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PREFACE

This manual includes the application of the simulation cost model to a
currently used high speed passenge. train truck, the Minden Deutz Truck on
the Amtrak Superliner. This application is presented for illustrative
purposes only. The input data to the model for the truck are typically
rough estimates--these data and the associated outputs from the model are
SAMPLES ONLY and should not be considered as accurate or as definitive in

any sense.

This work was conducted for the Federal Railroad Administratior through
the Transportation Systems Center (TSC) in Cambridge, Massachusetts.

Mr. Kevin W. Yearwood was the TSC Technical Monitor.

Other contributors to this work are also acknowledged. These include :Ir.
Gregory Gagarin of the Mechanical Department Equipment Engineering

Group, Amtrak Washington Office, and Mr. Bernard Fitzgerald, Manager

of Superliner Maintenance Facility, of the Amtrak Chicago. Both Mr,
Gagarin and Mr. Fitzgerald aided in the formulation and review of the
schematic diagram, in the estimation of data values, and in the re-

view of portions of this manual. The production of the manual, par-
ticularly of those parts associated with the Minden Deutz examwple,

vas facilitated considerably by their participation.
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1. INTRODUCTION

High speed passenger train trucks perform a variety of tasks, including support
for the car and origination of braking and traction forces. The truck is

a complex electromechanical system with many interrelated components. Because
of its complexity, the truck can be expensive to purchase and to maintain.
Although the purchase cost of the truck can easily be determined, it is much
more difficult to establish the future costs of maintenance. Fleet main-
tenance costs are a function of (a) msintenance policies of the user, (b)

type of service dictated by the truck design, (c) disassembly order of the
truck components, and (d) time-varying aspects of certain maintenance costs.

The possibility of determining future maintenance costs with the aid of a
computer has motivated the development of an economic maintenance methodology
for passenger train trucks. This methodology -- the simulation cost model
(SCM) -~ is a consistent quantitative technique which provides(l) anmual
maintenance costs, (2) s means of evaluating alternative maintenance policies,
(3) a means of estimating time dapendent maintenance costs, and (4) identi-
fication of the data used in applying the technique.

In addition to the present railroad application, this methodology has pre-
viously been applied to the costs of maintaining roller bearings, journal
bearings, wheels, bolsters, side frames, railcar trucks, and tracks. The
methodology is also spplicable to trucks, buses, and other systems for

which fleet rather than individusl cost data are available. Typically,

the SCM is applicable where the fleet size is on the order of 100 or more indi-
vidual units. |

1.1 PURPOSE OF THE USER'S MAWUAL

The purpose of this menual is to give the reader a sufficient understanding
of the cost methodology to analyse, with the aid of the computer program in-
cluded, the maintenance costs associsted with the operation of a paseenger
truck. A further purpose is to present an exemple set of data, descriptions,
and results for an existing passenger train truck and, thereby, to illuminate



the (SCM) more fully. The truck used for the discussion is shown
in Figure 1-1. This truck has been chosen for the presentation of
a sample cost and/or repair data set because it is a new addition

to the Amtrak fleet and its maintenance costs are important to Amtrak.

Although the report is intended to give the reader an introduction to simu-
lation cost modeling,it is also a guide and manual for the serious user of

the methodology and of the computer program contained herein.

1.2 SIMULATION COST METHODOLOGY

The simulation cost modeling (SCM) technique consists of a qualitative and
quantitative computerized representation of the maintenance actions associ-
ated with the truck being modeled. The qualitative representative is a
schematic diagram. This diagram describes the maintenance system. The quan-
titative representation is the data set associated with the schematic diagram.
Linking the schematic diagram and the data set is a computer program. This
program quantifies the diagram, implements the associated data set, and pro-
vides cost outputs as desired by the user.

The schematic diagram is analagous to an electrical wiring diagram. The
schematic identifies the truck-related parts of the maintenance system, the
maintenance interactions which involve the truck and its subassemblies, and
the associated maintenance decisions that are required. The typical features
and- construction of the schematic diagram for the Aumtrak passenger truck

are contained in Section 3. Section 3 also contains the details of the

data required to get cost results from the running of the computer program
contained in the Appendixes at the end of the report.

1-2
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2. APPLYING THE SIMULATION COST METHODOLOGY

2.1 DESCRIPTION

Amtrak uses and maintains the Minden Deutz truck. In order to keep the
rolling stock in good working order it employs several repair facili-

ties throughout the United States. In general, each of these facilities
consists of a repair site with a Pit, Ground, and Rip Track. The Pit pro-
vides the workers with an underside view of the train cars. The ground
and Rip Track are needed when additional time or labor must be expended

to correct the component failures that occur. Figure 2-1 is a pictorial
view of the movements of Minden Deutz cars among the various work areas

used in keeping the passenger train trucks in a good state of repair.

Also included in the pictorial view of the Amtrak maintenance facilities
of Figure 2-1 are the Car Shop facility and the central overhaul location
labelled as "Beech Grove". 1In the Car Shop the car is inspected approxi-
mately every 120 days. The majority of car repairs are made in
this facilicy, Trucks can also be repaired if necessary.

The overhaul facilitv at "Beech Grove", Indiana, is used to rework and

repair trucks on a periodic basis. In addition, this facility performs
bearing rework, wheelset repairs and build-up, and subassembly rebuilding
(such as for brake cylinders etc.). Component subassemblies are shipped

to this facility from the various Rip Tracks and Car Shops around the country.

In the remainder of this subsection, the user is given a general introduction
to the schematic diagram, deta requirements, and computer program associated
vith the cost model. Detailed discussions concerning construction of the
diagram, preparation of the data, and use of the computer program are given
in Section 3.0 of this manual.

2.1.1 Disgram of Maintenance Sirulated

The schematic diagram represents the maintenarnce actions that affect the
truck. The schematic identifies the truck-related repair points of the

2-1
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maintenance system, and the interactions involving its components. To
describe the schematic, a simple diagram can be used. This diagram,
Figure 2--1, is a simpiified version of the full schematic developed as
an example in Section 3.1 of this manual.

The simplifiasd representation of the truck repair system is based on
Amtrak's system for the upkeep of the Minden Deutz truck. The picture
consists of the In-Use, Pit, Ground, Rip Track, Car Shop, and the major
overhaul point shown at "Beech Grove" Indiana.

In-Use represents the productive use of the truck. The Pit or Ground
encompasses the places where inspections of the truck are made and vhere
ninor maintenance of the truck is performed. The Rip Track is an area
located physically in close proximity to the Pit or Ground. At the

Rip Track, more substantial truck maintenance, removal of trucks, and
removal of truck subassemblies occur. Finally, the major overhasul fa-
cility is a central location where major truck disassembly and truck
repair takes place.

2.1.2 Overview of Data Requirements

The data requirements for the SCM technique are, for the most part,
defined by the schematic diagram. These data requirements comsist
primarily of three types of information. These are:

1) Maintenance cost information (labor and material),

2) Mmber of trucks and truck components per year (flow data)
associated with paths of the schematic diagram, and

3) Data needed for comtrolling the computer programs.

The costs associated with a particular path are determined by the
operations or actions that occur on the path. For example, the
connecting line detween the "In-Use”™ and "Pit" blocks shown ia Figure
2-1 is related to the inepection of cars reaching the "Pit" on a
daily basis. Consequently, the labor cost required for inspecting

2-3



each component would be associlated with this path. Specifically, 1
data item for this path could be $0.57 per wheel, which would then

be the unit cost for inspecting each wheel. For this inspection cost,
the amount could be found by first determining the time to inspect

the wheel and then multiplying by a labor rate. For other costa, their
unit values could be obtained from the vendors (material costs), from
carriers (shipping costs), etc. Costs generally obtained in practice
are unit costs (e.g., dollars per wheel).

In general, the cost associated with eacn component on each path will

be that for the sum of all activities or actions that occur. Consequently,
a given path can incorporate many costs for each component such as from
labor, material, subcontract, delay, travel and living, etc.

The connecting lines or paths on the schematic diagram, require addi-
tional information beyond costs. This additional information, the
"flow" dats, is necessary because the paths represent the "movement"
of trucks and truck components frowm 1 point in the repair scheme

to another. These flows are the number of trucks or truck com-
ponents per year that are conceptually being handled by the mainten-
ance action represented by that path of the schematic diagram. Details
of specific "flow" data are given in Section 3.2.2.

Data for controlling and operating the computer program are also needed.
In order for the simulation cost model to tabulate cost results the sche-
matic diagram and its associited maintenance operations (paths) must be
mmbered. In addition, the various counecting points of the schematic
diagram must be numbered, and the truck components being repaired must
be given reference mmmbers. The technique of numbering the paths, con-
necting points, and truck component subassemblies is the basis of the
example given in Section 3. In addition, & review of how the computer
program control numbers are generated and used is given in that sectiom.

2-4



2.1.3 Overview of Computer Program

The computer program used for simulation cost modeling is contained
in the Appendixes of this report. This program is a FORTRAN version
of the original which was written in the BASIC language. This pro-
gram and its associated sample data files are intended to rum in the
batch mode. The type of simulation runs, numbers of outputs, and
type of cost output one obtains depends upon the numeric values given
to the control file variables. Sample data file numbers and typical
cost, flow, and summary output results are also given in the Appen-
dixes. A complete set of output information obtainable from the

frogram would consist of:

1) A schematic diagram topology printout,

2) maintenance path flows by path and component,

3) maintenance costs itemized by path and component,

4) maintenance costs by truck component,

5) a set of sensitivity costs,

6) the quality of components over the schematic diagram paths,

7) the age of the components throughout the schematic diagras
paths, and

8) the total system cost with time if a time simulation run has

been chosen.

Each of these output types are reviewed in the sections that follow.

2.2 OPERATIOR OF THE COMPUTER PROGRAM

The operation of the program contained in this manual is intended for the
serious cost analyst who is familiar with the procedures and methodology
described herein. The program can also be employed by the casual observer ~
for the sample problem given in the manual through use of the sample data
files supplied. However, the data set supplied with this manual is intended
only for implementing the program and to illustrate its operation. Con-
clusions on the actual cost vilues for the truck used should not be drawn
until the full set of costing data has been thoroughly reviewed by the user
who is familiar with the full range of maintenance practices simulated by
the prograa.
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2.3 COMPUTER EQUIPMENT DESCRIPTION

The computer prograu was converted to FORTRAN IV language and test run on

a PRIME 350 computer. This computer, in addition to having a control terminal,
contained a magnetic disk (12 megabyte) drive and a hard copy printer. The
control terminal provided for the program processing, whereas the printer

was used for receiving all output cost, flow, and other simulation informa-

tion. Samples of these output tables are contained in the attached Appendixes.

Further program operating instructions are c¢ntained specifically in Appendix A.

2.4  PERFORMANCE OF PROGRAM

The computer program listed operates in the batch mode under the control file
set of cards listed in Appendix D. Selection of the appropriate control values
wilil provide the user with many combinations of output results. A single

typical program run would normally consist of output results consisting of
any 1 of the following:

a) Schematic Diagram Topology,
b) Maintenance Flows and Costs,
c) Time Simulation Runs, or

d) Maintenance Cost Sensitivities.

Normally the control cards would be set up to provide any 1 of the above
output types, however, some combinations can be obtained in a single rur.

As an example, the topology output (schematic diagram path linkages) can be ob-
tained along with a single flow and cost output, if desired. If a time
simulation is chosen, then the user must specify the time step interval for
vhich the flow and costs will be printed. In this way 1 or several out-

puts can be produced to follow the system "flows and costs" over some

desired time span.

If the user wants the sensitivity output, this is exclusive t. all other
optional outputs. The various meanings of the control card sets and an
example test run set are contained in the Appendixes.

2-6



2.5 DATA PROCESSING OF PROGRAMS

The data files for the computer program are discussed in the Appendixes;

however, some general comments are given here.

All data needed for running the programs are coutained in 2 data files
(sec Appendixes D and E). The control file is read alternately with the
base data file which contains the nodal split values, costs, path linkuges,

and other maintenance-related values.

Portions of the base data file are separated by the delimeter "999" whereas
other parts are bounded through the loop indicies found in and set by the

control file values. This technique is used so that whz2n modifications in
the maintenance schematic diagram are desired, only the data, not the com-

puter program, need to be changed.

2-7/2-8



3. PROCEDURES AND REQUIREMENTS OF MODEL

This section provides the user with specific details of implementing the
simulation cost model. The implementation of the methodology is demon-
strated thro'gh the use of a sample schematic diagram and its associated
set of data. The presentation of the material here follows the logical
progression of model development taken for the passcnger train truck
example given. This progress requires that the model developer:

1) create a schematic diagram representing the maintenance system modeled,
2) generate a data set required by the diagram comstructed, and
3) input the data as required by the computer program.

3.1 THE SCHEMATIC DIAGRAM AND ITS CONSTRUCTION

The schematic diagram defines the system (e.g., maintenance) that is being
considered by the SCM. As a rasult, the degree to which the SCM provides
accurate and reliable cost and flov output depends on the degree to which
the schematic represents the actual maintenance system. It is therefore
desirable that the user of the SCM be intimately familiar with the actual
or rroposed procedures for the truck. Occasionally, the expert in truck
maintenance and the person wvho is applying the SCM are not the same.

In that event, it is suggested that a project team be formed so that the
necessary experience is provided both during the comnstruction of the sche-
matic and during the subsequent steps in implementing the SCM.

The important features of any schematic diagram are:

a) Major mesintenance repair areas (e.g. In-Use, Pit, Ground, Rip Track, etc.),
b) Paths which represent every maintenance action desired in the model
simulation, and
¢) Branching and Summation points for paths proceeding from or to the
various maintenance actions shown in the diagrams.

Regardless of the complexity of the truck being considered or the maintemance

requirements, every schematic diagram will contain these elements. The only
difference between the simple schematic of Figure 2-1 und the full schematic

3-1



of Figure 3-1 and 3-2 (discussed below) is the detail within the maintenance

areas modeled and the complexity of the paihs linking these maintenance areas.

Notational conventions for drawing schematic diagrams are discussed in Fig-
ure 3-3. This figure gives the meanings associated with the various arrows,

triangles, squares, and circles used.

In order to construct a schematic diagram for the maintenance of a passen-
ger train truck, several steps are usually taken. These steps
include:

1) Determination of what components and subassemblies are regarded as

comprising the truck, in particular those which may have a high
failure rate,

2) 1dentification of the nature and type of maintenance inspection to
which the truck is subjected.

3) Identification of the nature and type of maintemance actions which
are to be included,

4) Establishment of how meny maintenance facilities need be modeled
separately and of the relation of esach facility to the others in
the maintenance system.

5) Characterization of how each maintenance facility operates in repairing
the trucks,

6) Characterization of how each facility interrelates with the other
facilities.

7) Labelling of the appropriate maintenance actions and of the individual
paths of the diagram,

8) Review of the diagram by people who are familiar with the maintenance
system being modelsd and subsequent modification of the diagram to
incorporate comments received,

9) Numbering of the nodes and paths of the diagram for computer implementation.

3-2
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Figure 3-2. Details of "Beech Grove" Maintenance Operation

3-4



B v -9~ B g

denotes units to scrap or to renewal

denotes units from manufacturer or from renewal

denotes branch node

denotes summation node

denotes componeat number
(see component list Table 3-1.)

numbet iz ihat of branch node (refer to node
numbering restrictions)

number is that of summation node (refer to node
numbering restrictions)

number is thiat of path (refer to path numbering
restrictions)

denotes a group of components specified in
the list of Figure 3-3.

Figure 3-3, Drawving Notations for
Disgram Construction
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In the following discussion, each of these steps is considered separately.
The Minden Deutz truck cf the Amtrak Superliner is used as a working example.
Execution of the 9 steps for this example was accomplished through meetings

that included at least 1 person familiar with:

1) the simulation cost model technique (SCM),

2) the design, performance, and maintenance characteristics of the Minden
Deutz truck, and

3) the maintenance policies and procedures that Amtrak is applying or will
apply to this truck.

As a result of these meetings, steps 1 - 7 were completed. Steps 8 and 9

were completed subsequent to the meeting.

Step 1 A list of truck components to be considered by the SCM as comprising
the truck can be produced in several ways (sz2e sample list in Table 3-1).

These include using:

a) maintenance experience involving the truck or similar trucks

b) the manufacturer's maintenance manuals tc establish which components
need be inspected, serviced, or replaced and now often

¢) the maintenance practices anticipated for application to the truck

d) 1indications from existing accounting records that suggest costly
maintenance items, components, or procedures

e) engineering judgment regarding potentially difficult inspection or

maintenance operations on specific components.

care should be taken not to make the component list too complex or uncom=
prehensive. The complexity of the model increases proportionally with
the number of components uscd in modeling truck maintenance. The sche-

matic diagram may also become more complex if this number increases.

The accuracy of the results obtained from the SCM is not necessarily greater
as the number of components is increased. Simulation accuracy will not
increase if the additional components have little or no maintenance asso-
ciated with them.



TABLE 3-1.

COMPONENT LIST FOR THE SUPERLINER MINDEN DEUTZ TRUCK

Number

NO. SUBSYSTEM/COMPONENT per_car
1. | PRIMARY SPRINGS (SHIMS)

2. AIR SPRINGS (COILS INSIDE

3. | DAMPERS (VERTICAL PRIMARY VERTICAL SECONDARY AND

LATERAL SECONDARY) 14

4. BEARINGS 8
5. | TRUCK FRAME

6. | AXLES

7. | WHEELS

8. | BRAKE RIGGING 32
9. | LEVELLING VALVES

10. | SPEED SENSORS

11. | SIDE BEARINGS AND CENYER PLATE LINERS - (BOLSTERS) 16
12. | SAFETY HANGERS - (SPRING PLANK)

13. | RADIUS RODS

14. | TORSION BARS

15. | LEAF SPRING GUIDE BOLTS 40
16. | BRAKE SHOES 8
17. | BRAKE CYLINDERS 8
18. | puMP vALVE 2
19. | BRAKE DISKS 8
20. | AIR BRAKE ANL AIR SPRING PIPING 2
21. | SWING HANGERS 8




The key to keeping the number of components to a minimum is knowing which
components will contribute sigrificantly to the cost of the maintenance
being simulated. With a new truck the experience of the past designs with
similar components can give guidance to which components are the most sig-

nificant to the maintenance/costing process.

The final number of components used in the simulation model should be con-
sistent with the availability of data and the time required in obtaining
that data. Where data exist only for groups of components, coasideraticn

should be given to grouping them appropriately.

For the Minden Deutz truck, it was decided to represent the truck in terms
of 21 components or subsystems. These components are those in Table 3-1,
For this truck, the selection was made primarily on the basis of high-cost
items as anticipated from prior maintenance experience on other types of

trucks. In addition, the list includes items whose maintenance is called

out by the expected maintenance procedure or is anticipated from performance

requirements.

Step 2 The maintenance inspection to which a truck can be subjected gen-
erally fall into 3 categories:

1) Field Inspections - these are typically performed daily either at the

terminal or at special facilities in the field. The special facilities

include an inspection area (e.g., the "Ground") at or near a terminal
and a "Pit". The Pit is a below-track structure which allows a person
to look at the truck from below ground level.

2) Rip Track - this is a facility where a more detailed inspection and
repair operation can be done. Specifically, wheels can be clecked
for defects and the amount of wear can be measured.

3) Backshop - this is a central facility to which trucks and truck com-
ponents are sent for major maintenance and overhaul. At this shop,

the most detailed inspection of all truck components occurs.
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For the Minden Deutz truck, the Pit inspection, the Ground inspection, or hi*h
can occur. These lnspections take place at regionally centralized terminals.
Most of the components on the Minden Deutz truck can be superficially in-
spected by visual means at the Pit or Ground. More thorough inspections are
accomplished at the Rip Track.

At the Rip Track, wheelsets on the truck can be inspected without jacking
the car. I’ the car is jacked, the rest of the components can be evaluated,

some components being evaluated to a greater extent than others.

At Beech Grove, deta. ed inspection of the wheelsets occurs in the Wheel
Shop. This includes evaluation (after disassembly) of the bearings, axles,
wheels and brake disks. Dump valves and cylinders are inspected in a similar
way at the Brake Shop. In the Heavy Shop, the frame, bolster, and spring
planks are checked.

Step 3 The nature and type of maintenance actions that are performed on

a truck are partially dependent on the design and operational conditions of
the truck. For the Minden Deutz truck, most of the components can be par-
tially maintained at the Pit or Ground. The components which can be so
maintained are (Table 3-1) 3, 8, 9, 10, 13, 15, 17, 18, 19, and 20, In
addition, components 16 and 17 (brake shoes and brake cylinders) can be
replaced at these locations.

At the Rip Track, wheelsets are removed from the truck and sent as wheel-
set units to BeechGrove for maintenance. In addition, adiustment and
repair of components 1, 2, 11 (side bearings), 12, and 21 can take place.
Other components, such as 4 (dampers), 9, 10, 16, 17, 18, and 20 can be
replaced as necessary.

At Beech Grove, the detailed maintenance of all truck components can take

place. In the Wheel Shop, the bearings are removed, cleaned, relubricated,
etc. Wheels are turned and disks, axles, or wheels are replaced. In the

Brake Shop, valves and cylinders are disassembled, rebored, etc. In the
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Heavy Shop, welding, heat treating, and tramming operations are performed
on *he structural components (5, 11, 12). Elastomers are replaced as
necessary. Also, components 1, 2, 3, 8, 10, 13, 14, 15, 20, and 21 are

replaced as necessary.

Step 4 The number of maintenance facilities and the role of each can be
established by the results of steps 3 and 4. A review of these steps for
the Minden Deutz truck suggests that the inspection and maintenance opera-
tions are performed by four generic facilities -- the Pit area, the Ground
area, the Rip Track —- and by the central overhaul facilities. As a result,
an approach for modeling this truck is to include in the schematic diagram
these 4 facilities. This approach is taken in the present work, in which
the Pit, Ground, and Rip Track facilities each represents a composite of all
individual Pit, Ground and Rip Track facilities in the continental US.

Since only 1 Beech Grove location exists, that portion of the schematic

represents that 1 facility.

One additional facility, the Car Shop, was included in the maintenance of
the passenger truck modeled. This facility has its own inspection and
review cycle (120 days) associated with it. Some subassemblies are sent
from this facility directly to the Back Shop at Beech Grove. The Car Shop
was conceived as a maintenance facility with a more elaborate equipment

for handling the details of some repairs, especially repairs to the car itself.

Step 5 The result of the previous 4 steps is that for the Minden Deut:z
truck, 5 major maintenance facilities (or blocks) should be sufficient
for the schematic diagram used to model the maintenance of this truck.

To characterize how each facility operates one must consider a particular
truck. Consequently, the sample schematic diagram for each of the 4
facilities is for the Minden Deutz truck.

Maintenance at the Pit facility starts after a defect or defects are found
in a truck during Pit inspection. Two courses of action can take place.

The train can be moved to the Rip Track if the defect 1is serious. If the
defect is minor, the course of action depends on the nature of the defect.
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For minor defects (e.g., brake shoe replacement, hose connection tightening,
or various adjustments) the appropriate maintenance will be done on the
spot. More significant maintenance requiring slightly more work but not
requiring the services at the Rip Track, will take place either partially

or completely at the Ground facility. The amount of maintenance that occurs
at the Pit will depend on demand.

Under conditions of high demand, the train will be moved immediately to the
Ground facility. Under conditions of low demand, maintenance will commence
at the Pit and will typically be completed at the Ground. The Pit main-
tenance will include brake cylinder replacement as well as service of com-
ponents 3, 8, 9, 10, 13, 15, 17, 18, 19, and 20.

The above digcussion provides enough information for the Pit portion of

the schematic diagram to be constructed. Figure 3-4 presents an annotated
sketch of the "Pit" operation. The meanings associated with each of the
paths in this portion of the full schematic are explained. It should be
noted that the diagram of Figure 3-4 is similar to the "Pit" portion of

the full schematic. In this case the paths are not numbered but annotated.
The symbol denotes a group or set of truck components that are replaced
or serviced on the indicated paths. See Figure 3-5 for a complete subgroup
listing by component. The component numberc are listed in Table 3-1.

The schematic for the Ground portion of the modeled truck maintenance
operation is shown in Figure 3-6. The similarity of this figure and the

"Ground" part of Figure 3~1 should be noted.

The operation of the Ground facility is similar but not the same as that

at the Pit. Defects found during Ground inspection can result, if serious,
in direct transfer of the train to the Rip Track. If the defect or defects
are not so serious, maintenance will take place at the Ground. The cars
subjected to such maintenance can include trains sent to the Ground from
the Pit (trains are not sent to the Pit from the Ground). During the
maintenance operation, serious defects may be encountered such that the
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RETURN WITHOUT
MAINTENANCE
TO "IN — USE"

RETURN
FROM TO
“IN-USE" "IN-usE"

ASSUMED ON
THIS PATH

MINOR FRACTION
OF REPAIR WORK

Pigure 3-4.

MAJOR FRACTION
OF REPAIR WORK
ASSUMED ON
THIS PATH

MOVE TO GROUND

WORK ANTICIPATED
AS TOO INVOLVED
FOR PIT TIME

5

% INSPECTION DECISION POINT OF PIT, CAUSING TRUCK TO BE
EITHER REPAIRED OR RETURNED TO "IN USE" WITHOUT
SEING WORKED UPON.

NOTE: 0 INCLUDES MANTENANCE OF
COMPONENTS AS GROUPED IN FIGURE 3—5
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DENOTED ON
SCHEMATIC
DIAGRAM AS

Inclu:ies replacement of components

E

Includes replacement of components

Includes replacement of components
14, 15, 16, 17, 18, 20, 21

Includes replacement of components
17, 20

a

Includes replacement of components
14, 15, 16, 17, 18, 20, 21

8

Includes maintenanze of components
17, 20

8

Includes maintenance of comporents

Includes maintenance of components
17, 18, 20, 21

a8
S

Includes maintenance of components
20, 21

Includes maintenance of components
17, 18, 20, 21

)
»
g

&
g
1)

see "Ground"
see "Rip Track"

3, 5| @, 10 see "Car Shop"

©
g
()

1,

3,

6] see "Pit" of Schematic Diagram

8, 9,

10, 12, 13, 15, 16, 17

9, 10, 12, 13, 15, 17

8, 9, 10, 11, 12, 13,

10, 12, 13, 15, 16,

8, 9, 10, 11, 12, 13,

9, 10, 12, 13, 14, 15,

9, 10, 12, 13, 15, 17

lo, 11, 12, 13, 14, 15,

10, 12, 13, 14, 15, 17,

10, 11, 12, 13, 14, 15,

Figure 3-5. List of Components Repaired or Replaced
at Denoted Points on the Diagram
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COMPONENTS AS GROUPED IN FIGURE 3-5

Figure 3-6. Annotated Operation of Ground Facility
Maintenance Actions
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maintenance operation has to be completed at the Rip Track. 1In that event
the train will be moved to the Rip Track after the defect is uncovered.

If no serious defects are uncovered, the maintenance operation will be
completed at the Ground facility. This maintenance could include the
final items of work on those trucks that have already undergone some work
at the Pit.

Rip Track maintenance occurs after cars are received from either the Pit,
Ground, or dive-tly from the In-Use field. Cars which are sent to the
Rip Track from the field consist of those which had hot box indications.

At the Y.p Track, cars with just wheelset maintenance requirements have

their wheelsets replaced. Of the other cars, some have trucks which have
s:fficiently serious defects that the trucks must be replaced. The remainder
of the trucks require adjustment and repair of components 1, 2, 11, 12, and
21. This set of maintenance operations is shown in Figure 3-7.

The operation of the Beech Grove facility was described in general terms
in Step 3. In the present step, additional details of the operation need
to be specified. The operation typically involves detrucking of trucks
arriving with their cara. Truck disassembly follows, after which the
structural parts are inspected 2nd serviced as necesgary. The remaining
parts are divided into three general groups — the wheelset asseably, the
valve and brake cylinders, and the group of items consisting of component
tumbers 1, 2, 2, 8, 10, 13, 14, 15, 16, 20, 21.

The characterization of the scech Grove facility incorporates the features
described above and in Step 3. This characterization, Figure 3-2 shows
twvo main maintenance areas which are identified as the Brake Shop and the
Wheel Snop. Trucks and wheelsets enter the facility at the left and left
top. Overhauled trucks leave at the top right. Wheelsets leave at the

right. The truck frame and associated components (components 5, 11, and 12)
conceptually move along the bottom paths. Wheelsets are separated
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from the remaining components. These wheelsets and other ziz,/ing whee
sets are sent to the Whe=1l Shop. Dump valves and brake cylindere wv-
the Brake Shop. General repairs are performed on the rest of the ~--

at the center of the diagram.

Step 6 Figures (3-4, 3-6, 3-7) describe the internal operations of th. .
Ground, and Rip Track. These <acilities and other blocks of the ascher:. -
diagram are completed by the addition of the interconmnectinns among . 1./

These interconnections are already shown in Figures 3-1 and 3-2.

Some details of Figures 3-1 are worth noting. In-Use provides the source
of flow to the Pit, to Ground, and 2 other paths. The first of these
other paths is for hot box callouts. The 2 return paths to the In-Use
are provided to allow for false hot box indicaticns. The second of these
other paths is for msjor truck overhaul. Such overhaul is scheduled on
a periodic basis for the truck and the path leads to the Brake Shop at
Beech Grove.

At the point where all the Pit-to-Rip Track paths and Ground-to-Rip track
paths have joined, an additional path to In-Use has been provided. This
path contains the nondefective trucks on the train. Only the defective
trucks and those nondefective trucks on the cars with defective trucks are
received at the Rip Track.

The remainder of the interconnections among facilities is straightforwvard.
Provision has to be made such that each "sending" path has a corresponding
"receiving" path (e.g., the good wheelsets sent from Beech Grove must
actually be received at the Rip Track). Scrap paths and replacement paths
are an excepticn. In addition, paths must balance for each facility. PFor
example, wheelsets sent from the Rip Track on one path must be balanced by
vheelsets sent to the Rip Track on another path. As another example, the
total of all trucks received at the Pit must be balanced by the total of
all trucks sent from the Pit.
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Step 7 As a result of completing Step 6, the basic construction of the
schematic diagram has been completed. 1In Step 7, the important parts of
the diagram are labelled.

It is desirable that the following be labelled so that the diagram facili-

tates easy use:
1) the maintenance facilities (including In—Use),

2) the important paths (including those with inspection
maintenance operations) and

3) the components associated with various paths (some of

this component path labelling has already been completed
in Step S).

Step 8 Review of the schematic diagram by persons knowledgeable in main-
tenance of the truck being considered is perhaps 1 of the most important
steps in diagram construction. Omission of this step can readily lead to
misrepresentation of the maintenance of the truck and to inaccurate or

misleading SCM results. 1In addition, a poor representation of how the

truck is maintained can produce awkward and unrealistic data requirements.

In the case of the Minden Deutz truck, the schematic was reviewed by a
representative of Amtrak's engineering department and of Amtrak's mainten-
ance department. Changes to first versions of the diagram have already

bean incorporated in the final versions of the schematics shown in Figure 3-1
and 3-2,

Step 9 The final step in preparing the schematic diagram is that of path
and node numbering. When this step is complete, the diagram is ready for
computer implementation and for development of the da:a requirements.

In the diagrams of Figure 3-1 and 3-2, path numbers were placed near their
associated paths and made slightly larger than the nod= numbers. The node
numbers are, for branch nodes, placed in the branch node circles. For
summation nodes, the node numbers are placed between the sirowheads of the
2 arriving paths.
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Although there is considerable flexibility in path and node numbering,
certain conventions must be followed. For path numbers, the conventions

are as follows:
a) In-Use must be numbered Path 1.

b) If trucks are being added to the population and are not
directly replacing scrapped trucks, this net increase f

trucks must occur via the flow on a path labelled Path 2,

c¢) 1f trucks are being removed from the population and are
not directly being replaced by new or overhauled truc:s,
this net decrease of trucks must occur via the flow on
a path labelled Path 3.

d) Paths 4 - 15 are reserved for component or subsystem flows
from manufacturers or from reworking facilities. The cor-
responding scrap yard flows are )6 - 27. Each path numbered
16 -~ 27 must have an associated replacement path and the
identifying numbers for these 2 paths must differ by 12. For
example, Path 4 is associated with 16 and so on through 15 and 27.

e) All path numbers greater than 27 can be assigned arbitrarily

to the remaining paths in the diagram.

f) Path numbers need not te sequential -- gaps in the path
numbers on the diagrar: can and do occur. This is for the

convenience of adding paths at a later time.

For node numbers, the following constraints applyv:

1) Nodes must be numbered in a downstream manr.2r; so that at
2 given node, the path or path: entering the node originate

“rom lower numbered nodes.

2) For the Je ermination of the node numbering order, the

downstream direction starts at In-Usge.

3) Path 1 (In-Use) can be associated with an arbitrary number

of branch nodes.
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4) Paths 3 - 27 have numbered nodes at one end only.
5) Points at which paths return to In-Use do not have to have node numbers.

6) Node numbers need not be sequential -~ gaps :n the node numbers on

the 4diagram can occur.

7} No distinction need be made between branch and summation hodes for

the purpose of node numbering.

During the numbering process, the user should attempt to foresee changes that
might eventually have to be made to the diagram. Typical changes involve

the addition of paths. Censequently, it is desirable that sufficient gaps

be left in the node numbers for the later insertion of addirional nodes.

In numbering, it should be remembered, however, that SCM results are printed
out by the computer program in path order. If the user wants results grouped
by facility, he should set aside a contigucus set of numbers for exclusive
use with the paths of that facility.

Completion of the schematic diagram allows development of the data require-

ments. These data requirements are considered in the next subsection.

3.2 DATA REQUIREMENTS

3.2.1 VWhat Data Are Needed

The numeric data needed for running the simulation cost model are

basically four types:
1) Diagram numbers, paths and nodes.
2) Flow related numbers (how many of each component for each path).
3) Cost numbers, labor rates, etc.

4) Control information.

Samples of these data are given fully in Appendixes D and E in the format
required for running the sample cases for the truck modeled. An explana-

tion of the original form of the data, the restricting of the data for the
program, and examples of the data in program format are given lelow.

3-20



3.2.2 How to Collect Data Needed

Once the schematic diagram has been constructed, the various operations
in the maintenance system are well enough defined to gather data. The
maintenance actions such as inspections, scrapping, replacement of parts

and their relationships to 1 another are known.

The questions of how many trucks (and truck components) arc handled
(observed, worked on, etc.) by each path of the maintenance model can
be established by either counting or going to the points in the field of

maintenance work and by observing or recording what is done.

3.2.2.1 By Counting Flows. Take inspection as an example.
The "Pit" in the presently modeled truck repair system con-
tains an inspection action. This inspection is represented by
circled node two (:) shown previously in the full schematic
diagram of Figure 3-1. If one were to record the number of cars
(trucks or components) reviewed annually by the inspectors of
the various "Pits" throughouc the repair system, he would have
"by count" the actual flow data required for this point in the
model. Likewise, every other maintenance action can be tabu-
lated from field data, if desired. The numbers flow of "how
many" would then be available for input to the program.

In the present case a set of field data could not be obtained.
One reason for this is that the full fleet of cars was not de-
ployed during the period of the present contract. For the
present example, therefore, another method of getting the
appropriate data for each path of the diagram was used. This
method, involving estimating the appropriate flows and numbers
needed is discussed below.

3.2.2.2 Estimation Techniques. By discussing the modeled

maintenance systea with a few key people, the path flows and
some of the cost data can be estimated from their knowledge of
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the system. This was the method, along with life estimations
on the component parts, that was used for determining how many

parts are treated at various points in the diagram,

Reference is made to the diagram and tables of Figure 3-8.

The maintenance cycles and scrap life cycles listed in that
figure are estimates of how long eacl. component will survive

its service environment before needing either replacement or
maintenance. With the assumption that the total system contains
284 cars, the total number of components that must be either
replaced or maintained can be estimated. These estimates are

also shown in Figure 3-8.

After establishing the total number of components either replaced
or repaired, this total has to be broken down and then assigned
to appropriate places in the modeled system. To do this, the
repairs were distributed on the frequency rate at which they
were inspected. For instance, component ! is repaired either
in the Rip Track or in the Car Shop (see previous Figure 3-5).
Since the cars going to the Car Shop are inspected only every
120 days (whereas cars thrcagh the Pit or Ground are reviewed
every day), there should be more repairs of component 1 in the
Rip Track than in the Car Shop. For the present example,
roughly 1/120th of the 227 repairs on component 1 were assigned
to the Car Shop and the balance assigned to the Rip Track.

Estimates for the repairs handled by the "Beech Grove" facilicy
were obtained by ussuming that roughly 25X of the fleet of 284
cars would be sent to that facility every year for major over-
haul. This corresponds to a major overhaul cycle time of 4
years per truck. Hot box setouts were assumed at 4 cars per
year sent for overheated bearing repairs.
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3.2.2.3 Cost by Hours and Component. Costs for the present
model were also developed through an estimation procedure
rather than from gathering actual field information. The
Tables shown in Appendix K were generated at a meeting with
key personnel from Amtrak and Shaker Research. Each path
cost by component was estimated in terms ~f the amount of
unit labor hours and/or unit replacement cost. These amounts
(such as new parts and scrap values) with comments aire listed

in tabular form in Appendix K at the end of the report.

3.2.3 Data Forms for Truck Example

The following sections discuss the format of the data as needed for

the compv ar.

3.2.3.1 Node-Path Numbering. Once the schematic diagram
paths and notes have been numbered, the various connections
can be entered in the computer file. A sadple of the file
which is used for entering those numbers ia the computer
during running is shown in Figure 3-9. The complete file is
contained in Appendix E.

The first column of this file is associated with the node
number of the schematic diagram. This number can be -1, O,
or any positive number whi:h has an associated branch node
on the schematic diagram. Note that the sequential numbers
that are entered in this column refer to branch noies only.
The line or row of this file (nmot explicitly entered) are the
node numbers shown within circles on the schematic diagram.

3.2.3.2 Node Split Values. For each branch node of the
modeled system the program requires at least 1 split value.
This split value is entered in a file as shown in Figure 3-10.

The split value represents the fractional amount of truck
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components arriving at the node that centinue down the refer-
ence path. This reference path at each branch node is the
second path number shown in Figure 3-9. Tte split values are
computed from either data gathered in the actual maintenance
operation being simulated or from estimat: s of the flows

made from repair knowledge of the systemn.

The first column shown in Yigure 3-10 is the branch node number
used in the sequence of numbers entered in Figure 3-9. The
second column is the component to which the split value will

be applied. The third column of Figure 3-10 is the node split
value. Columns 4 and 5 are used when the fractional split
value is based on the quality of the components arriving at
this node. The last or sixth column is 1 if the split value
given is to be appliea to all components passing thie node.

A 0 in this column requires a split value for all nonzeroc
component flows passing the given branch node.

The last card of this part of the data entry file musc .oatain
a "999" which indicates to the program that all necessary
split values have bcen entered.

3.2.3.3 Path Cost Information. For each component and each
path that has a nonzero cost, there is 1 line entered to

this part of the data input file. Each line will contain 6
numbers to be read by the program. (See Figure 3-11 for an
example of the format.) The commentary after the slash (/)
is optional and is used only for visual scanning of the file
listing.

The first 2 numbers of each row of this part of the file are

the path number (from the schematic diagram) and the component
number to which the costs are to be attached. Immediately fol-
lowing these will be the hourly labor rate and the hours needed



Reproduced from
best available copy.

(Partial Listing of Compiete File Shown in Appendix E)

4¢ 3 18 .40 0.07S 0 00 0.0131438 / C8ST DARTA
4¢ € 18 .40 0.S50r 10 00 0 009072 CRAST DATAR
46 9 18 .40 0. 300 1.00 0.009099 / CeST DATA
46 10 18 47 0.050 0 07 0.036553 /  C@ST DRTR
4% 1S 18 40 O 028 0 00 0 0:347°5 / Ce:T7T LaTh
S¢€ 1T 18 40 0. 328 1 00 0 CG.2144° Cé.” DATA
St 3 18 40 0.n?5 0.00 0.0004335 ~ C:2" DWTA
51 & 18 40 0 S0OO 10 00 0 0002197 Ce.” LuTRA
1L 9 18.40 0.300 t 00 0 0202127 / Ca”1 [uTA
51 10 1€ ¢ 0.0350 0.00 0.0L0:"8Yy / C4ST DATH
51 1S 18 40 0 029% 0 00 0.0004395 cesT (QaTA
S1 17 18 40 0. 325 t 00 © 0002929 937 DARA
€) < 18 40 0 000 150 00 ¢ 0 . CHAT DATA
61 4 18.40 0.000 S000 Ov t O v tEIT CnTR
63 4 18.40 0.000 5000 00 1 O 7’ Co-" 04TR
¢4 4 18 40 0 000 800 00 1.0 ’ LEET DaTA
70 1 18 40 01975 0 00 1.0 ! .37 CATA
7?7 4 20 80 .37%0 200 1.0 ¢ t::7 DATA
¢4 3 20.80 0790 ¢ M0 g T2ST PRTA
?74 3 20.80 0.250 10 vo U | . L20T [ATw
\ g
v

Optional

Commentary

After Slash (/)

Fraction Multiplier on Flow
§ (1.0) indicates all of this

component is being costed

Cost Per Unit of Components
Being Replaced or Repaired

Hours Labor Applied to Repair Each Unit on This Path
Labor Rate (Dollars Per Hour)
Component Number

Path Number

Figure 3-11. Input Data Format of Path Cost Information by Compoment
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3.2.‘

to repair (replace, fix, etc.) each unit of the component
represented on this data line. The fifth column of this
part of the file contains the unit cost of items replaced

or materials needed to fix this 1 component on this path.

The sixth and last numeric entry required for this part of
the data file will normally be a "1.0". However, if

some fractional part of the number of the components repre-
sented by this data are to be costed then that fraction is
entered.

3.2.3.4 In-Use State Variables. Figure 3-12 shows the com-
plete portion of the data file which lists the number of each
of the 21 components modele? by the sample data for this
handbook. There is 1 line entry for each component. The
entry order corresponds to the component number. For this
example there were 2272 components number 1 (primary springs).
See previous Table 3-1 for a complete tabulation of components
and their names.

Data Output Formats

The full output files for tne example of this manual are contained in
Appendixes E, F, G, and H. Contained in the present section is a
sample set of output tables with some explanatory notes on the type

of outputs obtained. These output tibles contain information of:

1)

2)
3)

4)

Annual number of components handled on each path of the
schematic diagram;

Annual cost associated with each path of the schematic diagram;
Annual cost associated with each component listed by component
number and ranked by expense of component; and

Cost sensitivity associated with small changes in component

flows associated with the branch points in the schematic diagram.
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(Partial Listing of Complete File Shown in Appendix E)

g0 0 0.0 s JAR: Y STATE VALUES
Do 00 d ZHRC)Y STATE VALIES
J 0 00 ’ CHR ) STATE VALUES
00 00 T4k v STRTE VALYES
noD ¢ o Inkr 0 STHTE VALUES
30 c N MR v STHRYE VALUES
DS n ZAFECY STATE VALUES
30 SN JAR: " STRTE VALWVES
.0 c 0 ¢ ZHFU Y STATE VALUES
g 7 00 I AR STHTE VALUES
0 0 n o ;! ZuRv Y STATE VALUES
00 0.0 d ZHRu ) STATE VALUES
0.0 00 S ZARC)Y STRTE VALUES
0.0 [N ¢ JaRcHY STATE VaLUES
(VY ¢.v ! 2HPC Y STRTE YALUYES
09 0 n . SuFke)Y STRTE VALUES
cn v 0 ! chKk: > STRTE VALUES
90 0.0 s ~AR. > STATE VALUES
0.0 ¢ 0 ! ARk« STATE VALUES
0.0 0.0 7 <ARy) STATE VALUES
0.9 00 ‘s cRRu Y STATE VALUES
' ' L - )
Not Not Optional
Used Used Commentary

After Slash (/)

Number of Components in System
Being Maintained in Order of

Component Numbering. In This
Case - -There Are 21 Lines, Oune
For Each of the 21 Components,

Figure 3-12. Input Data Format of In-Use Maintenance

System Component Populations
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Figure 3-12 is a partial output of the annual number of components handled

by each path of the schematic diagram. The complete set of path flows
is contained in Appendix F. The output is listed numerically in order
of path and for each path in component order for all nonzero flows.
Zero path flows are automatically deleted from the output and do not

appear in the tabulated information.

Figure 3-14 is a sample portion of the annual expense associated with
maintaining eaci component listed for each cost path of the schematic
diagram. Paths with no cost associated with them are automatically
deleted from the output. The total cost of all components on a given
path comes at the end of the individual component costs for that

path. The paths are numbered as shown on the schematic diagram,

Figure 3-15 shows all systems annual costs attributed to each of the
components. The output lists these costs in numeric order by component
and in rank order by the magnitude of the expense associated with each
component. The number of each component is as defined previously in
Table 3-1.

The cost sensitivities associated with small changes in component

flows from each branch node of the schematic diagram are shown in

the partial output of Figure 3-16. The complete output is tabulated

by component in Appendix I; that output is for themajority of the branch
nodes shown on the schematic diagram of the modelled maintenance sys-
tem. The output quantities of Figure 3-16 are in the units of annual
dollars per percent change in flow. This set of units comes from the
fact that the flow from each node along the reference output path is
increased by 1 percent and the total downstream system cost effects

from this small change are tabulated. Since nodes represent decision
factors of sending components to various points in the wodelled main-
tenance system, the sensitivity output shows the cost efrect of changing
each decision. For example, changing the path component flow to the

Pit area will result in a variety of costs depending upon which com-
ponent flow is changed. An increase in flow of 1 percent of component

aumber 1 on this path will result in an annual cost increase of $1,623.73.
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PATH 4 COMPONENT I NUN/YR = ar . o9
PATH 4 CORPONENT 8 NUN/YR = 51 .91
PATH 4 CONPONENT 9 NUN/YR = 1.99
PATH 4 COMPOMNEMT 10 NUN/YR = .56
PATH 4 COMPONENT 13 HNHUN/YR = 47 .80
PRTH 4 COMPONENT 1S NUN/YR = 239 .00
PATH 4 COMPOMENT 16 MNUN/YR = 863 .28
PATH 4 COMPONMENY 17 MNUN/YR = 10 .62
PATH S CONPONENT 3 NUN/YR = 2350 .93
PATH S COMPONENT 6 NUN/YR = 466 .16
PATH S COMPONENY 9 NUN/YR = 17 .93
PATH S COMPONENT 10 NUN/YR = 86 .0¢
PATH S CONPONENT 13 NUN/YR = 430 .21
PATH S CONPONENT 1S5 HNHUN/YR = 2191 .03
PATH S CONPONENT 16 NUN/YR = 7769 .22
PATH S CORPOMENT 17 MNUN/YR = 93 .60

Figure 3-13. Sample Portion of Output Form of Annual Number of Components
Handled by Each Path of the Diagram

PATH 37 CONPONENT 3 PATH COST =8 1038 94
PATH 37 COMPONENT B8 PATH COST =8 12362 23
PATH 37 CONPONENT 9 PATH COSY =8 202 19
PATH 37 CONPONENT 10 PATH COST =8 391 4¢
PATH 37 CONPOMENT 14 PATH COST =$ 160 @83
PATH 37 COWMPOMENT 13 PATH COST =9 289 .47
PATH 3?7 CONPONMENT 17 PATH COST =8 1360 7¢
PATH 3?7 CONPONENT 20 PATH COSY s=s 26 80
TOYAL PATH 37 COST = s 16932 .62
PATH 38 CONPONENT 3 PATH COST =% 113 9%
PATH 38 CORPONENT o PATH COST =$ 1401 63
PATH 38 CORPONMENT 9 PATH COST =s 22.939%
PATH 38 CONPONENT 10 PATH COST =$ 44 17
PATH 38 CONPONENT 14 PATH COST =3 17.93
PATH 38 CORPONENT 13 PATH COST =8 110.43
PATH 38 COMPONENT 17 PATH COST =g 179 26
PATH 38 COMNPONENT 20 PATH COST =8 2.9
TOTAL PATH 38 COSY = § 1894 . 9%6

Pigure 3-14. Ssmple Portivm of Output Form of Annual Expense A‘Qoeiater with
Mgintainiog Each Component for Each Path of the Diagram
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Reproduced from
best available copy.

COMPONENT 1 T4TaL CUST = ¢ SRR P R}
COMPONENT 2 TOTabL COST = ¢ [ed704 7%
COMPONENT 2 TOTAL COST = § T3ivig ?2
COMPONENT 4 TOTAL COST = s {0e05% 20
COMPONENT S TOTAL COST = 162507 e8¢
COMPONENT 6 TCTAL COST = § 83317 §3
COMPONENT 7 TOTAL COST = s 575353 7o
COMPONENT 8 TOTAL CGST = § 186161 (4
COMPONENT 9 TOTAL COST = 4904 39
COMPONENT 1D TOTAL COST = ¢ 12659 ¢4
COMPONENT 11 TOTAL COSY = § 22521 2y
COMPONENT 12 TOTAL COST = § £9v2 21
COMPONENT 13 TOTAL COST = s 12509 23
COMPONENT 14 TQOTAL COST = 17081.53
COMPONENT 1% TOTAL COST = § 998%8 9t
COMPONENT 1¢ TOTAL COST = s ©15920.59
COMPONENT 17 TOTAL COST = 18080 »7
COMPONENT 15 TOTAL COST = %278.54
COMPONENT 19 TOTAL COST = § 291302 60
COMPONENT 20 TOTAL CGST = s 23710.¢9
COMPONENT 21 YOTAL COST = $ 32270 S7
TOTAL COMPONENT 20S5TS In ORLEF OF LUSY
COMFONENT 4 TOTAL COST = ¢ 10e05%¢ 29
COMPONENT 11 TOTAL COST = ¢22583 26
COMPONENT ¢ TOTAL QST = ¢ €15970 59
COMPONENT 7 TOToL COST = ¢ 579953 Ta
COMPONENT 1 TOTAL COST = § 413% 1 2e¢
COMPOMENT 19 TOTAL COST = § <91302 0
COMPONMENT © TOTAL COST = § 8<lel 09
COMPONENT 2 TOTAL COST = leda794. 75
CONPOMNENT S TOTAL COST = § 1€ZT07 &8
COMPONENT 1% TOTAL COST = D2538 91
COMPONENT € TOTAL COST = s e8317 $3
COMPONENT 7 TOTAL COST = § 73624 72
COMPONENT 21 TOTAL COST = 33270 57
CONPONENT 20 TOTAL COST = ¢ €3710 69
COMPOMNENT 17 TOTAL COST = ¢ 13030 ¢7
COMPONENT 14 TOTAL COST = ¢ 17381 ¢
CONPONENT 10 TOTAL COST = 12630 69
CONPOMNENT 13 TOTAL COST = § 125035 vs
COMPONENT 12 TOTAL COST = ¢ 2278 ¢
CONPONENT 12 TOTAL COST = ¢ 3932 21
COMPOMNENT 2 TQTalL COST = s 4304 29
TOTAL COST = ¢ 4727327 72

Figure 3-15. Output of Annual System Maintenance Costs Attributed to Rach
Component and Total Cost for the System

3-33



NODE
NODE
NODE
NODE
NODE
NODE
NOL'E

NODE

NODE

COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMFONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPONENT

COMPONENT

FIGURE 3-16.

[

0 @ N O O > W N

10
11
12
13
14
15
16
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SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
SENSITIVITY
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1623.73 / PERCENT

1534.38
518.74
6648.40
546.41
738.67
4818.99
1295.88
33.355
76.74
5826.50
62.00
106.04
62.75
826.21
6089.64
154.1S5
82,54
2433.54
164.75

268.30

Partial Output of Sensitivities--
Total System Cost Effects of a One-
Percent Change in Component Flow at

the Node Indicated
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5.3 TPROGRAM CAPABILITIES AVAILABLE TO USER AND NOT EXERCISED IN PRESENT STUDY

The computer program listed in Appendix C has several capabilities that were
not explicitly exercised for the present example. These arc detailed for

future reference in the following sectioms.

3.3.1 Modeled System Topology

Through appropriate choices of control card values as explained in
Appendix D, the path linkages of the schematic diagram can be printed
out. The main purpose of this optional choice is to check, during
the initial period when the data files are being set up, the numbers
that define a schematic diagram which has just been drawn. With this
output tﬁz user can backcheck the various nodes and paths to see that

the data file is correct.

3.3.2 Component Qualities, Ages, and Whole Trucks

The presently modeled maintenance system uses only simple split deci-
sions at each branch node of the schematic diagram. Each of the split
values for the branching nodes is listed in Appendix E. These numeric
values were labelled as "C" values in the previous report (Reference 1).
The numbers represent the fraction of the component arriving at the

node that leaves slong the reference path from that node. (See Figure 3-9
for explanation of reference path numbering.)

The program also allows more general decisions at the branch nodes. To
use these, the user employs at least one of 2 additional scalar quanti-
ties that can be attached to each path of the schematic diagram. These
scalars are "quality" and "age".

Quality is defined as the proportion of components on a given path chat
is categorized to be "defective'or in need of maintenance. Age is ac-

fined as the average age of the units for the component on each path.
The characterization of each component on each path in terms of quantity

(number per year), age, and quality (proportion defective) allows rela-
tively general decisions to occur at each branch point. The decisions
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can be nonlinear functions of time, of the number of units in the
arriving path, of the representative ages in the path, and of the
qualities in the path. From the set of possible decisions, 4

are deemed to be representative of actual events which involve the

truck. These are:

1) The decision made for a component (component k) is not
dependent on its quality in the arriving stream.
Specifically, if Nk units per year arrive at the node,
Cka units branch to 1 of the outgoing paths and
(l-Ck)-Nk units branch to the other outgoing path. The
Ck value defines the decision and can be obtained cither
directly or indirectly from available data. In general

Ck can be a known function of time.

2) The decision made for a component (component k) is
dependent on its quality in the arriving stream.
Specifically, a proportion Dk of the arriving defective
units are correctly classified as defective and a pro-
portion Ek of the arriving good units are incorrectly
identified as defective. If Nk units per year having
a quality of Qk arrive at the node, then the proportion
Ck of arriving units which branches to the path intended
for the defective units is given by Dka+Ek° a- Qk)'

In addition, the quality Qlk on that departing path is
Dka/(Dka +E- Qa - Qk))' The proportion which branches
toward the other departing path and the quality on that
path are obtained from conservation-of-flow requirements
at the branch point. The values of Dk and Ek define the
decision and can be obtained either directly or indirectly
from available data. In general, Dk and Ek can be known
functions of time.

3) The decision made for a component (component k) is
dependent on the representative age, Ak’ of the component
in the arriving stream. Specifically, the decision to
svitch the majority of the flow from 1 of the outgoing
paths to the other outgoing path is made vhen Ak is equal
co Gk‘ 1f 'k units per year arrive at the node, then the
proportion Ck of arriving units which branches to the path
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4)

intended for defective units is given by Ak/(ZGk). In

additior, the representative age Alk on that departing

path is 2-Gk. The constant Gk defines the decision and
can be obtained directly or indirectly from available

data. In general, Gk can be a known function of time.

The decision made for a component (component k) is
affected by the decision made for other components at
the branch point. The interelationship arises because
these components, identified in the nodal data by the
parameter K$, are part of a distinguishable subassembly.
For any such compoaent, if Nk units per year having a
representative age of Ak a:d a quality of Qk arrive at
the node, the proportion C of each which branches to
the path intended for defective units is C*- 1-ﬂx(1-Ck).
The product is taken over all K components in the sub-
assembly. The representative age and quality on that
departing path are respectively

- C.A
Alk'ck/c* + -——Ak—k—l—k (I-Ck/c*) and
o Q= GO *

The quantity Ck is that of 1 (or the equivalent Ck of 2
or 3) and is evaluated prior to the coupling of the
decision for component k with those for the other com-
ponents in the subassembly.

The expressions in 1 and 2 are easily obtained by com-
sidering Figure 3-17. This figure shows an arriving

stream having a flow of “k units per year and a quality
of Qk' The flow towards path 1 must be

Ny + DN, + B - (1-Q)°N,.
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Nk units (component k) per year
Ak representative age (component k)

Qk quality (proportion defective for
component k)

Incoming Path

NZk units per year le units per year

(component k) (component k)
S o
A2k representative age < Alk representative age
(component k)

(component k)

QZk quality Qlk quality
(proportion (proportion
defective for defective for
component k)

component k)

Pigure 3-17. Branch Node Decisions
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The proportion which branches towards Path 1 is then

R U U e N U D Q +E -(1-Q,)
k Nk Nk kk k k

The flow of defective components on path 1 is DkaNk' Con-
sequently the quality on Path 1 is

0. = k&M P ANk
k"N DN, * E (1) N,

D, Q
D + E -(1-q)

The expression in 3 above arises from the requirements that
the flow be equally split to the 2 outgoing paths when Ak =
Gk and that the flow to the path intended for defective units
be 0 wnen Ak = 0. These requirements are satisfied by

the straight line Ck = (1/2 Ck)—Ak.

The straight line also gives Ck =1 at Ak - 2°Gk. Consequently,
if the age on the path intended for defective units is set

to 2'Gk. the Ck values at the downstream age decision nodes
are equal to 1. Consequently, downstream age decisjons (e.g. -

reworking or discarding) are properly produced by upstream
age decisions (e.g. - identification of trucks with an over-
age component).

The first expression in 4 can be obtained by regarding the
Ck decisions for the K components in the subasrembly to be
statements of probability. For component k, the probability
that a given unit will branch to the path intended for good
units 1is 1-ck. For all components in the subassembly, the
probability that, treated individually, all units wiil branch
to that path is HK(I-Ck). Because these components are

part of the same subassembly, all must be intended for that
path 1if the subassembly 1s to branch to that path.
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As a result, the proportion of arriving subassemblies
branching to tha path intended for good units is H (1-C )
and the proportion of arriving subassemblies branching to
the path intended for defective units is 1 - HK (1—Ck).

The relationships for age and quality in 4 can be obtained
by considering the additional units required to produce
complete subassemblies. For component k, the number of
units branching to the path intended for defective units
is Cka if the component is treated individually. The
associated age and quality for the component on the path

are A and Qlk The increase in the number of units on
the path to maintain integral subassemblies is (C -C ) N
This increased number has an age and a quality equal to

K

the ones in the outgoing Path 2 (see Figure 3-17). Con-
sequently, the age and quality on the departing path
intended for defective units are changed from

AnSMe QN
—C.n. ™ 5
Wi N

to

] ®
AnCily + Ay (C CR, and LM + Yy € GON,
k + (C*-Ck)nk Ckuk + (C*-Ck)uk

where C*Nk is the total number of units on the path., The
quantities AZk and sz are the age and quality on the out-
going Path 2 before coupling of the decision for component k
vith those for other components in the subassembly. The
quantities Azk and Q2k can be eliminated from the above
expressions as follows. The number of units on the out-
going Path 2 for component k, treated individually, {s
“k(l-ck)' The representative age and quality of these units
are determined by the ages and qualities on the input path
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and on the outgoing Fath 1 (see Figure 3-17). These are:

oo A A
2k Ny

e QN - Mk
2k Ny

Or, after using le = Cka and N2k = Nk(l - Ck)

AN T ARG

A
2k Nk(l—Ck)

o = e %Mk
2k N (1 -C)

3.3.3 Time Simulation Concepts

The capability to simulate (or predict) truck costs with
time is a powerful feature of the SCM technique. In the
present section, the time simulation feature is discussed
in order to illustrate this mode of SCM operationm.

In order to produce the time varying simulation, data
beyond those needed for the base case analysis are required.
These data include:

a) the known fixed rate of change .f population sise

(see Pigure 3-18).
b) the two Weibull parameters for each component (see Figure 3-18).
c) the length of time for the simulation and the time step

size. (see Control Card Entries Appendix D)
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0000000 OO0O0COO0O0OO0OODOOOOO
CO00DO0000DO0O0O0O0O0O0OO0OCOOOODO

o
o
°

99999

(Inputs Needed for Time Based Simulations Only)

. 82998

82998

82998
. 32138
. 16651
.78818
.14307
.03243
. 33289
. 31896
. 82998
. 0935727
. 82998
. 82998
.82998
.32138
. 16631
. 78818
. 14307
. 03243
. 33289

NRNNOMNRNNOVRUONNDNONRONDRODRODRNNNNDDDDOODR
- OONNRNME et D= OONNON == -

Figure 3-18.

OPTIONAL COMMENTARY
AFTER SLASH (/)

Weibull Characteristic Life (Years)

Weibull Slope

Annual Fixed Increase in Component Population
Zero Indicates Fixed Population Size

"999" Indicates End of This Part of File
"99999" Indicates End of Total Data File

Input Data Format of Population Growth Rates

sod Weibull Parsmeters

3-42

¢ RATE POFP .UWEIB..LIFE
i RA4TE POP .HEIB. ,LIFE
¢ RRTE POP . WEIB ,LIFE
¢ RRTE POP ,MEIB ,LIFE
/ FATE POP .. WEIB .LIFE
J RATE POP ,WEIB ,LIFE
s RATE POP ., WEIR.,LIFE
/ RATE POP ,MWEIB.,LIFE
/ R4TE POP . .WEIB.,LIFE
¢ RATE POP ,WEIB ,LIFE
/. RATE POP..WEIB. ,LIFE
/ RATE POP .. WEIB.,LIFE
/ RATE POP ., WEIB. ,LIFE
/ RATE POP ., WEIB..LIFE
/ RATE POP .. WEIB..,LIFE
! RATE POP . ,WEIB..LIFE
/ RATE POP ., WEIB.,LIFE
/ RATE POP. . WEIB..LIFE
/ RATE POP..WELIB..LIFE
/ RATE POP.,WEIB..,LIFE
/ RATE POP . ,WEIB.,.LIFE
/ END OF DATA

/ END OF FILE /
- V)

2



The Weibuli parameters (2) required for each component are B (the Weibull
slope) and a (the characteristic life) for the defect mode associated
with the component. The value of the quantity B determines whether

the component has an "infant mortality” defect behavior or a "wearout"
defect behavior. Infant mortality, which occurs when B < 1, means

a decrease with time in the rate at which defects occur. However,
mechanical components typically have wearout behavior. For this be-
havior, the rate at which defects occur increases with time. For
example, defects such as those produced by spalling, fatigue, and

wear are associated with B values of about 2 or larger. Various values
of a are shown in Figure 3-18 but were not tnose of the present sample
system. Characteristic lives can only be obtained from a mechanical
system which has a "history”" of failures as a result of being in
operation for several years. No history of use is available for the

truck used in the present discussior.
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APPENDIX A
PROGRAM OPERATIONS MANUAL

1. GENERAL INFORMATION

1.1 SUMMARY

The SCM program as used in this application is designed to simulate the
operation of a railroad truck maintenance system and prcdict the changes
in poprlation and cost over a desired time period. The program has the
capability of producing a base case for the system, a sensitivity analysis

for the base case, and the state of the system at selected time steps.

1.2 ENVIRONMENT

This program was developed for AMTRAK by Shaker Research Corporation from a
BASIC program for cost modeling.

1.3 REFERENCES

"A Methodology for Evaluating the Maintenarce of High Speed Passenger Train
Trucks", Krauter, A., Smith, R., Shaker Research Corporation, Ballston Lake,
New York, Final Report Prepared for U. S. Department of Transportatjion Fed-
eral Railroad Administration, December 1978,
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2. OVERVIEW

2.1 PROBLEM AND SOLUTION METHOD

See Program Maintenance Manual Section 4.5

2.2 PROGRAM INVENTORY

2.2.1 Main Prcgram

SCM: Reads in, sorts, and stores data in holding arrays for selected
run.

2.2.2 Subroutine

DEFFNA: Assigns decision parameters for node split calculation. Also,

sets up to make Sensitivity Analysis modifications when necessary;
called in DEFFNE.

2.2.3 Subroutine

DEFFNB: Similar to DEFFNA but handles path cost values and functions.
Also designed to make sensitivity changes; called in DEFFNF.

2.2.4 Subroutine

DEFFNC: Handles component subassembly computations. Equipped to make
sensitivity changes; called in DEFFNE.

2.2.5 Subroutine

DEFFND: Takes path data from holding arrays and assigns to small tem-
porary arrays for calculating purposes elsewhere. Also takes data from
small arrays and puts into the holding arrays; called in SCM, DEFFNE, and
DEFFNF.

2.2.6 Subroutine

DEFFNE: Does the actual node sweep and flow calculations; called in SC4.
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2.3

2.2.7 Subroutine

DEFFNF: Controls path flow and cost output. Also computes total cost.
Called in SCM.

2.2.8 Subroutine

DEFFG: Controls sensitivity analysis both for nodes and paths. It out-
puts the results also. Called by SCM.

2.2.9 Subroutine

DEFFNH: Along with DEFFNI and DEFFNJ it assigns population state changes
to temporacy arreys and updates state fi'r Runge-Kutta calculations.
Called by 4CM.

2.2.10 Subroutine

DEFFNI: See 2.2.9 DEFFNH

2.2.11 Subroutines

DEFFNJ: See 2.2.9 DEFFNH

FILE INVENTORY

2.3.1 SCM: Source Program

2.3.2  B+SCM: Compiled Program

2.3.3 DATAS: Data File

2.3.4 CIFILE: Data File




3. DESCRIPTION OF RUNS

3.1 RUN INVENTORY

Base run: Given a system flow input and the node decision parameters, the run

will produce the corresponding system flows and costs by path component.

Sensitivity run: By changing node decision parameters 1 at a time and on
just 1 component at a time and running a node sweep, the run determines
which nodes and components have the greatest influence on total cost. (can~

not be run with time simulation).

Time simulation run: Given a starting population state, a time step, and an
ending time the run will use the Runge-Kutta method to determine the change
in state and the associated costs for each time step. The technique regquires

small time steps to maintain accuracy.

3.2 RUN PROGRESSION

In all cases the Bese run is done first. To select the desired second run,
the control index values stored in the CIFILE file must be altered to the
necess*y values ahead of time.

3.3 RUN DESCRIPTION

3.3.1 Control Inputs

DATAS file is opened to be read on FORTRAN unit #5. CIFILE file is

openec to be read on FORTRAN unit #6. Output files are opened to write
on FCRTRAN units #7 and #8.

3.3.2 Operating Information

3.3.2.1 Base run.
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3.3.2.2 In CIFILE set:

#15 A7 to @

#17 T to 9.9

#18 T1 to 1.0

#19 T2 to 1.0

#14 A to 1 if node map wanted

#12 PRNGB to 2

#13 PRNGB to # of paths

In DATAS set ZAR values to that of the population to be rua.

All other values are set according to the model used in the run.

3.3.2.3 RUN Times: 1.¢ minutes of CPU time. Turnaround time:
3.5 minutes exclusive of printing time through CIFILE.

3.3.2.5 Trouble Shooting. Call Joseph Betor or Allan Krauter
(518)877-8581.
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APPENDIX B

PROGRAM MAINTENANCE MANUAL

1. GENERAL INFORMATION

1.1 SUMMARY

This program was written under standard FORTRAN IV conventions and con-
sistes of a main program, subroutines called by the main program only,
subroutines called by the main program and by other subroutines, and sub-
routines accessed solely from other subroutines. There are no recursive
calls. The program is suppurted by 2 data files the first contains
program control values, the other contains calculation data. The soft-
ware package of main program, subroutines, and data files is completely
self-contained except for the standard FORTRAN functions for absolute

value and sign determination.

1.2 ENVIRONMENT

This program was developed for AMTRAK by Shaker Research lorporation under
sponsorship of the Federul Railroad Administration, from a BASIC program
for cost modeling written by Dr. Allan Krauter.

1.3  REFERENCES

"A Methrdology for Evaluating the Maintenance of High Speed Passenger
Train Trucks", Krauter, A., Smith, R., Shaker Research Corporation,
Ballston Lake, NY, Final Report prepared for US Department of Trans-
portation, Federal Railroad Administration, December 1978.

2. PROGRAM DESCRIPTIONS

2.1 PROGRAM DESCRIPTION - SCM

2.1.1 Problem and Solution Method. The problem was to set up a
mathematical model to simulate the economics of the mainten-

ance system for rail trucks. The solution involves a computer
program wvhich implements a schematic diagram of maintenance nodes
and paths. The paths represent various steps and operations

of the maintenance process. The nodes, depending
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on type, either combine the flows on 2 incoming paths

and send the combined flow down the sirngle outgoing

path, or determine how to split up the flow of an in-
coming path between 2 outgoing paths. Beginning with

the information from some starting path, the program
sweeps through the diagram, filling in the flows and the
associated "qualities" for all downstream paths. There are
4 basic path types: start, internodal, scrap-manufacture,
and expansion-contraction. There is only 1 start path.

It contains the system population, average age, and
quality for all components. Internodal paths represent
main-criance operations or movement of components be-
tween nodes. Scrap-manufacture paths leave or enter the
system and are always paired, with the flow on the manu-
facturer path set equal to that of the corresponding
scrap path. The 2 expansion-contraction paths control
system growth. Any path that leaves, enters, or in any.

way alters the system quantity or population, is moni-
tored to keep track of total system change.

A single sweep through the diagram, using known

values for the start path, will produce a Base run.
Changing the flow at a node or the cost on a particular
path for a single component gives the sensitivity of
the system at that point for that component. By taking
the system change in state from a sweep, and applying
the Runge Kutta technique, the program simulates opera-
tion through time.

2.1.2 Input: (see Section 4.5 for input listings). Input
is from 2 data files, DATAS and CIFILE. DATAS con-
tains data for filling in the node diagram, cost data
for paths and components, Weibull constants, rework
indicators, and subassembly indicators. DATAS derived
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2.1.3

its name from the FORTRAN unit #5 that the program uses

to read it. All DATAS is read with a free format and,
depending on the data section, may have 2 to 16

values per line. CIFILE contains values for control
indices used in the program. These control loop sizes,
output type and run type. CIFILE was derived from Control
Index FILE and contains both reals and integers. CIFILE
heclds 1 value per line in the first 5 colummns followed

by the variable name and a small description. Both files
may be renimed as required without affecting the program,
Do not altexr the order of the data unless a thorough under-
standing of the program and the appropriate program modi-
fications have been developed.

Processing:

a) Processing Logic:
Data areread in, sorted, and stored in the first part
of thé main program. This is done once per run.
All datas pertaining to components are placed in
arrays where the row number is referenced by
the component type number. Data that are classified
by component and node or pathare read into 2
dimensional arrays with columns corresponding to nodes
or paths as the case might be. See section 2.1.6
for more detail on arrays. Loops concerning com-
ponents are normally nested inside path and node
oriented loops.

The actual running of the model is controlled by
the second part of the program. Th- main program
calls subroutines in the appropriate oxrder to do
the calculations sud output. Depending on the type
of run, the program will call different subroutines
in different sequences.
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zZl
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b) Linkages:

Linked lists are not featured in this program. All

data structures are sequential.

c) Variables and constants:

Most names for reals and integers are declared.

Any nondeclared names come under the control of
the IMPLICIT statement at the beginning of the

main program and each subroutine.

This program was

translated from a BASIC program utilizing real nua-

bers for all variables and constants.

The depar-

ture from usual F RTRAN naming conventions stems

from the effort to keep the translation as close

as possible to the original BASIC.

IMPORTANT VARIABLES AND CONSTANTS

Description

Indicates node being analyzed for sen-
sitivity if positive and path being
analyzed if negative

Indicates that the value of CAR(1)
should be assigned to the whole CAR
array

Indicates component being analyzed for
sensitivicy

Number of different components handled
by svstem

Total number of nodes in system
Number of branch nodes in system

Total number of paths in system

B-4

Where Used

SCM, DEFFNA,
DEFFNB, DEFFNL,
DEFPYNG

SCM, DEFFNA

SCM, DEFFNA
DEFFNB, DEFFNL
DEFFNG

SCM, DEFFNA,

DEFFNB, DEFFNL,
DEFFND, DEFFNE,
DEFFNF, DEFFNG

DEFFNE, DEFFNF,
DEFFNG, SCM

SCM, DEFFNE,
DEFFNF, DEFFNG

SCM, DEFFNE,
DEFFNF, DEFFNG



Name Description Where Used

Z4 Niamber of cost paths in system SCM, DEFFNF
NR Number of reworkings SCM
M1 Number of components (M2) times SCM, DEFFNE,
number of path properties. Tn DEFFNH, DEFFNI,
this case there are 3 path DEFFNJ
properties: flow, age, and quality
A7 Sensitivity analysis run indicator SCM
19 Flow and cost output indicator SCM
T@ Time simulation end time. SCM, DEFFNG
Tl Time simulation time step SCM, DEFFNH,
DEFFNI
T2 Time simulation printout indicator SCM
T9 Current time in simulation SCM, DEFFNF
PRNGB Lower index for path flow output loop SCM, DEFFNF
PRNGT Upper index for path flow output loop SCM, DEFFNF
A9 Cost path output suppressor SCM, DEFFNF
NKDT KDT1 READ Loop parameter SCM
I,K DO loop indices Global
J IF/GOTO loop index Global

The preceding variables and constants d» not necessarily occur in this
order in the progrm.

d) Formulas:
Formulas and a full explanation of each may be

found in the body of this report.

e) In the event of a recognizable error, the pro-
gram will halt.
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f) Limits:
Tho program, as set up, cannot handle more
than: 30 components, 200 nodes, 200 branch
nodes, 200 paths, 3 path properties (flow, age,
quality). To exceed these limits, the affected
arrays must be expanded. If more path proper-
ties are desired, the program will have to be

redesigned.

The program is also limited to 1 run type at a time. To change rum type,

the user must alter the control values in CIFILE to the appropriate run

set up.

2.1.4

2.1.5

2.1.6

Output: Output is primarily done through subroutines
DEFFNF and DEFFNG. DEFFNF handles path flow and cost
outputs. Output is to a disk file through unit #7.
DEFFNG writes sensitivity analysis to a disk file
using unit #8. See section 4.5 for output listings.
1f other output devices are required, only the write

statements need to be changed.

Interfaces: This program as 1is must work with 4
other units. The data files, DATAS and CIFILE must
be opened ‘or reading on FORTRAN unit numbers 5

and 6 respectively. Two output files for flows/cost
and sensitivity output must be opened for writing
on unit number 7 and 8 respectively.

Arrays: Arrays are dimensjoned somewhat oversized
to allow system expansion without changing the pro-
gram. Arrays, taken from the original BASIC pro-
gram, have either an "AR" or "STR" suffix. New
arrays, created to hold data from the input files,

incorporate "DAT" or DATA" in their nawmes.
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Name

GSTR(34,200)

CSTR(200)

KDAT1(30,200)

KSIR(30)

K7STR(30)

C9DAT(200)

NDATA, QDAT~,
ADATA(30, 200)

ZAR(90)

SAR(90)

DATC1(30, 200)

DATC2(30, 200)

INTEGER ARRAYS

Description

GSTR contains node type and the
3 path numbers in the first

4 rows. The remaining 30

rows hold rework indicators

for the components

Contains cost path and function
indicators

Contains all component subassem-
bly indicators

Holds component subassembly indi-
cator for single path

Same as KSTR but used in sensiti-
vity analysis

Holds C9 values for all nodes

REAL ARRAYS

Description

Holding arrays for path flows,
qualities and ages, respectively

Holding array for start path popu-
lation

Holding array for ZAR during
Runge Kutta calculations

Holding array for node

"C" split values

Helding array for path/component
costs

B-7

Where Used

SCM, DEFFNE

SCM, DEFFNB

SCM, DEFFNA

DEFFNA

DEFFNA, DEFFNL,

DEFFNG

SCM, DEFFNA

Where Used

SCM, DEFFND

SCM, DEFFNE,
DEFFMH, DEFFNL
DEFFNJ

SCM, DEFFMH,
DEFFNI, DEFFNJ

SCM, DEFFNA

SCM, DEFFmG



Name

DDAT1(30,200)

EDAT1(30,200)

NAR, N8AR, N9AR(30)

AAR, ABAR, A9AR(30)
QAR, QB8AR, Q9AR(30)
Bar (30)

B1AR(30)

D1AR(90)

KAR, LAR, MAR(90)

CAR, DAR, EAR(30)

RAR(30,3)

3.1 RARDWARE

Descrigtion

Holding array for node '"D" split
values

Holding array for node "E" split
values

Hold flows for single paths during
node/path computations

Same as above but for ages
Same as above but for qualities
Component Weibull slope values

Holding array for component char-
acteristic life span

Accumulative array for system popu-
lational changes during a node sweep

Temporary repositories for DI1AR
values during Runge Kutta compu-
tations

"c", "D", and "E" values for each
component at a branch node to de-
termine the node split factors.

Holding array for rework parameters

a) Processo::
The program uwas developed to run in double precision mode

utiliszsing 64 bits per nuaber.
with 16 bits/word, 2 words/number in single precision.

Where Used

SCM, DEFFNA

SCM, DEFFNA

SCM, DEFFNA,
DEFFNB, DEFFNC,
DEFFND, DEFFNE,
DEFFNF

Same as above
Same as above
SCM, DEFFNE

SCM, DEFFNE

SCM, DEFFNE,
DEFFNH, DEFFN1,
DEFFNJ

SCM, DEFFNH,
DEFFN1, DEFFNJ,
respectively

DEFFNA, DEFFNE,
DEFFNF (CAR
only)

SCM, DEFFMA

The CPU used was a FRIME 350

There

are 2 bytes/word. The internal memory required for running

is approximately 640 K bytes.

reserved for the large common block.
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b)

¢)

Output and Input Files:

The 2 input files requir~» about 15K bytes of memory.
The data may be stcore! in sequential files on disk or
magnetic tape without alteration. Card storage re-

quire the Z files to be integrated according to

the program reading order.

Output files, for a base run, would require up to 16K
bytes of memory. Direct output to a printer is option-

al, requiring a small change to the output subroutines.

Data transmission devices:
None; the program and data files are noninteractive

and self-contained.

3.2 SUPPORT SOFTWARE:

3.3

4.1

3.2.1 Operating System: The program is run in batch mode

3.2,2

3.2.3

DATA BASE:

and should be compatible with any system equipped to

run FORTRAN programs.

Compiler/Assembler: Requires a compiler for standard

FORTRAN 1V,

Other software: If FORTRAN functions such as DABS ()

are not inserted by the compiler, then a FORTRAN IV
math library will also be required.

See Operations Manual: Section 2.3

Program Maintenance: Section 2.1.2, and 4.5

4. MAINTENANCE PROCEDURES

PROGRAMMING CONVENTIONS

The program consists of a main program, SCM, and 10 subroutines.
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4.2

4.3

Subroutine names all begin with "“DEFFN" and have a single letter
suffix, "A" through "J", to differcatiate them. (e.g. DEFFNE).
Subroutines follow the main program in the listing (Section 4.5)
in the order they are [irst called, not in the order they are

lettered.

Variable and constants that were taken directly from the original
BASIC program retain their original 1 letter or 1 digit names.
Added variables may range from 2 to 6 characters per nanme.
Mnemonic attributes may be found in some names, but this should
not be assumed to be the rule as many names were generated at

random.

Strings in the BASIC were transformed to integer arrays in the
translation. Former strings have ai "STR" suffix to distinguish
them from other arrays. All other arrays taken from the BASIC,
have an "AR" suffix. The remaining arrays, most of which serve
to hold large amounts of data, will incorporate the letters “DAT"
in their names. As with single variables, mnemonic properties
should not be assumed for names and similar names often serve

different purposes.

VERIFICATION PROCEDURES

Tested and verified data are provided with the program, along
with the corresponding output. After installation and whenever
the program becomes suspect, this data set can be ruu to verify
the integrity of the prog.am,

ERROR CORRECTION PROCEDURES

Most errors will be data related. Be sure that data values read
through free formats are separated by blanks or commas. Care~
fully check the control file to insure against improper indica-
tor and control parameters. If the data set is correct, confirm
that the data files have been opened on the proper reading unit.
Also, check the following features of the program:
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a) Are the arrays too small?

b) Are there the correct number of repetitions in the loops?
¢) Are reals and integers being mixed?

d) Are all the subroutines present?

e) Are all the subroutine arguments present?

f) 1s the program compil=d correctly?

4.4  SPECIAL MAINTENANCE PROCEDURES

Data mo-l:fi:ations are necessary for different types of runms.

Their moditications are specified in the Operations Manual.
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APPENDIX C

COMPUTER PROGRAM LISTING

SERE EEER BE BRI R TN W N R R R S S T N R I S S N R R e R
LA A RS N RS R N SRR A IS b BUIREE 3 R e i R L LI B PR R
SIMULw TIGH COSY MOLEL #

*

LR R R A R R R R R R N I R R A I R I
+

THIS PRCGRAY WAS DFVELOFED FOP TCSTING Mul W "ENwnfE PELATEL »

TO HIGHSPEED RWILROAD PASSENGER TRUCKS. THIS MILEL FFOVIDES
FOR CGSTIHG THE GFYEE® OF ALL TYRUCZEK SUBCOMPONENTS Q5 UESIRED &
BY THE PROIGKRAM LSEF. THIS FROGRAM WHE DEVELOFED B¥ :HukER FE-»
SEAPCH CORFORATICH UNDER COHTRMTT FEOM THE TFHMMIPURTKTIAON *
SYSTENRS CENTER. DEZrARTMENT OF TRANSPORTATIGH CHMERICGGE  MASS »
*

\EAZEE R L EA RS RS RS RS R EA S R E RS EI EE R IR I AN EE R RS FEI RS ETENTEE 21

*

U. & DEPARTRENT OF TRANSFORTATION

RESEARCH AND SPECIAL FROGRAMS RDMINISTPATION
TRANSPORTATION SYSTEMS CENTER

KENDAL SQ.

CAMBRIDGE Ma 02142

MAINTAINABILITY METHOLOLOGY FOR THE EY4LUGTIUN OF WLTERNA-
TIVE HIGH SPEED PASSENGER TRUCKS

YEARWOOD K. ¥.
R AR Ty L R N N R P T R T TSR R
SHAKER RESEARCH CORPORATION
NORTHWAY 10 EXECUTIVE PARK
BALLSTON LAKE NY 12065
KRAUTER. A. [ TEL (518)-877-8581

I AR AR ERESE NI EIRAAL IR E AT E RIS FIR IS RIPERE NI S NEIWES RN IWEE ¥R

4+ ® ¥ ¥ B X ¥F ¢ R R EF R RN X FRERERERE RN FR

TRANSLATION/REYISION HISTORY

(AR AL REEE SRR ISR R EIRSSRAEEES TR IR REIEE R R R WE R EFNETEEREIREEER PN TR
INITIAL BASIC VERSION - KRAUTER w. [  SHRNER D2 01,70
FORTRAN TRANSLATIOM - BRARTLETT + R SHEFEF (2. U:/79
VORKING YERSION - BETOR, SHEFER i1l,16,79
REVISION 1 - BETOR, . SHHKEF 12,05/79
REVISIUN 2 - BETOR. THUKER 0700as B0
REVISION 3 - FRETOR- SHEFER 02711065

»
I EA AR E LIRSS NAS AL IR AL S E AR XS RIS EREERFILSEEIERS N R R R Y
I EZ A E RS IS RS RS ERERSALIE RS A NSRS ERYES ENE EENE IR IR I IR
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THELICIT REAL#EC =6 HeC M- e TERDE T

el

TMMON T LAY R
SN T I TR
L LR S TR QPR R '

TAmMNy ]

R PR

COMMCH/RI/HDR TG 30 @0
COMMON, ' ®27albu T4l 30 . 200
COMMON/RI/GLATH: 30 . 260
COMMON. R4/ ZPRL OO0
COMMON/RS/SARCID D
COMMON/Po/DATCLC 30,200
COMMON/R?ALDARTLIC3D . 200)
COMMON/RR/EDATIC 3D, 200
COMMON/RI/DATCZC(30.200)
COMMON/P10/KDAT1¢ 3D, 20D

INTEGER®Z ¥5TR: 30, . 1STR/ 2D, ¥F7STRCID -
THTEGER®D W, 8?7 €2k, £7, 1.4, M1 M2.S7. 97,21 .22.23 NR.I.T7
INTEGER®Z Y, IFOS,Ni, I7STR, U7, w2 PRANGB. FENRGT v

REAL®S AAR( 3D ), BHRC3IC ). BIARCID s, CaRy 30 . LIwnRe =0
REAL*Y GRRC 0 NRRCIOD QARC3ID?

REAL®*8 RARCIO. 3, KARC 907, LRRC20

REAL®S MARC9D

REAL®S (7.C0.U7.7G.,T1.,72,13

Dy |

- vm e e e Wy AP G W Gm W Y W A G G W W W W T W W M R W M W e R W S e e = S e e e

oo

e o v > e s e Um W A W WU W e W W AR Uh G Sm W NE W S A W s W T A W W S G @ W e e M W S W o e s e e W S e S

PEAD(6.,102) S?,L9,T?,.K?,NR
READC6.112)> NKDT
PEADCG.102 N12.21.22.23,24
102  FORMATC4(I3,/>, 13>
112 FORMAT(IZ)
0O 100 I=1.21
READ(S. #» Y GSTR(K, 1), K=1.,4)
00 101 K = ¢, M2
K4 = K + 4

GSTR(K4,1>» = 0 000 00
DATCICK, i) = 0.00D 00
PORTICK.I)> = 0.000 GO
EDATIK. 1) = D 000 0O
Kpeitcr., 1 = 0

121 TONTYNUE

100 COMhiiVE

CODATLID> = 9
o 103 1 = 1.23
PO 1014 ¥ = ! M2
cRTCZ-w .o = 0 Qb ui Reproduced from
best available copy
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1014

103

105

108

107

o4

186
67

104
108

109

a370

9380

116

1113
111

9440

120
9460

CUNTINUE
CONTINUE
DC 105 K = 1. M2
GARCK > = 0. 00D 00
CONTINUE

READ(S . # )X .k, ¥alLC, D AL, EVAL,CY
IF(CX LT, 21)2GD 7D 64
IFevaLC GE. 0.00D0 00)G0 7O 107

DOaTIOK, X) = DVYAL
EDATLICK, %) = EVAL
DRATCLOK . X2 = YALE
£9LaT sy = €9
GO TO 10¢
00 67 K = 1,RKDT
READI S, *x X . (KDRTYJ. v, J=1. 15

RERD(S., *»x ., (KDATL<(J, %), Jd=16,30)
BRITE(1.,186) )X, (KDAT1(X.J1r,Jd=1.,12?
FORMATCTI2,12¢1X, 11
CONTINUE
FORMATC(II
READ(S ,* XX, K. YALC. . YALCl . ¥RLC2,VRLC3
IF(X GT. 23>G0 TO 109
DATC2C(K, X>» = VALC3 ¢ <(V4LC * VALCl) + valC2?
s0 70 108
IFCNR .EQ. 0> GO YO 11t
DO 110 J=1.NR
READ(S,*) K, I, A, ISTRCL » ISTRC 2, RARCK, I
RARCK . I 3=RARC Y, 1>+1.00-25
IFCISTRC(2Y .EQ. 3 GO TO 9370
RAR(K ., I )==-RARCK , 1)
IFCISTRY 1Y EG. 2) GO TO 9380
I=1+43
IFCISTRO1Y EQ. P> GO TO 9380
I1=143
ISTR(2) = 1
IPOS=44K
GETR(IPOS,A) = ISTR(2?
CONTINUE
WRITEC(E, 111320 CLGSTRCK, V*/K=1.16),d421,7%5)
FORMAT(’ GSTR:’,/,?5C16(1X.14),/))
READ( 6,102 PRNGB . .PRNCT. A, A7, V?
IF(an .EQ. 0> GO TO 9480
K4 = 4 + N2
0o 120 I=¢,21
VRITEC]L,2440)],(GSTRCJ . I3, 3=1,X9)
FORMUT(SHNODE=,13,2X,3HBN=,12,2X. 3HFP=,]13,2X-
OHBP/FP=,13,2%, 6HGP/TP=,13,/,.6HREWORK ,2112)
CONTINUE
D0 9462 K=1,23
CSTR(K)> = 1

Cc-3



“ded  IONTINUE

34¢4 ERERDCS . xs T.INVOD
IFCl GT  Z23:G0 TO 1273
CH5TRCTI Y = TNY(
G3 TO 2404

122 TFeRT  gn s G0 7O 3520
YT o= Y7-
3680 M1 = Taml
GO 129 & = 1, m2
e bow 3

nt = ¥z - 2
‘ RERD(S, *3 ¢ZARCI), I=NL,K2)
125 CONTINUE
00 126 r=1.M2
PERD.S, * JHRR(CK ), BRAR(K), B1ARC(K)
AAR{K )»=0 00 00
QAR(K>=0 0D 00
126 CONTINUE
Y = 2
ISTRC(L » = ¢
CALL DEFFNDCY,ISTRCL 3,NAR, RAR, QAR ., N2)

C
C SET N MATRIX TD 2ERD

DO 1S5S0 K=1,M2
NaRv¥K =0 0D D3
150 CONTINUE
0O 160 I1=3,23
CALL DEFFNDCI,ISTRC1 7, NRR,ARR, QAR N2}
160 CONTINUE
READ(6.164> TO.T1,T72,R9
1v4 FORMATC2(F4 {,7/).F4 1,/,13)

¥ MRITEC!, 10671}
lee FORMATC T1 : ',F?.3)
T9=0.00 00
19 = Y2
© STARY IHDICATED RUN.
G2 TO 9770
C
c STG4RT 3F COMPUTATIOM
£ .
2710 (wnll LEFFNECGRAR,RAR, D1AR. BRR,.BLAR N1 . M2,21,22,23.C9.87.K7?,
* KSTR,17STR,UT,J7.K?STR, T?>
£ WPITE 1,971t
9711 FORMATCLHE
[ emeemccmcem e m e r M sttmmeccseemeeerm e oece e mme et e— - —————
L SET S MATRIX TO ZERO.
fommcconman~ S g
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1¢2 [219n v=) oMy
SHEDY 3 o= ZRECK)

t CANTINGE

[FeI% 5T ¢ QU 00 G2 TO %720

bALL CEFFNF 49,01, 23.C0.57 k7. T2, 07 FRHGE PENOT -
z WRITES L . 97 2x
8712 EOPMAT. L HF
|...-_.-..___..____-.

¢ CHELK FOR SENSITIVITY ANALYSIS RUN

l;_--_-___----_..-..._-___._-.__..___-..--.-_....__-. - e e e e e . e . — e -

ar20 IF(A? EQ. 0> GO TO 9730

CAlLL DEFFNG(S?,CO,R9,K?STRfﬂQ,I?STR,V?.UT.J?,EF,k? .17,

* 19,710, 24>

IF(T9 EQ. 0 0Op 0N GO TN opqp

Z WFITECL1 . 186 TN
o o o e e e e
~ CHECK FOR TIME SIMULATION RUN.
L o oo e e e e

IFCT9 GE. TO) GO TO 99aa
CALL DEFFNHC(KAR.DI1AR,.M1.T1
I WRITE{1.9713"

FOPMATC L HH)

T2 = Ta+¢T1/2.0D0 Q0>

ChLL DEFFNE(GQR.RQR,DIAR.BQR,BIAR.Hl,H2,21,22,23,09,S?,K7,
* KSTR, I?STR. U?.J7.K?8Tx, T?)

CALL
CALL
.

[
-

DEFFNICLAR,D1AR. M1, T1 )
DEFFNE(GQR,RRR,DlGR;BQR;BlﬂR,HI;H2121,22,23,£9‘S7,K?,

KSTR, I?STR.U?,J7,K?STR. T?)
DEFFNJCMAR,.DIAR,. M1, T1)

T9+{(T1/2 00 00)
L DEFFNE(GQR,RAR,DIQR,BQR.SIQR,HI-H2;21,Z2.23,09,S?;K7;
* KSTP.I7STR,U7,47,.K?STR, T?)
Lo 180 I=4,m!t
ZARCIDI=SARCII+((T1#(KARCI)+2.0D 0Ge¢LARC(T)+2 0D 0O»
. MARCID*D1ARCIN)I/6.00 00)
CONTINUE

[ e N ]
T Wwr
- nr

--u--—----------—-------—----—-—----------------------—-----—-.

I9 = 19 ¢+ 1.00D0 0O
€ WRITE(1,9771)>19

9771 FORMATC(’19:’,12)
IFCI9 LT. T2)> GO TO 9710
I9 = 0.00 00
GO 70 9710
9999 CALL EXIT
END

Cttt.lt.‘#.t‘tt‘ttt#tt*t‘tt*ttt##tttt#t#t#mttt’***#tml*t****t
co*o-tattt-tvtatvaaotttt*ta:t:utatatt*t*tcmtat:mt*mmnv«ttm**:
SUBROUTINE DEFFNQ(X.R.S,T,NIQR,QlﬁR;OIQR,GQF,GHR,MI,HQJZI.



22z z
. G v
IMPLTEIT RELL &, =8 Lol MLT Ty Toigs .o

COMMEN T TITALLT

COMMAN S8, 04T T 20

CRAFML AT LR T 30,000

COMMON"F3/7E0AQTIOID . 20N
COMMONPYID yaT]. 20200

~

REWL*Y CRRUI0D: . DRKRIIU I, E&R- Ty HinE 30
REAL®Y RARLI0) QUPC I Y. Lul 30
REGL*S U7

INTEGER KSTRu30..K7STRY ;
INTEGEF M1.M2.21.22.23,) 47 -1°S7TR L2 k7
C 4SZIGN RPPROPRIATE NODE ''RLUES AND DECI:ION
A BRITECY, 1
{ FORMGTY’ A')
6O 10C T = 1,M2

CARCI) = DATCI<T.,¥)

DARCI) = DDATICI, %)

EARII > = EDATICI.¥)

€9 = CI9DAT D

KSTR(I)> = KDATI(!.X?
100 CONTINUE

e s e r e ccrcm e  mmccrc e cr e r e e —— . ——m—— .-

15¢0 IFcC9 ER.0> GO TO 1870
00 1862 I=1.M2
CHRCIaCARC 1)
c9=0
1862 CONTINUE
1870 IF(ST LE.O.) GO T2 1920
IF{N NE.S?) GO YO 1929
J7=y
C SENSITIVITY ANRLYSIS MODIFICHTIGNS.
P e m e e c o e m m e o Ee — C®E-®Em cm o Swme - e e - .o o m e o ae man o e m ot te e e on o

0O 1873 @8=1. M2
K7STRCQB)I=KSTR(Q5)

1675 CONTINUE
17STR=t
IFCK?STR(K?) . EQ 1> GC TO 1920
IF(GARCK?) EQ 0> GO TO 18990
U=t .00 00

vt g - -
ol
HIHECSY e B W
o= 3 TR

EaEGMETERS

Reproduced from
best available copy
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 mmm e e e c m . e e e e e e e e . e o e e e e e

=1

B2 Te =i

TFeCpRev D0 1709 ST

1T = P S e LR R

TEOT ONE ) 20 00T = T3yt 0T
S e P e A TR P S

VoEg

1TE TR

i TRy

IETT 23 2. 0G0 Tu 19,40

U7 = 0 S+t NE-06~bePir

[Fe iy NE 0 00 OGNl = C3uwe v o0 OO
DR e ? 0=DRARPVRT 11T % D aDRiE: b7

0 S+C1 RE-DgV-EnRKT

EAPTK? )=ERRETI+UT*0 DI4ERRCKT
Tr=1
I7¢€TR=4

C RSSIGN NODE SPLIT YaLUES.
o e m e r e e b e et me o ot - e e . e e - . e e o m o e e e e e me = m e -

19290

19€¢0

1970
1480

LD 1280 K=1.M2
IFCGARCK ). EQ. 0> GO TO 1953
HIARCK »=RRRCK 300 2 AR o0
IFCRARCK.ER.O0. ) GG TD 1959
R1ARCK =2 *»GARCK Y/ RARI K
QLARPCYK »=1

GARI K =1

GO TO 1980

[FCCHRRCK Y LT. 0.00)> G0 TO 19¢0
Q@1ARC(KI=] .

NIARCK)Y = CAR K)
N1WERC K v=CARCE .

GO TO 198D

P

[FeU? NE. 0 O0 007 = DSIGNCY 00 O,

HNIARCK 2o DAURCK I *QARIH Y 14 EnROE 394 1 IJ-QuRi & 1

IFCHIAR/ KDY NE 0. GO TOQ 1970
BtapCr =1

GO TH 1900

QLIARCYr "=Lafik ;" HIGRCE
CONTINUE

PETURY

END

CARRRE NI LEE P EH AR PRV KRN YRR AN R A KR B EEERERR L EFAR T EEE IR I I NI +
‘_"t:&***ttﬂw*ﬁ#**;#*&*t*i?*t#***’*#***Q"‘**.’?Q AR R R R X R RYE R NI

SUSPQUTINE CEFFNBCCGR MAR, DAR M2 1,4 .57,42,47
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IMPLICIT REWL#5i #=B, D -F  M=Z 2, INTERER+2. ¢ G-t -

COMMON/TI2/CSTRC2GD
COMMON/TI3/CODRTC 200

COMMONARA/CATC2¢ 3D, 200
PEAL*S CHR?ID:. NHRC30 Y, GARC 3D
INTEGER®2 1,J.57.K?.M2

IFCCSTR(IY _NE. 0)G0 TO 2020

Jd =4 + 1
GO T0 3920
2020 J2 =1 - 4
DO 200 K = 1,M2
CARCK) = NARCK)*DRTC2¢K . I)
IFCCSTRCIY . NE. 2)3GO TO 100
CARCK)Y = CAR(K)*QAR(K)

100 IFCCSTRCI> NE. 3)G0 TO 150
CARCK) = CARCK)I®(1-C1-QARCL;)*C1-QAR(2))I*( 1 -DARC 4) )%
. (1-QAR(SI)*C1-QAR(6))*(1-QARC7) )& 1-QARC11) )*
. C(1-QAR(12)))
150 IFCCSTRCI> NE. 4760 TO 200
CARCK) = DATC2(K, 1)
200 CONTINUE

IFC(537? .GE. 0>G0 710 3920
IFCJ2 _NE. -S72G0 TO 3920

CARCK?) = CARCK?)> + 0.01 » DABSC(CAR(K?))
7920 RETURN
END
e Ly L LT L L T T T T T T
R R L L T T T T L L T T s
SUBROUTINE DEFFNCC(KSTR,NLAR,A1HR, Q1AR,S?,M2,X,.R. S, T.K7,
. K?STR,U?)
INPLICIT REAL*B(A-B,D-F,M-2), INTEGER*2(C,G-L)

c
REAL*9 N1ARC30), ALARC3IN),Q1ARC30)
REAL®8 P6,08, X!, U7.DIY, N2, N3.SGNR,SGNR2
C
INTEGER KSTR(30),K7STR( 30)
INTECER S?.M2.%X.R,S,T.K.,K?
e e R et T U

c-8



L CHECK FUF START PATH
Pe=1
IF(R NE t» GO 7D 210
RETURN

1‘;_-__-__.._-....--..-..---___-....-_.,..-..-...,...__-.-......A-., B T S

T CHECK SUBwuSSCHMBLY
L T
210 po 230 K=1,M2
IFCKST&RCKY NE. 17 GO TO 230
Re=Re*(1 ~Ki1ARR(K.)
230 CONTINUE

IFCRé EQ. 1.) GO TO 335
240 Rexi -Ré
@3=Re
X1=Re
IFCX NE. S§?7) GO TO 250
IFCK?STR(K?7) .NE. 1> GO TO 250

c ...............................................................
C IF INDICATED DO SENSITIVITY MOOIFICATIONS
c ................................................................
U? = 0.5+(1 _0E-06)-Ré
IF(U? _NE. 0.0D 00)U7 = DSIGNC{.0OD 00,U?>
R6=R6+(U7¢. 01+R6)
X1aR6
C ________________________________________________________________
C SUBASSEMBLY CuMPUTATIONS
c ...............................................................

2350 0O 330 K=1,M2
IFCKSTR(K) NE. 1) GO TO 330
SGNR = 1 .000 00
SGNR2 = -0.5 + NIARCK)
SGNR = { . 0D-25 » DSIGNC(SGNR,SGNR2)
H2=1.00-N{ARCK)
N2 = NZ + SCNR
SGHR = 1 . 000 00
SGNR2 = 0.5 ~ H1ARCK)
N3=NIAR(K)+1 0D-25#DSIGN(SGNR, SCNR2)
DIv=1 /N3
"IFCALARCK) .LT. DIV GO TO 280
ALAR(K)=DIY
280 IFCQIARCKY . LT. DIV) GO TO 290
QLAR(K)=DIV
290 R6=Q8
ALARCK)=RLIARCK)ISNIAR(K I/R6+((1 ~NI1ARCK ®ALARIK) I /N2)*
* €1 . 0-N1AR(K>/R6"
QLARCK)I=QLARCKDI*NIAR(K)I/RE6+( | ~NIAR(K)ISQIARCK ),/ N2)w



* L UO-NIWKROY VY Re )
Ré& =1
HLRRCK)=Rp
230 CONTINUE
335 RETURN
END
A R L R L L L L EE L T L L o
R L L R T T R R T L T T T T T
SUBROUTINE DEFFND( Y, ISTR,HAR.,ARR, ORR, M2
IMPLICIT REAL*8(F-C,D-F,M-2)>, INTEGER®2¢G-L

£
COMMON/R1I/NDATAC30.200
COMMON/R2/ADATAC 30,200)
COMMON/R3I/QDATARC 30,200
c

REAL®*8 NAR(30),AAR(C30), QARC30)
INTEGER ISTR,Y,I.M2

O e T S
C LOAD PATH DATA
R e et T
130 DO 132 I=1,N2
NARCI) = NDATACL,Y)
RARCI) = ADATACL.Y)
QARCI) = QDATACI,Y)
132 CONTINUE
GO TO 800
[
C SAVE PATH DATA
e T

160 DO 172 I=1,M2
NDATACI,Y) = NAR(CI)
APATA{L,Y) = AAR(I)
QOATACI,Y) = QAR(I)
172 CONTINUE
800 RETURN
END
A L L T Y T T T L L T T T Y T e
D R L T L T N Y L LT L T T T T Y T o
SUBROUTINE DEFFME(GAR.RAR,D1AR,B,B1.M1,M2,21,22.22,.C9.57,
* K?,KSTR,I?STR.U?;J?;K?STR,T?)
INPLICIT REQLOO(Q -B/,D-7,H-2),INTEGER*2(C,G~L)

COHHON:II/GSTR(34.¢OO)

CONNON/"2/CSTR(200)
COMMON/I3/C9DAT( 200)

c-10



COMMON RI/NDATACI0D. 200
COMMONR2/RDATR{ 30,200
COMMON. PRI/ ADATH( 36,200
COMMON. R4/ INRY Q0
COMMON/FS SRR: D)
COMMON/RE/DNRTCLA3D. 2000
COMMON/RYVLLATLC 30,200
COMNON/RSB/EDATLI(30.200)
COMMOMN/RIO/KDAT1¢30,200)

¢
REAL*S Q1ARC30, NARC30>,RAR(3ID),NBARC 30, N9ARC 20, ABAR( 20
REAL*8 A9AKRC30),Q8AR(30),Q94R(30),RARC30.3),QAR(3D)
REAL*8 D1ARC90>,GAR(36>,B(20),B1¢(30 >, N1ARI 30, CAR( 2D
KEARL*8 EARCJID),DARCZ0), ALAR(3D)
REAL*8 N1,N2,N3,N81,Q81,.A81,Q91,A91,SGN, ONEN3, U7

c
INTEGER KSTR(30),K?STRC30)
INTECER X, R9.S,T,P,P9,21,22,23,M1,.42.K.1,4,P1,K?,S7.Y,R, c9
INTEGER J?7,ISTR,T?

o mmmm e e e e e e e e e e e o e e e e e e e e e o e

C PATH 1 IDENTIFIES THE STATt VARIABLES. PATH 2 PROVIDES FOR
C EXPANSION OF EACH COFPONENT’. POPULATION.

DG 100 K = 1,M2
Ki = (-2)+3«K
IFC2AR(K1)Y GT. 0 OD 00> GO TO 6050
ZARCK1)Y = 0.0D 00
60350 KiP1 = Ki+t
IFCZARCKIPLY .GT. 0.00 00> GOTO 6060
ZARCKIPL) = 0.0D 00
4060 KIP2 = K1+2
IFCZARCKIP2) .LT. 1.00 00) GO TO 6070
ZARCKIP2) = 1 .00 0O
6070 NGR(K) = ZARCKL)
RARCK) = ZARCK1IF1)
UARCK) = ZAR(KIP2)

¢ WRITE(1,6071)NARCK)Y . RAP(K), QAR(K)
607! FORMATC’ NAR:’,PD10.7.° A<«R:’,PD10.2,’ QAR:’,PD10.2)
100 CONTINUE
C ZAR(24) = 0.152459
¢ QAR(8) = 0.132459
ISTR = ¢
CALL DEFFNDCI,ISTR.NAR, RAR.QAR, N2)
€ D0 10t K = 1 M2
c URITE(1,6071)NDATACT.K), ADATACL,K)>,QDATACL . K>
c101 CONT TNUE
D Rt L R
C SET D1 TO 2ERO.
i bt

Cc-11



00 1" 1 = 1,HML
SJLARCI) = 0 0D 00

110 CONTINUE
g
C BEGIMN MODE SVEEP LOOP.
g S

J =0
6110 J = J+1
¢ URITEC(L.1)> J

I FORMATC(IS)

X = GSTR(L1.,J)

R = GSTR(2.,J)

S = GSTR(3., )

T = GSTR(4.J)
f rmm e c e e m m e cm e m e mm e mm e e e e — - - - - ——————————— e i m—————————

IF(Y EQ.0) GO TO 6190
IF(X .E@. -1) GO TO 6730
IF(X .GT. 22) GO YO 6180
GO 70 6380
6180 WRITE(1,6182)
6182 FORMATC(’ ERROR IN BRANCH POINT DATA’)

GO TO 9999
(rececemrmccmcccccecccccccmcccecccmcccecceccece e e em e ——————
C SUNM NODE COMPUTATIONS.

[ i el T R

6190 ISTR = 35

CALL DEFFND(R,ISTR,N8BAR,ABAR,Q8AR.N2)

CALL DEFFND(S.ISTR -N9AR.A%AR,Q9AR,N2)

00 120 K = 1,M2
Kl = (-2)
K1 = K1+3=K
NARCK) = NBARCK)I*NIARR(K)
N3 = NAR(K)+! .0D-29
AARCK )Y = ((NBARCK )®*ABARCK I+ (NIARCK)I®A9AR(K)I))I/N3
QARCK) = (NBAR(K)*QBAR(K)I+NIARRK)I*QIRRCK ))>/N3
@8 = QARCK)
R8 = AAR(K)
KP12 = K4

C CHECK IF REVWORK IS MECESSARY.
S Dy
IFCGSTR(KP12.,J)> .EQ@. 0) GO TO 120
P = GSTRC(KP12.4)
6260 Pl = P-C
1IFCP1 LY. 0) GO 70 6270
P = P-3
GO 70 6260

C-12



6270 RAR(CK) = (1 .00 00 - QAR'K }:*RARCE
QAR{K) = DABS(RARCK.P))
IFCRAR(K,P) .GT. 0.0D NO0> GO TO 280
RARCK) = 0.0D 0O
€280 KIP1 = Ki+}
PLARCKIP1Y = DIARCKIPY Y-( AB-RARCK D) #HARCK 1 ‘ZARCE 1 ¢
KIP2 = K142
DIARRCK1IF2) = DIARCKIP2)-C(Q8-QARCK s)*NARC K}/ ZARC K]

INMN = )
£ WRITEC1,9998)KIP2,D1ARCKIP2 Y, [NM
120 CONTINUE
ISTR = 6

CALL DEFFNDCT,.ISTR,NAR,AAR.QAR, M2)

IFCT.LT.16)> GO TO 6730
IFCT GY. 27) GO TO 6730
DO 130 K = 1,M2
NBARCK) = MARCK)
RBAR(K)> = 0.0D 00
Q8AR(K)Y = 0.0D 00
130 CORTINUVE

Y= 7-12.

CALL DEFFNDC(Y,ISTR,NABAR, ABAR, @8AR, N2)

GO T0 6730
I i R T T
C BRANCH NODE COMPUTATIONS
o mmmm e m e e e e m e e e e e e et e m e e ce e e e e memm emmmmeo

6380 00 140 K = 1,M2
CAR(K) = 0.00 0O
ARLARCKY = 1.0D 00
140 CONTINUE
ISTR = §
CALL CEFFNDC(R.ISTR,.NARR, AAR, QAR . M2)
CALL CEFFRACX.R,S.T,N1AR, A1AR, Q1AR, CAR,ARR, N1, M2,21.22.,23,

* KSTR,J,CI,K?,57,QAR,. K?STR, I7STR,U?,97,.T7)
CALL DEFFNC(KSTR.N1AR,A1AR,Q1AR,S?, M2, X, R,S,T,K?.K?STR,U?)
¢ WRITCC?,149)0%, (MIAR(K),K=1,12), (NﬁR'k;;K=l 12»
(omcrm e e cmcc i m e c e e e dccae e tcm e e m o e e
C CHECK INCOMING PATH FOR START PATH
t ...............................................................
IFCR . NE. 1) GO TO 6440
00 130 K = 1, M2
NBAR(K) = NIAR(K)SNAR(K)
RBARCK) = ALARCKISAAR(K)
QBAR(K) = QIARC(K)*QAR(K
c URITEC1,17)NBAR(K)
150 CONTINUE

ISTF = ¢
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CRLL ZEFTne: 3. 1:TF Homb  m8nk term Mo

GO TO 730
e e
C INCOMING PATH HOT START PRTH
c__----.._-_..-_-__.._-__... - - e - - e e = e e o m e = e e e e e e = = e
£440 DO 6n5eQ ¥ = 1. ¥k
C WRITEL1.,17 HAKCKD
17 FORMATC "NaRCK))-",PDL2 . &)

Kl = (-2
Kl = Ki1+3*K
K190t = K1 ¢+ 1
LIP2 = K1 + 2
IFCNIRRCKY GT. 0 0D 00 GE TO e4d4ed
NiARCK:» = N 00 OO0
€400 IFCNLIARCK)Y LT 1.0D0 00> GO TO 6470
NiwR(K> = { 00 08
64.0 SGH = NIARCK)>+( -5 0D-C1)
IFCSGN . NE. 0.DD O00)SGN = DSIGCNCL OO0 0O, SGN»
190 N2 = (1 0D 00 - NIARCK?)#((1 .0D-25"*5GN)

SGN = S5.0D-01 - NI1ARCK)
1F(SGN . NE. O 0D OO0 3GN = DSIGNC)! OD 00,SGH
220 N3 = NLAR(K»*<1 .0D-25 * SGN)
ONEN3 = | 0D O00/N3
IFCALARCK)Y LT OKMENI)» GO TO0 6520
RIWR(K)Y = 1 00 OC/N3
€520 IFCQIARCK) .LT JNEN3) GO TO0 6530
QIARCK) » v %0 00/N3
6530 NBARCK)> = NI1AR(K)I®NAR(K)
RBAR(K) RIARCK)®RAR(K )}
Q8 AR(K) Q1ARCK ) »®=QAR(K)
NOARCEK) NARCK )-NBAR(K )
A9AR(K) (1.0D0 O - NLIARCK)®ALARCK)»*RARCK X 'N2
QIAR(K) (1 00 00 - NI1AR{K)I*QIARK»»=QARCK Y/Ng
€ TRACE 6641i
ot Q8RARCK)
@91 Q9ARK)
A8 ABARCK)
A1 A9RAPC K
KP12 = K + 4
€ URITE(L1,13)GSTR(KP12,J)
13 FORMAT(’ GSTR-",110
IF(GSTRCkP12.J) . EQ. 03 GO TO 6660
P = GSTRC(YPL12.,J)
PO = P
€320 PL = P97
1IFCPL LE. N> GO TO 6590
P9 = P9~
GO TO 6580
6590 IFCP .LT. 4, GO TO €430
ABAK(K) = (1 GU 00 - QARCK)*»ABAR K)

Reproduced t>m
best available .opy.
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Dewupi b . = bz RyMor 93

1a2 IFCRAPCK P2y T 0 00 0 50 ThH wedi
RARRY Y = 0 00 0

6o D) PLAR  ®€1P1: = [DInFLKLP: 1-C ACL —HBAFRIK o HERP Y v SZAR KL
DIARCEIFS . = DiMKvkIFS = QL -034F K " eHBRROY V2R,
i = [

¥ MM ITE Y w9 e p 2 DIgROK IR D v MY
(Fo 2 U7 TG0 T0 REed

ce I PRNTE N W v L 0l 00 - @9iaFYb Y RAPHROK DS

#ow

D9 ROK DRESCFRRIK,PS O
GELMAKUER F ) e, U BB LU LU U b3y
PR NTY O A (N H T

ok Ay VIRNOCELIP LY = U1IHK: KLPL =i Rl ~RIaxik iy NrRE{E DS ZRROKY )
L MEITECL,LAONBARCE 3, NOufe b
19 FOFMATO "NEAR-" . FD12 v, 25, NAPR-" FL1Z w:
DLARCKLF 2y = DIRRCKLPZ ' =( Q2L -09AFR K r o NIRP LK/ ZRERCKL
TeM = 7
¢ PP ITEr Y QA2 W 1P DIQRCKIF2 Y, TNM
£E30 CconTIwC
C WEITEL( Y 1eT S, CNBRR(OK 1 ,Kk=1.12). T, (HR(E), =112
167 FORMAT. I3, - 1/ ./ 2¢0C2X. PDIO. 23, 2, 12,77, 7,2C00 2%, PDI0 2),
* PP
CHLL [DEFFHDYS . ISTR.NEQR , ABAR NIGCLR M2,
Call UGEFFND T . ISTR.N9QR . A%QR.NIQR M2
L CCRAD HOCD CLTORMINATION mhDl NG TaATH SCTTIHG.
T e e - m e S W e Se e ER e Em A v Y wm e Gm e w Ge e e e Sh M e m e e e e M M @ e e g
IFCiS LT. 16> . OR. ¢S 6T 279> 50 70 6730
DO 200 K = 1.M2
NGRZK > = NSARC(K
R&RCK Y = 0 0D 0O
@AR K> = 0 00 00
360 CONTINUE
Y = §-12
CALL UGEFFHNDIY,ISTR . HAP, RAR. QAR M2)
c ...............................................................

C IF MORE NODES TO BE COYERED GO BARCK ANDL $O &GWwIN. 1F DONE. DO
C WEIBULL DISTRIBUTION.

6730 IFCJ .NE. 21> GO TO 6110
ISTR = §
CALL DEFFNDC2 . TSTP,.NHBAR,.ABAR,.PBAK M2
CALL DEFFNC(Z.ISTR . NGAR,.RINR,O9AR N2
00 800 K = 1,M2
Ki = (=2)+3%K
DLIARCKLI ) = NBARR(KI-NIauR(K)
KiPt = Kil+§
PLARCKIP1II>=DLIARCKEPL )+t OD 00 - (NBARCKDI-NIARCK > »
* ZARCKIP1 )/ 2AR(K LD

Cc-15



UB = (BO¥ /B F v iw: TRRAVIPL CRLOR A By -1 3D 00
N e
U1aR(KIFP2Y = DIRRAKIP2»+@€xv 1 O0 30 - ARCKELIRZ v 2~
* CNERPLKI-HAARCK I *ZARKIP2Y/ ZARCK 1)
INM = 4
C SRITECL 993y W ifI DiaForibl b
¢anag CONTINUE
DO 875 I = 1,28
L =1
1FCL LT 287 GO 70 o220
L =3
6220 ISTR = S
caLl DEFFND/L . ISTR.NSHR.ABAR .A8KR M2
00 eB?0 K = (.M2
Kt = ¢-21+43eK
Ki1PL = K1 + 1
K1P2 = K1 + 2
D1ARCKiIPL} = DIARCKLIPLI)-CRBARLKIWNEBARCK ) /ZARCKL D))
PIARCKIP2 = DLARCKIPOI-CASAR(CK)I*HBARK Y/ZAR(KL )

INM = 35
¢ WRITE(1,9998)K1P2, D1AR(KI1IP2), INN
6870 CONTINUE
6873 CONTINUE
C WRITE-1 9992 ) DIAR(K) K=1.M1)

a9e? FARMATL’ DIAR:’./.6CECPD12 4,2X),/)./)
9993 FOAPMATC’ D1ARY’,12.° i’ . PD12 4,2X,12)
2999 RETURN

END

CNPE RN R NI AT AR LR IR S r REAREXE R IR A KRR X RE RS ST I RE IR E 2R

CAARA AR AR ERE IR TE I SRR A AR RBATEAE Rt AR IERER T SRR R RR AN ERE R AR R R k%
SUBROUTINE DEFFRF(RY ., M2.23.C0.S7,K?,T79.,97,PRNGB, PRNGT)

¥
IMPLICIT REAL#*8(A-B,D-F .M-2>, INTEGER*2¢(C,G-M)

£

COMMON/IL1/GSTR(34,200)

COMMON/I2/CSTR(200)

COPMOMIR/CIDRTC200)

CIMMON/RI/HDATAC 30200

SORAON F2/9DRTAC 30200

CIMNON/R3I0DATH( 30,200

CONMON/RI/DATC2¢ 30,200 -
PEAL®S CARCIN) NARCIND). RARC3N), AAR(Z0) . CORRC3IC)
REmL*S L0 PUCT

INTEGER*2 ISORTC3DD
INTEGER*2 M2.23.A9,1,K1.4,57.K7.J7,PPNGB . PRNGT ., ITENP
[NTEGER+4 NUMB

oduced from
g::l' .vu:ihbh'o‘W’Y-}
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[ £C SR I ) FEN TR g

CATY O FTRMAT. [HL 1L VERR'LFS 1. -
cRLL DEFFHD £.5, 4Knk, anR . QaR. M2
Lo 709C¢ k=1.,H42

IFCS? EQ 0> WRITEZ?,.70R0 + HaR KDOVARRCK B REy ko
DRIRCR] FOPMATC L3, 'PQTH o COMPONENRT .12 LM = F1L 2.
. ' AV, AGE = ' .F?.3.,’ QUAL = '.Fé 4

“030 CONTINUE
IF(S? €EQ@. 0) WRITE(7.7095)
7095 FORMATCLH »
00 7150 I=2PRNGB.PRNGT
k1=0
CALL DEFFHD/T.S.HAR. HAR.QAR, M2
DD 7140 K=1,M2
IF'NARCKY L. 0.013 GO TO 7140
IF(S?7 EQ. 0) WRITE(?,7130) I K NARCK ), ARRCK ), @RR(K)

KisKi+t
7130 - FORMATCIX, "PATH *,13,’ COMPONENT ',[2,"’ NUM/YR =,
* F11.2,’ AY.AGE = ' ,F? .3,  QUAL = ‘,.F¢.4)
7140 CONTINUE

IFCK1 . EQ@.0) GO TO ?150
IFCS? _EQ. 0) WRITE(7,7095)
7150 CONTINUE
7160 J=0
Co=0
IFCR% EQ.1) GO TO 7180
IFCS?7 .EQ. 0) WRITEC?,7095)
7180 DO 7240 I=1,23
00 7242 JX=1,12
CAR(JIX> = 0.00D 0O
7242 CONTINUE
CALL DEFFNDC(I.S,.NAR,AAR,QAR, N2)
Ki=0
CALL DEFFNB(CAR,NAR.QAR,M2,1,4,87,K?.47)
DO 7230 K=1,M2
COARCK) = COARCK) + CARCK)
POCT = POCT + CARCK)
CO = CO + CAR(K)
IFCRY EQ.1) GO TO 7230
IFCCARCK) . EQ.0.) GO TO 7230
IF(S? _EQ@. 0) WRITE(?,7220) I,K,CARCK)

Ki=Ki+l
7220 FORMATCIX,’ PATH ’,I3.’ COMPONENT ‘.12, PATH C/,
. 'OST =$'F12.2)
7230 CONTINUE

IFCK1 .EQ.0) GO TO 7240
IFCS? _EQ. O)WRITE(?,7235)I,POCT
7238 FORMAT(22X,’ TOTAL PATH *,13,’ COST = $'Fl14 . 2)
POCT = 0.00
IFCS? EQ 0 WRITE(7,7095;
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2000

72358

2500

7260

CONTINYE
IFCST  ER. 0) WRITESCTZ.709S
D¢ 7250 & =1,M2
ISORYTC(E + = K
IFL 87 EQ. ©) WRITE(™,725%: & LOWRCH
FORMAT. 125 . "COMPOGHENT SL207 TOTRL Z23IY = 8 FL. o2
CONTINUE
ML = M2 -
ISORTF = (
DO 2C00 I = {.ML
12 = 1 + 1

K = JSORT(I:
K2 = ISORT(]12)
IFCCORRCEY . GE COaR(K2)Y:CO TO 2000
ISORTCI) = K2
TSORTCI2) = K
ISORTF =
CONTINUVE
IFCISORTF ER. 1> GO TO S0O
IF(S7? EQ. 0 WRITE(T7.7258)
IF(S? EQ. 0> WRITE(?,709%)
FORMATC?/, TOTAL COMPONENT COSTS IN ORDER OF COST' 3
00 2500 I = {.M2
K = [SORTCI)>
IF(S? EQ@. 0) WRITE(?.725%5)K.CO0ARCK)
CONTINUE
IF(S7?7 EQ. 0) URITE(?,7262)C0
IF(S7 EQ. 0) WRITE(?,7099%)
FORMATC(24X, 'TOTAL COST = $°,Fl4 .2)
RETURN
END

C.#l.O..‘..l“..‘ﬁi.‘..‘O.‘.t‘..#'*ttﬁt*t*l.*t*#t*tvt**w**t*t:&*
C.*.Qt...‘.“....‘.#‘0'.‘.."'"'#..‘.#.*.#'#*#**'*t*vtt****ttit L4

SUBROUTINE DEFFNG(S?,C0,R9 . K?STR, M2, 172STR. V7, L7.47,C7,E7,
22,17,719.,70.24)
IMPLICIT REAL*B(A-B.D-F.N-2), INTEGER*2(C,G-L)

CONMON/T1/GSTR( 34.200)

CONMOK/R1/NDATAC30,200)
CONNON/R2/RDATAC30,200)
CONNON/R3I/QDATAC30,200)

REAL®8 R?,U?,€7,C0.T79.70

INTEGER*2 K7STR(30)
INTECER®2 87,R/9.M2,V7,17STR.P7,SPM, U8, K. J?,22.,77,24,24M
IF(S? .ME. 0G0 TO 8030

S7sv7+1

vos87
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SRR T

SR

3110

€120

§130

€130

S0 TR 2170

LFOsT T - A
N O Y I ORI B

URITE: 1.9050 57 42 L7 FF.I7:2Te

FORPMAT: 1Y, "BEWNLHY NOBE . T2, N E z
’ T2, 5ENSITIVITY = ¢ Fle 2 ¢ 23
TFOTF  EQ 2+ S0 TO 8174
N
TEcy T LT M2 LG 7O 8989
as=1
IFCRPESTROKT Y EG 10 GD T2 2O7S
C0 TO 8170
IFCK?STRCQ8> EQ. 13 GO TO 8070
NR=Q2+1
IFCae LT k7 GO TG 207S
G3 THO 2170
GG 8082 K=1,4i¢
K?STR(K 3=(
CONTINUE
IF.P? €EQ@ 0> GOG Td 80990
WRITEL1.8085"
FORMATCLH
P2=0
§7=87+1
V=t
IFCS?7 LE. 22> GU T0 8170
RITEC1.8085"
§?=/ -1
£P=1
P7=D
R?=({0-C7>/1 .0
IFCR? EQ. 0> GC TO 8130
STPH=ST (-1
WRITE- 1. 2120 'STM.UT,E?.R?
PT=P?+1
FORMAT«3X. - C0OSYT FATH .13,

PATH ', 13,
! SENSITIVITY = 8¢’ ,Fle. 2/'%
KT=K7+ 1.

IFCK? LE. M2) GO TO 8170
IFCP? EQ. 0, GO TO 150
WRITE 1,8035)>

P?=0

8?7 = §7-4

£7=1.

24NsZ4=( -1 )

I1F(S? LT. Z4M) GO TO B1e0

Cc-19
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51ed

£170

60 TC 8170
§7=0

T9=T10
WRITEC 1. 8085)
RETURN

END

e T AR L R E R A L R AL A G A
It TR T RN R S A R R LA R RS A LR R A LA A AT A

100

SUBROUTINE DEFFNH(KAR,DIAR, M1, T2
IMPLICIT REAL*B(A-B,D-F,M-2), INTEGER*2(L,G-L)

CONMON/R4-ZAR(90)
COMMON/RS/SARCI0)

RERL®8 KARCCN),DIARII0)D
REAL®S T1

INTEGER#*z M1.1

DO 100 I=1. M1

KRR I 2>=D1ARC])
ZHR(II=(T1/72.0>+#D1ARCT)
ZARC I Y=ZARCIDI+SARCI)
CONTINUE

#ETURN

END

Cll#“O##l“..0.“#‘.#.0#....‘##.tﬁ.#“*t“’*.‘t#tt"*t't‘tt*****
C.‘#...0.0"“...0...".“‘."“#..t‘..“ttttttllttﬁtt*tt*'*t‘-ﬁ

[&]

[}

100

SUBROUTINE DEFFNI(LAR.D1AR.M1.T1)
INPLICIT REAL*B8C(A-B,D-F.M-2), INTEGER*2(C.,G-L)}

COMMON'R4/2ARC90)
COMMON/RS/SHR: 20)

REAL®E LARI90).D1HR(IG)
REAL*8 T1I

iNTEGER=2 H1.1

DO 100 I=1.M!
LARC I )=aDIARCI)
2ARCID=(T1/2 0)»DL1ARC D)
ZARC I I=2ARCII*SARCI)
COINTINUE

RETURN

END

T I e e P R R PR PR R R R LA R A A LA A A bbbl
COANBERAIBESBEBERRERA A IR BRSNS REBERIERABPE SRR IR RR BRI RN R IV 444 %

CSUBROUTINE DEFFNJCMAR,DI1AR.ML1,T1)
IMPLICIT REAL*8(A-B,D-F,M-2), INTEGER»2¢(C.G-L)
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-y

Dt}

100

COMMANS R 20nR 90
COMMON/ES SRRV DG ;

RERL®*8 MAR(90. DIAR( 90D
REwL*g T}

INTEGER*Z M1.1

DO 100 I=t1,Mt

MARCI )sD1ARCI)
ZARCIN=T1sD1ARC] )
ZARCIDI=ZAR( I )+SARC])
CONRTINUE

RETURN

END
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APPENDIX D

CONTROL FILE LISTING

OF REVORKINGS

OF COMPONENTS

OF NODES

OF BRANCH NODES

OF PATHS

OF COST PATHS

BOTTON OF PATH FLOW OUTPUT RANGE
TOP OF PATH FLOV OUTPUT RAKNGE
TOPOLOCY PRINTOUT INDICATOR
SENSITIVITY ANALYSIS INDICATOR
SENSITIVITY INITIATOR
SINULATION TINE CONTROL
SIMULATION TINE CONTROL
SINULATION TINE CONTROL

COST PATH PRINT OUT INDICRTOR
AVAILABLE

AVAILABLE

AVAILABLE

E Entry Deacription

Program Variable Designator

Row Number

File Entry Value
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CIFILE:

CIFILE contains 1 data value per line in the first 5 columns. Inte-

gers should be right or left justified according to the conventions of the

machine used. Following the data 1s a line number, the variable name used

and a short description of the purpose of the data. The data, real or

integer in this file is used for control indices in the program.

Line #1:

Line #2:

Line #3:

Line #4:

Line #5:

Line #6:

Line #7:

Line #10:

S7 - positive values of S7 indicate the branch node where
sensitivity analysis is being done. Negative values indicate
the path where analysis 1s concerned. Value read in here,
initiates the indicator to 0.

C9 - "C" - split parameter reassigmment indicator. €9 indi-
cates the "C" split value of the first component of a given
node should be assigned to all the components passing through
that node. This line initiates C9 to O.

T7 - T7 indicates the presence of a "D" and "E" decision. A
value of 2 will cause the sensitivity analysis to repeat

for a node/component. The second time around though, the "E"
split parameter is altered instead of the "D". This line ini-
tiates T7 to 1.

K7 ~ Component sensitivity indicator. Set here to 1 for base
run. It is reset in DEFFNG.

MR - The number of lines of rework data. Used in loop to read
in data.

NKDT - The number of nodes needing KSTR() data.

M2 - The number of components in the system. Used to contrnl
loops.

Z1 - The total number of nodes in the system, sums, nulls and
branches.

Z2 - The total number of branch nodes.
23 - The total number of paths in the systom.
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CIFILE Continued

Line #11:

Line #12:
Line #13:
Line #14:
Line #15:
Line #16:
Line #17:
Line #18:

Line #19:

Line #20:

Line #21:

Line #22:

Z4 - The number of paths with associated costs.

PRNGB - The low end of the path flow output loop PRNGB and

PRNGT (line 12) are used to screen out excessive output.

PRNGT - See line 11. The high end of the path flow output
loop.

A - Indicator to print out node topology guide.

A7 - The sensitivity analysis indicator, A7 activates DEFFNG.
Note when A7 is set to 1 (activate), to (line 16) should
be set to 0.

V7 - The sensitivity analysis initiator. V7 indicates the
first node for semsitivity analysis.

T - The end time of a time simulation run. T¢ is a real
number read with a F4.1 format.

Tl - The time step for a time simulation run. Tl is a real
and is read with a F4.1 format.

T2 - Is the time simulation output frequency. T2 indicates
the number of time steps per output. T2 is also a real.
Read with a P4.1 format.

A9 - The cost output suppressor. Used to limit the quantity
of output generated by a time simulation.

Available for future modifications.

Available for future modifications.
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APPENDIX E

DATA FILE LISTING - AMTRAK EXAMPLE

AMTRAK DATA FILE DESCRIPTIONS

Data File Description
DATAS:

DATA5 is divided up into sections that the main program, SCM, reads se-
quentially and stores in several holding arrays. All sections are read
through a free format. Each line in the file is appended with a short
description common to the section to which that line telongs. Some sec-
tions end with a "999 / END OF " This is an indicator for loops
without a DO statement., Data sections are as follows:

GSTR() NODE INFO:

This section uses 4 numbers -- each separated by 1 or more blanks.

The first number indicates node type. If less than O, the node is a
null., Nulls are node numbers that do not appear on the schematic diagram,
They remain in the model as available for modifications. If the first
number is 0, the node is a sum node. For a sum node, the second and

third numbers are the incoming paths and the fourth is the outgoing path
number. A first number greater than 0 indicates a branching node.

In this case the number is also the Branch Node number, used to assign the
appropriate node split parameters in DEFFNA (see next section). The second
numsber indicates the incoming path wvhile the third and fourth indicate the
outgoing paths. The first outgoing path (third number) is the refereance
path for the split parameters. This section is read through a DO loop
and has no end of section data line. All data are in integer form.

NODE SPLIT DATA:

This section contains 6 numbers per line, 2 integers, 3 reals, and

a single integer respectively. The first number is the Branch Node number
that the data concerns. The second number indicates the component con-
cerned. The next 3 numbers are the "C", "D", and "E" decision split
parameters. If the "C" value is greater than or equal to O, the "D"

and "E" values will be equal to 0. The sixth snd final number will be

the C9 value for the given Branch Node. A C9 value of 1 indicates that

E-1



The "C" value of the first component will be assigned to all the components
of that node. This applies only if "C" is not less than 0. The eection
ends with a "999" data line.

REWORK DATA —— (see Appendix M for Example Input and Explanation of Use)

This section has 6 numbers per line: 5 integers and a real. The first
indicates the component needing work. The second number indicates which
rework number this data line 1is associated with. The third number is upstream
from the node from which this rework path emanates. The fourth and fifth
numbers indicate whether the rework path is on a reference path and to what
portion of the component his data are applied.

The sixth number is the compnnent "quality" after rework. The data are
read with a DO loop and has no end of data line. If there is no rework
data (NR = Qual #) the program will skip around the READ stutement.

KSTR() DATA:

These data are subassembly indicators. The section consists of the Branch
Node number followed by ones and zeros. There are 2 lines per node number
required. The first line holds indicators for components 1 through 15, the
second for components 16 through 30. Enter a "1" for each component that
is part of the subassembly for the particular branch node given. Data are
read in through a DC loop. There is no end of data line.

COBT PATH FACTORS:

There are 6 numbers per line, 2 integers and & reals. The first num—

ber is the path to which these cost factors are to be applied. The second
number is the component involved. The next & are cost factors (i.e.,
hourly labor rate, hours per unit, unit cost, and a special cost factor).
This data section ends with a "999" end of data line.

COST FUNCT IMDIC: (see Appendix M for Example Input and Explanation of Use)
There are only 2 integers per line. The first is the schematic diagram
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path number involved. The second indicates the function to be used in cal-

culating the path costs. The section has a "999" end of section indicator.

STATE VALUES ZAR():

There are 3 numbers per line, 1 line per component. These are the
starting population state values. The first number is the total component
population, the second is the average age for the component and the last

is the quality for the component.

RATE POP WEIB:

There are 3 numbers per line, all real, 1 line per component. The

first number is the rate at which the component population expands. The
second is the Weibull slope. The third is the characteristic life of
the component.

A "99999" indicates the end of the file.

E-3



FILE DATA ¢

30 1 < GETPC 0 N@ANLE INFW
31 32 ROTR. » HRLE [wfw
33 a4 / 25 TR Y HELE [ nFw
36 35 ! BSTRC Y HEUE 1NFu
17 37 ¢ GSTRe : NRLE IHuF®
5 S9 f BETRY » HE@DE INFQ
0 ] ¢ LSTP. » NGDE INFQ
0 0 J GETRO Y NRDE InF@
Q \ LSTRC » HEDE INKF@
53 54 L5TRC » NEDE [HF@
16 3% ¢ RETRC ) NBDE INF®
¢ 39 J GETR: + NEDE INF@
0 0 : GSTRC © NBDE INFg@
G 0 ¢ 5STRC . NBDE INFe
40 1 ¢ S5TRU Y NADE INF@
4 42 ¢ GSTRC ) NQDE INF@
44 43 ¢ GSTRC : NRUE INFu
S4 45 Z GSTRC ) NRDE INF3
19 46 ¢ GSTR( ) N@DE INfQ
7 47 ¢ GSTRC » NG@DE INFQ
0 0 / GSTR() N@DE INF®
48 49 ! GSTRC( ) N@DE INF@
39 S) ¢ GSTRC » NADE INF@
18 S1 < ! GSTR() M@DE INF@
6 52 <g.a§' ¢ GSTR() NGDE INF@
] 0 o ¢ GSTRC ; NRDE INFR
3¢ S5 & <8 ¢ GSTR() NRLE INFu
43 Sé P'c?@PP' /' GSTRU ) NEUE INF@
0 0 40K BSTRC ) NRDE INF@
58 S7 N o ¢/ GSTRUY MONE [NFa
o o & > /' GSTRC) N@DE INFe@
60 | ¢ ¢ GSTRC )Y NQLE INFe
61 62 / GSTR( ) N@DE INF@
64 63 ¢ GSTR() NE@DE INF@
63 65 / GSTRC )Y NQUE INF®
€S S9 ¢ GSTRC ) NEGDE INF@
70 7?8 ¢ GSTR() NRDE INFe@
0 0 ¢ GSTRC) N@DE INFQ
79 80 / GSTR() NGDE INF®
71 102 / GSTR( ) N@LE INFe
72 3 / GSTR: ) N@DE INFQ
20 74 / GSTR( ) N@DE INFQ
8 79 ¢/ - GSTR() NeDE INFw
?3 101 ’ GSTR( > NODE iNFu
100 1 ¢ GSTR( )Y +ADE InFw
0 0 / GSTR( 3 NOUE INFR
] 0 / GSTR( ) NGUE INF®
0 0 / GSTR( ) NAULE INF2
0 0 / GSTR() NQUE INF@
160 1 ¢ GSTRC ) N@DE INF@
25 164 ! GETRC Y N@DE 1%NFQ
13 162 p GSTR( ) NRLE INF®
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20.81 0. 37S 13 45 1.0 /  C@ST DATw
20.81 1.000 30.00 1.0 /  C@ST DATA
20.81 0750 0.00 0.0029975 / C@ST DATR
20 81 0.250 10.00 0 0014560 / C@ST DpATA
20.81 0.150 1.00 0 001455 /  CasT =
20 81 0.050 0. .20 0.005826. F’L?,,cr‘-
20 81 0.050 0 00 0.0015764 _7£f;;¢pﬁ‘
20 81 0.02% 0 00 0.0021817 / o x\,\—P—rP'
20 81 0.250 1.00 0.0019458 /
20.81 0.02% 0.00 0.0015809 /
20 81 0.07S 0.00 0.0004395 . e
20 81 0 250 10.00 0.0016423 ¢/ LuST DATH
20.81 0.1%0 1.00 0.0016135 / COST DATA
20 81 0.0S0 0.00 0D.0064598 ¢/ COST DaTa
20 81 0.0%0 0 00 0.0017748 7/ COST DATR
20 .81 0.025 0.00 0.0032362 / COST DATA
20 81 0.250 1.00 0.0021520 / COST DATA
20.81 0.025 0.060 0.0017531 / COST DATA
20 .8 1.250 30 00 1.0 / COST DATA
20.81 0.37% 13.45 1.0 / COST DATA
. / END OF COST DATA
/ END OF QAR FUNCTIONS
0.0 0.0 /  28R() STATE VALUES
00 0.0 /  2AR() STATE VALUES
0.0 0.0 ¢/ 2QRC) STATE VALUES
0.0 0.0 /' ZARC) STATE VALUES
0.0 0.0 /' ZARC) STATE VALUES
0.0 0.0 ¢/ ZARC() STATE VALUES
0.0 0.0 ¢/  ZARC() STATE VALUES
o 0 0.0 ¢/  2aR()> STATE VALUES
0.0 0.0 /  2ARC) STATE VALUES
0.0 0.0 ¢ 2ARC) STATE YALUES
6.0 0.0 ¢/ 28R() STATE VALUES
0.0 0.0 ¢/  2ARC) STATE VALUES
0.0 0.0 /  28R() STATE YALUES
0.0 0.0 /  2ARC) STATE VALUES
0.0 0.0 ¢/ 2ARC) STATE VALUES
Q0 00 ¢ 2ARC) STATE VALUES
C o 00 /  2AR()Y STATE VALUES
Do 0.0 ¢/  2AR(> STATE VALUES
0.0 0.0 ¢/ 28RC¢)> STATE VALUES
9.9 0.0 /  ZARC) STATE VALUES
0.0 00 /  2aR() STATE VALUES
2 1 82998 7  PATE POP .WEIB.,LIFE
2 1.22292 ¢/ FKWTE POP.,WEIB..LIFE
S 1.22998 ¢ RATE POP ,WEIB..LIFE
2 2 22138 ¢/ RATE POP ,WEIE ,LIFE
2 2.16651 /' RWTE POP ,MWEIB.,LIFE
2 & TES1S ¢/ PuTE FOP .MEIB.,LIFE
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w

L0 63243 : SHTE TuT ‘FE
& 1 23239 p KaTE FO° £E
¢z 51296 LU LA PO
-~ \ . .
2 1.3299g . ~‘aw"‘ah
2 1 09sy? ERYR O )
2 1 3za9g €\;\%;;¢;” CIFE
21 Fe93s & R O .€ .LIFE
2 1 22333 wEIE LLIFE
2 2 32138 . LUP WELE. .LIFE
2 2 16651 . ~E FOP WEIB .LIFE
2 2.7g8818 FHTE FOF WEIB LIFE
2 0.14207 , CuTE PLF  WEIE .LifE
) 23243 ' F4TE FLP WEIR  LIFE
2 1 53280 FMTE FLP  wEiB .LIFE

END OF wuTw

END OF FILE
Reproduced ]
[ Dest availy bloroc':p&

E-16



X St
FOR TLLUC ATl 0L,
N T s APPENDIX F

SAMPLE OUTPUT PATH FLOWS BY COMPONENT

1 YEAR 0.0

PATH 1 CONMPONENT 1 NUN . 2272.00

PATH 1 CONPONENT 2 NUN - 1136.00

PATH 1 CONPONENT 3 NUN = 3976.00

PATH 1 COMPONENT 4 NUN s 2272.00

PATH 1 COMPOMENT S NUN s 368.00

PRTH 1 COMNPONENT 6 NUN = 1136.00

PATH 1 CONMPONENT 7 NUN = 2272.00

rATH 1 COMPONENT @8 NUN = 9088.00

PATH 1 COMPONENT 9 NUN = 368.00

PATH 1 CONPORENT 10 NUN = 1136.00

PATH 1 COMPONENT t1 NUN . 43544.00

PATH 1 CONPONENT 12 NUN - 2272.00

PATH 1 COMPONENT 13 NUN = 2272.00

PATH 1 CONPONENT 14 NUN - 368.00

PATH 1 CONPONENT 13 NUN = 11360.00

PATH 1 COMPONENT 16 NUN = 2272.00

PATH 1 COMPOMENT 17 NUN = 2272.00

PATH 1 COMPONENT 18 NUNM s 368.00

PATH 1 CONPONENT 19 NUN s 2272.00

PATH 1 CONMPONENT 20 WNUNW = $68.00

PATH 1 COMPONENT 21 NUN s 2272.00

PATH 1 CORPOMENT 1 NUW/YR = 2272.00
PATH I CONPUGNENT 2 HNUN/YR = 1136.00
PATH 1 COMPONENT 3 NUN/YR = 3976 .00
PATH 1 CONPONENT 4 NUN/YR = 2272.00
PATH 1 COMPOMENT 3 NUN/YR = 368 .00
PATH 1 COMPONENT & WUN/YR = 1136.00
PATH 1 CONPOMENT 7 WNUW/YR = 2272.00
PATH 1 CONPOMENT 8 NUN/YR = 9008 .00
PATH 1 COMPONENT 9 NUN/YR = 368.00
PATH 1 CONPONENT 10 WNUN/YR = 1136 .00
PATH 1 CONMPOMENT 11 WNUR/YR = 4344 .00
PATH 1 COMPONENT 12 NUN/YR = 2272.00
PATH 1 CONPONENT 13 NUW/YR = 2272.00
PATH 1 COMNPOMENT 14 MNHULN/YR = 568.00
PATH 1 CONPOMNENT 1S WNUR/YR = 11360.00
PATH I CONPONENT 16 NUN/YR = 2272.00
PATH { CONPONENT 17 HUN/YR = 2272.00
PATH § CONPONMENT 18 NUN/YR = 368 .00
PATH § CONPONENT 19 NUNW/YR = 2272.00
PATH 1 CONPONENT 20 NUN/YR = 368 .00
PATH 1 CORPONENT 21 NUN/YR = 2272 .00



= X a%MmIF 1 =
FOR TLLUSTRATTON ONL Y
For=-3u_n 7=

PATH
PATH
PATH
PATH
PATH
PATH
PATH
. PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PRTH

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN

TR

L N R N7 N7 T T T Sdbaoasraraara

NNNYNN~N N N W W W

COMPONENT
COMPONENT
COMPONENT
COMPONENT
COMPOMNENT
CONPONENT
COMPONENT
COMPONENT

CONPOMENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
COMPONENT
CONPOMENT

COMPONENT
CONPOMENT
COMPONENT
COMPONENT
COMPONENT
CONPOMENT

CONPOMENT
CONPONENT
CONPONENT
CONPOMENT
COMPONENT
CONPONENT

CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOKENT
CONPOMNENT
CONPOMENT
CONPONENT
CONPONENT

L e o e e e e 0t 1
ko NENEEN [ )

NUN/ YR
NUN/YR
NUN/ YR
NUN/ YR
NUN/ YR
NUN/ YR
NUN/ YR
NUN/YR

HUN/ YR
NUN/ YR
NUN/ YR
NUR/YR
NUR/YR
NUN/Z YR
NUN/ YR
NUNZ YR

NUN/YR
HUN/YR
NUR/ YR
NUN/YR
NUN/ YR
NUN/ YR

NUN/ YR
NUN/ YR
NURZYR
NUR/Z YR
NUN/ YR
NUNRZYR

NUN/ YR
NUN/ YR
NURN/ YR
NUN/YR
NUN/ YR
NUN/ YR

NUN/YR
NUN/ YR
NunR/YR
NUn/ YR
NUN/YR
NUN/ YR
NUN/YR
HUN/ YR
nun/yYe
NUN/YR
NUR/YR

39%¢.

22s.
S63.
4306 .

140
107,

6.
310.
1010.
2310.
200.
sv?.
144.
2807
S06.
191.
S6¢.



F XAMPEL

FOR TLLUSTRATION ONLY

PATH

PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATHN
PATH
PATH
PATH
PATH
PATH

PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH

11

RFESLE. TS

COMPOMNENT

CONPONENT
COMPONENT
CONPOMENT

COMPONENT
CONPONENT
COMPONENT
COMPONENT
CONPONMENT
COMPONENT
CONPONENT
CONPONENT
COMPOMENT
CONPONENT

COMPONENT
CONPOMENT
CONPOMNENT
CONPONENT
COMPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPOXRENT
CONPONENT

CONPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENY

CONPONENTY
CONPONENY
CORPONENY
CONPONENY
CONPONENT
CONPONENT
CONPONENTY
CORPONENTY

4 NUN/YR = 576 .
6 WNUN/YR = 208 .
7 NUN/YR = 624

19 NUN/YR = s89
3 NUN/YR =
8 NUN/YR = 1
9 NUN/YR =

10 NUN/YR =

13 NUN/YR =

15 NUN/YR = )

16 NUN/YR =

17 NUN/YR =

20 NUN/YR =

21 NUN/YR =
1 NUN/YR = 1
2 HUN/YR = 2
3 HUN/YR = 3
8 NUR/YR = 16
9 HUN/YR = 0

10 NUN/YR = 0

11 NUN/YR = 7S

13 WUN/YR = 3.

1S HUN/YR = %.

16 NUN/YR = os.

17 NUN/YR = ‘0.

18 NUN/YR = 0.

20 WUN/YR = ..

21 NUR/YR = 1.
3 NUW/YR = 29
s NUN/YR = st
9 NUN/YR o 1

10 NUN/YR = ’.

13 NUN/YR = ..

1S NUN/YR = 239.

16 NOW/YR = 8e3.

17 NON/YR = 10.
3 ASW/YR = 2%e.
o NUR/YR = 6.
9 NUN/YR = 1?.

10 NUW/YR = .

13 NUN/YR = 430.

1S HUN/YR = 2191 .

16 NUN/YR = 7769 .

17 NON/YR = *s .

r-3

OO WOWOOWW



X AMmMrL =
FOR JLLUSTRATTION ONLY
RESLN. TS

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH

PATH

PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATN
PATH
PATH

18
18
18
18
18
18

COMPOMNENT
COMPONENT
CONPONENT
CONPONENT
CONPOMENTY
COMPONENTY

CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT

CONPONENT
CONPONMENT
CONPONENT

CONPONENT
CONPONENT
conPoONENY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONRENT

3
9
10
13
13
17

3
9
10
13
13
17

1
2

11
18
20
21

NUN/ YR
NUR/YR
NUN/Z YR
NUN/ YR
NUN/ZYR
NUN/YR

NUN/ YR
NUN/ YR
NUN/ YR
NUN/YR
HUNZ YR
NUN/YR

NUN/YR
NUN/ YR

NUN/YR
NUN/YR
NUN/YR
NUN/YR

NUNR/ YR
NUR/ YR
NUN/ YR
HUR/ YR
NUN/ YR
NUN/ YR
NUN/ YR
NUMN YR
NUR/YR
NUN/YR
NUR/ YR

nun/ye

NUNZYR
NUN/ YR
NUR/YR

NUN/YR
NUN/ZYR
NUN/YR
Hun/sye
Nun/ye
NUN/ YR
NUN/YR
NUN/YR
NUN/ZYR
NUR/YR

F-4

39¢.

223 .
363.

4306 .

140 .
187 .

Ses.
318.
1010.
2310.
208 .
377.
144.
2007 .
S66.
191.
306.

376.
208 .



EXAOMPL . F

FOR TLLUSTRATION ONLY
RESWLF TS

OO0 WMAWNUBODOPWN =

PATH 27 COMPONENT 1 NUN/YR =

PATH 27 COMPONENT 2 NUN/YR =

PRATH 27 CONPONENT 3 NUN/YR =

PRTH 27 COMPONENT 8 NUN/YR = i
PATH 27 COMPONENT 9 HNUN/YR =

PATH 27 CONPONENT 10 NUMN/YR =

PATH 27 COMPONENT 11 NUN/YR = 7
PATH 27 CONPONENT {3 NUN/YR =

PRTH 27 COMPONENT 15 NUN/YR = 9
PATH 27 COMPONENT 16 WNUN/YR = )
PATH 27 COMPONENT 17 NUN/YR =

PATH 27 COR' MENT 18 NUN/YR =

PATH 27 CONPUNENT 20 NUN/YR =

PATH 27 COMNPOMENT 21 NUN/Yk =

PATH 30 COMPONENT 1 WNUM/YR = 7?700798.
PATH 30 COMPOMENT 2 NUN/YR = 3350399
PATH 30 COMPONENT 3 NUN/YR = 1226397.
PATH 30 COMPONENT 4 NUN/YR = ?700798.
PATH 30 CONPONENT S NUN/YR = 175199,
PATH 30 COMPOMENT 6 NUN/YR = 330399.
PATH 30 COMPONENT ? NUN/YR = 700798.
PATH 30 CONPONENT 8 NUN/YR = 2803193.
PATH 30 CONPOMENT 9 NUN/YR = 1735199,
PATH 30 CONPOMENT 10 NUN/YR = 35C399.
PATH 30 COMPOMENT 11 WHUR/YR = 1401596.
PATH 30 CONPOMENT 12 NUN/YR = 700790.
PATH 30 COMPONENT 13 WHUN/YR = 700798.
PATH 30 CONPOMENT t4 NUN/YR = 173199,
PATH 30 CONPOMENT 1S NUN/YR = 3503992.
PATH 30 COMPONENT 16 NUN/YR = 700798.
PATH 30 COMNPOMENT 17 NUR/YR = 700798.
PATH 30 CONPOMNENT 190 NUN/YR = 1735199,
PATH 30 CONPONENT 19 NUN/YR = 700798.
PATH 30 COMNPONENT 20 NUN/YR = 1?73199.
PATN 30 CONPONENT 21 NUN/YR = 700798.
PATH 31 CONPONENT 1 NUN/YR = 160S92.
PATH 31 CORPONENT 2 HUN/YR = 0029%6 .
PATH 31 CONPOMENT 3 NUR/YR = 201036.
PATN 31 CONPONENT 4 NUN/YR = 160592.
PATH 31 CONPONENT S NUR/YR = 40148.
PATH 31 CONPONENT ¢ NUN/YR = 80296 .
PATH 31 COWNPOMENT 7 NUN/YR = 16039%2.
PATH 31 CONPONENT & NUN/YR = §42368.
PATH 31 CONPONENT 9 NUN/YR = 40id0 .
PATH 31 CONPONENT 10 NUN/YR = 80296 .
PATH 31 CONPONENT 11 NUN/YR = 32110¢.
PATH 31 CONPONENT 12 NUN/YR = 160S592.
PATH 31 CONPONENT 13 NUN/YR = 160S592.



F X aMPL

FOR ILLUSTRATION ONLY

RESLN. TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH

31

CONPONENT
CONPOMNENT
CONPONENT
CONPONMNENT
CONPOMENTY
CONPONENTY
CONPOMNENT
CONPONENT

CONPONENY
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPOMENT
CONPONENT
CONPONMENTY
CONPONENT
CONPONENTY
CONPORENT
CONPONENT

CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENTY
CONPONENT
CONPONRENT
CONPONENTY
CONPONRENT
CONPONENT
CORPONENT
CONPONENTY
CORPONRENT
CONRPONENT
CONPONENT
CONPONENY

NUN/Z YR
NUN/ZYR
NUR/Z YR
NUN/YR
NURZYR
HUNZ YR
NURZYR
NUR/ YR

NUR/ZYR
NUNR/Z YR
NUNZYR
NUR/YR
NUNR/ YR
NUN/Z YR
RUNR/Z YR
NUN/Z YR
HUR/ YR
HUN/ YR
HUN/ZYR
NURZYR
KUK/ YR
NUR/ZYR
wuN/ZYR
HUNZYR
NUR/ YR
RUN/YR
RUN/YR
NUR/YR
NUN/YR

RUN/YR
nyn/ YR
HUN/YR
HUN/YR
NUN/YR
NUN/YR
HUR/YR
nyn/ve
HUR/YR
RUN/YR
NUN/ YR
nUn/YeR
non/ye
nyn/vR
NUN/YR
HUN/YR
HUN/YR
nUn/YR

40148 .
802960.
16039%2.
16059%2.

40149.
16039%2.

40148
16039%2.

540206 .
270103.
943360 .
340206 .
135031 .
270103.
340206 .
216082¢.
133091 .
270103.
1000412
340206 .
340206 .
133091 .
2701031 .
340206
340206.
133031 .
340206 .
1395091 .
340206 .

199936.
77960.
272008
159936 .
3090¢4.
77960 .
159936 .
623744.
30904 .
77968 .
311872.
1595936 .
195936 .
30904.
779600 .
195936
195936 .
380904
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FOR TLLUSTRATION ONLY

RFESW.. TS

PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

33
33
33

34
34
34
34
34
34
34
34
3¢
34
34

COMPONENT
COMPONENT
CONPONENT

CONPONENT
COMPOMNENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONERT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENTY

CONPONENT
CONPONENT
CONPONENTY
CONPONENTY
CORPONENT
CONPONENT
CORPLKENT
CONPONENT
CONPONENRT
CONPONENTY
CONPONENT
CORPONENT
CORPONENTY
CORPONENT
CONPONENT
CONPONRENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENTY

19
20
21

GBDIVNONDEWN-

NUN/YR
NUN/YR
NUN/YR

NUN/YR
NUN/YR
NUN/YR
NUNR/YR
NUN/ YR
HUN/YR
NUN/ YR
NUN/YR
NUN/YR
MUN/YR
NUN/YR
KUN/YR
NUN/YR
NUN/ZYR
NUN/YR
HUN/YP
NUN/YR
HUN/ YR
NYNR/ YR
nun/sve
NUR/YR

HUN/YR
NUN/YR
RUN/YR
RUR/YR
NURZYR
NUNR/YR
RUN/YR
HUR/YR
NUN/YR
NURZYR
NUN/YR
AUR/ TR
nNUN/ R
HUN/ YR
Nun/YR
NUN/ YR
NUN/ YR
nun/Ye
nUR/Z YR
NUR/YR
YR/ YR

153936
38984 .
133593¢.

4656 .
2328.
8148.
4636 .
1164.
2328 .
4636
18624 .
1164.
2328.
9312.
4636 .
4636 .
1164.
232080.
4636 .
4636 .
1164.
46396 .
1164.
46356 .

15393.
?796.
27200 .
19893 .
3898 .
7796 .
13993.
6237¢.
3898 .
7796
31187,
13393.
19893 .
3090 .
77968.
19993.
19993.
3898 .
199593.
3898 .
19993 .



= X aviF;
HWLUSTRATION (oNLY

ron

=

RFStH 7=

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATN

PATH
PATH
PATH
PATH

36
36
36
36
36
36
36
36

CONPOMENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPONMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPOMENT
CORPOMNENY

CONPONENT
CONPONENT
CONPONENTY
CORPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CORPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENY
CONPONENT
CONPONENT
CONPONENY
CONPONENTY

CONPONENY
CORPONENT
CONPONENY
CONPONENT

VONPADWN =

HUN/Z YR
NUN/ YR
NUR/ZYR
NUNK/ YR
HUN/ YR
NHUN/ YR
HUN/ YR
NUK/ YR
NUN/YR
NUN/ YR
HUN/ YR
HUN/ YR
NUN/ZYR
NUN/YR
HUR/YR
NUN/ YR
NUN/YR
NUN/ZYR
NUN/ZYR
NUN/ZYR
NUN/YR

NUN/YR
nun/YR
NUN/YR
KUN/YR
NUNR/YR
RUN/YR
NUNZYR
HUN/YR
NUn/YR
NUN/Z YR
NUN/YR
NUN/ YR
NUN/YR
Kun/ve
RUN/YR
NUN/ YR
NUN/ YR
NUN/ YR
NUR/ YR
noN/ YR
nun/ve

nen/vYe
RUNRZ YR
NUN/ZYR
NUR/YR

140342.
70171,
2433599 .
140342.
330603 .
70171.
146342 .
561369.
335003 .
?0171.
200603 .
140342.
140342.
33068 .
701712,
140342.
140342.
35088 .
140342 .
33083
140342.

140342
70171
243348 .
140342.
33088 .
70171
140342.
560903.
33067 .
70088 .
200603 .
140342.
139912.
335009 .
699361 .
132973.
140246.
335088 .
140342.
33008 .
140342.

13807

7733.
27109
19807



F X St -

COR TILUSTRATI W O v

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

RESIL TS

COMPOMNENT
CONPONENT
CONPONENT
CONPONMENT
CONPONMENT
CONPONENT
CONPONENT
CONPONMENT
COMNPONENT
COMPONMENT
COMPONENT
COMPONENT
CONPONENT
COMPONENT
CONPONMENT
CONPONMENT
CORPOMENT

CONPOMENT
CONPONENT
CONPOMENT
CONPOMENT
CONPONENT
CONPONENT
CONPOMENT
CONPOMENT
CONPONENT
CORPOMENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONMENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT

L X N N ]

10
11
12
13
14
13
16
1?
18
19
20
21

CONORE WM -

LA X X' F W Y N

NUN/YR
NUNR/YR
KUN/YR
NUN/YR
NUN/YR
RUN/YR
NUN/ZYR
NUN/YR
NUN/YR
NUN/ YR
NUN/YR
NUN/ YR
NUN/ZYR
NUN/ YR
NUN/ YR
NUN/YR
NUN/ YR

NUN/YR
NUNR/ YR
NURN/ YR
NUN/ YR
NUN/Z YR
NUN/ YR
NUN/YR
NUN/YR
NUR/YR
NUR/ YR
NUN/YR
NUN/YR
NUN/ YR
NUN/ YR
NUR/ YR
NUN/ YR
NUN/ YR
NUN/ZYR
NUR/YR
NUN/ YR
NUN/ YR

HUR/ YR
NUN/ YR
HUN/YR
nunN/ve
KON/ YR
nUN/YR
Nun/yYR
Nyn/ YR

F-9

3876 .
7783,
13807
61977,
387¢.
7744 .
3101¢.
133507
15439
3876.
77297 .
14644 .
13496 .
3876 .
19307.
3876 .
13507.

13807.
7733.
ariav.
13807.
3876 .
7733.
13807
62029 .
3076.
7783
3101¢.
18807
19807
3876 .
77536 .
19807.
19307 .
3876 .
13807 .
3876 .
19307 .

120479 .

64239 .
224038
120479 .

J2119.

64239 .
120479 .
313917



E X AL =
FOR TLLUSTRATION OM.Y
REStHY. TS

PATH
PATH
PATH
PATH
PATH
PATM
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATN
PATN
PATN
PATN
PATNH
PATH
PATN

PATN
PATN
PATH
PATN
PATN
PATN
PATN
PATH
PATH
PATN
PATHN

40

CONPONENT
CONPONMENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPOMENT
CONPOMENT
COMPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONRPONENT
CORPONENT
CONPONENT
CONPONENY
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT

GOVORLMLUMN-

10
11

NUN/YR
NURZYR
NUR/YR
NUN/Z YR
NUN/ YR
NUN/ YR
NUK/YR
NUN/ZYR
NUN/ YR
NUN/ZYR
NUN/ YR
RUN/ZYR
NUN/YR

NUN/ YR
NUN/YR
HUN/ YR
HUN/ YR
NUN/YR
NUN/YR
NUN/YR
nUN/ YR
NUR/ YR
NUN/TR
NUN/ TR
NUR/ YR
NUN/ YR
non/ YR
NUN/ YR
nun/ YR
NUN/ YR
nun/ YR
nUn/ YR
NUN/ TR
nUn/YR

NUN/ YR
non/ve
RON/ YR
RN/ YR
NUR/ YR

P-10

32119,
64239 .
236998 .
120479 .
120479 .
J32119.
642396 .
120479
128479 .
J2119.
120479 .
32119,
120479 .

4367.
2103.
7643 .
4367
1091 .
2103.
4367.
17471.
1091 .
2183.
0733 .
4367,
a367.
1091.
21839.
a367.
a367.
1091 .
4367
1091 .
4367,

12611,
62083 .
«i719¢.
124111
31027.
62088 .
124111
496443 .
31027.
6209S.
240222.



. X A =
COS TLUSTRATION LY
RESLh v

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATY
PA'H
’ATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATHN
PATH
PATH
PATH
PATH
PATH
PATH

42
42
42
42
42
42
42
42
42
42

CONPONENT
CONPOMNENT
CONPONENY
CONPONENTY
CONPONENT
CONPONMENT
CONPONENT
CONPONENT
CONPONENY
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CORPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONEN .
CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENTY
CONPONENT
CORPONENTY
CONPONENT

12
13
14
13
16
1?
10
19
20
21

GONOADEUN-

- HURZYR

NUR/ZYR
NUR/YR
NUNR/ZYR
NUN/YR
NUN/ZYR
NUN/YR
NUN/ZYR
NUR/YR
RUN/ YR
HUNZYR

NUR/YR
NUN/ZYR
NUN/YR
NUN/YR
NER/YR
NUR/YR
NUR/ZYR
NUN/ZYR
NUN/ZYR
NUN/YR
NUNZYR
NUR/ZYR
NUR/ YR
NUN/YR

RUN/ YR
HUR/YR
NUR/ YR
NUR/ YR
NUR/ YR
NUN/YR

KUK/ YR
NUN/YR
NUN/ YR
NUN/YR
NUN/YR
NUN/ YR
NUN/YR
NUN/ YR
NURZ YR
NUR/YR
NUR/YR
NN/ YR
NyR/YR
NN/ YR
non/ YR
NN/ YR
NUN/ YR
nun/svYe
HUN/ YR

P-11

124111.33
124111.33
31027 .04
620396.76
124111.33
124111.39
31027 .04
1241451.39
31027.04
124111.38

107.00
$3.30
107.29
107.00
26.73
$3.90
107.00
428.00
26.78
$3.30
216.00
iG7.00
107.00
26.73
833.00
107.00
107.00
26.78
107.00
26.73
107.00

4260 . 90
2130. 49
7486 .74
4260 . 90
1063 .24
2130.49
4260 . 90
17043 .91
1063 . 24
2130.49
8521 .98
4260 . 99
4260 .99
1063 . 24
21304.00
4260 . 98
4260.98
1063 . 24
4260 .98



S 21 4 g ) ood NLEE)
FOR T LUGTRATION ORLY
RESIN TS

PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATHN
PATH
PATN
PATH
PATN
PATH
PATH
PATN

CONPOMENT
CONPONENT

CONPONENT
COMPONENT
CONPONENT
CONPOMNENT
CONPONENT
CONPOMENT
CONPONENTY
CONPONENT
CONPONENT
CONPOMNENT
CONPOMENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPOMENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
ConPONENY
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

20
21

GONOAREWN -

NUN/YR =
NUN/YR

NUN/ YR
NUN/ YR
NUNZYR
NUN/ZYR
NUN/YR
NUN/ YR
NUR/YR
NyN/YR
HUN/ TR
NUN/ZYR
NUN/ YR
NUR/YR
HUN/YR
NUR/YR
HUR/YR
NUN/YR
NUNR/ZYR
HUR/ YR
NUn/YR
NUN/ YR
NUR/YR

NUN/ZYR
RUN/YR
NUR/ YR
NUR/YR
NUNZYR
NUN/YR
NUN/YR
NUNR/ YR
YR/ YR
RUN/ YR
RUN/ YR
NUNR/ YR
NUNR/ YR
NUN/ YR
NN/ YR
NUK/YR
HUN/ YR
NUR/ YR
nen/ YR
neR/ YR
nUA/ YR

r=-12

1063.
4260.

4347 .
2173 .
7607.
4347 .
1006 .
2173.
4347 .
17309.
1006.
2173.
969¢ .
4347.
4347.
1006 .
21736.
4347
4347 .
1006 .
4347.
1086 .
4347.

4347 .

2173

7961
4347
1006 .
2173.
4347.
17309.
1003 .
2197,
0694 .
4347 .
4268 .
1006 .
21342.
4347.
4329.
1006 .
4347 .
1006 .
4347.



PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN

PATH
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH

PATH
PATN
PATH
PATN

EXAaMmP)
FOR TLLUSTRATT . rng -
RESWLH.. v 3

CONPONMENY
CONPONENT
CONPONENT
CONPOMENT
CONPOMENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPOMENT
CONPOMENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENTY

CONPONENT
CONPONENTY
CONPONENT
CORPONENT

PO VNOWULEWUWN

NURZYR
RUNZYR
NUR/YR
NUN/YR
NUNR/YR
NUNK/YR
NUR/YR
NUR/ZYR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUR/YR
NUR/YR
NUN/YR
NUN/ZYR
NUN/YR
NUR/YR

NUN/ZYR
NUN/YR
NUN/YR
NUN/YR
NUN/ YR
HUR/YR
NUN/ YR
NUN/YR
NUN/YR
HUR/ YR
NUN/ YR
NUNR/ YR
NUN/YR
NUR/ YR
HUR/YR
NUR/YR
NUN/YR
NUN/YR
nuR/YR
NUN/ YR
NuN/YR

Hun/YR
NUN/ YR
NUN/ YR
nuR/ YR

r-13

4347 .
21?73
7607 .
4347 .
1006 .
2173 .
4347 .
17309,
1006.
2173.
869¢.
4347 .
4347.
- 1006
21736.
4347 .
4347 .
1006 .
4347 .
1006 .
4347.

4347.
2173.
7607 .
4347 .
1086.
21?73,
4347 .
17309 .
1006 .
2173,

0694

4347 .
4347 .
1006 .
21736.
4347.
4347 .
1006 .
4347 .
1006 .
4347.

19034 .
27.
34748
1903¢.



FXASSMPL -
FOR TILUCTRATION LY
RESI W TS

PATH
PATH
PAYH
PATH
PRTH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATHN
PATHN
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATN
PATN
PATH
PATN
PATH
PATH

CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
CONPOMENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT
CORPONENT
CORPONENT
CORPONENT
CONPONENT
CORPONENT
CORPONENTY
CONRPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CORPONENT

CONPONENT
CORPONENY
CONPORENY
CONPORENT
CORPONENT
CONPONENT
CORPONENT
CORPONENY

ONOWVELEGN-

NUN/ YR
NUNZYR
NURZ YR
KUK/ YR
NURZYR
NUN/YR
NUR/YR
HUNR/ YR
NUN/ YR
HUR/ YR
HuR/ YR
NUR/ YR
HUR/ YR
RUNR/ YR
NUR/ZYR
NURZYR
HUNR/ YR

RUR/YR
NUR/YR
nun/ee
RUR/ YR
RUN/YR
NUnN/ YR
RYNR/YR
NUN/ YR
NeR/ YR
nyn/ve
NUN/ YR
nun/ye
nun/sYe
wUN/YR
RUNR/YR
NUN/YR
NUR/YR
HUN/ YR
R/ YR
nun/YR
nen/vYeR

NN/ YR
N/ YR
HunR/YR
RUR/YR
NUN/ YR
NuR/YR
L1178}
NUR/YR

14

4963.
?927.
19834 .
79419
4963.
9927.
39709.
1983¢.
1983¢.
4963.
s9272.
19834 .
19834
4963 .
19834 .
4963 .
19834.

1983¢.
"27.
34749,
19094 .
4963 .
92?.
19684
P48,
4943 .
9923 .
39709 .
190564 .
19643
4963 .
99229 .
1903¢.
19032
4963 .
19836 .
4963 .
19884 .

1908¢ .
927 .
34748 .
1908¢.
4963 .
a7 .
19684 .
79410



EZXAMP)L_FE
FOR TILUSTRATION ONLY
RESWLE. TS

PATH S2 CONPONENT 9 NUN/YR = 4963 .63
PATH 32 CONPONENT 10 NWUN/YR = 9927 .29
PATH 32 CONPONENT 11 NUN/YR =  39709.17
PATH 32 CONPONENT 12 NUN/YR = 19834 .99
PATH S2 CONPONENT 13 NUN/YR = 19834 .99
PATH 32 CONPONENT 14 NUN/YR = 4963 . 69
PATH 32 COMPONENT 13 NUN/YR =  99272.9¢
PATH 32 CONPONENT 16 NUN/YR o 1903¢ .99
PATH 32 CONPONENT 17 WNUN/YR o 19834 .99
PATH 32 CONPONENT 18 NUN/YR = 4963 .63
PATH 352 CONPONENT 19 NUN/YR = 19034 .99
PATH 32 CONPONENT 20 NWUN/YR = 4963 . ¢9
PATH 352 CONPONENT 21 NUN/YR = 198354 .99
PATH 33 CONPONENT | NUN/YR = 13807 .32
PATH 33 CONPONENT 2 NUN/YR = 7733 .66
PATH S3 CONPONENT 3 NUN/YR = 27137.00
PATH 33 CONPONENT 4 NUN/YR = 19307 .32
PATH 33 CONPONENT S NUN/YR = 3076 .03
PATH 33 CONPONENT 6 NUN/YR = 7793 .66
PATH S3 CONPONENT 7 NUN/YR = 13807.32
PATH 33 CONPONENT 6 NUN/YR = §2029.26
PATH 33 CONPONENT 9 NUN/YR = 3076 .03
PATH 33 CORPONENT 10 NUN/YR = 7733.66
PATH 33 CONPONENT 11 NUN/YR = 31014.63
PATH S3 CONPONENT 12 NUN/YR = 13307.32
PATH 33 CONPONENT 13 NEN/YR = 18307.32
PATH 33 CONPONENT 14 AUN/YR = 3076 .03
PATH S3 CONPONENT 1S NUR/YR = 77836.90
PATH S3 CONPONENT 16 NUR/YR = 18807.32
PATH S3 CONPONENT 17 NUN/YR = 18807.32
PATH S3 CORPONENTY 10 NUN/YR = 3076 .03
PATH S3 CONPONENT 19 NUN/YR = 13807.32
PATH S3 CONPONENT 20 NUN/YR = 3076 .03
PATH S3 CONPONENT 21 NUN/YR o 18807.32
PATH S4 CONPONENT 1 NUW/YR o 06 .30
PATH S¢ CONPONBUT 2 NUN/YR = 43.18
PATN S4 CONPONENTY 3 RUN/YR o 181.02
PATN S¢ CONRPONENT ¢ NUN/YR = 86 .30
PATH S4 CORPONENT 8 NUN/YR = 2.9
PATH 3¢ CONPONENTY 6 NUN/YR = 43.18
PATH S6¢ CONPONENTY 7 NUN/YR = 06 .30
PATH S¢ CONPONENT 6 NRUN/YR = 348.10
PATH S4 CONPONENT 9 NUN/YR » 21.9?
PATH S4 CORPONENT 10 NUN/YR = 43.18
PATN S¢ CONRPONENT 11 NUN/YR = 172. 99

F-13



EE X AMme) =
FOR TLLUSTRATION Oind v
PESLY_ TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

ATH
PATH
PATH
PATH

PATHN
PATN
PATH
PATH
PATH
PATHN
PATHN
PATN
PATH
PATH
PATH
PATN
PATH
PATH
PATH

CONPONENT
CONPONENT
CONPONENT
COMPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT

CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENY
CONPONENT
CONPONENT
CONPONENTY

CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENTY
CONPONENT
COnPONENT
CONPONENT
CORPONENT

NUN/ YR
NUN/ YR
NUN/ YR
NUN/ YR
NUN/YR
NUN/ YR
HUN/YR
NUN/YR
NUN/YR
NUN/YR

NUN/YR
NUN/ R
HUN/YR
NUR/ YR
NUN/ YR
NUN/YR
NUN/ YR
NUN/ YR
NUN/YR
NUN/YR
NUN/ YR
NUN/YR
NUN/YR
RUN/ YR
NUN/YR
nuUnR/YR
NUR/ YR
NUN/ YR
HUn/va
HUR/ YR
NUN/YR

NN/ YR
HUN/YR
NUN/ YR
non/ve
NUn/vYe
nUn/YR
nun/ye
HUN/ YR
NUn/YR
nUN/YeR
NoN/ YR
HOR/YR
NUR/YR
nuR/YR
NUN/YR

Pr-16



= X sHI> f

F oo

ULUS THATION ONLY

RESLL TR

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

CONPOMNENT
COMPONENT
CONPONENT
COMPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
COMPONENT
CONPONENT
CONPOMNENT
COMPONENT
CORPONENT
CONPONENT
CONPONMENT
CONPONENT
CONPONMENT
CONPONENT
CONPOMENT
CONPOMNENT
CORPOMENT
CONPONENT
CONPONENT
COMPONENT
CONPONENT
COMPOMENT
CONPONENT

CONPOMENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPOKENT
CONPONENT
CONPONENT
CORPONENT
CONPANENT

10

NUN/YR
NUN/YR
NUNK/YR
NUN/YR
NUN/YR
NUN/YR

NUN/YR
NUN/Z YR
NUN/YR
NUN/YR
NUN/ YR
NUN/ YR
NUNZYR
NUN/ YR
NUN/Z YR
NUNZ YR
NUNZ YR
NUNZYR
NUN/ZYR
KUNZYR
NUNZ YR
NUN/ YR
NUNZYR
NUNZYR
HUNZYR
NUN/ZYR
NUNR/YR

NUN/Z YR
NUN/YR
HUR/YR
NUN/YR
NUN/YR
HUN/YR
NUN/ZYR
NUN/ZYR
NUNZYR
non/YR
HUN/ YR
HUR/Z YR
NUN/ YR
NN/ YR
NUN/YR
NEN/YR
NUN/ YR
nun/ YR

F-17

4763 .
4763 .
1190.
4763 .
1190.
4763 .

4763 .
2301 .
0333.
4763 .
1190.
2381 .
4763 .
19092
1190.
2301 .
9326 .
4763 .
4763 .
1190.
23819
4763 .
4763 .
1190.
4763 .
1190.
4763 .

4793 .
2397 .
83914 .
4799 .
1198.
2397.
479S.
19100.
1198.
2397.
9590 .
4793 .
479S.
1198.
23978 .
479S.
4798
1199.



EXamP)

FOR ILLUMTRAT L w ONL.Y

RFSIg T

PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

CONPONENT
CONPOMENT
CONPONMENT

CONPOMNENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPOMENT
CONPONENT

CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT

CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
CONPORENT
CORPONENT
CONRPONENTY
ConPOnENT
COnPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
COnRPONENT
CONPONENT

19
20
21

L I R N7 I NN VN

NUN/YR

NUN/YR
NUN/YR
NUN/ YR

NUN/YR
NUN/YR
NUR/YR
NUN/YR
NUN/ YR
NUN/YR
NUN/YR
NUN/ZYR
NUR/YR
NUN/YR
NUNR/YR
NUN/YR
NUR/YR
NUN/YR
NUR/YR
NUN/YR
NUN/YR

Nun/yYe
NUN/YR
HUR/YR

HUN/YR
NUR/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUR/YR
NUR/YR
NUR/YR
NUR/YR
NUR/ YR
NUNR/YR
NUR/YR
RUN/YR
NYR/YR
NUR/YR
NUN/YR
HNUN/YR
nUnN/YR
NUR/YR
nUN/YR

r-18



=X AMPEP
TR TILLUSTRATION ONLY
RESILL. TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH

CONPONENT
CONPOMNENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONMPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENY
CONPONENT
CONPONERY
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPCNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENY
CONPONENT
CoOnPORENY
CONPONENT
CORPONENTY

CONPONENT
CONPONENT
CONPONENT

GONOWUNEIWN-

NUN/Z YR
NUR/ZYR
NUN/ZYR
NUN/ZYR
NUN/YR
NUNZYR
HUN/ YR
NUN/ YR
NUN/ YR
HUN/ YR
NUN/ YR
NUR/YR
NUR/ YR
NUN/ZYR
NUN/YR
NUN/ YR
HUN/YR
KON/ YR
HUN/ YR
NUN/YR
HUn/ YR

NUN/YR
NUN/ YR
RUN/ YR
NUR/ YR
NUN/ YR
NUN/ YR
RUN/YR
NUN/YR
nUN/ YR
HUN/YR
NUR/ZYR
NUR/YR
NUNR/YR
NuN/ YR
nUR/ YR
NUN/ YR
NN/ YR
noN/ YR
NN/ YR
NUR/ YR
NUN/ YR

NUN/ YR
nNun/ YR
NN/ YR

r-19



E XAMmMPe)L =
FAR TILUSTRATION DMLY
RFEFSWLK TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATN
PATH
PATH

PATN
PATHN
PATH
PATH
PATN
PATN

CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENRT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOINENT

CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CORPONENT
CONPONENT
CONPORENT
CONPONENT

CONPONENT
CONPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT

) oo oo = s po oo s Eb S
OV VORI UNSTOBDOENOWNS

GONOADWN -

NUN/ZYR
NUN/YR
NUN/YR
NUNZYR
NUR/YR
NUR/ YR
NUN/ YR
NUN/YR
NUNZ YR
NUNZ YR
NUR/ YR
NUN/ YR
HUNZ YR
NUN/ YR
Nun/YR
NUN/ YR
NUNRZYR
NUNZYR

NUR/ YR
NUN/YR
NUN/YR
NUN/YR
NUNR/YR
HUN/YR
NN/ YR
NUN/YR
NUN/ YR
NUN/YR
NUN/YR
NUN/ YR
NUR/YR
NUN/Z YR
NUN/ YR
non/ve
NN/ YR
NUN/ YR
HUN/ YR
nun/ e
Nen/ YR

NUR/ YR
non/ YR
NUR/YR
NUN/ YR
non/YR
NUR/ YR

r-20

9SS,
2397
6391 .
4793 .
1190.
2397 .



FOR TLLUSTRATION OMLY
RESH 15

PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
FPATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

70
70
70
70
70
70
70

70
70
70
70
70
70
70
70

COMFONENT
COMPONENT
COVFONENT
CONPCNENT
CONPONENT
CONPONENT
CONPOMENT

CONPONENT
CONPOMENT
COMPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
COMPONENT

CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT
CONPONENY
CONPONENT
CORPONENT
CORPONENT

CORPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
COnPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

NUM/Z YR
NUNZYR
NUN/ZYR
NUN/ YR
NUN/ YR
NUN/YR
NURZ YR

NUNZYR
HUNZ YR
NUNZYR
NHURZYR
NUN/ YR
NUN/Z YR
NUNZYR
NUNZ YR

HUN/YR
NUNZYR
NUNZYR
NUNZYR
NUN/ZYR
HUR/Z YR
NUR/YR
NUR/ZYR
NUN/YR
NUN/ YR
HUN/Z YR
NUNZYR
HUN/YR
NUN/ZYR
HUN/YR
NUNZYR
HUR/YR
NUNR/YR
NUNZYR
NUN/ZYR
NUR/ZYR

NUR/ZYR
HUN/YR
HUR/YR
NURZYR
HUN/YR
NUR/YR
NUN/YR
NUR/YR
NUN/YR
nun/YR
NUR/YR
NUN/YR
nUn/YR
NUR/YR

48388 .
2277.
971

S 8 8 8 680 0 U B0 OB OOEDSESEESDSDSD
(.4
-
-
o

F=-21

4795 .
19180.
1198,
2397 .
9390.
4793 .
4793 .

1198
23973 .
4798 .
4799.
1198
4793,
1198.
479S.



o X AMEL

FOR U.LUSTRATION ONLY

RESILWL. TS

PATH
PATH
PATH

PATH
PATH
PATH
PATH

PATH
PATHN
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH

COMPONENT
CONPONENTY
CONPOMNENT

CONPONENT
CONPONENT
CORPOMNENT
COMPONENT

CONPONENT
CONPONENT
COMPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CORPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENY
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT

CONPONENT
CONPONENT

NUN/ YR
NUN/YR
HUNR/ YR

HUNR/YR
NUN/ YR
NUN/YR
NUN/YR

NUN/YR
NUN/YR
NUN/YR
NUNZYR
NUN/YR
HUN/YR
NUN/YR
NUR/YR
HUN/ YR
HUN/YR
HUN/YR
HUN/YR
HUN/YR
NUN/YR
NUN/YR
HUN/YR
NUR/YR

NYn/YeR
NUN/ YR
HUR/YR
NUN/ YR
HUn/ YR
NUN/YR
NN/ YR
NuUR/YR
HUN/ YR
nUn/YR
Hun/ YR
HUN/YR
NUN/YR
NN/ YR
HUN/YR
nun/ YR
NUN/YR

Hun/YR
Hun/ YR

r-22

1138.
1138.
4333.

4333.
2277.
4533.
4339

4329 .
1714.
971
1138.
10221 .
1138.
2277 .
4604 .
4588.
433S.
1138.
22r76.
4333
4398 .
1002.
998 .
4367.

4998 .
227?.
971,
1130.
18221.
1138.
22r?.
9110.
4338.
4399.
1130.
22776.
45933
4539 .
1130.
1130.
4388 .

488S.
2277 .



E XamMmpPL. =
FOR ILLUSTRATION ONLY
RESIA. TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATN
PATH

COMPONENT
CONPOMNENT
COMPONENT
CONPCNENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CORPONENTY
CONPONENT
CONPONENT
CONPONENTY
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT

CONPONENTY
CORPONENT
CONPONENT
CORPONENT

-
(- N BN X' "]

NUR/Z YR
NUN/YR
NUNR/Z YR
NUNZYR
NUNRZ YR
NUN/YR
NURZYR
HUR/YR
NUNZ YR
NUR/ZYR
NUNZ YR
NUN/YR
NUN/Z YR
NUN/YR
NUN/YR
NUnR/ YR
NUNZ YR
NUN/YR
NUNRZYR

HUN/ YR
NUR/ YR
NUN/YR
NUR/YR
NUR/ZYR
NUN/ZYR
NUN/YR
HUNZ YR
HUN/YR
HUN/ZYR
NUN/YR
NUN/ZYR
NUNZYR
NUN/YR
NUN/ YR
NUN/ZYR
HUNZ YR
NUN/YR
NUN/ YR
HURZYR
HUNZ YR

NUR/YR
HUN/ YR
nun/yYe
NUN/ YR

r-23

4882 . 42



EXAmMPL.

FOR ILLUSTRATIMN e

RESU_TS

PATH
PATH
PATH
PATH
PATH
PATH
DATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH

PATH 100
PATH 100

COMPONENT
CPAPOMNENT
CONPONENT
CONPONENT
CONPONMNENT
CONPOMENT
CONPOMNENT
CONPONENT
CONPOMENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONEAT
CONPCHENY
CONPDNENT

CONPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
COMPOMENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT .

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENTY
CONPONMENT

CONPONENT
CORPONENT

GO NOWE G-

10

HUNZ YR
NUNZYR
NUNR/YR
NUN/ZYR
NUN/ YR
NUN/ YR
NUN/ YR
NUN/ YR
NUN/YR
NUN/YR
NUN/ YR
NUN/YR
NUN/YR
NUN/YR
NUN/ YR
NUN/YR
NUN/ZYR
NUN/ZYR
NUR/ZYR
NUNR/ YR
NUNR/YR

NUN/YR
HUN/YR
KUR/YR
NUNZYR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
RUN/YR
NUN/YR
HUN/YR
NUN/YR
NUN/ YR
LIN T ]
Hun/veR
HUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/ZYR

NUN/YR
NUN/YR

r-24

S??.
208.
1010.
$73.
14¢.
206 .
$?3.
2310.
144,
208 .
1188,
g°?.
S??.
144,
2080 .
8??.
s§??.
144 .
373.
144
S?7.

4784 .
2392.
e3v2.
4?79
1196 .
2309 .
4779 .
19136.
1196.
239%92.
9368 .
4704 .
4704 .
1196.
23920.
4704 .
4704 .
1196.
4779 .
1196.
4704

SeS.
20¢.



B X ey =
PO TV USTRATION Ny

RSt o] I Y By RN

PARTH
PATH
PRTH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PRTH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

PRTH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

100
100
100
100
100
100
100
100
100
10U
100
100
100
100
100
100
100
100
100

103
101
101
101

102
102
102
103
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102

COMPONENT
CONPONENT
CONPONENT
COMPONENT
COMNPONENT
COMPONENT
COMPOMNENT
COMPOMENT
CONPOMNENT
CURPUNENT
COMPONENT
COMPONENT
COMPONENT
CONPONENT
COMPONENT
COMPONENT
CONPONENT
COMPONENT
CONPONENT

CONPONENT
COMPOMENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT

CONPOMENT
CONPOMENT

CONPOMNENT .

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENTY
CONPONENT
CONPONENT
CONPONENT
CONPONENT

-
GNO S

COINORAUN»

NUN/YR
NUN/YR
NUN/YR
NUN/YR
HUN/ZYR
NUN/ YR
NUN/ YR
NUN/ YR
NUM/YR
NUN/ZYR
NUN/YR
NUN/ YR
NUN/ YR
NUNZYR
NUM/YR
NUN/ YR
NUN/ZYR
NUN/Z YR
NUN/ YR

NUN/ YR
NUN/ YR
NURZYR
NUR/YR

NUN/Z YR
NUNZYR
NUN/ YR
NUN/ZYR
NUNRZYR
NUN/ YR

NUN/ YR
NUN/YR
NUN/ZYR
NUN/YR
NUR/YR
NUN/YR
NUNR/YR
NUR/YR
NURZ YR
NUR/YR
NUNZYR
NUN/YR
NUR/ZYR
NURZYR
NURZYR

F-25

994¢.
368 .
142.
284 .
568 .
2272.
142.
284
1136.
568 .
S68.
142.
2840 .
368 .
368 .
142.
J68.
142.
S68.

43388
2277.
4338 .
4533



E X&SmPes g

FOR TLLUSTRATION ONLY
RES(H. TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATM
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATN
PATH

10¢
104
104
104
10¢
104

108
103
108
103

COMPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPOMNENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPOMNENT
CORPCNENT
CONPONENT

CONPONENT
CONPONENT
COMPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONRENT
CONPONENT
CONPONENT
CONPOMEMY
CONPONENT
CONPONENT
CONPONENTY
CONPONENY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT

GVONOCRIEWN-

NUN/ZYR
NUN/ YR
NUR/ YR
NUNZ YR
NUN/ YR
NUK/ YR
NUR/ZYR
NUN/YR
NUN/ YR
NUNZYR
NUR/ YR
NUN/YR
HURZ YR
NUR/YR
NUN/ YR
NUNR/Z YR
NUR/ZYR
NURZYR
NUN/ YR
NUN/ YR
NUN/YR

NUR/YR
NUR/YR
nun/ YR
RUN/ZYR
NUN/YR
NUN/YR
KUR/YR
HUR/Z YR
HUR/ZYR
RUN/ZYR
HUR/YR
NUR/ZYR
Nun/yR
nun/sYe
NUN/YR
NUR/ YR
wuN/ YR
HUR/YR
NURZYR
NUN/ YR
HUNR/ YR

HUN/YR
HUN/ YR
NUR/ YR
NUN/ YR

r-26

see?.
200.
1010.
S?3.
14¢.
296 .
3°73.
2310.
144.
208
1133.
3°77.
s?e.
144
2808 .
se7.
gve.
144.
8$73.
144.
8??.

114,



E XAamMmPIl.
FOR ILLUSTRATION ONLY
RESIMNI.TS

PATH 106 COMPONENT 1 NUN/YR = 937.
PATH 106 COMPOMENT 2 NUN/YR = 469 .
PATH 106 COMPOMENT 3 NUN/YR = 1640.
PATH 106 CONPONENT 4 NUN/YR » 929 .
PATH 106 CONPONENT S NUN/YR = 23e¢.
PATH 106 CONPOMENT 6 NUN/YR = 464.
PATH 106 CONPONENT 7?7 NUN/YR = 929.
PATH 106 COWNPOMNENT 8 NUN/YR = 3730 .
PATH 106 CONPONENT 9 NUN/YR = 234.
PATH 106 CONPONENT 10 NUN/YR = 469 .
PATH 106 CONPOMENT 11 NUN/YR = 1078.
PATH 106 CONPONENT 12 NUN/YR = 937.
PATH 106 CONPONENT 13 NUN/YR = 937.
PATH 106 CONPONENT 14 NUN/YR = 234¢.
PATH 106 COMNPONENT 1S NUN/YR = 4600.
PATH 106 CONPOMNENT 16 NUN/YR = 937.
PATH 106 CONPONENT 17 NHUN/YR » 937?.
PATH 106 CONPONENT 18 NUN/YR = 23¢.
PATH 106 CONPONENT i9 NUN/YR = 929 .
PATH 106 CONPONENT 20 NUN/YR o 234.
PATH 106 CONPONENT 21 NUN/YR = 937.
PATH 107 COWNPONENT 1 NUK/YR = 23?.
PATH 107 CONPONENT 2 NUN/YR = 460 .
PATH 107 CONPONENY 3 NUN/YR = 1640.
PATH 107 CONPONENT 4 NUN/YR = 929.
PATH 107 CONPONENT ¢ NUN/YR = 464 .
PATH 107 CONPONENT 7 HNUN/YR = 929 .
PATH 10?7 CONPONENT © MUN/YR = 3780.
PATH 107 CONPONENT 9 NUN/YR = 234.
PATH 107 CONPONENT 10 NUN/YR = 468 .
PATH 10?7 CONPOMENT 13 NUW/YR = 937
PATH 107 CONPONENT 14 NUN/YR = 23¢.
PATH 107 CONPONENT 1S NUN/YR = 4608 .
PATH 107 CONPONENT 16 NUN/YR = 937 .
PATH 107 CONPONENT 17 NHUN/YR = 93?7 .
PATH 107 CORPONENT 18 NUN/YR = 23¢.
PATH 107 CONPONENT 19 NUN/YR = 929.
PATH 107 CORPONENT 20 HUR/YR = 23¢.
PATH 107 CONPONENT 21 NUN/YR » 37?7
PATH 109 CONPONENT § NUN/YR = 3?7
PATH 109 CONPONENT 2 WUN/YR = 468 .
PATH 109 CORPONENT 3 WHUN/YR = 1640.
PATH 109 CONPONENT © NUN/YR = 37%0.
PATH 109 CORPONENT 9 NUN/YR = 23¢.
PATH 109 CONPONENT 10 NUN/YR = 460 .
PATH 109 CONPONENY 13 NUN/YR = 27?.

r-27



FOR

PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH

PATH
PATN
PATH
PATN
PATH
PATH
PATH
PATHN
PATH

PATH
PATN

= Xty =
MLLUSTRATICW LYy
RESI 0 TS

109
109
109
109
109
109
109

110
110
110
110

111
111
118
111
111
111
111
111
111
111
11t
111
114
111
111
111
111
111
118
11t
111

112
112
112
112

118
113
118
113
119
119
113
113
113

CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPOMNENT

CONPOMNENT
CONPOMNENT
CONPONENT
CONPONENT

COMPONENT
CONPONENT
COMPOMENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONRPONENT
CONPOMNENT
CONPONENT
CONPONENT

CONPONENT

CONPONENT -

CONPOMNENT
CORPONENT

CONPONENT
CONPONENT
CORPONENTY
CONPONENT
CONPONENT
CORPONENT
CONRPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT

NUN/YR
NUR/YR
NUN/YR
NUR/ YR
NUR/YR
NUN/YR
NUN/ YR

NUN/YR
NUN/ZYR
NUN/ YR
NHUR/YR

NUN/YR
NUNZ YR
NUNZ YR
NHUR/YR
HUN/ YR
NUNZYR
NUN/ YR
NUN/Z YR
HUNR/Z YR
NUR/ YR
RUN/YR
NUN/YR
HUN/YR
NUN/YR
RUN/ YR
NUN/YR
NUN/Z YR
NUNZYR
NUR/YR
HUN/YR
HUN/YR

NUNZ YR
NUR/YR
NN/ YR
NUN/ZYR

HUR/ YR
NUN/YR
NUN/YR
KUR/YR
NUN/ YR
NUN/ YR
RUR/ YR
NUR/ YR
NUN/ YR

NUN/YR
NUn/TR

r-28

234 .
4668 .
937.
937.
234
234
237.

929 .
464 .
929.
929.

369 .
10¢.
646 .
361.

37.

23¢.
$37.



F XaAMmE =

FOR ILLUSTRATION ONLY

PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH
PATHN

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH
PATH
PATH
PATH
PATH

116
116
116

117
11?7
117
117
117
117
117
117
117
11?7
11?7

124

RESWLY TS

CONPONENT
COMPONENTY
CONPONENT

CONPONENT
CONPONENT
CONPOMNENT
CONPOMENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT

CONRPOMENT
CONPONENT
CORPOMENT

CONPONENT
CORPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CORPONENT
CONPONENT
CoOnPONERNT
CONPONENT

NUN/YR
NUR/YR
NUN/ YR

NUN/ YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUR/YR
NUN/YR
NUN/ YR
NUN/ YR
NUN/Z YR
NUN/ YR

NUN/ YR
RUN/YR
HUR/YR

NUNZYR
KUR/YR
RUN/YR

NUNK/ YR
NUN/ YR
NUN/YR
NUN/YR
NURZYR
NUN/YR
NUN/YR
NUN/ZYR
HUN/ZYR
NUN/YR
NUN/YR

NUN/YR
NUN/ZYR
NUN/YR
NUN/ZYR
NUN/ZYR
HUN/ZYR
HUN/YR
NUN/YR
HUN/YR
RUN/ZYR
NUR/YR
NUR/ZYR

F-29

234
937.
234 .

349 .
150.
630.
1440 .
180 .
360 .

1800 .
3%0.

350 .

23¢.
937.
23e¢.

234,
37.
234

37.
468.
1640 .
3780.
460 .
937?.
23¢.
4608 .

23¢.
937,

3?7.
468 .
1640.
3780.
23¢.

°3?7.
23¢.
4600 .
937.
237
234



F XamMEr
FOR ILLUSTRATION ONLY
RESWUK. TS

PATH 124
PATH 124

PATH
PATH
PATH
PATH

130
130
130
130

PATH
PATH
PATH
PATH

131
131
131
131

PATH
PATH
PATH
PATH

132

132
132

PATH
PATHN
PATH

133
133
PATH 134
PATH 1393
PATH 136
PATN

PATH
PATH

137
13?7
13?7

PATN
PATH
PATH

PATH
PATH
PATH
PATH

138
138
138

140
140

140

PATHN
PATH
PATH
PATH

141
141
141
141

CONPONENT
CONPONENT

CONPONENT
COMPONENT
CORPONENTY
CONPONENT

CONPONENT
CONPOMENTY
CONPOMNENT
CONPONENT

CONPONENT
CONPOMNENTY
CONPONENT
CORPONENT

CONPONENT
CONPONENT
CONPONENT

CONPONENT
CORPONENT
CONPONENT

CONPONENT
CONPONENT
CORPONENT

CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT

CORPONENT
CORPONENT
CONPONENTY
CONPONENT

20
21

" - -
ONROS

[ ] GNP SL NSNS

- [
NS L GSNe L NS o~ » L) » o~

NUN/ZYR
NUN/YR

NUN/YR
HUR/ YR
NUN/ YR
NUN/YR

NUR/ YR
NUN/YR
NUN/ YR
NUR/YR

NUNZYR
NUN/ YR
NUR/YR
NUN/ YR

NUN/YR
HUNRZYR
NUN/YR

NUN/ YR
NUN/YR
nun/ve

NUN/YR
NUN/YR
NUNR/ZYR

NUN/YR
NUN/YR
NUN/YR

NUR/ YR
NUNR/YR
NUR/YR
NUN/YR

HuN/YR
NUR/ YR
NUN/ YR
NUN/ YR

¥-30

234 .
93?7.

3369 .
2784 .
3369 .
3369 .

4990 .
2499.
4996 .
4998 .

s?1.
203.
s?t.
s?t.

2499 .
4998 .
4990 .

4990 .
4421 .
4998 .

2210 .
4373 .
4408 .

2499 .
4998 .
4998 .

4998 .
2499 .
4998 .
4990 .

9369 .
ares.
39569
3969



TUX A EY) &5

FOR LLLUSTRATION ONLY

RESILN T

PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH
PATH

PATH
PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH

142
142
142
142

143
143
143
143
143
143

143
143
143
143
143
143
143
143
143
143
143
143

144
144
144
144

143
148
143

146
146
146

147
147
147

140
140
140

149
149

CONPONMENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPOMENT
CONPOMENTY
CONPONENRT
COMPONENY
CONPONENTY
CONPONENT
CONPOMENT
CONPONEMTY
CONPONENT
CONPONENT
CONPONENTY

CONPONENT
CONPONENTY
CONPONENT
CONPONENTY

CONPONENT
CONPONENT
CONPONENTY

CORPONENTY
CONPONENTY
CONPONENTY

CORPONENT
CONPONENT
CORPONENTY

CONPONENT
CORPONENTY
CONPONENT

CONPONENT
CONPONENT

NUN/ YR
NUN/YR
NUN/YR
NUR/YR

NUR/ZYR
NUN/YR
NUR/ YR
RUN/ YR
HUN/YR
NUR/YR
NUNZYR
HUN/ YR
HUR/ZYR
NUR/YR
HUR/YR
RUR/ YR
NUN/YR
NUN/ YR
NUN/ YR
NUN/ YR
HUR/YR
KON/ YR

HUN/YR
HUN/YR
NUN/YR
HUN/YR

NUN/YR
nun/YR
NuR/YR

nun/ YR
neR/ YR
NUR/YR

KON/ YR
NN/ YR
REN/ YR

REN/ YR
nen/ YR
nUR/YR

NUR/ YR
NUR/YR

r-31

31 23
463 .61
931 .21
931 .21

93?7 .63
468 .82
1640. 08
931 .21
468 .61
931.21
3730.89
234 .44
468 .02
937.63
234 .41
4600 . 24
937.63
937 .63
23¢ .41
931 .21
23¢ .41
37 .63

4630 .23
2319 .12
4630 .23
4630 .23

234 .41
1079.30
937 .63

.73
43.93
28.92

228 .60
1829 .46
914.73

23¢.44
1078.30
937.68

360.01
160.00



X AP E
FOR TLLUSTRATION ONLY
RF[P.. TS

PATH
PATH
PATH
PRTH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHM
PATH

PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATN
PATH
PATN
PATH

PATH
PATH
PATH
PATH
PATN

149
149
149
149
149
149
149
149
149
149

160

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONRPONENT
CONPOMNENT
CONPONENY
CONPOMNENT
CORPOMNENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENTY
CONPONENT
CONPOMENT
CONPONENT
CONPONENT

CONPONENT

CONPONENT
CONPONENT
CONPONENT
CORPONENTY
CONPONENT
CORPONENTY
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT
CORPONENT

CORPONENT |

CONPOMNENTY
CONPONENT
CORPORENT
conPONENT
CONPONENTY
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT

VONGONLEN

NUN/ YR
NUN/ YR
NUN/YR
NUN/ YR
NUN/ YR
NUNZYR
NUN/YR
NURZYR
NUN/YR
NUNR/YR
NUN/YR
NUNZYR
NUR/YR
NUN/ZYR
NUR/YR
NUN/ZYR
NUR/ YR
HUN/ YR

HUN/YR

NUN/YR
NUN/YR
HUN/ YR
NUN/ZYR
NURZYR
NUR/YR
NUR/ YR
HUN/ YR
NUN/YR
NUR/YR
NUN/YR
NUNR/ YR
Nun/ YR
NUR/ YR
NUR/YR
NUN/YR
NN/ YR
RN/ YR
NN/ YR
nun/ R
NN/ YR

NUR/YR
NUN/YR
RUN/ YR
RUR/ YR
NN/ YR

2 2 0N 2 % 08 8N 00N BN DNDEDS
[
[
(-

r-32

3730.
234¢.
468 .

1079 .
937.
37.
23¢.

4609 .
037
37 .
23¢.
3.
234.
037

6909 .
3488 .
12092.
6909 .
1727,



E-X AR

FOUR TLLUSTRATICH ONL Y

RESL)Y 7S

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160

161
161
16t
161
161
161
161
161

164
161
161
161
161
161
161
161
161
161
161
161
164

162
162
162
162
162
162
162
162

CONPONENT
CONPONENT
CONPONENT
COMPONENT
COMPONENT
CONPONENT
CONPONENT
COMPONENT
CONPOMNENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
CONPOMNENT

CONPONENT
CONPOMNENT
CONPOMENT
CONPOMENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONENT

CONPOMENT
CONPONENT
CONPONENT
CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CONPOMENT

CONPONENT .

CONPONENTY
CONPONENT
CONPOMNENT

CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONRENT
CORPONENT
CONPONENT
CONPONENT

L A N X" ¥ R X _J

NUN/YR
HUN/Z YR
NUN/ZYR
NUN/YR
NUN/YR
NUN/ YR
NUN/YR
NUNZYR
NUR/YR
NUN/ YR
NUN/YR
NUN/YR
NUN/YR
HUN/YR
NUR/YR
NUN/ YR

NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUR/YR
NUN/YR
NUNR/YR
NUN/ZYR

NUR/YR
NUR/YR
NUN/YR
HUNR/YR
NUN/YR
NuUnR/YR
NUR/YR
NUN/ZYR
NUN/YR
HUN/ZYR
HUN/YR
NUN/YR
NUN/YR

NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUR/ YR
NUNR/YR
NUN/YR
NUR/YR

r-33

3433 .
6909 .
27639.
1727.
3483
13819.
6909.
€909
1727.
34549
6909 .
6909.
1727.
€909 .
1727.
6909 .

6909 .
3438
12092.
6909.
172?.
3438 .
6909 .
27639.

1?227.
34SS.
13019.
6909 .
6909 .
1727.
34349 .
6909
6909 .
1727
6909 .
1?27,
6909 .

6909 .
3499 .
12092 .
6909 .
1727.
3498 .
6909 .
27639.



E XML

FOR ILLUSTRATION OMLY

RESWUI 7s

PATH
PARTH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH
PATN
PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH

162
162
162
162
162
162
162
162
162
162
162
162
162

163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163

163
163
163

163
163
163
163
163
163
163
163
168
163
163

COMPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPOMENT
COMPONENT
CONPONENT
COMPOMNENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMRENT
CONPOMNENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPOMENT
CORPONENT
CONPOMNENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONRPONENT
CONPONENT
CONPONENY
CORPONENT
CORPONENTY
CORPONENT
CONPONENT

GPONOUDIDUWN-

NUN/YR
NUN/YR
NUN/ZYR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR
NUN/YR

NUN/YR
NUN/YR
NUN/YR
NUR/YR
NUAZYR
NURNZYR
NUN/ZYR
NUN/ YR
NUN/YR
NUR/ YR
NUR/ZYR
NUnR/YR
NUN/ YR
NURZYR
RUR/ZYR
NUN/YR
NUR/YP
NUN/YR

NUR/YR
NUN/ YR
nun/ e

HUR/ YR
Kun/yYe
wun/vye
nun/YR
NUN/YR
NUR/YR
NUR/ YR
NN/ YR
wUN/ YR
NN/ YR
NN/ YR

r-34

1727.
3433 .
13019.
6909 .
6%09.
1727
343549
€909 .
6909 .
1727.
6909 .
1227.
6909 .

32686 .
2643 .
9232.
3206 .
1321.
2643 .
9266 .
21147
1321.
2643 .
10873.
3206 .
35206 .
1321.
26434
3206 .
3206 .
1321.

3206 .
1321.
5206 .

1623.
1.
2840
1623.
403.
o11.
1623 .
6492.
408 .
s11.
3246.



E XAMPL
FOR TLLUSTRATION ONLY
RESW._TS

PATH
PATH
PATH
PATH
. PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATK
PAT

PAT

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

163
168
163
163
169
163
163
163
163
163

166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166

169
169
169
169
169
169

169
169
169
169
169
169
169
169
169
169
169
169
169

CONPONMENT
CONPONENT
COMPONENT
CONPONENT
CONMPOMERY
COMPONENT
CONPOMENT
CONPONENT
CONPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
COMPONENT
CONPONENT
CONPONENTY
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY
CONPONENT
CONPONENT

CONPONENTY
COMPONENT
COMPONENTY
CONPONENT
CONPONENT
CONPONMENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

12

NUN/ YR
NUN/ZYR
NUN/ZYR
NUN/Z YR
NUR/YR
NUN/YR
NUN/ YR
NUN/ZYR
NUN/YR
NUN/YR

NUN/ZYR
NUN/ZYR
NUNZYR
NUN/YR
KUN/ YR
NUN/ YR
NUN/ZYR
NUR/YR
NUN/YR
NUN/YR
NUN/YR
NURZYR
NUN/YR
nun/vYe
NUN/ YR
NUN/ZYR
NURZYR
NUR/YR
NuN/YR
NUN/YR
NUR/ZYR

NUN/ YR
NURZYR
NUR/Z YR
NUNRZYR
NUNRZYR
NUN/YR

NUR/YR
NUNZYR
HUR/YR
HUR/ YR
HUR/YR
NUR/YR
NUN/ YR
NUN/ YR
NUR/ YR
NEN/YR
RUN/ YR
NUn/YR
NUR/YR

P-35

1623.
1623.

403.
0119,
1623.
1623,

40S.
1623.

3908
199¢.
6979 .
3900
997.
199¢.
3908 .
19982,
99?7.
1994¢.
7976.
3908.
3908
97
19940.
3988 .
3968 .
99?7,
3900
9?7,
3908 .

1298.
649 .
2273.
1298
32¢.
649 .

1298 .
5199.
32¢.
649
2897 .
1299.
1290 .
32¢.
649¢.
1290 .
1290 .
324
1290 .



b W 2t [ o
FOR LUSTRATION ONLY
RESSUn. TS

PATH 169 CONPONENT 20 HNUN/YR = J2¢
PATH 169 CONPONENT 21 NUN/YR = 1298
PATH 170 COMNPOMENT ¢ HNULN/YR = 3.
PATH 170 COMPONENT 6 NUN/YR = 42.
PATH 170 COMNPONENT 7 NUN/YR = 0.
PATH 170 CONPONENT 19 NUN/YR = 9S.
PATH 171 CONPONENT 1 NUN/YR = 1298
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PATH 172 CONPONENT 12 NHUN/YR = 129.
PATH 172 CONPONENT 13 NUR/YR = 129.
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PATH 172 CONPONENT 17 NUR/YR = 129.
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CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
COnPONENTY

CONPONENT
CORPONENT
CORPONENT
CONPSNENT

-
OGNS S

GONORLWUWN-

NUN/ YR
NUN/ZYR
NUN/ZYR
NINZ YR
NUN/ YR
NUR/Z YR
NUN/YR
NUN/Z YR
NUN/ YR
NUN/Z YR
NUN/Z YR
NUN/ YR
NN/ YR

NUR/ZYR
NUNZ R

NUN/ YR
HURZYR
NUN/YR
HURZYR

NUN/YR
NS TR
HYn/YR
NUN/Z YR
nun/sye
NURZYR
NUN/ZYR
HUR/ZYR
NUNZ YR
NUR/YR
nUn/ YR
NUNZYR
HURZYR
HUN/Z YR
HURZYR
NUNZYR
NOR/ZYR
NURZ YR
NJR/YR
Hen/ YR
NN/ YR

nen/ YR
NURZ YR
NUN/ YR
HUN/ YR

F-40

1092.
4676 .
29%2.
See.
2338 .
1169.
119
29%2.
3843 .
1169.
1169.
29%2.
1092.

292.
1169.

3.
42.

.

1169.
S04
2043 .
1092.
292.
S46 .
1092.
4676 .
292.
S6¢.
2338.
116°.
1169.
292.
3043 .
1169.
1169 .
292.
1092 .
292.
1169.

S.87.
2878
92024 .
3000.



= K i) F-

R

DAUSTRATION ONLY

RESIN. TS

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PRTH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

1682
182
182
182
182
182
182
102
182
162
162
182
162
162
1682
182
182

164
184

184
184
104
184
104
184
164
184
184
184
104
18¢
184
104
104
104
104
104
184

CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CORPONENT
CONPOMENT
CONPONENT
COMPONENT
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT
CONPOMENT
CONPONENT

CONPONENT
CONPOMNENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

NUN/ YR
NUR/YR
NUN/YR
NUN/YR
NUNZYR
NUN/YR
NUN/YR
NUN/ZYR
NUN/ YR
NUN/YR
NUR/YR
NUN/YR
NUN/YR
HUR/YR
NUR/YR
NUN/YR
NUNR/YR

NUR/ZYR
NUR/ZYR

NUNZYR
NUR/YR
NUN/ZYR
NUN/YR
NUR/YR
NUNR/YR
NUN/ZYR
NUN/ YR
NUR/YR
NUR/YR
HUR/YR
NUR/YR
NUR/YR
NUN/ YR
NUR/YR
NUN/YR
NOR/YR
NUR/ZYR
NUR/ YR

P-41/7-42

1289 .
2540 .
3080 .
20626 .
1209 .
2378 .
1031¢.
5137
3187
1289 .
23783 .
3187
35187
1289 .
5080 .
1209.
3137

6780 .
339%0.

11863 .
6703 .
1693.
3331 .
6203.

27120.
1693 .
3390.

13360 .
6780.
6780 .
1693.

33900.
6790.
6780.
1693 .
6703 .
1695 .
6780 .



APPENDIX G

SAMPLE COST OUTPUT BY PATH AND COMPONENT

F XAy =
FOCR U LUSTRATLON (e v
RF St TS
PATH 4 COMPONENT 3 PATH COST
PATH 4 COMPCNENT 8 PATH COST
PATH 4 COMPONMENT 9 PATH COST
PATH 4 COWMPOMENT 10 PATH COST
PATH 4 COMPONENT 13 PATH COST
PATH 4 COMPONENT 15 PATH COSY
PATH 4 COMPONENT 16 PATH COST
PATH 4 COMPONENT 17 PATH COST
TOTAL PATH 4
PATH S CONMPONENT 3 PATH COST
PATH S COMPOMENT 8 PATH COST
PATH S COMPORENT 9 PATH COST
PATH S COMNPONENT 10 PATH COST
PATH S COMPONENT 13 PATH COSTY
PATH S COMPONENT 13 PATH COST
PATH S COMPONENT 16 PATH COST
PATH S COMPONENT 17 PATH COSY
TOTAL PATH 3
PATH 6 CONPONENT 3 PATH COST
PATHN 6 CONPONENT 9 PATH COST
PATH ¢ COMPONENT 10 PATH COSY
PATH é CONPONENT 13 PATH COST
PATH ® CONPONENRT 19 PATH COST
PATH 6 COMPONENT 17 PATH COSY
TOTAL PATH 6
PATH 7 COMPOMENT 3 PATH COST
PATH 7 CONPOMENT 9 PATH COST
PATH 7 CORPONENT 10 PATH COST
PATH 7 COWNPONENT 13 PATH COST
PATH 7 COMPOMEMT 1S PATH COST
PATH 7 CONPOMENT 17?7 PATH COST
TOTAL PATH 7
PATH € CONPOMENT 1 PATH COST
PATH 8 CONPONENT 2 PATH COST
PATH G CONPONENT 11 PATH COSY
PATH 8 CONPONENT 10 PATH COST
PATH ® CORNPONENT 20 PATHN COSY
PATH @ CONPONENT 21 PATH COST
TOTAL PATH e
PATH 10 CONPONENT 1 PATH COST
PATH 10 CONPONENT 2 PATH COSY
TOTAL PATH 10

G-1

28 497
=$ 1483
=§ 42
=8 S8 .
=$ 489 .
=$ 2825
=8 60636 .
=g rAR
CoST = 8

=8 4475 .
=8 13425
=$ 3686.
=8 S24.
=8 4409.
=§ 25428S.
=8 $435710.
L ] 1902.
COST = 8§

"u§ 91.
=8 9.
L 1 ] 10.
=8 89.
=8 S1?2.
L] ] 74.
cosY =

=g 820.
u$ 8.
=g %
L 1 808
u$ 4661
= 348
COEY = ¢

L 73%2.
=g 142741
=$ S22747.
4 3699 .
=g 12068.
=g 13733
COST = ¢

L] 841,
L 1209
€087 = 8

24
46
9¢
32
36
03
435
36

66244 .

14
46
48
87
61
1?
04¢
44

$96239.

682!

704338

”n
48
2031

?6

20

.74

.22

.33

.39



EXame) =

FOR TLLUSTRATIOM ONLY

RESWI. TS

PATH

PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATN
PATH
PATH
PATH

PATH
PATH
PATH
PATH

11

COMPONENT

CORPONENT
COMPONENT

COMPONENT
COMPONENT
COMPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENY
CONPOMENT
CONPOMNENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CORPONENT
CORPOMNENY
CONPONENT
CONPONENTY
CONPONENTY
CONPONENTY
CORPONENT
CONPONENT
CONPOMENT
CORPONENT

CONPONENT
CORPONENT
CONPONENT
CONPONENT

CONPOMNENT
CORPONENY
CORPORENT
CONPONENT

4 PATH COST
TOTAL PATH 11
6 PATH COST
19 PATH COST
TOTAL PATH 12
3 PATH COST
8 PATH COST
9 PATH COST
10 PATH COST
13 PATH COST
13 PATH COS8T
16 PATH COST
1? PATH COST
20 PATH COST
21 PATH COST
TOTAL PATH 1e¢
| PATH COST
2 PATH COST
3 PATH COST
] PATH COST
9 PATH COST
10 PATH COST
11 PATH COSY
13 PATH COST
13 PATH COST
16 PATH COST
1? PATH COST
18 PATH COST
20 PATH COST
21 PATH COST
TOTAL PATH 13
3 PATH COST
] PATH COST
9 PATH COST
1? PATH COsT
TOTAL PATH 16
3 PATH COST
] PATH COST
9 PATH COST
1? PATH COSY
TOTAL PATH 1?7

G-2

ot ]
COST =

=g
=g
COST =

=8
ag
=8
=$
s$
a$
s$
L
L ]
=g
COST =

=8
=8
=8
=8
=8
=g
=g
s$
=g
a$
=g
=8
a$
=8
COoSY =

COST =

=g
=8
L] ]
=$
CosT =

2376.

3374.
4079
]

8713.
43.
1227.
6030.
18.
7.
20.
103.
 J

-697.
-618.

-62.
-199.

-6273.

~35593.
-566.

~1434.
]

2376 .30

744% 46

1967 .72

17431 .90

10
11
%
31

-1337 . 46

77
%
43
00
-13869 .16



E XAy =

FOR ILIUSTRATION OnLY

RESW. TS

PATH
PATH
PATH

PATH
PATH
PATH

PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH

PATH

PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATR
PATH

COMPONENT
COMPONENT
COMPONENT

COMPONENT
CONPONENT
CONPONENT

CONPONMENT
CONPONMNENT
COMPONENT
COMPONENT

CONPONENT
COMPOMENT
CONPONENT
CONPOMENT
CONPONE>T

CONPONENY

CONPOMNENT
CONPONENT

CONPONENT
CONPONENT
CONPONENT
CONPONENT

CORPONENT -

COnPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
ConPoNENT
CONPONENT

3 PATH

9 PATH

1? PATH
TOTAL PATH
3 PATH

9 PATH

17 PATH
TOTAL PATH
1 PATH

11 PATH

18 PATH
21 PATH

TOTAL PATH
1 PATH

3 PATH

8 PATH

14 PATH
21 PATH

TOTAL PATH
4 PATH

TOTAL PATH
¢ PATH

? PATH

TOTAL PATH
| PATH

e PATH

3 PATH

4 PATH

3 PATH

6 PATH

? PATH

8 PATH

9 PATH

10 PATH

11 PATN

12 PATH

13 PATH

14 PATH

18 PATH

16 PATH

cosT
cosY
COST

18

cost
CosT
cosr

19

cosT
cosr
cosT
COoSsT

20

COS7
cosrT
cosrT
cosr
cosT

22

cost
23

cosy
cosr
24

cosTY
cosrt
cosT
cosrt
cosrv
cosy
cosr
cosrt
cosr
cost
cosr
cosTt
cosy
cost
cosrt
cost

G-3

Lt
=8
=g
COosT

=g
=3
L1
cosT

=8
=8
=8
=g
cosr

=8
=g
g
g
ag
cosr

=g
CosT

ag
ug
cosT

-127.
-11.
-29.

-1130.
-103.
-262.

= 3

-4350.
-40337.
-1802.
-37.

-11?7.
~2%269.
-27724.

~2483.
-117.

-922.

-13866.
-14994.

S4187.
13339,
47387.
10315
20309
133%39.
161183,
67082.
237e.
S187.
1031S.
S187.
3197
2379.
§1570.
as?e.

80
21

-168.

19
83
92

-1316 .

¢
9%
3?7
33

-42848 .

S0
62
39
48
39

-5453¢.

-922.

?3

36

83



EXAMPI_FE

FOR ILLUSTRATION ONLY

RESWULIL. TS

PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

COMPONENT
COMPONENT
COMPONENY
COMPONENT
COMPONENT

CONPOMNENT
COMPONENT
CONPONENT
CONPONENT
CONPOMENT
FrONPONENT
CORPONENT
CONPONENT

CONPONENT
CONPONENT
CONPONENY
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENTY

CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPOMNENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONEN
CONPONENT
CONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENRT
CONPONENT
CORPONENT

1? PATH COST
18 PATH COST
19 PATH COSY
20 PATH COST
21 PATH COST
TOTAL PATH 30
3 PATH COST
8 PATH COST
9 PATH COST
10 PATH COST
14 PATH COST
13 PATH COST
1? PATH COST
20 PATH COST
TOTAL PATH 37
3 PATH COST
8 PATH COST
9 PATH COST
10 PATH COST
14 PATH COST
13 PATH COST
1?7 PATH CO8Y
20 PATH COST
TOTAL PATH 38
1 PATH COST
2 PATH COST
3 PATH COST
4 PATH COST
S PATH COST
6 PATH COST
? PATH COSY
s PATH COST
9 PATH COST
10 PATH COST
11 PATH COST
12 PATH COST
13 PATH COST
14 PATH COST
13 PATH COST
16 PATH COSY
1? PATH COSYT
18 PATH COST
19 PATH COSYT
20 PATH COSY
21 PATH COST

TOTAL PATH 40

G-4

=g 10319.
=g 2578.
= 10319S.
=g 2578 .
=g 10319%.
COST = ¢

=8 1038.
L 12962.
=g 202.
=8 391.
=g 160
u$ 989.
a$ 1560.
=g a6.
COoST = ¢

u$ 118.
n$ 1401 .
a$ 22.
=g 44.
=$ 1?.
u$ 110.
a$ 179,
=g 2.
Co8T = §

] 9926.
L] 2402,
=8 0697.
u$ 1091.
L] 3723.
=$ 2482.
=$ 29330.
=$ 1229%2.
=8 472.
L] 9489.
L] ] 1891.
=g 949.
L ] 949.
ug 472.
a$ 94936¢.
u$ 472.
a8 1891.
s$ 472.
s$ 1891.
a8 472.
=8 1891.
CoOSY =

?3
94
73
24
3
308693 . 34

%4
23
19
44

4?
?¢
@0
169352 .62

L1
1?

1894 .96

93260 .57



E XAMmPl_E
FOR ILLUSTRATION ONLY
RESWUL.. TS

PATH
PATH
PATH
PATH

PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH

46
46
46
46

46

COMPONENT
CONPONENT
CONPONENT
CONPOMENT

CONPONENT
CONPONENT

CORPOMENT
CORPONENT
CORPONENT
CONPONENT
CORPONENT
CONPONENT

3 PATH COST
8 PATH COST
9 PATH COST
10 PATH CosT
13 PATH COST
i? PATH COST
TOTAL PATH 46
3 PATH COST
8 PATH COST
9 PATH COST
10 PATH COST
13 PATH COST
17 PATH COST

PATH

PATH

PATH

PATH

PATH

PATH

61

64

70

CONPONENT

CORPONENT

CONPONENT

CONPONENT

CORPONENT

CORPONENTY

TOTAL PATH 31

4 PATH COST
TOTAL PATH 60

4 PATH COST
TOTAL PATH 61

4 PATH COST
TOTAL PATH €3

4 PATH COST
TOTAL PATH ¢4

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATN
PATH
PATH

CONPONENT
CONPONENT
CORPONENTY
CONPORENT
CORPONENT
CORPONENT
CORPONENT
CONPONENT
CORPONENTY
CORPONENT
CORPONENTY

1  PATH cOST
TOTAL PATH 70
4 PATH cOSTY
TOTAL PATN 73
3 PATH COST
8 PATN COST
9  PATN COST
10  PATN cOSY
12 PATH cOSY
13  PATH cOSY
14  PATH COST
1S PATH cOST
17  PATH cOSTY
19  PATN COST
20 PATH COST

TOTAL PATH 74

=5

sg 189.
=g 3028.
=g 64.
=g 2.
=g 181.
=g 367.
cos8T = s

o8 21.
=g 339.
=g 7.
=g e.
=g 20.
=g 40.
COoST = ¢

= 19199,
COST =

s 119999,
COST =

~$ 79999,
COST = 3

ag 12799.
COST = ¢

=g 16342.
COoST = ¢

ag 39831.
COSY = ¢

=$ 1243
=g 2769%¢
=g 469
=g 23¢
=$ 4?3
=8 473
=g 110
=g 1104
=g 2024
ag 3832
L $1
COST = ¢

33
- 14
28
S?

04

3903.30

431.06
”

19199.99
2”2

157999 .92

79999 . 9%

12799.99

16342.92

30604 .30



EXAamMmPL_F

FOR ILLUSTRATION ORL ¢

RFEFSLUY T

PATH

PATH

PATH

PATH

PATH

PATH

PATH

PATH

PATH

PATH
PATH
PATH
PATN
PATH
PATH

PATH
PATN
PATH

PATN
PATH

PATH

82

100

101

103

104

COMPONENT

CORPONENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT
CONPONENT
CONPONENT
CORPONENT
CONPONENT
CONPONENT

CONPONENT
CORPONENT
CORPENENT

CORPONENT
CONPONENT

CONPONENT

4 PATH COST
TOTAL PATH 61!

4 PATH COST
TOTAL PATH 82

1 PATH COSY
TOTAL PATH 100

4 PATH COST
TOTAL PATH 101

1 PATH COST
TOTAL PATH 102

PATH COST
TOTAL PATH 103

1 PATH COST
TOTAL PATH 106

4 PATH COST
TOTAL PATH 10S

1 PATH COST

TOTAL PATH 106
1 PATH COST
s PATH COSY

10 PATH COST

14 PATH COST

20 PATH COST

21 PATH COST

TOTAL PATH 113

2 PATH COSY
3 PATH COST
8 PATH COST
TOTAL PATN 117

? PATH COST
19 PATH COSYT
TOTAL PATH 130

4 PATH COST
TOTAL PATH 131

G-6

=g
COoSsT

=g
cosT

=g
cosrt

=$
cosT

=8
COS?Y

=g
cos?t

ag
cost

=8
cost

a$
CosY

s$
s$
of
=g
=g
ng
Cos?t

s
a$
=8
cost

=8
=g
cosY

L]
cosY

= 8

33508.
=8

12524.
s §

61268.
s 8

12179,

18921.
=8

12013.
s 8

61230.

124030.
LA J

10337.
1381.
344.
1292.
2304,
S160.

s 8

1639,
37238.
74963.

s §

30701.
30?701.
C I

73307.
s g

33808 .

40

1232¢.

3

61268 .

42

12179.

a3
15921

12813.

61230

8¢

124030.

s?
10
2¢
20
39
8

21108.

70
e
o¢

113862.

3¢
8¢

61403.

73807 .

%0

40

73

42

L L]

41



E XAampPL —
FOR TLLUSTRATION ONL .
RESLH 7=

PATH
PATH
PATH

PATH

PATH

PATH

PATH

PATH

PATH
PATH

PATH

PATH

PATH
PATH

PATH

PATH
PATH
PATH
PATN
PATH
PATH
PATH
PATH
PATH
PATH
PATH

133
133
133

134

133

136

13?7

130

130
138

140

141

149
149

146

150
130
130
150
180
180
130
150
150
130
130

CONPONENT
CONPONENT
CONPOMNENT

CONPOMENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT

CONPONENT
CONPONENT

CONPONENT

CONPOMNENT

CONPONENT
CONPONENT

CONPONENT

CORPONENT
CORPONENTY
CONPONENT
~ONPONENT
CONPONENT
CORPONENT
CORPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT

6 PATH COST
? PATH COST
19 PATH COST
TOTAL PATH 133

4 PATH COST
TOTAL PATH 134

4 PATH COSY

TOTAL PATH 139
4 PATH COSY
TO/AL PATH 136
19 PATH COST
TOTAL PATH 137
6 PATH COST
? PATH COST
19 PATH COST

TOTAL PATH 138

4 PATH COST

TOTAL PATH 140
7  PATH COST
TOTAL TATH 148
S PATH COST
11 PATH COST
TOTAL PATH 148
S PATH COST
TOTAL PATH 146
L PATH COSY
2 PATH COST
3 PATH COST
4 PATH COSY
S PATH COST
8 PATH COST
9 PATH COST
10  PATH COSY
11 PATH COST
12 PATH COST
16 PATH COSY

G-7

=$
=g
=$
cosT

=8
cosT

=$
cosTt

=8
cost

=g
cosT

u$
=8
cos?tT

=8
cosY

=8
cosY

=8
=$
cosTt

=8
cost

$5103.
?3507.
23507
= 8

163309.
= ¢

4874 4.
= $

200242.
= 8

9720% .
s $

27331,

110206.
°3507.
s 8

23307.
s 8

184209.
= @

103378.
413302.
C I

11488,
s 8

126394.
2344.
469%:.
1164.

23441
a36a.
1172.
4600.
35069
2344.

12636.

13
L1
58

202118

40

163309 .

23

48744 .

36
208242

93
97201

S?

2?7
S8

211269

73307

27

194209 .

70
?9

S16878.

11488.

%
12
93
01
20
14
0é
a¢
[
12
as

29

40

23

.36

.93

41

a?

49



E XamPL
FOR ILLUSTRATION ONLY
RESWIN TS

PATH
PATH
PATH
PATH

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATHN
PATH
PATH

PATH

PATH

PATH

PATH

PATH
PATH
*ATH
PATH
POTH
PATH
PATH
PATH

PATH
PATH
PATN

150
1350
150
150

160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160

160

161

170

172

1?74
174
174
174
17¢
174
174
174

1?78
178
178

CONPONENT
COMPOMENT
CORPONMNENT
CONPOMENT

CONPOMNENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENT
CONPONENY
CONPONENT
CONPONMNENT
CONPONENY
CORPONMNENT
CONPONENT
CORPONENY
CONPONENT
CORPONENT
CORPONENT
CORPORENT
CORPONENT
CORPONENT
CORPONENT

CONPOMNENT
CONPONENT
CONPONENT
CONPONENT

CORPONENY
CONPONENT
CORPONENTY
CONPONENT
CORPONENT
CONPORENT
CONPONENT
CORPONENT

CONPONENT
CONPONENT
CORPONENT

13 PATH COST
16 PATH COST
18 PATH COST
20 PATH COST
TOTAL PATH 130
1 PATH COST
2 PATH COST
3 PATH COSY
4 PATH COST
3 PATH COST
é PATH COST
7 PATH COST
8 PATH COST
 J PATH COST
{0 PATH COST
11 PATH COST
12 PATH COSY
13 PATH COST
14 PATH COST
13 PATH COST
16 PATH COST
1? PATH COST
19 PATH COST
19 PATH COST
20 PATH COST
a1 PATH COST

TOTAL PATH 160

4 PATH COSY
TOTAL PATH 168

4 PATH COSY
TOTAL PATH 170

1 PATH COSY

TOTAL PATH 172
3 PATH COST
PATH COSY
9 PATN COST
10 PATH COST

14 PATH COSY
1S  PATH COST
1?7  PATN COSY

20 PATH COST

TOTAL PATN 174
3 PATH COSY

8 PATH COST
9 PATH COST

¢c-8

=g 3.
=g 234.
a$ 469.
=8 $860.
COST = 8§

=g 534
=g 133.
=g 467.
g 101.
=g 200.
s$ 133.
L] 1589.
=g 661.
a$ 23.
=y S0.
=8 101.
=8 30.
=8 S0.
ng 2s.
L] So6.
=g 29.
=8 101.
n$ 2s.
=g 101.
=g 23.
=g 101.
COST = ¢

ag 7189.
COST = ¢

ng 180¢.
COoST = ¢

=8 6600.
CoSY = ¢

L] 32.
a$ 392.
=8 S.
s 12.
8 1.
=8 22.
«$ 40.
a$ 0.
COoSY = ¢

] 1.
=8 116.
L] 1.

76
4
82
30
193769 .74

00
S0
23
72
23
S0
30
13
43

3015.63

7109.09

1
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APPENDIX H

SAMPLE COST OUTPUT BY COMPONENT/RANKED

e T NE T

poTaTeL Dol H Lore
DIMEONENT D ThiwL LaST = 8 caTie CE
SOMEONENT 3 TOTAL CQST < o8 TiZa T2
COMPONENT 4 TOTAL (0ST = ¢ {heniBrg 09
CUMEONENT 9 TRTaL (OST = 8 PR 13 B
COGMPONENT o TOTwL C28T = ¢ a3l S5
COMPONENT 7?7 TOTAL COSTY = ¢ STSag: TH
COMPONENT 2 TOTAL COSTY = ¢ 1¥elel LF
CNMPONENT & TYOTRL COST = ¢ FE-OE! a
COMFOINENT 19D TOTwlL L2557 = SISl
COMPONENT 11 TUTaRL COET = 8 S8TE &
COMPOCNENT 12 TUTAL COST = ¢ P MU |
COMFONENT 13 TOTal COST = ¢ TIENGS *o
COMPONENT 14 TOTAL COST = ¢ I $0 B
COMPONENT 1% TOTaL COST = §$ AaRsSs Ay
COMPONENT 1% TOTAL COST = § w1592 52
COMPONENT ? TOTAL COSY = § 180S0 7
COMPONENT 18 TOTAL CDST = 8 2275 54
COMPONENT 19 TOTAL COSY = § 291302 w0
COMPONENT 20 TOTAL CGET = § 23ITI0 w9
COMPONENT 21 TOTAL COST = § 33279 S7

TOGTAL COMPOHENT CNSTS IN ORDER OF 037

COMPONERT 4 TOTAL COST = ¢ 10505%¢ . 29
COMPONENT 11 TOTAL COSTY = § 22587 :eo
COMPONENT 16 TOTAL COST = $ {5220 £9
COMPOMENT T TOTalL COSY = S7T59%3. 712
COMPONENT 1 TOTaL C9ST = ¢ 41591 zZ¢
COMPONENT 19 TQTAL CCST = $ e91302.470
LOMPONENT 8 TOTAL COSYT = § 1861e! (9
COMPONENT 2 TOTAL COST = $ 164704 .7
COMPONENT S TOTAL COST = § 162307 of
COMPOMENT 1S TOTaAL LOST = ¢ we889 91
COMPNNENT 6 TOTAL COST = $ 28317 %3
COMPONENY 3 TOTalL COST = ¢ 72624 72
CNMPHGNENT 2! TOTAL COST = § 3327a 57
SOMPONENT 20 TOTAL COST = § 2ITI0 €2
COMPONENT 17 TOTAL COST = ¢ 18080 o7
COMPONENT 14 TOTAL COST = § 17051 %3
COMPONENT 10 TOTAL COST = § 12¢50 e9
COMPONENT 13 TOTAL COST = § 1509, 498
COMPONENT 18 TOTAL COST = § 9278 Sa
COMPONENT 12 TOTRL CTOST = 8 ga2 21
SOMPANKENT 9 TOTAL COST = § 4304 29

TOTAL L0ST = ¢ A7aTR2T V&

Reproduced from }
F. X MM _F-. best available copy.
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APPENDIX J

COMPUTER PROGRAM FLOW CHARTS

Main Program Flow Chart

SCM
Simulation Cost Model

Set up common blocks
declare variable and
dimension arrays

Initialize control
indices an?d data
arrays from CIFILE
and nATASj

Call DEFFNE for node
swveep (Base Run)

Ir
19
.CT. Y
U
Call DEFFNF
to output flows
and costs
Pigure J.1l-8

J-1




Main Program Continued

Call DEFFNG for
sensitivity
analysis

Calculation
For Time Step

State Change

Pigure J.1-0

J-2

7




Detail from Figure J.1l-a

Initialigzation of datas
arrays to 0

Read from CIFILE:
control indices
87, C9, T7, K7, ®R

M2, 21, 22, 23, Z4

Read from DATAS:

GSTR, DATCl, DDAT1,

EDAT1, KDAT1, DATC2,
RAR

Read from CIFILE:A

|

"Output node mep /
A

Figure J.l-¢c

J-3



Detail from
Figure J.1l-a
(continued)

Read from
datas: CSTR

l

Read from CIFILE:
A7, V7

l

Read from DATAS:
NAR, BAR, BlAR

1

Call DEFPYD

Initialize MDATA
ADATA, QDATA

Path 2 = MAR

Path 3 through 23 = (N

l

Read from CIFILE
™, T1, T2, A9

]

19 =900
19 =12

Pigure J.1-d



Detail of
Runge Kutta Calculation

Pigure J,1-b

CALL DEFFNH

™= T9+T1/2

1

CALL DEFFNE

CALL DEFFMI

CALL DEFmMIE

CALL DEFTMJ

9 =719 4+ T1/2

CALL DEFFNE

ZAR = BAR + T1*((RAR + 20LAR + 2*MAR + K1AR)/6.0))

m. J.I-.

J=5




Subroutine DEFFNA
for Calculate Node
Split Values

“|D0 I=1, 1=

- R

CAR(I) = DATCI(X,I)
DAR(I) = DDATLI(X,I)
EAR(I) = EDATI(X,I)
KSTR(I) = KDAT1(X,I)

. .M.
87 ,
Make semsitivity amalysis

modifications
b |

% oontained within a (DO K = 1, M2) loop

Figure J.2

6



N

J+1

14 4
CSTR(I)
lu.

Subroutine DEFFNB
for Computing Costs

X

J2= I ~-1J

1l

ir
87

1

R

Insert proper cost
function value in

CAR (K)
|

Path sensitivity

calculation

‘T—

Pgure J.3

J=7



Subroutine DESFNC

Check for
subassembly

Initialize for
subassembly
quality and age
calculations

N

Make sensitivity
analysis modifi-
cation

T

calculate age and quality
change fectors




Subroutine DEFFND
for Retrieving and
Storing Path Data

DEFRID
1r
Y 15T N
.EQ.
6
DOIe= 1,| 1 D0 I=
"
WAR (I) = NDATA(L,Y)
MR (I) = ADATA(CL,Y)
QAR (I) = QDATA(LY) |.
o e

1, | 1

B

NDATA(I,Y) = NAR(I)
ADATA(I,Y) = AAR(I)
QDATA(I,Y) = QAR(1)

Pigure J.5

J=9




Subroutine DEFFNE
for Calculating Path Flows,
Qualities, and Ages

Initialize path
1 flows, quali-
ties, and ages

from ZAR()

J= ¢

Je J4+1
X= GSTR (1,J)
R= GSTR (2,J)
S = GSTR (3,))
T= GSTR (4,J)

10 <x

Calculation

boo s

Ir

8 N
21

Figure J.6

J=10




Subroutine DEFFNF

for Outputting Path Flow and

G

/

Output on unit
#8:
'Year', T9

!

CALL DEFFMD
for path 1 data

1

Cost Data

Output on Unit #7:

"Path'l'Component; K,
‘WUM = "MAR(K), 'AVE.aGE'

/
/

AAR(K), "QUAL. = 'QAR(K)

}

DO1I= 2|1 ;@
23

i

]

CaLL DEFFND
for path I data

Output on Unit #7:

'PATH', I, 'Component', K, 'NWUM/
TR' = , RAR(K), 'AVE.AGR's, AAR(K)
'QUAL. =' QAR(K)

Initialise cost loop
varishbles aad coutrol
indices

°)

* coutained within a (DO K = 1, M2] loop

Pigure J.7-a

J-11



DOI=

Subroutine DEFFNF

(Continued)

CALL DEFF¥D
for path I data

CALL DEFFNB
for path/component ccst

Sum costs
on Unit #7:
'Path’, I, '

‘Path cost =

and output

t'o K,
$' CAR(K) -

® Contained withia s (DO K = 1, M2} loop.

m‘ Jo,-b
J-12




Subroutine DEFFNG
for Controlling Semsitivity
Runs and Outputting Results

NS

Initialize node sensitivity
analysis control indices

L

Calculate and output
sensitivity for node
87, component K?

*.'_

Kl =

K7 +1

$7= 87 +1

Initialize
peth sensitivity
analysis

L@_J

Pigure J.8-a

J-13



Subroutine DEFFNG
(Continued)

Calculate and output sensi-
tivity for path -87 compoment

—

Kl= K7+1

K7 =1

§7 =87 -1

m J.‘-‘

3-14
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APPENDIX L

SCHEMATIC DIAGRAMS - AMTRAK SAMPLE
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SIMPLIFIED SCHEMATIC DIAGRAM

Pigure L-1. Stnpliticd "icterial Ciew of Caintoramee Repair Svatem

o . 0




ES

i |
| ik
| ; {e“““

J 1 : |§ § ]
| ) |+_9_ .i
- ...J 53

f' f__ﬁ

' - ’ b ;i

i3 e w=awr ] '

. ) - I r——“""" BEECH |
|i n st n ﬂ e .é GROVE |
L.__________*"'_'. s | ?.___!

Pigure L-2. Pull Schematic Diagram of Sample Truck
Maintenance Operation
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APPENDIX M

EXAMPLE DATA FORMAT INPUTS FOR PROGRAM CAPABILITIES
NOT EXERCISED IN THE PRESENT STUDY

Section 3.3.2 discusses the use of maintenance features of component quality,
age, and whole subassembly combinations. Although the program can accept
and use these features in the computation of maintenance costing, example
data were not available to employ these in the test runs made for this
manual.

This Appendix explains the input data formats required in order to make use
of the additional program features. Maintenance costing in general could
employ these if:

1) Nodal split decisions must be based upon the "defective" component
population arxiving at a branch node in the schematic diagram,

2) Costs must be based upon the "defective" component population on a
path of the schematic diagram,

3) A time simulation run is being made, or

4) "Whole truck subassemblies" (2 or more numbered truck components)
are to be kept through the schematic diagram branch points either in
a time based run or when item one (1) above is being used.

Using "Quality"” to Compute Costs

The concept of component "quality” allows cost values to be related to
the defective components within the maintenance network being processed.
Quality is a scalar attached to each component throughout the maintemance
network and is allowed values between 0 and 1. These values represent
the defective fraction of that component at the referenced path in the
schematic diagram.

The uppex part of Figure M-1 shows an example of 5 lines of input data
which would mske use of "gquality” in computing maintenance costs. The 2
mmbers entered on each line are the path mmber of the schematic diagram
and » function mumber. The function refers to & functions used by the
program and listed in subroutine "DEFFNB" of Appendix C.

-1



32 4 / QAR COST FACTOR
40 2 / QAR COST FACTOR
42 3 / QAR COST FACTOR
43 2 / QAR COST FACTOR
44 2 / QAR COST FACTOR
| J
L Optional Comments
Function Number
1, 2, 3, or &4
Allowed. Functions
Reside in Subrou-
tine "DEFFNB"
Path Number from
Schematic Diagram
[:oooo,ooooooooooo /  KSTRC) DATA
0000000GOOO0OOGO0 O / KSTR() DATA 2MD
[ ) N~ y)
"0" or "1" Code for Each Component . Opézznal
Colurn of Entry is Component Referred Comments
to by Entry. Up to 30 Components

Allowed
Branch Node Number

Two Rows for Each Branch Node Using
this Data

Figure M-1. Saemple Data Eantry Pormats
Upper Portion for Use When Costing Needs "Quality" for Computation

Lower Portion for Use in Keeping "Whole Subassemblies" Through
Branching Opera ions
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The 4 operating functions can be described as follows for each component:

Function #1 Multiply Cost and Flow Only

Function #2 Multiply Cost and Flow and Quality
Function #3 Multiply Cost and Flow and Another Function
Function #4 Use Cost Only (No Products Necessary)

If a cost of a path is derived from the unit cost, path flow, and the defec-
tive fractions of the components ("quality"), then Function #2 would be
used and the data entered as shown in Figure M-1. An example of this is the
case vhere maintenance is performed only on the defective units of a com-
ponent on a path (as opposed to performing maintenance on all the units of

a component on the path).

Keeping "Whole Subassemblies”

If one wants to make sure that "whole" subassemblies are transferred dowun-
stream from a certain branch node, then the coding must be entered as shmm
in the lower portion of Figure M-1. Two lines of 16 integers must be
passed as a unit. The first number on each rov of data entered refers to
the branch node number. Thc remaining 15 numbers will be 2ither

0 or 1 with the following meaning:

1 = this Wt is part of the subassembly
0 = this component is not part of the subassembly

The column (a'ftcr the node mmber) of the "0" or "1" entry counting from
left to right is the component mumber being referred to. Thus, up to

30 components in a truck could be handled with the entries depicted
here.

Maintensnce Rework and the Resetting of "Quality" and "Age”

In some maintensnce operations the act of fixing a given component does not
completely put that component in am “as new" condition. For instsace, roller
bearings are dizassembled and resssembled periodically as a result of vheel
removal. Small “defacts” sre often left in besaring cups simce they do not
1tmit their performance in any way. As a result, there is occasioa to fix

"3



or set the quality of the component reworked to some value other than

0 which represents 0 defects or "like new" condition.

If age is being used in the modeling process, its change during rework
must also be considered. The model automatically resets the age to 0
when the defective units of a component are reworked on a path. If the
maintenance procedure is such that both the good and defective units of
a component are reworked, the user may want to resec the age of all (not
just the defective units of a component) on the path to 0. The computer
program also allows the user to do this.

Figure M-2 is a display of the input data formats needed for the above pro-
cedures. As shown, there are 6 numeric values needed for each "rework".
By column entry these numbers have the following significance and program

Column 1 - Used for entering the component number with which the next 5
entriegs are to be associated.

Colunn 2 - Defines the rework number for a component "reworked" in more

than one place in the maintenance system. The number of reworks

start at "1" and increases by one to as many reworks as required.

Each rework must have a separate line of data entered.

Column 3 - Is the upstream branch number node from which this rework action
path emanates.

Column 4 - Designates wherher this rework path is the reference path (if
80, “nput a "1" here) from the upstream node or the nonreference
path (input a "2").

Column 5 - Codes of "0" or "3" entered here have various program meanings.

Code "0" - will reset or give all the referenced component
the quality entered in Cclumn 6. In additiom, the represen-
tative "age" for the component on this path will be reset
to 0.

Code "3" - will reset only the quality for the defective
portion of the units on this path to the quality entered
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in Column 6. In addition, the representative "age" of onmly
the defective units for the component on this path will be
reset to O.
Column 6 - The value placed here is the "quality assigned to that portion
of the component flow designated by the Column 5 code entered.



APPENDIX N

REPORT OF NEW TECHNOLOGY

The work described in this report concerns the application of a methodology,
the simulation cost model (SCM), to the economic aspects of maintaining high
speed passenger train trucks. No inventions were develcped because the work
vas not concerned with devices. However, a methodology did result which

can be applied to economic systems beyond those associated with passenger
train truck maintenance. The systems most appropriately treated by the SCM
consist of large fleets of individual units. Each unit contains several
components and each component is interrelated with the other components

in its unit through cost or system actions. For such a system, the SCM
technique provides a consistent means for its characterization, a process for
determining the data requirements, a developed computer program, and a set of
specific useful outputs. These outputs include a quantitative description of
current (present time) annual system operation and annual costs, a sensitivity
analysis which indicates quantitatively the most costly portions of the system,

and projections of future system operation and costs.
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