information on the curre nt o perat i on of 

trains that will still be in operation during the next shi f t and on 

an y a bno r ma l system problems (e.g ., track outage s and s l ow orde r s) . 

The DMP a l so r equires a nominal sche dul e of o perations f o r the n e xt 

s h ift. The n ominal schedule is essentially a " g ue ss" on how t h e 

next shift should be run . 

The DMP simul a t ion wi l l process the a bove inputs and produce 

the tra in summary a nd yard summar y as o u tputs. These out puts which 

wi ll be ready fo r tactical pl ann i n g 8t t he b eginning of the next shif t, 

predict yard inventories and train consists if t he no mina l operating 

plan were ac t ual l y implemented. The r esult of this tactical planning 

pr ocess is a new, mo r e a ccurat e, operating plan which can b e considered 
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a modificat i on to t he nominal plan original ly input to the DMP. The 

JOd i f ications to the nominal p lan r esult from traffic conditions, 

o pe rating constraints, and plant conditions not accounted for in the 

:10minal plan. 

The following scenario illustrates the manner in which the t ac­

~~c al planning procedure analyzes and evaluates the DMP train and yard summary 

~atputs a nd produces a modified opera ting plan (refer to Figures 6 and 7):* 

a. Fo r each yard in the yard summary, the time 

at which priority blocks become exceptionally 

large is circled, and the time at wh i c h the 

yard is expected to be conges ted is marked . 

b . Trains predicted to b e either light, heavy, 

o r late are circled and note d on the train 

summary . 

c . Tr ains identified as running l ight are reviewed 

t o see i f they can carry some of the large blocks 

in congested yards identified in (a) . If so, these 

light trains are reassigned to pick up ext r a traffic. 

The start time o f reassigned trains may have to 

change in o rder to pick up the extra traffic ; t he 

expected time at which th i s r eass i gn ed block is 

ready f or pickup can be es timated using the yard 

summa r y . In particular, the yard summary indicates 

for each block the n et change in size of the block 

and the block s i ze as a f unc tion of t ime . By noting 

when cars enter the yard f or the block and estimating 

the time necessa r y to switch t he cars , estimates of 

when the block i s ready fo r pickup can be made. 

*This scenario should be considered a guide to tra ining. Each tactical 
planner will deve l op hi s own me thod fo r effectively using the DMP 
outputs. 
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d. If there are no more t rains available to relieve 

congested yards iden t ified in (a), then extra tra~­

must be schedul ed; their start time is reschedulec 

to relieve yard congestion bef ore the predicted 

congestion time identified in (a). 

e . For those trains predicted to be both heavy and 

late [identified in (b)], a scheduled pickup of 

a block can be canceled and resche duled for pick­

up by a light train . The train summary can indi­

cate candida t e b l ocks (and the ir size) to be can­

celed from heavy trains and potential light t rains 

to pick up the b l ock. If a suitable light tra i n 

is identified, then work is reassigned. The star t 

time of r eassigned trains may have to change to 

wai~ for reass i gned traffic; the expected t ime at 

whi ch this reassigned block is ready for pickup 

can be est i mated us i ng the yard summary and the 

process d i scussed in (c). 

f. If yards are uncongested and a substantial number o: 

trains a re running light [as identified in (a) and 

(b)], the n the "pool" trains in the train summary 

can be canceled one at a time a nd their work r e ­

assigned to the "preferred" trains until all the 

trains are at capacity. Some trains with reassignec 

work may have to have their start time set back i~ 

order to wait for traffic; the expected time at whi ~ 

this reassignment is ready for pickup can be estima : 

using the yard summary and the process discussed i n 

(c). 

In the process of anal yzing the train summary and yard 

summary, any decisions to deviate from t h e nominal operating plan a 

communicated and coordinated with the affected yards. 
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The ou t put of the tactical planning pr ocess is a modified 

o pera ting plan whi ch i s used to a ide the on-line dispatching process. 

This operatin g plan is recorded on a worksheet simila r to that shown 

in Figure 14. In particular, for each tra in the planned call t ime a nd 

departure time is noted. Next, the planned s t ops for the train are 

specified. For each stop, t h e number of cars of each c l assification 

co be picked up or setout is noted. 

C. Ya r d Tactical Planning Procedure 

1 . Goals and Benef its 

Th e purpose of the new yard tactical planning procedure 

des c ribed in this secti on i s t o p rovide yard managers with an 

operating methodology that improves yard performance within the con­

:ext o f a sys t emwi de operating plan . Measures of yard operating per­

~o rmance inc l ude: 

• Transi t time of cars t hro ugh a yard. 

• Amount of "handling" r equired to process each car . 

• Numbe r of blocks or classifications that can be made. 

• Eff i ciency with wh i ch a ya rd can recei ve scheduled i n ­

bound trains and depart s c he d u l e d outbound trains wi th 

the proper classification s and tonnage . 

• Speed and efficiency with which " special" f unct i on s are 

handled (e.g., processing wide loads o r "hot" priority 

car s) . 

Yardmasters affect t he pe rformance of yard operat ions by the 

-~y in whi c h they seque nce tasks for switch engine crews , class i f ica­

:io n track assignments, and negotiate with the dispatch er the depart­

~re time, the classification, and the size o f outbound trains to be 

;;iadeup at the yard . However, the quality o f yard performance v aries 

~ro m day to day because of ma ny factors, inc l uding : 
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• Vari abi l ity of inbo und traffic in t erms of: 

- Tota l number of inbound car s 

- Variations in the destinat i on of inbound cars 

- Arrival times o f inbound cars 

- Orderin g of cars within inbound consists 

• Var i abil i ty i n the qual i ty and quan tity of both local 

and sys t emwide informa t i on available t o yard managers 

• Lack of formal s ys temwide guidelines or procedur es 

for t act i cal yard plann ing 

• Experiences, personal i ties, and difference among 

yard personnel 

• Need to process special cus t omer req ues t s 

• Occurrence of such phenomena as equipment failure and 

labor rel a t ions prob l ems . 

The ana l y s i s of yard operations discussed in Appendix A 

indicates that the proper use of RAILS and DMP information comb ined 

~i th new formal i zed p lanning procedures would have an impact on 

:he performa nce a r eas discussed below. 

a. Transit Times 

The yard tactical planning proced ure requires that 

e xplicit tradeoffs be made on t h e order in which cuts of cars are 

switched so that the maximum number of cars can meet their connec­

tions , thus minimizing ca r detention time. For example, switching 

inbound t r ains in the sequence in which they arrive in t he yard may 

not be the optimum strategy to insure tha t the maximum number of 

c a rs meet thei r ea r l iest connection. Also, t he planning procedure 

requires that the impact of modify ing train schedul e s so that more 

c ars can make a connection (thereb y reducing transit times) be 

e xplicitly considered. 
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b. Handling of Cars 

A poorly planned sequence of switching activities may 

require that cars be reswitched more often than necessary. Excessive 

r eswi tching can reduce yard throughput and increase transit times in 

yards; a second-order effect of excessive reswitching is wear and 

t ear on equi pment and a lowered crew moral e. The yard planning pro­

cedure has been designed to enhance the ability of the yardmaster 

to plan his act ivities for the shift and to organize his switchi ng 

ac tivities so that a minimum amount of reswitching is required. 

C. Quality of Blocking 

Each yard has specified classifications into which out­

bound trains should be separated. In many cases, several classifica­

tions may be going to the same yard. At Battle Creek , for example, 

eastbound traffic classifications to Port Huron include Port Huron 

" boat" traffic, which is destined for CN interchange but cannot fit 

in the tunnel underneath a river between GT's Port Huron yard and 

CN's Sarnia yard and must be ferried by boat, Port Huron "mainline" 

traffic, which i s destined for CN interchange and can go through t he 

tunnel, and Port Huron "propers", which are destined to be delivered 

locally within the Port Huron terminal district . Under saturation 

or high workload conditions, these traffic classifications might be 

aggregated at Battle Creek, thereby requiring reswitching at Port 

Huron. This means increased car handl ing on a systemwide basis. 

Proper yard planning procedures should maximize a yard's ability to 

efficiently switch the classifications necessary for outbound t r ains. 

d. Train Receiving and Makeup 

Cars can b e delayed if an inbound train must be held 

outside yard limits because of congestion of the yard receiving tracks. 

Avoidance of such delays depends on careful coordination between dis­

patcher and yardmaster and on the ability of the yardmaster to 

efficiently swit ch cars thus keeping the r eceiving tracks open . 
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Similarly, outbound trains can b e delayed or be poorly sized if this 

c oordination is poor or if t h e yard is not carefully managed . The 

yard planni ng process will allow the yardmaster to plan a more 

e ffic ient operation and will provide sufficient warning of f uture 

? rob lems so that ear l y coordination between yardmaster and d i spatcher 

c an mitigate these problems. This will enhance a yard's ability to 

receive, makeup, and depart t r ains . 

e. Special Activities 

I t is important t hat spec i al yard duties such as pull­

i ng and spotting riptracks be performe d promptly. Wide loads and 

"ho t" cars often must be spec i ally handled. The i mproper sequencing 

o f this type of work can cause excessive cost, delay to all cars in 

the yar d, and a reduction of yard throughput. The yard planning 

procedures requ i re the yardmaste r to look into the future and ass i gn 

these special activi ties so that they i nterfere mi nimally with the 

switching activities necessa r y to a llow cars to make thej r earliest 

connection. 

2 . Overview 

The new yard t actical planning procedure is designed to 

enhance the yardmaster ' s ability to plan his activities for the e n tire 

shift at the b eginning of the shift. By p roperl y organi zing and 

presenting RAILS/DMP data, more planning time will be available to 

ma ke better sequencing decisions on work assignments. In the new 

procedure, a worksheet has been designed that contains data showing 

which connections al l cars in the yard and car s projected to be in 

the yard must make. This procedure makes the effect of alternative 

seque nces of work more t ransparent to yard managers than it has been 

in the past. The new pro cedure is des i gn ed to anticipate line- haul 

power a nd crew availability and to smooth shift t urnover transition 
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by providing an orderly transfer of knowl edge to the next shift . The 

yard tactical planning process a lso serves as a tra ining process for 

imparting the knowledge of more skilled yardmasters to less skilled 

yardmasters. 

Figure 15 shows an overview of the new yard tactical planni= . 

process. The process begins toward the end of a shift when a 

yardmaster assistant, after consul tation with the yardmaster, fi lls 

in a port i on of the yard planning worksheet . This worksheet organizes 

the inbound traffi c demand in a yard from RAILS advanced consists and 

DMP projections so that i t can be scanned by a trainmaster who can 

detect major trends or special problems readily. The trainmaster 

can then assign nominal connections of blocks o f cars t o schedul ed 

trains and anticipate the need for any additional trains far in 

advance of their required call times. When the ya rdmaster comes on 

duty for the next shift he can then scan the worksheet, discuss it 

with the trainmaster if necessary, and then look at the specific 

standing inventory lis t s of cars presently in t he yard as provided 

f rom RAILS . Using these data , the yardmas ter can annotate his 

worksheet wi th actual connections and ass i gn work to the switch crews 

to balance transit time considerations and car handling facto rs . The 

worksheet can be continually annotated throughout a shift and then 

used as an evaluation and planning device . 

3. Detailed Descri ption 

A detailed outline of the yard tactical planning procedure 

is presented below . It is anticipated that the process will be r e-

fined with l ong-term usage and tha t some of the counts and tabulatioL 

of the yard planning worksheet can eventual ly be filled in automatic­

ally by RAILS computers. 

66 



Y AR DMASTE R ASS 1ST ANT: U se RA ILS to generate advanced consist 
o f inbound t raffic demand. This informa-

tion is placed on worksheet. 

TRAIN MASTER : Use RAILS and DMP projections to outl ine candidate 
general yard o perations for a specified period of time. 
T h is information is add ed to the wor ksheet. 

YARDMASTER : Use RA I LS and DMP information to make switch crew 

assignments and negotia te train requirements with dis-

patcher. Augm ent w orksheet wi th expected work out-
line and train profi le outl ine. 

' TRA INMASTER/ 
YARDMASTER : Periodically evaluate RA I LS/DMP infomiatio n and 

worksheet for formul ation of improved long- and 

short-term strateg ies for yard operation. 

TRA INMASTER/CH IEF 

DISPATCHER : Period ically (e.g., weekly) m odify systemwide sched-

ule to obta in a balance between yard and line- haul 
car hand I ing. 

A LTER ED L INE- HAUL 

CONNECTIONS SCHEDU LE 

F IGURE 15 OVERVIEW OF YARD TACTICAL PLANNING PROCESS 

67 



a. Worksheet Description 

The details of the yard tac tical planning procedure 

are centered about the worksheet shown in Figure 16. We describe 

below the format of the worksheet . 

Left Side of Worksheet - - The information on the left 

side of the worksheet i s as f ollows: 

• Upper-left col umn "Battle Creek Eas t Yard" - - contains 

informat i on on the yard' s turnover. This turnover infor­

mation details the status of the yard at the end of the 

previ ous shift for the new yardmaste r at the beginning of the 

next shi ft . In particular, what i s on the track and the 

number of cars are listed for each track. For example, 

a received train that is unswitched such as Train 512 

with 73 cars to be switched may be on Track l; Tracks 

4, 5, and 6 may contain blocks of ca r s that have already 

been switched, s uch as 9 Flints, 20 Pontiacs, and 14 

Mainlines, respectively. This information is obtained from 

the Yardmaster's Turnover Sheet . 

• Lower- left column, "Engine Delays and Failures" -- contains 

the factors and times the switch engines were unavailable 

for work. This information is useful for an expost facto 

evaluation of why certain things were or were not done. 

Righ t Side of Worksheet - - The information on the rig~­

side of t he worksheet is as follows: 

• Upper- right columns, "Estimated Train and Blocks Outbound" 

list the outbound trains expected to run, their expected 

call times , the expected blocks to be put on the train, and 

the expected number of cars i n each block. An initial estimar; 

of this information is provided by the nominal operating plan. 

The information is continually refined during the yard plann-i nr 

process and through negotiation with the dispatcher . 
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• The middle right column, "Dange r ous Cars" - - provide i nformation 

on the location o f dangerous cars in the yard and on which crews 

h ave been notified of this fact before moving ' the dangerous 

cars . 

• Lower right c olumn , "Ho t Cars, Tra ns fer, Special Moves" - - con­

tain special i nstruct ions for priori t y movement of cars, blocks , 

or trains. Hot cars are a group of cars which must make cer tain 

connections. This information comes from the yard hot sheet . 

Middle o f Worksheet -- Th e various outbound classif ica­

tions and t he i r station numbers are listed along the top o f the 

middle portion of t he wo rkshe et. The fol l owing information can be 

e nte red in the rows : 

• "Tota l Ready to }iove (Switched)" -- lists the total numb e r 

of ca r s that have a l r eady been switched . Within this f i rst 

row t he number of ca r s already switched which are considered 

" ave r aged" are noted. This information i s obtained from the 

yard count sheet . 

• " In Yard t o be Switched" -- l i st for each received train in 

the yard n ot yet swi tched the number of cars fo r each c l ass i fi ­

cat i on . This info rmation i s obtained from switch lists. 

• " Tota l to be Swit ch ed" -- totals t he cars in the yard to be 

switched (i . e ., the sum of entries i n "In Yard t o be Switched"). 

• " Inbound this Sh i f t " list for each future t rain to be 

received in the va rd d uring the shift, the e xpected number of 

cars. Advanced cons i st in formation from RAILS i s used for 

tra ins that have already departed a ne i ghbor ing yard and are 

to arrive in the nPar fut ure . DMP projec t ions are used fo r 

t rains not yet made up and departed. 

• "Total Inbound this Shif t" - - tota l s the cars not presently 

in the yard that a re expec t ed to b e swit ched during t he sh i ft 

(i .e ., the sum of entries in "Inbound t h is Sh i ft ") . 
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• "Total Inventory Handled This Shift" is the total number of 

cars already switched plus the cars expected to be switched 

during the shift (i.e., the sum of rows labeled 1, 2, and 3). 

• "Expected Outbound Movements" - - gives the -totals for each 

classification expected to leave the yard during the shift . 

This information i s obtained from the number in "Estimated 

Train and Blocks Outbound" in the upper-right column of the 

worksheet. 

• "Projected Turnover" -- gives the number of cars by classifi­

cation expected to be in the yard (i.e., row labeled 5 sub­

tracted from row labled 4). 

• "Later Inbounds" -- lists for trains expected to arrive in 

subsequent shifts (not this shift) t h e expected number of 

cars for each classification. This information would come 

from DMP project i ons and is mainly advisory for the present 

shift. 

b. Steps in the Tactical Planning Procedure 

We describe below the detailed yard tactical planning 

procedure in terms of the steps involved in using the worksheet in 

Figure 16. 

Step 1 -- A yardmaster assistant uses a RAILS terminal 

and yardmaster work assignments (delivered verbally to the assistant 

by the yardmaster) to fill ou t data required for yard planning on the 

worksheet. These data are as follows: 

• A projected yard turnover consisting of the content o f each 

track in the form of either number of cars and their classi­

fication or an inbound or outbound train number and number of 

cars. This turnover information is placed i n the upper-left 

columns: "Batt l e Creek East Yard." 
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• The number of classified cars for each block that is already 

switched i s entered i nto "Total Ready to be Moved . " This is 

obtained from RAILS adjusted for the cars that will be added 

or deleted to the track by switching assigned b y the 

yardmaster via switch lists that he has issued through RAILS. 

• The number of unswi t ched cars for each block for each unswitched 

recei.ved train is entered in "In Yard to be Switched." Each 

grouping i s i dentified by train number, i nterchange source, 

or other grouping, s uch as crossover s or industrial movements. 

These block counts will be avai lable f rom previous planning 

sheets for long- standing trains, f rom advanced consist s umma ry 

reports transmitted by RAILS, and from counts off the RAILS 

"list" report. 

• The number of cars for each block on each known inbound train 

is listed by train number, interchange, or industrial connec­

tion and entered in "Inbound This Sh i ft . " Advanced consist 

summaries and lists f rom RAILS are required to get these data. 

Occasionally c ritical data must be obtained by telephone or 

estimated. Estimated data should be followed by "est." 

Step 2 -- A yardmaster fills in upper~right columns , 

"Estimated Train and Blocks Outbound," the scheduled outbound train 

numbers (including any specials or extras) cal l ed by the dispatcher. 

He fills in t i mes and the preferred classif i cations for those trains . 

He then does a preliminary assignment of blocks to those trains. He 

note s any particularl y short connec tion times or train s i zing prob­

lems. The number of cars for each des tination would not be f i l led in 

initially. However, during the process, the sum for each c l assific a ­

tion on each trai n woul d be est imated and noted beside each outbound 

train; these estimates would continua l ly be refined. 
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Step 3 - - The oncoming yardmaster reviews the planning 

sheet for reasonableness. If he spots potential schedule o r conne ction 

problems, he immedi a tely notes and contac t s the dispatcher and /or 

trainmaster to negotiate possible changes or anticipated problems. 

Step 4 - - The yardmaster makes switching assignment 

to his crews by annotating the worksheet. As estimates of the classi­

fi cations and numbers of cars making outbound trains become c l ear, 

he writes the est imates i n the upper-right columns labeled "Estimated 

Train and Blocks Outbound" for each outbound t r ain . Also, the number 

of cars either switched or t o b e switched for each classificati on 

specified in the middle rows is annotated with the connecting outbound 

train number, when this dec i s ion is made. 

Step 5 -- The yardmaster continues to annotate the 

worksheet t hroughout his shift in the manner described in Step 4. 

I nformation on l ater i nbounds i s added throughout the day from RAILS 

advanced consist summaries. 

Step 6 -- The yardmaster continually projects train 

and o ther requirements for 12 hours or so in advance and notifies the 

t r a inmaster/di spatcher of t he des irability o f potential operating 

changes to the nominal plan . Factors that could modify the nominal plan 

from the yard's viewpoint include: 

• Unacceptable bunching of inbound trains. 

• Unacceptable (e . g. , too large) sizing of inbound train. 

• Unusual bl ock buildups (e. g ., too few or t oo many of a 

given classification for a train or track). 

• Unusual car distribut ions in a train (e.g., 20 Flints 

alr eady blocked on a train can leave on thoroughfare and 

b~il d agains t Flin ts immediately). 

• Des irability of running extra trains or cancelling scheduled 

t r ains. 

• Desirabi l ity of mine-running certain tra ff i c from or through 

the yard. 
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Step 7 -- The yardmaster assistant continues to monitor 

a nd u pdate the worksheet. Actua l connections and train compositions 

shoul d be annotated when a train leaves . 

Step 8 A yardmaster ass i s t ant can use the worksheet 

for the next shift by extrapolating turnovers and copying over un­

switched inventory i nformation. 

Step 9 -- The shee t s wil l be stored and saved fo r eval­

uation of schedul e and operat ing policy on a regular basis. 

Step 10 -- Yardmas t ers wi l l compare DMP yard projections 

wi th actual. Di spatcher / yardmaster discussions can center around 

exceptions to the nominal plan. 

Preliminary experience with yard operations has shown that 

i t will be necessary to iterate e xperimental ly on t he bes t t imes and 

persons for the performance of individual tasks in the planning pro­

cedure. Yardmasters and trainmasters who are not used to operati ng 

wi t h formal planning tools mus t alte r their whole modus operandi to 

accommodate the procedures. The natural tendency of yard personnel 

is to continue operating with classical procedures, while regarding 

the planning form as addit i onal recording that must be done over 

an d above their old job. 

With the planning worksheet it is anticipated that switch 

engine work assignments can be made fast er than previously has been 

possible. In a busy situation in the East Yard (e.g., over 1,000 cars 

per day inbound), an experienced yardmaster handling a shift can 

generally take one to two hours to assign four hours of work to two 

switch engines working both ends of the yard . This includes the time 

requ i red to evaluate yard conditions, mark lists, read a turnover list 

to e ach of h is switch engine crews, make lists, and c u t points to the 

crews. Actual assignment of work will take less time with the 

worksheet since switching priorities should be easier to determine 

than in the past. 
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V EXPERIMENTAL EXAMINATION OF TACTICAL OPERATIONS PLANNING PROCEr URES 

A. Goal s and Experiment Organiza t ion 

The on- line experiments of the tac tical planning p rocedures were 

imi,lerr:ented during the week of J uly 25, 1977. The goals of the experi­

ment were to assess t h e vi ability of the procedur es in a r eal operating 

environment and to eval uate i mprovements t o r a ilroad operations. The 

assessment and evaluation were pr edicated on using a quanti tative MOE 

(measure of effectiveness) statistical analysis and obtaining the sub­

jective judgments of GT personne l involved in the experiment. 

Detailed preparation for t he on- line experimen ts began in Janua r y 

1977 , when a preliminary exper imen t plan was agreed on . This plan 

i nvo lved establishing the logistics, communications , and staffing needed 

to run the DMP simulation at GT Detr oit headq uarters and telepr ocessin g 

the DMP outputs to the Battle Creek dispatching and ya rd offices . A 

list of MOEs to be monitored before the on-line experiments and the means 

to obtain them from e xisting G! data sources were devised ; SRI started 

collecting some of these MOEs in February 1977. In March 1977 , the 

main porti ons of the DHP s i mulation were debugged and instal led on GT ' s 

IBM 370/135 computer at Detroit headquarters . In May 1977 , the remainder 

of the DMP simulation conce rned with the RAILS an d teleprocessing inter­

faces were installed on GT. At this time , Mr . N. Lay , !1anager--Opera­

tions Planning at GT, was completel y trained to run t he DMP simulation , 

and selected G~ s t aff began i n-house training in t he tactical planning 

procedures developed by SRI. During the week of June 1 3, 19 77 , a com­

plete " dress - rehearsal" was staged ; GT staff used the tactical planning 

procedures and made "pape r decisions. " (These decisions were not actually 

implemented to run the rai lroad . ) Further training of GT s t aff and cer­

tain r efinements to th e procedures were implemented in J une and July 1977 . 

The operati ons of the experiment invo lved three locations: Detroit 

headq uarters , Battle Creek dispatching office , and Battle Creek yard 
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office (see Figure 17). At Detroit, the DMP simulation was run just 

prior to the beginning of each shift, and the DMP outputs were tele­

processed via RAILS to printers located in the dispatching and yard 

offices. However, before a DMP simulation could he run, operations 

status data for the shift on traffic, train , locomotives, and track 

conditions were obtained over the t elephone from the Battle Creek 

dispatching and yard offices and other field sites. The experiment 

team consisted of SRI personnel who ran the simulation (i.e., "DMP 

operators") and GT personnel who obtained operations status data by 

telephone (i.e.. , "UMP input: anal ys t:s") . 

The Battle Creek dispatching office performed the. dispatching 

tactical planning func t ions, provided operations status data for the 

DM? in Detroit, and implemented dispatching decisions (see Figure 17). 

The experiment team at the. Battle Creek dispatching office consisted 

of GT/SRI personnel who performed the planning functions and phoned 

operations status data to Detroit (i.e., "dispatching planners"), and 

the actual dispatcher who made dispatching decisions (i.e ., "real dis­

patcher"). Prior to the beginning of a shif t the dispatching planners 

would phone operations status data to Detroit; when the DMP outputs 

were received, the dispatching planners would perform the tactical 

planning functions. The outputs of this planning process would then 

be available early in the shift to assist the real dispatcher in his 

decision making throughout the entire s hift. 

The Battle Creek yard office performed the yard tactical pl anning 

functions, provided operations status da ta for the DMP in Detroit, 

and implemented yard operating decisions (see Figure 17). The experi­

ment team at the Battle Creek yar d office consisted of GT/SRI personnel 

who performed the planning functions and telephoned operations status 

information to Detroit (i.e., "yard planners"), and the actual yard­

master who made yard operations decisions (i.e., "real yardmaster"). 

Prior to the beginning of a shift, the yard planners would telephone 

operations status data to Detroit; when the DMP outputs were received, 

the yard planners would perform the tactical planning f unctions. The 
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DETROIT HEADQUARTERS 

Function: Run DMP Simulation 
Staff: 

• DMP Operators - SRI personnel 
who ran DMP 

• DMP Input Analysts - GT per­
sonnel who gathered operations 

·status data for DMP input 

Teleprocess DMP Output 

BA,TTLE CREEK DISPATCHING OFFICE 

Function: Dispatching Planning 

Staff : 
and Decision Making 

• Dispatching Planners - GT /SR I 
personnel who perform planning 
functions and in form Detroit 
of operations status 

• Real Dispatcher - Actual GT 
dispatcher who makes dis­
patching decisions 

Phone 
Operations 

Status 

Teleprocess DMP Output 

BATTLE CREEK YARD OFFICE 

Function: Yard Planning and 

Decision Making 
Staff: 

• Yard Planners - GT/SRI 
personnel who perform 
planning functions and 
inform Detroit of opera­
tional status 

• Real Yardmaster - Actual 
GT yardmaster who makes 
yard decisions 

FIGURE 17 EXPER IMENT LOGISTICS AND STAFFING 
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outputs of this planning process would then be available earl y in the 

shift to assist the r eal yardmaster in his decision making t hroughout 

the enti re shif t. 

B. Operational Scenario 

During the week of July 25, 1977, the Chicago Division line-haul 

trains and the eastbound operation at Battle Creek yard were operated 

for approximately 48 consecutive hours using the tactical planning 

procedures developed during this project . All three shifts wer e 

manned by a GT/SRI experiment tean at Detroit (foLff people per shift), 

Battle Creek Dispatch ing office (two people per shift) and Battle Cr eek 

yard of f ice (two people per shift). The team d i d not include the 

normal operations people at these locations. The DMP simulation 

was run so that output reports would be ready for transmiss i on 

three times per day at approximately 0700, 1400, and 2200 hours. 

At these times the outputs were teleprocessed from Detroit to the 

Battle Creek dispatching and yard offices . 

The General Manager of GT operations issued instructions to all 

operating personnel that t he train schedule and marshalling instructions 

developed fo r each shift by the t actical planning procedures should be 

followed explicitly during the e xperiment peri od . This insured that the 

entire system would be run according to a central plan and that dev i a­

tions from the plan would occur only after being communica ted and 

coordinated wi t h the experiment team. 

The typical experiment events for a shift at each of the three 

locations are briefly described below. 

1. Events at Detroit 

Allhough the tasks of the DMP operators and the Dt1P input 

analysts were performed simultaneous l y, we describe their activities 

separatel y 

The DMP input data acquisi tion n eeded to supplement the RAILS 

data base was done via t e l ephone by two members of the GT staff (DMP 

78 



input analysts). These two analysts were selected because they were 

knowledgeable of GT train operations, the GT physical plant, and the 

GT RAILS data processing system. 

For each shift , one hour before report transmission to the dis ­

patchi ng and yard offices at Battle Creek, the two input analysts 

tested GT data processing and communicat i ons systems . This entailed 

tes ting t he operat ional status of the front - end processor and the three 

operating node computers , and checking on the sta te of the DC0L system. 

It also entailed examining systems control devised a nd the concen tra t or 

that governs t h e CRT and printer functions. The analysts a lso deter­

mi ned whether the field printers in Battle Creek were tested prior to 

transmiss ion to insure proper da ta transmi ssion at DMP r eport time . 

The most important task of the DMP i n put analysts was to obtain 

ad vance consists of traffic fr om industry and interchange. GT yar d­

mas t ers and clerks at Elsdon, Blue Island, Flint, and Port Huron we r e 

contacted by telephone t o get the latest information and counts on 

actual and e xpected car arrivals. If, a t DMP run time, such informa-

tion was not available through GT channels, fo reign roads were consulted 

by tele phone . 

The analysts collected railroad systems s tatus data as well. 

For each s h ift , calls were made to the dispa tcher a t Ba ttle Creek to 

i nquire about known operational changes to the network and th e tra in 

schedule . Network modifications ofte n included delays in one di rec tion 

ove r a certain stretch of the road to account for track maintenan ce , 

either for the e ntire simulat i on period or for a s horter time inte rval. 

Trai n sch ed ul e changes, for the most part, consisted o f c anceling trains, 

changing block pickups and se touts, a ltering train makeup time, or 

chan ging a tra in' s final des tination. 

Input anlaysts had from 30 minutes to 50 minutes each s hift 

to a cquire and evaluate operat iona l c hanges, a dva n ce cons i st, and i n­

dustrial and interchange traffic data . 
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During the experiment, preparation of input cards and DMP 

program execution were handled by two DMP operators . As exact l y one 

hour before scheduled DMP report transmi ssion time, one of the operat ors 

would "freeze" the RAILS data base, and a program was initiated to 

scan t he data base for pertinent yard and train car records. Scanning 

the data base can take from 15 minutes to 30 minutes, depending on the 

load of the computer system. 

While t h e scan of the RAILS data base was going on, the other 

DMP operator would discuss with the analysts industrial and inter change 

data and changes to the network and train schedule. Input cards were 

prepared by the DMP operator as necessary. 

Upon completion of the scan of the RAILS data base, the DMP 

operator executed the DMP car record processing programs. These pro­

grams produce the DMP compatible input files from the RAILS data base. 

With all DMP input files estabished, the s imulation was run and upon 

its comple t ion yard s ummary and train summary reports were generated. 

The DMP simulation itself took about 10 minutes to run. 

DMP analysts would then examine and evaluate the yard and t r ain 

reports and check them for data consistency. If these reports met wi t h 

their approval, they wer e teleprocessed by one of the DMP operators to 

the yard and dispatching offices in Battl e Creek. 

The amount of time and effo rt required per shift for processing 

the RAILS data base, obtaining additional inputs via telephone calls, and 

executing the various DMP programs fluctuated from 55 minutes to 75 

minutes . These times include data and report evaluations . 

2. Events at Battle Creek Dispatching Office 

About two hours before DMP report transmission from Detroit, 

the dispatchin g planner gathered information about the state of the 

railroad n etwork; this information included which tracks were out of 

service or had slow orders (e.g., for track maintenance), and for what 

periods of time . The dispatching pl anne r also determined what devi ations 
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f r om the previ o us sh i f t's tactical plan had taken p l ace . He d i scussed 

with the dispatchers whether any speci a l constrain ts (e.g., hot cars 

or special movements) might determine what trains would or would not run . 

At a p proximately one and one half hours before DMP report 

transmission, the dispatching planner discussed with the yard planner 

the status of the Battle Creek yard and dispatching operations . Approx­

imately one hour before DMP report transmission, the d i spatchi n g 

planner called the ill1P input analyst at Detroit to provide i n forma t ion 

for the curr ent shift's DMP run. After this call was made, a test 

mes s a ge was sent over the teleprocessing network to e nsure that t he 

f ield printers and communication lines were properly operating. 

After the t e leprocessing of the DMP reports began, it took 

approximately 30 minutes to completely prin t out the DMP train s ummary 

and yard summary reports. During the n ext 45 minutes to 60 minut es, 

the dispatching p l ann e r analyzed the repor t s in a manner similar to 

that described in Section IV. During t h is process the dispatching 

planne r fo und out from the dispatchers the availabi l i t y of power and 

c r ews. Decisions on what trains woul d run, when they would run, what 

they would carry, and what pickups and/or setouts woul d be made were 

recorded on the t r ain instruc t ion s hee t (see Figure 14). 

After the train instruction sheets were f illec out, another 

tel ephone call was made to the yard planner . The dispatching plan as 

represented by the train instructio , s heet was negotiated and modified 

as necessary based on yard capabilities . After this was done the train 

i nstruction s h eets were given to the dispatchers who r an the railroad 

according to the developed p l an . 

The dispatching p lanner retained a copy o[ the train instruc­

tion sheet on which he recorded observations during the remainder of 

the shift on how well the plan was followed and why deviations, if any, 

occurred. A train's actua l load was recorded for later comparison with 

a train's predicted l oad. 
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3. Events at Battle Creek Yard Office 

The yard plan preparation period generally started about 

three hours before DMP report transmission. At that time, the yard 

planner (with the ass i stance of the yardmas ter) began t o gather the 

necessary information to fill out the yard planning workshee t (see 

Section IV.C and Figure 16) . This information was obtained from turn­

over s heets , constant updates of yard inventories from the yardmaster, 

advance consist block summaries, and i nterchange data. 

Approxima t el y one and one half hours before DMP report 

transmission, the worksheet was fille d out as completely as possib le 

without DMP predictive informa tion. At that time the yard planners had 

a pretty goo d idea of the state of th2 yard. A telephone call was then 

made to the dispatching planne r at the dispatching offi ce to s hare 

i nformation. Af t er this telephone call the field printer was tested . 

Until DMP reports were received , the yard planner continuously 

modified and update d the yard worksheet as new information was obtained. 

When the DMP reports were r eceived, those portions of the worksheet 

dealing with planning operations f ur ther ahead in time could be completec 

A new yardmaster normally a r r ive d for the next yardmaster shif: 

at approximately the time the DMP reports were received. As soon as 

possible the new yardmaster received a copy of t he worksheet started 

by the yard pl anners and the departing yardmaster. This worksheet con­

tained yard turnover information as well as outbound train projections 

and status information on s t anding or known inbound trains. Outbound 

train proj ections s pecified desired schedul ed departure times and their 

preferred classifications. 

Upon rereipt of this worksheet, the new yardmaster assessed 

the yard condition and ascertained whether he could make the necessary 

connecti ons to meet the projected outbound train schedules. This initi&: 

assessment took approximate l y 10 minutes . 
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After the initial assessment, the yardmaster scanned the switch 

lists to make work assignments. Initial work assignments to the switch 

crews normal ly took about 30 minutes to 40 minutes, including swi tch 

list inspection and reading work inst r uctions to the crews. Occasion­

ally, switch l i st generation was late, which delayed the work assignment 

task and forced the yardmas ter to speculate on the connections f or the 

un l isted inbound traffic since the exact distribution of the train' s 

cars by outbound d estination was not known. 

After handing out the swi tching work, the yardmas ter then up­

dated his worksheet with n ew in formation on any inbound trains. (The 

updating of the worksheet is a continuing process.) Next the yardmaster 

updated his projection of o utbound train s izes. This took about 15 

minutes to 30 minutes. 

Approximately one and one half hours after the receipt of 

the DMP reports, the yard p l anner telephoned the dispatching planner 

to indicate changes he wanted to make in the schedule. The dispatching 

planner indicated agreement or disagreement with the changes and any 

other useful da t a he might have. This telephone call generally took 

less than 5 minutes. 

Toward the end of the shift the yardmaster a nd the yard planne r 

projected a fairly accurate turnover and started a new workshee t that 

would be turned over to the next ya rdmaster. 

C. Eval uation of Results 

The evalua tion of the results o f the e xperiment is discusse d bel ow 

in terms of dispatching ( i.e ., l ine-haul) and yard management. 

1. Dispatching 

a. Evalua tion Pl an 

To determine the effect of tactical operations planning 

on improving di spatching and line- haul operations, the following plan 

was devised: 
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• Monit or the effect of the tacti cal planning 
procedures on a selected set of MOEs 

• Determine accuracy of predictions of the planning 
procedures 

• Obtain t he subjective judgments of operational personnel 

A prel i mi nary set of MOEs was developed assuming no practi­

cal diff i culties in obtaining the data. This preliminary set of MOEs was 

refined and modified based on a study of what data are currently avai l ­

able and could be processed from the existing GT recordkeeping and re­

porting sys tem. For those MOEs that were considered important yet not 

easily available, special provision was made to obtain the da ta. The 

eight MOEs se l ected are listed and defined in Table 5. Most of them 

were moni tor ed both for the six- month period prior to the experiment 

and during the experiment. The plan was to determine whether the pro­

cedures used during the experiment period improved the performance of 

the railroad as meas ured by the MOEs. 

Cri tical to the s uccess of the tactical planning proce­

dures was the accuracy of the predictions. If the predi ctions of DMP 

were suffici ently accurate for 8 to 12 hours in advance, then the 

planning procedures were likely to be useful and effec tive. For this 

reason, the second part of the evaluation plan was to determine quanti­

tatively the accuracy of the predictions. 

In many ways, the acceptance by operations personnel who 

implement new railroad procedures, is the true test of whether these 

procedures are useful and effective. Operati ons personnel can provide 

the "gut- level" evaluation, which in many cases is more important than 

any quantitative evaluat i on. If operations personnel do not think the 

new procedures will work, then they wil l not work, since ultimately they 
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Table 5 

RAILROAD OPERATIONS MEASURES OF EFFECTIVENESS 

Measure of Effectiveness 

Terminal detention time 

Average train speed 

Gross t on miles per train hr 

On- time record at destination 

Gross tons handles per engine 

Cars handled per train 

Cars handled per yard engine 

Yard detention time for specific 
pool cars 
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Definition 

Di fference between actual and 
ordered train depa r ture times 

Total trai n miles/total t ransit 
time 

Total gross ton miles/total 
transit time 

Difference between actual and 
scheduled trai n arrival time 

Total gross tons/tota l engine 
horsepower 

Total number of cars eit her 
pickup or setout 

Total cars handled/total yard 
e n gine hours 

Diffe r ence between time in and 
out of Battle Creek yard for 
specific pool cars 



determine the success or failure of any new operational procedures. For 

these reasons the subjective judgments of the dispatchers and yard masters 

were considered an important part of the evaluation plan. 

b. Results 

The results of the MOE analysis is provided in Appendix B. 

In summary, it was found that the MOEs exhibited a wide range of vari­

abilities in the six-month period before the experiment, that is, 

the statistical variance was large. These l arge day-to-day variabilities 

were caused by variations in traffic condit i ons, weather, power and crew 

availability, and network disruptions, which are outside the control of 

the experiment. Because of such variabilities the effect of the planning 

procedures of the MOEs monitored during the experiment were completely 

masked and undetectable. A further statistical analysis was conduc ted 

to determine the number of experiment days necessary to detect a 10% 

change in each of the MOEs. In some cases, the number of days ranged 

from approximately 30 days to 150 days; and in other cases the MOE data 

were so random that an excessively large number of experiment days would 

be required to show s tati stically significant results. 

During the experiment, the t act i cal planning was done 

routinely 8 to 12 hours in advance (which was the goal of the project) 

and in some cases 16 to 20 hours in advance . For dispatching, the major 

factor in prediction accuracy was the ability to predict far enough the 

total train size and the block counts on the trains. Figure 18 shows a 

histogram of the prediction errors fo r total train size and train block 

counts where the average value of the absolute prediction error for 

train size 19% and for block counts is 26%. For purposes of planning 

b to 12 hours in advance whether a train will or will not run and what 

blocks will be on it, these accuracies were considered satisfactory . 

Most of the trains had accuracies better than these averages; the average 

errors were increased by a small set of trains whose errors were l arge . 

The large e rrors for these small set of trains were caused by imperfect 
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inter change and industry informa tion. Because the dispatching planner 

knew which inte r change and indus try data were likel y to be bad, in the 

planning pr ocess he knew wh i ch trains were likely to have larger uncer­

tainties i n their predictions. Consequently, the dispatching planner 

coul d make contin gency plans for these trains, in the planning pr ocess, 

that i s, he could make provisions to add extra " fill" cars. Because 

the dispatchin g planner knew which trains were likel y to have predic­

t ions inaccuracies, he was able to compensate so that the planning 

process was viable. 

On last day of the experiment, a debriefing meeting was 

held to obtain the opinions of all those who participated in the experi­

ment . The GT dispatchers and yardmasters on the experiment team who were 

skeptical at the beginning of the project , were uniformly positive during 

the debriefing . Their main points are summarized as fo l lows : 

• The experiment proved the feasibility of tactical planning and 
systemwide coordinat i on . 

• The experiments s howed the importance of having dispatchers and 
yardmasters work from a common man i fest schedule or " game plan." 

• The planning pr ocedures coo rdinated dispat ching and yard opera­
tions so that counterproduct i ve activities were minimized and 
thus made a more e fficient operation f r om a cost and resource 
viewpoint. 

• The planning procedures should provide more cons istent service 
for customers since everyone is working from a central pl an and 
deviations are coordinated. 

c . Concl uding Remarks 

The experiments were successful in the sense t hat they 

proved t he feasibility of implementing the tactical planning procedures 

devel oped during the project. Althoueh we were not able to demonstrate 

conclusively through a stat is tical MOE analysis that railroad ope r a t ions 

improved, operational personnel fe l t tha t if dispatching and yard opera­

tions were planned a nd coordinated, more consistent service could be pro ­

vided with more e ffective util i zation of railroad resources. 

88 



The e xperiment and the associated "before" and '\:furing" 

MOE anal ysis (see Appendix B) indicate that more research needs to be 

done in s electing an approp riate set of MOEs that is r easonab l y obtain­

able using exist i ng railroad reporting procedures and data bases , and i.n 

performing a statis t ical experimen t design analysis to ensure that the 

cause of the day-to-day variations can be f acto red out and that the 

e xpe riment sample size is suff iciently large . 

2 . Ya rd Managemen t 

a. Evaluation Plan 

The yard-related activi t i es associa ted with the tactical 

planning experiments carried out during the week of 25 July 197 7, were 

centered on using the yard worksheet planning procedures (see Section IV 

and Appendix A) t o make yard operations more e f f i cient and to coordinate 

systemwide decisions being made at the c hief dispatcher's office . To do 

this well, t h e yard p l anning process had to meet its initial design 

objectives, which were to : 

• Consolidate the p l anning information available to yar d perso~nel. 

• Formalize the shift-to-shift transfer of yard planning 
information . 

• Formalize yard-dispa tcher negotiations. 

• Use RAI LS and DMP to extend yard p l annin g capabilities up 
to 20 hours ahead of a given s hi ft changeover. This in­
cludes l i sting information on (1) inbounds up to 8 hours 
in advance o f thei r expected arr i val s, (2) yard tracks and 
block inventories , (3) outbo unds p l anned from Battle Creek 
up to 20 hours ahead of their forecast call times. 

The e xperiment lasted slightly over two days and included 

seven consecutive 8- hour shi fts of yard oper ation s . A 4-hour plan pre p­

arati on period preceded that star t of each shift, during which a planning 

worksheet was prepared for the incoming yardmaster by the GT/SRI yard 

planner. The worksheets included available inboun d and yard inventory 

informa t i on, certain block c onnections that appeared obvious to the 

exper iment controll er team, and the outbound lineup prepared d urin g the 

previous shift. The worksheets were numbered to correspond to each 
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planning period and the shift during which the plan was to be deployed. 

Table 6 lists the planning periods and their corresponding preparation 

and deployment periods by meeting time and date. 

b. Results 

Excution of Planning Process--The description of the typ i~ 

events at the Battle Creek yard office during the experiment (Section 

V. B.3) documented several s ignificant changes in the execution of t h e 

planning process discussed in Section IV. C.2. These included: 

• The execution of the trainmaster role by GT yard 
controllers and yardmasters. 

• The execution of most yardmaster assistant tasks by 
SRI/GT controller teams. 

• The entering of DMP inputs to the yard planning pro­
cedure indirectly (through dispatcher inputs) with 
RAILS and telephone contacts supplying most inbound 
block information. 

• The deletion of certain calculation features of the 
yard planning worksheet. 

• The use of nominal schedule information to anticipate 
the need for trains beyond the yard ' s immediate 
planning horizon as determined through RAILS, DMP, 
and dispatcher input. 

These changes evolved somewhat naturally during the first couple of shi:~ 

of the experiment. 

Yardmaster participation i n the overall planning process 

ranged from perfunctory to enthusiastic. However, all yardmaster 

participants were willing and able to perform thoughtful and deliberate 

block connection and outbound train forecasts from whatever inbound, 

yard inventory, and outbound information was available during each 

planning period. The relatively ine xperienced yardmasters tended to 

revert r ather quickly to their usual lists and c Junt s heets for block 

and track information when traffic became heavy or moved in an unorth­

odox manner. Experienced yardmasters generally attempted to "run the 

yard" from the worksheet in addition to performing the required planning 

tasks. 
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Planning 
Period 

1 

2 

3 

4 

5 

6 

7 

Table 6 

YARD PLANNING PERIODS 

Plan 
Yard Planner Development 

Prepa r a t ion Period Shift 
(h r ) (hr) 

1200 - 1500 1500 - 2300 

1900 - 2300 2300 - 0700 

0300 - 0700 0700 - 1500 

ll00 - 1500 1500 - 2300 

1900 - 2300 2300 - 0700 

0300 - 0700 0700 - 1500 

ll00 - 1500 1500 - 2300 
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Date 
(1977) 

25 July 

25- 26 July 

26 July 

26 July 

26-27 July 

27 July 

27 July 



:ie ;i:.a:::::.~g ;::'!"ocess c:ic , i :! :ace, co::so::.idace yard ;:,:.a:::.:::.~g _-:_:::--...2:io:i 

an<i fo -cma1.i.ze .:h e .:.-cansfe-r of. s uch i.nf.o nnation between h :. :: :;; . a:.:.nough 

it was felt that the presence of experienced yardmasters a s "yard con­

trollers" contributed greatly to the latter objective. They were most 

enthusiastic about the opportunity to establish communi catio n between 

ya rd and dis patching functions in a more structured, streamlined manne r 

and felt that the ultimate success of a production version of the planning 

process would hinge on retaining this capability. 

Inbound Information--In order to extend the outbound train 

planning capabili ties of the yard up to 16 hours from a given shift change ­

over, i t is necessary to provide yard planners with complete and accura t e 

advance consist inf ormation on all major inbound blocks expected during 

the sh i ft. These data are listed in the "Inbound This Shift" s ection of 

the yard planning worksheet (Fi gure 16). Yard switching requirements can 

then be estimated 8 to 16 hours in advance, which is 8 hours longer than 

current yard procedures allow. Inbound block information during the ex­

periment came primarily from RAILS advance consists forwarded by GT ' s 

Chicago area yards and telephone calls made to l ocal industry and i nter­

change so urces and to nearby nonmechanized GT stations. Other, limited, 

block i nformat i on came f rom the Chicago Railroad Terminal Information 

System (CRTIS) and DMP . Two sets of information came in sufficiently far 

in advance to be listed in the "Later Inboun d" section of the plannin g 

sheet (Figure 16); one of these a CRTIS r epor t on a "run- through" train 

coming from the I CG--was ove r 90% a ccurate and nearly 20 hours ~arly . 

A summary of the amount of inbound train information avail­

able for each planning period i s shown in Table 7. Local and industrial 

interchange movements are not shown . The "Inbound Planning Horizon" 

i s defined as the amount of time after the start of a shift for which 

the identity and size of all major line-haul blocks entering the yard 

are known with reasonable (60%-70%) accuracy. (It can also be defined 

as the earlies t expected train arrival at the yard after the start of 

the shift fo r which advance consist is miss in g.) In pe riod 3, for 
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Table 7 

INBOUND TRAIN INFORMATION SUMMARY 

Planning Peri od 

1 2 3 4 5 6 7 

Line-haul trains arriving 
during shift 2 2 3 3 2 2 2 

Trains without advance 
+ 1 § inbound block information 1 "' lt 0 3T 0 0 

Later inbounds--very 
advanced i n f ormation 0 1 0 0 1 0 0 

Actual inbound planning 
horizon S+hr 8+hr 7 hr 0 hr S+hr 7+hr 4+hr 

Ideal planning hori zon 8 hr 8+hr 8 hr 8 hr S+hr 8 hr 

No advance consist was received via CRTIS on 386, a run through 
train from the MoPac . 

8 hr 

tTrain 522 , a Kalamazoo local had not departed its o ri ginating 
station a t the end of the planning period, a nd therefore, advance 
consist info rmation was not available thro ugh RAI LS. 

+No advance consist inf ormation was received via CRTIS on trai ns 
370 and 386 . Furthermore, a clerical mix-up in forwarding the list 
of 432 occurred . This mix- up may have been due to a restaffing of 
the yardmaster position at the last moment. 

§No list was received f or the " e xtra" 432 at Battle Creek although 
computer records show that a lis t for thi s train was transmitted . 



example, the horizon contains all three inbounds during the shift, wi th the 

latest of these arriving seven hours after the shift started. However, at 

the beginning of period 2 there were only two trains inbound toward the 

East yard: 398 and 522. Only information for 398, the first train, due 

at 0200, was available before 2300, making the planning hor izon three hours . 

Tr ain 522 was a local from Kalamazoo (approxi mately 25 miles f rom Battle 

Creek) carrying a significant amount of traffic. However, the train has 

not departed the originating station at the beginn ing of the shift an d 

therefore the data were not yet en t ered into RAILS. 

Occasionally, data on trains were available more than one 

shi ft in advance of actual arrival. These trains are labeled " later in­

bounds" in Table 7 . Such advance consist information may be more readily 

available i f railroad-to-rail road data exchange mechanisms, such as CRTIS , 

are more effectively used. 

The inbound planning horizons shown in Table 7 are those 

actually achieved during the experiment. The missing train informat ion in 

period 1 was expected because of the transition period at expe r iment start­

up time. The missing train information in period 4, however, appears to be 

due primarily to difficulties in communication and coordination among the 

experiment personnel. The CNW interchange train 370 was a relatively new 

train during the experiment period. The CNW was not yet providing input 

via CRTIS for this train, and the experiment team was not able to provide 

time l y, a lternate procedures to obtain the necessary advance consist infor­

mation from CNW. Also, the MoPac inter change train 386 was operated with­

out advance information furnished through CRTIS as GT had expected . Con­

sequently, throughout t he experiment, advance consist information on 

trains 370 and 386 was missing or delayed, and th us the planning accuracy 

was less than it should have been . On one day, however, advance consist 

in formation on 386 was entered at Blue Island by GT personnel in sufficient 

time to be of use f or planning purposes. 

Periods 1-3 and 5- 7 are r epresentative of currently achiev­

able planning horizons; no special alterations to the procedures used in 

operating RAILS are necessary. Table 8 contains additional est i mates of 

the accuracy with which the sizes of each inbound block could be es t imated 

during the planning period. 
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Table 8 

INBOUND PLANNING ACCURACY SUMMARY 

Pl anning Period 
(Planned Arrivals/Actual Arrivals ) 

Bl ock 1 2 3 4 
;'c 

5 6 7 

Mainlines 15/51 0 / 9 12/28 0/48 19/31 19/36 18/25 

Flints 1/22 31 / 33 63/63 0 /46 23/23 45/45 15/21 

Durands 3/16 0 / 4 29/29 0/13 7/7 3/6 2/10 

Lansings 4 /2 7 22 / 20 8 / 10 0/12 14/14 0/0 14/14 

Detroits 1/22 18/ 28 7/13 0/18 5/5 1/4 4/15 

Pontiac 3/12 11/14 8/13 0/13 8/8 1/1 717 

Total 2 7 /150 82/ 108 127/156 0/150 76/88 69/92 60/92 

Percentage 18% 76% 81% 0%t 86% 75% 65% 

i, 

Period 4 had some disturbance due to a track outage tha t was not 
communi cated to experiment personnel. 

tone list was mishandled dur ing period 4 , probably as a r esult of a 
staffing change. A new CNW interchange Lrain began ope ration prior 
to the experiment without procedures to obtain advance information 
being operational. Also, the MoPac interchange train advance infor­
mation was not furnished via CRTIS. 
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The pl anni ng process was able to provide up to 8 hours of 

i nbound block information during periods 3, 5, and 6--that is t hose 

peri ods in which block info r mation was on hand for all inbounds expected 

that shift . Inbound data in periods 2 and 7 were sufficient for outbound 

pl anni ng and f or forecasting the probabili t y of certain trains, given 

normal city, local, and interchange delivery. However , the t hree missing 

consists in per iod 4 serious l y impaired the planning capability of the 

yard team and ser ved to divide the experiment into two separate parts 

that included periods 1-4 and 5- 7. 

Yard I nven tor y Information--Yardmaster or yard controller 

estimates of the yard invent ory after each switching shift were used to 

fill out the "Ready to Move" data for the planning sheet about two hours 

be fore each shi ft changeover. This presented no significant problems in 

the execution of the planning process and did not adversely affec t the 

t i ming or accuracy of the plans formula t ed by the yard team. 

Outbound Activity-- As an input to the systemwide power, 

crew, and train status deci sions, required of dispatching personnel during 

the tac tical planning process, it was important for yard planners to be 

able to forecast the need for outbounds from Battle Creek from 12 hours 

to 20 hours after a given plan pr eparation period. Al l initial outbound 

b l ock size es timates shoul d be available within a 16- hour horizon; trains 

leaving wi thi n a 12- hour horizon should require only block size correc­

tions by the yardmaster. Explici t block connection forecas ts shoul d 

t herefore be available for outbound movements planned up to 12 hours 

after each shift changeover time. 

Table 9 summarizes the pl anning horizons availabl e for 

initial es timates of outbound train size and departure time fo r each 

period; Table 10 s hows the train size and departur e time accuracy of 

the initial estima t e for each major eastbound train leaving during t he 

experiment . Certa in trains, s uch as 432 , were turnaround trains and 

hence could be anticipated without making accurate block estimates . 

Other trains, s uch as 388 on July 26, 1977, were projected on the basis 

of an exact predict i on and a yardmaster 's e xpe rience that he would have 

more traffic for the train later. 
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Table 9 

OUTBOUND ACTIVI TY 

Plannin g Period 

1 2 3 4 5 6 7 

"· Actual outbound horizon 9 13 14 11 15 16 12 

Idea l outbound horizon 16 16 16 16 16 16 16 

*Re f ers t o hours in advance of time when initial outbound consist 
sizes can be estimated . 
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Departure 
Day 

July 25, 1977 

July 26, 1977 

July 27, 1977 

July 28, 1977 

,~ 

Table 10 

TRAIN-SPECIFIC OUTBOUND ACTIVITY 

Initial 
Plan Estimated 

Train Preparation Order Estimated 
Number Time Time Size 

392 1330 1700 71 

* 430 1330 1745 45 

394 1330 2000 100 

384 2130 0200 77 

386 2130 1000 44 
;'( 

432 0500 1200 79 

430 0500 1745 39+ 

384 0500 1200 80 

i, 
388 0500 1800 46+ 

394 1330 2340 81 

386 2130 1000 90 

* 432 2130 1200 61 

384 2130 1200 90 

-J, 
430 0500 1745 26+ 

·'· 
388 0500 1800 86 

384 0500 2000 41+ 

Order 
Time of 
Actual Actual 
Consist Size 

1700 76 

1745 48 

19 30 102 

0330 95 

1000 79 

1200 80 

0025 49 

1430 76 

1930 79 

2340 85 

0800 90 

1200 72 

1200 91 

1830 53 

2000 85 

0145 89 

The "need" for this train was actually known up to 8 hours before the 
initial plan preparation time. Planners felt the initially estimated 
consist size was virtually certain to increase-- usually by 30 or more 
cars. 
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Not s urprisingly, t he outbound planning horizons were 

found to vary directly with the inbound planning horizons for each period 

(Table 7), which in turn were related to the amount of advance inbound 

informat ion on hand during the planning period. The desired planning 

horizon (i.e., 12 hours to 20 hours in advance) for outbound train 

departure times and outbound block sizes were a ttained in periods 5 and 

6 and were very nearly approached in period 2. In period 5, it was 

possible to forecast a need for a train (388 ordere d at 2000 on July 27) 

nearl y 20 hours before its est imated order time; an accurate initial 

es timate of the block composit i on and size of the train was available 

about 15 hours in advance. Railroad personnel indicated that on this 

occasion, sufficient advance information was available to enable a crew 

to deadhead from elsewhere on the GT system in t i me to meet the ordered 

departure time had a crew not been available in Battle Creek. Thus, 

train 388 was planned far enough in advance so that crew and power 

resource s could be arranged for the trai n without unduly straining 

sys t emwide operations, and it was forecas t from information normally 

available through RAILS. 

The accuracy of initial train size estimates was highest 

during periods 5, 6, and 7 . Furthermore, in these periods some trains 

we r e predicted fur ther in advance than they were in e a rlier periods . 

Improved exper i mental procedures developed as t he experiment pro­

gressed and the cons i stent availability of inbound information were 

critical to the ability to forecast outbound activity far enough in 

advance to meet the design objectives of the experiment . From this it 

was learned that the yard tactical planning process can only function 

with a continuous stream of good RAI LS data a nd a mechanism £or feeding 

that data to the yardmaster . 

The planning accuracy o f outbound block activity is shown 

in Table 11 for blocks expected to depart during the seven, two-shift , 

16-hour planning horizons defined by each planning period. The top 

entry in each cell denot es the rat i o of planned to actual departur es 
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TablP. 11 

OUTBOUND PLANNING ACCURACY 

Block 
Flints Mainlines 

Current 100/76 
Period 

1 
Next -/0 
Peri od 

Current 22/0 
Period 

2 Next 0/30 
Period 

Current 25/30 
Period 

3 Next 41/47 
Period 

Current 47/ 47 
Period 

4 
Next 0/0 
Period 

Current 0/0 
Per iod 

5 Next 71/82 
Period 

Current 84/82 
Period 

6 Next 42/49 
Pe r iod 

Current 48/49 
Period 

7 Next N/A 
Per i od 

Current 54/276 
Period 

Ave_rage Error Ratios 
Next 54/208 
Period 

Average 19.6 
Error 
Per centages 26 . 0 

A dash(- ) indicates no blocks planned . 

N/A = Not applicabl e . 

26/26 

-/68 

55/68 

0/12 

14/12 

0/42 

4 7 /42 

0/0 

0/0 

62 /46 

60/46 

24/72 

72/72 

N/A 

34/266 

172/240 

12 . 8 

71. 7 

100 

l,1 

Period 
DTSL/ Period Error 
Detroits Error Ratio Per centages 

0/0 24/102 23.5 

0/0 - /68 N/A 

0/0 35/68 51. 4 

52/80 70/122 57 . 4 

79/80 8/122 6.6 

0/0 48/89 53 . 9 

0/ 0 5/89 5 . 6 

0/0 0/0 0 

0/ 0 0/0 0 

61/70 34/198 17.2 

72/70 18/198 9 .0 

0/0 55/122 45.1 

0/0 1/122 0 8 

N/A N/A N/A 

3/150 

37/150 

2 

24 . 6 

- -===----- - -
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f or each block during the indicated planning- period; the bottom entry 

denotes the value for the period i mmediately following. The ratios 

o f the number of e rroneous planned de partures to the actual departures 

summed over all seven planning periods for both "current period" and 

"next period" outbounds are also given. This was done to eliminate 

the possibil ity of high and l ow estimates for a block cancelling each 

other. The period error ratios and percentages were aggregated over 

all three blocks for each o f the seven periods. 

Overall, curren t period err or percentages were found to 

be good, except for the Flin t block, whi-ch had to be unexpectedly re­

sche duled out of Battle Creek during periods 1 and 2 to accommodate 

t rack maintenance in the Flint area. However, for the last four pe riods 

o f the experiment, y a rd planners were regularly within± five cars in 

f o recasting o utbo und block sizes during the "current period , " whi ch ex­

tended from 2 hours t o 12 ho urs after the planning was actually per­

:ormed . The only exception was the Mainline block estimate of per i od 6, 

wh ich was 14 cars high due to a missed connect i on with an inbound local 

d e liver y . 

Historically , ya rdmasters have only tried to switch every­

thing standing in their receiving yard at the beginning o f their shift. 

Hence , given a procedure f or es timating outbound block sizes , their 

e stimates can be fa irly accurate. The process of making these estimates, 

however, i s new to the yardmaster. 

In t he past it would have been virtually impossible for 

yard personnel to pred i c t consis tently and accurate l y the next - shift 

( 8 to 20 hours in advance ) o utbound movements since the RAILS/DMP data 

and planning process d e scribed herein is critical to such prediction s . 

The Flint a nd Detroi~ blorks were predicted with a good overall error 

percentage . A susta ined next - shift error pe r centage of less than 30% 

ap peared acceptable and attainab le. 

Mainl i ne erro r percentages were higher than desired because 

of the following factors : (1) one consist l i st was mishandled in period 4; 

(2) trains had t o be rescheduled aro und maintenance in the Flint a rea; 
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(3) a new CNW interchange train began operation a relatively short time 

before the experiment; and (4) advance consist information was not avail­

able via CRTIS from MoPac. The maintenance probl em in the Flint area was 

not communicated to the experiment team during preexperiment meetings. 

This affected the second planning period but was accommodated by the 

planning process on subsequent shifts. Maintenance essentially closed 

off a section of mainline track for six hours or so in the early morning . 

A l engthy , indirect routing was used on at least one occasion to run 

around this section of track. 

Table 12 shows how yardmaster connection forecasts during 

periods 5, 6, and 7 progressed through consecutive planning periods to 

their actual departures. The last three periods were chosen because 

inbound lists were available for all but one train, and departures 

could therefore be forecast 12 hours to 20 hours (or two peri ods) in 

advance. Accurate data were also available through railroad sources 

on actual connections made in Battle Creek that day. The table shows 

how blocks were switched between planning periods to meet yard/system 

realities that shifted between planning pe riods. Note, for example, 

how the block of Flints inbound on 386 were initially assigned to move 

out on 384 but switched during period 6 to move out on 386. The block 

size estimate also changed between planning periods; the block size 

estimate closest to the actual departure was less accurate than the 

initial period 5 es t imates . (This was due to the appearance of a 

gr oup of cars which Battle Creek Yard determined to be No Bills, but 

which were assigned to a destination point by the originating stations 

in the RAILS advance consist.) The Flints inbound on 432 were initially 

di s tributed between 386 and 384 during period 5 but were forecast to 

move exclusivel y on 384 during period 6, as they actually did. The 

Flints were "bumped " from 386 outbound to make room for higher priority 

Mainline and Lansing traffic that would fill out the train to its 90-car 

maximum. The 10 Mainline cars originating from the City Yard that were 

pl anned for 386 but failed to make the train are also indicated in 

Table 12. 
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Table 12 

PLANNED VERSUS ACTUAL CONNECTIONS : 
Periods 5 , 6, and 7 

Date Flints Mainlines 
Trai n 386 384 388 386 384 388 384 

Arrival Time Period 1145 1615 2145 1145 1615 2145 0145 Th 

July 26 5 0 12 24 
386 6 24 0 24 

2115 7 -- --
Actual 12 0 19 

July 26 5 20 16 23 
432 6 0 37 23 0 

2230 7 -- -- 0 
Ac tual I 1 36 28 3 

J uly 27 5 

I 
22 19 0 

398 6 22 0 19 
0500 7 

I 
-- 0 19 

Actual 22 0 18 

I 
July 27 5 I 12 

512 6 12 19 
1200 7 17 0 32 

Actual [ 17 4 30 

July 27 5 0 
CR Delivery 6 30 
1330 7 28 

Actual 28 

July 27 5 --
510 6 --

1540 7 3 2 
Actual 3 4 

July 26 5 10 
City Yard 6 10 
Delivery 
2330 7 0 

Actual 

A dash (--) indicates a period after the actual connection . 
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Table 12 illustrates the ability of yard personnel t o 

forecast connections more accurately as the actual departur e t i me 

approaches. The table also shows how most cars inbound to Battle Creek 

from line-haul destinations can be in the "planning process" for at 

leas t two planning periods befor e inbound data are available through the 

normal channels, as they were for most of periods 5, 6, and 7. The 

table als o i l lustra tes how connect ion forecasts tend to be refined 

as more data enter the yard as, for example, when advance consists are 

replaced with switch lists after the train i s yarded, when city indus­

trial traffic appears i n the yard and is listed, or when trains such 

as 512 inbound pick up traffic at nearby, nonmechanized stations . The 

l atter situation is shown for t he 512 and 384 connection for Mainline 

traffic. 

c. Concluding Remarks 

The ultimate success of planning outbound movements from 

Battle Cr eek to meet the 16- 20 hour design requirements of the yard 

tactical planning experiment rests mainly in the ability to obtain 

accurate inbound block informati on on trains within e ight hours of 

arriving at Battle Creek . This depends on accurate and timely advance 

consists produced by RAILS, including accurate input from CRTIS, and an 

effective, auxiliary tel ephone communication capability where RAILS and 

CRTIS are not applicable. To the ext ent possible, advance consist 

information should be e x tended with DMP predictive information. The 

consistent and timely transmission of these data to Battle Creek must 

necessarily be the first step toward a production version of the yard 

planning process. 

The results of t?e experiment success fully demonstrate the 

feasibility and desirability of performing tactical planning of yard 

operations using the worksheet concept developed in this research . It 

was the judgment of the yardmas t e r s that the planning process: 
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• Enabled the yardmaster to better organize his activities, 

foresee potential pr oblems, and take e arly corrective action. 

• Afforded the yardmas ter a means to better schedule yard engine 

work. 

• Provided a f o undation for reacting to "emergency" problems. 

• Provided a means f o r better communicating the "state" of the 

yard to the dispatcher . 

Ultimately t he p lanni ng procedures revolving a round the 

worksheet should be i mplemented on a CRT display using int eractive 

graphics techniques t o mi nimize clerical operations and to enhance 

the usefulness of t he procedures to the yardmaster. 
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VI COi~CL USIONS AND RECOMMENDATIONS 

The tools and procedures necessary to enhance tactical operations 

planning at the local dispatching and yard operations level have been 

deve loped during this project . The feasibility of the concepts and 

approaches was demons trated by having GT personnel us e the procedures 

in " live" experiments on the GT system during the week of July 25, 1977. 

During the experiment , tactical planning o f train and yard opera tions 

8 to 12 hours in advance was routinely accomp l ished; for certain trains 

the planning horizon was extended to 16 to 20 hours . The average values 

of the absolute pre d iction e rrors f or total train size and train block 

counts were 19% and 26%, respectively, This a ccuracy wa s considered 

satisfactory for planning 8 to 12 hours in advance what trains should 

run, when the y shoul d depart, what blocks they should carry, and what 

pickups and setouts s hould be made. Based on this plan, dispatching and 

yard ope r ations, powe r scheduling, a nd c rew assignments could be coordi­

nated. 

GT operating personnel were uniformly positive about the experiment . 

They viewed the new procedures a s an effec tive means of planning dispatch­

ing a nd ya rd operations in advance on a systemwide b as is and of imposing 

a n operating discipl ine on dispatche rs and yardmasters at th e local l evel . 

Attempts on the part of highe r - level operating off icers to " de c ree" o r 

" legisla te" bet t e r local tactical planning and syste m wide coordination 

wil l be thwart e d without new tac tical p lanning tools and procedures . 

A statistical analysis o f t he e xperiment using a selected set of 

MOEs was inconclusive because of the shortness of the experimental period. 

Since each operating day of a railroad ha s un i que operating cont i ngencies 

and constra in ts (i .e . , eve r y day is di ffe r ent), in order to conduct a 

me aningful "before " and "during" statist i ca l analysis- -that is, in order 

to let the day- to- day operat ing variabilities even themsel ves o ut over 

the long run--test periods in excess of sev eral months must be used. 
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Otherwise the daily variations of the MOEs completely mask the effect of 

the exper imen t on the MOEs . 

Within the next ten years i t is likely that tactical operations 

planning procedures will be seen as necessary for the efficient conduct 

of a railroad and will be implemented on a routine basis on a number of 

railroads, albeit perhaps using other tools and procedures than those 

developed during this project. Ultimately the problems of trip unreli­

ability, poor car utilization, excessive car transit times, and low labor 

productivity on railroads must be solved at the local operations level. 

Presently, the dispatchers who control the running of trains and the 

yardmasters who control the switching of cars need better tools and 

procedures to per form their jobs more effectively. 

Based on both the results of our resea r ch and the insights gained 

during the project, we make the following r ecommendat i ons: 

• Install a permane nt "production" version of the tactical op era­
tions planning procedures on GT. 

• Modify the procedures and tools developed herein to interface 
with a manually input data base on another railroad . 

• Automate the yard planning process by using interactive graphics . 

• Develop a practical (i.e., obtainable at low cost) set of 
measures of effectiveness for measuring the performance of 
railroad operations and statistically valid experimental design 
procedures to measur e perf ormance chan ges. 
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Appendix A 

BATTLE CREEK YARD OPERATIONS: THREE CASE STUDIES 
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Appendix A 

BATTLE CREEK YARD OPERATIONS: THREE CASE STUDIES 

A . In t r od uct ion 

Th is appendix contains an analys i s of the ope r at i on s data obtained 

by SRI in t h e GT Battle Creek East Yard between 12 a nd 14, October 1976. 

Our prima r y goal was to gather s uffi c i e nt yard operating data in ord e r 

to develop a realis tic manual simulation of at l eas t three consecutive 

days of yard o peration s . The simulat ion period o f yard operat ions was 

used to make prelimin a r y, in-house tests o f vario us yardmaster pre­

planning concepts . 

Upon r e duction of the data gathered in October, one of our fi rst 

tasks was to identify situations in which the yard could have opera t e d 

more eff i c i en t ly than it a c tually did . In th i s appendix we identify 

three such situations t hat involved eithe r the improper sequencing of 

switch-engi ne tasks or the building o f trains wel l before crews we r e 

ava i l able to operate them . For each situation , alte rnative o perating 

t act i c s are suggested tha t would fac ili ta t e a more efficient ya rd opera­

t i on using DMP, RAILS, and revised yard plannin g procedures with i n the 

fixed operational cons traints exist ing at t he time the si t uations 

occurred . 

The analysis is p r esente d i n a case- study forma t so t hat nn strict 

s tat is tica l inferences can or should be drawn from the results . Our 

intent here is s imply to illustrate t he types of o perational problems 

occurring in the ya rd, thP consequen c es o r impacts uf t hese prob l ems 

on yard efficiency , and the ways in wh i ch these problems could be solved . 

GT personnel can draw their own con cl usions regarding the frequency with 

which the problem t ypes analyzed here in occur and hence the savings 

realizable over longer , fixed periods of time by circumventing or 

el iminating t hese situations . 
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Furthermore, this analysis has been conducted with all the benefits 

of perf ect hindsight at our disposal. Many weeks were available to 

formulate successful al ternative resource (crew) task allocations in 

response to conditions in which the actual yardmaster had but seconds 

or minutes to react. We were also postula ting the use of information 

from DMP and RAILS that was unavailable in the Battle Creek yard in 

October. And finally, although every effort was made to gather a nd 

record all the information available to the yardmaster during each analy­

sis shift, it is possible that the yardmaster made certain decisions 

and moves based on information and knowledge unavailable to us in our 

r estrospect ive posture. 

B. Data Collection and Reduction 

Data were taken during nine continuous shifts of operations at the 

yard during our three-day visit in October . SRI personnel wer e present 

in the tower at all times during this period to record the t imes taken 

to switch and build trains i n the East Yard and to observe and record 

other extraneous events that may have affected switch-engine and yard 

master activity . Other data were gathered during each shift . These 

included : 

• Yardmaster ' s incoming train lineups 

• Switch lists 

• Turnover sheets and track lists 

• Hot sheets 

• Outbound wheel lists. 

Copies of the dispatcher's inbound and outbound summaries at Battle 

Creek for the five days before, during, and after our yard activities 

were also obtAined. 

Our data were reduced to appear in the form shown in Figures A- 1 

through A-9, which show t he actual buildup and decline of the yard 's 

car inventory as a function of switch-engine activity. Track inventories 

and c lassification labels are shown on the vertical areas; time of day 
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is shown on the horizontal scale. Each figure contains an eight- hour 

yardmaster shift of work . 

The switch- engine act i vities are also laid out as a f unc t i on of 

time of day, and beneath that the status of trains enroute to the East 

Yard is shown by an abbreviated location identifier for the train as 

reported on the yardmaste r's lineup or through telephone information. 

The car inventory of each track is shown at hourly i ntervals, and multip l e 

class i fications i n a single track are ind i ca ted where appropriate. The 

movement of cars between class tracks is indicated by showing the desti­

nation track for cars leaving a t rack and the or i g inating track in the 

row entry for cars e ntering, accumulating, or switched t o a c l ass track. 

For trains on r eceiving tracks being switched, an "SW" is shown on the 

re ce i vin g track at the time switching is carried out, with the receiving 

track number , say lE for Track l, East Yard, shown at the appropriate 

time in which cars accumulate in the class i ficat i on track(s) reserved 

for their respective block designations.* 

With the assistance of a qualified Battle Creek yardmaster , Figures 

A-1 through A- 9 were examined and circumstances were identified under 

whic h the yard operated in a less- than-optimum manner. We postulated 

realistic events and conditions (consistent with the Bat tle Creek e nviron­

ment) that would have faci li tated a more e ffi c i ent yard operation and 

the n proceeded to evaluate how yard effici ency under those events could 

have improved (see Figures A-10 through A-18) . We used sta ndard measur es 

of yard performance, including: 

,~ 

• Accumula tion delay in car- hours. 

• Yard throughput in cars entering or leaving per unit time 
interva l. 

• Overage cars by block designation. 

A more vivid, dynamic picture of the yard can be viewe d by simply d e-
taching the sheets and overlaying them in c hrono l ogical order, left 
to r igh t , so that only the 1/2 inch margin on the right of each s heet 
separates a co n tinuous, 72-hour time scale . The margin contains 
abbreviated turnover informat i on which is s hown in more detail on the 
left- ha nd vertical area of the next shi ft's sheet. 
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• Conne c tion effici ency as exp r essed in the pe rcentage of cars 
mak i ng reasonable first connect ions ou t of t he yar d. 

• The a bov e measures expressed in t e rms of per-switch-en gine hours 
o f c r ew utilization or engine wo r k t o achieve the work. 

Dollar costs associated with yard delays , e xtra c r ew dead he a ding , 

a nd t he l i ke can be ca l c ula t ed by GT ma nagement on a per- inciden t basis . 

Their insight into the f r equen cies of t he s ituation s descr i bed herein 

can be used to gain rough est i mates of the mont h l y o r yearly poten tial 

dollar savi ngs reali zab l e. 

C. Case Studies 

l. Case l 

The f i rst case we wish t o analyze is con t ained in Fi gure A- 2, 

wh ich shows the East Yar d activit i es and i nven tories for the day shift 

( 7 a.m. to 3 p . m.) on Tuesday , Oc t ober 12 . On this s hif t , 12 car s bound 

fo r De t roit on train 398, wh i ch a r r i ved in Bat t le Creek at 0600 t ha t 

day , were switc he d into the Det r o it classif i ca t ion track (Track SE) after 

-32 was assembled and called for De t r oit at 1200. These cars remained 

in t he yard approxi mately 24 hours, l eavi ng on 432 t he n ext day, having 

~issed the once- a-day connection to Detroit from Battle Creek on Tuesday . 

The 1 2 cars could have left De t roit on the fi r st possible 432 

con nec t i on on Tuesday if only part of 398 had been switched before 1100, 

~hen 432 was built. This would have i nvolved t he exchange of the 398 

si,1i tching task wi th a less " urgent " task performed ear l ier in the day. 

Figure A- 19 shows a plausible al t e r nat i ve sequence of lead and 

tramp crew tasks that would allow two cuts of the 398 containjng Detroit 

t ra f fic t o be switched by the tramp e ngine whi le postponing the swi tching 

o f 388 by the t r amp crew (on 2E) unti l 1200 hours that day . One cut of 

398 wil l rema i n for the l ead engine to swi tch at the end of the shift . 

I n essence , this alternative call s fo r a three- hour de l ay in switch ing 

388 an d half- hour d e lays i n switching the CR delive ry and buil ding 430 

i n excha n ge for switching two s heets of 398 four hours earlier. The 

total work performed by the two crews remains the same under the 
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LEAD 

T RAMP 

LEAD 

TR AMP 

al t e rn ,H i ve yard operating scheme, although the switching o f 398 a t 0900 

is transferred from t he l ead t o the tramp , caus ing this cr ew to fi nish 

work later than it actually did. 

PULL TURN 
500 OUR. & SW 522 
TO PONT. 

LEAD 

8 9 

SW 
SPOT 

388 
XOVER 

S/O 

8 9 

.._SAMEAS­
ACTUAL 

I 

SW 
388 

SW 
398 

SHTS 
I, II 

SW BLD 432 
C BLO 432 

XOVER OTSL 

10 11 12 

BLD SW 

2384 348 
S/O 

(a) ACTUAL CREW TASK ACTIVITIES 

SAME AS ACTUAL 

I 
10 11 

SAME A~ 
ACTUAL 

I 

(b) ALTERNATIVE A TASK ACTIVITI ES 

12 

L 

SW 
CR 
del. 

SW 
388 

SW 
355 

13 

13 

BL D 
394 

BLD 
430 

SW 
CR 
de!. 

BLD BUILD 

SW SWITCH 

C COFF EE 

L LUNCH 

XOVER = CROSSOVER 

S/O SETOUT 

FIGURE A-19 A LTERNATIVE SEQUENCES OF LEAD AND TRAMP CREW TASKS 

Figure A- 11 s hows how the yard inventory would have appeared 

under t he a l ternative crew t ask-orde r ing sequence . The solid lines show 

the act ua l yard i nvento r y as in Figure A-2, while the broke n lines show 

the car inventories on each track if a change in that track 's inventory 

occurr e d due t o the Alternative A sequence . The revised alter native 

numeri cal entries are s hown in parentheses nex t co the actual hourly 

counts where applicable . No t e that at t he end o f the shift, the yard 

looks almost the same unde r both task sequences except for the six 

additi onal Durands on 13E, t he s i ngle addit ional DTSL on 13E, a nd the 12 

less Detroits on SE . The Durands would have moved out a t 2400 that day 
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o n ano the r 2384 (Figure A- 1 2) tra i n buil[ on che oe : er 

reality , a crew schedul ing p r oblem postponed t he 2384 departure u~til 

1400 Wed nesday , but at 0700, when these swi tching dec isions were made, it 

wo uld have been reasonab l e to ass ume the Durands to move again in 12 to 

18 hou rs. We wi l l assume, f or simplici ty, a de l ay of 15 hours fo r the 

6 Durands mi ssing the 388 connec tion . ) 

In sum, this al t ernative yard operat i on would have r esu lted in 

the following changes in yard performance : 

• 1 74 car - hours saved i n delay 
( 12 Detroit 24 hr) - [(6 Dur and x 15 hr)+ 1 DTSL x 24 hr ) ] . 

• Five more cars l eaving the yard this shift by s wi t ching 398 
ear l ier . Note that 432 goes out wi t h 12 more Detroits, but 
2384 leaves with 6 less Durands under the alternative . 

• Five mo r e cars (ne t) make the i r first connection s . 

• Twelve 24- hour cars avoided. 

This small gain i n yard eff i c i ency is commendable, but it would 

be desi r able to find a way t o s wi t ch 388 s o t hat its Durand traffic can 

also make its fir s t reasonable connection--2384 l eaving Battle Creek 

at 1300 Tue sd ay. This can be accomp lished under Alternative B, in which 

the tramp c r ew' s work tasks can be rearran ged so tha t the 398 Detroits 

and 388 Durands can be swi t c hed before build i n g 4 32 and 2384, respec­

t i vely. This sequenc e is shown in Figur e A- 20. 

8 9 

SW SPOT 
SW 

385 398 XOVER 
S/O 2 SHEETS 

BLD BU I LD 

SW SWITCH 

C COFF EE 

L LUNCH 

XOV-ER = CROSSOVER 

S/O SETOUT 

FIGURE A- 20 

SAME AS ALTERNATIVE A 

10 11 12 

SW BLD SW 
C 

398 2384 388 
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S/ O 

ALTERNATIVE B TASK ACT IV ITIES 
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1ne effect s or Alternative Bon yard inventories are indicatec 

by the dotted lines in Figur e A-11. Note specifically the half-hour 

delay to 92 cars of 2384 waiting for 388 to be switched . This delay is 

essen tially the "tradeoff" that must be made to gain the benefits of 

398 and 388 being switched before building 2384. The net effect on the 

yard at the end of the shift, however, is to reduce only the inventory 

of t he Detroi t track (SE) from 13 under actual conditions to 1 under 

Alter native B. The changes in yard performance over actual conditions 

would be: 

• 242 car- hours saved i n delay (288 Detroi t car- hours less 
92 cars in 2384 delayed an additional 1/2 hour) . Note 
that the 1/2 hour delay to the 92 cars on 2384 will 
probably never be noticed by that train's cus tomers, but 
a day's delay to the Detroit traffic can have significant 
consequences. 

• Twelve mor e cars make their first reasonabl e connection. 
This is an especially important measure of effective 
for once- a-day connections . 

Alternat ive Bis clearly the most desirable way to allocate 

yard crew resources according to the above measures of effectiveness 

(MOEs), especially since total work performed by the engine crews 

remained constant ; only their task orders were changed . Moreover, in 

both alternatives, 432 was built and called at the same "actual" time 

so as to comply with the work-rule constraints on the crew that arrived 

in Battle Creek on 433. 

Both Alternatives A and B represent only modest, incremental 

improvements in yard efficiency, and if they represented solutions to 

unique, isolated operating conditions, it would hardly pay to propose 

wholesale revisions in the Battle Creek yard operations. However, if 

yardmast er planning and decision aids using RAILS and DMP can be devel ­

oped that will enable the block connection situation portrayed in this 

example to be spotted and properly analyzed on a routine basis, signif­

icant, long-run cost savings could be realized by GT, in addition to 

certain nonquantifiable benefits in areas such as customer r elations 

and employee morale. 
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We are currently experimenting with planning techniques that 

specifically isolate sparse, once-a-day connections, like those executed 

with 432 , by requiring yard personnel to estimate potent ial c ar-hours of 

delay resulting from missed connections. For ot her , more frequent con­

nections (Mains, Flints, e tc.), these planning techniques require yard ­

mast e rs (and dispatchers) to us e advance yard inventory information 

available through DMP t o determine the comb i nation of destina tion bloc k s 

on each ou tbound train that op timizes some objective fun ction, such as 

connection eff iciency of yard throughput . A typical situat i on that 

would occur h ere would involve the proper assignment of blocks to, say, 

384, so that blocks arriving on later tra ins can be accommodated by 

designated yard c lassification tracks. For e xample, if a large block of 

Durands was f o recast t o arrive in the yard i n eight hours, a nd the Lan­

sing i nv e ntory was expec t ed to remain constant, it may be desirable to 

run a 384 out with the ex i sting Durand inventory combined with Mains . 

The Lansings could go out on a later train, while the incoming Durands 

can be accommodated on a single, designated classif i cation track t hat 

will have b een " cleared" by the depar ture of those Durands on 384 . 

2. Case 2 

The second, and by far the mos t complex, case actua lly occurred 

on Tues day afternoon (Figure (A-12) and involved the building of a n 

" extra " 2388 train, for which i t was discovered during the n ext shif t 

that no pool crew was available. As a r e sult, the " train" (as shown on 

the oute r thoroughfare track, TFO) was st ripped of its Mainline traff i c 

ear l y the n ext morning, which moved out on 386 (Figure A-13) and 384 

(Figur e A-14), while the 47 Durand and Lansing cars r emained on the 

track and became par t of an extr a 2384 t r ain that eventually went out 

at 133 0 Wednesday af t ernoon (Figure A-14). 

We have conservatively est imated that this incident resulted 

i n nearly 1,100 car-ho urs of d e l ay t o the o r iginal consist, assuming an 

0100 l eave time for the would- b e 2388 train. If we account fo r the cars 

presumably denied places on l ater trains that had to accommodate the 
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II 

" 

' 
' 
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Mains, Durands, and Lansings from 2388, we could estimate an additional 

200% to 300% delay to all car s due to these "higher- order" effects. 

However, we ar e no t really interested in conducting a thorough 

postmortem restrict ed to what actually happened, since the problem seemed 

to boil down to a simple lack of communi cation bet ween an i nexperienced 

yardmaster and a crew dispatcher regard i ng the availability of a poo l 

train crew . We wou l d rather speculate on the feasibility of deadheading 

a train crew from Port Huron to Batt l e Creek in t i me to take 2388 out 

at 0100 Wednesday without viola t ing work rules (see Alternative II below) 

and compare it with not bu i lding 2388 at all and instead logically pla­

cing its consi st on o t her regular ly scheduled trains leavi ng the yard 

within 12 hour s of 2388's a ssumed call time (see Alternative I below). 

Of course, doing th i s analysis corr ectly involves " adding" and "bumping" 

cars onto or off t r a i ns that actually went out for several shifts after 

2388 ' s call time, at which time the yard would presumably "settle down. " 

We did thi s very thing in analyzing Case 2 and found that to 

properly account for the effects of both alternatives on the yard it 

was necessary to make strong assumpt i ons regarding both the blocking 

combinations of s ome outbound trains and the ex- pos t - facto rearrangement 

of switch-engine tasks so t hat we could hypothetically build and swi tch 

trains in a logical, realistic manner . In doing so, however, we have 

tried our utmost to keep total crew switching time constant and to keep 

the tasks performed during each shift unchanged from the actual events 

documented in Figures A-1 through A-9, although an obvious exception to 

this is the crew time saved by not building 2388 in Alterna tive I and, 

as discussed below, not building 384 in Alternative II (see Figure A-6). 

We have also tried to keep individual task times constant, thereby mak­

ing the ordering of engine tasks the onl y real independent variable 

employed in both a lternatives of Case 2. 

In the fo llowing paragraphs, we have summarized the events 

comprising each alternative and have shown in the time domain how switch­

engine tasks would have to be rearranged to facil itate the hypothet i cal 
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operations shown in Figu~es A~ll through A- 1 8 . Alternat i ves I and II are 

then compared and evaluated , an d the appl icability of DMP a nd RAI LS to 

this situation i s discussed . 

a . Alternative I 

Under th i s sequence of events , a pool crew was not avail­

able and 2388 was not assembled . Instead, 2388's would-be consist, 

which included 24 Durands, 23 Lansings, a nd 63 Mainlines* was distributed 

as fo llows : 

• The 23 Lansings were assumed to go out at 2230 on 388, 
which increased tha t train's consist f rom 72 to 95 cars 
( see lE, Figur e A-11) . 

• 50 Mains were turned t o lE and went ou t on train 386 at 
0600 Wednesday wi th 104 cars . 

• 13 Main s , originally on 6E during the a ftern oon s hift, 
were turned instead to 3E at 0300 Wedn esday and went out 
at 1200 as part of a 94-car 384 . 

• The 24 Durands r emained in t he yard (on 13E), go ing out, 
as they actually did, at 1400 as part o f a 106-car consist 
on 2384. 

These, and the subsequent hypoth etica l moves define d for Alternative 

I, are s hown on the time g raphs in Fi gu r es A-11 through A- 18 by the 

--• -- notation. Where a train or b l ock has been deleted, as 2388 

was in this al t ernat ive, the n o t ation wil l appear on the baseline , or 

zero- car, pos ition, on the appropriate track over the time interval 

during which the cars act ually appeared on the track (see TFO between 

1700 a nd 2300 in Figu r e A-12) . The revised consists for all relevant 

outbound trains in Alternative I are l isted i n Tab l e A-1 , where the 

train number and leave time are s hown alon g with the size of each blo ck, 

the originating yard classif i cation track (the "switched from" track), 

and exp l anatory notes where appl i cab l e . These entries are listed a l ong 

with t he actual outbound consists fo r each train and the hypothetical, 

Alternative I I, cons i sts as described below . 

* Mainlines (492) and Boats (0) were not being b l ocked when the October 
data was taken. 

138 



Table A-1 

TRAIN CONS I ST COMPARION: CASE 2 

Train Alternative I Class Alternative II Cl ass 
Leave Time Consist Track Consist Track 

388 21 Main 6E 21 Main 6E 
2200 Tues . 51 Flint 4E 51 Flint 4E 

l} Lansing 7E 
95 cars 72 cars 

2388 63 Main 9E,6E 
0100 Wed. --None- - 23 Lansing 9E 

24 Durand 13E 
110 cars 

386 50 Main 9E 14 Main 9E 
0600 Wed . 40 Lansing 12E 55 Lansing 12E, 8E 

7 o.v. Parts 2E 7 o.v. Parts 2E 
7 Hook 7 Hook 

104 car s* 83 cars 

384 56 Main 9E,6E 29 Ma i n 9E, TFO 
1200 Wed. 39 Fling 3E,4E 54 Flint 3E,4E 

95 car s 83 cars 

2384 48 Lansing 6E , 12E 32 Lansing 6E,12E 
1400 Wed. 58 Durand 13E 34 Durand 13E 

.!.!!. Main (boats) 6E 
106 cars 80 cars 

384 57 Main t 6E , 2E 
0100 Thurs . 25 Main 6E , (384) --None--

82 cars 

386 19 Durand 13E 43 Main 6E 
0600 Thurs . 46 Flint 4E,TFO 25 Main 6E 

11. Flint 4E ,TFO 
65 cars 99 cars 

388 14 Lansing 12E 19 Durand 13E 
1800 Thurs . 15 Lansing 12E 14 Lansing 12E 

39 Main 6E 15 Lansing 12E 
39 Main 6E 

68 cars 87 cars 

0400 Fri. 

0600 Fri. 

* Includes all but 13 Mains from Alternative II - 2388 consist. 

t Nine Mains from 388 inbound. 
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21 Mai n 
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72 car s 
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7 o.v . 
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91 Main 
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33 Durand 
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Inspection of the Alternative I consists will reveal that 

trains leaving the Battle Creek yard from 2100 Tuesday until 0100 Thurs­

day with Mains, Durands , a nd Lansings a r e generally longer than their 

actual sizes, as we would expect. This is the case for the first four 

outbound t r ains affected by the assumptions of Alternative I. The excep­

tions are 386, out 0600 Thursday wi th 14 fewer Durands than actual, 

which were instead assumed to go out as part of a 106-car 2384 about 16 

hours earlier , 384 ou t 0100 Thursday with fewer Mains, and 388 out 180 

Thursday . We have also had to assume several important changes in 

swi t ching tasks as shown in Figure A- 21 for Tuesday afternoon through 

Thursday night shifts. Note tha t by not bu i lding 2388, the Tuesday 

afternoon crews do a li t tle less work t ha n actua l even though we have 

assigned them the additional task of turn i ng Mains f r om 9E to lE, and 

that mos t other shifts must perforn slightly more work per relevant 

task in order to build the longer trains. 

b . Alternative II 

Under th is hypo thetical sequence of events, we assume 

that somehow the buildup in yard inventory was anticipated sufficiently 

fa r in advance so t ha t a pool crew would have been deadheaded f r om Port 

Huron, rested, and then taken 2388 out of Battle Creek at approximately 

0100 Wednesday. A chronology of the event s and decision necessary to 

get the train out at the assumed time is shown below: 

2400 Tuesday--The Battle Creek dispatched not es the progress of 
three eastbound trains t oward Battle Creek and expects that 522 
with 67 cars, 398 with 102 cars, a nd 388 with 100 cars will 
arrive at the yard between 0500 and 0800 . He must continue to 
monitor the situation c l osel y for the next several hours, both 
on the line and in the yard, and correlate that with t he c ur­
rent and projected ~vailability of power at~ crews. He s hould 
be thinking of having the wherewithal on hand t o build an extra 
tra in if the arrival date of cars in the yard over the next 12 
hours is s ignificant compared to the service r ate, the rate at 
which t r ains can be built in the yard . 

0500 Tuesday--522 is in the yard, 398 in town, and 388 in Vicks­
burg. The dispatched, using DMP and consultin g with the yard­
master of assistant trainmaster , should be able to estimate 
how many cars will be moved the next shift a nd how many will 
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arrive during t h e next 12 hours. He should know what 512 will 
carry, how the consist of 384 i s s hap ing up in the Elsdon yard, 
what the day's ConRail delivery will be like, and how many 
trains and cars the dayshif t yardmaster is likely to move 
during his shift. He must then anticipate a l oaded yard t hat 
will require crew and power for a n extra trai n ( 2388, 2384, 
or 2386) that will most likely have to be built during the 
afternoon shift to handle the Mains brought in by 512 and 398 
and the Durands inbound on 512. Consulting the crew and power 
boards, and noting that no pool crew will be available in 
Battle Creek for over 24 hours, he must arrange for a crew to 
be deadheaded from Port Huron to take the anticipated extra 
train out sometime Wednesday morning. This means getting them 
on a westbound train b e f ore noon that day so as to meet crew 
work-rul e constraints . 

0600 Tuesday--After negotiating with yardmasters, chief dis­
patchers, trainmaster , etc., the dispa tcher decides to dead ­
head a train crew from Port Huron on 393 westbound, call ed 
later that morning in Port Huron and slated to arrive in Batt le 
Creek Tuesday afternoon. He should know that his cnl y pres­
ently available crew must take some hot Flints out on 394 that 
afternoon . 

0700 Tuesday--The extra crew must be caJled so that it can 
deadhead in on 393. 

0800 Tuesday--393 arrives in Batt le Creek with the extra crews . 
512 has arrived with 103 cars as anticipated, and the n eed 
for an extra 388 is obvious, as the yardmaster beg ins turning 
Durands and Lansings onto the outer thoroughfare (see Figure 
A-12). 

2400 Tuesday--The train is called and leaves Battle Creek 
within t h e hour with 110 cars. 

The impact of 2388's scheduled departure on subsequent 

yard operation is shown graphical l y by the - • • - entries in Figures 

A-12 - A- 18. As in Alternative I, we have estimated a good 24 hours 

for the yard to "settle down" after the 2388 move in Alternative II. 

The Al t e rnative II trains wi l l naturally tend to run s h orter t han either 

their actual consists or their Alternative I cou~terparts. 

Th e Alternative I I consists are also l isted and described 

in Table A-1 . Of particular int e rest here i s the fact that we c ou l d 

not f int enough cars to run a 384 out at 0100 Thursday, so we arbitrari l y 

held 44 Ma ins scheduled for that train until 386 could take them out at 
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0600 as part of a 94-car c onsist. It would appar, then, that building 

the 2388 on Tu e sday ultimately spared us the necessi t y of building 384 

on Wednesday afternoon, so t hat be t ween Tuesday and Thursday the Battle 

Creek yard assembled a n equivalent number of trains under both Alt er­

nativ es I a nd I I . This means that the addit i onal c r ew cost o f Alter­

native II should be res tricted only t o the cos t o f dead he ading 2388's 

crew from Port Huron a nd not to the cost of running the t r a in, s i nce 

the train r eally " takes the place" o f 384. We must , howev er, account 

f or the additiona l five-hou r delay i n c urred by the 44 Ma inline s going 

out on 386. As in Alternative I, we have est i mated the impact of 2388 

t o attenua t e by the time 388 goes out a t 1800 Thursday . 

We have also r earranged some switching tasks and, of cours e , 

del eted the 384 task f r om Wed nesd ay afternoon ' s work . The wo r kl oad 

reallocation is shown along with Al ternat i ve I in Figure A-21. 

c . Evaluat i on by Alternatives 

Tables A-1 t hrough A- 4 show how blocks are t ransferr ed 

between t rains fo r each of t hree hy p o the tica l situations . On e can 

develop an apprecia t i on of the block del ays involved with each combin­

a tio n by simply noting the co ncentration and steepness of the l i nes 

conn ec t ing blocks assi g ned t o train s under both a l ternat i ves and actual 

movements . I n Table A-3 , for exampl e, 30 Mains are shown by t he con­

necting line as be ing transferred from their actual 386 train on Wednes ­

day to 2388 l eav ing five hours earlie r that day, under Alternative II. 

We can then attr i bute 150 car-hours of delay to that b l ock of Mains 

relative t o their status in Alte rna tive II. Occas i onal ly , a downward 

pointing c onnec t or is used to show blocks ac tually moving to the less 

efficient al t e r native or "agains t " th e pre domi nant f l ow of blocks ba ck­

war d in time. Th i s , for example, will follow from not build ing a Wednes­

day 384 in Alt e rnative II. 

Relative d elays fo r each combination have been ca l c ulat ed 

from these tables and are s hown in con j unction with other MOEs in Tabl e 

A- 5 . The delay sta tis t ics are partic ula r ly ins i ghtful in t ha t t hey 
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Table A-2 

BLOCK TRANSFERS BETWEEN ALTERNATIVES I AND II 

Time Alternative I Class Alternative II Class 
Leave Time Consist Track Consist Track 

388 21 Main 6E 21 Main 6E 
2200 Tues . 51 Flint 4E 51 Flint 4E 

23 Lansing 7E 
95 cars 72 cars 

22 
2388 Main 9E,6E 
0100 Wed . Lansing 9E 

24 Durand 13E 
cars 

386 50 Main Main 9E 
0600 Wed. 40 Lansing Lansing 12E,8E 

7 o.v. Parts o.v. Parts 2E 
7 Hook 7 Hook 

104 cars* 83 cars 

384 56 Mai 29 Main 9E,TFO 
1200 Wed. 39 54 Flint 3E,4E 

95 cars 83 cars 

2384 48 Lansing 6E,J.2E 32 Lansing 6E,12E 
1400 Wed . 58 Durand 13E 34 Durand 13E 

14 Main (boats) 6E 
106 cars 80 cars 

14 
384 57 1, 2E 
0100 Thurs. 25 Main E, (384) --None--

82 cars I 

386 19 Duran~/ 43 Main 6E 
0600 Thurs . ~ Flint 25 Main 6E 

31 Flint 4E,TFO 
65 cars 99 cars 

388 14 Lansing 12E 19 Durand 13E 
1800 Thurs. 15 Lansing 12E 14 Lansing 12E 

]2_ Main 6E 15 Lansing 12E 
39 Main 6E 

68 cars 87 cars 

0400 Fri. 
0600 Fri. 

Note: Arrows point t o most effici ent alternative. 
,., 
Includes all but 13 Mains from Alternative II - 2388 consi st . 

t Nine Mains from 388 inbound. 
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Table A-3 

BLOCK TRANSFERS BETWEEN ACTUAL AND ALTERNATIVE II 

Tr ain Alternative II Class Class 
Leave Time Consist Track Actual Track 

388 21 Main 6E 21 Main 6E 
2200 Tues. _ 51 Flint 4E 51 Flint 4E 

72 cars 72 cars 

2388 63 9E,6E 
0100 Wed. 23 9E --None--

24 13E 
110 

30 
386 14 30 Main TFO 
0600 Wed. 55 40 Lansing 12E 

7 7 o.v. 2E 
7 Hook 7 Hook 

83 car s 
33 84 cars 

384 29 Main 42 Main TFO 
1200 Wed. 54 Flint 39 Flint 3E,4E 

83 cars 81 cars 

2384 32 Lansin ,
57 Lansing 8E , TFO 

1400 Wed. 34 Durand 37 Durand TFO 
14 Main (b 
80 cars 94 car s 

384 2.l Ma i n 9E , 6E 
0100 Thurs . --None-- 91 car s 

33 

386 43 33 Durand 13E 
0600 Thurs . 25 46 Flint 4E,TFO 

31 
99 cars 79 cars 

388 19 Durand 24 Lansing 12E 
1800 Thurs . 14 Lansing 69 Main 9E,6E,3E 

15 
Lansin~2E 39 Main 6E 

87 cars 
7 93 cars 

0400 Fri. 18 7 Durands leave yard 
0600 Fri. "---Assume 18 Lansings 

(12) l eave yard 

Note : Arrows indicate how blocks could have gone out. 
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Table A-4 

BLOCK TRANSFERS BETWEEN ACTUAL AND ALTERNATIVE I 

Train 
Leave Time 

388 
2200 Tues. 

2388 
0100 Wed. 

386 
0600 Wed . 

384 
1200 Wed. 

2384 
1400 Wed. 

384 
0100 Thurs. 

386 
0600 Thurs. 

388 
1800 Thurs. 

0400 Fri 

0600 Fri 

Alternative I 
Consist 

21 Main 
51 Flint 
11 Lansing 
95 cars 

--None--

50 
40 

7 
7 Hook 

104 cars* 

56 Main 
39 Fli nt 
95 cars 

48 Lansing 
58 Durand 

106 cars 

57 Maint 
25 Main 
82 car s 

19 Durand 
46 Flint 
65 cars 

14 Lansing 
15 Lansing 
39 Main 
68 car s 

23 

34 

14 

25 

7 

Class 
Track 

6E 
4E 
7E 

9E , 6E 
3E,4E 

6E,12E 
3E 

Actual 

21 Main 
51 Flint 

72 cars 

--None--

30 Main 
40 Lansing 

7 o.v. 
7 Hook 

84 cars 

\42 Main 
39 Flint 
81 cars 

57 Lansing 
37 Durand 
94 cars 

91 Main 

91 cars 

13E 33 Dur and 
4E , TFO 46 Flint 

79 cars 

12E 24 Lansing 
69 Main 

93 cars 

Cl ass 
Track 

6E 
4E 

TFO 
12E 

2E 

TFO 
3E,4E 

8E,TFO 
TFO 

9E,6E 

13E 
4E,TFO 

12E 
9E,6E,3E 

7 Durands leave yard 

Assume 18 Lansi ngs 
(12E) leave yard 

Note: Arrows indicate how blocks could have gone out . 
~': 
Includes all but 13 Ma ins f r om Alternative II - 2388 consist. 

'i-Nine Mains from 388 inbound. 

147 



Table A- 5 

RELATIVE BLOCK DELAYS AND OTHER 
MEASURES OF EFFECTIVENESS: ALTERNATI VES I AND I I AND ACTUAL 

Alternative II 
over Alterna- Al t ernative I Alternative II 

tive I over Actual over Actual 

1. Bl ock delay saved 740 2220 344 0 
(car-hours) 

2. Yard throughput 
(additional ca r s 
moved per day by 2359 
each day) 

- Tues day - 23 +23 0 
- Wednesday +51 +46 +97 
- Thursday - 28 -48 - 77 
- Friday 0 -21 - 20 

Alternative II Alternative I Act ua l 

3. Overage cars 

• Mains over 18 
hours at 2359 
each day 

- Tuesday 0 0 0 
- Wednesday 0 5 42 
- Thursday 25 25 30 

• Durands over 
24 hours 

- Tuesday 0 0 0 
- Wednesday 0 0 16 
- Thursday 0 0 12 

• Lansings over 
18 hours 

- Tuesday 0 0 0 
- Wednesday 0 0 0 
- Thursday 2 2 17 
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reveal the cost to GT of buildi ng 2388 and then having to break it up 

and send it out piecemeal on subsequent trains . Either al t ernat ive 

wou l d have been preferable in this case, since over 2,000 car-hours 

would have been avoi ded in the Ba ttle Creek Yard. The "Actual" situation 

points to the necessity oE maintaining a n o rd erly flow of informa tion 

between yardmas ters and dispatc hers. We would hope t o fo rmalize t hi s 

mechanis m through a more structured approach to s hift preplanning 

perhaps utilizing other yard personnel such as clerks, car c heckers, 

and assistant trainmasters . If these kinds of incidents r egularly 

involve i nexp erienced yardmaster s , it may also b e worth exploring the 

idea of a s tructur ed yardmast er training program. Trainees could , for 

e xample, practice in a simulated envi ronment where they could develop 

familiarity with the rud imen t s of building trains and the unique oper­

ating environment of the tower yar d a t Battle Creek . 

The 740 hou r s of delay s aved by deploying Alternati ve 

II over Alternative I is of special inter est t o us, since it i nvolved 

more of a marginal improvement (Alternative II) over what might be 

described as the best poss i ble operat ing strategy under the conditions 

tha t exis t ed (Alternative I). Specifically , would it be wor th defying 

t h e uncertainties associ ated with normal r ailr oad operations t o call a 

crew in Port Huron and deadhead it t o Battle Creek to avoid about 700 

car-hours of delay costs? Even with DMP supplying mor e accurate long­

r ange predictive informat ion, derailments, slow order, or other line­

haul delays could qui ckly nullify the gains poss i ble under Alternative 

II . For example , we estimat e that a t hree- to four - hour del ay in 

cal l ing 2388 in Al t ernative II would make the deadheading move uneco­

nomi cal . Thi s mus t be traded off with possible nonquantifiab l e gains 

made through better customer relati on s , employee morale, and t he like, 

that might accrue by simply making it a ma tt er of company policy to 

expeditiously move traffic whenever buildups a r e predicted . 

3 . Case 3 

In this ins t ance , a t r ain was made up on 3E during the day 

shift Thursday and sat in t he yard ready to move until 0400 Friday. 
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Again, the excess i ve delay wa s caused by a train crew shortage in Battle 

Creek, a nd again we have specula ted on what would have to happen for a 

c rew to deadhead in from Port Huron t o take 2384 out by 1800 Thur s day: 

1700 Wednesday--The dispatcher must a nticipate a sharp increase 
in cars at t he yard when 386, 522 , and 298 arrive 12 hours later. 
This is a d ifficult task, since neither train will be called 
until 2000 or so. DMP, accurate interchange inventories at 
Thornton a nd Harvey , a nd industrial information for 522 are 
vi ta l to such a n a dv a nce forecasting exerc ise . 

2200 Wednesday--386 an d 522 are enrout e a nd 398 is called out 
of Harvey. The d ispa t cher must know how t he yard will look eight 
hou r s from th i s time when these trains h it Bat tle Creek; he 
must anticipate tha t a buildup of Durand s, Mains, a nd Flints 
will require a n extra train , and he mus t estimate the t radeoffs 
involved with deadheading the crew f rom Port Huron. I f he 
chooses to deadhead, h e must cal l the crew qu ickly so that t hey 
can be on 387 at 0100 . 

0800 Thursday--387 arrives in Battle Creek. 

1 600 Thursday--The deadhead crew would be r es ted and ab l e t o take 
2384 ou t of Battle Creek in 17 00 . 

The incident d escribed in Case 3 occurred during the last two 

shifts of our data collec tion effort, so it will be imposs ibl e to condu c t 

t he exhaustive after-effect ana l ys i s performed in Case 2. Instead, we 

will simply estimate the immed i ate f irst-order delay effects of not 

getting the train out . Tha t is, we wil l assume that the ya r d was s uf­

ficiently plugged o n Thursday day shift so t hat th e yardmaster liter all y 

had no choice but to turn Fl i n t s and Durands to a longer track so that 

the lower yard class tracks for these blocks could accommodate inbound 

t r a ff ic. The problem is then simplif i ed to one of having c rew and power 

available as close to the train ' s r eady time as possible . The above 

chronology can be visual ized from Fi gur es A-8 a n d A-9 or by noting t he 

" aclual " solid line contours ot Figures A-17 and A-18, with t he suggested 

2384 leave t ime shown by broken lines in Figure A- 18. Dispatchers ' 

records shown a n actual leave time of 0415 Friday morning . Accordingly , 

we have assumed the yard delay t o b e appr oximately 80 cars x 10 hour s 

= 800 car-hours, which we est ima t e to be on the low side of what a 
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task- reordering ana l ys is similar to Case 2 would s how. (This lack of 

data a lso precludes us from calculating the other MOEs accurately.) 

We must again ask if it i s worth the trouble to deadhead a 

crew f r om Port Huron a good 12 hours in advance to save the money repre­

sented by the above delay. Obviously, accurate. inventory information 

for Chicago area yards from RAILS combined with data on the predicted 

movement of traffic to Battl e Creek f r om DMP would be essential to the 

dispatcher as a decision-making aid. He must have complete confidence 

in these information sources so that he can depend on his decisions to 

" l ook good" under the anticipated free-flowing conditions on the rail­

road. His dec i sions must also be flexible enough to work around unfore­

seen, intervening events whenever possible. 

The yardmaster .admittedly did not play a pivotal role in Case 3 , 

as we have assumed that he did the only thing he could under the con­

ditions at hand. However, he plays an important part in this type of 

situation in that his communication of current and projected yard status 

to the dispatcher is critical to the dispatcher's ul timate choice of 

act i on . Also, by forecast ing a crew availability time, the yardmaster 

might postpone making the designated train f or that crew and switch or 

build another train in that interval, thereby saving block delay for 

trains going out or making more reasonable first connections for cars on 

trains being switched . For example, if it were known that the 2384 

crew would not be available until 2000 Thursday, the yardmaster might 

have taken the time to add a few more Mains from 6E to 388 on lE, with 

4E Flints added to 2384 early in the su cceeding shift. 

D. Summary of Case Studies 

Case 1 represents the only situation described herein that is inter­

nal in scope to yard operations . It portrays a problem that can be 

direc tly attributed to yardmaster decisons regarding crew task alloca-

tions, but its " solution" al so provides less dramatic, though no less 

visible, returns to GT than the massive, coord inated prognostications 

required to "solve" Cases 2 and 3 . Previous discussions with yard 
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personnel combined with the results of this analysis have e nabled us to 

zero in on yard-related problems and to suggest solution concepts that 

would involve: 

• Transferring some yardmaster chores to others. This would 
include the use of RAILS by a yardmaster assistan t to prepare 
block counts shortly before the yardmaster s t arts work. 
This would f ree the yardmaster to concentrate on yard 
events, dispatcher coordination, and the like. 

• Requiring a yardmaster assistant to use DMP/RAILS to list 
d esirable block and train connections. 

• Providing the yardmaster with a decision aid using RAILS, 
DMP. and interac t ive graphics techniques to construct 
cur r ent and projected pictures of the yard . The yardmaster 
could use this capability to experiment with alternative 
c r ew assignments before actually handing out the work and to 
quickly evaluate the impact of disruptions on yard operations. 

Each of the above items could potentially improve curren t yard planning 

practices by reducing yardmaster distractions , enhancing yard visual­

iza tion, and providing quick evaluation capability. This, in turn, 

would reduce t he inciden ce of missed connections as described in Case 1. 

Cases 2 and 3 call fo r improved lines of communication between 

line- haul and yard operations, with most of the decision making fal ling 

on t h e d i spatching office, where accounting fo r the crew shortages 

could conceivably have prompted the yardmaster to proceed with an Alter ­

native I s hift plan instead o f buil ding the ill- fated 2388 in Case 2. 

However, yard shift planning should also include up-to- date info rmation 

on crew car and power availability . 

152 



Appendix B 

ANALYS I S OF SYSTEMWIDE MEASURES OF EFFECTIVENESS 



Appendix B 

ANALYSIS OF SYSTEMWIDE MEASURES OF EFFECTIVENESS 

Introduction and Summary 

In order t o measur e the effect iveness o f RAILS and DMP ( i . e., real 

time i nventory plus predictive information) on GT's dispatching opera­

tions, selected statistical measures of effec tiven ess (MOEs) were 

obtained pri or to and during t he live dispatching experiment period. 

The bulk of the da t a for the MOEs was available either directly or 

by mani pulating GT r epor t s . 

SRI obtain e d "before" data for the months of February, March, 

April, May, June, a nd July f rom daily GT reports sent to SRI weekly . 

The experiment week at GT was f r om J uly 25 through July 30, 1977. 

The same GT reports were avai lable dur i ng the experiment . Our analysis 

indicated that any effect on the operation of the GT trains was not 

detectable statistically with the e xperiment data. In fact , further 

analysis indicated that, given a 10% effect on all MOEs, the majori t y 

of the effects would be unlikely to be statistically detected because of 

the large variance in the MOEs for the 165 days prior to the experiment . 

In two out of five MOEs t es ted, it was determined that at least one 

to six months of expe riment data were required fo r a 90% probability 

of de t ec ting a k nown 10% change in MOE mean . 

Measu r e of Ef fectiveness Analysis 

Data Collection 

Daily f reight train and yard information was collected from GT 

during the six months prior to the SRI experiment. Based on the GT 

information available from "Daily Reports of Locomotive a nd Train 

Performance" (GT- 800 reports), "Dail y Reports of Operations and 

Cumulative and Comparative Statements on Freight and Yard Ope r ations," 
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and from "Car Delay Time Summary" computer printouts for the period 

July 18-July 27, 1977, eight MOEs described in Table B-1 were selected 

that we hoped would reflec t the influence of SRI's dispatching experi­

ment on GT train operations. 

Most of the information used in developing MOEs for specific trains 

was obtained from GT-800 reports and was manipulated by using a system 

of computer programs called Statistical Package for the Social Sciences 

(SPSS) J 

The following data were encoded separately for all man lfest trains 

on the Chicago Division from the GT-800 reports: 

• Train number 

• Subdivision (Flint or South Bend) 

• Direction (east or west) 

• Engine number(s) in operation at destination 

• Train miles 

• Ordered departure time 

• Actua l departure time 

• Actual arri val time 

• Tonnage (gross tons handled) . 

These data included 6,308 observations over 168 days and were input 

into an SPSS computer system in order to generate statistical MOEs 

for individual trains. Gross tons handled included the s um weight of 

all the cars and their contents picked up and set out at departure , 

intermediate, and destination yards. Train engine numbers were 

associated with information provided by GT on the approximate 

horse power of that series of engine units by SPSS. SPSS data manage­

ment facilities allowed generation of new variables (MOEs) which were 

mathematical and/or logical combinations of existing variables; 

*N .H. Nie et al., Statistical Package for the Social Sciences, 2nd ed. 
McGraw-Hill Book Company, San Francisco, 1970), 675 p . 
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Measures of 
Effectiveness Data Sour ces 

l. Termina l detention GT- 800 
time 

2 . Average t rain speed GT- 800 

3 . Gross ton miles per GT-800 
tra in hour 

4 . On-time record 
destinat ion 

of GT-800, GT 
Sche dule and 
Marshalling 
Instruct ions 

Table B- 1 

SELECTED MEASURES OF EFFECTIVENESS 

Computat i on Expected Effect 

6 ordered a nd de parture Consistently 
time s>'< < l ho ur 

Tonnage / 6 departure and I n c r ease 
arr i val times'" 

(Tonnage x t ra in miles)/ Inc rease 
6 departure and arrival 
times"' 

6 actual a r rival time 
and scheduled a rrival 
time"' 

Approach zero 

5. Gross tons 
horsepowe r 

per CT- 800, GT staf f Tonnage/Z engine HP* Consistently 
c los e t o one 

6. Average number cars 
handled per tra i.n 

7. Average number 
cars handled per 
yard engine hour 

8. Average poo l car 
yard time 

Cumulative and No. ca rs handle d No. 
Compara tive trains 
Statement-- Tr a in 
Ope r ations 

Cumula tive and 
Comparative 
Statement--Yard 
Operations 

Car Delay Time 
Summary 

Provided on r eport (~ars 
handled /yard engine 

Z hours delay/numb e r 
of pool ca r s 

Compute d by SPSS programming. 

Decr ease 
variance 

Increase with 
little 
variance 

Decrease 

Type of Da ta 

Individ:.ial 
trains 

Individ ual 
trains 

Individual 
t rains 

Individua l 
trains 

Indivi dual 
trains 

Eas t bound and 
westbound 
traffic 

Port Huron, 
Bat tle Creek, 
Elsdon yards 

Aggregated pools 
100, 120 , 124, 
a nd 179 



recording o f variables; anrl sampling and selecting specifi ed cases . 

SPSS procedures were used for descrip tive statist i cs , frequency 

distributions, cross tabulations, and graphing of selected MOEs. 

The daily performance of the manifest trains on the Chicago 

Division listed below were collected and individually coded for the 

period February 13- July 27, 197 7 . 

TRAIN 
NUMBER ORIGIN DESTINATION ROUTE* 

382 Thornton J unction Battle Creek SB 
383 Battle Creek Thorn ton J unction SB 
384 Chicago Por t Huron SB&F 
385 Port Huron Thornton J unction SB&F 
386 Thornton J unction Port Huron SB&F 
387 Port Huron Chicago SB&F 
388 Chicago Port Huron SB&F 
389 Port Huron Chicago SB&F 
390 Chicago Port Huron SB&F 
391 Port Huron Chicago SB&F 
392 Chicago Port Huron SB&F 
393 Port Huron Ch i cago SB&F 
394 Chicago Flint SB&F 
395 Port Huron Chicago SB&F 
397 Battle Creek Harvey SB 

Markham Yard 
398 Harvey Battle Creek SB 
420 Flint Toledo F 
421 Tol edo Flint F 

430 Battle Creek Pontiac F 
431 Pontiac Battle Creek F 
432 Chicago Detroit SB 
433 Detroit Chicago SB&F 
434 Ch i cago Detroit SB&F 
435 De troit Chicago F 

Trains that traveled on the Flint ;md South Benn subdivisions were 

coded separatel y as two trains ev en though they had the same train 

number. Second trains, used when two trains similar in characteristics 

are operated, were also coded as separate trains. Local train data 

were not coded. 

,~ 
SB South Bend subdivision; F = Flint subdivision. 

I 

I 

II 

1':111 
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The manifest trains were broken down into three categories : 

preferred, interroad, and drag t rains. Preferred trains generally run 

according to a consistent schedule with a consistent set of traffic. 

I nterroad trains run direct ly between an away-from-home yard and a GT 

yard. Drag trains are trains whose departure times and traffic are 

flexible. The first five MOEs described in Tab l e B-1 were coded for 

all trains a nd were graphed for the following sample of trains from 

the three categories. 

Preferred Trains Interroad Trains Drag Trains 

Train Subdivision'" Train Subdivision Train Subdivision 

390 SB & F 385 SB 384 F 
391 SB & F 397 SB 387 F 
392 SB & F 434 SB 
393 SB & F 435 SB 
395 SB & F 

Sout h Bend subdivision, F Flint subdivision 

The "Daily Report of Operations and Cumulative and Comparative 

Statement--Freight Train Operations" provided information on total 

through freight trains f or Chicago Division eastbound and wes tbound 

trains. Through freight included scheduled and extra through freight 

(man i fest traffic). The average number of cars handled per train MOE 

was calculated by direction for the six-month period and manually 

graphed for analysis. -1, The average number of cars handled counted 

the average number of cars picked up and set out at the departure, 

intermediate, and destination yards per train. 

The "Daily Report of Operations and Cumulative and C;_,mparative 

Statement--Yard Operation'' provided information on t otal yard engine 

hours, cars handled and cars ha ndled/yard engine hour for yards in the 

Chicago and Detroit Divisions. Three yards (Port Huron, Battle Creek, 

*The daily number of trains in operation by direction on the Chicago 
Division were calculated by SPSS from information input from the 
GT- 800 reports. 
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and Elsdon) were selected to best s how the influence on yard opera tions 

of the MOE " cars handl ed per yard e ngine hour ." This measure was also 

manua l ly gr aphed separate ly fo r each yard. The number of cars ha nd l ed 

i n this MOE counted each time a car was handled in a yard (incl uding 

switching and dragging). 

A special program for sorting pool car informa tion f rom RAILS was 

completed by GT one week prior t o the experiment . Pool car yar d time 

(~ poo l car arrival time and depart ur e time) a t Ba ttle Creek Yard 

was pr ovided by GT ' s "Car Delay Time Summary" computer pr intout for 

t he period J uly 18-Jul y 27 , 1977 . Pools 100, 120, 1 24, and 179 we r e 

selected for analysis. These pool s of cars originate at Flint and 

are destined for the Elsdon, Blue Island, and Harvey stat ions on t he 

GT system . 

Results 

SRI ' s project team was at GT the week beginning 25 J ul y 1977 , 

during which time the experiment was performed . Following the experi­

ment, MOE data were gr aphed a nd analyzed for the six months prior to 

t he experiment and for the experimental period . 

The following trains were se l ec ted for detailed analys i s: 

• Preferred Tra i n 392 on South Bend subdivision 

• Preferred Tr ain 392 on Flint subdivision 

• Inter road Train 385 on South Bend subdivi sion 

• Drag Train 384 on Flint subdivision 

• Drag Train 434 on South Bend subdivision . 

Five MOEs (t erminal detention t i me , average train speed, gross ton 

miles per t rain hour, on- time record at destinat ion , and gr oss tons 

handled per engine horsepower) are graphically presented in Figur es 

B-1 through B-2 5 for these trains. These figures were derived us ing 

SPSS subprogram PLOT . The basic purpose of subprogram PLOT is to 

give a pictorial r epresentation of the relationship between two 

variables (time and the sel ected MOE). Each day ' s performance of a 
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selected train i s r epresented by a point on the graph . These graphs 

show the typical daily operation of a railroad with wide variations 

associate d wi t h t r affi c , weather, derailments , engine failures , and 

so forth. 

One hundred and sixty-eight (168) consecutive days of train MOE 

were plotted. Day l i s February 10, 1977; days 166, 167, and 168 are 

July 25-27 of the experi ment. Al l five trains were in operat ion on 

Tuesday; howeve r, the time of day a train was ordered on Monday and 

Wednes day determined whether it could be affect ed by the experiment. 

The particular day(s ) these t r a ins could be influenced by t he experi­

ment a re circled on each gr aph. 

Analyses of the five MOEs that wer e t o show an improvement in t he 

opera t i on of the railroad during t he experiment indicat ed that there 

was no s t atis ticall y signif icant change in GT train performance. 

The re is a s t rai ght, wide pattern of data points on each graph indi­

cating relative freedom f r om abnormalities. The regression line i s 

plotted on each MOE graph and has a s l ope of approximately zero, 

consequently almos t equal t o the mean. The 95% confidence interval 

(C.I.) for the r egr ession line i s also pl otted. Statistics available 

for analysis by PLOT include d mean, s t andard deviation, and minimum 

and maximum values for all variables (see Table B- 2) . 

The mean, t h e most common measure of central tendency for var iables 

measured at the inte rva l level , is often referred to as the "average" 

and is t he s um of t he i nd i v idual values for each case divided by the 

number of cases . The s tandard deviat i on is a measure of the dispers i on 

about the mean of an interval- level variable. It is the squa r e root of 

the variance . The minimum and maximum, of course , denote the smallest 

and largest value of a variabl e encountered among the cases. 

The 95% C. I . for the true mean of the observations taken during t he 
- 2S experimental period was man ually cal culated as X ± 3 = C.I. where X 

is the mean and Sis the standard deviation. The means of the observa­

tion (s) that were expected to be influenced by t he experiment 
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Table B-2 

MEASURES-OF- EFFECTIVENESS STATISTICS 

Mean Mean 

* 
Numbe r of (Before EX£_eriment) Standard (48-hr e~eriment) MOEs Days Plotted X Deviation (S) Minimum Maximum y 

Train 392 South Bend 
TE RHDETT 165 . 806 .751 .090 8. 750 . 46 SPEED 168 28. 388 4.609 15 . 751 39. 723 28. 5 
GTMTHR 168 133303. 236 35251. 373 616603 . 752 232231. 2 73 .i.24020 . 
ATST 162 .506 1.458 -4 . 500 5.670 .09 GTHP 123 . 586 .426 0 1. 771 . 80 
Train 392 Flint 
TERMDETT 153 .968 1. 483 . 080 16. 170 1. 16 SPEED 150 32 . 557 5 . 962 7.594 49. 051 35 . 5 
GTHTHR 163 168330. 769 4 3544 . 206 20565 . 409 266077.017 167956. ATST 156 . 684 1. 519 -4.330 5. 760 . 71 

...... GTHP 119 . 640 . 451 0 1. 759 . 815 co 
Train 385 South Bend -..J 

TERMDETT 167 1. 658 1. 038 . 330 10.670 1.00 SPEED 153 30.233 5. 59 7 16.649 46.246 33.0 GTMTHR 162 119627. 780 33560.060 17048. 706 212923.529 1 :4310. ATST 157 1. 381 2 .086 - 1. 750 12.000 .50 GTHP 1 25 .605 . 419 0 1. 607 . 70 
Train 384 Flint 
TERMDETT 151 1.690 2.119 .080 23.920 1.50 SPEED 153 23.099 S. 135 7.688 40 . 104 24.0 
GTMTHR 152 163727 . 840 49666.494 5105 7. 252 341302.099 147838 . ATST 147 - 1. 7 54 5.358 -11. 580 11. 000 4.50 GTHP 113 1. 266 . 891 0 3. 544 1.50 
Train 434 South Bend 
TERMDETT 161 1.097 . 814 . 090 8 . 090 1.04 SPEED 165 27.112 4 . 825 8.584 42 . 157 27.0 GTMTHR 167 139650. 891 309 79 . 250 30042 .918 234205 . 6 54 144443. ATST 160 . 765 1. 539 -5 . 580 5 . 340 .67 GTHP 123 . 6 76 .440 0 1. 404 1.04 * TERHDETT=terminal de tention; SPEE~average train speed; GTMTHR=gross ton mi l es per train hour; ATST=on- time 
record at des tination ; GTHP=gross tons handled per engine horsepower. 



were calculated to determine if they fell within t he 95% C.I. 

The MOE C. I . 's included Yin a l l cases. 

n e-n 

A comparison of Y with X of the same day ' s operations of the pre­

vious week was also made and no significant trend was found. 

The average number of freight cars handled per yard engine hour 

(CH/YEH) in Port Huron , Battle Creek, a nd Elsdon yards were manually 

plotted over the same six- month period (see Figs. B- 26 through B- 28) . 

Y). 

The aver age CH/YEH over t he six months were 7, 13, and 11.5 cars, 

respectively. These graphs show no noticeable change i n yard operations 

during the two days of the dispatching experiment for which data were 

availabl e. 

Figur es B- 29 and B- 30 show the average number of fre i ght cars 

handled per train by eastbound and westbound manifest trains that 

travel ed on the Chicago Division. The average number of cars handled 

by eastbound trains was somewhat greater with less variance than the 

westbound trains during the six-month per iod. As in the other MOE 

analyses , the experiment data were not sufficient to reflect any in­

fluence of the dispatching experiment. 

To measure the effect of the experiment on the operation of the 

whole Chicago Division, a sample of four large pools of cars that 

cycle between Flint and Elsdon stations (pools 100, 120, 124 and 179) 

were selected for a nalysis. The information available for these pools 

included the day, time, and train on which each car arrived and de­

parted Battle Creek Yard from July 18 to July 27, 1977. The 0-48 

hour delay information on each car for all four pools was aggregated 

to obtain a sufficient sample s i ze to compute the average pool car 

delay time in Battle Creek Yard. 

Figure B-31 shows that on the two experiment days that could reflect 

a change (July 26 and 27) pool car e lapsed time in Battle Creek decreased. 

One expl anation fo r this decrease is that by dispatching pool cars on 

different trains at the or iginating stati on (e.g . , Flint), pool cars 

arrived at Battle Creek in time to be put on an earlier train. 
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FIGURE B-31 POOL CAR DELAY T IME IN BATTLE CREEK YARD: POOLS 100, 
120, 124, 179. 

The appar en t decrease in average hours delay in Battle Creek during 

the e xperiment, however, may be a r esult of the way in which pool data 

were extracted from RAILS . Four " Car De lay Ti me Summary" reports were 

generated by GT for one week (July 18- 24) and three days (J uly 25, 26, 

and 27). A brief study of these reports s howed t hat a number of pool 

car s we r e excluded (i. e ., those cars a rriving in Battle Creek before 

report gener a tion and those cars departing Battle Creek after r eport 

gener at i on) . Therefore, the mos t re liabl e data are for July 20-23 

i n the middle of the week summary . These days consequently have a 

greater number of car data as s hown below. 
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Number of Average Hours Delay 
Day Car Arrived Pool Cars in Battle Creek 

July 18 66 14.28 

July 19 95 9 . 95 

Jul y 20 143 12.70 

July 21 85 14.58 

July 22 107 9.28 

J uly 23 118 12.11 

July 24 44 9.41 

July 25 45 11.14 

July 26 75* 7.32 

J uly 27 81* 8.97 

In conclusion, the short duration of t he dispatching experiment pro­

vided an insufficient amount of data to show any significant change in 

the railroad's daily operations because of the large variance in the 

165 days prior to the experiment. 

Estimating Required Experiment Sample Size 

Because we could not detect a statistically significant change i~ 

the selected M0Es during the brief experiment, we decided to apply 

additional analys i s procedures to five M0Es to determine not only whether 

it would ever be possible t o detect a r easonable change in MOEs wi t h such 

a wide vari ance before t he experiment but also the number of experiment 

da ys necessary to show significant statistical results. 

*Al l pool cars arrived in Battle Creek ·vard during the experiment. 
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Using the six months of MOE statistics given in Table B- 2 and the 

following: 

o Before Experiment data (February 10 - July 24) 

n
1
= number of days (observations) 

e
1
= true mean (unknown but est imated by x

1
) 

s
1
= standard deviation 

o Experiment data (July 25- 27) 

n 2= number of proposed days (observations) 

e2= true mean 

s
2
=s

1
= standard deviation (assumption), 

we assumed an experimental period (e.g., 6 months= 180 days) and calculated 

how l arge I e1 - e2 I must be in order to have a . 9 probability of statistic­

ally detecting a difference (see Table B-3). The following approximating 

procedure was pe rformed for a ll five MOEs for each train: 

s2 
1 

+ s2 
1 

The influence of the experiment on train MOEs would have had to have 

been unrealistically great to have been detected for most MOEs, as shown 

in Table B-3. In fac t, a 10% decrease in terminal detention time for 

train 392 on the South Bend subdivision (e.g., 0. 725) would be unlikely to 

be detected because of the large variance in the past 165 days' data. A 

I e
1
-e2 I of 10% would be unlikely to be detected in the following 

MOEs: terminal detention time, on-time record at destination, and 

gross tons handled per horsepower. Given a realistic 10% increase 

in average train speed (ATST) and gross ton miles per train hour 
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Train 392 
TERMDETT 
SPEED 
GTMTHR 
ATST 
GTHP 

Train 392 
TERMDETT 
SPEED 
GTMTHR 
ATST 
GTHP 

Train 385 
TERMDETT 
SPEED 
GTHfHR 
ATST 
GTHP 

Train 384 
TERMDETT 
SPEED 
GTMTHR 
ATST 
GTHP 

Train 434 
TERMDETT 
SPEED 
GTMTHR 
ATST 
GTHP 

;, 

Table B-3 

CHANGE NEEDED FOR A 90% PROBABILITY OF DETECTION GIVEN SIX MONTHS OF EXPERIMENT DATA 

;{ 

MOEs 

South Bend 

Flint 

South Bend 

Flint 

South Bend 

Number of Experiment Days 
Required Given a 10% Effect 

t 
26 
94 

t 
t 

t 
36 
90 
t 
t 

t 
37 

117 
t 
t 

t 
60 

167 
t 
t 

t 
33 
57 
t 
t 

Per cent Change Required With 
Six Months Experiment Data 

29. 84 % 
2.54 
8 . 34 

92. 04 
25 .09 

49. 63 
5. 96 
8. 2 3 

71. 54 
24 . 72 

19.83 
5 .99 
8.94 

48.55 
23 . 77 

40. 71 
7.19 
9 . 83 

99.84 
25 .02 

23 . 81 
5.64 
7.01 

64.30 
22 . 58 

TERMDETT=terminal detention time ; SPEED=average train speed; GTl1THR=gros s ton miles per train hour ; 
ATST=on- time record at destination; GTHP=gross tons handled per engine horsepower. 

tMore than 180 or excessively large number of experiment days required . 



(GTMTHR), at least one tu two months of experiment data for ATS T 

and at least three to six months of experiment data for GTMTHR 

would be required in order to have a .9 probability of statisti­

cally detecting a difference . 
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