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Preface

This study grew out of my interest in the logistics support

aspects of Air 1~’orce weapon systems . During previous assignments ,

I had seen the mammoth investment made by the Air Force in maintenance

and supply facilities, spare parts and support equipment . My tour

of duty at the Air Force Institute of Technology and its close

proximity to the headquarters of the Air Force Logistics Command

has enabled me to investigate the support planning and design

considerations that precede the Air Force decision to invest in

supporting logistics systems .

The study is, I think, a relatively complete analysis of three

of the analytical models which are used in logistics acquisition.

The intent is not, however, to dissect the models but to make them

better understood and to propose a method of integrating both the

data inputs and best features of the models so that support planners

may possibly make better decisions with them. Many readers will

judge that I have directed the study at potential model users new

to the logistics acquisition field. This was not done deliberately,

but is a consequence of my own membership in that group. In this,

I take full responsibility for any resulting inaccuracies and

omissions of detail.

Finally, I wish to acknowledge the indispensable assistance

provided by my wife in translating the manuscript into this final

report.

Paul E. Taib].
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Abstract

The concept of Integrated. Logistics Support (11$ ) has emphasized.

the u3e of models to investigate the quantitative aspects of logistics

acquisition management. According to a Rand Corporation report,

su fficient models exist to satisfy the needs of 11$ but additional

effort is required to streamline the use of the models and make them

more accessible to potential users . The Systematic Cost— and. Logistics—

Effectiveness (SCALE) procedure is a recent attempt by Battelle

Columbus laboratories to conceptualize a framework in which specific

ma thematical models would interact in a logistics support context .

LSC , ORIA and MOD—METRIC are three of the Air Force models proposed

for SCALE integration. They contain considerable overlap in input

requirements and lack a working vehicle for resolving model-to-model

inconsistencies. This study shows that a FORTRAN-based consolidation

routine reduces input requirements by one third and aflows the user

to build a single data array that can be accessed by any of the

models . The input routine also facilitates the use of certain key

outputs (described ) which make it advantageous to integrate the models

in a sequential fashion. The report includes an analysis of the

models , the routine and. a user’s guide .
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Chapter I

Introduction

in recent years , the Air Forc e has intensified its commitment to

- the Department of Defense concept of Integrated Logistics Support

(u s) — —— a program designed to assure “the effective economical

support of a system or equipment throughout its life cycle (Ref 1:2) . ”

Air Force emphasis has been on uming analytic and simulation models

to conduct design and support analyses . According to a 1971 Rand

Corporation report , the mathematical techniques and models already

available are sufficient to accomplish the aims of the 11.9 concept

(Ref 3:47). There is , in the opinion of the Rand study , an overriding

need to combine models into compatible families and educate designers

and logistics planners in their use.

This study is an attempt to integrate three distinct models

which are currently being used within the Air Force Logistics Command .

They are :

1. LSC. A model which estimates the expected support costs
that may be incurred by adopting a particular design .

2. ORLA . A level of repair model which calculates costs
associated with each of three maintenance policies --- discard at
failure, repair at intermediate level , or repair at depot level .

3. MOD4IETRIC . An optimal spares provisioning model which
computes base and depot stock levels for items which enter the
repair cycle.

These models focus on the central issue of logistics acquisition

management --- design and procurement of systems and hardware which

1



satisfy operational requirements for the lowest total cost of owner-

ship to the government .

Chapter II traces the development of 11.9 within the Department

of Defense and the Air Force. Chapter III describes the spec ific

types and capabilities of models used in logistics acquisition . As

such , Chapters II and III provide general background to the study

which may be of interest to the reader. They are not , however ,

• prerequisite to the central theme of this report and can be omitted

without loss of continuity to the attempt at integrating the LSC ,

ORL& and MOD-METRIC models.

Beginning in Chapter IV , the study focuses on developing an

integrated framework for the three models . Because of the wide

variance in context in which they are used , it is necessary for the

models to retain their individuality. But there is obviously a

common purpose in their use. This study capitalizes on that common

purpose --- minimizing support cost --- by employing the LSC model

as the basic analytic tool to support the logistics acquisition process.

Within this framework , the input requirements of the ORL~ and MOD-

METRIC models are made compatible with 1.30 input parameters . To

structure the objective , the study describes the respective roles

of the models within the acquisition cycle and explores their common

assumptions and input variable requirements. To implement the process ,

two alternative procedures are present.~d:

1.. A routine which transforms input variables into a data
array which can be accessed by any of the three models.

2. An iterative scheme which allows integration of the ORLk
and MOD-METRIC models with subsets of the LSC model. 



Throughout, an attempt has been made to reinforce the management

potential of analytical modelling. At the same time it is hoped.

that the models themselves will become better understood , more

easily accessible and responsive to the logistics acquisition manager.

3
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Chapter II

Development of Integrated Logistics Support

In 1964 the Department of Defense formalized the concept of

Integrated Logistics Support . This policy required that all of the

services consider , estimate and evaluate the life cycle costs

associated with the various design alternatives encountered during

the weapon acquisition process. Two related forces were emerging

within defense and defense related industries which began to alter

the prevailing perceptions of weapon system acquisition. First , the

phenomenon of “cost growth” began to appear not as an occasional

result of the risks associated with advanced technology but as a

steady companion of other trends in the economy --- higher personnel

costs , increasing weapon complexity and low equipment reliability

(Ref 2: 1) . It was no longer an aberration to have a weapon system

come into the operational inventory at twice the original procurement

cost estimates. The second transition was directly related to the

first. It came in the recognition that total costs of ownership,

especially operating, training and support costs , were increasing

at an equally dramatic rate . The term “life cycle costs” became more

and more commonplace in the lexicon of the military planner.

By 1965 some estimates attributed more than half of a weapon

system ’s life cycle cost to operating , training and support --- the

so—called “logistics” costs of ownership (Ref 4:3). It became

apparen t that to acquire improved weapon systems for national defense,

4



and to prevent placing an ever expanding burden on the American taxpayer

for support of existing weapon systems, an effective policy of

logistics support planning would have to become an integral part of

all aspects of system acquisition and operation. DOD Directive 4100.35,

which described the concept of 112, became the impetus of the logistics

acquisit ion program.

Following the publication of the 112 directive, each of the

armed services began to reorient major portions of their weapons

acquisition procedures . Renewed emphasis was placed on developing

models based on mathematical relationships which could , in effect ,

collapse and summarize the complex problems facing acquisition managers

into compact cost-estimating relationships and simulations of the

operating environment . A report prepared for Air Force Project Rand ,

which will be discussed later in greater detail , concluded that by 1970

enough models existed to fulfill the needs of 11.9 ( Ref 3 :vii).

11$ Concept

There were other factors which spurred the emergence of 11.9 .

The mounting pressure to redirect national priorities and continued

congressional and public scrutiny of the burgeoning costs of military

hardware signalled the Department of Defense to anticipate relatively

constant defense budgets (Ref 2 :1). This implied that in real terms

less funds would be available to develop new systems and that the

services would. have to perform their missions with fewer , more costly,

systems and fewer personnel. The challenge was clear: develop new

systems which could be bought at lower unit cost , that would demonstrate

higher reliability and maintainability, and which could. achieve

acceptable levels of performance. When combined with higher personnel

5



costs and increasing weapon complexity, the urgent need to implement

11.9 received added emphasis. The 1970 version of DOD Directive

4100.35 defined 11$ as twofold.:

...a composite of all the support considerations
necessary to assure the effective and economical
support of a system for its life cycle (Ref 1:2).

and,

...an integral part of all other aspects of
system acquisition and. operation. Design...
shall take into account the aspects of logistic
support.... Tradeoffs appropriate to the stage
of development shall be made that will maximize
the effectiveness and efficiency of the support
system... .  The operational environment , and. the
logistic support requirements which are the
result , will be addressed during the tradeoff
stage of the system design process . Change to
either the system or to logistic support needs
will be fully evaluated for the impact on the
total system (Ref 1:2-4).

The technical policies promoted by the directive instruct the services

to employ “techniques for analysis and definition of system

• qualitative and quantitative support values and associated costs
- (annual and life cycle) .. .  (Ref 1:4). ” Clearly the purpose and

preferred method for initiating 112 had been set down for the armed

services .

112 Implementation

Underlying the need. for 112 is the observation that , historically ,

support costs have not been of major importance to system designers

because funding arrangements often separate research , procurement and

support monies into different unmixable “pots” and because these

funds are appropriated at different --- sometimes widely spaced

points in the acquisition cycle . A~ even more fundamental problem

was tha t credible cost estimates were not available early in the

6



in the process (Ref 3:2—3). The current DOD 11.2 effort focuses on these

related problems by seeking to insure that logistics plans develop

the support posture in response to the design decision and , conversely,

consider the alternatives to the design decision and , if necessary ,

alter the design to exploit significant economies in the support area .

To accomplish these aims requires that systems receive thorough,

credible analysis; come under review early in the life cycle ; and

receive support from all management and policy levels that can affect

decisions (Ref 3t3).

I-f assessed correctly, the causes and treatment of systems

acquisition pitfalls as propounded. by DOD have adequately circumscribed

the reasons for implementing 11.9. It may be instructive to consider

how an Independent group viewed the process of attaining economies

• in systems acquisition .

• The FItz~ug~ Repo~~

The Fitzhugh report was the outgrowth of a blue ribbon defense

panel convened by the President to study a wide range of topics under

the heading of “Defense for Peace” . In the report , which was published

in 1970 , the services were enjoined. to do better in estimating both

the investment and support costs of new systems . The panel emphasized

the importance of considering future maintenance costs as part of a

system’s acquisition cost. It recommended that support policies be

adopted in which “repair in lieu of replacement should be an allowable

charge against the parent procurement appropriation funding the basic

equipment (Ref 5:11—31).” This is in line with the 11.3 proposal to

include in the design considerations all costs which might accrue

during the system’s life cycle.

7



The report echoed the requirement of the DOD program in the area

of conducting thorough analyses. Although the Fitzhugh report placed

greater reliance on actual hardware prototyping and. testing, its main

thrust was to encourage the collection of factual experimental data

which would. serve to reduce technological uncertainty and thereby

make system analyses more credible. Such data could be provided early

in a system’s life cycle , according to the report, if “development of

selected. subsystems and. components is carried out independently of

major systems (Ref 5:11—5).”

In another area , the panel urged that tradeoffs be conducted

between new systems and that support considerations be appended to

programs concerned with product improvement and modification of

current systems --— areas that were just coming under scrutiny of

DOD (Ref 5:11—5). Overall , it appears that the report of the Fitzhugh

panel was in consonance with the objectives of DOD’s 112 program , 
-

particularly in urging thorough analyses early in the acquisition process.

The Rand Report

A 1971 Rand report on Using Logistics Models in System Design

~~~ 
Fe.~ly Support Planning provided an in depth description of the

modelling techniques available through 1970 which could be used to

investigate the logistics impacts of system design and operational

decisions during system acquisition . Prepared for U.S.  Air Force

Project Rand , the study was addressed to system designers , program

managers , logistics planners and staff planners responsible for

implementing 11$ concepts . It took a wide view of the purpose and

process of logistics modelling in order to clarify how some of the

tasks required by the 11.5 concept night be performed .

8
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The Rand report developed the treatments prescribed in DOD

Directive 4100.35 by putting logistics models into the contexts of

data requirements , application points in the development cycle and
• policymaking expectations of acquisition managers. It emphasized

• that data must represent the engineers’ best estimate of the system

and. its descriptive parameters ; models must represent the support

process, be readily useable and economical to operate; personnel must

be trained, in the use of analysis and. must understand. the role models

play in support decisions (Ref 3:3). Seen as a common thread.

running through all reviews of 11.5 objectives is the stricture in

the Rand report that analysis should begin early in the system’s

life cycle , adding that “at this point it is less costly to rectify

mistakes; it is easier to adjust design objectives; and it makes

studies and tradeoff s more meaningful since ... a broader set of

specifications can be influenced ... (Ref 3 :3) . ”

The most significant contributions of the Rand study were its

succinct conclusions and. recommendations on the state of logistics

modelling within the 112 concept :

model technology is well in hand to do the
support cost estimating required for implementing
integrated logistics support in all phases of
the system acquisition process. Such estimating
is most difficult in the early conceptual phase,
but techniques are available to handle the un-
certainty inherent in such early data.

a sufficient stock of basic models and model-
ling techniques is available

Primary development effort should probably be
devoted to adapting existing models to particularF applications , and to interfacing sets of models
into compatible families

9

• •

~ 

_ _ _ _ _



individuals who could best use models must be
instructed in analyzing the support cost
consequences of varying operational requirements,
different hardware designs , and alternative
support postures . 11.5 will never realize its
full utility ... without such trainin~ for
system and. support planners (Ref 3:47).

The Air Force 11.8 Progran

The Integrated Logistics Support program in the U.S. Air Force

has been responsive to the DOD concept and influenced to a great

degree by the work that has been done in studies like the Rand. report.

In recent times , the Air Force has sponsored some of the most complex

and costly weapon systems proposed for national defe:ise. This makes

it imperative that any savings that might accrue from pursuing a

fervent policy of 11.5 be exploited and taken for advantage. Official

policy concerning 112 within the Air Force is described in AFR 800-8

which states:

Management information and program control
techniques shall provide for effective
management control of 11-S elements to include
the maintenance of traceable estimates and
factors for cost acquisition and ownership
of the system or equipment (Ref 6 :3) .

The regulation establishes the following principles of 11-3 :

11.5 must be considered during the early phases
of conceptual development , validation , and full-
scale development ... when trade-offs can
influence hardware design .

11.5 as an interdiscipline concept is dedicated
to achieving the optimum performance-schedule-
cost-support relationship.... It requires
special emphasis on ,
(1) developing or improving techniques for
conducting trade-off 5 among support alternatives
(2) performing system and cost-effectiveness
analysis
(3) using models to conduc t design and support
analyses
(Li. ) accomplishing evaluation during appropriate
source—selection processes.

10
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Overall operational effectiveness, the prime
consideration when acquiring a new system or
equipment , can be achieved by system and cost-
effectiveness analysis . ~ nphasis must be
placed on achieving proper balance between
performance and logistics (Ref 6:2).

Application of 11.5 within the Air Force is chiefly vested in

the Air Force Logistics Command (AFIA~) . Although the principles

are applied throughout the command, responsibility is levied.

primarily on the Deputy Program Managers for Logistics (DPNL) who

are assigned to the program office which oversees each new weapon

system (Ref 6:3). In July 1976 the Air Force Acquisition Logistics

Division (AFALD ) was established at Wright-Patterson AFB , Ohio ,

with a charter to coordinate and support the detailed. analyses

required by the DPML . Although the logistics acquisition structure

is much more detailed, it is probably suff icient to note its basic

form and go on , instead, to see how one current challenge will affect

Air Force 11-8 planning.

The potential acquisition of the B-l bomber has far ranging

implications on the Air Force and, in particular, the application

of 11.9. The procurement cost of the B—l Is expected to exceed

$2 billion each year starting in fiscal year 1978 (Ref 7 :29) .

Comparing this with the Air Force appropriation for aircraft

procurement which has remained relatively constant at $3 billion

annually for the past several years , it is evident that planners must

apply 11.9 concepts in all procurement areas to maintain the overall

aircraft modernization program. Some of the key elements which will

enable the Air Force to manage this logistics acquisition program-

ming challenge have yet to be worked out. There is still the need

to streamline the 11.8 modelling process by interfacing families of

11 
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Chapter III

Logistics Support Modelling Concepts

The models used to support the Logistics acquisition process

take many forms and generally include one or more of the following

elements : cost estimating relationships, cost accumulating methods ,

mathematical equivalencies or simulation techniques. The models

themselves may take the form of the flowcharts , graphs, “think

pieces”, or elaborate computer routine~ . All models attempt to

capture a particular view of the world .

When an analyst builds a model, he is essentially posing a

solution to a problem in .a manner which is both explicit and

quantitative.

1. He decides which factors are relevent to the questions
his study is attempting to answer.

2. From these he picks the quantifiable factors --- those
that can be described numerically.

3. This list is cut down to size by aggregation .

4. The relations between the elements are spelled out
quantitatively (Ref 8:68).

The resultant model is then verified and, where possible , tested

against the real world..

In light of the preceding, model building is a very straight-

forward , deliberate procedure. The crux of the modelling process,

however , is not developing the model but def ining the problem to be

solved. This requires the analyst to adopt some particular view of

the world and some singular approach to formulating it. The result

13
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is that no single model can serve every purpose; in fact, the Defense

Logistics Studies Information Exchange has a catalog of over 500

models which have been devised to deal with varying aspects of

logistics support.

Types of Models

The logistics acquisition manager is confronted with three related

decision situations: concept evaluation, detailed design and support

planning (Ref 3:6). Incorporated in each of these tasks is the require-

ment to make comparisons within four more substantive areas : spares

provisioning, support equipment requirements , personnel requirements

and maintenance posture. Logistics models are well suited to make

the comparisons because of the quantitative nature of these elements .

The models used generally fall into two categories , simulation and

analytic .

Simulation models are the more exotic of the two . They can

yield sizable solution sets and handle large data inputs . Simulations

are represented as procedures , generally executed on a computer , in

which elements of the situation are represented by arithmetic and

logical processes that predict the dynamic properties, of the

situation (Ref 9:8). Implicit in simulation is the concept of

condensing time thru use of a high—speed computer with numerical

“snap—shots” of the system at critical moments being recorded for

review by the analyst. These models have their primary usefulness

in establishing a system’s characteristics under a particular support

posture .

Analytic ritudels are characterized by unique sets of answers or

point estimates. Time is treated as an interval estimate rather

14 



—

than a dynamic variable. While the number of parameters which bound

the model usually are not restrictive; the numerical methodology which

underlies the computation is often minimal , enhancing efficient , simple

calculation (Re-f 3 :10) . When computerized , most analytic models

search for solution sets by manipulating a sequence of equations in

an iterative fashion . In contrast to simulations, individual analytic

models tend to focus on one aspect of a problem (such as spares or

level of repair) at a time . The th~’ee models discussed in Chapter V

are examples of analytic models. -

Input ReQuIrements

Regardless of the type of model chosen to make a com~~rison or

trade—off analysis , certain data inputs are necessaty to initiate

the modelling process. Some of the most important , taken from the

1971 Rand report , are summarized in Table I. As the table suggests ,

the models used in logistics planning rely heavily on historical data

translated into standard values for the tasks to be performed. Costs

for labor and repair are the foremost examples . Model inputs which 
-

refer to system peculiar items are usually engineering estimates

provided by the contractor or interpreted from operational experience

with similar systems. Other variables, such as basing strategy or

spare9 reorder points , will reflect the policy considerations proposed

for the system .

Not all of the elements listed in Table I are necessary for every

logistics model . Depending on the purpose of the model , many of the

:araneters may be calculated as part of the output . Chapters VI and VII

address the commonality of input requirements in one set of logistics

models and the possibility of satisfying data requirements by trans-

lat~ n~ cutpu t~ of one model into inputs for another.

15
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Table I

LOGISTICS NOD~~ VA R IABL~~

ITEM REPAIR P0IN’I~Unit cost Manhours to repair
Reliability Skill shredouts
Weight Parts cost/repair
Volume Labor rate
Procurement lead time Repair cycle length
Replacement cost Order and shipping time
R & D cost NRTS rate

Condemnation rate
SYSTEM - Base—depot distance

Utilization rate Packing cost
Basing strategy Shipping ‘~ost
Force size Support equipment cost
Design life (life cycle)
OR rate Support equipment weight ,
On-equipment maintenance cost volume and quantity
Training cost New facilities cost
Interest rate Tech data cost

SUPPLY POIN~~ MA INT~~ANC E POSTUR E
Spares level Discard—at—failure
Supply effectiveness Intermediate repair
Supply administration cost Depot repair
Reorder policy

(adapted from Ref 3:8)

Model Cate~gorjes

The application of models which directly support the logistics

phase of acquisition management can be divided into five categories:

spares , support equipment , personnel , level of repair and life cycle

cost (Ref 3:16). When examining the available models, these categories

can be condensed even further. The computation of support equipment

and personnel requirements is highly dependent on level of repair

decision and constitutes a large portion of life cycle cost.

Therefore , most level of repair and life cycle cost models include

these calculatiois as part of their analyses . The following segments
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attempt to define more precisely the nature of the three remaining

categories : spares , level of repair and life cycle cost.

Snares Provisioning

Spares models are the most analytically sophisticated of the

logistics support models . The most recent designs use variations

of classical optimization techniques --- such as Generalized

laGrange Multipliers -—- to arrive at a spares provisioning posture.

The process involves optimizing a specific quantity (like fill rate ,

backorders , Not Operationally Ready - Supply (NORS ) or Operationally

Ready) subject to constraints on time , investment cost, number of

operating locations and the like . In their computations , spares

models require inputs concerning utilization , item failure rate

and repair time. In choosing a spares model it is important to

consider how it treats the indenture or hierarchical nature of the

recoverable asset and the manner in which failure rates are determined .

These areas will be discussed in connection with the MOD-METRIC

Model in Chapter V .

Level of Renajr

Level of repair refers specifically to the maintenance posture

adopted or proposed for a particular system. In the Air Force ,

maintenance posture has historically been two-echelon --- that is,

repair at base or repair at depot. To make this determination , level

of repair models generally employ accumulating methods which result

in a comparative measure of life cycle costs for the system if

repaired at separate levels. At the same time the model will accumulate

initial inventory costs and subsequent replacement costs for an asset

17
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I

if discarded at failure . While not a level of repair decision ~er se ,

discard at failure is a viable alternative to a two—echelon system;

especially when components are high-volume , fast turnover items .

Level of repair decisions are principally driven by estimates of

cost for initial spares , cost for new repair facilities (including

support equipment), repair/resupply costs (men , materiel , transportation)

and ancillary costs like training, technical data , etc . (Ref 3 :22) .

Most models calculate these estimates from standard value and engineer-

ing data inputs . After the cost comparisons indicate which maintenance

posture is most economical , the man—hour and machine utilization rates

can be translated into personnel and support equipment requirements .

One problem that arises in using level of repair models is that

most attempt to make an optimal spares provisioning calculation to

facilitate comparison of systems at levels of equal effectiveness

(Ref 3 23) . In actuality , supply policies normally stipulate a

specific supply effectiveness which is less than optimal because of

control and standardization considerations . The result is that repair-

level analyses will accurately portray the rankings of life cycle

costs for different systems ; however , these costs cannot be viewed as

accurate estimates of true operational costs . A detailed treatment of

reconciling optimum spares policy with the Air Force supply system

procedures was developed by Stephen Enke in 1958 (Ref 10:266-281) .

As he points out , the problems remaining are formidable and , as of this

writing, the institutional difficulties have yet to be completely

resolved .

Life Cycle Cost

Life cycle cost models can be described as umbrella models : they

18 
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try to encompass all costs associated with adopting a particular design .

Because of this , they do not normally contain overly rigorous treat-

ments of the individual components which constitute the model such

as spares provisioning and level of repair. Yet life cycle cost

models can be the most important techniques used by an acquisition

manager because they generate the aggregate measures of performance

and support necessary to conduct tradeoff analysis and final source

selection.

In practical use , models which deal with cost accumulation over

the design life of a system are referred to as life cycle cost models .

It would be more accurate to characterize these models as “logistic

support cost ” models because , as was noted in Chapter II , well over

half of the total life cycle cost is chargeable to logistics support .

Since initial procurement costs are , in eff ect , sunk; it would be

only mildly facetious to conclude that support costs are the only

manageable costs which accrue during a system ’s life cycle. This is,

of course , an oversimplification. Life cycle cost models can be

applied early in the acquisition cycle to do the following tasks:

1. Examine the impacts of operational requirements on design
and support alternatives.

2. Highlight costly support requirements resulting from design
decisions and indicate design change alternatives.

3. Compare alternative support postures.

4. Develop budget estimates during the advocacy process .

5. Act as evaluation tools in the source selection process (Ref 3:30).

Models which attempt to quantify life cycle costs best achieve the aims

of the 113 concept because they force consideration of future support

requirements while providing the framework for support planning once

the final design is selected .

19
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One final aspect of life cycle costing should be noted. The

models which have been designed to make cost estimates are often

criticized because of the wide variances that occur between predicted

costs and actual life cycle costs. There is much explanation yet little

argument over this fact. It does not however , diminish the useful-

ness of ICC models . The comparisons performed by these models among

systems , design considerations and support postures will indicate

early in the acquisition process the most economical choice , regard-

less of the actual magnitude of the final pricetag.

Summary

This chapter has attempted to define, albeit rather generally ,

the process of modelling and the types of logistics oriented models

available to the logistics acquisition manager. Ideally, models are

not viewed as remote , uncompromising black boxes or , conversely , as

possessing an overabundance of mystic powers. According to one

practitioner in the art of modelling, modd building is based on human

jud.gement , intuition and guesswork. The results that come , often with

high precision , from a model must be viewed in this light (Ref 8:77) .

The human input is an important factor to consider when working with

logistics models . The impulse to make decisions simply because results

came from “the model” can be overwhelming if one listens too long to

what is touted about models. Fortunately, as Herman Kahn notes ,

Today, systems analysts are getting to be
both more modest about their claims arid
better at their work . If the trend continues ,
we may well come out with ~ match between
claims and produc t (Ref 11:37).
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Chapter IV

Integration of Support Cost. Level of Repair

and Spares Provisioning Models

This chapter is concerned with the specific problem of integrat-

ing various types of logistics support models into a useable frame-

work . Although a large number of such models are used to support

the 113 concept , the study focuses on three Air Force developed

models. This chapter deals with the scope and methodology which

will be used to investigate these three models in the following

chapters.

The SCALE P~oposal

Several attempts have been made to conceptualize a framework

within which sets of models would interact in a logistics support

context . In addition to the Rand report already cited , Boeing

Aerospace Corpo ration and the Logistics Management Institute have

each investigated the adaptability of specific logistics support cost

techniques to an overall 113 framework (Ref 2 :7) .  The most recent

effort in this area is the Systematic Cost- and Logistics—Effective-

ness (SCALE) procedure developed during 1975 by Battelle Columbus

Laboratories of Columbus , Ohio , for the Air Force Logistics Command .

One of the ancillary findings of the SCALE report was that similar

attempts to portray the interrelationships among logistics models ,

although seemingly successful on paper , were never made operational .

This , the report said , was largely due to the absence of g-uidelines
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for use of the models and lack of a “working vehicle ... for conveniently
resolving model inconsistencies and making them more accessible and

responsive (Ref 2 :7) . ”

The SCALE proposal attempts to resolve the shortcomings of

previous efforts. The concept has as primary goals and features:

1. Use of existing models.

2. Consistent input/output.

3. Interaction of models.

4. Q.uick response by a broad spectrum of users.

5. Hierarchical framework for relevant application at each stage
of weapon system development and subsequent operation.

6 . Balanced consideration of elements of logistics support and
operational effectiveness.

7. Central model control and. responsive adaptation to new
systems (Ref 2:3-Li.).

As an adjunct to def ining the concept of the SCALE procedure , the

report analyzes the peculiar characteristics of existing logistics

models and selects models for potential integration into a SCALE

framework.

The Battelle investigation eliminated early-on the quest for a

large model combining all the “best ” features of existing models on

the basis that such a model would be so comprehensive that only its

designers would be knowledgeable enough to use it and that such an

effort thwarts the many users who need to investigate only elemental

portions of a logistics support problem (Ref 2 :4).  The SCALE

developers also determined to select only well—established logistics

models so that the appearance of the models in an integrated framework

would require minimal relearning . This narrowed the field of model

candidates to 26 and eventually seven were chosen to establish a
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SCALE capability :

1. LSC. An Air Force model which accumulates logistics support
cost.

2. NOD-METRIC. A comprehensive Air Force inventory model.

3. ORLA . An Air Force procedure for level of repair decisions. -

• 4. LOCAL. An Army logistics support cost model.

5. GEMN . An Army repair—level analysis model for electronic
systems.

6. L-COM . An Air Force base activity simulation model .

7. AEP. An Air Force simulation model for assessing hardware
performance and reliability ( Ref 2:5) .

The report recommended that the “set of models be made available in a

computer framework which allows interactive , iterative and consistent

application (Ref 2 :5) . ”

Statement of the Problem

The primary conclusion of the SCALE investigat4 on was that there

exists a need to make the models proposed for integration more useable

(Ref 2 :60).  One requirement would. be a guideline on the combined

use of the models to synergistically access the best features. In

addition , a compatible set of input data variables is needed to resolve

the current inconsistencies from model to model (Ref 2:61).

The problem that has been circumscribed by the foregoing

discussion is to develop an integrating procedure along with associated

software and. guidelines that would validate at least a portion of the

SCALE proposal. The attempt needs to assess factors which might cause

differences in the before and after use of the models. In addition ,

the research would need to survey the implications of using an

integrated framework.
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Scope

One overriding concern in this study was the level of involve-

ment that would be required to implement the SCALE proposal in toto .

It was decided to restrict the scope to certain aspects of the SCALE

proposal and to three models : LSC, ORIA and MOD-METRIC. The Army

models , LOCAI.V4. and GEMM were excluded because they have not , as yet ,

received wide attention in the Air Force; and consequently, the

computer incompatibility and lack of experience in using these models

became overruling considerations . By contrast , a great deal of

expertise was available for the Logistics Composite Model (L_ COM)

and the Avionics Evaluation Program (AEP). However , the disqualifying

factor here was the complex formatting of the data inputs for these

simulation packages. In addition , there is very little overlap with

the other five models In data requirement and mode of application

(Ref 2:37-40).

The three models chosen have certain attributes which make them

attractive for a first attempt at integration . In particular,

1. They are Air Force developed models which have been
computerized on the time-sharing CRE~tTE system maintained by the Air
Force Logistics Command.

2. They are used routinely in the acquisition process in AFLC.

3. Comprehensive user’s guides have been developed for each model .

The fundamental purpose of the Logistics Support Cost (LSC) model

is to estimate the expected support costs that may be incurred by

adopting a particular design (Ref 12:3). As such , I$C is the basic

AFLC tool to support the early phases of logistics acquisition

management and the logical choice for initiating the development of a

SCALE framework. Of the candidates proposed for SCALE integration , the
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Optimum Repair-Level Analysis (ORLk) and MOD-METRIC models have both

intuitive and practical appeal for inclusion in an investigation of

an interface procedure. The L3C model requires data of a level of

repair and inventory nature; and it follows that the more detailed

analyses of the ORLA and MOD-METRIC models in these areas may enhance

the predictive abilities of LSC.

In brief , the scope of the remainder of this study will focus

on making ORI~ and MOD—METRIC decision indicators compatible with

I$C input requirements .

Methodology

To investigate the problem within the scope that has been set

forth , the research centers on two requisites :

1 • A procedure for transforming variables into inputs
accessible by any of the models .

2. A schem e which defines how each model iteratively interacts
with the others .

In Chapter V the study describes the respective roles of the

models within the 11$ concept by detailing their individual method-

ologies and analytic techniques. The basic material is taken from the

following guides:

1. “Logistics Support Cost Model User’s Handbook” , P T ~ /AQMLE,
Wright-Patterson AFB , OH , June 1975 .

2. “Optimum Repair—Level Analysis (ORLk)”, AFLCM/AFSCM 800-4,
Department of the Air Force, June 1971.

3. “MOD—M~~RIC: A Multi—item , Multi-echelon , Multi-indenture
Inventory Model” , Muckstadt , J . A . and J . M . Pearson , AFIT School of
Systems and Logistics, Wright—Patterson AFB , Ohio , February 1976 .

Chapter VI begins with an analysis of differences in input

variables and assumptions associated with the models . This review was

initiated in the Battelle report on the SCALE proposal (Ref 2:19-35) .
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Next , a computer-compatible input routine is developed which trans-

forms static variables into a data array available to the three models .

The use of all three models currently requires approximately 170

variable definitions which share a common base. Because of considerable

overlap, this total can be reduced by about one third thru a trans-

formation routine accessible to all models simultaneously.

The interaction of the models is discussed in Chapter VII , along

with a scheme to interface the analytical methods so that an iterative

procedure results . In subsequent discussion of tailoring the models

to achieve some level of interaction it should be noted that “ interactive”

is used in this study to connote the manner in which the individual

models interrelate; not in the more frequent context of using the

models in an “on—line ” computer terminal sense. Chapter VII does rely

heavily, though , on the FORTRA N-based computer listings of the models

which are available on AFLC’s CREATE computer operating system.

The concluding chapter of this study is devoted to assessing

the outcome of this first attempt (by the researcher) at model

integration. It lays out the assumptions and frequent simplifications

that were required to investigate , in a small way, the broad. area of

logistics acquisition modelling.
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Chapter V

The LOGISTICS SUPPORT COST, OPTIMU?? REPAIR-

LEVEL ANALYS IS and MOD-~~ TRIC Models

The three models described in this chapter enable acquisition

managers to perform detailed analysis of the effectiveness and cost

factors associated with logistics support for new systems . The LSC

and ORIA models have been used for some time by logistics program

managers (DPML ’s) and system contractors during the design selection

process. The MOD-METRIC program, a more recent development , has

received its widest application at the headquarters AFLC and sub-

ordinate Air Logistics Center levels .

The descriptions which follow focus on the underlying assumptions ,

data requirements and analytical methods of the models. Their modes

of application and roles in the acquisition cycle will be discussed

in conjunction with the material in the next two chapters.

The LOGISTICS SUPPORT COST Model

The LSC model is one of the methods used to estimate the

expected support costs incurred by adopting a particular design

(Ref 12:3). The model employs cost accumulating techniques --- that

is , it arrives at its final estimates by summing standard and projected

cost elements over the life cycle of a system . Its comparison of

design alternatives is characterized by cost precision rather than

cost accuracy. This may appear to be counterproductive to the intent

- 
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of life cycle costing; but as the reader will recall from Chapter III,

absolute cost estimates are diminished by the uncertainty of predicting

the future. Instead , 130 focuses on precision of cost differences

among systems to exploit the merits of making comparisons based on

relative cost. The model is useful in three areas:

1. Sourc e selection ——- To obtain an estimate of differential
costs among proposed design configurations.

2. Contract definition --— To establish a baseline commitment
on aspects of operational supportability pending verification.

3. Prototyping ___ To aid decisions in discriminating among
design alternatives (Ref 12:4).

Assumptions. The characteristics of the cDerating environment

envisioned in LSC are important to understanding the scope of the

cost estimates which result . The following assumptions form the basis

for the simplified view of the world which ISO models :

1. A uniform level of activity (such as flying hours) exists
at each operating location .

2. The spares stock level and pipeline quantities are computed
to support end strength levels of activity.

3. Only those logistics support costs associated with the
weapon system , major subsystem and First Line Unit (FLU) are
explicitly compu ted . Components below FLU are considered in terms
of FLU repair costs (Note : subsystem and FLU are differentiated in
the List of Abbreviations at the beginning of this study).

Li.. There is one depot repair location and any specified number
of intermediate (base—level) repair locations.

5. The required quantity of support equipment (SE) is determined
for peak activity. In addition , the calculation for required amounts
of identical SE is predicted on the man—hours required to perform the
tasks. In other words , at peak activity a single piece of SE will be
occupied for the entire time it takes a man to complete the task. If
identical tasks are being perf ormed concurrently,  additional SE will
be required.

6. Estimates for initial maintenance cadre training costs are
also applied to follow—on (government sponsored) training.
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7. Certain non-quantifiable costs are not considered . Examples
are modification costs, maintenance costs generated by false removals,
and replacement of items condemned at depot as a result of policy.
These elements contribute to ICC , but cannot be attributed to selection
of any particular design. Therefore , even if they could be quantified,
there is no equitable way to distribute them among competing designs
(Ref 12:5—6).

~~~~~~~~~ There are 94 data elements required to satisfy the model

equations. 36 are standard elements pertaining to the weapon system

in general. The rest require multiple definition , depending on the

number of system~ FLUE or pieces of support equipment being considered.

For descriptive purposes , the source and type of data can be

divided into five categories :

1. Program elements --- These elements are derived from the
desIgn and operational concept of the ~ystem. Some examples are :
projected flying hours , geogra~hic deployment and weapon system
standards. They are normally provided by the government.

2. Contractor-furnished system elements — —— These are costs
at major system level which accrue to~ a particular developmental
design . V

3. Contractor-furnished FLU elements --- These costs are
derived from operational experience with previous system components
or contractor projections for items incorporating new technology.

Li.. Propulsion system elements --- The contractor supplies
these estimates based on engine unit cost and characteristics. The
governiient provides inputs such as repair cycle time , resupply time
and fuel costs .

5. Government—furnished standard elements --- These are
historical cost and time figures for labor , inventory , pipeline time
and the like (Ref 12:6—7).

Model design. The ISC model consists of ten equations or submodels,

each representing a resource cost element necessary to operate the

logistics system (Ref 12:8). The ten equations are:

1. Cost of FLU Spares .
2. On—Fquipment Maintenance.
3. Off -E~ uipment Maintenance.
4. Inventory Management Cost.
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5. Cost of Support Equipment .
6. Cost of Personnel Tra ining .
7. Cost of Management and Technical Data.
8. Cost of Facilities .
9. Cost of Fuel Consumption.

10. Cost of Spare Engines .

Equations 1 thru 8 represent individual cost centers which contribute

to the life cycle cost of a system . Equations 9 and 10 concern costs

unique to propulsion systems --— kept separate for the sake of

visibility. The net product of the LSC computations is determined

by aggregating the results of the individual equations for each system

being considered.

Figure 1 shows the ISC equation for Cost of FLU Spares. It is

representative of the types of mathematical techniques used by ISC.

The total cost , in this case , is separated into three components :

cost of spares to fill the intermediate pipeline , cost to fill the

depot repair pipeline and cost to replace condemned FLUs.

The first term computes cost to fill the intermediate (base)

repair pipeline at peak level of activity. STK~ represents the number

of FLU spares of the 1th type required for each base plus a safety

stock. Since STK
1 is not provided as raw data, it is calculated by

a subsystem of equations which consider the average demand rate

(Fqn 1.1) andthe time in the pipeline (Fqn 1.2) against the standard

set for expected backorders , EBO . The product of and t~ represents

the number of demands for a specific type of FLU expected to occur

while the FLU is in the base repair pipeline. Because these demands

occur in a random manner , it is necessary to make a probabilistic

estimate of demand to provide a reliable level of safety stock. In

this example , the probability of a demand occuring given a mean demand ,

A 1t 1 , in assumed to follow ~ Poisson distribution . This distribution
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where :

N - number of bases 
V

STKi - FLU spares required to fill base repair pipeline (stock) .
UC 1 — unit cost at original provisioning.
PFFH - peak force flying hours/month .
QPA1 - quantity of identical FLUs in system (Quantity Per Aoplication).
IJFi - ratio of operating hours to flying hours (Use Factor) .
RIP1 — fraction of failures which can ‘be repaired in place.
NRT~1 - fraction of removals returned to depo t

(No t Reparable This Station) .
DRCT i - average depot repair cycle time .
MTBF1 — mean (operating) time between failures.
TFF}1 - total force flying hours .
CONDj, — condemnation rate.
RTS1 - fraction repairs at base level (Reparable This Station).
BRCTi - average base repair cycle time .
OSTCONi - average order-and-ship time - ~O~US.
OSTOS1 - average order-and-ship time - overseas.
OS — fraction of forc e deployed overseas. V

Fig. 1. LSC Model Equation (Adapted from Ref 12:2-1)
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is appropriate in many situations where an “event ” occurs over a period

of time; when it is as likely to occur in one interval as any other;

and where the occurrence of an event has no eff ect on whether or not

another occurs (Ref 13:318). The “event” in this case is a demand for

a specific FLU. Using this condition, the minimum SDC~ can be chosen

consistent with the expected (planned ) number of demands that will be

unfilled as a matter of policy (EBO) . The mathematical representation

of this procedure is shown in Eqn 1.3 of Figure 1. Finally , the cost

to fill the base pipeline is computed by multiplying the quantity,

STK ., times the unit cost , UC1, and summing over all types of FLUs

from i = l,...,N. The result is then multiplied by the number of

bases , N , to determine total cost.

The second and third terms of the cost equation for FLU spares

have the same basic structure as the first. There are two differences

that make them more computationally palatable, however . First , the

raw Input data is directly substituted , obviating the need for a

system of sub-equations. And ; there are no probabilistic consider-

ations thus simplifying the calculations.

Summary. The remaining 9 equations in the ISC model are similar to

the one just described. The predominant analytical method is the

cost accumulating equation. in 7 of the ten equations, Mean

(operating) Time Between Failures (NTBF) appears as the basic

reliability parameter of the FLU . An important factor to consider

when using IBC is the weight this variable , usually an engineering

estimate , carries when making weapon system comparinons . Another

technique used by LSC is the probabIlistic estimate -—— such as the

one based on the Poisson distribution in the equation described above.
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Although applied with equal effect across the systems being compared,

the more important consideration is the degree of correspondence that

the hypothetical underlying distribution has to the actual operating

environment.

Because this study focuses on the computerized version of the

LSC model, further description of the model equations will not be

made. A mathematical description of all ten equations can be found

in Appendix 3 of the Logistics Support Cost Model User’s Handbook ,

published by AFLC/AQN.

The OPTIMUM REPAIR-LEVa ANALYSIS Model

Optimum repair-level analysis is an iterative process designed

to be used by logistics managers throughout the validation ,

development and production phases of a weapon system life cycle

(Ref 14:1-1). The concept of level of repair encompasses not only

the repair location but the extent of maintenance permitted and the

resources necessary to support the repair policy. Repair in this

sense includes the identification of items to be supported under a

discard-at-failure maintenance policy.

The mathematical ORLA model provides a decision indicator of the

optimum maintenance policy which will help achieve the minimum total

support cost for a specified level of system effectiveness. It can

be described as a two—echelon , single item , single indenture process.

The model ’s analytic method relies , as does LSC, on the cost

accumulating equation . It computes a discard penalty (cost),

intermediate (base) repair penalty and depo t repair penalty for the

system l ife cycle; then selects the penalty with the lowest cost..

The computerized version of the model also produces a summary of
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required support equipment and performs a stenwise sensitivity analysis

on selected variables while all others are held constant .

Assumptions. Many of the assumptions underlying the ORLA model are

identical to those stated for LSC. In particular , those relating to

the view of the operating environment such as uniform levels of

activity at each base , computing quantities based on end strength and

a two-echelon (depot and base) maintenance policy are the same . ORLk

makes the following additional assumptions about the maintenance

structure :

1. The cost of items to support a discard—at—failure option is
a front-end investment . The quantity Is only a “best estimate ”
because it is made early in the acquisition process and, consequently,
the initial procurement may not accurately reflect what is actually
used during the system ’s life cycle .

2. The model considers only one indenture of the item being
analyzed. That is, it considers the quantity of the item being

V analyzed; and the quantity of lower indenture reparable or economic
order quantity items required for repair of the item analyzed.

3. Since the decision on lower indenture items (ie . ,  reparable
or EOQ) is not usually known when the model is run for specific
analysis items , the stockage of lower indenture items is computed

V using a modification to existing EOQ formula and , consequently , the
model tacitly assumes discard of these lower indenture items.

4. The quantity and cost of repair materials (lower indenture
components and supplies) for each required repair action is assumed
to be the same at intermediate and depot level.

5. A depot-level safety stock is established to account for
the increase in serviceable items stocked when a decision to repair
a certain item at depot is made . It is set at 15 times the depo t
daily demand rate for the item In accordance with AFM 57-1.

6. The cost formulations assume that the items in the repair
pipeline and stockage of end items and spare parts are an investment
which accrue in entirety to the maintenance decision selected . The
level of this investment should consider an appropriate dVISCOUflt
factor to account for the time-value aspects of procuring spare
parts during the system life cycle in contrast to the discard option ’s
front—end investment .
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7. The model assumes that any failure generated within the
system ’s life cycle will process through a complete maintenance
cycle. This means that in setting stock levels , it is highly
probable that some reparable items will be in the pipeline or stock-
pile when the system ’s life cycle terminates; however , full costs
for procuring and repairing these assets will be charged to the
system (Ref 14 :2-12 thru 2-17).

~~~ There are 68 data elements required to initiate the ORLk model.

An additional 9 are required if the support equipment summary is used .

The input requirements are divided into three categories :

1. Standard data elements -—— These are constant values for a
given ORIA application ; 36 required .

2. Item data package --- This is composed of three types 0±
inputs ; Item descriptIon . Naintenance factors and Variable data
parameters ; 32 required for each FLU.

3. Support Equipment data set --- This is an optional set.
There are two types of entries : Intermediate/Depot support
equipment description; and identity of items requiring support
equipment; 9 required.

The computer version of ORIA will perform repair-level analysis

on a maximum of 100 items during a run (Ref 15:1-2).

Model design. The ORLA model is made up of three sets of cost

accumulating equations ; each set dealing with one of the maintenance

policy options. The categories and their defining equations are:

1. Discard at Failure Cost : T
T
1 

= Life cycle replacement cost
T,, = Replacement packing and shipping cost
T~ = Base stock level cost -—— discard option

2. Repair at Intermediate Cost : F
F1 = Field shop support equipment cost
F2 = Field shop support equipment maintenance cost
F~ = Intermed iate Technical data cost
Fj~ = Intermediate—level training cost

= Base stock level cost ——— intermediate repair
Fg = Intermediate repair labor cost
F
7 

= Intermediate packing and shipping cost
F
8 

= Field supply administration cost
F
9 

= Intermediate repair facilities cost
F
10 

= Repair materiel cost
F11 = Cost of introducing items into the Air Forc e inventory

_ _  ~~~~~~~~~~~~~~~~~
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3. Repair at Depot Cost : D
= Depot repair pipeline cost

D2 
= Depot support equipment cost
= Depot support equipment maintenance cost

D~ = Depot technical data cost
= Depot-level training cost
= Depot packing and shipping cost
= Depot safety stock level cost V

= Base stock level cost —— — depot repair
= Depot repair labor cost

Dj0 = Depot repair facilities cost
D11 

= Repair materiel cost
D12 = Cost of introducing items into the Air Force inventory

The form of the defining equations is similar to the method described

for the I.SC model with one exception. The ORLA model does not make

use of probabilistic techniques in determining the distribution of

demands for a reparable item . , This is due in part to the nature of the

support cost problem that ORIA evaluates. The ORIA objective is to

estimate costs for the three prospective maintenance policies. In

this context , demand distributions are not decisive factors because

the same failure rates (and hence, demand for replacements) can be

expected no matter which maintenance policy is adopted . Instead , ORIA

uses point estimates or percentages in those cases where demand rates

must be considered . The mathematical descriptions of the equations can

be found in Attachment 3 of AFT-C Manual 800-4 , dated 25 June 1971.

One area of the ORLA model somewhat related to the demand

situation is the determination of the expected number of times per

month a task which requires corrective action will occur . This quantity

is titled: Questionable Corrective Task Frequency (QCTGM) . QCTGN is

an important variable in ORLA ; appearing in 17 of the 26 equations .

Its calculation is shown in Figure 2.

The most critical component of the QCTGN calculation is the

factor involving mean time between corrective tasks for the item



V V

QCTGN = Questionable (Expected) Corrective Task Frequency

= (UE) (un)( e) (QyA)
(MTBCT)

NTBCT = Mean time between corrective tasks for an item

= (MTBF)

~~~~~~~~~~ 
(1— 1(4)

where :

UE - unit equipment per operating location.
UR - utilization rate .
QPA — quantity of like items per unit equipment.
8 - Failure allocation. The failure allocation is the reliability

apportionment assigned to the next lower indenture of equipment .
It is the proportion of failures of the item being analyzed
caused by failure of a specific component part.

2 
- Conversion factors for realigning specification NTBF to

operating environment.
1(
3 

— Ratio of item operating hours to flying hours .
1(
4 - Percentage of failures which can be corrected on-equipment .

Fig. 2. Questionable Corrective Task Frequency
(Adapted from Ref 14:2-11)
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(MTBcT). This element is a variant of M1’BF. NTBF, which Is usually

a design estimate , can be deflated by any or all of the K-factors as

shown in Figure 2. K1,2 will normally equal 1 because the MTBF used

should be the minimum acceptable value for the applicable configuration

item specification . However , the ORIA formulation does allow the

user to amend the I~TIBF figure based on “more realistic” estimates

such as Reliability Qualification Testing (AFT-C Manual 66-18) or

operational experience.

Summary. The ORLk model ’s final estimates of repair-level cost are

made by summing the individual cost equations under the three

categories and then selecting the least cost solution. In addition

to the support equipment summary which is included in the computer-

based model , a sensitivity analysis Is also performed. This analysis

traces the effect on the repair-level decision of variation in seven

standard factors :

1. Unit equipment per operating location.
2. Utilization rate.
3. Direc t labor hours to fault isolate , repair and verify

per repair task.
4 . Unit cost.
5 Mean time between demands.
6. Cost of unique depot support equipment .
7. Cost of unique intermediate support equipment.

The user can add three additional sensitivity candidates . In

conducting the sensitivity analysis each factor is varied from 20%

to 500% of Its original value while all others are held constant. If

a reversal signalling change in repair decision occurs, this fact and

the cost figures surrounding the new decision are printed out .

The fact that the ORLA model considers only one indenture has

already been mentioned . This requires that the user either initiate
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an OBLA at the lowest indenture level and work up to system level ; or ,

1±’ circumstances require, start at or near system level and recognize

that the model enforces a discard-at-failure and subsequent EOQ

decision for lower indenture. In the latter case, the techniques

used by the model for establishing EOQ should be examined to insure

that they reflect realistic policy considerations.

The MOD-ME~ RIC Model

The MOD-M~~RIC model is an outgrowth of the Multi-Fchelon

Technique for Recoverable Item Control (~~ I’RIC ) developed by the RI’~ND

Corporation . Both METRIC and MOD-METRIC have as their objective the

determination of stock levels in a two-echelon (base and depot)

inventory system for items that are subject to repair when they fail.

The MOD-METRIC model differs in that it explicitly considers the

existence of a hierarchical parts structure (Ref 16:1). That is , a

system where individual , sometimes reparable , components are sub-

ordinate to a larger assembly which is the smallest object normally

removed from a weapon system as a unit . The algorithm used to

calculate the stock levels (spares provisioning) uses the concept

of marginal analysis to allocate a given level of investment in the

manner which achieves the greatest reduction in backorders for an

item.

The MOD—MFT’RIC model is the most analytically “elegant ” of the

three models discussed in this chapter. It is based on probability

estimates of demand and classical optimization techniques rather

than the cost accumulating methods used in I~C and ORIA . ~~ course ,

the model serves an entirely different purpose from life cycle cost

est imation;  it proceeds from a given level of cost to predictinr
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the quantity and distribution of spare parts required for an optimum

inventory policy.

Assumptions. The assumptions which follow apply to both the ~~TRIC

and MOD—METRIC versions of the model. The overall view of the

operating environment is similar to that envisioned by LSC. However ,

the approach to modelling the demand process is more markedly

thorough than either I~C or ORIA . Assumptions:

1. A particular item may be demanded from any one of several
operating locations; these “bases” are supplied from a single depot
location.

2. Maintenance time includes the time required to fault
isolate , remove , replace and test a defective module .

3. Resupply time is the time it takes to replace an asset that
was demanded from base supply.

4. A backorder occurs when there is an unsatisfied demand at
base level. The daily expected number of backorder days is calculated
by dividing the accumulated backorder days by the number of days in
the data period and then determining the mathematical expec tation
of the quantity.

5. No penalty is directly assessed for depot backorders except
as they affect base backorders.

6. The probability distribution associated with the demand
process is assumed to be a compound Poisson distribution . (This is
discussed further under Model design) . In addition , the distribution
of demand is stationary , which means that the process does not depend
on any particular startin~ point in time , but rather on the time
interval between demands (Ref 17:329).

7. There is no lateral resupply among bases.

8. There are no condemnations in the repair pipeline. All
failed items which enter the repair cycle are assumed to be V

successfully repaired at base or depot. In addition , as soon as
an item fails it is immediately placed in the repair pipeline; no
batching occurs . -

9. The quantity of spare assets at a base remains constant
over time. Stock on hand (serviceable and unserviceable) plus on
order from depot minus backorders equals spare assets.
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~~~ The MOD-I’~~I’RIC model requires various data inputs, although not

as many as eIther LSC or ORIA. The necessary parameters include V

average base and depot repair times for each item , unit costs , ~RT~

rates , and average order-and-ship times (Ref 16:6). The sIngle most

important parameter is the probability distribution associated with

the demand process . Several possibilities exist for choosing a demand

distribution , however , the MOD-~TI’RIC model utilizes a Poisson

variate suggested by Craig Sherbrooke of the Rand Corporation. This

distribution is discussed in the next section .

Model design. The MOD—METRIC objective is to minimize the expected

base backorders for an item subject to an investment constraint on the

total dollars allocated for that item and its components (Ref 16:22).

The calculation for expected base backorders is derived from the

theory of the infinite chan nel queuing model . This model is applicable

to systems which operate under an inventory policy where spare assets

at a base remain constant over time . In essence , the queuing model

uses the probability distribution of demand to specify the probability

distribution for the number of assets in supply which , in turn , is

used to calculate the expected number of backorders ( Ref 16:10).

The MOD-METRIC model uses a compound Poisson distribution to describe

the demand pattern. From this a negative binomial distributIon

emerges as the distribution of the number of assets in supply.

Using the measure of expected backorders derived from the above

distributions and average resupply time , which is also assumed to be

compound Poisson , an algorithm to calculate stock levels by using

marginal analysis can be described . The mathematical  problem which

must be solved is shown in F~~ure 3. The solution requires that t }e
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C~ S . + Ce 

S~~~C

Where :

M - number of bases.

S~ — end item stock level at base i.

- removal rate for end item at base i.

T. - average resupply time for end item at base i.

C — unit cost of end item.
e

N - number of sub-modules.

C . — unit cost of module j.

S . - module j stock level at base i.ii
S . — module j stock level at depot.

S - end item stock level at deDot.
0

C - budget limit .

Fig . 3. Stock Level Algorithm
(Adapted from Ref 16 :25-26 )
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~roblem be partitioned, and separate optimizations be performed for

end items and sub-modules. First, the sub-module problem is solved

by constructing a I6Grange multiplier function and solving N

independent module subproblems for a given value of the LaGrangian

multiplier. As each subproblem is solved , the quantity of depot

module stock is fixed and another optimization is conducted to

determine base stock by using marginal analysis . Optimal depot

stock can then be calculated using an adaptive search procedure to

find the value of the multiplier that is most closely associated

with the budget constraint . The result is an allocation of the budget

among depot and base module stock levels. The portion of the problem

concerning end items can then be solved in the same manner using that

part of the budget not allocated to modules in the first step of the

algorithm.

Summary. It is apparent that in solving the minimization problem

for end items and sub-modules, a great deal of brute force analysis

is required . Operational experience with the model has shown that

the search for optimal depot stock rarely exceeds ten applications

for either end items or sub—modules (Ref 16:28). In addition , the

number of module budgets that need to be evaluated is limited because

of the narrow range assumed by the laGrangian multipliers .

The MOD—METRIC algorithm described applies to a single Line

Replaceable Unit (LRU) and its subordinate Shop Replaceable Units

(SRU’s). In the computer version of the model , this algorithm is

extended to solve problems in which many LRU/SRU groupings are

considered simultaneously. The objective of this extended model

s to mir~~mIze total expected base LRU backorder subject to a
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constraint on investment in all LRU and SRU’s. A detailed description

of this process can be found in “NOD-METRIC: The Algorithm and

Computer Programs” , by John A . ~~ckstadt and John N. Pearson.
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Chapter VI

A Model Compatible InDut Routine

The logistics models described ~ ii the previous chapter --— LSC ,

ORLA and MOD-METRIC --- contain considerable overlap in input data

requirements. It is generally true to say that all three models

use the same data base. In the analysis of a specific system , the

differences in input data from one model to the next are primarily

due to the level of detail and level of data aggregation that is

required . Of course , because of the differing aspects of logistics

accuisltion addressed by the models , there are also certain unique

data elements required for individual model implementation.

With the help of tables , thi; chapter attempts to lay out the

relationships among the specific input variables in the models.

The required variables are divided into three categories :

1. Common variables. These are input elements that are
identical in at least two of the models. The only differences may
occur in the variable names assigned to them.

2. Unique variables. These elements are unique to the
requirements of a specific model and consequently are not considered
by the other models.

3. Aggregate variables. These data elements exist in more
than one model but differ in level of aggregation or unit of
measurement.

The arrangement of the tables follows the method initiated in the

Battelle study. The variables are listed according to model under

the major ~ubheadLi.~s:  Weapon 3ystem , Maintenance , Personnel ,

~~ares , Support ~~uipnent , and Logistics AdjninL~tration. The
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description of the variables in the first column gives an insight to

the scope and assumptions underlying the respectiie model.

The final segment of this chapter desc~±bes the collation of

input data to form a single list which is compatible with the

requirements of the three individual models.

Common VarIables

The 15 variables which are common to at least two of the models

are shown in Table II. Variable dimensions (where applicable) are

shown in parentheses next to the specific variable name . The

descript1Vons under “Input Data Items” generally follow the definitions

given in the Battelle SCALE report (Ref 2:19-35). More detailed

explanations of the variable definitions can be found in References

12, 15 and 18.

Unjcue Variables

There are 51 variables which serve a unique requirement in

application of the models. These are listed in Table III. The

largest portion (39, to be exact) are unique to the LSC model. This

occurs for two reasons. First, IISC generally requires a greater

level of detail since it attempts to deal with total life cycle cost

in all logistics areas. This generates the requirement for

additional data elements --- many in the area of man-hour accounting .

Second , LSC is the only model which separates and analyzes engines

as distinct entities. Thus, engine peculiar data makes up a large

part of the unique variable list.

Ag~~e~~te Variables

V 
The term aggregate variables is used to desL nate those

L~. ~
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Table II

COMMON VARIABL~~

Input Data Items LSC ORL& MOD-METRIC

A . Weapon System

1. Number of operating N N NBASE~
locations

2. Operational service PIUP(years) PIUP(years)
life of system

3. Quantity of like QPA QPA APP
FLUs within the
parent system

4. Expected unit cost UC ($) UC ($) CLRU ($)
of FLU

5. Ratio of operating IJF K
V hours to flying hours
V for the FLU (Use

Factor)
6. FLU unit weight W (lb) UW (ib)

B. Maintenance

1. Mean time between MTBF(hours) MTBF(hours)
failures

2. Fraction of removed NRTS YNRI~FLUs expected to be
returned to depot
for repairs

C. Personnel

1. Annual turnover rate TRB VF
for base personnel

2. Annual turnover rate Thi) VL~
for depot per~sonnel

D. Spares

1. Fraction of removal CON]) CONL
FLUs expected to be
condemned at base
level

V E. Su pport Fquipment

4?

rn 
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Table II (Continued)

Input Data Items L3C ORLA MOD-METRIC

F . Legistics AdmInistration

1. Annual base supply SA SA
line item inventory ($/item/ yr ) ($/item/yr )
management cost

2. Number of new “P” PA IA
coded repairable
assemblies within
the FLU

3. Number of new “P” PP LP
coded consumable items
within the FLU

4. Average cost of tech- TD ($/page) TD ($/page)
nical documentation
(does not include
reproduction)

I
, 
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Table III

UNIQUE VARIABLES

Input Data Items I-SC ORIA MOD-METRIC

A . Weapon System

1. Unit equipment per UE
operating element

2. Peak force flying PFFH(hrs/mo)
hours

3. Number of systems NSYS
within the weapon
system

4. Number of different N
FLU’s within the
system

5. Number of’ engines EPA
per aircraft

6. Expected unit cost of ~JC ($)
a whole engine

7. Fuel cost per engine FC (s/gal)
8. Fuel consumption FR (gal/hr)

rate of one engine
9. Weight of repair SW (lb)

material per repair
task

B. Maintenance

1. Average engine CMRI (h.rs)
operating hours
between removals

2. FLU operating K1, 
~~environmen + conver—

sion factor
3. Mean time between YMTBD (hrs)

demands
4. Fraction of removed ENRTS

whole engines which
must be returned to
depot for repair

5. Average man-hours MRF (hours )
per failure to complete
off-equipment main-
tenance records

6. Average man-hours per NBC (hrs.)
failure to complete
on-equipment main-
tenance records

_____  _____________ _____  ___  - - — - -~~~~~---~~~--—-,.. ~~— --- 4
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Table III (Cont inued)

Input Data Items I-SC ORIA NOD-METRIC

B . Maintenance (cont.)

7. Average man-hours per SR (i-irs)
failure to complete
supply transaction
records

8. Average man-hours per TB (i-irs)
failure to complete
transportation trans-
action records

9. Average man-hours to BC?~ (hrs)
perform shop fault
verification on a
removed FLU

10. Average man-hours to I~~ (his )
perform corrective
maintenance on the
FLU in place

11. Average man-hours PA~ { (hrs)
expended to gain
access to the FLU
in place V

12. Average man-hours to RMH (i-irs)
fault isolate , re-
move and replace
entire FLU

13. Average man-hours to ERVMH (1-irs)
remove and replace a
whole engine

14. Fraction of original ~~H
unit cost for depot
overhaul of engine
including labor and
consumable material
consumption

15. Average man-hours to S~~{ (hrs)
perform a scheduled
periodic or phased
inspection of system

16. Fract ion of removed RIP
FLU’s which can be
repaired or replaced
in line

17. Ratio of removals to K4
failures

18. Interval between ~MI ( i-ir s)
sch eduled periodic
or ?ha~ ed ~: D e c t I c r . :~

~ 0
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Table III (Continued)

Input Data Items I-SC ORLA NOD-METRIC

C . Personnel

1. Cost of peculiar TE ($)
training equipment
required for the
system

2. Number of depot per- X
sorinel to be trained per
supported location

3. Number of base per- W
sonnel to be trained per
location

D~ Spares

1. Expected number of EBO
V unfilled demands exist-

ing at any base at any
point in time

2. Procurement lead time PLT (months)
3. Engine automotive ABBUT (mos)

resupply and build-
up time

Li • Base engine repair B? (mos)
cycle time

5. Probability of satIsfy- CONF
ing a random demand
for a whole engine
from reserviceable
stock (base)

6. Depot engine repair DP (mos)
cycle time

7. Number of stockage
locations for spare
engines

F. Support Equipment

1. Total cost of addition- BCA ($/base)
al common base shop
support equipment
per base

2. 3ame as item 1 for DCA (5)
depot SE

3. Total cost of peculiar FLA. (S/base)
flight line SE and
additional common
fl ightline SE

51

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~ V~~~~~~~ ~~~~~~~~~ . .-~~~~



r -

~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table III (Continued) 
V 

V

Input Data Items I-SC ORIA MOD-METRIC

F. Support Equipment (cont.)

4. Total cost of shop BPA (S/base)
equipment per base
not directly related
to repair of the FLU

5. Same as item 4 for DPA (5)
depot

6. Oombined utilization BUR
rate for all like
items of support
equipment , base level

7. Same as item 6 for DUB
depot

8. Fraction of downtime DOW N
for a unit of SE for
maintenance and
calibration

9. Number of line items K
of peculiar shop
support equipment
used in repair of
the FLU

F • Logistics Administration

1. Number of standard SP
(already stocked)
parts within the FLU
which will be managed
by a base for the
first time

2. Ratio of packaged to ~iRCON
unpackaged weight -
CONUS

3. Ratio of packaged to ~~ROS

V 
unpackaged weight - OS

4. Investment items for AIR/ NO~~IR
which air movement of
replenishment items is
planned is identified as
Airlift = 0. Surface
transportation is Non—
airlift = 1

5. Prime Air Logistics ALC
Center
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variables which share similar definitions , but require minor

transformation to fit the exact requirements of a specific model.

Table IV shows the 51 variables in this category. By aggregation

and/or change of dimension , this list can be reduc ed to 43 input

variables which satisfy the requirements of the three models for

specific data . The input variables are shown in the first column

under the Input Data Items for the models . Next to the input

variables , the transformation which makes them compatible with

individual models is shown .

Descriotion of the InDut Routine

The input routine developed to establish a common data base

for the three models is best described as a “front—end” package

for the three distinct models. It is adapted for use with the

computerized versions of the LSC , ORLA and MOD-METRIC models as

they currently exist on the AFLC CREATE operating system . Two points

in this arrangement should be noted at the outset . First , onl y the

input phase is affected by the routine discussed in this study .

Nothing is done to alter the actual model workings or output formats

as they currently exist. Second , although the input routine and

the models can be accessed directly via CREATE remote terminal,

only the I-SC model is truly interactive in a time-shared sense

allowing output to be printed at the terminal. Both ORLA and NOD—

~~~RIC utilize line printer equipment in the batch mode for output.

Further description and use of the models on the CREAV2E system can V

be found in Appendix B of this study and the respective model user’s

guides (Ref’s 12 , 15 and 18).
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Table IV

AGGREGATE VAR IABL~~

In put Data Items I-SC ORIA MOD-METRIC

A. Weapon System

1. Fraction of total OS
force deployed
overseas

2. Fraction of total CON
force deployed in -

C ONUS

input variable : CON = 1 - OS
OS

3. Total force flying TFFH(hrs) FH(K)
hours V

4. Unit equipment UR(fly hrs/ (Fly/his
utilization rate no) month/base)

input variable : TFFH= FH(K) = UR
UR (uR)(PIUP) (~~ ) N

B. Maintenance

1. Fraction of removed RTS
FLUs expected to be
repaired at base
level

input variable : R~~=l-NR~~NRT~

2. Average man—hours to BNH(hrs)
perform base level
maintenance on removed
FLUs

3. Same as item 2 for DMM (hrs)
depot

4. Direct labor man- R~~ (his)hours to fault isolate ,
repair and verify per
task

inpu t variables :
BMM ,DMH 

______

n
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Table IV (Continued )

Input Data Items I-SC ORLA MOD-METRIC

B. Maintenance (cont.)

5. Base consumable BNR($/repair hi)
material consumption
rate

6. Cost of repair SC (5)
materials per repair
task

input variable : BMR=
sc £SC/BNH

NSYS

7. Same as item 5 for DMR
deiot (5/repair hi)

input variable : DMR=
SC ~~SC/DMHNSYS

8. Fraction of FLU unit BMC
cost for stockage and
repair of lower level
assemblies at base
level

9. Same as item 8 for DMC
depot level

10. Fraction of average PP
repair costs comprised
of known piece oorts V

input variables: pp

BMC , DMC BMC + DMC
2

C. Personnel

1. Direct productive PMB FLA
time at base level (hrs/man-yr) (hrs/man-wk)

2. Available work time BAA
per man in the base (his/man--mo )
sho ~

input variables : BAA = FIA = PMB V

PNB/ll
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Table IV (Continued )

Input Data Items LSC ORLA MOD-METRIC

C. Personnel (cont.)

3. Same as item 1 at P~~ DIA
depot (1-irs/man-yr) (hrs/man-wk)

4. Same as ft em 2 at DAA
F depot (his/man-mo )

input variable : DAA = PM]) DIA PM])
PM]) 11 48

5. Cost of peculiar TCB($/man) ZI
training per man at ($/man-wk)
base level

6. Duration of base ZD (weeks)
level training

input variables: (zZo~~ZI , ZD TCB4NFIUIZI

7. Same as item 5 for TCD(5/man) YI($/man-wk)
V depot

8. Same as item 6 for YD(weeks )
depot

input variables: (ZYD \
Yl , YD TCD=I,,NFLUJ YI

9. Base labor rate BLR($/hr ) FLWR( $Lhr )

input variable : FLWR= ZBLR
BLR NSYS

10. Depot labor ra~e DLR($/hr) DLWR($/hr)

input variable : DLWR=~~DLR V

DLR NSYS

D. Spares

1. Average order and C~~~ON (mo ) OST(K)(days)
3h~ p time with~.n
the ~02 5~



Table IV (Continued )

Input Data Items I-SC ORIA MOD-METRIC

D . Spares (cont.)

2. Same as item 1 for OSTICON(mo )
airlift investment
items

3. Same as item 1 for OSTNCON(mo )
nonairlift investment
items

input variables: OSTCON= OST(K)=
OSTICON , OSTNCON OSTICON-I-OSTNCON 15(OSTOS+OSTCON)

2

4. Average order and ship OSTOS(mo) OST(K)
time to OS locatIon

5. Same as item 4 for OSTIOS (mo )
airlift investment
items

6. Same as item 4 for OSTNOS(mo )
nonairlift invest-
ment items

input variables: OSTOS= OST(K)
OSTIOS , OSTNOS OSTIOS+OSTNOS l5(OSTOS-f-OSTCON)

2 -

7. Base reoair cycle BRCT( rn o ) BRT( mo ) BRTLRU(davs )

input variable : BRT=ZBRCT BRThRU=
BRCT NFLU BRCT(30)

8. Average depot repair DRCT( mo ) DRTLRU(days )
cycle time

9. Depot repair pipe- DPL(mo )
line time

10. Depot safety stock DSS(mo)
level time

input variables : DRCT=DPL( i) DPI-~~~DPL(j) DRTLRU=
DPL , DSS for each + DSS(i) NFLU 30(DPL(i)+DSS(j))
FLU (i = 1,.,., DSS=~~D SS(j )
NFLIJ) NFLU
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Table IV (Continued)

Input Data Items 
- 

I-SC ORIA MOD-METRIC

E. Support Equipment

1. Cost of software to CS (5)
utilize ATE

2. Cost of interconnect— m (
~

)
ing hardware to
utilize ATE

3. Cost of software and ICS ($/LRU)
interconnecting hard-
ware to utilize ATE
at base level

4. Same as item 3 for DOS ($/LRU)
denot

input variables : CS= ECS(i) lOS = DCS
CS , fli for each NSYS CS(i)+Di(i)
LRU (i = 1,..., i~= En-r(±)
NFLU) NSYS

5. Cost of new base FB($/base) FF($/LRU)
facilities to be
constructed for
operation and main-
t~~ance of the system

input variable : FF FB=~~~FF
(N) (NsYs )

6. Same as Item 5 for FD($/sys) DF($/LRU)
depqt

in put variable : DF - 
F1~ ~~ DF

NSYS

7. Fraction of original COB(%/yr) FAR
cost to maintain base (%/FLU-yr )
level SE

input variable : COB FAR =

for each item of SE ~~ CO8 for
each FLU
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Table IV (Continued)

Input Data Items LSC ORLA NOD—METRIC

F. Support Equipment
(cont.)

8. Same as item 7 for COD(%/yr ) DMR
d.epot (%/FLU-yr)

input variable: COD DMR= ECOD
for each item of SE for each FLU

9. Cost per unit of CAB($/unit) IUA($/FLU)
peculiar shop support
equipment

input variable : CAB lilA .=~~ CAB
for each unit of SE for each FLU

10. Same as item 9 for CAD($/imjt) DUA( $/FLU)
depot

input variable: CAD - lilA E CAD
for each unit of SE for each FLU

V F. Logistics Administration

1. Initial management cost INC($/ item) LA.C($/ item)
to introduce a new line IPC (5/item )
item into the
inventory

input variables : L~1C~i IAC+lAO , I~~ IPO

2. Recurring management RMC RAC (
cost to maintain a ($/item—yr ) ~p.~\$/ item_3rr )
line item in the
wholesale inventory

input variables : RAC , RNC=R.AC+
RPC

3. ~uinber of pages of JJ J
base level technical
documentation

_ _  
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Table IV (Continued)

Input Data Items ISC ORLA NOD-METRIC

F. Logistics Administration
(cont.)

input variable : JJ =

J for each FLU NSYS

4. Same as item 3 for H H
depot

input variable : H H =~~~H
for each FLU NSYS

5. Average packing and ~~C (~ /lb )
shipping cost to
CONIJS locations

6. Packing and shipping PSLRCON($/Ib)
labor rate - COlITiS

7. Packing and shipping PS?~CON(~/1b)
material -rate - CONUS

8. Shipping rate - CONUS SRICON( $/ lb )
airlift

9. Shipping rate - CONUS sRNcoN (~/lb )
non-airlift

input variables . ~~C ~~LRC0N + PSMRCON
PSLRCON , PSNRCON , + SRICON + SFNCON
SRICON , SRNCON 2

10. Same as item 5 for PSO($/lb)
OS

11. Sane as items 6—9 PSLROS (~~/1b
for OS PSMROS ($/lh

SRIOS (~ /1h
SRNOS( $/lh

input variables : ~~0 PSLROS + PbMRO3
PSLROS , FSMFT OS , SRI O~ + ~R’~O~SRIOS , SRNOS V V~

~ 0

~

.

~
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The input routine uses the L~C model requirements as the

beginning framework. This was done because l~C is a ha~ ic tool of

logistics acquisition modelling —-- encompassing both level of

repair and spares provisioning decision indicators . in addition , L~ C

provides more timely turnaround and is, thus , more attractive in

terms of input characteristics. Wherever possible, the variable

names used by I-SC have been retained .

The initial input routine consists of an interactive question

and answer sequence in which the user inputs the applicable data .

The routine computes the aggregate variables and then writes a

data array onto a file Dredesignated by the user. Segments of the

data array can then be accessed and attached to the applicable model .

Appendix B describes the actual “hands-on” procedure.

inout Data Variables

Constructing the data file as described above requires a

slightly different cut of the data than was presented in Tables Ii - TV .

The inDut routine groups the data into five categories according to

the sequence prescribed for the I~ C model . Two more categories are

L 
added, one each for ORLA and MOD-METRIC peculiar variables. The

resultant seven categories are :

1. Weapon system

2. Propulsion

3. System

4 . FLU

5. ijp ort Equipment

6. ORIA

7 ‘V1QD~~~4~~~~~~fl~

61

~ 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Table V

VARIABLE INPUT S~~UENCE

Weapon System

IJR N OSTICON OSTNCON OSTIOS OSTNOS
PIUP TiE OS IAC IPC RAC R?~
PSLRCON PSMRCON SRICON SRNCON PSLROS PSMROS SRIOS SRNOS
T~~ TB]) TD SA PMB P!~.W
PFFH E3O NSYS NRO MRF SR TB

Propulsion

EPA EUC CMRI ENRTS ER~~ E~H FR
CONF ARBtJT BP DP FC IS

System

XSYS SYS NOUN
BOA DCA BPA DPA FIA SMH TE N
Yl ZI SNI BLR DLR

FLU

NFLU
XFLU FLUNOUN NHA
QPA TIC NRTS BRCT DPL DSS
WI~F UP RIP BMC DMC ~
B~ i D~U~ SC PA PP K CS
IN FF FD H J ID ZD
PA1~i IM]! RM]i BCMH .PCOND

Support Equipment

NSE
XSE
CAB CAD BUR DUB COB COD DOWN

ORLA

~~RCON PABOS
1(1 }C2 K4 SW X W AIR/N ONAIR

MOD-ME1’RIC

YNTPD PLT AIC

L 
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V ~~~~~~~~ V V ~~~~~~

Concept Concept Full-Scale
Development Validat ion Development

Total
Support Costs I-BC

Level of
Repair ORIA

Spares NOD-METRIC

initial ~‘ initial detailed
dollar assessment distribut ion’~estimates of analysis

alternatives ~

Fig . 4 Model A pplication Sequence

Table V shows the sequence in which variables are entered . The

reader will note the addition of certain elements which have not

appeared in the previous input lists. Such names as XSYS, SYSNOUN ,

XFLU, etc . are general housekeeping entries which will identify

specific item designations and names in the program outputs. A ppendix

C of this study and the I-SC user ’s manual describe these elements

more fully.

Conclusion

Because the model user is not likely to have firm data early in

the acqu isition cyc le, he would probably make a few rough cuts at

analyz ing the available data on specific aspects of the problem

using the I-BC model . ~
‘i~ure 4 shows “normal” progression of model

usage during th e f~ rst three rta~~~ of the acquisi t ion cycle.  Us~ n~
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a model compatible input routine such as the one described in this

chapter , the user can , by adding a few extra data items , utilize

all three models to make planning estimates while the system is still

in concept development. 
-

The FORTRAN input routine described in this chapter is

reproduced in Appendix A . A~ mentioned previously , the input

routine deals only with establishing a compatible data base for the

three models . For detailed description of the model computer codes

and output products , References 12, 15 and 18 should be consulted.

The purpose for developing a single input formulation is to

consolidate the use of the models, thereby making them more access-

ible to the user. Appendix B at the end of this study should be

helpful in this respect, because it describes the actual implement-

ation of the models on the CREATE system using the input routine.



Chapter VII

Iterative Use of the Models

Until now this study has been directed toward explaining the

use of logistics models in the acquisition process in general and

consideration of the I-BC , ORIA and MOD-METRIC models , in specific .

The use of Logistics models, one at a time, to solve individual

parts of the logistics support problem will probably remain the

normal means of analysis for the acqusition manager. This occurs

for two reasons. First, different aspects of the problem reveal

themselves at different points in the development cycle. There is

a continuing requirement for analysis and review of these differing

areas, which realistically means that the logistics planner will be

primarily interested. in only certain Information from certain models

to solve current problems. Second , as mentioned in Chapter IV, a

large model which attempts to do it all might become too tedious

to use for only elemental portions of a Droblem . This defeats

or at least limits ——— the usefulness of models in general.

The interaction of models , as viewed in this study , is directed

at using model outputs to improve , in some sense , the data that

will he input to another model for e~~~~~~~~~V~sin . The models retain

their individua1it-~, hut the decision nake’- can tr~n~for~ selected

output from one 3ourc e thto rea~:ired ifl~~it f r  a Iiff~’re~ t model.

The result an tn t  e r a ct t cn  cf t~ e ‘~o ieL ~ ~ho~.en ~~‘; ‘he anai st

to investigate ~rV C ~r c t i ,~m.

S
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Because the decisionmaker is the key in putting the models to

work on the problem , it is impractical to design a routine for

computer use that mechanically picks and chooses among maxima or

V 
- 

minima and tries to connect all the models automatically. The

computer , however , can be used to facilitate this connection if it

allows the user to evaluate parameters of interest from one set of

output and then update the input files for the other model(s) being

used.

This chapter looks at the degree of interaotion that can be

achieved among the LSC , ORIA and MOD-METRIC orcgrams in the context

that has just been described . First the varying types of output

available from the computerized versions of the three models a-re

described . Then the specific output elements that provide a

connecting link among the models are isolated. Finall-i , a procedure

and an illustrative example are presented through which the user can

utilize the decision indicators output by individual models to

affect a degree of interaction among all the models.

ISO, OHIA and MOD-~~TRIC O~tp~t Products

The output available from the I~ C model in the time-shared

mode contains the total logistics support cost for the u v 3te m

followed by up to nine different forms of information. The urer

can select fro m the following options : V

1. The total weapon system IBC ; broken out arnon~ the ~en
equations .

2. All systems ranked in decreasing order of total cost.

3. Total cost for a specified system ; broken out among the
ten equations.

~~ For a specified system , component FL~n ranked l
~
y co~ t.
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5. Total cost for a specified FLU; broken out among the first
seven equat!ons.

6. A detailed SE analysis . F~ch line item of SE in the system
is listed along with the computed fractional quantities required
(base and depot) and the integerized total requirements.

7. A spares analysis showing the stock level , pipeline , and
condemnation replacement quantities required for whole engines and
FLUs .

8. A maintenance generations analysis showing the peak and
total FLU maintenance generations both on and off-equipment.

9. A FLU work unit code and noun description cross-reference
(Ref 12 :16—17).

The model may also be run in the batch mode , in which case all of

the options are provided with each run.

The ORLA computer model is executed in the batc’h mode onl y .

The output product contains three summaries :

1. Constants for the run , which lists the standard input
data elements .

2. An economic - and sensitivity analysis , by item , along with
the item variable input data. The economic analysis provides the
cost figures for making the repair level decision .

3. A repair level summary , which contains only essential item
information and the repair level decision determined b y the economic
analysis (Ref 15 :4-6).

The ORIA computer package will also compute a support equi pment

summary. However , thi s option was not considered in thIs study

because a sImilar capability exists with the L~C model .

The MOD-METRIC computer model is available in severa l version s.

Only the MOD_MET RIC/ONEIND version is considered in thIs ~tud v . It

is a one indenture , two echelon model which is compatible wIth the

I-SC FLU or ORLA LRU-SRU concepts for  a ~ace ( Intermediate) and ~enot

maintenance ~
V
~~t em The outnu t product includes nar.lnai ana 1v-i~.

of spares quantity and ii~;t r tbut ion , and the reduction in exDected

~~~~~~~~~~~~~~ .. ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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backorders for end items that are achieved by increasing the level

of spares investment .

Connecting Output ~~ements

E~nbodied in the output products just described are certain

connecting elements which tie the models together. Fach of the

models addresses a different aspect of the logistics acquisition

problem and , consequently, their outputs are tailored to different

uses. For that same reason, certain output elements in the models

can be used to supply information to the other models that would

otherwise be unknown or , at most , uncertain. Using I-BC as the basic

model , consider the contributions that can be made by ORIA and

MOD-METRIC to the I-SC input base . 
V

The ORLA model is concerned with estimating the costs of three

alternatives for a FLU: repair at depot, repair at base or discard-

at-failure. This decision translates directly into one of the most

critical variables in the ISO model —-— the determination of the

NRTS rate. If the repair-level decision is to repair a certain

FLU only at depot , the NRTS rate is lOO~ of 1.00. If a discard-

at-failure decision is made , NRT S 0 and COND , another critical

I-BC variable, is set equal to 1.00. The ISO model can then use

these rates to credit the applicable depot or base cost accounts

for such things as materiel or labor. (These rates are also used by

the MOD-MEI’RIC model.)

In the area of spares provisioning, the determination of EBO ,

the expected number of backorders for an LRU that exist at a bane at

any point in time , is a highly uncertain estimate unless a standard

or policy figure can be determined . By design , EBO in one of the
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outputs of the MOD-METRIC model. It can be determined by the MOD- 
V

METRIC model and then inserted into the ISO data base where it is

used In the equation described in Chapter V to find the minimum

value of STK , the number of spares required to fill the base repair

pipeline plus a safety stock. A review of that equation shows that

NR~~ is also used.. The result is that the dynamics of the model

interactions are compounded without any reduction in the generality

of the models.

As would probably be the case, the logistics planner might

make an analysis of available data with the I-SC model early in the

acquisition cycle. Some of this output can be used in subsequent

applIcations of the ORLA and MOD-METRIC models. ORIA requires

estimates for the number of depot and base maintenance personnel

required. to be trained over the life of the system. ISC equation

06 can be used to derive these estimates. The MOD-METRIC model uses

the level of spares investment to perform its marginal analysis.

IBC equation C1 can provide an early estimate of cost for 
FLV spares.

Although the quantity EBO required in equation C1 will not have

been optimally determined , the spares cost output should provide

an approximation of the investment levels that should be considered.

Secondary Input Routine

Table VI shows some of the variables that provide a connecting

link between models. These variables can be added to the input 
V

files described in the previous chapter by usin~ the secondary input

routine shown in A ppendix A . The second routine simply overwrites

the changed or updated variables in the proper locations in the

ori~-ina1 input files. 

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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Table VI

CONN~~TINC VA RIAPL~~

Input Data Item Variable Name

1. Fraction of removed FLUs expected to be NRTS
returned to depot for repair

2. Fraction of removed FLUs expected to be COND
condemned at base level

3. Expected number of unfilled demands existing EBO
at a base at any point in time

~~ Estimate of spares investment level cost of FLU spares

The variables included in Table Vi are the major elements which

show the areas in which the models can be made to interact. Other

outputs may also emerge which can be used to update the inputs to

ohe of the other models. These can be entered by adding the

appropriate lines to the secondary input routine.

Illustrative Example

A hypothetical weapon system containing two single-indentured

FLUs can serve to illustrate the use of the models in an integrated

framework. The analysis is built around ISO equation C~ , the cost

of FLU spares, which was detailed in Chapter V . The reader will

recall that the equation ’s three terms concern costs to fill the

base repair pipeline , the depot pipeline and to replace failed FLUs

which will be condemned at base level over the life of the system.

As noted in the previous sections , these costs are influenced by

both the NRi~ rate and EBO --- elements which can be evaluated by

the ORLA and MOD-METRIC models , respectIvely.
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The data elements which make up that part of the LSC data base

used by equation C1 are as follows :

FLU1 FLU2

N - number of bases 2 2
UC — unit cost ($) l499l~I~ 4728
PFFH — peak force flying hours (hrs/mo ) 700 700
QPA - quantity per application 1 1
UP - ratio of operating/flying hours 1.1 1.1
RIP - repaired in place .05 .05
NETS - (to be determined by ORIA application)
DRC T - depot repair cycle -time (mo.)  1.5 2
TFFH — total forc e flying hours 84000 84000

TFFH = UR (PIuP)(l2)
= 700 (lo)(l2)

COND - condemnation ra~ e .05 .0 1
BRCT — base repair cycle time (no.) .2 .2
OSTCON - shipping time - CONIJS (no.) .4 .4
OS - percentage overseas 0 0
MTBF - mean time between failures (hrs) 2890 8436

- initial system—wide standard of .10. (To be investi~ated
for various budget levels by MOD-METRIC application.)

A spares analysis of - the two FLUs can use the models in the

followIng sequence:

1. The repair-level for each of the FLUs is determined using
the above data elements as part of an ORLA data base.

2. The I-SO model is exercised to estimate the cost of spares
(starting budget) for each FLU .

3. The MOD—METRIC model , based on the same data elements and
the NETS rates determined by OR LA , is used to investigate the optimal
spares distribution which may serv e to improve EBO for the two FLUs
below the system standard.

The ORIA repair—level summary indicates the projected cost of

maintaining a FLU In each of the three possible repair options . As

noted in Chapter V , each cost estimate considers only the ~tifferential

costs associated with a particular maintenance alternative . it in for

this reason the ORIA model cannot be considered a true life cycle cost

model. The measure of merit in selecting a maintenance posture with



the ORLA model is relative cost among the three alternatives. The

following list shows the ORIA costs for FLU1 and FLU2. in addition ,

Option 5 of the I-SC model was exercised. to show the comparative FLU

spares cost of adopting each maintenance policy. (Recall that when

applied to the ISC model , base level repair equates to a NRTS rate of

0; depot repair to a NRTS = 1.0; and the discard option sets NETS = 0

and. COND equal to 1.0).

ORIA REPAIR-LEVEL BASE DEBOT DISCA RD-AT-FA ILURE

FLU1 $124230 $ 97542 $539834
FLU2 43722 27300 5~6634
Total $167952 $124842 $596468

ISO SPAR~~ COST

FLU1 $112735 $l~~958 ~545387
FLU2 99L~8 ~-~~6 5V86~~2
Total $122683 ~l144l4 4604039

Comparison of the above totals shows that both the relative ORLA

repair—level costs and the LSC spares costs indicate a depot repair

decision for the FLUs. The usefulness of the ORLA model as an aid

to I-SC is that it need be run only once to determine the repair—

level for up to 100 FLUs; whereas the I-SC model would require three

runs with appropriate METS or COND u~~ates in-between to make the

same decision based on spares cost.

Wi th a NRT~3 rate of 1.0 added. to the LSC data base , Option 5

of the model was selected to display the cost for a stipulated

FLU broken out among the first seven equations . F~uation C
1

indicated a cost for FLU spares for FLU1 of $1O4 ,9~~ ; for FLU2,

-~~~6. Option 7 provides a detailed spares analysis , breaking out

.

~~



the integerized totals for the three terms of equation Cl
:

TOTAL STK (each base) DEBOT PIPELINE TOTAL COND

FLU1 7 2 1 2
FLU2 2 0 1 1

The condemnation totals are for the service life (PIUP = 10 yr~) of

the system. FLUs are assumed. to be reordered as condemnation

occurs. Both the base stock and. depot pipeline quantities are one-

time buys to initially provision the respective repair pipelines.

ri~~~iS spares analysis provides a frame of ref erence f or the following

discussion of the MOD—METRIC model.

Applying the MOD-METRIC model to the data results in a range

of budgets. The initial budget is -the pipeline cost (no base stock)

computed by MOD-METRIC. Succeeding budgets are developed by

increasing base stock (usu~l1y by one FLU per base) up to a maximum

of 20 budgets. As would be expected , each budget increase ca-uses a

decrease in the corresoonding ~~O rate. The area of interest in

this example is a budget level in the vicinity of $114000 (the L~C

spares cost for FLU1 plus FLU2). The MOD-METRIC model produced the

following spares distribution in this area:

TOTAL BASE DEPOT COMB
- A B

FLU]. 7 2 2  2 1
FLU2 1 0 0  1 0
TOTAL COST $109686
EBO .0803

The results of this analysis differ from the i-.SC computation

in two areas. First , the number of items condemned is lower. This

in explained by noting that -~CN -~Th~~FIC computes a probabilistIc
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condemnation fact’r on ~~. dearly basis, while LSC makes a deterministic

estimate for the entire life cycle. Which method is more accurate

depends on the pers~ective of the model user. More significant

however , is that the allocation of one additional FLU1 to the depot

pipeline reduces EBO below the system standard of .10. Using the

optimal spares distribution of MOD—METRIC and the condemnation

totals of ISO, the following spares requirements can be proposed:

TOTAL BAS~~ DEPOT COND

FLU]. 8 4 2 2
FLU2 2 0 1 1
TOTAL COST $l2~~-o8

The MOD—METRIC analysis shows that this will maintain an EPO of

.0803. As a point of interest, changing the system standa~~. for

EBO to .08 in the I.SC model increases the base stock recuirement to

3 per base for FLU1. Other quantities remain ed the same , rnsulting

in an I.SC spares cost of $159396 . Therefore, ~~ MCD-ME~TRIO analysis

shows that optimal distribution can reduce both the quanti~y and

cost for spare FLUs over similar LSC analysis. It does , ho~-tever ,

pose a problem for the decisionmaker : whether the decrease in EBO

is worth the increased spares cost from the original I~~C level of

$llLI4l4 to the proposed $l2~~-O8 caused by an additional FLU1. This

judgement is beyond the scope of either NOD-?~ 1’RIC or L~3C.

Another w iy  to use the MOD—METRIC model to investina~e EBO V

for L3C ansltcation is to plot the change in EBO versus FLU spares

cost as shown in Figure ~~ . This data is readily available from the

range of budgets produced in a ntn~le FCD-MUTT1fl run . This aarr~na 1

technique can help the analyst to select an EBO rate fnr System-wide
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application in the ISO model while, at the same time , graphically

depicting the range of FLU spares costs that are a consequence of

the EBO selection. To complete a similar analysis using the L.C

model alone requires multiple runs of the model with some arbitraril:

changing EBO rate to establish the graphical data points. A numerical

representation of this procedure is available using the MOD-ME’P C

COMEINE program described In Ref . 18. No change to the MOD-MEI’RIC

data base is required.

An additional spares analysis can be made by plotting tde change

in EBO per budget dollar against FLU spares cost. This analysis is

useful for projecting an optimal EBO rate for each FLU instead of a

system-wide standard. The individual FLU cost curves shown in

Figure 6 can be derived from the McD-~~TRIC budget analyses used

previously.

To solve for an optimum EBO , the analyst sets up a LaGrangian

function to minimize EBO for FLU1 plus FLU2 subject to the constraint

that total cost equal cost of FLU1 plus FLU2. Graphically, this is

equivalent to selecting the point where f~(C1
) = f~~ (C V~ ) as shown in

Figure 6. The appropriate FLU spares costs can then be determined .

Although requiring analysis outside the scope of the MOD-METRIC model ,

the results optimize individual FLU EBO rates and , as such , provide

additional decision information to the I-CC model user.

This example shows some of the possibilities of using the three

models , in conjunction , to make repair level decisions , estimates of

starting budgets and optimal allocations of spares to achieve an

EBO rate below the system standard . The rrocedure m e n  not  resove

the analvnt from the decinion process but it can facilitate his 
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capability to conduct detailed investigations into sreciflc ?Vrsas of

the logistics support problem.

Conclusion

The degree of interaction that can be achieved with the three

models derives from the special purpose in the acquisition process
V each was designed to serve. The repair-level decisions of ORLA

and the spares policies calculated by MOD-METRIC are valuable

inouts to the ISO model. It must be recognized , however, that the

“quality” of weapon system data early in the acquisition cycle wiU

probably predispose the logistics planner to use the 1~C model f i rs t .

It is for this reason that the initial input routine places the Lic

input requirements first . The secondary input routine is designed

to simplify the update of the I-SC inpu t file with ORIA and NOD-METRIC

decision indicators as data is refined later in the cycle .

The role of the decisionmaker is the key to allowing the models

to interact. Each of the models retains its individuality in terms

of execution and output. The logistics planner can make use of the

srecialized output that each provides. The use of the input routines

described in this study can facil i tate his use of the output elements

which connect the three models.
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Chapter 11111

Conclusion

This study has had at its center two principal goals: to make

the ISO , ORIA and MOD—METRIC models better understood among logIstics

planners, and to make the computer use of the models more accessible.

The procedures and recommendations of the Battelle SCALE report

described in Chapter IV were the basis for setting these goals. To

assess the success or failure of this attempt , it is necessary to

compare the outcome with the requirements of the SCALE proposal.

The three areas of concern were : the description of the models , the

development of a compatible set of input variables , and the description

of areas of interaction , or “connec ting links” , among the models.

The model descriptions in Chapter V were aimed at making the

methods and. purpose of the models more apparent. While admittedly

not exhaustive , Chapter V , and the background material in Chapters

II and III, portray the overall concept of 115 and the specifics of

analytic modelling in terms of three models. By collecting the

characteristics of the models in one chapter , it is hoped that the

understanding of the different purposes , yet common base , of the

models will be enhanced.

The model compatible input routine developed in Chapter Vi is

of some importance to this stud y,  not because it results ~n a

computer routine for tr ansform~ nr inpu t variables , but because 1-~

pinpoints  areas where model—to—model inconsist encies  can be alleviated .



It also shows the simplifying assumptions that have to be made to keep

model integration manageable. This is particularly true in transform-

ing the aggregate variables (Table IV). The overall result of Chapter

VI is, ideally , to make the models more accessible and easier to use.

The iterative use of the models is perhaps the least conclusive

area of this study. The SCALE proposal recommended. the development

of an iterative framework to “synergisticafly access the best features . ”

This is tacit recognition that each model was designed to excel in a

specific area of logistics support planning . The admonition against

developing a single , large model combining all of the “best ” features

also comes into play. What surfaces is the realization that individual

decision makers must extract those certain parameters from individual

models whIch they determine are significant . For this reason , the

model interaction described in Chapter VII is more of a scheme than a

procedure . The secondary input routine included as part of the

computer transformation routine is an attempt to illustrate how these

“ significant” variables can be included in an integrated framework .

It is not a complete listing of the “connecting links” anonn~ the

models and should not preclude the decision maker from incorporating

other variables of interest.

Before and After

At the outset of Chapter VII , it was noted that the LSC , OR LA

and. MOD.-~~ TRIC models must maintain their individuality to be of use

in the differing facets of logistics acquisition modelling . t was

for this reason that no attempt was made to alter the in d iv idua l  model

al gorithms or output produc ts. The only remaining area In which

differences can occur in the use of the models is the formulation
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of the input data base. The problem involved here is best resolved.

by reviewin g the variable descriptions in Chapter VI . In particular,

the relationships developed for the Aggregate Variables in Table IV

are significant. The main obstacle in determining the variable

candidates for inclusion in the transformation routine revolves

around the level of data aggregation required. by each of the models.

As the reader will recall , only the I-SC model considers data at a

system level. In order to simultaneously satisfy this requirement,

and provide the ORIA or MOD-METRIC models with similar data at FLU

level, the approach was taken to enter data at the lowest echelon ,

usually FLU , then aggr egate and average it to make it compatible

with higher level r€quirements. The specific instances of this

should be apparent from Table IV . The decision to use the models

individually , or in the integrated framework proposed in this study,

hinges on whether the reader can accept this method of aggregating

the data .

The implication of using an integrated framework for the models ,

over and above the problems associated with data aggregation , centers

on data availability at different points during the acquisition cycle.

As a result of this study , it has become apparent to the researcher

that an integrated framework is most useful during the early phases

of acquisition management. Although the input data items are , at

this point , rough estimates; the u~ e of the models together can

serve two impo rtant purposes :

1. They can give indications of the sensitivity and scose of
initial planning factors and broad cost estimates.

2. They give the logistics planner an insight to the type and
-~uant i ty  of specific data that will be required as the cycle
progresses .

80



As the acquisition process continues , it is usually necessary to

alter the specific models to account for system peculiarities and to

obtain more accurate cost estimates. At this juncture it might be

V more productive to build separate data bases and run the models

individually. But , hiving used an integrated framework , the planner

would have a basic data base and knowledge of how certain elements

in one model relate to those in ano ther .

Some Comment s

This study has attempted to describe the potential value of

integrating the ISO , ORLA and MOD-METRIC models. One of its short-

comings has been the necessity to abbreviate and generalIze the

descriptions of the models themselves . For this , the reader is

directed to the model user ’s guides listed in the bibliography. In

addition , the study will be of only theoretical interest until it

has been applied to the development of a real Air Force weapon system

and all the resulting pratfalls and possibilities analyzed . To do

this, many alterations and refinements to the material presented here

will undoubtedly be needed .

It is , however, hoped that a case has been sufficiently made

which reinforces the SCALE proposal. That is, that the three models

dIscussed in this study can be bet~er understood and more accessible

to the user. There exists a potential for integrating the models by

way of a common data base. And that by using the best features of the

models in an iterative fashion the logistics support costs of choosing

a particular weapon system can be more accurateLy letermined .
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A ppendix A

- A FORT RA N Inou t Routine

10 D I M E N SiON W S ( 1 5 ,S )  ~FL (’+0 ,~~~) ,PL (11 ,6) ,TR(1I:I ,2 .:’ 1FiO’~12 ~~13~20 rIr1EM~
; IC’ N N~ E’~30 i .NAIP~ 10 ~CHAF Al TEF ‘ •~~ ‘-f Ft U+~ 1 F+~ :n ‘ HI _ I ‘1 1 n

1411 IHHF HI TEF ‘ tIUIJN ~ I I ’  1 4 ’  ,FLI_cHl It Uj ~1 ‘— ‘ ~~ i HHH _ I i  , 
‘1

50 CALL ATTA I~:H 3I? !“Oi ~T~IO.- -- T A 1 2 ;  “ .3~~
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110  1’: 2 FORt1AT’~~VI)
120 103 F I I F r1FIT C V .V - s2n :: :: • “ I:IFLA IMFI V IT FILE’
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1140 i’:’s FORF1AT(:I. F~~. 2,~~:- -: , ”C:2”::’ V

150 1 GE. FORt1AT ( :~:F° .2 •~~~,:V .: . “ ‘:~~~“ )
160 i 0 ’  FC FMAT ( :~:F9 .2,E: . , l::14~

i)
1 ’ O  108 FI~IRMF1T” 1+F’’...? • ‘-i 2:••: • ”C~~”)
i n  1 FIFrIAT ’ I:, — :A i~ :i— ’ ln :H1’’ —

1°’fl l iii Fl FF1HT F I ‘-FF5 • I 1  • ‘-f~ •i:~4 1  FCIPMAT (8F9.2 , ’-FX ,  I ’
V 210 112 FCIFMAT F9 .2 , : I 3~~ s Lf hu )

220 113 FORt1AT F9.2~~1 3:- :,I 3~~”5” )
230 1 1 L+ FORMAT ( .• - . - -

~~i - “MOO—M ET P IC; I t’PLIT FILE” )
‘1u 1 l~ FIIFUHT’ “ 1 1” 1 ~ .H1~- 1 F ATh H~- ,A-f A I: :fl I .H1

250 1 1€ .  FORMAT ” “~~2” , i :-~: , “r ico—METRIC : ONEIN [I I N P U T ” ~
.~~fl 11 FflH1AT “ m l  1 • ‘Ni l- EETF1 E ~AFT F - TIIF Ft-Il

27’0 1 1:~: Fi:F~t lAT~~’’9 1 ‘‘ • 1~ ,‘‘~.JIJl~ ’’ • 5:- - - : , ’ ’ FAF ~T ~V 1 I ( F . 1 F:EF II 
~9:- - : , ’’c: :’:,T ’’ .2:-: ,

2800- ~‘ r1TE:C ‘‘ 1 ‘‘ t { FT ~
; ‘‘ 1 . ‘‘1: ’’ , 1 • ‘‘ P ’ 1 -  ‘‘ E:F:T ‘‘ I - ‘‘0’’ , I - . ‘‘ FLT

290 119 FO FF1A T ’~”9T ” .i::- : ,T 3 , F ~
, .0 .F3.: ,FE. .U ~F3. I) ~FE. .: ,F3 .0

7000F~ .. i: .F3. i:I .F E. . i: .F3. CI .F~- . 0 • F3. 0)
2 1 11 1 — f l  FflF~MHT “ 

~~~~~
‘ .1 n in I I ” F~ ‘n Il l’  Fb

320 121 FORF1 A T (’ ’ ’ ’8’’ , 1y ,~’~~E~i iT i 000 i : ” )
330 122 FoF :MAT < F9 .0 . FT. i:,~~F7.2:
3140 1 23 F’J FF IAT ’ :F’ . 2)
350 12 14 FOPMAT :6 F7.2 , 2Fp. O .
360 125 FC’P11AT’~F3.0 •F9 .O •TFO. i )
3Th) 126 FIJF:MAT.’6F7 .2)
3:~ IJ 1 2 ’  FCPt1 PT’V :FE . 0 • F9. 11  ,3F~: . 0 .F5. 0)
390 128 FOPt.1AT.’2’F’m. ~~~~~ 

I) •2 F5.O ~2FT. U .F° . C
110 ,) 1 ~~~V ’4 FOFFIAT”’ 1F7. 2 .2F1V , . i:I

‘4~~
) 130 FOPrIAT .:F1+.O ,F~

: .O .F6.0 ~~~~~~~
‘+2: 13 1 FI:IFrlFiT(’1FEV.2 .F~’.2 .~ .F’ .U ~
Lf7fl 1 32 FPF ’Nl1T ’~2FE .
‘4 14’) 133 FiJPrIAT :.IA1O .2F5.0 ,5F5.2)
‘+50 Y = 1 . U
‘IE.fl N 1 1
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‘+90 READ: ANSi
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560 READ : < (NS’K ,L. ,L=1 .7) ,K=2 ,2)
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630 READ: (‘~N5(I~ ,L) ,L=i •7~’ ,F~~S,5)
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660 IF”ANS2. ED. N) GO TO 2
670 PRINT: “ENTER EPA EUC I:;rIF I ENF:TS , EPF 1H EOH • FE”
680 READ: (

~~N5’ :K.L)  .L=1 ,~~~~~ .

69’:’ F-PT FiT “ENTER C:CNF AF:E:UT E:F’ [IF’ FC: ,
7fl ri lEAD , - J •L L=1 ‘- F
710 2 PRINT: “5’- ,- ’STEM IV IA RIAEILEE”
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V
~~O V

‘Ss) P F I F I T :  ‘‘EtI TE F: :- -: 5’’E ;
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77fl PPt NT : “ENTER E:CA • E,C:R , EPA , OPA . FLA St1H . TE , N”
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79~; PRINT: “ENTER ‘-- ‘I 1 • SMI , ELF: , DLR”
800 READ: ( ‘~ 4S ’ I~

,L) ,L=1 .5) ,F~=i’ii+i ,rii +i :~810 3 ti 1 = tI 1 + 2
820 F R I F T :  “FLI_I UAF’IAE:LEE: ”
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5141) READ: 7 V IF L L I

550 h12=l
86(1 M8= 1
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900 FR I r-IT : “ENTEF: C I FA • UC . F- PTS • EPC: T , OPL , DOS”
910 READ : ,~

V 
‘FL’ F- •L) •L=l •~~-: .F. =t12 ,M2

920 PR I N T :  “ENTEF: F’lT E:F . I_IF, RIP, E:FIC , [itt ,:: , N”
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- - 1030 F:EAD: NSE<.J )

104 0 r12=M2+E
1050 [I,:, 5 •JCE = 1 ,t- I:T ;E’~J)
1:5’) FPIF-IT : “SE I I A R I A E I ( _ E 5 ”

- 

V 

lf l7fl FF11-IT : “ENTER ~ SE”
10:EI,:, READ : :-:OE (ME::;’
1 11 ‘II F F I FIT “EIITEF ‘ RE HO • F I IF • DI IF • l IE  • III CI [s liUI
110 0 FEAD: <(FL( l- : ,L) ,L=1 ,7 ,L=t12 ,M2::’

- 
- lii i) 11 3=t’18+ 1

1120 5 t12=M2+ 1
11 fl ‘—f ili ~-~T I tIIJE
i i ’- i ’:’ FF:I1IT: “ ‘:IF’LFI FEi::I_ILIFIF: IVV IA RIFIE:LEE; T’ ,: ‘V,’ hF 11 ;’ ”
1150 FEAE’ : IRI427
11 5 ’) IF (AF453. ED. ri: - ‘~ ci TCI S
1 1 70 FR I NT : “Et-ITEF: FWF:CCiN • PWF:OS~’
115 ’) READ : ( ‘V F:L’V F-:. ,L: ,L~~1 ,2) ~F\=1 .1
11 90 M3=2
1200 PRINT: “ENTER F~1 • F:;2, 1(14, SN, ~- : , ~~~, AI F:~~N,:INAIF: F’T F PEQ ’O FLI_IS”
121 13 [IC, 7 .JFL=1 •NFLLI V

1220 ~F’INT: ::-::Fu_~::,_lFL:: •Fj_ I_ItIc l I_ftI.~
_IFL)

1:: I F FAD ‘ F L ’  F L ‘ L= 1 ~ .f =t-i: • rr tIN F _iFL fi

12140 7 M3=M3+i
1250 6 FEINT: “ t’ iOD—tlETF:IC PECLIL-IFiF: ‘..IAF :IfR E:LEE: T’ (Y l:F: N)”
1260 F’EAO : Ab- IO1+
1270 IF( RNS’ 1.EA.N .’ OCI io s

1 1251:1 FF: It- IT : “ENTEF: Y11TE:0 , PLT . ALC: FOP REDLS- I F:E[l FLUE;” -

129: t1’+ = 1
1 100 [II] ‘9 .JFF-1=1 ,NF LU
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1 9 0  A’R ’T l •‘-f) WO”’•+ ,S ) V 1 1 .

1111:0 AG (i ,5)=WS ( 1+ , 5 - -~4s.
- - 

- 1111’) A53 (1 • ,~ ) =W S , ; 1+ .E,),1 1.
1 1420 Al~ ’~i •T)=kS’:’-f ,5).~LF :E:.
11+31) A G (2 . 1  ) = (W S ( 1  , - ‘ +NO’~1 ,14:~~~-’:.5

— 1 ’-F’+0 RG(2,2 )=’ :J IS ( l  ,5:.+WS”i ,5):.+’:’.S
11+50 A G ( 2 ,3 ) ’~A G ” 2 , I - ’+AG ’ - ,2) )+ 15.
1 1+6’) A s~ ’~2 ,14 =WO ( 2, ’-f ) +W5 ’ - ~ ,5)• 11+7’) AG (2 ,5)=W:3(2 •S)÷H:E ’ 2,7)
1’1Efl RG’ .’ =u~ :~ ‘+N :._ . ÷ um:,:)+tr :..14 ~~n ~
l ’+m n AG ’ .2 ‘)=IF’ ‘ S ‘+U’ - ’ :.~ ‘+ ‘i i 2 -‘ .~-~-ir ~: 

- Hi fl
1500 A ’3 ( 1  ,10) =R G’ l ,2:’/W3 ’~5 ,1  )
1510 115=1
152’: rts= i
1530 t-t7~ 5

-
V 

- 1 5’40 DO i i:’ u 1 = I • NFl_ I_ s
V 1550 A ,3<r1s+2,t )=1. —F L ’:tiS,3~

155’) AG’115+2.2) ’FL ’ N~ +E: . 1 )+FL’:i-I5+ ,L~,.j ’ ;’ ’FU.5

86



- ~~~~~~~~- -- ~~~~~~~~~~~~~~~~~~~

i s— i’ HG ns+~
_ • : ‘—  FL t ’~- +1 ‘I ~~~ ~~ 

‘ • H 5
i2::c i: i~~~tV 15±2 , L f ; ,=F L V (N5 , t + ’ ,

~~ ’?fl .
1590 AG (t15+?.5~ =FL’~1’IS.5)-s- FL” M6 ,6 ’
1 IUI HI_i FiS i~~ 

V_
~~~~I3 I_

1 511, A~~’~M5+2 ,7 ::’=F1_ <M5+~ .7) +FL’. N5÷2: .1 )
I 52’) c i:’ 11 _I~ =1 ,rI0E~’._I1 )
1~~:’II Hb’ tt ~~+. _ , _  =~—‘~~, t1~ +
151+’) AG (h1S+2,9;’ =~ G ’ - .M5+2,9)+FL<t i7 , 1. :’
1~~5fl AG t15+~ • 

1~~ , ‘=Hl, t1~ +~ 
j I )  )+~~~~‘ h’ .’ ~5’,

1660 AG ’~t15+2 . 11 :‘=FiG’: b’15+2 .11  ::‘+FL(t17 • 5 V ’

1670 11 1’17=t17-~i
1 E.80 AG ’~3. 12:=RG (3,12 ÷FL’-t15,14
-1690 A’3< 1 ,8)=AG( 1 ,5)+FL<t’lE ,5)
1 ‘i Ifi NH’ I • 

; ‘=F is~ ‘ 
I -‘ ‘ +FL ‘ rfr

171fl Hl~’ 2. ‘ HIj • ‘+ FL’ H-+ ‘ FL t l -+  .1
1— .2n HG’ . .9’ Hb ,~~~+ FLu 11~-+~~.:’ FL’tk+ ,..
173 :’ A G ’ 5~~13 ) =AG ’ - 5 .  13)+FL (tiS+3.7:
17140 AG (’+ 1 3:~=AG’: ’+ 13)+FL(t15+3 ,~~~~~)

1751:-’ R’3 ( I , H )=AG ( 1 • 1 1 )+FL’t~6+2 .7::’
176’] A’3 ( 1 , 1  2::’=AG’~ 1 ,1 2)+FL(M5÷3 , 1)
1770 AG ’T 1 ,13)=A I3 ( 1 , 1~~ ’+FL’:. t1 E,+3, ’-f )
1 780 A ,3(5 ,12)=A ,3(5.12 ::’+FL (F1E÷3 ,5)
1790 AG - : 2 , T  T ) =RG (2 , i  1)+FL ’~t16+3.2 V

1 11 1 1 AG 2 .1  _ ‘=A G _ • 1 +FL’ ri~+:.:10 10 tiS=t1S+1
1 :I:E’I3 Fi6=ti6+NSE’~J 1) +~~ V

1 53’) 1 ’:’ M7=r17+ti1;E ‘~ ._‘ 1) +5
1514’) A G ’ 7 , 12) =A G~ 7 q 1 2 . . V - NFLLI
1 850 RG ( 1 ,E) =A G ’ :  I .s::’ - - -NFLI_I
1E:E.0 A ’3 ’: 1 .:. V:’=AG’;: 1 •9::’ -’r-IFE_ I_ I —

1 2:70 A ’3 ’2 ,S =R’~(2’ •5 V H:1’’5

1:1 :1:,) Al3 ’~2 ,~~
..,=A,~,:2,~~:,~~tI::: :;

1:1 9s) A T i ’~5 .13~’=AI3 ’::5.13)’NFLLl
1900 AG ( ’- f  I 3’ =AG ( 1+ • I  3:L-NFLLI
191’) FlsR ’~1 . 1 I) =A h 1, : i , i 1) . NS~1O
1920 AG ’ . 1 , i 2) =A G ( 1  . 1 2 ) - N O /S
1 9:n HG~ 5.1._ Hb s i~~ N ‘“ ~ 

—

1914’3 RG< 1 • 1 3)=Fi’E ( 1 • 1 3)/N O’YS
V 

1950 AG ’ :2 , 11) = Hb ’ :2 . I  1 ) _ V (f,J .:;,~~ i 

~~~~~~~~~
1960 A~ ’~2 • 1 2:=A G ( 2  • 1 2)/ NOYS
1970 M 5 1
1 : , ,~ F 16 1
1990 [‘0 12 .J2 1 • NO /S 

V

2000 A’Yt15+5 , 12)=A i3 ’: S ~ 1 3)4W0’M6+IE: ,2:~•. 
~~~~~~~~~~~~~~~~~~~~~

2010 AG (r1s+5,13::’=AG’:14,13)~~NS’~t’16+0, 1)
fl20 Nb 2 . if l  ) H G  ,_ , in  +~~~ tlb + • ‘1~

2030 A13(’+. 2)=AG (1+. ~2:+N :E . r1s+S.5
20 1+’) A’3 ’- 2  ,1 3 := A G ”2  • 13 +NS’M5- ’- S .1)
2050 AG (3.13) AG ’3.13 )+NO’~F’1E +8,2)
206’3 115=115+1
2070 12 MS=M6+2
2050 A ’ 3 ’ 2 , 1 U - ’ = A G ’~2 . 1 0 ) - ~N ’E ’-~8
2090 AG ’ ’-i.l 2:’=A’Ti” ’4 •
210’) A I~~” 2 .  13”=AG’~2 • 1 ) - - -N:FJ ,- ’O
211’) EsG’: 3 • 1 3T’~~~~kI~~~’V.3, 13)
212’) E:START=1. i:,
2 130 t (F : D ’ T E E = t l O ’  . 5 )
211+ 11 PRINT : “tr - II T IsR L I t-IPI.IT PIIUT ItIFV ( iNn  E~~~r- ’ ’
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21 5u PR I NT: H 

~.Ec ., ’ri L ’j u :Y NEI I T F:UUT iME ? ‘ . V OR N~ 
H

60 FFAD F~F1~~~
21 1F A f .  EC~. N..’ ou:’ T i:’ I
2 51) 1 PP t N T :  “ :~ECOt4Dfj F:Y It IF IJT ROUT I NE
2~9’) REAO’’-f’) , i02 )  NFLIJ~ ’. ’ I I :~;~ F: , L :  .L=1 .: .F . =1 .i’~:.

‘FL ’ F L ~L=1 ‘ ~F =1 ,L+ Ii r L I ~L ‘ L =1 1 F =1 1 1
22 1O~~

( ( TR ( K ,L) ,L=1 ,2) ~i~:=i v iI) :~ , (A G (k  ,L) , L 1  , 13) ~K= 1 !12)
14 E ’ I F = 1 , 1 t  I IIII TF ~F = I II I q ~~~~~~ F I = 1 ,‘y

. . ‘ II ‘ ~FLI.I+~ ’ F ‘ i i i  ‘ E’’~’ I 1 1  — 
‘ I HLC~~1 ‘F ‘ F =1 1’

rir,Iin~ ~~~ I ~F i FLI_’FIfl I iri~ i ~— F I = 1 _. I I I F = 1 L1

2~~ 1’ PRINT: “rHAFIGE tIPTS FOF. SYSTEM FLIIS~’ ‘~~“,•‘ flp rF~2260 READ: ArISE
2270 IF ( AriS~.. EC! . N ::‘ i~O TO 1 Lf
2280 PP I N T : “ENTE F: MF:TS FOE: REc!U I E:ED FLUS”
229’) M5=1
2300 M6=1
231’) Do ~5 .J~~=i .FIFLU
2:32”) PP 1 NT: ~FLU ‘~ .J~ 

) 
~FLUtIOUM~. .J3 )

23:30 READ: FL ’.N6 , )
23’+O AG’: f15+2~ 1) =1. — FL N6~ 3)
2 5 0  MS MS+1
2360 1 5 Mt.=M6+NSE :~ +i~.2:37’) 1 1+ FF ’ TN T :  “ CHAIU~E ‘:orio FOP S’’STEI’I FL US T ‘ ‘  ,:IF: N .1

2350 READ: ANS7
2:39,) IF(Ar157. ED. FI~. GO TO 1 6
2Lf O 0 PP I FIT: “ENTER c:Of ID”
2 ’+lO M 6 1
21+20 [‘0 1~’ • fLf l ,NFLU
2’F30 F’PINT: ::FL.U~ ._I’+ .FLIJrI’:’urI~ •j ’+ :
21+1+1) READ: FL ~~~~ • 1)
21+50 17 fi6 M6~- MSE ’ .j 1+: .’+~ .
.~ +~-‘i 1 FF IfIT IHPIIIiE EEl, FIIF IJEIIPIIM ‘~ TEtr I V OF II
21+70 F:EAD: ArISS
2’480 IF ’A f158 . EC!. M )  ‘30 10 13
21+90 PF: I NT: “ENTER EEc’”
2500 PEAO~ WS< 5,2)
251 0 1 3 PP I fiT : “CHAf113E SPARES I M’.IE STMEM T LEI.TEL’T’ V OF: N)”
2520 READ: AFIS9
25:30 IF(AM89. ED.tI: . GO TO 19
251+’) PRINT: “ENTER E:STAPT”
2550 READ: E:STAPT
2560 19 P F I M T : “SECON DARY INPUT ROUTINE c’:’FlPLETED”
2570 13 PRINT : “ENTEF: [‘ATE (‘F PUN: OO..1IM’YY”
2580 READ 100 , DATE
2590C L~~: INPUT AF:F:AY
26’)’:’ WRITE (30 101 )
2~ 10 UPITE ’ ‘ 1~~2 AG ’ I ~~~~ •W ~ ‘ 1 ~~ 1: • 1)  W3 1 •: ‘ •H~~~ •~~~ .W ~5— — ‘~ .~• i ~ -‘

q~~I~l•_• .‘ ~ .J

.~ ‘r” II P ITE :n.i:: AG ’ Z~ 1)~ AG ,.~~~ HG 2 1 1 + ’~~A13 ..~~~‘ ,RG’~~,l’” I1b’~~~ ’ q
261+1.I~ Ali’. 1+ ,1 ) ~AG’’+ ~2)2ESfl U P ITE :u11. 1I’~ u~~ ’+~: ~IJ ‘ ‘f ,1+ ’~ IJ_ ’ 1+~~~1E ~~~~~~~~~~~~~ ~~~~~~~•

‘

266(I C:WS ’ 1 + , 5 ’  • I,i~;’. 1 + 1 t )
2670 W F.:ITE’ U ~125~’ ‘. S ’ .6 ,L) ~L=i •7 .
2680 WP I TE ( 3 0  , 126) ‘~US’:7 ,L :~ ,L=1 ~6)
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2690 115=8
2700 M6=6
271i~ [‘0 20 .J5= 1 ,MSYS
22’20 W RJTE ( :0  11)2) : ; ‘~~ (.j5) , :E;ySrli:IIj H’:’ ,_lS)
2730 W R I TE ’~3O , 127) W S(M5 , 1 ) ,W S(M 5 ,2) ,W$ ’~M5 ,3) ,ws r is ~Lf )  ,ws~ ris ,s~
27’+OC:RG( I 1 1 )  .Al3 ( 1 • I ) ,W8 <M 5 .:~)
2750 WR I TE <30 , 12:3 ) A G ” 2 , 1 1 )  ,iR ’3 < 2 , 1 2)  ,AG ~~1 , 1 3) , A 1 3 < 5 , 1 2 )  ,W8 ( M ~~,6 > ,

• tis÷ i •:~ A’s ’ 1i’~ 1 : •A i~’ Ift- 1 3~ •U E. ’ 115 ~ )
2770 WR I TE (30  , 129) A’3( t15+1 ,‘+) ,A G(M 5+ 1 ,5) ,A G (2 , 8)  ,AG(2 ,9) ,AG ( I ~L}) ,AG< I ,6)
27~ 0 115=M5+2
2790 20 M6= 116+i
2800 1i5 1
2:310 M6=3
2820 M8=i
2830 00 21 J6= 1 ~NFLU
28’+O I .JRI TE~~ I~ , 102)  XFLU ’ ._IE, ) ,FLUFI ’:’UM (J6 :.
2850 WP .ITE (30 .130 ) F L (M 5 , 1  ) ,F L < M 5 ,2 )  ,FL(r is+1 , 1 ) ,FL < M5+1 ~2) ,FL<tlS+1 ,3)
286O~~AG( 1i6 1) ,FL ’~M5 ,3) qFL(115+5 1 ) , FL (M 5+ 1 , L f )  ,FL <M5 + 1 ,5)
2870 W R I T E ( 3 0 , 13 1)  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t15+2 .~
2890 W R I T E ( 3 0  , 132 ) FL (M 5 , ‘+) ,A G ( M ~. ,5::i
290’) r~15~ M5+6
2910 [‘0 22 .J’=l ,M5E(.J6 ::’
2920 W R I T E < 3 0  ,133) ::<SE(M8) ,FL (M5 , 1) ,FL(F15 ,2) ,FL < M5 ,5) ,FL MS .6)
2930~:FL<Fi 5 ,3 ,FL .315 , ‘+) ,FL <M5 ,7)
29’40 ri8= 1~i8+i
2950 22 t15 M5+ 1
29: 0 21 ti6=M6+1
2970 C ——— OPLF J IN PU T ARRAY
2980 WR IT E (30 ~~103)
299’) WR ITE ( 3 0  ~10L f ) A G ( 3 , 1 2 )  , A G ( 1  ,1 ) ,A G ( 1  ,7) , A G ( L f , 1 2 )  ,A13(1 ,8) ,AG( I ~9)
3 ’30 0c• A G( 1 1 5) ,A G (2 , 1 0 ) , OA T E
30 10 HRI TE ( 3 0  ,1 1j5) W 8 (2 , ’+) ,ws( 2,5::’ ,143( 1 ~2) ,W S( 1 ,3) ,W8 ( 1 ,5) ,L48 ( 1 ,‘+)
..~O~~0~ :WSç 1 ~bi ,WS c2 , 1)
~~~~ RI TE ~ ..~.0 ,10~~ ~~~~~~ ) ~WS (3 ,5)  ~~~~~~~~ ~~~~~~~~~ ,R L ( 1  , 1 ) , R L ( 1  ,2::.
:l’L+ri ~~~ - • ~~~.~I150 UR I TE ’ _ 0 .1 f l  U~ ’ ‘+, ‘+ ~~~~~~~~~~ ‘ ,N~~’ :‘,‘ ,W : ’ , ‘+) .N~~’ ‘~ E •1.i~ ’ L f . ~~
~~~~~~~~~~~~~~ ,143( 1 , 1 )
3070 WR I TE( 30 ,108 )  W8 f , 2 ) , W S (~+ , 1 ) , R G ( 2 , 1 3 ) q A I 3 ( 3 , 1 3 )
3080 115=1
3090 M6=3
3100 117=2
3110 00 23 .J8= 1 ,NFLU
3120 WRITE (3’) , 1 09) ~J8 ~XFL U< ~I8 ,FLU IiOUM< ,J8) , X MHA ” .J8)
3130 WRI TE ( 30  , 1 1 0)  FL (M 5+1 , 1) , R L < M 7  , 1) 1RL (M7 ,2)  •FL~ M5+1 ,3) , R L ( M 7  ,3)
31q0C:IIAIR(J8) ..J8
3150 WR ITE ’ fl , l l l )  FL ,F15+ 3 . ) , A G , F 1 t , 1 1 ) . A G , M t I 0 ) .F L , 1 1 5 q 1 .FL I 115~~’ .L f ) ,
3160~.FL<M5+ 3 ,5) ,FL(t ’15+2 , ’+) ,FL(Ji5+2 15) ,J8
3170 WR I TE (3 0  , 1 12 )  R ’3(M6 ,3) ,FL ( M5 , 1)  ,A G<F16 ,2) ,FL<t15+ 2 ,3) ~R L ( M 7  ,~+:
31?0~~FL 1I5.:~ .FL 115+1 •~ ‘ .FL ’ fr ,t
:1 ~n I I F I T E ’  f l . 1 1 ) FL ’  117.5 •FL ’ 115+Tht) .FL ’ r lS+ . ’ I •AG ’ F1~ .~~~~ .A G ’ 1k...
32o0 gAr ~(M6 ,~~

‘) ,AG (M6 ,9) ,.j :3
3210 ME.=116+ 1

E ~‘20 Fr =M7 +1
3230 23 1I5=M5+NSE(J8)+6
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32’41)C MOOMETRIC . IN PU T FILE
3250 W R I T E ( 3 0 , I l t + )
3260 W R I T E ( 3 0 , I 1 E . )
3270 WR ITE ( 30 , 1 19) N E :A SE S,A G ( 1 .3) . A G < 2 , 3 :~ •~Ri~’~1 ~3:’ .A G < 2 . 3 ’
~~~~~~~~ 1 •~ .i ~Hb’~~ ,~ . ) ,H’th . 1 ,~.) ~~~~~ ,~~) ,Hb’

.. I ,~ .) ,HIi .~~ ~~~~~~~ ,Hl~~ 1 ,3,’ 4HI~~.

3290 WR I TE ( 30 , 12 1)
3300 WR ITE (30 , I  17)
3310 WR I TE (30 ,12 0 ) E :START ,AG ( 1 , 1 0)
3320 WPIT E ( 3O~~i i 8 )
3330 M 5 1
~33’+0 M7 1
3350 M 6 3
3360 00 2Lf •J9=1 ,MFLU
3370 NOPR FL<M5 , 1)
33:30 W RITE <3 0  ,1 15) ~<FLU ( J9) ,FLUMO U IRJ9 )  ,FL(F•15~2) ,TP :117.1 ,F 1_ ~~1I5 ,~~:.
2~~ fl~.FL 115+5.1) ,Nr&PA

,AG~t1A .’+) .AG’ tie ,t, •TF ’ f17 .~~ .,ALC ’ j :i
3t400 MG ME.+ 1
3’+l’) M7 M7+I
3’+20 2t+ M5 M5+NSE (U9)+6
3’+30 WRITE (’+O ~102) NFLU ( ( W8 ”F (  ,L) , K = 1  ~8) qL=1 ,15),

• FL’ I .L .‘ .L=1 .‘~~ .1 =1 • ‘+O .‘ ~FL’ F .L .‘ .L=1 ,t • F =1 • 11 “
‘4511 ’ ‘ T F’ ~L • . L 1  ... ‘ ,1 1 . 1 0) , ’ ’  AG ’ I ,L~ •L~~1 .1=’  .1 1 • 1_

1L+t,0 .
~~ ~FE’ F .1 =1 .2’) ~ • ~N A r r  ‘ 1 .~ = 1  • 1” ‘~~~~ ‘ :,1:~~5 • •k= l .‘+

FL(j*5 ’ I~ .1 I • l i t ’  ‘ ~E+5’ 1’ .1 1 . 1~• ‘ . ‘~~LC+ 1 • F .1 1 • l i i ’
2’4 ~fl~t “ ~Y HOt IH~~~.’l ‘ F ) •1 1 .‘+ ‘ FLI_rtr,ur4* it ‘~ F ‘ .1 = 1 • ii) ) , ‘ HHA#~.0 ‘ F • F = 1 •
3’+~ 0 EMOFILE 30
3500 ENOFILE ‘+0
351 0 PEW I NO 30 

- -

3520 REWIND ‘+0
3530 STOP
35’40 END

readq

*
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Appendix B

Guide to Usjn~ the Models on the CREATE System

The information required to execute the LSC and MOD-METRIC

programs can be input via any remote terminal which is connected

to the AFLC CREATE system. The ORIA program currently requires card

type input . An alternative for executing the ORLA program is

described later in this Appendix .

A . Building an Input File

1. The user should review Table V and Appendix C to determine
the input data required for the models.

2. The source program from Appendix A must be entered under
user’s filename.

3. The following changes to the program are necessary:

a. the DIMENSION & CHARACTER variables must be sized to
accomoda.te the user’s input:

DIMENSION
WS(X,8) where, X= 7+2(~SYS)FL(X,7) where, X= 6(NFLU)+ 1 for each item of SE for

an individual FLU
RL(X ,6) where, X= 1+(NFLtJ)
TR(X ,2) where, X= NFLU
NSE(X) where, X= 1 for each item of SE for an

individual FLU
NA IR(x) where, X NFLU

CHARACTER
XSYS*5(X), SYSNOUN*20(X), xNHA~2o(x) where, X= NSYS
~~‘LU*5 (x) ,  FLUNOIJN*l6 (x) ,  where X NFLU
XSE*5(x) , where X= 1 for each item of SE for an

individual FLU
ALC*1(X) , where X= NFLIJ
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b. The CALL ATTACH statements must be changed to indicate
the proper input and output files (underlined portions
typed by user ):

input : CALL ATTACH(40, “USERID/fnl ;”,3,0,,
output: CALL ATTACH(30, “USERID/fn2 ;” ,3,0,,

L~. The user must reserve file space for:

a. the output file which will, contain the model data array.

b • a file to save the data input via the initial input
routine for use with the secondary input routine.

This is done using the ACC~~S system as shown (or - carriage
return; fn - user supplied filename):

SYSTEM ?ACCB~SFUNCTION? CREATE FILE
CATALOG STRUC IIJRE TO WORKING L~WEL?
USERID
FILE NA ME ,SIZE(IN LLINICS),MAX SIZE ,MODE? fn].l.l00

PASSWORD
or

GENERAL PERMISSIONS? ~~~
SP~~ p’IC PERMISSIONS? cr
ACCESS FILE? or

SUCC~~SFUL.
FILE NAME ,SIZE(IN LLINK S),MAX SIZ E ,MODE? fn2.l.lOO

PASSWORD
or

GENERAL PERMISSIONS? ~~~
SP~~~’IC PERMISSIONS? cr
ACC~~S FILE? or

SUCC~~ SFUL .
FILE NAME,SIZE(IN LLINKS), M&X SIZE ,MODE? or

FUNCTION? cr

5. To run the source program the user types:

SYSTEM ?FORT
OLD OR N~M-OLD source pro~ram file name
READY
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a. a question and answer sequence follows in which the
user inputs the data. in the order shown in Table V
of Chapter VI. Example:

INITIAL INPUT R~ JTINE? (Y OR N)

INITIAL INPUT R~ JTINE

WEAPON SYSTEM VA RIABLES
ENTER UR , M, OSTICON , OSTNCON , OSTIOS , OSTNOS
=

etc.

b • data must be .entered separated by a space or comma.
It is recommended that dec imal points be used whenever
possible.

6. The question/answer sequence will continue until input file
is complete. Upon completion of the input sequence the
data array is written onto the file space reserved under
the ACC~~S system. To review the input array, type:

*OLD fn2

The data array will then be listed at the terminal.

B. Concatenating Files and Thrnning the Models.

1. To run the LSC model, type:

SYSTEM ?FORT
OLD OR NEW-OLD fn2
READY
_____ (adds line numbers to the file)

(review data and note inclusive line numbers
*REZAVE fn2 of LSC input file)
*DATA SAVED fn2
*OLD AQJ1/~~SMOD I R (call up the L3C source program)
READY
*SAVE fn3 (save under separate file name)
DA TA SAVED fn3
*RUN fn3#fn2(ln—ln)”lO” (concatenate files; in—inclusive

line numbers)

LSC output will then be displayed at the terminal.
The user should refer to the I$C user ’s manual for further
explanation of output available from the LSC model .

_ H
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2. To run the MOD—METRIC model, the user must create a set of
control cards because the program runs on the CARD IN system.
To create this file, type :

SYSTEM ?CAR1)
OLD OR NFM-NFM
READY
~~~~~~~~ :,8,]6
*20$ :IDENT:NNIilITNN,USERID ,YY (NNNNNN_ Problem number ;
*4O~ :SEL~~TA :MODMETRIC/ONEIND YY- two letter designation of
*5Qc:Ln4.Ils:ll.30K..loK output (line printer) facility)
*6O$ :DA TA :05
*SAVE fth
DA TA SAVED -fth
*9999$ : ENDJOB
*SAVEfn 5
DATA SAVED-fn5
*OLD fn4i fn2(ln-ln) ;fn 5
REA DY

SNUMB # B3BOT (Job number)

After execution, the output will be printed at the facility
designated in line 20.

3. Until such time as the ORIA model is available on the
CARDIN system it is necessary to transfer the ORIA input
file to cards . AFLC/MMO should. be contacted for
instructions regarding the ORLk computer model.

C. Using the Secondary Input Routine

1. The secondary input routine is part of the source program
listed in Appendix A . The user will recall that the initial
DIMENSION and CHARACTER variable inputs were stored in fnl
when the initial input routine was executed.

2. RUN the source program , responding NO to the request:
INITIAL INPUT ROUTINE? (Y or N)

The program will cycle to the secondary input routine and
reload the DIMENSION & CHARACTER arrays •

3. A question and answer sequence will follow in which the
user will be asked if he wishes to change NETS , COND , ~~O
or SPARES investment level.

ii.. Upon completion of the secondary routine , a revised data
array will be stored in fn2 .

5. The use of the revised data army follows the same
procedure described starting in instruction B , above .

____  - - --~~~~~ _
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A ppendix C

Variable D~ ’j~itj~~s

WEA PON SYSTEM

1. EDO - Standard established for expected backord.ers (the
expected number of unfilled demands existing at a
base at any point in time).

2. IAC - Supply management cost to Introduc e a new FSN
assembly into the AF inventory. ($/item)

3. IFC - Same as 2 for a new FSN part. ($/item)

4. M - Number of operating base locations.

5. ~~~ 
- Average man-hours per failure to complete off-

equipment me.intenance ~~cords . (s= .24 hours )

6. MRO - Average m an—hours per failure to complete on-
equipment maintepance records. (s= .08 hours)

7. NSYS — Number of systems within the wea~pon system.

8. 03 - Fraction of total force deployed to overseas locations.

9. OSTICON — Order and shipping time (airlift investment item) to
CONTJS location. (8= .37 months)

10. OSTIOS - Same as 9 for overseas location. (s= .53 months)

11. OSTNCON - Order and shipping time (nonairlift investment item)
to CONUS location. (s= 1 month)

12. OSTNOS — Same as U for overseas location. (s= 2 months)

13. PFFH — Peak Force Flying Hours (expected fleet flying hours
for one month during peak usage period).

14. PIUP — Program Inventory Usage Period (operational service
life of weapon system in years).

15. PIlE - Direct productive manhours per man per year at base
level (includes “touch time”, transportation time , and
setup time.) (s= 1500 hours/man/yr)

16. P!’D — Same as 15 at depot. (s= l~OO hours/man/yr)
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Weapon System

17. PSLRCON — Packing and shipping labor rate - CONUS . (s=$ .1868/lb.)

18. PSLROS - Packing and shipping labor rate - OS. (s= $.233l/lb.)

19. PSNRCON - Packing and shipping material rate - CONUS.
(s= $.ozl.97/lb.)

20. PSMEOS - Packing and shipping rate - OS. (s= $.0620/lb.)

21. RAC — Annual supply management cost for assembly. (8= $10L,c~.2O/
item/yr)

22. RPO — Annual supply management cost for part.
(s= $ioi~. .20/item/yr)

23. SA - Annual base supply line item inventory management
cost. (s= $20.20/item/yr)

24. SR - Average manhours per failure to complete supply
transaction records. (s= .25 hours)

25. SRICON — Shipping rate (CONUS base to SRA or vice versa via
airlift.) (s= $. 08914./lb .)

26. SEIOS - Shipping rate (OS base to SEA or vice versa via
airliftL (s= $.33092/lb.)

27. SRNCON — Same as 25 via surface. (s= $.029L~’/lb.)

28. SRNOS — Same as 26 via surface. (S= $.0759/lb.)

29. TD - Average cost per original page of technical
documentation (does not include reproduction costs).
(s= $220.00/page)

30. TR - Average manhours per failure to complete trans-
portation transaction forms . (s= .16 hours)

31. TEE - Annual turnover rate for base personnel. (s= .33)

32. TED - Annual turnover rate for depot personnel . (s= .15)

33. UE — Unit equipment. (aircraft/base , etc.)

34. UR — Utilization rate. (flying hours/month)
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Propulsion System Peculiar Variables

1 • ARBU~~ - engine Automatic Resupply and Buildup Time in months.

2. BP* - Base engine repair cycle time in months.

3. CMRI* - Combined Maintenance Removal Interval. Average engine
operating hours between removals of the whole engine.

Li.. CONF - Confidence factor reflecting the probability of
satisfying a random demand for a whole engine from
serviceable stock to replace a removed engine. (s= 0.90)

5. DP~ — Depot engine repair cycle time in months.

6. ENRTS - Fraction of removed whole engines which must be
returned to the depot for repair/overhaul.

7. EOH - Average cost per overhaul of the complete engine at
the depot expressed as a fraction of the engine unit
cost (EUC ) including labor and material consumption.
Repair and stockage of engine components considered
elsewhere as FLUs is not included.

8. EPA - Number of engines per aircraft.

9. ER~~ - Average manhours to remove and. replace a whole
engine including engine trim and runup time.

10. EtJC — Expected Unit Cost of a whole engine.

U. FC - Fuel cost per unit. (5=. $O.Ll.2~/ga1lon for JPti.;
$O.496/gallon for aviation gas)

12. FR - Fuel consumption rate of one engine in units per
flying hour.

13. 1.3 — Number of stockage locations for spare engines.

* Peference AFM 400—1 , Volume I , Chapter 7 and. Atch 1 for complete
description of the Engine Pipeline (Flow Cycle) and. use of these
terms.
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System

1. BCA - Total cost of additional items of common base shop
support equipment per base required for the system.

2. BLR - Base labor rate. (s= $11.70/manhour)

3. EPA — Total cost of peculiar base shop support equipment
per base required for the system which is not directly
related to repair of specific FLUs or when the
quantity required is independent of the anticipated
workload.

4. DCA - Same as 1 for depot.

5. DLR - Depot labor rate. (s.. $12 .144/manhour.)

6. DPA - Same as 3 for depot.

7. FIA - Total cost of peculiar flightline support equipment
and additional items of common flightl ine support
equipment per base required for the system.

8. N - Number of different FLU’s within the system.

9. S~ { - Average manhouzs to perform a scheduled periodic
or phased inspection of the system.

10. SIll - Flying hour interval between scheduled periodic or
phased inspection of the system.

11. SYSNOUN - Name of the system - up to 20 alpha—numerIc characters.

12. TE - Cost of peculiar training equipment required for the
system.

13. XSYS - System identification - the five character alpha-
numeric Work Unit Code of the system.

14. Yl - Depot level instruction and training material cost.
($/man-wk )

15. ZI - Same as 14 for base level. ($/man-wk)
I
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FLU

1. BC~~ - Average manhours to perform a shop bench check ,
screening and fault verification on a removed FLU
prior to initiating repair action or condemning
the item.

2. BMC - Average cost per failure for a FlU repa ired, at base
level for stockage and repair of lower level assemblies
expressed as a fraction of FLU unit cost.

3. B~~i — Average manhours to perform base shop maintenance on
a removed FLU including fault isolation , repair and
verification.

4. BRCT - Average base repair cycle time in months . The
elapsed time for a RTS item from its removal until
return to base serviceable stock. (S= .13 months)

5. COND - Fraction of removed FLU5 expected to result in
condemnation at base level.

6. CS — Cost of software to utilize existing ATE for the FLU.

7. DMC - Same as 2 for depot.

8. DI’~{ - Same as 3 for depot.

9. DPL — Depot repair pipline time. (months)(S= 1.5—2.0 months)

10. DSS — Depot safety stock level time. (months) (s= .5 months)

11. FD - Total cost of new depot facilities to be constructed
for maintenance of the FLU.

12. FF — Same as 11 for base level.

13. FLUNOUN - Word description or name of FLU - up to 16 alpha-
numeric characters.

14. H - Number of technical data pages required at depot level.

15. Di — Cost of interconnecting hardware to utilize existing
ATE for the FLU.

16. IMH - Average manhours to perform corrective maintenance of
the FLU in place or on line including fault isolation ,
repair and verification.

17. J — Same as 14 for base level.

18. K - Number of line items of peculiar shop support equip-
ment used in repair of the FLU.
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FLU

19. MTEF - Mean time between failures. (hrs)

20. NFLU - Number of FLUs in the weapon system.

21. NHA - Next higher assembly. Name of system to which FLU
belongs — same as SYSNOUN.

22. NRTS - Fraction of removed FLU5 expected to be returned to
depot for repair.

23. PA - Number of new “P” coded reparable assemblies within
the FLU.

24. PANH - Average manhours expended on the complete system
for preparation and access for the FLU; for example ,
jacking, unbuttoning, removal of other units and
hookup of SE.

25. PP — Number of new “P” coded consumable items within
the FLU.

26. Q~PA — Quantity of like FLIJ5 within the parent system.

27. RIP - Fraction of FLU failures which can be repaired in
place or on line.

28. RMH — Average manhours to fault isolate, remove , and
replace the FLU and verify restoration of the system
to operational status.

29. SC — Subunit cost; cost of repair material per repair
task.

30. SP - Number of standard parts within the FLU which will
be managed for the first time at bases where the
system is deployed.

31. UC — Expected unit cost of the FLU at time of initial
provisioning.

32. UF — Ratio of operating to flying hours for the FLU .

33. W - FLU unit weight. (lbs.)

34. XFLU - FLU identification - the five character alpha-
numeric Work Unit Code for the system.

35. YD — Duration of depot level training course. (weeks )

36. ZD — Same as 35 for base level. (weeks)
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Bkiuipment Variables

1. BIlE — Combined utilization rate for all like items of
support equipment - base level .

2. CAB - Cost per unit of pecu,i.iar support equipment for the
base shop.

3. CAD — Same as 2 except refers to depot support equipment.

Li. 
• COB - Annual cost to operate and maintain a unit of support

equipment at base level expressed as a fraction of
the unit cost (CAB).

5. COD - Same as 4. except refers to depot support equipment.

6. DOWN - Fraction of downtime for a unit of support equipment
for maintenance and calibration requirements .

7. DUR — Same as 1 except refers to depot support equipment .

8. NSE - Number of pieces of SE required for FLU.

9. XSE — SE identification - up to 20 alpha—numeric characters.
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1. K]. - Ratio of probable hardware efficiency to design potential.
Use 1.0 if MTBF is an accurate assessment of
operational environment .

2. K2 - Ratio of total removals to relevant failures
(actual failures versus test failures).

3. I~i. — Ratio of demands (removals) to failures.

Li.. FvIRCON - Ratio of packaged to unpacked weight - CONUS .

5. PWROS - Same as 4 for CS (LSc uses a standard value of 1.35
for CONUS and Os).

6. SW - Subunit weight . Weight of repair material per repair
task (lbs.)

7. W - Number of base level personnel to be trained per
location.

8. X - Same as 7 for depot.

MOD-~~TRIC

1. ALC — Letter designation of responsible Air Logistics Center :

F Sacramento
G Ogden
H Oklahoma City
L Warner-Robins
P Sa~n Antonio

2. PLT - Procurement lead time. (months)

3. YMTBD — Mean time between demands . (hours )

4. BSTART - A factor, usually 1.0, which Is multiplied times
the expected pipeline cost to determine the starting
budget.
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