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Chapter 1

INTRODUCTION

Overview

The Department of Defense (DOD) systems acquisition

process is an important element of national policy (‘.4-8:1).

The systems acquisition process is defined as:

The sequence of activities starting with recon-
ciliation of mission needs and goals with capabili-
ties, priorities, and resources and extends through
the introduction of a system into operational use
or the otherwise successful achievement of program
objectives [20:3].

This definition. does not consider the much broader

role of systems acquisition in achievement of national

goals. Secretary of Defense Harold S. Brown stat ed the

purpose of the acquisition process is to translate our

technological and productive capacity into effective

military posture a Several actions he cited. to achieve

this goal were planning mission. area needs , strengthening

the domestic industrial base , and utilizing the full tech—

nologica]. and industrial power of the National Atlantic

Treaty Organization. (NATO ) (68 : 307—308). In. this larger

sense , the national government acts to promote the welfare

of people of the United States and support the welfare of

its allies in. its role as a world power.. In essence , theI



systems acquisition process provides the bridge between the

national defense industry and the United States’ defense

force. This force not only protects the United States and.

its interests throughout the world but also lends credible

strength to the forces of United. States allies, either

through direct presence or allocation of weapon systems to

allied forces (68:1-4).

Because the systems acquisition process is used. to

satisfy several national goals and takes a siguificant share

of the Federal budget1 , it continually challenges top

government executives’ abilities to develop consistent and

effective policy.

Problem Anal~y~~s

The difficulties involved with implementing effec-

tive policy were noted in many reviews and criticisms of the

policies relative to the DOD systems acquisition process.

Many of the recommendations offered by these studies have

not provided the anticipated benefits (26:1).

For example , in. the 1950s the length of time to

d.esi~~ and develop a weapon system was considered. too long.

FY 79, ~I2a6 billion is budgeted for Research,
Development, Test and Evaluation. This is approximately
ten percent of the total DOD budget , but does not include
the portion. of the acquisition process that is funded in
Procurement Appropriation or Personnel Costs (68:15).
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In order to shorten the time schedule, the concept of con-

currency w~.s instituted. Concurrency called for overlapping

several design and development functions which were

previously accomplished sequentially. Concurrency resulted.

in numerous system integration problems and redesigns , which

ultimately drove up the total acquisition COSt .  To reverse

this trend. of rising :osts , Total Package Procurement was

instituted. This concept set a fixed price for the design,

develo pment , engineering and production of weapons systems

and was implemented with the C—5A cargo aircraf t . The

results were not successful, as costs rose rather than

decreased.. Historical analysis indicates the “real” problem

was not cost overrnns but poorly defined requirements (26:6).

This story has been repeated several times in the

systems acquisition processa It indicates management’s

difficulty in determining the real problems or the impact

of proposed. solutions to these problems (26:10). Forrester

(25) indicated this behavior was common to m any complex and

dynamic syst ems a Outcom es of policy decisions often. lead. to

unexpected results. Decision—makers work with a mental

image of the system structure which includes the processes

and. problems which affect their jobs. These images are

based primarily on intuition. and human judgement. This

frequently leads to incorrect decisions regarding complex

systems.

3



Problem Statement

The counter—intuitive behavior of many social sys-

tems creates a need. for more formal analysis o± the policy

decisional stru cture. The complex and. dynamic nature of the

systems acquisition process makes it difficult for strategic

management2 to determine the effect(s)  of policy decisions

prior to policy implementation. Given this major problem ,

two secondary problems result:

1. The behavior of the entire systems acquisition

process is not fully understood by DOD management; and.

2a Management does not have the tools to understand

the acquisition. process or measure the impact of its policy

decisions.

Research Question

In order to address the problems stated above , the

following question provided. purpose and direction to this

research.

2Strategic management is the most current term.
to describe top corporate policy making in privat e
and public organizations. Strategic management is
concerned with the long—range goals of an organiza-
tion. and with the appropriate cours e or courses of
action to achieve them , considering environmental
conditions , available resources , and. degree of risk
[75:1].

4



Can a policy model be developed to capture the

behavior of the systems acquisition process and. serve as a

vehicle to study changes in acquisition policy?

The concept of policy modeling is addressed by

Porrester (22). The technique requires a systematic

approach to studying the system strncture and relationships

which link management goals and. decisions to actions . The

purpose of a policy model is to make the decision structe~re

explicit. The result of this modeling provides a tool to

assist management in determining the behavior and response

of the system through experimentation with policy situa-

tions, issues, and changes prior to implementation of po].icy

in the real system.

0b~j ectives

The general objectives of this research were to

develop a conceptual understanding of the complex , dynamic

nature of the acquisition process, and subsequently , develop

a computerized policy model which reflects the structure of

this process.

The specific objectives established to conduct the

research included:

1. identify the structure of the systems acqui—
sition process;

2. isolate the interactions and influence of the
components ~nd variables within the system;

5



3. describe the decision structure that determines
the inf ormation, money , and. material flows within the
system;

L 4-• construct a mathematical model which represents
the components, relationships, information flows , and
decisional policies of the system;

3. develop a computerized model which can. be used
for policy analysis and. development;

6. verify and validate that the model represents
the structure and decision—making process within the systems
acquisition process;

7. identify areas ol’ sensitivity or critical issues
in acquisition policy; and.

8. suggest changes , if required., in the management
structure of the systems acquisition process.

Justification of Research

Many recent sources have recognized the need. for

taking a systems approach to the acquisition process to

better understand the behavior of this system.

In response to the Federal Procurement Institute’s

(currently Federal Acquisition Institute) desire for a

conceptual model of the acquisition process , Lawson and

Osterhus began to develop such a model. The results of

their research provided a broad conceptual model of the

acquisition process. Their recommendations included. a call

for further research in order to develop a complete system

dynamics model (40:117).

Another advocate of further research is Robert F.

Coulam. In. his book, Illusions of Choice, he called. for

6



studies to understand the influence and behavior of the

total acquisition system, to identify sensitive areas and

trends, and. to assist in developing policies for reform and

improvement (15:389).

Finally , Secretary of Defense Harold Brown stated.

that attention was being focused. on management and. policy

functions of the systems acquisition process to ensure

effective transformation of the limited. resources into use-

ful output products. In a major departure from past pro-

cedures, he has consolidated all functions relating to

acquisition in the Office of the Deputy Under Secretary for

Acquisition Policy (68:311). This move indicates that the

problems of the acquisition process have not disappeared ,

and that a more aggregate approach should be taken to

identify the structure of the acquisition process and.

recommend improvements.

Scope

This research develops a policy model of the DOD

systems acquisition process. The research focuses on the

major structural and decision—making elements which exist

over time, rather than. on the detailed , day—to—day opera-

tions of the system.. This macro approach is consistent with

the basic concepts of policy modeling. The model is

intended to provide increased understanding of the basic

7



system behavior and can be used. to assist DOD managers in

policy development and analysis.

Presentation Approach

The presentation of the research generally follows

the sequence o±~ activities discussed in the research objec—
f

tives. Chapter 2 develops the concept o±~ policy within the

systems acquisition process and introduces the reader to

policy modeling for complex systems.

The method.olo~~r used in. this research is outlined in

Chapter 3. The specific approach to this research effort is

discussed in. the first section of Chapter 3. A system

dynamics application of policy modeling is presented in. the

second. part of Chapter 3. Readers who are familiar with

system dynamics modeling, may wish to omit this section.

The conceptual model of the systems acquisition

process is developed. in. Chapters 4 and 5. Chapter 4 con-

tains the verbal descriptions of the system relationships

and. major issues relative to the acquisition process.

Chapter 5 contains the flow diagrams and. equations which

were developed into the computerized. system dynamics model.

Based on these results and. insights gained throughout the

research conduct , a summary , conclusions and. recommendations

are contained. in Chapter 
6 . 8
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Chapter 2

LIT~~ATURE REVI EM

Introduction

The search for pertinent information related to this

research effort was directed. along two distinctive lines:

the policy—making process for systems acquisition and. the

tools available for problem solvin~. The following sections

in this chapter will address these topics individually and

show how each contributes to the overall purpose of a model

of the systems acquisition process.

Policy Making

A general understanding of Dolicy making is neces-

sary before a policy model of the acquisition process can.

be developed. Policy can. be defined as:

. . . a definite course or method. of action
selected from. among altermatives and in. light of
given conditions to guide and. determine present
and. future decisions [72 :656~ .

In this sense , policy is a decision rule applied. to select

a particular course of action from. the “options or means

available to a decision—maker , by which, it is hoped., the

objectives can. be attained [49:471j.”

Un.fortunately, objectives are not always clear and

the conditions surrounding the decision may be clouded by

9



multi—faceted issues and conflicting forces. Thus, effec-

tive policy making is extremely difficult , especially at

the strategic level of management. Intuition , judgment and

experience have long been. the tools of management at the

strategic level. Many times , however , these tools are

quite unreliable for anticipating the dynamic behavior of

complex, multi—dimensional management processes (21:99).

Despite the dynamic and complex nature of strategic

level policy , Fori’ester claims that strategic level policy

making could be understood if a formal , deliberate approach

were taken to discover the true “guiding Dolicy ” . He

defined. guiding policy as that process which captures the

real nature of the decision—making franiework within the

total environment. Policy modeling is an excellent means

to reflect the behavioral aspects of the decision—making

process (21 :96—101).

The Acquisition Process

In order to capture the guiding policy of the

acquisition process , the role of the process within the

DOD and national policy must be established. The acqui—

sition process is a major function in. the DOD which has

been used. to facilitate achievement of various national

goals (4:81). Pressure for social programs within the last

decade resulted in competition between national security

10



and social welfare. Despite the reduced percentage of the

total budget allocated. to the DOD, defense spending con-

tinues to be a major determinant in. fiscal policy (48:1 ,233).

For the fiscal year 1979, the USAF budget contains $15.2

billion (66:107) in acquisition related appropriations.

This budget, once executed, creates jobs within the DOD and.

the defense industry, stimulates tecbnolo~~ , and contributes

significantly to the Gross National Product and general

economic growth (7 :1—2).

DOD policy for acquiring major system.s1 is contained.

in DOD Directive 5000.1 (69). The Secretary of Defense is

responsible for designating systems which must follow the

policy contained in. DODD 5000.1; however, managers of other

acquisition programs are encouraged to use this directive

to guide policy decisions. The acquisition process is

broken down into distinct phases starting with the identi-

fication of mission need and. finishing when production is

complete. In. order to proceed from one phase to the next ,

Secretary of Defense approval is required . These approval

points are called. milestones and are preceded. by compre—

hensive reviews within the services and finally by the

with anticipated cost of $75 million for
research, development, test and evaluation or $300 million
in. production are considered for designation. as major
system acquisition (69:5).

11



Defense Systems Acquisition Review Council (DSARC). The

sequencing of the process, decision pcints, and key elements

which affect systems acquisition are shown in Figu.re 2—1.
I.-

Although the major decisions are made by the

Secretary of Defense , pro gram management responsibilities

are delegated to the Services. DODD 5000.1 also provides

guidance to the Services concerning the evaluation of need

for systems, the interface with industry and. educational

institutions, and. the type of program management (69:5—10).

DODD 5000.2 supplements DODD 5000.1 by providing

the decision—making f ramework and reporting requirements

that surround each of the four milestone reviews by the

Secretary of Defense (70). Although these two directives

provide the largest part of official acquisition policy ,

many other DOD publications contain policies dealing with

specific functional areas of acquisition. DODD 5000.1

contains 26 references to other policy regulations concerned

with various types or phases of systems acquisition. The

diffusion of policy is even more apparent at the Service

level where countless regulations provide guidance on seg-

ments of the acquisition process. In. 1971, for example, an

officer associated With the F—15 fighter aircraft acquisi-

tion claimed there were over 1 ,282 directives which applied.

to various phases of the weapon systems acquisition process

(26 :14).
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In addition to the official policy , several other

guidelines address the DOD acquisition. Two documents

published within the last five years provided a fairly

broad but thorough analysis of particular aspects of the

acquisit~ on process.

The General Account ing Office ( GAO ) issued. a report

(71) to serve as a guideline for ident ifying the key

agencies and. functions of the acquisition process. Although

limited to only the early phase of the acquisition process

recognized by DOD, the report provided insight into the

much broader scope of the acquisition process by addressing

the roles of the President , National Security Council ,

In.telligen.ce Community , Joint Chiefs of Staff, Secretary of

Defense, and the Services. Additionally, the report pro-

vided a description of the process , insight into the

influencing factors, and. interrelationships between the key

participants. The major deficiency of the report was that

it did not identify problems or sensitive areas which could.

be improved.

The second general guide to acquisition was

J. Ronald Pox’s Arming America (26). Fox presented a

procurement view 0±’ the acquisition process and, like the

GAO Report, described the roles of major government agencies.

Fox also analyzed the defense industry and marketplace and

14



provided a long list of acquisition problems with recom-

mended solutions. Nany of these will be noted later.

Both reports contributed significantly to the

i~ .owledge about the acquisition process. However , both

documents failed to address the dynamic nature of the

acquisition process.

Evolution. o± Acquisition Policy

DODD 5000.1 was the result of 25 years of changing

philosophies, n.eed.s ~nd refo rms to the acquisition process.

Several categories which were the focal points of problem

areas and reforms have been addressed continually through-

out the evolution. of the acquisition process. These primary

areas included the technological, financial, contractural,

and managerial aspects of the DOD systems acquisition pro-

cess. In addition, the Defense marketplace relationship

with DOD and. its role in. the national industrial base was

also addressed..

During the 1950s and early 1960s, the acquisition

process emphasized technical performance and short produc-

tion schedules in. order to meet the Soviet threat in. the

Cold War. Concurrency was the acquisition strate~~ used.

to provide a rapid buildup of weapons to counter the Soviet

missile threat . The 1950s era was characterized by poorly

15



defined requirements , cost growth , poor performance, dupli-

cation and overlap of programs among the Services , and high

turnover of personnel (6:68).

As a result of extensive research efforts by DOD ,

Congress and civilian researchers concerning the economic

aspects o±~ the weapon systems acquisition process , many

reforms were instituted. in management, training, performance

of contracts, and. accountability within the DOD (6:69).

Secretary of Defense Robert NcNamara sought to reverse the

trend towards increasing costs of acquisition by improving

pro gram planning and selection , instituting innovative

management and contracting technolo~~~, and reforming the

budgeting process. Secretary 1’lcNamara was well ~~own for

the successful implementation of the Planning, Programming

and Budgeting System (PPBS). PPBS centralized financial

management, increased planning efforts, and emphasized.

management aspects of acquisition.

After several years of sustained effort, how-
ever, serious cost, schedule, and technical
performance problems continued. ~o disrupt theacquisition process [26:2J .

The C—5A cargo aircraft and F—Ill fighter aircraft

pro grams were products o± the NcNamara era. Total Package

Procurement was a major disaster on. the C—5A . Prime

contractor costs rose so significantly that the C—5A

fixed—price contract was amended to cover a projected $500
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million. loss. However, cost was a minor problem when com-

pared to the technical difficulties with cracks in the

aircraft’s wings (26:3-4).

In. late 1969, two promising actions were taken

towards acquisition reform. First, the Blue Ribbon Defense

Panel was commissioned. by Secretary of Defense Melvin Laird

in. July 1969. The purpose o± the panel was to examine very

broad areas related to defense acquisition. and. management.

Second, the Commission on. Government Procurement was created

by Congress in November 1969 to study and. recommend methods

of improving procurement (32:3-4). These studies were con-

sidered to be the first systems approaches taken to inves-

tigate the acquisition process.

The results of the Blue Ribbon Defense Panel were

disappointing, since the panel did little more than restate

obvious facts and. provided few new recommendations for

improvement. The Panel did roint out seve -al noteworthy

items: requirements determination was unstructured and.

uncoordinated, the Office of Secretary o± Defense decision

process lacked any meaningful review, and the program

manager had no clearly defined. responsibility (32:4).

Other findings included a lack of training and cont inuity

in the program management task and a complex bureaucratic

source selection process which hindered making timely ,

objective decisions (26:191 ,270). As Fox stated:
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While the panel successfully identified. several
problem areas in the procurement process , their
report did not explain why previous recommendations
along the same lines have never been successfully
implemented. Many procurement officials in the
Defense Department are , after all, aware that the
present system has faults. But despite a steady
succession of studies and recommendations , the
procurement process has remained impervious to
structural reform E26:457 .

The second study, the Commission on Government

Procurement , looked at procurement in broad terms to

identify consequential problems instead of focusing on

the surface issues. The Committee ’s work was summarized.

in 12 major recommendations which formulated a systems

approach to improve the acquisition system. These 12

points could be summarized in four basic aims:

1. Establish a common framework for all involved
organization.s to have a common set of procedures;

2. Define the role each organization must play;

3. Give Congress and. agency heads the needed.
information to make key decisions ; and

4. Improve the means for public accountability
rather than have a burdensome administrative reporting and
surveillance procedure (6:92).

Recent Reports

Since the Committee on Government Procurement ’s

final report in 1972, the GAO has monitored the progress

towards implementation of the recommendations. 0±’ the 57
recommendations calling for legislation , only seven have
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become law , 21 are pending , and 29 have not been. acted. upon

(51:4—5). Progress has been slow.

One of the most positive actions is the implemen-

tation of Office o± Management and. Budget (0MB) Circular

A—109, Major Systems Acquisition, and the formation o± the

Office of Federal Procurement Policy (OBPP), both off-shoots

of the Commission on Government Procurement. 0MB Circular

A—1O9 has received affirmat ive response from the DOD,

Congress, and. the defense industry. The basic principles

found in 0MB Circular A— 1O9 are :

1. Validated Mission ;

2. Comparison of Alternative Systems;

3. Reliance on the Private Sector;

4. Maintenance of Competitive Opportunity;

5. Integrated Government Action ; and

6. Equation of Authority and Responsibility

(51:6).

The basic intent of 0MB Circular A—1O9 was incor-

porated into the 19’77 revision of DODD 5000.1. However,

the reform is not without critics. Major points for

concern are in the area of research and development funding

(34:2), extended. production lead.time (9:7; 52:4), and loss

of flexibility as bureaucratic implementation procedures

are formulated (51:8).
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Additional concern was addressed by the Defense

Science Board. Task Force on the acquisition cycle. Their

report fo cused on the lengthening “front end” of the

acquisition process. They concluded. that the system was

highly structured, costly , and lacked the sense of urgency

for acquiring or modifying weapon systems for national

defense. Their recommendations included a flexible imple-

mentation of 0MB A—109 with special emphasis on reconciling

mission requirements, and. priorities with resource con-

straints (17).

The recent policy changes in. DODD 5000.1 and 0MB

Circular A—109 appear to be in. the right direction. However,

many authorities still recognise a resistance of the acqui-

sition process to respond to reform. A recent GAO report

stated. that major acquisitions at completion cost 72 per-

cent more than the initial estimates. Technical diff i—

culties, inflation, faulty planning, poor management and

poor cost estimating were offered. as major causes of cost

growth (70:1).

Why do the same problems recycle? Why do new

problems appear as the result of “fixes” to old problems?

Perhaps the “real” problems are not really understood.

Coulam offered an explanation for the recurrences of problems

by indicating the chosen solutions have failed to evaluate

all the influences of the process (15:5).
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Coulam used. two paradigms to explain the acquisition

process. The first paradigm is the analytical or “Rational

Nan”. This concept assumes that Man has complete infor-

mation in. the decision—making environment and selects the

alternative which provides the highest payoff. Coulam

noted. that despite the inapplicability of the Rational Man

concept to many real situations, it is continually used. to

make policy decisions and. develop plans (15:6).

The second paradigm is the cybernetic model. This

approach recognizes that Man is not perfect. Man does not

have or seek complete information and filters the information

he receives. One of the reasons offered. for the cybernetic

paradigm was that individuals and organizations cannot deal

with complex problems. Therefore, the problems are broken

down into smaller pieces (15:25—27). This fragmented , but

highly structured approach leads to suboptimization at lower

levels of the organization and. places an enormous integrative

responsibility on the strategic levels of the organization.

The complexity of this integrative process simply fur:hers

ambiguity in the management process (15:338).

The close of Coulam’s book paints a gloomy picture

for the future. However, despite this prediction , he called

for reform of the total acquisition process after the

behavior of the system is fully understood:
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It is folly to speak of reforming the acqui-
sition. process without u.nderstanding the influence
and. behavior of the many organizations to be changed,
yet in fact reform efforts have been. forced to pro-
ceed without much detailed understanding. Partially
as a result, past reform efforts have concentrated.
on the manipulation of conspicuous summary features
of the process, like contract types, which, our
study and. others suggest, are not likely to be
fruitful avenues of reform. Successful reform will
require sensitivity to complex details o±~ behaviorin. the acquisition process. ~\iture studies can. aid
reform efforts by providing i~~owledge of thesedetails [1 .389J.

Lorette suggested. a means to study the acquisition

process to uncover the true nature and. behavior of the

process. He called. for a new and different approach in

determining the style and conceptual relationships that

encompass the acquisition process. He recommended the

scope of’ the research include the basic philosophy of

government and democracy , the political and economic

systems, in addition to areas traditionally considered as

part of the DOD systems acquisition process (43:6). In

essence , Lorette suggested a systems approach to the acqui—

sition process. The next section contains a discussion of

a means to apply the systems approach to the acquisition

process: system dynamics modeling.

System D~namics Modeling

Overview. The quest for a method.olo~~- to solve complicated

problems has always been a major objective o±~ man. Through-

out history several methods have evolved. to better solve
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problems. Prior to the seventeenth century , man attempted

to solve problems almost entirely by deductive methc~Is.

Philosophers such as Plato , Aristotle, and. Euclid sought

to solve complex problems by drawing analogies from every-

day life experiences. This method often yielded erroneous

results (47:2l~ 5) .

In the seventeenth century, Euglish philosopher

and scientist Sir Francis Bacon led a movement toward a

more structured scientific approach. In his book, Novum

Organum, Bacon proposed. a method. for observation and logical

deduction which allowed man to solve problems more effec-

tively. This method embodied. four steps :

I. Observe a physical system;

2. Formulate a hypothesis that attempts to
explain the observations;

3. Predict the behavior of the system based
on the hypothesis by using mathematical or logical
deduction; and

4. Perform experiments to test the validity 0±’
the hypothesis (47:5).

Beer advocated use of’ the scientific method to solve

problems; however, he stated that many times the wrong

problems are solved. because the boundaries of the system

did not encompass the whole problem (3:50,92). The systems

approach provides a vehicle to expand the boundaries to

include the entire system environment .

Russell Ackoff describes the approach as follows :
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The systems approach to problems focuses on
systems taken as a whole , not on their parts taken
separately. Such an approach is concerned with
total—system performance even when a change in
only one or a few of its parts is contemplated
because there are some properties of systems that
can only be treated adequately from a holistic
point of’ view. These properties derive from the
relationships between parts of systems: how the
parts interact and fit together [1:27]

Churchman adds to Ackoff ’s description by including

considerations for the management and resource subsystems

which affect the performance of the components and. the

entire system (12:29—30). The systems approach has become

a critical part of contemporary management science models

(1:27 ).

Models for Complex Systems

The term model is used to denote “a simplified

representation or abstraction of reality [63:19].” ~~
this context, any system used to aid a manager in decision—

making can be considered. a model.

Planners deal continuously with models .
They may not be aware that they are using a model ,
and their models are not necessarily correct. They
are simply constructs to substitute in our thinking
for the real system that is being represented [47:8].

In Industrial Dynamics Forrester stated management

science has developed a number of models to assist managers

in solving problems; however, few of these techniques

provide a basis for dealing with comp lex problems of
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strategic management. Much of’ management science ’s achieve-

ments have dealt with the lower levels of’ the management

structure (21:3). He challenged the future manager to
L

improve his ability to handle major problems at the strategic

level of management. To do this, Forrester prescribed

system dynamics——a simulation modeling approach. This

technique combined. the systems approach to complex , dynamic

management situations with the capabilities of’ digital

computers. It provided a single framework for integrating

the functional areas of management and offered a vehicle to

determine how information. and. policy create the character

of an organization. In essence , system dynamics models are

“management laboratories” (21 :vii).

The basic premises of the system dynamics technique

are :

1. Decisions in. management and. economics take
place in a framework that belongs to the general class
]~aown as information—feedback systems.

2. Intuitive judgment is unreliable about how
these systems will change with time , even with a good
]~~owledge of the individual parts of’ the system.

3. Model experimentation is now possible to fill
the gap where judgment and ]mowled.ge are weakest-—by
showing the way in which the ~~own separate system parts
can interact to produce unexpected and troublesome overall
system results.

4. ~~ough information is available for thisexperimental model building approach without great
expense and. delay in further data gathering.
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5. The “mechanistic” view of decision—making
implied by such model experiments is true enough so that
the main. structure of controlling policies and. decision
streams of an organization can be represented.

6. Systems are constructed internally in such a
way that they creat e for themselves many of the troubles
that are often attributed. to outside and independent
causes.

7. Policy and. structure changes are feasible that
will produce substantial improvement in industrial and
economic behavior; and. system performance is often so far
from what it can be that initial system design changes can
improve all factors of interest without a compromise that
causes losses in one area in exchange for gains in another
(21:13—14).

Basic Concepts of System Dynamics

The term sy~tem, as it is used. in system dynamics

refers to:

a set of objects together with relationships
between the objects . . . connected or related. to each
other and to their environment in such a manner as to
form an entity or whole [56:238].

In system dynamics, the principle foundation. is the

information feedback loop (21:14). It is the information

feedback loop which ties the objects of’ the system together

so that it acts as an entity. Without information feedback ,

systems operate as uncontrolled devices where outputs are

isolated from and. have no influence on the input s (23 :1—5) .

The inf ormation feedback ioop is the part of the

system that reacts to the environment . This reaction

results in a system decision which ultimately changes the
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environment and. influences future decisions (21:14). An

example of an information feedback system is depicted in

Figure 2—2.

Information. feedback systems contain three basic

behavioral characteristics: structure , delays , and ampli-

fication. (21:15). Forrester explained these characteristics

as follows:

The structure of’ a system tells how the parts
are related to one another. Delays always exist
in. the availability of information, and in taking
action on the decisions . Amplification usually
exists throughout such systems , especially in. the
decision policies u .s. uur industrial and social
systems. Amplification is manifested. when an
action is more forceful than might at first seem
to be implied by the in.formation inputs to the
governing decisions [21 :15—16].

The objective of’ policy makers is to determine the

policy or decision rule which control the dynamics of the

system so that the system can reach a desired goal (15:30).

System dynamics applies this policy making concept

to complex systems. When properly applied , it can help

define how decisions are made and what information is used

to make decisions. The feedback decision structure becomes

extremely useful in. determining what actions need to be

taken to control the system.

Special Considerations for Systems Dynamics

Like all techniques , there are several issues of

special concern in the application of simulation modeling.
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The modeling process draws a fine line between oversimpli-

fication and overd.etail. Omission of’ detail can cause the

model to loose its robustness. On the other hand, too much

detail can. cause a burdensome and wasteful model which

disguises the true system behavior (24:112). The model

should seek to provide enough detail to be persuasive for

its intended purpose. Management should believe that the

level of model detail takes account for important issues and

problem areas (54:29). Because many system dynamics models

pertain to complex management systems , there is a reliance

on expert judgment and intuition of management . In the

absence of a well—defined. body of management theory, or

clear—cut measures of performance in the real world , the

task of modeling is a challenge (41:19). The results of the

model should not be construed as “the” right answer, but

rather, a means to understand the general behavior of’ the

system. A final concern is management’s attitude. Many

managers feel threatened by simulation models , envisioning

the models as a replacement for management. This misunder-

standing leads to reluctance of managers to use an important

tool designed to assist the manager’s decision making and

policy analysis—not replace him. Simulation simply provides

a rapid evaluation of’ a series of alternatives and variables

that cannot be accomplished by man due to the complex and

dynamic nature of management situations (21 :99).
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Applications of’ System Dynamics

Despite the concerns about simulation , models can

provide a forceful and effective tool to management. The

system dynamics application. of simulation provides a means

for management to gain insight into the underlying behavior

of their management systems . Modeling also provides a

vehicle for systematic evaluation of alternative management

policies or the consequences of specific environmental

issues which effect the system (53:293). The system logic

is built around the goal seeking and growth aspects of

complex systems. System dynamics models try to imitate the

real—world system in all its f aults , so that the manager

can see how the overall system operates and. reacts to

changes in. policy without having to apply these changes to

the real—world system.

System dynamics models have been applied success-

fully to diverse areas. Forrester listed several appli-

cations of’ the concept to various real—world situations

such as corporate policy , social forces affecting drug

addiction, and growth and development of’ urban areas

(24:13).

The value of a model is that it can be used
to improve our understanding of the ways in. which
a system behaves in circumstances where it is not
possible (for technical, economic , political or
moral reasons) to construct or experiment with a
real world system [41:7].
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The usefulness of models becomes more evident when

applied to research by more than one person. Kadanoff

modified Forrester’s urban model to study changes to urban

communities (24:133). KadanofI’ then went on. to enlarge the

system and produce different results. His explanation for

this difference provided a noteworthy insight into the value )
o±~ models: “He (Forrester) and I have each used the model

to explain our different point of view and to put our

reasoning in numerical form [37:79 .” Therefore , the appli-

cation of the urban model provided both Kadanoff’ and Forrester

an arena in. which their theories could be presented in clear,

unambiguous language without going into semantics~

Application to Acquisition Poliqy

System dynamics modeling has been applied to several

areas of the acquisition process. In 1964, Roberts pub-

lished. his study of management of research and development

(R&D) projects using syst~ n d~.namics . His primary contri-

bution was an understanding of the dynamic nature of R&D

in both the government and private sector , as well as an

invitation for future research in. the area of R&D (55). A

more specific application to DOD research and development

was made by Elder and Nixon. Their research addressed. the

managerial aspects o± R&D conducted within the Aeronautical

Systems Division in the Air Force Systems Command (19).
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Lawson and. Osterhus applied the system dynamics modeling

technique to a broader area associated with the DOD acqui-

sition. In. their research, they developed a conceptual

model of’ the DOD acquisition process which centered on the

interrelationships of six sectors: the Congress, the DOD,

the ~~~~~~ Industry , the President and the Populace. From

these six sectors they developed. a causal loop d.iagram2 of’

the interaction among these sectors of the weapon systems

acquisition process (40). Their research provided. a con-

ceptualization of” the acquisition process; however ,

conceptualization is only the first step towards providing

a useful management tool. The purpose of this research is

to refine Lawson and. Osterhus’ conceptual effort , incorporate

the research of Roberts, Elder and Nixon, develop a mathe-

matical representation of the total system , and, finally,

analyze the model to assess the implications of policy

changes in the DOD systems acquisition process.

Suirn~’ary

This chapter contains a review of the literature

relevant to the two—fold scope of the research effort:

understanding acquisition policy and use of modeling .

2Causal loops ident ify the relationships between
pairs of’ avriables which are linked together in a ioop
(29:11). A detailed discussion of causal loops is provided
in. Chapter 3 of this thesis.
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The task of modeling complex , dynamic systems is

extremely difficult; however, the system dynamics technique

is specifically designed to accommodate these situations.

Forrester , in the conclusion of the discussion of his world

dynamics model states :

Men would never attempt to send a space ship to
the moon without first testing the equipment by con-
structing prototype models and by computer simulation
of the anticipated. space trajectories. No company
would put a new kind. of household. appliance or elec-
tronic computer into production without first making
laboratory tests. Such models and. laboratory tests
do not guarantee against failure , but they do identify
many weaknesses which can then be corrected before
they cause full—scale disasters.

Our social systems are far more complex and harder
to understand than our technological systems. Why ,
then do we not use the same approach of making models
of social systems and conduct ing laboratory experiment s
on those models before we try new laws and government
programs in real life? The answer is often stated
that our knowledge of social systems is insufficient
for constructing useful models. But what justification
can there be for the apparent assumption that we do
not know enough to directly design new social systems
by passing laws and starting new social programs? I
am suggesting that we do indeed know enough to make
useful models of’ social systems. Conversely , we do
not know enough to design the most effect ive social
systems directly without first going through a model—
building experimental phas€~. But I am confident, and
substantial supporting evidence is beginning to accu-
mulate, that the proper use of’ models of’ social systems
can lead. to far better systems and to laws and. programs
that are far more effective than those created in the
past [25:126] .
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Chapt er 3

RESEARCH ~~THODOL0GY

Introduction

The research objectives presented in Chapter 1 pro-

vided the general framework for the research effort. This

chapter outlines the approach used to complete the research

objectives and. also provides a condens ed description of

system dynamics modeling technique .

RESEARCH APPROACH

Procedure

The system dynamics technique provided a logical

framework for conducting the research. The study focused

on seven specific areas aimed. at producing a policy model

of the systems acquisition. process. These seven areas were :

1. Describing the general system , determining
boundaries and basic interrelationships between the major
system sectors (subsystems);

2. Developing causal loop diagrams for each system
sector in. order to show the interaction. of system variables;

3. Conversion of’ the causal loop diagrams into
detailed. flow diagrams to show how money , material and
information move throughout the system and decisions are
made to regulate the flows ;

4. Developing and verifying mathematical equations
which represent the flow diagram concepts. These equations
used the DY1~1AM0 simulation language ;
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5. Validating the model concept to ensure
reasonable and logical represer~-ation of the real world
system structure;

6. Analyzing the system to identify areas sensiti7e
to change and possible system deficiencies; and

‘7. Recommending changes to the system to improve
the structure or information flow and. identify areas
requiring further study (56 :246—247).

A general discussion of these seven steps is provided in the

first portion. of this chapter. This is followed by a brief

application of’ the system dynamics modeling tecbnolo~~- to a

simplified. model of the acquisition. process. This is pro-

vided for illustrative purposes and may be skipped by those

readers familiar with system dynamics.

Describing the System

The first step in development of the policy model of’

the systems acquisition process was to describe the system

as it related to the specific iesearch problem and objectives

(21:21). This descriptive effort began with the review of

literature discussed in. Chapter 2 and was supplemented with

formal classroom study and initial discussions with acqui-

sition managers from the Aeronautical Systems Division and

the Air Force Acquisition Logistics Division.. Additionally ,

both Lawson. and. Osterhus were interviewed. regarding their

development of the initial conceptual model ( 40) . This

initial search for verbal and written descriptions of the
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acquisition process served as a starting point for deter-

mining the system boundaries. The information gathered from

the descriptive model of the system was used. to identify and

classify important variables required for the more formalized

research. Using this information., the conceptual model was

described through the use of’ a system sector diagram , causal

loop diagrams, and. flow diagrams.

System Sector Diagrams

System sectors provided a useful method for the

first analysis of the acquisition process. Sectors divided

the system into subsystems which have some degree of unity.

This provided a means to group like concepts , processes ,

and resources together.

The relationships between sectors were defined by

networks of materials , information , or money which flow from

one sector to another. Forrester stated that capital equip-

ment and human resource flows may be treated implicitly ,

rather than explicitly within the model (21:139). It was

upon. this advice that these two factors were removed from

the explicit definition of the system.

Causal Loo’o Diagrams

Causal loop diagrams provided. a more detailed

analysis of’ the relationships between system sectors and
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also identified the variables and. relationships within the

system sectors . Through the development of causal loop

diagrams , the preliminary system structure was identified
L 

in. easily understood. symbolo~~r . This technique facili-

tated transformation. of the system sector diagram and.

verbal description. in.to a general feedback structure which

characterized, the behavior of’ the systems acquisition

process (29 :12).

Int erview Process

The causal ioop diagrams , as well as the sector

diagram , provided a useful method for displaying ideas

about the conceptual model to others for review and discus-

sion. Using these diagrams as the preliminary representa-

tion. of the model , top executives within the acquisition

process were interviewed in order to provide a richer

understanding of the decision process and issues. These

interviews also provided a means to justi fy or change

variables and interactions described in. the initial concep-

tual model .

The objective of’ this interview process was to

develop additional inf ormation about the decision process

of policy makers in the acquisition system. Over thirty

inclivid.uals responsible for the various policy and procedural

aspects of the DOD systems acquisition process were
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contacted. Among those organizations represented in the

research sample were :

Congressional Budget Office
House Budget Committee , U.S. Congress
Office of the Secretary of Defense
Office of’ Management and Budget
Office of’ Federal Procurement Policy
Headquart ers , United States Air Force
Air Force Systems Comman d
Aeronautical Systems Division.
Air Force Wright Aeronautical Laboratories
Air Force Acquisition Lo gistics Division .

A complete list of the individuals who were interviewed is

contained in Appendix B.

The interviews were conducted using an interview

guide which was designed to provide a consistent , but

unstructured arena for discussion (see Appendix A) .

Questions were designed to prompt discussion about the

specific system elements which were the responsibility of

the respondent ; however , the unstructured approach d.id not

restrain the respondent from offering insights and obser-

vations about other areas not within his specific respon.-

sibility. The questions were designed. to provide specific

information about goals and missions , important issues and

problem areas , the information netwo rk , the decision

structure , performance measures , and feedback , delays , and

t iming of dynamic situations. In. addition to specific

details about the system , the interviews provided a means

to det ect bias and gain insight into the general management
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philosophies characterized by policy makers within the sys-

tems acquisition process.

Flow Diagrams

The interview process provided sufficient knowledge

and conf irmat ion about the system to expand the causal loop

diagrams into a more structured format called flow diagrams.

Flow diagrams are based on the philosophy that systems can

be modeled as a series of’ states or levels which change as

the result of varying rates of flow within the system . The

decision structure is super—imposed on the rat e and level

system and serves to regulate the system. The nature of

this structure determines the basic behavioral character-

istics (53:242).

The flows of’ money , raw materials , weapon systems ,

tecbnolo~~~, and information are specifically identified in.

the modeling effort . These flow diagrams provided a basis

for developing the equations used in. the simulation model .

Equations

The equations developed for the model represent

beliefs about the relative relationships between system

variables. The development of equations required a con-

scious analysis of measurement criteria and dimensions

applicable to system variables. In many cases , concepts
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and. surrogate measurement devices were developed in order

to represent ideas which had no formal measurement devices

within the DOD syst ems acquisition. system. Equations pro—

vided the mechanism to translate such statements as

“Capability is a function of . . . .“ The nature of policy

modeling does not always allow precise measurement. The

focus was to provide qualitative measurement of’ the system.

Forrester stressed the purpose of’ equations are to represent

significant relationships within the system in a manner

which captures the overall behavior. Costly and time

consuming data collection to develop detailed measurement s

of the system should not be pursued until a valid initial

model is developed and the system is understood (21:1’4-1).

Once the equations of the systems acquisition model

were formulated, the next step was verification. This

ensured that the computer program ran as intended. To

verify the model , the DYIÜMO equations were compared to the

flow diagram to ensure ‘that the equations mathematically

reproduce the meaning of’ the levels and. flow rates defined.

by the flow diagrams.

Model Testing and Validation

The model validation process involved comparison of

the model ’s behavior with the actual system behavior. Due

to the iterative nature of model building, validation was

an integral part of each step within the research.
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The validation approach used a combination of

methods recommended. by Forrester (21), Coyle (16), and

Roberts (55): well known experts in system dynamics appli—

cations. The primary objective of model validation was to

ensure that model structure adequately represented the

system described by the research and provided results con-

sistent with observed. system behavior. Borrowing from Coyle ,

the following definition provided the basis for validation:

the process by which we establish sufficient confidence in

a model to be prepared to use it for some pa~:ticu1ar pur-

pose (16:18).

Specific emphasis was placed on content validity to

ensure that the system boundaries and. system structure and.

relationships were adequately described. In the earlier

stages of the model building , validation consisted. of justi-

fying hypotheses and. assumptions using common sense , logic ,

and knowledge gained from the literature search. The inter-

views also assisted in. validating ‘the functional relation-

ships contained. in. the syst em equations and specifying the

relat ive magnitude of several essential system parameters .

Detailed statistical study using empirical evidence

was not accomplished. As was discussed earlier, once the

model has been tested. and certain sensitive areas discovered ,

these highly sensitive areas should be considered for con-

tinued. model validation..
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Analysis of’ the Model

Analysis of’ the conceptual and structural models

contained in. the causal ioop diagrams and. flow diagrams

provided. useful insight into the system behavior. This

analysis was essent ial to the internal validation of the

system structure and served. as a baseline for preliminary

determination of sensitive areas and. increased understanding

of’ the possible impact of’ policy changes.

The simulation capability developed in this research

provides a valuable tool for management use in. policy

analysis. Although the operation of’ the model ~ras beyond

the scope of this research , the preliminary analysis which

resulted from this research should be used as a basis for

system experiments. Two types of experiments are envisioned:

tests involving changes in equation parameters , and. tests

involving changes in the system structure.

Mt E~~~PLE OF T~~ SYST~~ DY~IA.NICS TECHNIQUE

The following section. provides an example of’ the

system dynamics m.ethodolo~~ for those readers unfamiliar

with the technique. A very simple presentation. of the

acquisition. process showing four sectors and three types of

flows is depicted in Figu.re 3—1 . This general model will

be used to explain the specific tecbnolo~~ required to

develop sector diagrams , causal loop diagrams, flow diagrams

and DYNAMO equations.
42



NoneNeed Production.

/
Inf o

E~iemy Operations

Figure 3-1

System Sector ~ cample

The need. sector defines the requirement and pro-

vides financing to the production sector. The production

sector manufactures weapon systems for deployment in. the

operations sector. In turn, the operations sector generates

additional need. to replace weapons that become obsolete or

wear out. The operations sector also uses these weapons to

create threat which is perceived by the enemy. The U.S.

threat to the enemy is countered by enemy weapons produc-

tion. Subsequently , the counter-threat creates additional

requirements. This system typifies the classical “arms

race.”
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Causal Loop Diagrams

The mechanics of’ drawing causal ioop diagrams are

not difficult. The procedures for developing causal loop

diagrams are to:

1. Identify the variables ;

2. Develop causal links’~;

3. Use the causal links to develop causal loops;

4. Join. the causal loops into the entire system;

5. Determine the behavior resulting from the
causal loop diagrams (40:27).

The basic element of the causal loop diagram is the

causal link. This is a pairwise relationship where the

cause—effect relationship is depicted by means of an arrow.

An example is provided in. Figure 3—2.

Need for + Production Positive
Weapons of’ Weapons Link

Operational ___
~~~~~~~~~~~~~~~~~~~~~~ Need for Negative

Capability Weapons Link

Figure 3—2

Causal Link ~~amp1e

1Coyle (16) refers to causal links as influence
links , and to causal loop diagrams as “influence diagrams.”
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The nature of the relationship is noted by the plus

(+) or minus (—) sign which indicates a positive or negative

change between the two variables. A positive sign shows

that , all other things held constant, both variables

increase or decrease simultaneously: as the first variable

increases , the second increases ; likewise , as the first

variable decreases , the second. variable also decreases. On

the other hand, a negative relationship means that the

variables move in. opposite directions : as the first

variable increases, the second variable decreases , and. vice

versa (29 :7).

The sign of’ the relationship is called polarity.

For causal links that contain more t han. two variables , the

polarity is determined by counting the number of negative

pairwise relationships. An even number of negative links ,

or none at all, produces a positive polarity along the

causal chain. An odd number of negative links produces a

negative chain (29:8). Examples of both positive and.

negative chains are shown in Figure 3—3.

The next step in developing causal ioop diagrams

entails grouping the causal links into complete loops. The

polarity of the loop is determined usi!ag the same procedures

as for causal links. The loop polarity is denoted by the

sign in parentheses in the center of’ the loop (29:9—10).

Examples of positive and negative loops are shown in

Figure 3—4.
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Need for + Production + Inventory positive chainWeapons - of Weapons ~~~~of Weapons

Use of — Inventory — Need. for
Weapons ~~~~~~~ of Weapons~~~’~~ Weapons positive cha in

Production~~~~~ Inventory Need for
of Weapons 0± ’ Weapons~~~~~’ Weapons negative chain

Figure 3—3

Polarity of Causal Chains

U.S.
InventoryPerceived
of Weapons ~~Threat 

(-)

Enemy
Production (+) Production
of Weapons of Weapons

Enemy 
Need for -Perceived +

Threat Weapons

Positive Loop Negative Loop

Figure 3—4

Causal Loop Example
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Positive loops e~~ibit uncontrolled growth or decay .

The arms race example displays uncontrolled growth. Nega-

tive ioops are characterized by “goal—directed or goal—

oriented behavior [29:37~.” Negative ioops contain some

type of cont rol mechanism which seeks to regulate the

system. This behavior is displayed when production of

weapons is reduced as needs are satisfied. The basic dif-

ference between positive and negative loops is the existence

of the control mechanism within the negative feedback loop

(29:39).

The overall structure of’ feedback loops creates

the behavior of the system as it moves through time .

Although the trends in. system behavior can be determined.

from causal loop ~~agrams , the additional detail provided

by flow diagrams make the behavior more easily understood .

Flow Diagrams

There are two concepts relevant in explaining a

system ’s behavior: levels and flow rates (56:48).

Forrester outlined. the use of these levels , rates and

information channels in the decision function.

The flow channels transport the contents of
one level to another, and the flow rates them—
selves are controlled. by the levels. The decision
functions are the relationships that describe how
the levels control the flow rates. Inf ormation
channels connect the levels to the decision func—
tions [21:13].
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The symbolo~~ used in. flow diagramming decision functions

is depicted in Figure 3—5.

In Figure 3—6 , ‘the flow diagrammin g symbols have

been combined into an example. The weapons in.ventor7

level is shown as a function. of the input rate (pro duction.)

and a constant output rat e (at tr i t ion).  The actual

inventory level is compared to the desired inventory level

to determine whether the production rate is sufficient to

maintain the desired inventory level .

All the variables in the flow diagram must have an

operational definition which can be quantified. Without

operation.al def’initions , it is impossible to accurately

construct the flow diagrams since all terms are measured as

amounts in levels and units per unit time period in. flow

rates.

EQuations

Formulation of equations is the transition step

between flow diagramming and simulation. The equations

become the basis for a DYNA.MO computer model which is used

to simulate the systems acquisition process through time.

There are six basic classes of equations used in

DYNAMO: level (L), rate (R), auxiliary (A), initial value

(N), constant (C), and supplementary (S) equations. Levels ,

rates , and auxiliary equations all have time dimensions.
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Levels——measurable quantities or
accumulations within the system
which determine the system state

Flows——the movement of’: ini’ormation

material a-

money

Decision Function (Rate)——policies
that control the flows between
levels

Source/sink—represents levels
outside the system

/

Auxiliary Variable—provides greater
meaning to decision function.
variables (goals, policies)

Parameter——a constant

Delay——describes the process of’
time delays

Figure 3—5

Flow Diagramming Symbols (21:82—84)
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The notation used to denote time is similar to subscriDting

variables. The letter “K” denotes the present , the letter

“J” denotes the past , and “L” denotes the future. Rates

measure movement over time . Therefore , a rate equation uses

a double subscript. For an example from Figure 3—6 PRODRT.JK

is the variable associat ed with production rate (PRODRT)

over the time interval past to present (3K ) (21 :73—76 ) .

Level equations measure the contents at the present

time (K). The value of ‘the level is a function of the prior

level and the rates of inflows and outflows over the last

time period (DT). For example :

L WSII’TV.K WSINV. 3 + DT(PRODRT.JK + ATTRT . JX ) (21:76).

Rates are normally specified as functions of’ levels

or auxiliary variables , but rates can also be a constant

value. The following equation states that production rate

is equal to a fractional value (~~~ C) of the discrepancy

(DISC.K) between the desired inventory and the actual inven-

tory (21:77—78).

R PRODRT .JK = FEAC * DISC.K

Auxiliary equations provide greater meaning to the

rate and level equations by breaking the major rate and

level equations into smaller more readily understandable

equation sets. In the preceding paragraph, PRODRT .ITK was

a function of the discrepancy (DISC.K). DISC.K is computed
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by an auxiliary equation that compares the desired and

actual inventory:

A DISC.K = DflW — WSINV. K (21 :78—79).

Initial value equations set the initial conditions

for all levels. II’ the initial value o± the weapons

syst em inventory was 100 aircraft , the equation would be:

N WSIITV = 100 (21 :79—80).

Constants set the value of a variable for the entire

DYNAMO simulation. For example , the desired inventory

(Dmv) could be set at 120 weapon systems.

C DflTV= 12O

Supplementary equations or SPEC cards are required

in. DYNAMO to specify instructions required to print and

plot model values. They do not influence the computed

values that influence the behavior of the system (21:79).

Summary

In summary , the system dynamics methodolo~~ provided

the basic research approach to develop a dynamic policy

model of’ the acquisition process. This chapter has outlined

the basic steps that were taken during the research process

and also provided an example of the system dynamics applied

to a simple system. Although the steps infer a sequential

approach , the nature of the model building was iterative.

Many of’ the steps were reaccomplished as new information

became available to enrich the model.
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The results of the research follow in the next

three chapters. These chapters present the conceptual

model, structural model , analysis , recommendations and

conclusions relative to the policy model and issues within
the systems acquisition process.

A
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Chapter 4

flUTIAL MOD~~4 FORIVrULATION

Introduction

The primary purpose of this chapter is to provide a

conceptual model of the systems acquisition process through 
-

the use of’ a system sector diagram, causal ioop diagrams ,

an.d an explanation. of the apparent goals, cause and. effect

relationships, and. key issues relative to each sector. The

information. contained. in. the diagrams and discussions

results from the literature review and the subsequent inter-

view process. This chapter will focus on. providing a

general understanding of the concepts which affect the

elements within the acquisition process. A more detailed

discussion of specific structural elements will be presented

in. Chapter 5.

The Acquisition System

The acquisition system is characterized by a group

of interrelated processes designed to provide weapon systems

necessary for DOD missions. The processes are interconnected.

by the flow of’ material , money , and. most importantly, inf o r—

mation. The information network is essential to the system ,

because it provides the feedback and policy structure which
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determine system behavior. Ten system sectors were

developed in order to study the systems acquisition

process. These f’irst will be discussed as a group to

provide an overview of the entire system structure and

relationships within the system.

As noted in Chapter 1 , the acquisition process is

an important element of both national security and economic

policy. The goals and objectives of the political system

have a significant effect on. the relat ive importance given

to DOD missions. The purpose of’ the political system is to

determine the desired mix of policies required to meet

military, economic , and political objectives. The decision

structure within the political system is influenced by pres-

sures from the various environmental elements , as well as

pressures from DOD.

In. DOD , the con.cern of’ the acquisition system is to

id.en.tify and justify needs based on the threat perceived

from enemy capabilities and political intentions. Needs

are identified through continuing mission area analysis.

For major systems acquisitions, a formal approval process is

required. This process culminates with the Defense Systems

Acquisition Review Council approval. As needs are vali-

dated , demands for financial resources are forwarded through

the Planning, Programming, and Budgeting System. During

this process , financial requirements are rank ordered and

allocated to the various DOD programs.
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The approval of acquisition. needs and subsequent

funding provide the authority to proceed with research and

development. This process transforms he financial and

technolo~~- inputs into development pians required to produce

weapon systems. The product of the research and development

effort provides the necessary te~~rni~~l abili ty required :‘or

weapons production . in addition to this input , the pro-

duction process draws from both the resource and tecbnolo~-

bases in order to complete the task of producing weapon

systems. As the process contiriu~s , ~~~ - apons are delivered

to the operating commands withi~ ~~ ~id also tr~nsferred

to allied nations.

The U.S. operation.al forces impact the acquisition

process in a number of ways. One of the most ~ignif’icant

effects is the impact that weapon system deliveries have on

threat reduction. This is due to the increase in capability

which reduces US . and allied deficiencies. Converseiy, as

U.S. and. allied capabilities increase , the threat to the

enemy also increases. In addition to the indirect support

to allied nations through increases in U.S. capability ,

allied defense is affected directly when arm~ are trans—

f erred from U.S. operational forces. In addition to the

capability provided from the operational forces , delivery

of weapon systems to the commands creates a demand. for

support.
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This demand is eventually supplemented with require-

ments for new systems necessary to replace the operational

force as it ages through time. This final demand serves

to complete one system life cycle as a new system need is

generated.. The concept of the systems acquisition life

cycle is represented. in the system sector diagram contained

in Figure 4—I.

As indicated in. the preceeding discussion , the

systems acquisition process is typical of multi—looped

feedback systems. The goal seeking portion of this system

revolves around the identification and subsequent satis-

faction of needs. This is accomplished through the develop—

ment of’ weapon. systems and maintenance of operating forces

required to produce desired military capability. The

second major ioop exhibits the growth aspects of the system ,

classically named the “arms race”. This feedback structure

is inclined to perpetuate arms development as the enemy ,

allied., and U.S. forces seek adequate military protection .

Growth is disrupted only as resources , technolo~~ , money ,

or political constraints become factors in the decision

process.

The links between. the Techn.olo~~ , Weapon System

Development , and Production. Sectors depict the area of the

model which is traditionally associated with the acquisition

process.. These three sectors contain the central processes
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of the system , around which the remainder of the sectors are

organized. The goal of the production sector is to produce

weapon. systems. Thus , these three sectors can be considered

the heart of the systems acquisition process.

Just as the Technolo~~- , Weapon Systems Development ,

and the Production Sectors can be thought of as the heart of

the system , the Political Sector can be thought of as the

brain. Here the important interface is made with the envi-

ronment. The result is a trade—off’ of’ issues which im~act

the support given to financing DOD programs.

In. order to support the various decision processes

that occur in the systems acquisition process , an extensive

communications network exists. Throughout the interview

process this point was continually reaffirmed. and became

the basis for the following observations . The structure

appeared to be well established. in. all areas within the

decision—making hierarchy that exists to support the acqui-

sition process. The communications network has two separate

parts: formal and. informal. The formal communications net-

work is required to coordinate the necessary system pro-

cesses which cut across functional lines. This network also

includes the decision—making groups and organizations estab-

lished to review and ~pprove needs , system development and

funding. Although the formal network appears to be highly

structured, set procedures were established to monitor the
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flow of’ information. between individuals and organizations.

The informal communications network is far more complex.

Informal communications networks provide a means to enrich

the information. base; but they also increase the to tal

amount of exposure to information by each manager. One

manager estimated that he received much more data from the

formal network than he required to make decisions; however ,

the data did not provide the information he believed was

necessary to accomplish his job (13). Because of this, he

sought out informal information sources.

The decision—making process for systems acquisition

is more fully understood when the system’s participants,

the positions on. key issues, and the general behavioral

trends can be analyzed.. The remainder of’ this chapter will

provide a more extensive discussion of each system sector

and the relevant issues and relationships which influence

the sector behavior.

Political Sector

The role of politics is essential to understanding

the behavior of the systems acquisition process. The

decisions and. policies made at the national level determine

the general policy environment and constraints within DOD ,

and more specifically , the acquisition process. In. essence ,

this political environment, as presented in Figure 4—2,

60



0 0

•!~ _—
~~
•
.
~~~~~

-4

I I
+ 

+ 
~~~~

• — I c  -~~~~~~o -~ LI~\• 00 ~~~~~~0~~ ~~~--~~~~~ ‘~~ ~~~-~~ ~-4~~~ O g ) 0 —  
~.4 ()

0

61



serves to balance the pressures and influences from within

the DOD with other national goals and objectives. in

additio n , many of the variables provide the link to other

sectors within the model. For example, the perceived threat

and intent to use force variables depend upon the Allied and

Enemy Sectors, as military and international situations

change throughout the world.

The relative pressures which exist in. the military,

economic, and international arena determine the tone o± the

political environment. During the interview process , it was

noted that these pressures were normally evaluated in terms

of dollars. The “power of the purs&’ appears to be a rela-

tively well understood concept ; however, the structure which

supports the actual decisions is not as easy to interpret.

The pervasiveness of this structure appears to result from

an attempt to satisfy many national goals simultaneously.

This involves determining the balance between the security

and economi c goals of the nation and implementing consistent

policy to achieve these goals which is a difficult task.

A recent analysis of the U.S. power position within the

world addressed the failure of the U. S. to reco~~ ize the

full relationships between political , military, and economic

events in order to develop coherent policy to deal with

multi—faceted issues in. an. integrated fashion (62:38).

62



For military issues , the result of the political tradeoffs

made between military, economic , and international demands

determines the overall funding and force levels within DOD.

In addition, specific decisions are made which impact

individual acquisition programs.

In order to deal effectively with military issues,

it is necessary to analyze the relationships between the

major components of’ the political system to determine the

influence and pressures which result from the political

process. Although the precise relationships between the

issues and participants within the process were not dis-

cussed in this research, the major relationships were

confirmed during the interview process. The issues of

threat, economic conditions , and the quality of life were

found to relate to decision—making within the political

environment.

The pressure for DOD programs begins with .S.

deficiencies. These deficiencies are amplified ‘by the

threat the U.S. perceives relative to the enemy’s capa-

bilit ies , enemy intent to use force , and the amount of

support the U.S. believes the allies will -‘upply in case

of war. In this sense , Derceived threat is a function of

~cot~a ~ ie size of’ t~i-~ ~~ficiency ~nd the Dolltic-?l tc~ie of

.~~Y t 3  wh l. ~h o c-~’~.r in. ~nternation~ I.



Threat is a perception of’ military capabilities and inter-

national environment . The perception is based on the

continual evaluation of the trends in. military capabil—

ities and intentions . In this respect , the actual threat

may not be consistent with what is perceived. The concept

is difficult to develop due to both the problems associated

with measuring capability and the changing world alliances.

Economic conditions also affect the pressures and

influences determining decisions on. military issues. As

economic conditions such as falling Gross ~Tational Product ,

inflation, and. unemployment become concerns within the

political environment , demands for non—DOD programs increase.

Borrowing from Forrester (25), military and economic

goals can be combined into the concept of the quality of

life. This concept represents the relative degree of

contentment in the populace. It provides the basis for the

guns and butter trad.e—of’fs made within the executive and

legislative branches of the government . The quality of life

has an inverse effect on the demand for  DOD programs . As

Americans enjoy favorable economic conditions and feel no

threat to their security , l ittle popular support is evident

for DOD programs. T~e Vietnam War provides a historical

example o~ this phenc~:- ’-~ . Little Ureot threat was per—

cei--ed ; therefore , man - Americans ~-ere ~~~i:’ing to ~utr~ort

~~~ deman :-3. The e ect r~ .. proce~-s p~ L~ iall r ensu~-~ s

~~s~th~~at~ )n. of ~~~ wi3h~s du’~i~.~ ~~ p~l



implementation process. The research revealed the defense

spending patterns were closely asso~ iated ~iith the political

pattern. The biggest increases in defens e spending occur

in the two years prior tc the presidential election and the

biggest cuts occur in. the two years after the election (10).

Public officials, although apparently concerned

about the public ’s desires, also shape their opinions on

inf ormation and influence resulting from other sources.

Specific favoritism and support for  selected issues and

progrs.ma are common within all mane ~ement stractures.

Nanagers have pet projects which become more inportant than

any other management concern. Because the program or issue

is important, the manager seeks to highlight the Drogram

merits in order to receive support from other areas in the

decision—making hierarchy. In. the systems acquisition

process , weapon systems are advocated by many individuals

and alliances. The defense industry, DOD , and the executive

and legislative branches all participate in. the selling of

weapon system programs. Few controversial programs are

approved without a coalition of supporters fro m all levels

in the process. Advocacy may result from a desire to keep

specific geographic locations or contractors healthy ,

sincere belief that one program approach is more desirable

than another, or unusual pressure to pursie i particular

course of action from. other participants in. the system .
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The interview process revealed that the ~~~ormal

communications network serves the advocacy concept well.

It is important to ~~ow where top decision—makers stand on.

specific issues and also to establish information sources

to provide continuing status on political positions. Nost

managers believed these sources were essential to their

personal data base.

One form of advocacy readily apparent in. the acqui-

sition process is lobbying accomplished by the defense

industry. In this discussion., the term lobbyist represents

both formal and informal pressures by the defense contrac-

tors. The pressur~ results from contacts with industry in

formal meetings , as well as informal visits and discussions

with defense cont ractors . Lobbyist pressure intensified as

economic conditions required the defense industry to seek

new business (36:135).

Amother source of influence upon the political

decision—makers results from DOD . The services explicitly

lobby for support of specific programs . In. addition. to

this explicit inf luence , the past and current performance

of’ DOD acquisitions also impacts the political support for

DOD and specific acquisition programs . Many of the staffs

stated that specific technical and cost measures were

evaluated in the decision—making process. For example , cost
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grow-th on the B—I bomber provided one of the reasons for

cancellation of the program. In other cases , decision.—

makers within. Congress , O~~~, and OSD withheld funds in

order to force policy or procedural changes. This activity

provides additional influence which affects the DOD envi—

ronment.

In. sum mary, the political environment which

surrounds the acquisition. process is important to understand,

although it is unwieldy and difficult to anticipate. The

decisions made by the people in. the executive and legislative

branches of governmen.t are influenced by three separate

forces: popular support measured in terms of the quality

of life, specific interest groups and personal advocacy

positions , and the influence and performance o± DOD. The

relat ive importance of players who participate in the

process , as well as their environment , determines the policy

positions which affect the acquisition. process. To the

extent that the system dynamics metbodolo~~- is concerned

with the interrelationships among the components in. the

system, the political process is both people and program

related , where many situational variables appear to affect

the policy outcomes.

Need Sector

The demand for defense systems is the ‘basic input

to the acquisition process. The Need Sector depicted in
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Figure 14~ 3 provides a model of the DOD process for ident i-

fying mission requirements, evaluating alternative means to

satisfy the requirements , and reflecting the decisions which

result m a  forc e plan. The output of the forc e plan is the

demand for dollars to the Financial Sector in. order to

meet the requirements for research and development , produc-

tion and. modification of weapon systems, and continued

support for operating forces. The Need Sector behavior is

goal seeking in. that it strives to satisfy specific needs;

however, this sector also provides the input to the arms

race concept.

Needs are identified by the intellig3nce community

and the operating commands. The process by which deficien-

cies are identified is called mission area analysis.

Mission areas relate to the basic missions assi~~ed to

military forces such as strategic attack or force mobility .

The objective of mission area analysis is to compare the

enemy capabilities with allied and U.S. ~apabilities to

determine valid deficiencies (7L 1.:I_2) .

There are several key issues chat relat e to the

iden.tifi~ation. and p1ami~~ig of needs . Specifically, the

issues revolve around DOD ’s ability to assess capabilities

in. order to determine deficiencies , the process by which

alternatives are evaluated to meet deficiencies , and the

role of politics in the planning process .
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The concept of capability can be thought of in terms

of a quantity and quality dimension. (L1~6:I4.2). Determining

the number of forces in. DOD , allied , and enemy forces is

straight—f’orward; however , the combination. of quantitative

and qualitative features of military forces makes the deter-

mination of capabilities difficult. Several different

agencies have developed capability models , although there is

no universally accepted definition. or model for assessing

catability (3) .

One technique developed by the 
~Q 

TJSAP Force ~a:~ —

bility Integration Division appears to ‘acid rro mise . The

~ethod requires ~hs; ind±vllual exrerrs ~a s’oecif:c ~tss::~
areas weigh the importance of subeleE cnts ~;irhi~ each ~re~
and then e-TaLiaate the status of e~::s ir~- and pThnned o~~a—

bi1~. ty. ~o facilitate ohis procedure, a rissior ares rro—

file is developed in rhe fo~~ of a ree an~ the resul~~ are

oom~ : red to ~he ~~own threat for each miss~ on rea (Fi~cre

4—4 . Deficieuc~es ~.re roted rsir ~ a color oodlr g scheme

which highlights in eo’r te ~~r~inai areas of ~he tr ee .

The final analysis deter~otros the relative import~noe of thc

deficien.cies within e’~oh mi~~ion ares tranch. Thts results

in. a comprehensive review of needs which provides a subjec—

tive. but logic~~. apprcach to he difficult ccncepo of

capabii~~y and deficiency 3n.alysis ~33:4—~ ).
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Once deficiencies are identified, development plan-

ning defines alternative solutions for reducing the def i—

ciencies. Among the list of alternatives that are con.—

sidered are: providing addition.al support for existing

forces; modifying current weapons; procuring additional

weapons in production or the operational inventory; and

developing new systems. Each alternative is evaluated in

terms of mission performance, schedule, and costs.

During the interview process , an. apparent conflict

was noted in the relative importance that decision—makers

placed on the performance, schedule, and cost features of

needs. In. addition to this conflict , the statement of the

requirement differed as the need moved through the valida—

n on process. .~t the major command level , great emphasis

was placed on the performance requirement . 2he oDeratin.g

commands focus on specific capabilities , usually relating

their requirements to deficiencies in specific hardware

terms. The commands are often accused of “gold plating”

their requirements by asking for too much perf ormance to

satisfy the deficiencies that e~~ st. The rehuttal to this

accusation addresses the risk of being caught short an war-

time . DOD component s argue that the quality dimension o±

I.S. capability must be maintained by developing techno—

logically advanced systems (~ 6: Ll~2). The search for tech—

nolo~~ to meet requirements within the Air Force is
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primarily the responsibility of the Air Forc e Systems

Command (APSC). AESC ’s primary focus is to develop the

technological know—how for specific performance needs ; how-

ever , AF~C also maintains the technolo~~ base required to

provide answers to needs when they arise (2). Due to the

cost of funding research, few projects continue if a size—

able investment is required or if no validated need exists.

Needs requiring a si~~ificant investment must be

approved by the Defense System Acquisition Review Council

(DSARC). These needs are formally docunented on a Mission

Element Need Statement (NENS). The DSARC considers.tion of

the i~~TS marks the end 0±’ a lengthy coordination process

which recuires concurrence by many ranels and review proups.

During the approval process , the primary focus shifts from

performance to timing, cost , and. other business considera-

tions. The statement o±~ the need also shifts from a

specific to general requirement. The corporate stracture

within HQ USAP and 0$D currently requires an estimation of

life cycle cost before new acquisitions are approved. This

appears to be a difficult task for US.kF—where estimates are

poor even when. specific details are known about the program

( 71 ) .  Although most managers believed cost was still third

to performance and time considerations; they also believed

cost had increased its importance in the decision-making

process within the acquisition process.
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The statement of’ needs in. a general format , not

specifically tied to hardware , has been of concern to the

USAF as the new policy resulting from. 0MB A—1 09 was in-ole-

mented. The policy int ended to link requirements to

validated, needs, evaluate various alternatives, and main-

tain flexibility in developing systems once the needs were
I

approved (20). Currently, few new systems have been

approved. This appears to be due to the long bureaucratic

cycle involved to implement the policy rather than a

selection. of other alternatives in lieu of’ acquisition.

The average time to approve a NE~TS is approximately eight

months (3 3) .  This an.alysis of 0MB A—1O9 implementation

was voiced throughout the interviews with managers , as well

as in reports discussed in the literature review. The

majority of’ individuals believed the intent of the policy

was good ; but implementation within the services was poor .

Most needs are identified through the formal

~ecision—m.aking str~icture established to approve needs

included in the force plan. In addition to the stracture

that exists to generate and evaluate needs , needs are also

generated by political advocacy from within DOD as well as

from. e~~ern&l sources. The entire needs process can. be

p ashed out of routine when programs are changed by indi—

vi~uals who have si~~ if’ican.t influence over the ultimate

decisions to approve or cancel weapon. systems acquisitions.
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An excellent e~~mple of this phenomena was Presi-

dent Carter ’s order that the B—I bomber be cancelled in

favor of the ornise missile. This caused a reorientation

of needs , a restrncturing of’ acquisition programs, and a

change in the scheduled time to meet needs . Although the

craise missile did. not create a siguificant problem in. the

financial arena because funds were transferred from, the B—I

program., siguificant schedule changes were made to meet

President Carter’s promised date for the craise missile ’ s

initial operational capability.

In summary, the Need Sector attempts to translate

deficiencies in military capability into force stracture

plans and alternative means to meet these plans . In.

addition , the Need Sector must include political consider-

ations which may alter the initial Force Planning documents.

The changes to the plarmir~g documerts must consider the

overall f inancial constraints within DOD . In. the ne~~
section. , the financial processes desigued. to match funds to

mission plans will be addressed.

Financial Sector

The flow of money is controlled in. the Financial

Sector. This sector can be described l
~
y four specific

activities: programmi~. g, budgeting, allocation , and.

expenditure. The demand for financial resources results
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from the requirement to implement the force plan described

in the previous section. The objective of programm~iig is

to link the plans and mission. requiremen.ts with demands for

available dollars. Once dollars are assigued to missions ,

a budget documents the formal request for funds and the DOD

budget is f’orwarded to Congress for authorization and appro-

priation (66). Eere the most important debate occurs: how

much money for DOD; how much money for non—DOD programs

(11)? The causal loop diagram in. Figure Li._5 portrays the

nature of’ the trade—off’s and pressures between these two

areas.

Programming and budgeting issues center around the

process which rank orders and consolidates financial

requirements. This process is accomplished through a series

of reviews which aim. to match anticipated dollars with

mission requirements. Because requirements normally exceed

financial resources , some programs are cancelled or deia;~eu ,

causing revision to the force plan. The decisions to

remove or revise programs in the force plan require analysis

of the various programming and budgeting alternatives. The

analysis seeks to weigh the relative merits and problems

associated with all the programs and provide a balanced pi~r

consistent with dollar constraints. Throughout the inter—

view process, managers indicated that few real trade—off’s

are evaluated either within or among mission areas and
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hu~get nrc&~’r~.r~s. Thu~:, inc ~o oroN~~ie ~-~ler :-;d

SlippOSt :s 3e~~ cr thi eved . ine reasons rro-rnd. e: ~r t i e

l ec~ of ~ra i.o— of fs  wcth~n the rrograrnin~ a c i  : ::~~st~~ .
L

cycles inu-ilue~ two spec:fic areas : “ 1)  th -~ ext r ’si-:e

~ns’orman~ on prc -riJeJ ~c the decision—rin t~ ‘ c~.: - :

~2) the effect of the changing s7stem en7:rcnr~~r~~.

Deotsion—nakers in the oo~ oorate :~~~
-. e.; s::-c:;uc e

are rrouined jith e~~ensive data on each rrc i~r~r -~e

:mds. ~s rioted, in the i tro iuctton of thi s ch~~~,er , one

manager received si:c to eight tines more Th.ta tL~o h~ ~sed

in decision—making ( “ f ) .  Because of thi sL-~cr vc~ un.e of

information orovide~ durin~- the revi : proc~s.s . thorough

evaluat~ons regarding rrc. gram tr~~~ -- ft s  ~re diff icu~~ .

in :rdeo no tape woth the volame oc io -~~, only five to ten

pero~ r : of thi pro grams are rev ewe : e:~; - osin-~ y. These

rrc -oa.u~ relat e to the ;ioa of tL -~ pr : ori~~ lis o whici

ray no :  ~be :‘:r~~ I. In ‘ldit or.. to l imited alt

between pro—rams . here aprca~ed to he little resur:~acing

of tr~~tia1 d.- - :Y :?m.: ; n~~~eo~ tives c : : e r tcr ’udi—

vidua progr- m~.

he ~~t ’~:.t- tew oro -~e.~s also re :ealed tha t t rade—o~~:’

dec:s~:n.s ~re I ‘f~ oat . lue ~o th - ~h~v~ ing ii ed en:-:ron—

ren~ . Toe nor~:.1 ~:oc~~a:~ s 0 .11 for a ler. hy ~iecision

-~ cl€ erct~~ncLag a-- - r ~~ o :~ o:i: ~.t el:r two years . b~ s ~~ii~
s d: s :-ip t - -d when ‘:rg’ at reqair€ o.en.ts sur f’ac~~. F~:~ n o l

r9 : u. re~ ant s r’l &t e -  ~o the s’ urgent oro rams must he
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force— fit  into the budget , leading to last mi~ .ut e decisions

with little analysis of the impact on the budget. This

last minut e restracturing of priorities is farther comp li-

cated by the influence of program advocacy in the program-

ming and budgeting cycles . Several managers n.oted the

last minut e inclusion of’ “ gold watches ” or “ooss says ”

requirements into the budget.

Congress is responsible for,the debate that deter-

mines the overall spending patterns required to meet

national objectives ( I I ) .  The debat e becomes difficult

when the economic conditions require financial sacrifices

by some federal agencies. The results of’ the debate are

specific appropriations based on the budget review.

Several managers indicated that the debate often centered

around small de~ ails relat ive to specific programs , rather

than the macro level trade—off’s which should be made in

Congress. Although Congress must vote on overall economic

goals and other key budget issues prior to the appropri-

ation. of dollars , information volume and the dynamic

environment create the same problems as discussed for  the

other decision—making organizations within the acquisition

process. Thus , few real trade—off a are made , even a~ the

top levels of the decision—making stnicture.

Once the decisions are made for the budget , it is

executed by expenditures resulting from. allocations made to
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various components within the government . The expenditures

provide pa~men.t for goods and. services provided to DOD

through contract or internal DOD commitments (66). The

costs noimally associated with the systems acquisition

process involve pa~ments for contractual obligations for

weapon system.s development and. production. The causal

loop d.iagrain depicted in Figure ~I—6 represents the relation-

ships which exist between the appropriated dollars, dollars

on. contract , and. the actual payments which result from work

perfoi~ ed.

For major systems acquisition, specific amounts ol’

dollars are associated and. controlled. for each individual

program. This control applies to both research and develop-

ment (R&~ ) and. production. and weapon systems. In other

areas such as operating and. support , dollars are not

specifically identified to individual systems, therefore,

there is a greater flexibility in the spending patterms

within this area. There is little flexibility within all

areas of the system in. terms of funds transfers between

appropriation categories. Thus, research and development

dollars cannot be used for production or operating and

support dollars cannot be transferred to research and.

development . This lack of flexibility creates problems

when urgent requirements surface and no funds are avail-

able in. the desiguated appropriation.
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One of the primary concepts within the financial

allocation and expenditure process is the spending rule.

Financial policy legislation does not permit spending in

excess of total dollars available; however, the system does

not reward organizations for saving financial resources.

In. addition to this rule, recent pressures for timely

obligation o~ dollars may result in rushed contract devel-

opment. The quality and. the type of contract determine the

overall expenses incurred on acquisitions programs; there-

fore, adequate contract preparation is essential (73).

Most research and development programs use a cost—

type contract. This creates the potential for many of the

risks involved with cost growth. Some of the costs are

avoidable; however, many are directly related to the risks

involved in contracting for the uncertainties of research

and development programs. Many times , the real reasons fo~
poor cost performance are not correctly interpreted. The

cost growth may result from contractual defects , pressures

from the business environment , economic conditions , as well

as poor cost management by the contractor (30). As cost

growth occurs in one research and. development or production

area, dollars must be made available from other areas .

This may require reprogramming of funds if dollars exceed

thresholds within DOD. This reprogramniing action requires

the approval of Congress or DOD depending on the dollar
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amounts involved (66:57—58). The problem of cost growth is

less severe for operating and support costs. Anticipated

payments are easier to determine ; therefore , fixed cost

contracts can be developed. This allows for expenses to

more closely track contractual obligations.

In summary , the f inancial allocation and expenditure

portion of the financial sector provides the last link

between the DOD and the national economy through the pay-

ments for goods and services by DOD. The character of this

link is established through the contracting and, financial

policies which exist in. DOD. Systems acçuisition has a

sigaificant effect on. this process because approximately ten

percent of the total DOD budget applies to Research and

Development of new systems alone (68:15). When production

costs are considered, the effect is further amplified.

Technology Sector

Tecbnolo~~ is one of the basic ingredients in. the

development of weapon systems. It provides the know—how

required to develop hardware and industrial processes

required for defense systems production (38:42). The DOD

policy towards pursuit, protection, and application of

technolo~~ impacts the economic activities and national

security of the United States.
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The causal loop diagram for the technolo~~- sector is

depicted in. Figure 4—7. Although the total tecbnolo~~ base

continually grows, within DOD the behavior is generally goal

seeking. This is due to the techn.olo~~r or performance goals

established for defense products and processes. As the gap

between the existing technolo~~ and. the desired technolo~-

increases , greater amounts of pressure are placed. on the

research community to provide the necessary technolo~~r.

This characteristic was particularly apparent in. the space

programs of the 1960s which sought to provide state—of—the—

art technolo~~ .

It is important to recoguize that the technolo~~r

goal is a key policy issue which is currently receiving far

more debat e than in the past . The United States has trad.i—

tionally sought to achieve military advantages through the

qualitative aspects rather than the quantitative aspects of

its forces . This has been accomplished primarily through

technological superiority of weapon systems (46:42).

Recently, there has been a movement towards developing less

technologically risky weapons. The A—b and the F—16 air—

craft are acclaimed to be a step in this direction (60).

Several studies have presented evidence that producing less

complex systems is more cost effective and provides more

reliable results in terms of performance , cost , and schedule

plans (17:23—29 ; 61).
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Just as the technolo~~ goal is a vital determinant

of the pressures for technolo~~~, the amount of financial

resources applied towards satisfying the technolo~~r goal is

also important. The search for new technolo~~- for DOD is

funded through the research and development appropriations.

As more funds become available for internal DOD research

efforts and contracts in the private sector, the search for

new technolo~~- heightens. Research for defense systems and.

processes is conducted along two lines: research aimed. at

specific weapon syst em applications and research conducted

to maintain the technolo~~ base.

Eventually, the research efforts discover tech—

n.olog~~b applicable to DOD which go towards increasing the

total amount of technolo~~ available. The result of the

discovery and, additions to techn.olo~~ relieve much of the

pressures established by the original technolo~~ goal.

This goal seeking feedback loop is the primary loop within

the technolo~~ sector.

A second important issue in the technolo~~ sector

is the role of tec1molo~~ transfer between government and

commercial industries in the United States , as well as

transfers among Zoreigo. countries. Although the causal

loop displays the technolo~~ transfer concapt as a positive

or growth type loop , transfers are perceived by many as a

lopsided arrangement with many underdeveloped countries.
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The debate includes the degradation of national security

when critical military technologies find their way into

Soviet and Warsaw Pact hands (46:42). On. the opposite side

of the technolo~~ transfer issue , transfers of technolo~~
to our allies increase their abilities to fight because

the qualitative features of their weapons has been enhanced

and their industrial base has been improved. In addition

to benefits for I’oreigu countries, the export of technolo-

gies is a big business for U.S. f i rms. Limiting t rade

would have a siguificant economic effect on many multi-

national companies (38).

In. the past, transfer of new technologies normally

went from, the DOD to commercial industries; however, more

technologies are being developed in. commercial industries

before they are applied to military applications. These

spin—offs are considered a valuable resource for the

acquisition process and provide many of the new ideas which

subsequently satisfy needs (8). The technolo~~ search and

discovery cycle is also prompted by the resources scarcity.

This will be discussed more fully in the resources sector.

A f inal concept in the Technolo~~- Sector is per—

ceived. technological advancement. This is sensed by

research and. development planners and affects both the

goals and the actual technical effectiveness that occurs in
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the research, develo~ ii~nt, ~ L ~rodu~ti~~ 
-
~~~~~ -;‘~~~ ~~~~~ ~i~e

acquisition process. The peroeive’I a~v~ o~iaen~ i~-

tion of the rate of change 1i te ~ olo~~ rei’~±ive tL-~
amount of technolo~~ that was initially a~~~1a~ ~ in th~
perception time period.

The estimation of the level of tec~nolo~y ~‘e~~~ned

for a weapon system is one of the major det~rminant~ L-~ ~~e

effort or work required to accomplish the vario~s ‘qeapon

system development phases. In. the next section the appli-

cation of technolo~~ to the research and development efforts

in DOD are discussed.

Weapons Systems Research and Development I’~Ianagement

One of the more studied aspects of the DOD syste~~
acquisition process is the activity associated with researci’.

and. development (R&D). R&D is normally divided into three

distinct , although similar phases of work : conceptual

effort, validation., and. full—scale development. These three

phases are linked together by the DSARC decision—making net-

work which was addressed. in the literature review contained

in. Chapter 2 and, also in the discussion of the Need Sector

in this chapter. After weapons development is complete ,

the production phase begins. The decisional structure for

production. is quite similar to the structure for research

and development , although the product is more tangible. In
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o~’der to avoid repetition , many of the concepts -that are

contained. in this section will also apply to production ;

therefore, only the differences between research and devel-

opment and production will follow in. the Production ~e.;tor

discussion.

Two general categories of actions and deci::~~i—

making exist in. this portion of the model. The first

category focuses on the decision. strtlcTlre ~equtred ~:o

initiate, approve , and. fund R&D and production in. the 1Y. .

Ihe second part develops the cause and effect r a ~ion.sh~;

-~hich exists within a program once it is ap~ ro~Ted and funded.

The formal decision structure which existed to

review and. approve weapon systems has been. addressed

~on.tin.ually throughout this research. The DSARC pcoces~ is

captured in the model by four separate -7h.ases of activity

which are activated by the DSARC and funding decisions

characteristics ol’ the actual system. One of the issues

~‘ihich is 0±’ concern in. DOD today is that the DSARC ~‘nd PPES

systems are not formally linked ; therefore , disconti~iui ty

and. delay may result if these two processes do not ~emai~.

synchronized as weapons are developed and. produced. Thi.T

lack of coordination may also be -rery costly due to str~~ch—

outs or work stoppages. i’Iany recent studies have ~ug~est od

that closer coordination and formal linko~e o± these deci-

sional pi~cesses be instituted in the DOD systems acquisi-

tion process (1 7;  50).
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The basic objective of these decisional points is

to determine whether the pro~ram is perceived to have enough

merit or product value to continue development or production.

The causal loop diagram contained in. Figure 2~_8 provides a

representation o± product value. The basic concept has been

adapted from Robert’s model concerning R&D management (55).

Two elements are required in the determination of

product value: costs and. benefits. Benefits are derived

from the progress towards the R&D and production goals, as

well as the decision—maker’s perceptions ol’ the urgency and

importance of the mission requirements and political desir-

ability. Costs are measured by the actual and anticipated

expenditures resulting from work performance. The weighting

o± cost and benefits determine the outcome of the decision

process. This process can be compared to pro gramming

activities addressed. in the Financial Sector; however, the

product value assessment relates to one specific program

rather than trade—offs made between programs.

Product value is increased as a result of increases

in progress or decreases in costs. This provides a means to

evaluate the performance of the program. To this basis,

desirability and. urgency of need are added. Although this

idea is conceptually supported by discussions with managers

in the formal interview process , the actual weighting
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and measurement devices are vagu.e; therefore , completely

consistent or rational cost benefit trade—offs are di±’±’i—

cult. Even dollar costs are relatively intangible when

evaluated in terms of life— cycle expenses.

Prior to any tangible performance measures , the

product value is anticipated based on information about the

expected performance of the program. This expectation is

captured not only in the planned cost and progress vari-

ables , but also by the perceived urgency of need and

desirability elements. The interviews revealed that early

impressions about a system have a lasting effect on the

decision—making environment even if new inf ormation con-

flicts with prior beliefs.

As product value increases , there is an inclination

to approve further development or production within the

DSLRC process. The “go” decisions represent a commitment

for increases in both planned progress and. planned costs in

future periods. The progress loop is characterized by

growth—more progress, more product value, approval for

more progress. The cost loop provides control. Until

recently, this loop was very weak; however , affordability

appeared to be a growing issue (33). The discussion

includes both current R&D and investment costs as well as

life cycle costs incurred well after production completion.
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Without funding, a program cannot continue , although it is

unrealistic to assume that all activities and expenses ceas e

immediately.

Throughout the interviews , logistics managers noted

a heavy bias to i~~ ore the out year effects o± R&D decisions.

This bias is slowly changing as a result o± recent initia-

tives including Desi~~ to Cost , Life Cycle Cost , and. Inte-

grated Logistics Support programs.

The final elements which affect the perception of

product value are urgency of need and desirability. Urgency

is the result of both the size and timing of the deficien-

cies. The B—I bomber and. cruise missile decisions provide

examples of these concepts. The need for the Air Launched

Cruise Missile became more critical following the cancel-

lation of the B—I bomber . This resulted from the lack of

desirability for the B-I bomber by many top govez~ment

officials, such as the Congress and the President.

Once a R&D or production effort is approved , the

program is continually monitored. The focal point in.di-

vidual is the Program Nanager who is responsible for the

majority of tasks related to R&D and production. In addi—

tion, extensive requirements are placed on the Program

Nanager to interface with elements external to the System

Program Office (19).
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The key control mechanisms within the management of

R&D and production efforts include technical performance,

schedule and. cost. These three elements are highly corre-

lated in. terms of their effect on. the program. Technical

performance is the driver and considered by some individuals

to be the only goal, cost and schedule being constraints.

A simple presentation of these three elements is

depicted in Figure ~4—9.

Technical

- Schedule

Figure ~I—9

Performance, Cost , Schedule

Several studies have supported this cause and effect rela-

tionship as well as the discussions with managers ( 7 ;  61).

Cost and. schedule goals may only be reached if technical

performance goals are reduced. The remainder of the dis—

cuesion. about R&D and production management will expand
9q.



V

this concept of technical performance, cost and schedule

into five areas:

1. Planning the level of effort ,
p 2. Evaluation of progress,

3. Evaluation of costs ,

4. Adjustments to schedule,

5. Adjustments to costs.

These five areas are displayed graphically in. Figure 4-10

for Research and Development and Figure 4—12 for Production.

The estimated level of effort depends on the tech-

nical complexity, environmental and. procedural constraints,

maguitude of the task, and degree of risk or uncertainty

associated. with the task (55). This estimate becomes the

basis for establishing targets for progress, project time ,

and cost .

Progress is evaluated cont inually as the pro gram

moves towards completion. In R&D, the actual progress is

difficult to measure; therefore, perceived progress becomes

the measurement device used to compare what has been accom-

plished to what was planned. A number of formal reports

are used. to report progress to the program management staff;

however , progress is also evaluated more informally through

meetings and. discussion with the contractor (19). As a

deviation from planned. progress or production is noticed ,

actions are taken to adjust the progress rate in order to
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stay on. schedule. Deviations occur due to many factors

involving estimation errors, unforeseen technical diff i—

culties, and management’s ability to provide the right

amounts of hiim~n and non—human resources to the work task.

The adjustment for deviation involves two considerations:

(I) what progress rate is required; and. (2) what are the

cost implications relative to the progress rate? The

result of this trade—off between cost and schedule depends

on management’s bias and the relative importance of both

cost and schedule penalties and constraints. There has

been a general bias towards maintaining performance and

schedule goals at the expense of cost (71).

The evaluation of cost results from the reporting

of expenses associated with the work task. The rate of

planned progress is the baseline for determining the cost;

however, as the progress rate is modified, the costs asso-

ciated with the work may be changed. Overtime or layoffs

may be required or overhead charges may change. The limit

on the amount of funds available on contract also effects

the decision to change the progress rate. As costs

increase, and. the amount of time remaining in. the program

decreases , the funds limitation, variable will cause the

progress rat e to slow down.
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The cont inual monitoring of the program provides

infoimation. required for adjusting schedule and cost. As

progress falls behind schedul e , there is pressure to slip

the program, causing an increase in the total project time.

If the decision is made to slip the milestone, the pressure

to increase the schedule is alleviated. The decision to

approve a change in milestone decision is a function of the

amount of time required , the current progress and. costs, and

the urgency associated with system development.

Pressures to change contractual cost occurs when

fund.s are used faster than. planned. This can be the result

of formal changes in the level of effort, cost estimating

errors, or the deviations which result from the changes in

the progress rate. The decision to approved funding

increases is a function of the funds available from other

programs and the current progress performance of the program

under consideration. Many managers indicated that there was

a reluctance to spend “good money after bad” , believing that

a program could not recover from past problems. This has

led to a number of recent systems being cancelled at the

DBARC II and DSARC III decisional points (60).

In. addition to the impressions that follow a pro—

gram through its life, the actual decisions concerning cost

and. technical performance effect subsequent phases of

development production., and operational use. This is
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particularly evident in the area of technical problems. If

a program experiences problems not corrected prior to s-tart

of the next development or production phase, technical cliff i—

culties will continue. Effort must still be performed in

order to meet the technical goals——unless the program goals

are changed. Many systems do not live up to their expecta-

tions in terms of performance. This is characteristic of

many operational systems today. Studies have shown (17; 61)

there iS a greater risk of technical problems when the

schedule is compressed. One of the reasons concurrency was

prohibit& was to avoid this problem. Technical problems

affects more than just performance. Costs to correct prob-

lems after production begins severely impact the life cycle

cost of the system. These costs are incurred both in modi—

tying the system and. also in providing increased support

required when a system cannot be maintained at its necessary

level of operational readiness.

In. s’im ry, the research and. development process is

characterized. by a series of controls. These provide the

framework for achieving research objectives and. provide the

groundwork for the production process.

Resources Sector

The Resources Sector illustrates the process of

discovery and. use of raw materials required for the produc-

tion. of defense systems. The causal loop diagram (Figure
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1,._11) depicts five feedback ioops which characterize the

sector stru,cture. The concept employed is based on

Forrest er’s application in his world model (25).

The resources sector is goal seeking due to the

strong influence of limited natural resources. Resources

become less available due to increased demands from growing

industrial populations. This creates the necessity to

search for new resources and increase extraction rates for

existing resources. Increased efforts eventually result in

new discoveries and increased resources; however , there is

a finite limit to this behavior . Today, the limit of the

oil reserves available to the U.S. is in sight, barring any

substantial discoveries in. new oil frontiers. The increased

efforts to produce more oil have lielded. smaller and smaller

volume from existing pumps (62:60).

As the supply of resources is diminished , use is

gradually decreased as the full impact of resource shortage

is felt. This results from a delayed desire to conserve

resources and provisions for resource saving alternatives.

These resource saving alternatives are developed as the

result of a call for new technolo~~ to provide a ~~ow—how

to develop processes that can use alternate resources or

provide for more efficient use of exis;ing resources.

Because resources are limited and may be unavailable

to the U.S. except by import , the protection of existing
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Weapon System
Production Input Rate (8)

Figure 24. 11

Resources Sector
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resources and nuturing of political alliances with resource

rich countries has become an increasingly import ant policy

issue. Today, the United States is almost completely depen-

dent on other countries for several primary ingredients for

our industrial processes. If the supplies were shut off, a

siguificant d.isntpt ion would occur in our current indus-

trial base. Diplomacy has been the preferred way to develop

and maintain supply lines; however , recent events in. the Nid

East indicate that political alliances are not necessarily

the answer to all our resource problems. Alliances change

daily.

It is projected that as resources become less

available for all users or the political situation degrades

resource supplies to the U.S., greater allocations of

existing resources will be provided to defense production

in order to protect those resources which are available for

U.S. use (11.5:281). Although this is conjecture, the recent

events concerning U.S. storage of oil for defense lend sup-

port for this hypothesis .

The role of resources in -the industrial processes

required to produce weapon systems has not played an

important role in the decision—making process relative to

acquisitions until the last decade. Resource considerations

are projected to become increasingly important factors in

the 11.5. ability to access specific raw materials and to

control the economic impact of scarce resources.
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Production Sector

As noted in. the Research and Development Sector , the

syst em characteristics which exist in production are similar

to those addressed for R&D. Only the differences , additional

detail, and production issues will be discussed in. the sec-

tion. The purpose of the Production Sector is to combine

the technolo~~ , raw materials, and financial resources with

the output of the research and development effort. This

merging of inputs provides the basis for the production.

process. As noted from Figure 4—12, the process stru.cture

is quite similar to the relationships which exist in the R&D

phases. One of the dJ.Ife’-’eaces is the input of si~~.ificant

quantities of material resources. Limited supply of some

raw materials can constrain or alter production processes

as noted in. the discussion of the Resource Sector.

Another difference between the R&D and the produc-

tion processes is the tangibility of the output production.

For production, the assembly and. final delivery of weapon

systems are much more visible than the achievement of

development concepts within the early stages of R&D.

Because of this increased tangibility , more top level

management review was noted.. This is also due to -the

relative increases in costs as systems are approved for

production. The result of senior management attention
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appears to create a tighter control network around the

production process , but it also increases the infornation

demands on the program management staff . As Pox (26 )

noted that the public relations and formal briefing proces~
creatI~ a large drain on the pro gram manager ’s t ime available

±‘or actual management of the production task.

The defense industry is the element within this

system which actually produces the weapon. systems . One of

the assumptions for the model is that adequate production

facilities exist within the defense industries. Nany

individuals have supported this assumption (28 ; 31), noting

the over—capacity which currently exists in the peacetime

environment. Despite this apparent over—capacity , several

concerns have been. voiced about the condition and ability

of the industrial base to respond quickly to wartime demands

(64). This concern requires further analysis ; however , it

was not considered within the scope of this research.

The conceptual model of the productir’n process does

contain several elements which provide greater detail than

in the research and development phases . The learning curve

concept is included to represent -the efficiencies which

relate to the learning process as production continues

(26:156). The effect of the learning curve is to reduce pro-

duction flow time as more systems are produced. This must

be considered in. developing the production schedule.
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Production schedules are also different than those

in research and development due to the ability to measure

actual quantities of systems rather than the achievement of

research and development tasks. Nany managers noted that

the schedule becomes a device used. in the programming cycles

for adjusting total force requirements to meet financial

constraints. Thus, many schedules are lengthened when funds

run short, or conversely, schedules are accelerated if

urgent threats exist. The schedule , coupled with the

abilities of the production. process , determines the delivery

rat e of operational systems to the operating cormn.ands. The

next section will describe the relationships which exist in

the operational environment within DOD .

U.S. Operations Sector

The U.S. operations sector provides one of the basic

feedback mechanisms for the systems acquisition process. In

this sect-or, needs for support are generated and capablities

are determined by the etnplo~ment of weapon systems. The

sector is divided into two general parts. The first part

deals with the inventory flow within the operational system.

The second part deals with the capability information that

results from the condition. of the various inventories. The

causal loop diagram contained in Figure 4-13 provides a

framework for discussion.
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b
The inventories within this sector include both

operational and non—operational systems. The primary goal

is to maintain a desired percent of the systems in opera-

tional condition. This goal becomes a measurement device

or standard for the commands to compare to actual opera-

tional experience. The result of this comparison is an

adjustment to the relative pressures for support. In

addition to command review of operat ional perf ormance ,

other organizations involved with reviewing and approving

support plans and new acquisition programs use this as a

measurement of operational performance.

Systems are delivered to operations from. the pro-

duction sector. Once the systems reach the field , they are

used. to meet the planned operating program established for

each unit . As the weapons are operated, failures and. aging

of the fleet occurs. The systems deficiency variable is

used to capture both the failure and aging characteristics ,

in addition to the inherent desigu problems existing in new

equipment delivered from the Production Sector. As the

systems deficiencies increase , more systems become non—

operational , creating a demand on repair and support. This

pressure intensifies as more an.d more systems are incapable

of meeting their assigued mission , creating a request for

additional support .
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In the Air Force , support costs have increased three

times since 1964 (67); therefore , costs related to operating

and support are becoming more a concern of top decision—

makers within all areas of the DOD system (57). In acqui-

sition , the trend to consider the effects of desigu on the

downstream costs is becoming more apparent from both the

beliefs and actions within the acquisition systems. Although

the actions are sincere , the difficulties involved with

estimating and measuring the pertinent costs and benefits

are different . This was described in the discussion on

product value.

One manager (11.2 ) within acquisition expressed a

concern for the increasing age of U.S. operational forces .

This results f rom. a lengthening of system life cycles, with-

out timely provisions for replacement systems. Many of the

operational forces have far exceeded their planned opera-

tional life. This results in increased support costs.

A f1n~ 1 issue within this sector discussion is the

ability of DOD to measure readiness. As noted in earlier

discussions , the percent of systems which are operational

provides one of the most often used measurement devices

of operational capabilities . This measure is rather short—

sighted in. that it does not address the abilities to meet

sustained wartime mission requirements through the use of

equipment , spares , and personnel support. Throughout this
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research , the lack of adequate measures for operational

capabilities and readiness were noted. Although these

concepts are complex , it is important to know the general

ability of the operational system in order to provide use-

ful estimates of needs.

Allied Sector

The role of allied defense in supplementing U.S.

military strengths draws on both DOD production. and opera-

tional systems . In. addition , the many allies develop their

own internal defense industry.

The acquisition system ’s role in allied support has

expanded si~~ificantly in the last two decades. The major

growth of U.S. military support to our allies began at the

conclusion of World War II when U.S. resources were used. to

restore political and economic stability (62:41). Today,

each contract proposal submitted for a major systems acqui-

sition includes a section describing relevant NATO indus-

tries and. opportunities for co_produc+ ion (8). Because of

the increasing importance of allied defense to the DOD

acquisition process , the policies that apply to this sector

must consider the careful balance of military , economic ,

and foreigu affairs.

The stru.cture of the allied sector (Figure 4—14)

is believed to be a simplified version of the U.S. system.
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Based on the allied perception of threat, enemy intent, and

U.S. support, needs for weapon systems are determined.

These needs can be satisfied through in—country production

of weapons or through the transfer of arms from the United

States. Arms transfers result from the request and approval

of Poreigu Military Sales (~~ S) agreements with allied

nations. Normally nations rely on the U.S. for arms when.

adequate industrial capability is not available within

country or when the count ry ’s weapons do not satisfy the

deficiency. Industrial nations also seek to share or con-

tinue development of their capabilities by jointly pro-

ducing weapons with the U.S. This is called co—production.

The F—16 fighter aircraft is the most recent large scale

co—production program involving a partnership arrangement

between the U.S. and. Loreigu nations . The benefits resulting

from co—production arrangements include the sharing of a

portion of the acquisition costs , increased standardization

of weapon systems and closer economic ties (8). Standar~1—

ization within NATO is also a separate policy goal currently

receiving much attention. Increased use of standard parts

enhances U.S. and allied ability to combat the Warsaw Pact

threat (64).

The increase in capabilities for U.S. allies lessens

the overall threat that both the U.S. and, its allies per-

ceive from the enemy. This relieves some of the pressures

112



on the DOD acquisition. process to produce weapons. Many

reports stated that the role of the U.S. as a world power

is declining. This is placing a strain on U.S. alliances ,

resulting from doubt of trtie U.S. intentions to provide

support to its allies. This lack of assurance of U.S . sup-

port may eventually cause a shift in. alliances , impacting

the relative threats that the U.S. must counter through the

production of arms (62 :39).

The motivations which cause shifts in. political and

economic alliances are related to the concept of quality of

life discusseL in. the Political Sector. The needs for both

military and economic security appear to play an important

role in the policies that effect political alliances and

military support for allied nations. As allied demand for

U.S. weapons increases , world diplomacy enters into the

considerations of DOD acquisition. policy.

~~e~y Sector

The final sector in the conceptual model is the

~~.emy Sector depicted in. Figure 4—15. Although this sector

is the briefest in. detail, omission of the concept repre-

sented would remove the major stimulus to the acquisition

system—enemy threat . This threat-affects the activities

within both the U.S. and allied defense syst ems.

Perceived threat is the driving factor in the pro-

duction of arms . This threat is a function of the relative
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capabilities and intent factors based on evaluations of ~he

U.S. and allied systems. As the enemy senses threat from

these two areas, more weapons are input into production and

ultimately provide increased enemy capability and. decreased

deficiencies within the enemy sector. This goal seeking

aspect of the system is represented in the causal ioop

diagram. The implicit loop tying this sector to the others

in. the system provides the initiative for the growth beha-

vior characteristic of the aims race . As noted in. the

introduction to this chapter , the control mechanism on the

arms race results from the resource , financial, tecbno—

logical, and political constraints placed on the s~-stem.

The model assunes that the basic underlying struc-

ture existing in U.S. and allied systems also applies to the

enemy system. Although the basic relationships within the

enemy , U.S. and allied systems are believed to be similar,

the motives and relative maguitude of response differ as a

result of the political philosophy and economic systems.

Smith noted a large difference in national pride between

the U.S.S.R. and the U.S. (58:118). This difference is

reflected. by the fact that the U.S.S.R. spends more than.

11 percent of its Gross National Product on military defense,

whereas , the U.S. invests only five percent (1 0 ) .
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The differences between the U.S. and enemy philo-

sophy may lead to slightly different perceptions of the

actual intentions and mo t ivations within both the military

and political environment. Luttwak noted that the Soviets

perceive a military advantage due the sheer numbers of

forces and equipment they have in. comparison to the United

States (214). The concept of perception also plays an

important role in. interpreting the intent to use force. In

times where U.S. intent has been mistaken , the enemy has

sought to use force in order to take advantage of a situ-

ation , often resulting in military conflicts (39) .

Conclusion.

In this chapter the first resolution of the weapon

systems acquisition process was presented. The key issues

and goals of the system and the various sectors within the

system. were discussed. These discussions -~ere based on

information from. both the literature review and interviews

conducted with key m~~~ gers within. the acquisition process.

With this work as the basis of the system dynamics model ,

the next chapter develops these concepts into the flow

diagrams and equations necessary to computerize the system

and experiment with changes to structure and policy.
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Chapter 5

T~~ MA.T~~ ’IATICAL MOD~~ OF T~~ DOD

SYST~~S ACQUISITION PROCESS

Introduction

The flow diagrams and mathematical equations for

the acquisition policy model are presented in this chapter.

Each of the sectors is described by one or a series of

diagrams which depict the flows of material , money, or

information throughout the system. These diagrams and the

equations provide greater detail and structure to ihe

system. The discussion will include the supporting

rationale for the equations and functions developed within

the model . This discussion is intended to supplement the

system concepts, relationships, and issues presented in

Chapter 24~ The relationships portrayed in. the mathematical

equations represent the general concepts and beliefs dis-

covered during the research.

The presentation approach will apply the system

d~’namics syuLbolo~~ introduced in Chapter 3. Each sector

will be discussed ~y flow diagrams and corresponding

equation. sets. The flow diagram symbols each contain a

variable name, symbol, and. equation. number. The equation

numbers are prefixed with a two character alpha code which
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corresponds to the sector names. For example , ~N denotes

financial and P0 denotes political. The equationo are

developed in. the DYNA?IO simulation language notation. Only

the level, rate, and auxiliary equations are developed. For

interested readers, a complete , documented listing o± the

model is contained in Appendix C.

The model developed from the flow diagrams is

intended to focus on. one mission area. No provisions were

made to consider the impact or relationships between dif-

ferent mission area requirements in need identification.

This represents the real system process in that few trade-

offs are made outside of one mission area except on funding

issues. The model does provide visibility of the various

funding categories required ior research and development ,

investment , operations and. support. Because of the sequen-

tial approach to both weapon system development and funding

decisions, the three research and development phases and

the fiscal funding cycle were explicitly developed. This

created a degree of repetition in the model structure which

will be avoided in. the discussion; however, the repetition

was necessary to fully represent the decisional structure

which existed.

Political Sector

The :~~ o~~~tiona1 flows within ~he political sectcr

provide the basis for the gene-~’al environment that impacts
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the systems acquisition process. In the previous chapter

the Political Sector was described as the integration pro-

cess in which the U.S. balanced the demands for mili tary

international, and economic considerations in national

policy. This section focuses on four distinct parts of the

political system: the impact of international relations ,

economic issues, general support for DOD , and specific

support for DOD acquisitions. The political process which

determines the nature o± the various pressures is defined by

the information structure within the political environmen~.

Because of this, the variables developed in the model

relate to the rates and levels within other sectors , pro-

viding the important linkage of the DOD systems acquisition

process with the political environment.

The first portion o±~ the political sector addresses

~he international environment. The flow diagram which

represents the international environment is depicted in

Pigure 5—1. Two specific areas are involved: enemy threat

and alliances. Both concepts are the result of political

nt3nt. Spector (59 ) developed a method of ieteimining

political intent by analysis “1’ trends in the day—to—day

relations between two nations. Two general categories were

used to classify events: the tone of the event and the

intensity of the action. This concept was employed to

establish the military intentions o±~ the U.S., allied, and

5 
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enemy defense systems within the model. The measure of tone

is rep ’esented by the threat that a nation perceives. The

amount o±~ threat determines the intensity of intentions. As

threat increases, the intent to use force also increases.

The relationship is illustrated in Figure 5—2.

Intent

Threat

~2hreat vo. Intent

Figure 5- ~2

Threat is evaluated through time and is not immediately

updated. The trend of events determines the actual

political intent that a nation perceives. This is repre-

sented in. the following equations.

A USt~T,V:ThBHL(lJ$jNTT,SpTHR.K,~,2, .2)
I US!NTT:~/#/ø/~/, 1/.811.2511.97/2.35fl.5/z,6
A SPTI4R.K:USURCF.X*$UM{U$PTHR .IO/1ZØ
A USDWSL.K:USDESW*TABHL(USDWST,SPTHR.K,~,Z, .2)
I USDWST:.2/.2/.2/.35/.55/.9/.92,1/1.~5f1.1 ,l.I
NOTE USPIT US INTENT
NOTE SPT}4R SMOOTHED PERCEIVED THREAT
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NOTE JSURCF US URCENC~ V~CTOR
NOTE USDWSL US DESIRED WEAP ON S~SIE~S LEVEL

The other portion of the threat equation concerns the

relative differences that exist between U.S. capability

and capabilities of the allies. The determination of

threat is one of the major drivers in the U.S. needs process ,

as well as allied and. enemy defense systems. Similar con-

cepts are employed for the determination of allied and

enemy threat.

The second aspect of the international environment

concerns the military ties which result from forei~~
military sales and. co—production. These relationships

reduce U.S. and allied deficiencies and also strengthen

diplomatic relations. The equations which relate to the

international aspects of the political environment are:

A USPTHR.X (NO ) :(EINT. K_AIN T .K)4USDE F.K ($O)
A USCOPA.K~CUP (l ,~,AIN T.X3SPTHR .K, .8)
NOTE USDESM US DESIRA8I L IIY TO BUILD ~E~PONS
NOTE USP THR US PERCEIVED THREAT
NOTE EIN T ENEMY IHTENT
NO TE A INT ALLIED INTENT
NOTE USDEF US DEFICIENCY
NOTE ‘JSCOPA US COPRODUC TION AGREE MENT
NOTE SPTHR SMOOTHED PERCEI VED THREAT
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Perceived threat is one of two determinants of the

quality of life concept discussed in Chapter 4.. The quality

of life variable ties the international and, economic situa-

tions together. The economic system within the political

sector is depicted in Figure 5—3. Quality of life is a

function of both threat and the general economic conditions

in the U.S. In the model, Gross National Product was used

to represent the state o±~ the U.S. economy. As economic

conditions improve , the quality of life increases. The

equations that represent this concept are given below.

A QO1.K :TABHL (QLMTpGNP ,K/SPTHR .K ,J ,5 ,1)
NOTE QOL QUALITY OF LIFE
NOTE GNP GROSS NA TIONAL PRODUCT
NOTE SPTHR SMOOTHED PERCEIVED THREAT
L GNP.K:CNP.J+014(GNPCR .J)()
R CNPCR .KL :.~3
A BUO.K :FBRQMT .K*BRF
NOTE FBRQM T FEDERAL BUDGET REQUIREMENTS
NOTE BUD FEDERAL BUDGET
A NDOOD .K: B IJ D.K ,PBND.X
A PBNQ ,K :TABHL (BUD T ,NO DMD.X ,~, 1~

, 1)
A DODD.k:BUD.K 4PB 000. K
A PB DOD.K :1-PB ND,K
NOTE N0000 NON-DOD 000L LARS APPRUPRIATED
NOT E FIND PERCENT BUDGET TO NON-DOD
NOTE NODM O NON -DOD DEMAND
NOTE DODD DOD DOLLARS APPROPRIA T ED
NOTE PBDOD PERCENT BUDGET TO DOD
A FBRQM T .K : BRF+ (DDMD. K+ NDOM D.K)
A DOMD .K= SUM (FTDP 1 .K)+SUM (F DP2.K )+SUM (FYO P~.K)
A NDO$D ,K :CNP .K,GP4PGR .JK*TABHL (NDODT QOL ,K ,~,3 ,.3)
T NDODT :2.5/2.1It.5/l .2/.8&/ ,I ,7/ .42/ .21/ ,15/ .I1
NOTE BRF BUDGET REDUCTION FACTOR
NOTE DDMD DOD DEMAND FOR DOLLARS

In this model, the interaction of the economy with the

systems acquisition process was not defined. The focus

123



\ I 
H\ I 
C)
‘H

o

\

0
M’\ 0I C.)

c i ) )

f H O
4-,

—

HI 
0I 
4’,
‘H

‘H
~~ I 

i-I

~~~I 2~~I

124



was to show the effect of economic conditions on the acqui-

sition process; not to show the acquisition process’ effect

on the economy. With this intent, the economic state is

assumed to be given in the model.

The third concept within the 7olitical sector is

the pressures which determine the general funding support

for DOD programs. The general mood of the nation. towards

DOD is partially determined by the perceived threat. If

threat is small, there is less desire to build weapon

systems. This is related to the quality of life concept

discussed previously. Support of DOD is also influenced

by the general performance of DOD in terms of cost and

performance. If past performance in DOD has been poor,

there is a reluctance to support DOD requests for funds.

The final consideration which determines the general

support for DOD is the specific desires of the top

decision—makers within the political system. Presidential

and congressional goals for national policy influence the

support provided to DOD. The flow diagram which depicts

the general support structure for DOD programs is contained

in Figure 5-4. The system equations which relate to the

diagram are:
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A 000SP ,X :(PRES SF ,K+CONGSF ,K+PSDD ,K)4USDWSL ,N *ELYRM ,K
A PSDO ,K :IA8HL UPOPST ,QOL ,K ,~,3, .3)
T POPST:2,ø/I,9911.9811 ,87/1.~5/l ,4 f1 J51,B5/ .831,8
NOTE 000SP SUPPORT FOR DOD IN GENERAL
NOTE P800 POPULAR SUPPORT FOR DOD
NOTE PRESSF PRESIDENT IAL SUPPORT FACTO R
NOTE CUNGSF CONGRESSIONAL SUPPORT FACTOR
NOTE IJSDWSL US DESI RED WEAPON SYSTEMS LEVEL
NOTE ELYR N ELECT ION YEAR MULTIPLIER

In addition. to general support for DOD programs ,

pressures are amplified for a specific program by the

desires and demands of several factions in the U.S. The

relationship of the factors which affect specific program

support are area benefits, general DOD support , lobbyist

pressure, and desirability of the new weapon system.
Lobbyist pressure is measured by the state o±~ the economy

using Gross National Product and the technical complexity

of the new weapon system. Technical complexity is used to

capture the desire on the part o±~ industry to reach or

maintain a lead role in the defense industry. As more

complex weapon systems are requested , the chance to work on

new concepts which may lead to extended DOD business and.

product spinoffs leads to increased support for DOD programs.

The equations which relate this concept to the flow diagram

contained in Figure 5—5 are given below.
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NWSD,X :TABHL (NWS0T,NWSP,K,~,3, .3)~DODSP,I(
T NWSDT:.2/,2/.Z/.33I,5/,7ZI,S5I.94/I/1,~5
A NWSP K:CWSF4CRPA K+PWSF4PRPA . K
NOTE MWSD NEW WEAPON SYSTE’S DESIRABI LIT~
NOTE NWSP NEW WEAPON SYSTEMS PERFORMANCE FACTOR
NOTE CWSF COST WEIGHTED SUPPORT FACTOR
NOTE PWSF PERFORMANCE WEIG HTED SUPPORT FACTOR
NOTE ORPA COST RATIO PLANNED TO ACTUAL
NOTE PRPA PERFORMANCE RATIO PLANNED TO ACTu AL
A GSPTRD.K(I):TABHL(GSPTT1pNWSD ,K,J,1 .1)
A GSPTR D. K ( 2 ): TAB HL ( GS PP T 2 ,S PT # R , K ,øi Z ,, Z )
I GSPTTIr ,81,921,83/.851.86/.9l1,9911 .1/I.3/1,5/2,~
A GSPT I N , K ( 1): TA BH L ( GS PTT 1 , NWSO , K , J p I , . t )
A GSPTIN.K (2):TABHLUCSPTT2,SPTHR.K,~,2, .2)
T GSPTT2:2j/1,5/i.3/1.I/.99/.91/,8~/,85/,83/,82/,8I
A GSPTOS.K(1):TABHL (GSPTTIiNWSD.K,ih l ,.1)
A GSPTOS.K(2):TA 8HL)GSPTTZ,SPTHR,K,ø,2, ,2)
NOTE GSPTRD GOVERNMENT SUPPORT FOR R&D PROGRA MS
NOTE GSPTIN GOVERNMENT SUPPORT FOR INVESTMEHT
NOTE CSPTOS GOVERNMENT SUP~ORT FOR O&SNOTE SPTHR SMOOTHED PERCEIVED THREAT
I LOBB T : 2/ 1 ,99 /1.9/ I ,8 / 1 ,6 7 I I .5 / 1 ,37 / 1 ,~5/ I , 16 / I .1
A LPF,K=TABH L(LO8 BY ,GNPCR ,JK /TCF ,X ,~ ,2 , ,2 ) ’ AB F

In summary, the political sector integrates the

four factors of international environment, economic condi-

tions, general support for DOD, and specific support for

DOD programs into a consolidated plan to promote national
goals. Two of these goals are based on providing adequate

economic and military security. The threat that is per-

ceived determines the inclination of the political

system to recoguize and approve mission needs that are

developed by the Services. in, the next sections, the
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process within DOD th-it identifies and evaluates mission

needs that result from the perceived threat is described..

Need Sector

Threat is a function of both intent and capability

to employ weapon systems . The need sector consolidates the

information that links threat to mission analysis and then

to capability. In. this sector , the concepts of ident ifying

a deficiency , evaluating alternative methods to meet the

deficiency, and planning force structure and budget require-

ments are defined.

The flow diagram contained in Figure 5—6 portrays

the mission area analysis portion of the determination of

needs. Three factors influence the system alternatives.

The first factor is the deficiency that exists in a given

mission area. This process begins with the identification

of the total deficiencies which result from a comparison of

the relative capabilities of the U.S., its allies , and the

enemy. A nation’s capability is strongly influenced b:- the

number and q~iality of current and planned weapon system

inventories. The quality factor is a function of the tech—

nological advantages; availability of facilities , equipment ,

and spares support; and the skills and flexibility of tLa

workforce. As the capability comparison occurs for both

short—term and long—range planning periods , a. portion of
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~he total deficiency is allocated to the U. S. T~~ s all o-

cation is a function of the international relations bet~’ie~ n

the U.S. and its allies. As alliances weaken, the U.S.

must assume greater amounts of the total  deficiency iden-

tified in the needs rlanning process. The eoua-tions which

relate to the ca~ability and. deficiency ~nalysis are :

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ + ~~ 1

NOTE ~Sl3 WEAPON TEM~ OPERA TIO~~L
NO TE WSN ~E~PON SYSTEMS 

‘-ION-O PERATIO NAL
NOTE PLAN P)..~NNED FORCE LEVELS
NOTE JSCPWS 1J5 CAPABILI TY PER mE.A P~N £~S1E~
NOTE ~EF LOGIST CS EFrECTIVENESS ~ CT~JR
~ t~SCPWS.~*LEF ,}(U1OI
A UAO EF , MO ) : ECAP , K ( NO ) -US CAP ,~ ( M O ) - A CA P K { M O )
NOTE ECAP ENEMY CAPABILIT Y
NOTE ACA P ALLIED CA PAB ILI TY
NOTE USCAP US CAPABILITY
A USDIF, MO):~A 1 ,UADEF, O)4lJSOPCT ,,()

~ USDEF.~
(MO) :MAY ,IJSBIF g~MO~4U5~E3W)

A ~5~pcT,g:1_ADp~T,~
A USDEF K (MO) :MAX ~,USDIF,KtMO )*USDESW )

~ TE UADEF US/ALLIED COMBINED DEF ICIENC Y
NOTE USDIF US DI FFERENCE IN CA PA B ILIT Y
NOTE ‘JSDEF US DEFICIENCY
NOTE IISDPCT PERCENT OF DE~ tCl ENCY ro is

The second part of needs dete~~ ina tion is ~he

evaluation of urgency relative to each mission requirement .

Urgency is a function ~~ the time until the deficiency will

exist in the operational forces. 1±’ a short—term deficiency
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exists, the urgency of the requirement increases. The

equations which relate to this concept are given below :

A USURG .K :UR GENCY ( US D EF .K )
A USUW.K:~ABLE LEWGT ,USURC.g,J, 120’ 10)
NOTE USURG J$ :JRGENCY- ..TIME IN NONT4S TI L FIRST DEFICIENCY

As deficiencies are identified , tue rrocess o±~
evaluat ing system alternatives to resolve the imbalance in

military capabilities begins. The decisional process is

influenced by the maguitude, urgency , and the current

capability which e~dsts or is expected from procurement or

development of additional system hardware. Four general

categories are considered within the model . They are :

increasing support for existing systems , modifying existin g

inventories , investing in additional weapons in. production

or development , and developing new weapon systems.

The evaluation considers the cost , schedule , and

performance implications of each alternative. The flow

diagram contained in Figure 5—7 represents thi s process ,

although the specific decisional variables are not

explicitly depicted on the diagram. Each ol’ the alte~~ —

atives will be discussed a~ it relates to the decision

process. The process involves a cost comparison of feasible

alternatives. Alternatives are judged. feasible if they meet
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the desired performance level required to satisfy the del’ i—

ciency within the appropriate tiTneframe. Costs relate to

both explicit and implicit values associated with each

system alternative. The explicit costs are tangible amounts

associated with such elements as procurement or training.

The implicit costs are much more difficult to evaluate.

They result from the relative values that managers place on

specific alternatives regarding risks , pay—off , or personal

preference. These implicit costs can be represented by the

adjustment of the constants in the model in order to change

the relative differences between alternatives.

The alternative to increas e support ol’ existing

systems considers the costs associat ed with raising support

to achieve the desired capability. Information about cur-

rent system operations is used as a basis for the decision.

As the gap between current and desired capability widens or

the capabIlity goal exceeds 100 percent , this alternative

becomes ini’easible. In. the model , the costs of increasing

capability grows iguificantly when capability goals are

high or beyond the physical ability of the system. For

smaller increases in capability , the support option is

considered the least expensive and most responsive means

to meet deficiencies. The equations in the model are used

to determine the costs associated with increasing the

capability from. the current rate , expressed as percent of
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systems operational to that percent required to satisfy the

deficiency. The option is rejected i±~ the number of weapons

needed to fill the deficiency exceeds the number available.

For example , if 100 operational systems were required and

only 75 existed, this alternative would. be rejected. The

equations which relate to this are :

A VALTI .K :SIJM (USDEF .K) I (OR DN* USCPWS. K )
A SCHFI .K :CL IP(ø, I ,SCHED I ,)JS URCF. K )
A COSIF I .K:CL IP(1 ,ø ,TFSL .K ,00 ST 1 .K )
A COSTI .K : TABHL (CST IT ,PIEWO RR . K ,8 .8 , 1. , .02)
I CSI1T :1ø/z~/3 g /6 g /I0e/3 li/ 55O/1z00/1 E4/1 .E6
A NEWORR .K~P4IN (1 ,DORR. K )
A DORR .K : (VAL T1 .K+WSO.K) I (WSO .K+WSN .X)
A DCI.K :COSTF 1.KISCHF I.K
MOTE VAIl ) VALUE OF ALTERNATIVE
MOTE SCHF1 SCHEDULE FACTOR
NOTE COSIF1 COST FACTOR
MOTE COST I COST OF ALTERNATIVE I
NOTE TFSL TOTAL FORCE STSTEMS LEVEL
NOTE NEWOR NEW OPERATIONAL READ T (OR ) RATE
NOTE DORR DESIRED OR RATE
NOTE DCI DECISION CONTROL OPTION 11

The modification. alternative is reviewed in terms

of the expected increase in both performance and life of

the weapon system. Both ol’ these effects add to the quality

aspect o±~ capability. The performance increase is set as

a constant value in the model , however , this can be adjusted
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to show the effects of varying degrees of modification. The

expected increase in performance is compared to the system

deficiency to determine if the alternative is feasible. If

the deficiency cannot be satisfied , the alternative is

rejected. The cost and schedule factors for modification

are computed. for feasible solutions. The decision criterion

becomes the costs related to the increased capability. This

is used to compare to other alternatives. The equations

applicable to the modification alternative are given below.

A Y A LT Z. K :USCPWS. K+ NODK
A SCHFZ. )( :CL IP(0, I ~SCHEDZ~USURCF.K)
A COSTF I,K :CL IP( I , 0 ,TF S L .K p C OST Z.K )
A MODC .~:TABLE ( MODFT , MODK p Ø p I0~,j Ø ~
A MOOF.K :SWI TCH (0 ,MODK ,DCZ.KI
A NSYSM .K :MIN ((W SO.K +WSN.K) iSUN( USOEF.K )/VALTZ.K )
A COST2 .K :TABHL (CSTZT ,NSTSM.K ,e ,1ØU, IU)*MODC .K
A DCZ . K:COSTFZ .K*SCHFZ .I(
I CSl2T:1~I/2øøI3Iø / 4~~I6e0/84ø/1 1~0/I500I1ô40/I700/I75ø
T MODFT :I/1/1/I/1 .15/ 1.35I1.5a/1 .8/2.~5/Z.2/2.24
MOTE VALTZ V~ UE OF ALTERNATIVE 2
NOT E SCHFZ SCHEDULE FACTOR
NOT E COSTFZ COST FACTOR
NOTE MOO C MODIFICAT ION COST FACTOR
NOTE MODF MODIFICATION FACTOR
NOTE NSTS M NUMBER OF SYSTEMS TO BE MODIFIED
NOTE CO ST Z COST ~ ALTERNATIVE 2
MOTE DCZ DECISION CONTROL OPTION .z
NOTE TFSI TOTAL FORCE SY STEMS LEVEL
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The third alternative evaluates the costs required

to produce more of the weapons already in. production or in

the inventory. Cost associated with this alternative con-

sider the investments cost related to production , including

production line preparation. If the production line is

still in operation, costs relating to line preparation are

minimal. For systems already out of production, costs are

higher. The number of years since the last weapon was

produced is evaluated to determine this cost. Costs and

schedule factors are computed for the desired number of

weapons needed to fill the deficiency , and these are com-

pared to the other alternatives. The equations to find ‘The

cost of buying more weapon systems are given below.

A SCHF3.K:CL IP(G, I ,SCHED3 ,USURGF ~K)
A COSTF 3.K :CL IP( I ,0 ,TF S L.K ,COST3 .K )
A VALT3 .K : NEW CAP.K
A N€ WC AP .K :PPV 3.K
A DNOMS .K (MO ) :U S DE F. K ( MO )/ VA LT 3. K
A 03.K :SCHF3.KICOSTF3.K
A COSTD .K:SUPI (DNOWS .K) 4USCOST .KIACEM .K
A AGEM. K : TA BLE (AC FT p PL A CE .K ,J , 12e , 1Z )
I ACFT :If1fI. 1/1 .3/1.6/1.8/1 .99/2.1/2.1812.22/2.25
MOT E SCHF3 SCHEDULE FACTOR
MOT E COSTF3 COST FACTOR
NOTE VA LT 3 VALUE OF ALTERNATIVE 3
NOTE NEWCAP CAr~A 8IL ITT OF NEW WEAPON SYSTEM PRODUCED
NOTE DNOWS DESIRED NUMBER OF OLD W EAPON STSTEMS
NOTE PPV3 PE~CEIV ED PRODUCT VALUE FROM PRODUCTION
MOTE COST3 COST OF ALTERNATIVE 3
NOTE USCOST COST OF US WEAPON SYSTEM
NOTE AGEM PRODUC TION LINE ACE MULTIPLIER
NOTE PLACE PRODUCTION LINE ACE
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Finally , the new weapon system alternative considers those

costs associated with developing and producing a totally new

weapon system.. The expected cost of this alternative 
-

includes many costs not applicable to the other alternatives.

Therefore, the relative costs is considered to be higher to

represent research and development expenses. Current policy

indicates this alternative should be selected only when no

other feasible alternative exists (33). In the research

effort, it was noted that this is not always the case.

This inOicates that management normally places a low implicit

cost on alternatives that lead to pursuit of new weapon

systems and that the benefits are assumed to be large . The

equations which determine the expected costs are given

below.

A SCHF4.K:CLIP (~, I ~SCHED 4~USURC .K)
A COSTFI .K:CLIP ( I tø~TFSL .K,COST4 .K)
A VAIT4.K :1~I
A DNNM S .K (MO (:USDE F.K (MO )/VALT4.K
A D4.K:SCHF4.K+COSIF4.K
A COSI4.K :SUM (DNNWS.K)IPCI.K
NOT E SCHF4 SCHEDULE FACTOR
NOT E COS TF 4 COST F A CTO R
NOTE VA LT4 VALUE OF ALTERNATIVE 4
NOTE DNNWS DESIRED NUMBER OF NEW WEAPON SYSTE MS
MOTE COS T4 COST OF ALTER NA TIV E 4
NOT E PCi PERCEIVED COS T OF NEW WEAPON SYS TEM
NOTE TFSL TOTAL FORCE SYSTEMS IEVEL
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Once the cost , schedule, and performance factors for each

alternative are weighed, the alternative(s) required to

meet the deficiency are selected . The decision criterion

is least cost. Schedul e is considered in the force planning

part of needs determination. If urgent requirements are

identified , supplemental funding requests may be required

in order to counter the deficiency more rapidly than if the

normal p rni-~ng cycle were used. The requests for supple-

mental funds can be noted from the flow diagram contained

in Figure 5—7. Other alternatives that are selected become

part of the force plan. This plan. contains the number of

forces and funding amounts required for plan implementation.

Inputs to the plan are made in the annual planning cycle.

The equations which relate to the force plan are given below .
A TFSL. K :SUN (FTD P3.K ) IUSC OST .K
R FPIINR.K L (1) :SWITCH (~,CNRD g,DC4 K ,
R FPI INR .KL (Z).FTDpROC
R RPIINR.KL (2):FTDpc ,RDc
R FPZINR .KL (1) ~SWI TCH (ø ,COST4 .K ,WSO 3.g)
R FP2INR .KL (2):5WjTCH (I,C QST3.x ,Dc~.K ,
R FP3INR .KL(1):NWSP.K ,CQSI.g
R FP3INR.KL (2):FIDPD .K(2)+OSC+COSTI .K+COSTZ.K
NOTE TFSL TOTAL FORCE SYSTEMS LEVE L
MOTE FP- INR DOLLAR REQUEST INPUT TO FYOP
NOTE COST- COST OF ALTE RNATIVE I-
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NOTE FlOPS FIVE TEAR DEFENSE PLAN O&S REQUEST
A ROSUPP .K(I):SWI TCH (0,RSUP I .K~RSUPAF.K (I))
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~
A INSUPP .K)i):SW ITCH (0 ,ISUP 1 .K,ISUPA F .K (i))
A INSUPP.K( Z ) :SWI TCH ( ø , ISUPt.K , ISU PA F . K 12 ))
A OSS UPP.X I1 ) :S W IT CH(g, OSUPI . K , OSUPA F .K ( I ))
A OSSUPP .K( 2): SWI TCH ( B , OS U P2. K , OSU PAF. K(2 ))
A RSUP I .K :CMRD.K411-S CHF4.(OISUPF.K
A RSUPZ.K~I
A ISUPI.K :COST4.K+ (I-SCHF 4.K)~SUPF .K
A ISUPZ.K:COST3.K* ( I-SCHFD.K) +SUPF.K
A OSUPI .K:NWSP .K ,COST .K ,(1_SCHF 3.K)*SUPF.K
A OSUP2 ,K: (COST) .K+COSTZ.K).SUPF .K
A SUPF .K :SWITCH (1,O ,SC HF 1 .K+SC IFZ.K+SCHF 3.K+
I SCHF4 .K)
NOTE RDSUPP R&D SUPPLEMENTAL RE QUEST
NOT E INSUPP INVESTMENT ~JPLEMENTAL REQUEST
NOT E OSSUPP O&S SUPPLEM~4T AL REQUEST
NOTE RSUP R& D SUPPLEMENTAL AMOUNT REQUESTED
NOTE ISUP AMOUNT OF INVES TMENT SUPLLENENT
NOTE OSUP AMOU N T OF OtS SUPPL EMENT
NOTE SUPF SUPPLEMENT NECESSITY FACTOR
NOTE RSUPAF APPROVAL OF R&D SUPPLEMENT
NOTE ISUPAF APPROVAL OF INVESTMENT SUPPLEMENT
NOT E OSUPAF APPROVAL OF OtS SUPPLEMENT

The result of the system alternatives process estab-

lishes the plan used to acquire additional inventory, or

maintain the systems already in the U.S. inventory. This

is only the first part in the Planning, Programming, and

Btidgeting System. (PPBS). The Financial Sector provides the

cont inuation of this process and shows the transition from

mission requirements to dollars required in specific appro-

priations.
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Financial Sector

In this section , the model was developed to show the

flow of funds and information which relates to funding

decisions. Three categories of funds exist within the

model : research and development , inves ment , and operating

and support funding. Although these categories are not

completely representative of’ the budget appropriations,

they provide the degree of detail necessary to capture the

behavior of the system. Within each funding category , two

levels exist. The first level applies to one specific

weapon system. under review. The second level applies to all

other systems which compete for funding within the partic-

ular funding category. Equations which are similar to

other levels of funding categories will only be discussed

c’ice using the Research and Development dollar flow as the

example.

The first group of equations correspond to the flow

diagram contained in Figure 5—8.
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
R ~~~~~~~~~~~~~~~~
NOTE FYO PI R&D EXPENDITUR ES PLANNED IN THE flOP
NOTE FPIIMR R&D COSTS INPUT TO THE ~TDP
NOTE FP1OR R&D COSTS FUNDED FROM THE FlOP
MOTE ROROT R&D FUNDS REQUIREMENT
L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
R RDM D R,X LUB)~RDRQT.KUB)
R RREDR.X1(IB) :RDAR. jK (I3)
NOTE RDRB R&D DOLLARS REQUESTED IN THE ~UDCET
MOTE RDMDR ~&D DEMAND RAT E
MOTE RREDR R&D DEMAND REDUCTIO N RATE
NOTE RDR QT R&D FUNDS REQUIREMENT
NOTE RDAR R&D ALLOCATION RATE
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A RORQ T K (I3):FTDP1.~(IB)4PULSE (1 ,1Ii12 )+ RDS U PP.K ~I~)
NOTE RDR QT R&D FUNDS REQU IREMENT
NOTE F1DPI R&D EIPENDI TURE S PLA NNED IN THE C~~Ø~

NOTE RDSUPP R&D SUPPLEMENTAL REQUEST

The Five Year Defense Plan (FYDP) contains the level

of forces and estimated dollars required to implement the

force plan . This level is increased by the plans that are

created in the process and is reduced by the process which

updates the ~TDP annually. The FYDP requirements become the

input to the budget request. The level of’ research dollars

requested in. the budget is determined by the demands for

research and development dollars and the amount of the total

demand which is satisfied as the budget proceeds through the

various review levels. The demand rate is a function of

both the amount contained in the ~~DF plus any adjust~ients

made to supplement the original decision. These adjustments

are called supplemental requests. Decisions which influence

the budget request occur at specific times within the fiscal

year. The decisions result from the dollar amounts within

each level and the pressures which result from the changing

system environment. The requirement for research and

development dollars is based. on the plans established in. the

FYDP. Annually, these plans are formulated in a request.

Similarly , the actual dollar appropriation is a function of

the level of funding requested in the budget. For research
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and development , the equations which detei~~~e the amount

and result of pressure for a specific appropriation are

given below :

A PRDD.)((IB):C$PTR~.gU~)fRQRB.K (IB)
MOTE PROD PRESSURE FOR R&D DOLLARS
NOTE CSPTRD GOVER NMENT SUPPORT FOR R&D
NOTE RDRB R&D DOLLARS REQUESTED IN ~1E 3UDGET
R RDAR ,KL (I 3) :PRDD ,K (IB)4PILSE ( ,11~ 12 )
NOTE RDAR R&D APPROPRI~TIO* RATE
NOTE PROD PRESSURE FOR R&D DOLLARS

The actual appropriation of dollars contained in the budget

depends on the pressure for research ard development dollars

(PRDD). This pressure results from both the maguitude of

the budget request as well as from governn.ent support for

research and development programs.

The system strnctures for investment and operating

and. support funding are identical to the str~ictur~ for

research and development. The flow diagrams and the sys-

tems equations which apply to these funding categories are

contained in Appendix C.

In addition to the discussion of the separate

funding categories, the equations which apply to the total

DOD budget (DDRB) follow.

L DDRB .K IIB ):DDR B . !B)+DT4 (ODMOR. JK ~IB ( DREDR.~~~B~
R DDMD R.KL ( I8 ): RDR QT .K IIB )+I RQ T . K b + 0 R Q T .Kh lB )
R DRED R ,KL (I~):RDAR.JK (IB )+IDAR .~K (IB )$ 0SDAR. JK (IB )
MUTE DDR 8 DEFENSE DOLARS RE~ ’E~~E~ ~N T~E BUDGET
MOTE DUMOR D€FENSE DEMAhO RAT~
MOTE DREOR DEFENSE DEMAND ~~ iO~ 

R AT E
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‘4IDTE RUROT S&O FUNDS REQUIREMENT
NOTE ORQT O&S FUNDS REQUIREMENT
NOTE IRQ T INVESTMENT Fu NDS RE QUIRE M ENT
NOTE ROAR R&D A?PRO PRIATIOP~ RATE
NOTE IDA R INVESTMENT ~PPROFRI A 1ION RA TE
NOTE I)SDAR OtS APPROPRIATION RATE

The DOD budget (Fi~~~e 5—9) is the sum of the do~lars

requested for the three funding categories. The iafor~ation

about the DOD budget is used in the political sector to

determine the characteristics of’ the Federal budget.

Decisions are made annually according to the fiscal year

cycles established by law.

The appropriation and e~~enditure of’ research

dollars is depicted in. the flow diagram contained in. Figure

5—10. :n. this section of’ the financial sector , some of’ the

equations differ  between the two levels within the funding

categories. Whenever possible , variables which apply to

the first level were placed on the upper -oo~~ion of’ the

flow diagram and. equations for the second. level were placed

on the lower portion. of the ~~~~~~~~tm. The model assumes that

transfers between these two levels are possible’ however , no

provision for transfers between funding categories is

developed in the equation system. Transfers of funds

between. appropriation categories is not a common practice

in the real system. The first group of equations are:
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I. ROA .X(P) :RDA. J (P)+D T ,(RDAR .JK (p)_ RO OR.JK (P)+RR PR ,,JK (pI)
R RRPR.KL (1) :CPC1.1(+CPCZ.K+CPC3.K
R RRPR .kL (2):_ (CPC1 .Ki .CPCZ.K+CPC 3 .K)
R RDOR .KL(1) :TPRC ,K+RDO SNI.K i1 )
R ROOR .KL(2) :(RDA .K (Z),AP RF ,X )4RDQ$NI .1 (12 )
NOTE RDA RESEARCH DOLLARS APPROPRIATED
NOTE ROAR R&D APPR OPRIAT ION RAT E
MOTE ROOR R ESEARCH DOLLAR S OBL IGATION RATE
NOT E RRPR RESEARCH REPROGRAMMING RAT E
MOTE TPRC TOTAL PLANNED RESEARCH COSTS
NOT E CRC CHANCE IN PLANNED I~Q5TS
MOTE ROOSNI RESEARC H DOLL A RS OBLIGATION SNITC H

The level of research dollars available for DOD

spending is based on the amount of research dollars appro-

priated annually, the rate research dollars are obligated ,

and the rate that research dollars are reprogrammed from

other programs. As weapon system plans are developed , the

estimated. dollars required to implement the plan are obli-

gated on a contract. These dollars are obligated at the

time that -the contract is signed. The obligation rate has

a switch to ensure that obligations do not exceed the total

research dollars appropriated for a given program or level.

For the second level, a less detailed approach was used to

develop system equations. The obligation rate is based on

desires to spread spending throughout the year. An. appro-

priation fraction is used to determine the amount of time

remaining in the year in order to provide stable spending

pattei~S as the fiscal year proceeds. Reprogramrn -ing of

research dollars involves transferring funds from one
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account to another. In. this model , level two dollars are

transferred to level one if the decision is made to approve

a change in planned costs for one of the research and. devel-

opment phases. Several self—explanatory auxiliary equations

apply to the previous equation set. They are:

A RPF .K~SNITCH (~,L ,R DA. Ro1 ))
A ROOSNI .~(P):SWITCH (ø ,I,RDA.X )P))
NOTE RPF RESEARCH PROGRAM FUND ING
NOTE RDA RESEARCH DOLLARS APPROPRIATED
NOTE RDUSW I RESEARCH DOLLARS OBL IGATION SWITCH
A A PRF .K =T ABL E(A PR FT , FY T Th E.K ,1 , 12~1)
T A PRFT : l.J/. 5/ .33 / . 25/ .Z / . l ~7/.~4 S1. 1 25/ .~11J .1/ J91 / ,~83
A TPRC .g: TPC O 1 ,K +T PCQZ.X+TPC Q3,)(
A TPC OI.K :(TPC I ,K.WS DI.K IOSWII.K ) +C PC I .K
A TPCOZ.K :TPCZ.K +IS$D2.K IDSWLZ .K+CPCZ . K
A IPCO3 .K:TPC3.K*WSD 3 ,X*DSWI 3 .K+CPC3.K
NOTE TPRC TOTAL PLANNED RESEARCH COSTS
NOTE TPCO TOTAL PLANNED COSTS OBL IGA TED (B Y PHASE )
NOTE NSD WEAPON SYSTEM DEVELOPMENT DECISION
NOTE OSNI DOLLAR S NITC H( BY PHASE)
MOTE CRC CHANCE IN PLANNED COSTS
MUTE F~TIME TIME IN FISCAL YEAR

Work on research and. development programs cannot

begin without funding and a signed contract. A switch

function is used. -to note the availability of funds. If

funds are exhausted, work must stop until additional

funding is obtained or the program is cancelled. To ensure

that funds are not over obligated , cont inual monitoring of’

funding status occurs. E\mds are obligated as total

planned costs are determined and placed on research and

development contracts. Costs are developed from -the
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original estimates of planned costs and any changes which

are approved. The dollar switch and weapon system decision

switch ensure that the total planned costs are obligated

only once—on -the first day of’ a research and development

phase.

The second. section of’ equations focuses on the level

of research dollars on. contract (RDOC).

L RDOC .K ( P): RDOC.J ( P)+ DT ,) RDOR ,JK ( P) - RDPR.JK ( P))
R RDPR .KL(1 ) :RDp5 I~I.g( 1)3 (BELA y 3 (CRR1 .JK,RDPR D )+DELAY 3)CRR Z.4 jK ,
I RDPRD )+DELA TS (CRR 3.JK ,RDPRD ))
R ROPR .1(L (2)~DEL AY3 (RDOR .JKI2 ) ,RDPRD I
NOTE RUOC RESEARCH DOLLARS ON CONTRACT
NOTE RDOR RESEARCH DOLLARS OBLIGATION RATE
NOTE R DPR R ESEARCH DOLLA RS PAYM ENT R A TE
NOTE RDPSWI RESEARCH DOLLAR PAYMENT SWITCH
NOTE CRR COST REPORTINC RATE (BY PHASE)
NOTE RDPRD RESEARCH DOLLARS PAYMENT RATE DELA Y
A RDPSWI . K ( P) : SWI TCH (~t 1i R DO C .X ( P ))
NOTE RDPSWI RESEARCH DOLLARS PAYMENT SWITCH
NOT E RDOC RESEARCH DOLLAR S ON CONTRACT

The level of dollars on contract is increased by obligations

that result from signing or amending cont racts. The level

is reduced. as payments are made for contractual wo rk . These

payments are normally made as progress towards the final

product is achieved.. As costs are reported from the work

accomplished in a research and. development project , progress

payments are paid to the contractor. The payment rate for

level—two contracts is simply expressed as a delay function

representing the average time necessary to complete work

related to a research and development contract. A payment

151



switch ensures that payments do not exceed the amount of

dollars on contract. Contract amendments are required if’

cost expenditures exceed -the amount of dollars obligated to

the contract.

The flow diagrams and equation set for investment

funds is very similar to research and development funding.

The difference is that only the production sector provides

the input con.cerming costs. The flow diagram and the system

equations are contained. in Appendix 0.

The operating and support funds stn.icture is also

similar to the other funding categories . However , several

differences were included. in. the model because there is less

visibility and. control over costs in. this area. This allows

for more flexibility to transfer funds between levels by

means of reallocation rather than by reprogramming. Real-

location does not require such extensive a review and

approval cycle, therefore, more flexibility exists. Opera-

ting and support funds are reallocated based on. the decision

to t ransfer monies between two or more programs. This

decision is based on. the magnitude of the requirement , the

dollar availability from other programs, and the mission

area importance related. to the funding reallocation request.

The result of this decisional process determines the percent

of’ dollars that will be reallocated.
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Strategic—level managers have little visibility and

control over costs directly related to operation and support

of’ specific weapon system programs. Their primary informa—

tion is presented in. aggregate form. rather than by system.

At this level, the objective is to provide support through-

out the year by ensuring that spending is fairly stable.

When problems occur in one program, first the monies allo-

cated. to that specific program are expen.~- 1~, accelerating

demands for funds . After the assigned. source of funds is

exhausted, reallocation. from. other pro grams may occur.

The flow of funds directly affects the activities

that DOD can pursue. In the acquisition process one of the

first set of costs is related to the search for tec12n.olo~~r

in order to maintain the tecbnolo~~ base and meet specific

goals resulting from needs.

Tec1~nolo~~ Sector

The Tec~nolo~~ Sector flow diagram depicted in

Figure 5—11 shows the flow of tec~nolo~~ through the system.

The level of tec~nolo~~- is measured in terms of the present

technolo~~ base. Using an index of one hundred as a

reference point , the level increases or decreases as the

system moves through time . The following equations and

discussion. describe the system flow of’ tec1inolo~v.
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TECH X :TECH J+DT4 (TIR JK TLR JX )
R TIR.XL:TECH.)~,ICROWTH.K+TDF9.X)
R TLR.K :$MOOTH (GROWTH. g ,TLFD )
NC’E TECH TECHNOLOGY AVAILAB LE
MOTE h R  TECHNOLOGY INPUT RAT E
MOTE TLR TECHNOLOGY LOSS RATE
MOTE GROWn ! GROWTH FACTOR
MUTE TDFS TEC HNOLOGY DISCOVERY FRACT ION (SMOOTHE D )

The level of available tecbnolo~~ (TECH ) is increased by the

inputs to technolo~~ from research and. development and indus-

trial growth throughout the world, as well as by specific

pressure to meet technolo~~ goals set by DOD . Tecbnolo~~ is

lost as time passes and. tecbnolo~~ becomes obsolete. As the

rate of input to techn.olo~~r increases , the aging process also

accelerates. This is due to the accumulation of many new

technologies which replace or overshadow previous tecbno—

logical achievements.

The second set of equations pertains to the pressures

to increase the rate of’ new technological discoveries. The

equations are:

A TDFS.K :SMOOTH (TDF .K,TDFD )
A T DF.K : TABH L (TD FT ,S NT . K ,ø , 1 p .21/12
I TDFT :.ø1/.03/ .ø7 / .l/ .12/ ,13
MUTE TDFS TECHNOLOGY DISCOVERY FRACT ION ISMOO THED )
NOTE TDF T~CHNOLO GY D ISCOV ERY FRACT ION
MOT E SNT SEARCH FOR ME W TECHNOLOG Y
MOT E TOFU TECHNOLOGY DISCOVERY FRACTION DE LA Y
4 SNT ,K :TABHL (SNTT ,TSP.K pJ , .15~ .03)
T SNTT : . 1/ .15 / .3 2 / .5 2 ,80 / i .0
A T SP.K : T P.X+O P. K
A TP . K :TA B HL (TPT ,TECH .K ,0 , 100, 10)
I TPT :I/t/ .8/,5/.27/.1
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A OP.K:SIJM (RDOC.K)/ECONIRPFT .X
NOTE SNI SEARCH FOR ‘4EW TECHNOLOGY
NOTE TSP TOTAL SEARCH PRESSURE
MOTE IP TECHNOLOGY PRESSURE
NOT E OP OTHER PRESSUR E
NOTE TECH TECHNOLOGY AVAILABLE
MOTE RDOC RESEARCH DOLLARS ON CONTRACT
MOTE ECON ECONOMIC BASELINE FACTOR
MOTE RPFT RESOURCES PRESSURE FOR TECHNOLOGY

As a result of pressures, new technologies are discovered.

These discoveries gradually become apparent to the system

as the tecbnolo~~ is applied. The percent of increase is

based on the pressures to search for new tecbnolo~~. These

pressures result from. general efforts to maintain or

increase technolo~~- , based on the existing level of tech—

nolo~~-. Other pressures for tecbnolo~~ result from specific

efforts within DOD . The amount of research and development

dollars on contract is used. to measure the relative pres-

sures by DOD for tecbnolo~~ . In. addition to this pressure ,

the level of resources also places a demand for tecbnolo~-

as raw materials become scarce. As the pressure to search

for new technolo~~ increases, the rate of discovery also

increases. This increase occurs at a decreasing rat e of

growth as the limit approaches.

The final equation set for th~ tecbnolo~~ sector

includes :
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A TECHCR.K:(TIR,JK-TLR.,JKI/TECH .K
A TCF.~:TABHL (TCFT ,TECHCR.X ,0, .2, .~2)
I ICFT:Z.0/1.95/1,85/1.7/1.45/1.~/.67/.5/.35/.3/. 5
MOTE TECHCR TECHNOLOGY CHANCE RATE
NOE TCF TECHNICAL COMPLEXITY FACTOR
NOT E h R  TECHNOLOGY INPUT RATE
NOT E TLR TECHNOLOGY LOSS RATE
MOTE TECH TECHNOLOG Y AVAILABLE

The rate and. magnitude of the changes in. technolo~~ indicate

the technological advancement which is perceived. ‘.iithin

DOD , the goal to reach out for state—of—the—art tecbnolo~~

is affected. by this technological advancement. If the rate

of change is rapid, the expected technical problems should

be lower than if the same technolo~~ goals were established

and the rate of technological advancement were slower. The

technical complexity attributed to DOD acquisitions is a

function of the rate of tecbnolo~~ change. The technical

complexities which exist have a direct impact on the amount

of real progress in. both research and. development and produc-

tion efforts.

Research and Development Sector

The research and development sector is divided into

three similar parts to represeut the research and develop-

ment phases established. for major weapon systems acquisi—

tions. These phases include : Conceptual Effort, Validation,

and. Full—Scale Development. Due to the similarities in

model stru.cture, only one phase will be used as an example.
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The flow diagrams and equation presentation wil itscuss ~~~
flow of in!oi~~ tion , progress , and cost re~ ortin~; throu i a

research and development phase. The first part this

section will focus on the flow of progress ~~iJ the ~orres—

ponding information loops applicable to ~ir~ a research

and development effort. The flow diagrarn depicted ~u

5—12 and. the following equations provide the basis for

starting a research and development phase.

L PPI.K:PPI.J+DT.4PPCM 1.J)(.PpTX1.,JK)
R PPCNI. )( L :TA8LEIPCN1T,P9CHD l , J , j , , ~~33)~W SDl . < * p~,~I *12/T ICP .X
A PSCHDI.K:ISMSO R/TICPJ(
NOTE PPI PLANNED PROGRESS
MOTE PPGM1 PLANNED PROGRESS RATE
NOTE PPTX1 PLANNED PROGRE SS 1R~~ FE R RAT E
NOTE W SD WEAPON SYSTEM DEVELOPMENT DEC !SION
NOTE DCP DECIS ION COOR DINATI NG POINT
NOT E TI CP TIME IN CONCEPT UAL PHASE
NOTE PSCHD1 PLA NNED SCHEDULE
NOTE ISMSO TINE SINCE NI LES TOME 0

The plan for progress is deteinined by the est imated -Kc :-k

effort required to accomplish research a~ d develDprient .

This plan is measured by man months. The total estimated.

man months required is assumed to be giren. The pro~ ress

rate can then be expressed in terms of the peroe~t of t~e

total project which is completed each month. The pro~’ress

rat e relates to the monthly work schedu es which are

established. Using a t~~icai rrogram buiidup , the ~rarh

in Figure 5— 13 was used. to represent the pI~nned work
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schedul e which was programmed for the various times thrcu~h—

out a research and development effo2t .

10
Progress

Area = 100

I I

3 6 9 12
Schedule (I’Ion.ths)

Figure 5—13

~~ogress Versus Schedule

The percentage of’ progress that is planned. at a given. time

is i. function of the total time available within the program

and. the amount of’ time which has already passed. If ~he

program progresses as planned , 100 percent of the progress

goa’ is ~chieved. A research and development pro~ raxzi cannot

begfr until a DSARC decision and program funds are r:’ov~ded.

This concept is represented by switch functions ~ihich deter-

mine the state of these decisions within the s-s ;em . 1T~e

plan for research and development progress is completed

when either of two events occur: a D~~RC decision.

to proceed to the next acquisition phase or the program

cancelled. ~t this time , the level ~f progress is :~~Y ed.
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in many cases , the actual progress made on. a

research •3.nd development program is not the safle as the

planned progress. This is due to the uncertainties that

characterize the research and. development task. The fol—

lo.~ing equations pertain to actual progress:

API .)(:API .J~DT+)AP R1.J K-AP TR1.~K)
R APRI L:TE1 .K3PCM1 ,t (iC~PRS1.K
A TE 1.X :T CF .K 4 ME1
NOTE API ACT UAL PROGRESS
MOTE APRI ACTUA L PROGRESS RATE
NOTE APTR 1 ACTUAL PROGRESS TRANSFER RATE
NOTE TEl TECHNICAL EFFECTIVENESS
MOTE PGM1 PROGRAM
NOTE l~APR$1 CHANGE IN ACTUAL PROGRESS RATE
NOTE FCF TECHNICAL COMPLEIITY FACTOR
NOTE MEl MANACE NENT EFFECTIVENESS FACTOR
A PCNI.)(:TABHL IPGN1T,SCHEDl.K J,1,,ø833I+WSD1.~4DCP 1.iO
I 12/ (TTNS 1.k+TSNSO.I()
T PCN1T:0/3/6/7.5/9/9.67/1g.33/ I/ til l IJ~ /ll
I PCM1T :0/3/6/7.5/9/9.67/l0 .33/11/i/11/Ii/11/~
A SCHED~ .<:TSNSO.K/(TSMSLI(+TTMS1.)()
A CAPRSI .X:SMOOTH ICAPR 1 .K CAPRD)
NOTE PGM 1 PROGRAM
NOTE SCHED 1 SCHEDULE
NOTE WSDI WEAPON SYSTEM DEVELOPMENT DECISION
NOTE DCPI DECISION COORDINATING POINT
NOTE TTMSI TIME TO MILESTONE 1
NOTE TSMSO TINE SINCE M iLESTONE ~
NOTE CAPRS I CHANGE IN ACTUAL PROGRESS RATE (SNOOIHED )
NOTE CAPRD ~HANCE IN ACTUAL PROGRESS SMOOTHING CONST AN T

The level of actual progress (Figure 5_124~) is determined by

ane programmed rate of’ progress , adjusted by the degree o±

technical effectiveness within the research and. develorment

program and the changes which result from evaluations of

the work effort. The level of progress is accumulated

throughout the research and development phase until a LSARC

decision is made to proceed to the next phase or to cancel
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the program. At this time , the progress is removed from. its

current level and. added to the historical records of research

and. development programs. This is similar to the activity

which occurs for the planning aspects of research and devel-

opment. The rrogrammed. rate of progress is based on the

original schedule established in. the plan and any adjust-

ments which have been. approved to change the schedule. The

difference between actual and planned progress is caused. by

two general factors. First, technical effectiveness measures

the degree that the contractor is successful in. dealing with

the technical challenges which exist in research and devel-

opment. This is based on the technical complexity associated

with the program and the research and development managemen~

expertise within the firm. The second dete~~inan~ o±~ the

actual progresP rate is the change which results from the

evaluation of progress. The change in actual progress is

adjusted. gradually to avoid wide fluctuations in the prog-

ress rate which may cause excessive overtime , hiring, or

layoffs of personnel. The evaluation which results in the

change in actual progress begins with a determination

evaluation of the perceived actual progress. The equations

below explain the concept .
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A ~4P1~~r SlOCT~~APt .K,APD)
A RAPI,i (: PG-PA Pt.~(
NOTE PAP I PERCEIVED ACTUAL ~ROCR ESS
MOTE API ACTUAL PROGRESS
NOTE APO ACTUAL PROGRESS DELAY
NOTE RAPI REMAINING ACTUAL PROGRESS
MOTE TPG TOTAL PROGRESS COAL

The perception of actual progress (PAP) reflects the fact

that managers do not have the ability or the information to

make instantaneous evaluatiDns of the situation. This

results in a delay, causing decisions to be made on the

perceived rather than the actual situation. The evaluation

begins with a. comparison of the perceived actual progress

and the total progress goal. This comparison determines

the amount of progress that remains. From this information.,

the manager begins to assess the situation. to determine the

best way to adjust the work effort to create minimum disrup-

tion in. both planned progress schedules and planned cost.

This decision is represented in. the following equations

which determine the relative penalties which exist in

altering the performance (progress), schedul e , and cost

aspects of’ the research and. development effort. These equa-

tions correspond. to the flow diagram contained in Figure

5—15.

A PRR I.K ( I ) : RAP 1 , K IRTT MS1.X ( I)
A RTT MSI . K ( I ) : T TM S I. X+ T ( I )
A C P1. K ( I ) : CF I .K I I ) * RTTMSI , K t I i
A CF 1.K (I):TA~NL (CFT,PRR i.K (I } , .6,l.6~.1)
I OFT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MOTE PRR 1 PROGRESS RAT E REQUIRED
MOTE RAP 1 REMAiNING ACTUAL PROGRESS
NOTE RTTMS 1 REVISED TIME TO MILESTONE I
MOTE TTMSI TIME TO MILESTONE 1
MOTE T TIME LATE
NOTE CR1 COST PENALTY
MOTE OF t COST FACTOR
A SFI.I( 1 I): TAB HLtS FI ,TtI ) ~~~~~
A SP 1. K ( I ) : SFI .KI I ) * T ( I )
A TC 1.K ( I)~ (CW F4 C PI. K ( I ) 3+tS W F * S P I .Xt f l )
NOT E SF 1 SCH EDULE FACTO R
NOT E I TIME LATE
MOT E SRi SCHEDULE PENALTY
NOTE TC 1 TOTAL PENALTY COST
NOTE SWF SCHEDUL E WEIGHTING FACTOR
MUT E CWF COST W E IGHTING FACTOR

I~Ianagemen.t first determines the effect of several alter-

native sets of’ schedule and. cost ti’ade—offs , given. the

progress rate required to maintain technical performance

goals. Based on the relative importance of’ cost and

schedule deviations , the management seeks to determine ~he

best cost and. schedule option. The costs associated with

these trade—offs are illustrated in. Figure 5—16.

I~~~~r

I I I I
- 

.6 .8 1.0 1.2 1.A1- 1.6
Progress Rate % Change

Figure 5 A 6

cost Versus Progress ~ate
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As the progress rate is increased , the costs also

increase due to overtime payment s and increased hiring. A

small increase can be made as the result of increased pro-

ductivity of the work force. Therefore , the curve is rela-

tively flat closer to the point where the planned progress

rate lies. The actual cont ractual arrangement for each

program determines the shape of the curve, incentives for

cost cont rol may influence the weights established for cost

and schedule considerations in the decisional process.

The costs associated with being late in contract

completion are depicted in Figure 5—17. As the time late

Sched~~e ::: 
0 1 0

Time Late (Montbs )

Figure 5—17

Schedule Versus Time Late

becomes very long, the penalties become less meaningful

than in. the earlier times. The research indicated that

there is little motivation to come in ahead of schedule.
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The model contains a subroutine which selects the

best alteruative relat ive to the implicit and explicit costs

associated with changing the desired progress rate. The new

progress rate desired is the output of this analysis. The

decision which results is implemented gradually within. the

work effort. This decision. is reflected. below.

A CAPRI. FLF1.K300APR1,X
NOTE CAPR 1 CHANCE IN ACTUAL PROGRESS
NOTE FLFI FUNDS LIMIT FACTOR
MOTE DCAPR1 DESIRED CHANGE IN ACTUAL PROGRESS ~ATF

The desired change in the progress rate is also inf uenced

by the amount of funds available. If funds begin. to rmn. out

at the end. ol’ a program , the desired rate of progress must

be reduced. in order to avoid cost overruns. At the extreme ,

work can completely cease if more dollars are not obligated

to the contract through an amendment .

The cost aspects of research and. development are

depicted in. the flow diagram contained in Figure ~— 18. The

equations which correspond to this diagram are divided into

two sections. The first equation set is:

L PCI .K :PC1.J +0T 3 (PCR 1.J K- PCTR I .JK )
R PCR1 .KL :PPG M1 . iK/PTCR+C PCI .I(
A TPC 1.X :TPG / PT C R+C PC 1.K
MOTE RN PLANN ED COSTS
NOT E PCR I PLANN ED COST RATE
MOTE PCTR 1 PLANNED COST TRANSFER RATE
MOT E PPGM1 PLANNED PROGRAM RATE
NOTE PTCR PROGR ESS TO COST RATIO
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NOT E CR0 1 CHANG E IN PLAN NED COST 
-

MOT E TPC1 TOTAL RAN NED COST
MOT E TPC TOTAL PROGR ESS GO A L

Planned costs are based. on the level of effort estimated

prior to work start . Est imates of costs may be based ~n a

variety of cost est imat ing techniques which measure the
/

maguitude of’ the task as well as the uncertainties and

risks involved.. This model associates the planned program

with planned costs by medna of a conversion factor which

can be associated with cost per man month. The total

planned costs for a program are determined by the original

plan plus any cost baseline changes which occur during the

research and. development phase.

The second. set of equations pertains to the actual

costs that are reported as work is performed.

L CR 1 .K:CR1 .J+DTI ICRR1 .JK-CRTRI .JK )
R CRR 1 .KL~CE 1~DCFS1 .K+ PGM1 .K/PTCR
A DCFS1 .~(:SMOOTH (OCF1 .K , DC FD)
NOTE CR1 COST REPORTED
NOT E CRR I COST REPORTING RAT E
NOT E CRI R 1 COST REPO RTING TRANS FER RA TE
NOT E CEI COST ESTIMAT ING ERRO R
NOTE DCFSI DESIRED COST FA CTOR IS MO OTHED )
MOTE PGM1 PROGRAM
NOTE PTCR PROGR ESS TO COST RATIO
NOT E DCFI DESIRED COST FACTOR
NOT E DCFD - DESIRED COST SMOOTHING FACTOR

The amount of costs reported is based on the original

cost rates plus any adjustments resulting from changes to
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:he progress rate or unantici~aed changes due to ccsr

estina~ion errors.

As th~ research and development program ccn~inues ,

t1ae cost and. schedule status are monitored closely. Pres-

sures to delay a mi estone decision are increased. as sche-

dule changes occur in the evaluation. process. he equa-

tions which re~resent this ~rocess are giveu be low . hese

equations correspond to the flow diagram contained in

Figure 5—19.

A PSE1 X~TA$HL (PSElT~ELF l.~(,~,1, 2)
I PSET:J.~/.15I.3~/.38l.88I1.J
A EL F1. K : DT L1.X / TTM SI ~
NOTE PSEI PRESSURE 0R SCHEDULE TENSION
MOT E ELF! ESTIMAT ED LATE ~A CT O R
NOTE DIII DES1S~D TINE LATE
NOTE TTMSI TIME TIL MILESTONE 1
MOT E IJSURCF US URGENCY FACTOR
A SEA1 .K : PS E 1, K* CRPA1. ~/ USURCF ,K
A CRPAI.X :PC 1.K/Cfi1 t(
A SCD1 ,)< :C LI p) SEA1 ,l( ,~ ,S EAI ,X , .5)
A SCBNt,K :CLIP (’.,3C31,X,SCD1 ,~(,1)
A CNS1.X :SCDMI,K;DTLI.X
MOTE SEAl SCHEDULE EXTENS ION AD~U ST~~
NOTE CRPAI COST RATIO P~...ANNED T~ ACTUAL)NOT E PCi PLANNED COST
NOTE CR1 COST REPORTE D
NOTE 5001 SCHEDULE Efl ENSION ~ECtS ~OM
MOTE SCDM1 SCHEDULE MULT IPL IER
NOT E CN$ 1 CHANCE IN MILE STQNE 1

The decision to approve a schedule delay is based

upon. the intensity of the -oressu.res to extend. the schedule ,

the urgency of’ the requirement , and the cost perforaance

expressed as the ratio of planned to actual cosos. f’
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either the urgency is great or cost performance is very

poor , there is a reluctance to approve schedule changes.

Urgent requirements are pushed to meet a schedule , often.

sacrificing both perfoi~ance and cost in order to obtain

even a limited increase in capability.

Changes in. schedule do not necessarily mean that

the to tal cont ract cost is changed. To illustrate the

~ressures for funding increases , the following equations

are explained , which correspond. to the flow diagram in.

Figure 5—20 . The equations are:

A FLFI .K:1ABHL)FLF 34TWCl.)(~~,lØ ,1 )
I FLFT:~/~I,11/,ZZ/ 33/.~5/.55/ ,66/,77/ 59I1.~
NOTE FIFI FUNDS L I M I T  FACTOR
A TWC 1 K :TTMSl.K +C RPA1,~
NOTE TW CI TINE WEIGHTED COST
NOTE TTNSI TIME IlL MILESTONE 1
NOTE CRPAI COST RATIO , PLANNED ~O ACTUAL
A PI~i ~~~~~~~~~~~~~~~~~~~~
T PIFT:l/.7Z1.57/.451,38/.3Z/.28/.26/.25
NOTE PIF 1 PRESSURE FOR INCREA SED FUNDS

The pressure results from the combined affect of

both time and cost constraints on the res earch and deve —

opment program. As the DSAPLC milestone draws near, the

pressure increases if spending is ahead of schedule. The

decision to increase costs is similar to the schedule ch~n~’e

concept. The difference is that cost is the primary

~ecisiona criterion. and performance/schedule asrect~-

influence the decision. ~~so cons~ dere i in The decision
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are the urgency of the reauirement for additional funds and

the relative importance of the mission. area which requires

the funds. If a program is important or urgent , money

restrictions are relaxed by the desire to continue The pro-

gram to improve mission area capability. The last consider-

ation is the funds available from other programs. If the

contract cost is increased, amendments must be made and. the

appropriate financial transfers accomplished. The equations

for this decision and. result are:
A ITAF I .K:~A l.K+PI Fl .~iPRAP1 . USURGF~~+~AIMPF
MOTE I’A F~ I~CL i4ATIOM ,O A~~RCvE ~‘~N~S
NOTE PIF1 PRESSURE ~OR C~E4 SE J ~UNOS
NOTE PFA P PROGRESS ~4iIO, AC~LAL ~O ~LA~NEJNOTE MAIMPr ~!SSION AF EA IMPOR~A4CE ~A CTDR
A ~~~~~~~~~~~~~~~~~~~~~~~~

NOTE FID 1 F .NDS :MCREASE ~ECIS 1ON
A CPC1,K~~~t.K*E C1 <
MOTE CR01 CHA NGE IN ~LAM NEJ 03 5 T
MOTE F 31 ~UNDS :~o~EASE DEC:3 10M
A ECt1 ,X :CLIP (IRI <.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
A ICR1 ,K :l- )/CRP 4I.X
MOTE LCd ESTIMATED CHANGE J4 COST
MOTE CRPA1 CUST ~A T tO ,  PLANNED 13 A C T UAL
MOTE 1~~S~ ~~ME S~~CE ~ILE~~ONE ~
MOTE IIMSI r:~ IlL LES~~~E I
MOT E P~C R PPO G PE~S ~J OUST 0
MOTE ICR INCREASE IN COST SA IL
A FA1,K :TABHL {FAI ,FAF~.g,J, .4, .~5)
T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
MOTE FAt  FUNDS AVAI LA B ILI 1~
MOTE FA FI FUNDS AVAI LABIUI~ C~C~A F4F1.X:ECC1~~~~A~~2~
NOTE A F1 FUNDS AV A i L  T O V  uCI~~
U’~ ’~ ~DA (Z> RE~EARC ~ DOLA RS ~P O P ~~A E J

The final concept expressed in this discuss~cn of

research and development msn gemeno is ~rodu t value. he

- 
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/

value associated with a program becomes the decision cri-

teria used in the DSARC process to approve or cancel a

program. This measure is also used in the budgetary process

to determine DOD funding and. follow—on funding for the

specified program. The flow diagram portrayed in Figure

5—21 depicts the stru.ctural aspects of this decision. This

diagram represents the mathematical equations given below.

L PV1.K:PVI.J+DT*IPVR 1 .JN-PVTRI.JK)
R PVRI.KL:PPVS1.K4PVAI.K
A PPVSI.K:SMOOTH (PP1.K,PPO)
NOTE PV1 PRODUCT VALUE
NOTE PVR1 PRODUCT VALUE RATE
NOTE PYTRI PRODUCT VALUE TRANSFER RATE
R PVRI.KL:PPYS1.K*PVAI ,K
NOTE PPVS1 PLANNED PRODUCT VALUE (SMOOTHED)
A PPVSI.K:SNOOTH (PPI.X,PPD)
NOTE PPI PLANNED PROCRESS
MOTE PPO P).M)NE~ PROO~.ES$ DELPI’1
A PVAI.K:PRAPI.K*CRPA1.K
A ~~~~~~~~~~~~~
NOTE PVA1 PRODUCT VALUE ADJUSTOR
NOTE PRAPI PROGRESS RATIO , ACTUAL TO PLANNED
NOTE CRPAI COST RATIO, PLANNED TO ACTUAL
MOTE PAPI PERCEIVED ACTUAL PROGRESS
A CRPAI.K:PC1.K/CRI.K
MOTE CRPA1 COST RATIOS PLANNED TO ACTUAL
NOTE PCI PLANNED COST
NOTE CR1 COST REPORTED

The level of product value is based on the per-

ceived. cost and. progress performance which result from on-

going research and development efforts. If either costs

are greater than planned or actual progress is less than

expected, the rate of increase in product value is dimin-

ished. When, a milestone decision is required , the past

performance of the program is evaluated and the decision
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is made to cancel or continue the program. This decision is

also influenced by the decision—maker’s personal feelings

about the program, as well as the recogr.ized urgency which

exists in the mission area. Requirements implicitly

increase in value if 1~~own deficiencies are urgent.

The actual transfer of the research and development

process to the next phase is dependent upon funding. If

funds are available, work begins on additional research and.

development or production. The progress achieved in. current

phase becomes the basis for expected performance in future

activities. Referring to Figures 5—12 and 5—14, the ratio

of actual progress to planned progress is used to measure

the anticipated progress in the current project phase . This

strmcture illustrates the cascading of problems if decisions

are made to proceed to a subsequent phase of development

without completion of the current program goals. The pos-

sible consequences of this are delays in. the program, cost

overruns, or changes in performance requirements in. future

periods .

After the last research and. development phase is

complete, production may begin. The production decision

must consider the product value of the system , program

funding, and. the availability of raw materials resources

required. for the production process.
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Resources Sect or

The flow of worldwide resources is depicted in the

flow diagram contained in. Figure 5—22. Worldwide resources

are an aggregat e measure of all the raw materials available

for consumption. In. his world policy model , Porrester (25)

used the number of years supply rem.ain.ing, if current per

capita consumption continued. Consumption was based on

expected growth, represented by changes in the gross

national product. Borrowing from this concept , the fol-

lowing system equations were developed for the resources

sector.

L IOTRES,K:TOTRE$.J+QT,(QISCOV,JK_TRUSE .JK)
R OISCOY.KL:OISCOF.K*TQTRES.)(
R TRUSE .KL:CROWTH.k.TOTRES .K
NOTE DISCOY DISCOVERY RATE
NOTE TRUSE TOTA L RESOURCE USE RATE
MOTE DISCOF DISCOVERY FRACTION
NOTE GROWTH CRO~TH RATE

The level of total world resources (TOTRES ) is increased by

discoveries of new resources and, increased ext raction rat~ s

of existing resources. Consumption of resources decreases

the level . The discovery and use rates are both expressed

as a percent of the total resources available.

The discovery of resources fraction is a function

of the amount of pressure to search for new resources or
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increase extraction of existing resources. This pressure

results from. declining levels of available resources. As

the search for res ources increases , the number of resources

discovered increases over time. The next group of equations

apply to the discovery of resources.

A DISCOF.K:TABHL (DIScOT,.SEARCH,K,0,.1, .02)
I OISCOT:II.0Z/ ,061.081.0V.1
A SEARCH.K:SMOOTH (SEARC.K,3~
I SEARCT :L1.9/ .8I,551.31.15
A SEARC.K:TABHLISEARCT,TUIRES.K,O, IBOtZO)
NOTE DISCO F DISCOVERY FRACTION
NOTE SEARCH SEARCH FOR RESOURCES (SNOOTHED)
NOTE SEARC SEARCH FOR RESOURCES
NOTE TOTRES TOTAL RESOURCES

Further equations apply the resources allocated. for

defense to the production. of weapons for the allies and the

enemy. The percentage of resources available for defense

production is a function of the total resources available

to each country. As noted in Chapter 4, Smith (59) explained.

the willingaess of the Soviet Union. to withold resources

from its populace in order to further defense production.

In the context of this model, therefore , the enemy sector is

considered to have n~ real constraint due to resources on

defense production.
A RAOPP.K:TABHL (RADPpT,TQIRES.K,I, 100,10)
I RADPPT :0/.1I.Z~f.4/.35/.32/.3/.Z8/.Z7,.Z4,,Z5
NOTE RADPP RESOURCES AVAILABLE Z FOR DEFENSE PRODUCTION
NOTE TOTR ES TOTAL RESOURCES
A RAADP .K:TOTRES .K*RADPP . g’AALLOC
MOTE RADPP RESOURCES AVAILABLE FOR ALLIED DEFENSE PRODUCTION
NOTE AAL LOC ALLIED ALLOCATION PERCENT
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A RAEDP ,K:TOTRES.KIRADPP.XIEALL QC
MOTE RAEOP RESOURCES AVA ILABLE F~R ENEMY ~ FENSE PRODUCTION
NOTE EALLOC ENEMY ALLOCATION PERCENT

The percentage of resources available for defense

production is a function of the total resources available.

As the level of resources declines, a greater percent of

total resources is allocated to defense production in order

t.j protect resources that are available. This behavior

occurs until resources become so scarce that defense pro-

duction is infeasible. The resources available _or defense

production are determined by the relative amounts of total

resources which are allocated, to the allies and. the enemy.

The flow diagram. in Figure 5—23 represents the U.S.

resource sector. The U.S. is estimated to use approximately

one—third of the total world. resources (45). The equations

which apply to U. S. resources are noted here .

L USRES.K:USRES.J4DT.(RAUS.JK-RDMCUS.JKi
R RAUS .KL:DISCOV.4K4#LLOCF
R RDMOUS.KL:(CROUIH.K- (EFFF.K/100) )*USRES.K
NOTE USRES US RESOURCES
MOTE RAUS RESOURCES ALLOCATED TO US
NOTE RDMDUS TESOURCES DEMANDEC (USEX ) BY US
NOTE DISCOV DISCOVERY FRACTION
MOTE CRO~TH GROWTH RATE
NOTE EFFF EFFICIENCY FACTOR
NOTE ALLOCF US ALLOCATION FACTOR
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This ee,uatirn set is rimilar to the levels and rates

for total resources. The U.S. resources level is increased

ty allocations of worldwide resources to the U.S. The de~.and

for resources is determined by the combined effect of growth

in resource consumption and. efficiencies developed, to slow

the consumption rate. Efficiencies result from conservation

efforts and technical improvements which lead to reduced

consumption. The equations which relate to the resource con-

sumption rate in the U.S. are shown below.

A EFFF.K:DTC.K+TECHIF.K
A USRESS.K:SMOOTH(IJSRES.X, 10)
A QTC.K:TABHL (DTCT.IJSRESS.K,J,35,5)
T DTCT:-Z/..751_ .15/.41.7I.91111
A IECHIF.K:IABHI(TECHIT,TECHCR.K,0, .Zi .04)
T 1EC)~1 1I.~!.Z~1.t5i.07/.B~NOTE EFEF EFFICIENCY FACTOR
MOTE DIC DESIRE TO CONSERVE
NOTE TECHIF TECHNOLOGICAL IMPROVEMENT FACTOR
NOTE IJSRESS ‘iS RESOURCES (SMOOTHED)
NOTE IJSRES US RESOURCES

As the level of perceived resources dec.~eases , the

desire to conserve increases. This desire to conserve is

delayed until the impact of the true condit ions become

apparent. Technical ~1Lprovements also influence the e .ffi—

ciency factor. The techr±cal improvements which relate to

resources is a funct r~n of the -“ate in which tee~nolo~-

ch.anges.
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In. ~dli~ion. t.~ inrluences within the ce~tor , the

st~~ -~ of resources also aff ~~~ ts other sectors as sho~’:ll

‘-- ow . As t~ae Derceiveö. U.S. resources decre~ . :~~, ~re~~’~re

is created for new resource—saving tee iol eS.

In addition to effect s of teobn.olo~~’ ~e:~~n~~s , the

:~~rcen~age of resourc .s a-~a i a ~ ’e fo~ U. S. defer o~ ~~o 1. o—

tioi~ may become a con.stoamn.~ in the “rod~~ tic:~ Droce~~
the prcduc~~.on ~ T j n. exoee~~ ;he resources tho~ are a~~.ii—

able.

~

A RAUSDF.:•.~~~E~.~*RPUSDP ,~
A ~~~~~~~~~~~~~~~~~~~~~~~~
I SPJSD T

~~/.2!,4J.3,.za,,:7,.z6,.25NOTE RPFT RESOURCE PRESSURE ~ R TECH NOLOGY
MOTE USRESS US RESOURCES tSMOOL-~,D)NOTE R~USDP RESOURCES ALLOWED FO~ US D~’~’~SE P~~OUCTION
NC TE RPUS~P RESOURCE PEF~E~ ‘OR ~S DEFE~~E r~ ThUCTION
•~~E .‘S~ES US ~E~~JRCES

iu 3tion Sector

This secto~ will ‘iddi’ess ~~e t rans.~~rmatior pro ”~’ :

which in;:~ ~;iootes the varic~:.s ~~oducti )n 4 ’Dut s , sur~ as

resoo r~es , Le ‘~ O:~~O. an.d develo:~aent ]~~o .~edge, pr :‘~~tio~
plans, ~~d ±“mn.d.ing, to produce we~ipca systems for 

TT~~F~ ,

operatio.os. :;-~~~: of the concepts which are inc~ ~ded ~a. t1’~

~~dei of the production. process ooe similar to those dis-

cussed for the researca and. development process.. The :‘low

of weapon syste~s an~ the information network which.
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influe”ces flow in the production ri’ocess are dep icted. in

?igu.re 5—24. The first set c:’ eqooations ~ihich apply to the

produc~ ion process are given ~eicw.

L ,~F.K:WSP.J+OT*(WSPIR.JK.W5 R,jK)
R WSPIR.KL:NIN(PC~4.~,~CUS.I~)
R ~SF R ,KL:DELAY3 (W SP IR.JK,PRODT .K)
A PGM4,K~TA E~E(~GNIT ,SCHEDP j(, 0 ,1,.0833)*WSO 4 ,K* l2 .DCP4 .K/
X (T S3.~~TTP~C,K)
NOT E WSP W EAPON SYST EMS IN PRO DUCT ION
MO T E WSPIR W EA PON SYS TEM PRO DUCTION INPU T RAT E
NO TE WS P R WE AP ON SYST EM PR O DUC1!~N RAT E
NOT E P0)14 PROGRAM
NOTE ‘~SD4 WEAPON SYSTEM DE’IELOPNENT DECISION
NOT E ~CP4 DECIS ION COOR DI NATING P O IM T
NOTE TSMS3 TIME SINCE MILESTONE 3
NOTE TT PCC TIME TO PRODUCTION CUIIPLETION
A SCHEBP.K :TS~,S3.KI (TSMS 3.~+TT PCC.K)
A RCWS . K:RAUSDP . K*WS RCF
A PRO DT ,K:APRODT .K+ PROiTA ,l~
NOT E SC~EOP PRODUC T IO N SCNE OUL E
MO TE RCW S R ESOURC E CONS T R A I NT ON W EAPO N SYST EMS
NOTE RAUSOP RESOURCES AV~.tLABLE FOR DEFENSE PRODUCTION
MOT E WS RCF WEAPON SYS T EM T O RESOU RCES CONV ERSION FACTOR
NOTE PRODI PR~OUCT ION TIME

~he level 01’ weapon systems in the production process is

determined by two rates. The input to production is deter—

~rJ.ned by the production plan. This plan is similar to plans

for research and development except that the measurement is

In weapon systems instead of progress. The plcn may be

i.dj~~ ted if resourc e availability requires. The rate of

c~ot’~ut from production is a function of the input of

weapons into the production process and the amount ol’ time

required to produce each weapon system. If the prod~~tion

flow time is reduced , the total number of systems in pro-

duction is decreased. By adjusting the flow time , the
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number of resources contained in. the production. pipeline is

changed. This is useful to management of DOD acquisitions

because it provides fle~~bility to make temporary changes to

the production rate without changing the product ion plan..

Production plans are normally established well in. advance of

actual production. These plans are difficult to adjust

after production begins. The funding and DSARC decisions

are the primary determinants of production plan. implemen-

tation.

The equations which relate to changing production

flow times are:

A PRODTA.K:LCF.K + (TTE.K~NE4*CPTS.K)
A TTE.K:TE4.KINE4/TCF.K
A TE4.K:PASTP3.K/PSTPP3.K
NOTE PROOTA PRODUCTION TIME AD.~JST OR
NOTE LCF LEARNING CURVE FACTOR
NOTE TTE TOTAL TECHNICAL EFFECTIVENESS
NOTE TE4 TECHNICAL EFFECTIVENESS
NOTE CPTS CHANGE IN PRODUCTION TINE (SMOOTHED)
NOTE ME4 MANAGEMENT EFFECTIVENESS FACTOR
NOTE TCF TECHNICAL COMPLEXIT Y FACTOR
NOTE PASTP3 PAST PROGRESS
NOTE PSTPP3 PLANNED PAST PROGRESS
A CPTS.I(:$)1OQTH (CPT,K,CPTD)
A CPT.K:PRODT.K-PRODTD.I<
A LCF.K4ABHL (LCFT,TWSP.K,0,5Z0~40)
T LCFT:1/1 .15/1.35/1.5711.69/1.78/1.87/1 .961Z.øZ/t.UIZ.2I2.Z (Z.Z
NOTE OPT CHANGE IN PRODUCTION TIME
NOTE PRODI PRODUCTION TIME
NOTE CPTD CHANGE IN PRODUCTION TINE DELAY
NOTE PRODTD PRODUcrION TIME DESIRED
MOTE LCF LEARNING CURVE FACTOR
NOTE TWSP TOTAL WE~POM SYSTEMS PROOIJCET )
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As noted from the equations , four elements affect the

adjustment to flow time. The first three elements are

similar to those discussed in. research and development .

They include: technical effectiveness , managerial effec-

tiveness, and changes in production due to evaluation of

production. progress. The fourth element which affects the

adjustments to production times is the learning curve. ~s

more systems are produced , the production times are

decreased due to the efficiencies which result from learning

the production process. The flow diagram contained in.

Figu.re 5—25 depicts the accumulation of production know—how

which determines the relative effect of the learning curve.

The following equation set mathematically represents the

accumulation. of production knowledge.

A RWSP.K:NWSP.K.TWSP.K
A WSPRR.K (p);RW$p,K/RTTPCC,K (p)
NOTE RWSP REMAINING WEA PON SYSTEMS TO PRODUCE
NOTE NWSP NUMBER OF WEAPON SYSTEMS TO PRODUCE
NOTE WSPRR WEAPON SYSTEM PRODUCTION RATE REQUIRED
NOTE RTTPCC REMA INING TIME TO PRODUCTION COMPLETION
L TWSP,K:TWSP.J+DT. (WSPR.JK-LCRR .JK)
R LCRR,KL:TX4.KITWSP.K
NOTE TWS? TOTAL WEAPON SYSTEMS TO PRODUCE
MOTE WSPR WEAPON SYSTEM PRODUCTION RATE
MOTE LCRR LEARNING CURVE RELEASE RATE

The total number of weapon systems produced becomes the

comparison device to evaluate production progress. As the

actual number of weapon systems produced deviates from
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from production plans , management initiates changes to -the

production process using the same type of decisional phase

described in the research and development section. The

result of the cost and. schedule trade—offs determines the

actual changes made to the production process via changes in

the flow time.

The renain.der of the model of the production process

is constiiicted along the same lines as the research and.

development phases. The flow diagrams and equations devel-

opment for cost reporting and cost/schedule changes will not

be discussed. to avoid repetition. Also , the concept of pro-

duct value was omitted from this portion of the model since

further decisions concerning the program are made by evalu-

ating the actual performance in. the operational environment.

As systems are produced, they are shipped to the

operational cotnmands . The weapon systems in. transit and

the subsequent delivery rate is a function of the production

rate and the t ime in transit. This is developed into the

following equations.

L WSIT.K:WSIT .J+DT* (WSPR.JK-WSDR.JK)
R WSDR.KL~DELAY3 (WSPR.JK~Z)
MOTE WSIT WEAPON SYSTEMS IN TRANSIT
MOTE WSPR WEAPON SYSTEMS PRODUCT ION RATE
NOTE WSOR WEAPON SYSTEMS DELIVERY RATE
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The flow of weapons to the operational commands provides

increased capability which, in turn , relieves the pressure

for weapon system production. The next section of this
I.-

chapter will discuss the effects of weapon. system inven-

tories as they are used in the operational environment.

U.S. Operations

The flow of inventory into the operational environ-

ment is depicted. in the diagram contained in Figure 5—26.

As new systems are delivered. to the operational commands,

the inventory is used. to accomplish the mission requirements

established, by the operating. plans for each base. Two sys-

tem states are represented in the model. Operational

weapon systems are able to a~complish -their assigu.ed mis-

sions. Non—operational weapon systems cannot accomplish

their missions due to system failures , scheduled maintenance ,

supply problems , or personnel support problems . The final

inventory state is implied by the retirement rate. The

retired inventory encompasses weapons delivered to storage

and. those systems lost through attrition. The following

equations provide the basis for discussion. about the state

of U.S. forces.

L WSO.K:WSO.J+OTG (WSMR .JK+WSOR.JK.WSSDR.JK.WSRR.JK)
L WSN.K:WSM.4+DT, (WSSDR.JK-W$NR.,JK)
R WSSDR.KL:USE.K/MTBF.K
R WSMR.KL:WSORP.K.QSF.K
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NOTE WSO WEAPON SYSTEMS OPERATIONAL
NOTE WSN WEAPON SYSTEMS NON-OPERATIONAL
NOTE WSDR WEAPION SYSTEM DELIVERY RATE
NOTE WSMR WEAPON SYSTEM MAINTENANCE RATE
NOTE WSSDR WEAPON SYSTEM DEFICIENCY RATE
MOTE WSRR WEAPON SYSTEM RETIREMENT RATE
NOTE USE WEAPON SYSTEM USE
NOTE MTBF MEAN TIME BETWEEN FAILURES
NOTE WSORP WEA PON SYSTEM OR PERCENT
NOTE OSF OPERATING NO SUPPORT FACTOR

The delivery of weapons into the operational inven-

tory begins the cycle which exists between the operational

and the non—operational states of U.S. inventory levels. As

weapons are used , system deficiencies cause the inventory to

become non—operational. Subsequently , support is required

to correct the deficiencies and return the system to the

operational inventory.

The equations which apply to the system deficiency

rate are given below.

A USE.K:tiSORF,K.(W$O.K+WSN.K) *OPLAN.K
A OPLAN.K:TABHL (OPLANT, TIME.kiø~Z4ø,2ø)T OPLANT :L/1/1/1I1/1.Z/1/1/1/.9(1
NOTE uSE WEAPON SYSTEM USE
NOTE WSORF WEAPON SYSTEM OPERATIONALLY READY FACTOR
NOTE OPLAN OPERATING PLAN
A MSORF.K:TABHLCWSORFT ,WSORP.K,~,5J, 1~)
MOTE WSORP WEAPON SYSTEM OR PERCENT
A MIBE .K:MTBFC4TE4O .l(IMTSFAM .K
A MTBFAM.X :TABHL (MTBFMT,WSAA .K,5000, lSOOøvZøøø )
T M TBFN T:1Il.0511.1311.2511.6 /t.?
A TE4O.k:SNOOTHITE4.K,181
NOTE MIRE MEAN TIME BETWEEN FAILURES
NOTE MTBFC MIRE INITIAL CONSTANT
NOTE MTB FAM MTBF AGE MULTIPLIER
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NOTE IE4D TECHNICAL EFFECTIVENESS DE.SIGNEO (SNOOTHEDI
NOTE TE4 TECHNICAL EFFECTIVENESS DESIGNED
MOTE WSAA WEAPON ~TSTEN AVERAGE AGE

As use increases , the number of system deficiencies also

increases. The actual use rate is determined by the flying

hours or mission programs and. the constraints that exist

from the current inventory. As more and more weapons

become non—operational , the operating plan cannot be fully

accomplished. The other determinant of system deficiencies

is the inherent system reliability. This is expressed In

terms of mean time between failures (I~ITBF). In. this model ,

an aggregate measure is used to show the ratio of weapon

system failures to the operating program period. The

failure rate is influenced by the technical effectiveness

achieved, in. the production process , equipment aging , and

equipment enhancements due to modification. of existing

systems.

The activities and decisions affecting the main—

ten.anee rate are represented by the equations :

A WSORP.X:WSO.K/ IWSY4.~4WSO.K)
NOTE WSORP WEAPON SYSTEMS OPERA TIONAL READY PERCENT
NOTE WSO WEAPON SYSTEMS OPERATIO NAL
NOTE WSM WEAOPM SYSTEM MON-OPERATIONAL
A OSR.K:WSORP.X*OSCF
NOTE OSR OtS REQUIRED
MOTE OSCF O&S COST FACTOR
A PFOS.$:TABHL CPFOST,WSORP .K~Jt1~ .2)
I PFOST :tI1IlI1.l5It.82/t,68
MOTE PFOS PRESSURE FOR O&S
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A OSF.K:OSDAM.KePFOS.K
MOT E OSF O&S FACTOR
MOTE OSDAM O&S DOLLAR AVAILABILITY ~uLT:PuERMOTE OSA O&S AVAILABLE
A OSDAM.K:TABLE (OSOANT,OSR.X/O$A .~(j) ~~~ .2)I OSDAN T:I/ .?8/ .91.82/ .7/.52/,38/ .29/.26/.2 4/,22

The percent of the total weapon systems operational is used

to determine the relative degree of pressure that is placed

on the logistics system to provide support. As more systems

become non—operational, pressure is increased. This pres-

sure acts to increase the maintenance rate; however, funds

may limit the degree to which maintenance can. support -the

increased demands.

The rate that weapons are removed. from the inven—

tory is determined by the number ol’ weapon system attri-

tions and. the planned rat e of retirement . The equations

which represent the decision process which supports the

actions to remove weapon systems from the U.S . inventory

as depicted in. Figure 5—27 are shown below :

L AWSA.K:AWSA.J-.OTf (WSAR .,JK_WSARR. .JK)
R WSAR.KL:IJSE.K
R WSARR .KL~(NOOF.K4AWSA.K)+WSAA.K*WSRR .JK
NOTE AWSA ACCUMULATED WEAPON SYSTEM ACE
NOTE WSAR WEAPON SYSTEM ACE RATE
NOTE WSARR WEAPON SYSTEM AGE RESTORA TION & RETIREMENT RATE
NOTE USE WEAPON SYSTEM USE
MOTE MODE MODIFICATION FACTOR
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~~~)~.K~RWSR. (/  1W~U.K +W ~N.K )
R WSRR.KL:~IN (I ,WSO.KI (ATTR +WSRF.X))
A WSRF.K:TA8HL (WSRFT,WSAA.K,Z5Ø~s1ø~øø,Z~øg).TN.K
T WSRFT:øI.33/ .661t.øø
MOTE WSAA WEAPON SYSTEM AVERAGE ACE
NOTE WSRR WEAPON SYSTEM REIREMENT RATE
NOTE ISO WEAPON SISTEMS OPERATIONAL
NOTE ISM WEAPON SYSTEMS MON-OPERAT IONAL
NOTE ATTR ATTRITION FACTOR
NOTE WSRF WEAPON SYSTEM RETIREMENT FRACTION

The original plan for retiring systems is based on the

expected operational life of the system. As the system

ages, the percentage of systems which are retired from the

inventory increases. The original plan is altered by the

actual needs for U.S. capability. If deficiencies exist,

retirement is delayed until new capabilities can be

developed. This delay occurs until the inventories are no

longer capable of providing any mission area capability or

all systems are retired.

This completes the system flows which occur over

the life cycle of a weapon system for U.S. forces. The

next two sections will describe the system flows which apply

to the allied and. enemy defense systems. In many cases the

model concepts are similar to those represented in. the U.S.

defense system. These similarities will be noted as appro—

priate.

Allied Sector

The Allied Sector contains the flow of weapons and

information associated with weapon system decisions. The
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basic stru.cture of the Inventory flow is similar to the U .S.

Operations Sector. In addition to this stracture, the force

aging, capability and. threat assessment , are also similar.

The unique portions of this sector involve allied evalua-

tions of productive capacity and desires to produce or

purchase weapons. This decision , in. part , affects the

political , military , and economic ties with the U.S. and

determines the allied demands for  acquisition in the U.S.

The flow diagram contained in Figure 5—28 depicts

the flow of inventory through the allied defense system. .

As noted,, the stru.cture is very similar to the U.S. opera-

tions. The only difference is that purchase of Inventory

from the U.S. is also represented. in the allied. defense

system. The equations which apply to this stnicture are :

L AWSP.X :AWSP.J+ (DT) (4WSPR.~K-AWSDR .JK)
R AWSPR.KL:FSHIFT~AP1AN .KI
A ADELR.X:24/AURCF.K
R AWSDR .KL:DELAY3 (AWSPR.JK,ADELR.K )
NOTE AWSP ALLIED WEAPON SYSTEMS IN PRODUCTION
NOTE AWSPR ALLIED WEAPON SYSTEMS PRODUCTION RATE
MOTE APLAN ALLIED PLANNED PRODUCTION
NOTE ADELR ALLIED DELAY RATE IN PRODUCTION
NOT E AURGF ALLIED URGENCY FACTOR
L AWSO.X:AWSO.J+DT.~AWSDR .JK+AWSMRJK .AWSUR .JK+AFwSDR .Jx
NOTE AlSO ALLIED WEAPON SYSTEMS OPERATIONAL
MOTE AWSOR ALLIED WEAPON SYSTEMS DELIVE RY RATE
NOTE AWSMR ALLiED WEAPON SYSTEMS ~4L NTENANC E RATE
MOTE AWSUR ALLIED WEAPON SYSTEMS USE RATE
NOTE AFMSDR ALLIED FOREIGN MILITARY SA 1E~ DELI VERY RATE
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I. AWSH .K:AWSM.J+ (~T~ (AWSUR.~K-A WSMR .~K- SRS.QK~
R AlSN R .~L:AWSN.K *AM PCT
R AWSUR.KL :AWSO.K3AUPCT
R AWS RR .XL= ARETC*AWSN,K
NOTE AISM ALLIED WEAPON SYSTEMS NOM-CPERAT~ONAL
NOTE AWSRR ALLIED 4EAPON SISTEMS REUSEMENT RAT E
MOTE AMPCT ALLIED PERCENTAGE OF WEAPONS REPA IRED
NOTE AUPCT ALLIED PERCE~4TACE OF WEAPONS U SED
MOTE ARETC ALLIED RETIREMENT CONSTANT
L ISFAI ,K :WSFAI.,J4DT4~ATXR. JK-AFMSDR. JX )
R AFMSDR .~L:DELAY AYXR.jI (,24)
R A TXR ,~L:FHSWTtFMSA.K )
NOTE ISFAI WEAPO N S Y STEMS FOR ~LL!ED i NVEN T ORIES
NOTE A TXR - ALLIED TRANSFER RATE
NOTE FMSA FOREIG N MILITARY SALES AG REE~E11S
NOTE ARETC ALLIED RETIREME NT ~.ONSTANT

U.S . t ransfer of arms to allied nations is determined by -the

level of approved foreign military sales agreements. Sys-

tems are scheduled for delivery to the allies after a delay

to facilitate a~m~nistrative and. procurement activities

which must occur to prepare the weapon systems order. The

combined effect of allied inventories leads to capability.

This capability includes both quantitative and qualitative

features as noted in the Need Sector for U.S. defense.

In. -the model , the qualitative features which relat e

to allied inventories are repre sented as a funci~ion of the

degree of standardization between U.S. and. allied Inventory

and the average age of the allied force. The fl’w diagram

contained, in Pigure 5—29 depicts the determination of aging

and standardization.. The following equations correspond.

to the standardization aspect of inventory quality:
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A ~~~~~~~~~~~~~~~~~~~~~~ I I
T ACF T :l/1/1 J1/1/i .2 /1.7512.5/3.25/4. :i16.J
MOTE ACEF AGE FACTOR
NOTE AACE AVERAGE AGE
MOTE
A STDF,X:TA 8HL (STDFT,APSWS.Kp~,1,. U

STDFT:Z/1 .75/I/ 85/.651•431•30/ .231. 17/ .1ZI.~5
NOTE STDF STANDARDIZATION FACTOR
A AQF,K (MO ):TASHL (AQUALpT (MO)*ACEF ,X/STflF.K,ø, I2~,12)
T AQIJAL :j .~/.9~/,99/,?9/, 95I .85/.7/. 55/ .35/.25/ .1
NOTE AQF ALLIED QUALITY FACTOR
NOTE I TIME
A APSWS.K :ASTIMV .k/ (AWSO ,K4AW$N.K )
L ASTINV ,X :ASTINV •J+DT, (ASTR.JK)
R ASTR.KL:FMSA.X(l)+SWITCH (ø,AWSDR .JK,COFAC.K )
A COFAC. X:ACOPR . KiUSCOPA . K
MOTE APSIS ALLIED PERCENTAGE OF STANDARDIZED WEAPON SYSTEMS
MOTE ASTINV ALLIED STANDARD IZED INVENTORY
NOTE AlSO ALLIED WEAPON SYSTEMS OPERATIONAL
NOTE ANSN ALLIED WEAPON SYSTEMS NON-OPERAT IONAL
NOTE ASTR ALLIED STANDARDIZATION TRANSFER RATE
NOTE FMSA FOREIGN MILITARY SALES AGREEMENTS
NOTE AWSDR ALLIED WEAPON SYSTEMS DELIVER Y RATE
NOTE COFAC COPRODUCTION FACTOR
MOTE ACOPR ALLIED COPRODUCT ION REQUEST
NOTE USCOPA US COPRODUCT ION AGREEMENT

Standardization results from both foreign military sales and.

co—production agreements. As the number of allied systems

common to U.S. forces increases, the overall quality factor

is increased. This concept assumes that capability is

enhanced as support increases. Standardi~&d equipment

enhances the logistics system ’s ability to respond to

demands for equipment, supplies , and. personnel to support

mission requirement for both U.S. and allied forces. This

is particularly important in wartime.

The age of the force also impacts the quality aspect

- of the allied Inventory. The equations for this concept are:
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N FLT*,CE:AACE4ISO
L FLTAGE.K:FLIAGE,J+OT. (AGER.jKI
R ACER,KL :4W$O.K4AWSN,g_4W$RR,~K,AAGE.k,3I$T~
NOTE FLIACE COMBINED ACE OF ALLIED FLEET
NOT E AlSO ALLIED WEAPON SYSTEMS OPERA TIONAL
NOTE ACER ALLIED ACE RATE
NOTE AISM ALLIED WEAPON SYSTEMS NON-OPERATIONAL

— NOTE AWSRR ALLIED WEAPON SYSTEMS RETIREMENT RATE
NOTE DISTK DISTRIBUTION CONSTANT
A AAGE.K :FLTACE .KI AWSO .K+AWSN.K)
NOTE AACE AVERAGE ACE OF ALLIED WEAPONS

The product of weapon system quantities and the

related quality is the basis for dete~~i~ i~ g allied capa-

bility. Capability is used to compare to threats in order

to detern.ine weapon system plans. The same concept as

applied in. the U.S. needs sector is used. In. Figure 5—30

the threat assessment and. planning activity are shown. The

following equations correspond to the portion of the flow

diagram which depicts deficiency identification.

A ACAP.K(MO):(AlSO.K4AlSN.K+AI4SP K4SlJMV~APLAN,K (4h1,
I T(MO) I )IACPWSIAQF.K(MO)
A - AOEF,K (MO):MAIIADIF.KIMOI,J) ,ADP CT,I (
A ADIF K IMO):ECAP,K (MO)_ACAP.K(MO)_USCAP.K (MO I
MOTE ADEF ALLIED DEFICIENC Y
NOTE AD IF ALLIED DIFFERENCE IN CAPA& (LIT Y
MOTE ADPCT AL LIED PERCENTAGE OF DEFICIENCY
MOTE ECAP ENEMY CAPAB ILITY
MOTE ACAP ALLIED CAPABILITY
MOTE USC AP US CAPABILITY
A AURGF.K :TABLE (EWCT,AURC,K/1Z,ø,1J, I)
A AURC,K:URGENCY (PDEF ,KI
MOTE 4URGF ALLIED URGENCY FACTOR
NOTE EWCI URCENC~ WEIGHTI NG TABLE
MOTE AURC ALLIED IJRCENCI--TIME TO FIRST DEFICIENC Y
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A APTH R.K (MO) ~
(EINT,K-IJSINT.IO 3ADEF, ~ IMO )NOT E APT HR AL LIED PERCEIVED THREAT

NOTE LINT ENEMY INTENT TO USE FORCE
A ADWSL.K~MO) 

:~OESlF4APThR,X)WQ)/ACpWS
MOTE ADWSL ALLIED DESIRED WEAPON SYSTEMS LEVEL
MOTE ADESUF ALLIED DESIRE FOR WEAPONS FACTOR
MOTE ACPWS ALLIED CAPABILITY PER WEAPON SYSTEM

A portion of the total deficiency is allocated to the

allies. The deficiency becomes the basis for threat and

determines the sense of urgency which drives the weapon

systems planning process.

As needs become urgent, the production plans are

increased if production capacity is available. The plan-

ning process is accomplished in two phases: near—term and

long—range planning. Near—term planning is less flexible

because the time , and. the financial and material resources

may not be available. This means that near—term needs may

not be fully satisfied immediately. Long—range plans do

reflect all deficiencies because adequate time is available

to prepare for weapons production. The equations for the

allied production plans are :

~UR IAI:1,36
L APLAN,K( IAI):APLAM .J(IA 1)+DT.(APACC JK (IAI))
R APACC,KL (IA1):MIN 4ASDEV,g) IA1J 

~APPC.K)A ASDEV,g(JA1):$UMV (ADUSL,X(4) ,1,36)4CLIP(1,~,T (tAtI t 1~I I
I (36-AURC,K) 

-

NOTE APLAN ALLIED PLANNED PRODUCTION
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7

NOTE APACC ALLIED PRODUCTION ACCELERATOR
NOTE ASDEY ALLIED SCHEDULE DEVIATION
NOTE APPC ALLIED PROJECTED PRODUCTION CAPACI”
NOTE ADWSL ALLIED DESIRED WEAPON SYSTEMS LEVEL
NOTE AURG ALLIED URGENCY--TIME TO FIRST 3EFICIENCY
NOTE I TIME
FOR IAZ:37,12J
L APLAN .K (IAZ):APLAN.JIIAZ)+DT4IALRADJ .JKIIA2-3&))
R ALRADJ.KL (1A2_36):CLIP (NAWS.K (IA2 ) PJIADECP .KIADECB.K )
NOTE ALRADJ ALLIED LONC-RANC E ADJUS T MENT RATE
NOTE NAIS NUMBER OF ALLIED ~EAPOM SYSTE M S
NOTE ADECP ALLIED DECISION TO PRODUCE
MOTE ADECS ALLIED DECISION TO BUY

The allied intent to use force is a function of the

threat perceived. As threat increases , the allies may seek

other alliances ii’ the U.S. is not able or willing to pro-

vide support. This action changes the allied int ent towards

the U.S. causing a change in the deficiency equation : the

allies become friendly toward,s the enemy , thus reducing

their perceived threat. The equations which represent this

concept are :

A AINT,K=TABHL (AWC T,AINTF .g,_ I , l , . 2 )
A AINTF.K:SMOOTH (SUM(APfl4R,K)/lZØ,3)
I AWCT:~/B/~/,B5/.1~f.25/,45/,85/,99/.,6G/_1.Ø~
MOTE AINT ALLIED INTENT TO USE FORCE
NOTE AINTF ALLIED INT ENT FACTOR
MOTE APTHR ALLIED PERCEIVED THREAT
A ADPCT.K :TABLE (APFT,AINT,K,_1,1, .2)
T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
NOTE ADPCT ALLIED PERCENTAGE Or DEFICIE NCY

The allied decision concerning production or pur—

chase of weapons is influenced by the ability of their

industrial base to produce weapons . The flow diagram
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contained in. Figure 5—31 depicts the decision stru.cture which

e~d,sts to determine make or buy decisions. The following

equations correspond to the diagram .

A ARUCIS , g:RAADP KIRESCF . K
A RESCF,K:TABIT(RSCFT,RAADP.K,J!1H~ 1*)
T RESCFT:1.E6/1 ~~~~~~~~~~~~~~~~~~~~~~~~
NOTE ARUCWS ALLIED RESOURCE UNIT CONSTRAINT PER WEAPON SYSTEM
MOTE RAADP RESOURCES ALLOWED FOR ALLIED DEFENSE PRODUCTION
MOTE RESCF RESOURCE COST FACTOR
A ACAPDP.K:MIM(ARUCWS.K,ACMP,K ,APGNPD)
MOTE ACAPOP ALLIED CAPACITY FOR DEFENSE PRODUCTION
NOTE ARtJCWS ALLIED RESOURCE UNIT CONSTRAINT PER WEAPON SYSTEM
MOTE ACNP ALLIED CROSS NATIONAL PRODUCT
MOTE APCNPD ALLIED PERCENT OF CNP TO DEFENSE
C APGNPD:.~ø3
N ACNP:1E1~
L ACNP.K:AGNP.J+DT4(AGNPGR.JK1
R AGNPGR . KL:ACNP .KIAC$PCF
C ACNPCF:,I~2
NOTE APCNPD ALLIED PERCENT OF GNP TO DEFENSE
NOTE ACNP ALLIED GROSS NATIONAL PRODtJCT~C 4PI
NOTE AGNPGR ALLIED GNP GROWTH RATE
NOTE AGNPCF ALLIED GNP GROWTH FACTOR
NOTE ACAPOP ALLIED CAPACITY FOR DEFENSE PRODUCTION
NOTE ADECP ALLIED DECISION TO PRODUCE

Productive capacity is determined by the constraints from

resources and. the economy. If more capacity e~d.,sts than is

planned. for defense , the allied desire to co—produce

increases. If the productive capacity is not su!ficient to

meet all needs for defense production , the allied nation

must consider foreign military sales with the U.S.

The allied decision process relative to foreign

military sales is depicted in. the flow diagram contained in

Figure 5—32. The equations for this diagram follow:
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A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ADECP,X~ACOAWS, K)
NOTE NAWS NUMBER OF ALLIED WEAPON SYSTEMS PLANNED
MOTE COMP COMPUTED TRADEOFF FACTOR
NOTE ADECP ALLIED DECISION TO PRODUCE
MOTE ACOAWS ALLIED COST FOR ALLIED WEAPON SYSTEMS
A NUSWS,K~MO):CLIP~ACPWS3COMP, )~)MO)p4p THR,K (MO )/USCpWS K,
I ADECP .K,ACOUWS.~)
MOTE MUSWS NUMBER OF US WEAPON SYSTEMS PLANNED
NOTE ACPWS ALLIED CAPAB ILITY PER WEAPON SYSTEM
MOTE COMP ~O$PUTED TRADEOFF FACTOR
NOTE ADECP ALLIED DECISION ~O PRODUCE
NOTE ACOUWS ALLIED COST FOR US WEAPON SYSTEMS
A COMP,K (MO) :(ACOSWS4APTI4R.K(WQ)~aCAP QP,K) I / (USCPWS,KiACOSW$
I -ACPWS4ACRWS.K)
MOTE ACAPDP ALLIED CAPACITY FOR DEFENSE PRODUCTIO N
NOTE ACBWS ALLIED COST TO BUY WEAPON SYSTEMS

The decision process involves a trade—off of cost and

threat considerations o±~ three alternatives: total self—

sufficiency , a mix of U.S. and. allied inventory, or foreign

military sales. The goal in this trade—off is assumed to

‘be cost oriented as long as the deficiency is satisfied.

The evaluation which precedes this decision involves an

analysis of cost, desire for weapon systems , threat , cur-

rent plans, and capability. The decision which results

from this analysis and the inventory raix determination

establishes the basis for foreign military sales desires.

The equations which represent the inventory mix are:

L FMSA i(($O):FMSA.J(MO)+DD(FMSBR.JKIMO ))
R FMSBR,KL (MO):CLIP (MUSWS.K (MO) ,B,ADECP.K,ADECS.K)
NOTE FMSA FOREIGN MILITARY SALES AGREEMENT
MOTE FMSBR FOREIGN MILITAR Y SALES BUY RATE
NOTE NIJSWS NUMBER OF iS WEAPON SYSTEMS PLANNED
MOTE ADECP ALLIED DECISION TO PRODUCE
NOTE ADECS ALLIED DECISION 10 BUY

211



A ACO4W$.X:SUM~ADWSL.K)*AC0SWS
A ACOUWS .K:SUH~APTHR.g)3ACBWS.K/IJSCPWS.K
A ACOMUS.K:SIJM (NAWS.K)4ACOSWS+SUM (MUSWS.K).ACBWS.K
NOTE ACOAWS ALLIED COST FOR ALLIED WEAPON SYSTEMS
NOTE ACOSWS ALLIED COST PER WEAPON SYSTEM
NOTE ACOUWS ALLIED COST FOR ‘IS WEAPON SYSTEMS
NOTE ACBWS ALLIED COST TO BUT WEAPON SYSTEMS
NOTE USCPWS US CAPABILITY PER WEAPON SYSTEM
NOTE NAWS NUMBER OF ALLIED WEAPON SYSTEMS PLANNED
MOTE NUSWS NUMBER OF US WEAPON SYSTEMS PLANNED
A ADECB.K:MIN (ACUUWS .K,ACOMWS.K)
A ADECP.K :SMOOTH (MIN (ADECS.K ,ACOAWS.x ),1)
NOTE ADECB ALLIED DECISION TO RUT
MOTE ACOUWS ALLIED COST FOR US WEAPON SYSTEMS
NOTE ACOMWS ALLIED COST FOR MIXED WEAPON SYSTEMS INVENTOR
MOTE ADECP ALLIED DECIS ION TO PRODUCE

The role of allied defense in the worldwide mili-

tary environment is important. As allies seek to protect

themselves from enemy threat, the total U.S./allied capa-

bility increases and presents a threat to the enemy.

~~ emy Sector

The final sector depicts the flow of weapon systems

and the related information network applicable to enemy

defense. This sector depicts two primary strmctures. The

first is the actual flow of inventory in the enemy defense

system. The second depicts the threat analysis, political

intentions, and defense planning activities. The enemy

sector flow diagrams are provided in Figure 5—33 and 5—34.

The similarities to the allied structures contained in.

Figure 5—28 and 5—30 should be noted. The equations which
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represent the flows of inventory in the enemy system are

given ‘below:

L EWS P.K : EWSP .j +(D1) (EW S PR. j K- EWSD R . .~K~
I.— R EWSDR .KL :DELAYS (EWSPR .,JK,EDELR.K)

R EWSPR.KL:FSHIrT (EPLAN.K )
NOTE EPLAN ENEMY PLANNED PRODUCTION
NOTE EWSP ENEMY WEAPON 3YSTE~O PRODUCTI O N
NOTE EWSPR ENEMY WEA PON SYSTEMS 2RODUCTIO N INPUT ~ TE
MOTE EWSOR ENEMY WEAPON 3YSTEMS ~ELIVER1 ~TE
A EDELR.K:Z4IEURGF.K
NOTE EDELR ENEMY PRODUCTION DELAY FACTOR
NOTE EIJRGF EN:MY URGENCY FACTOR
L EwSO.K:EWS-:,,J+ 1fl (EWSDR,JK~EWSMR..JK-EWSUR.JK )
NOTE EWSO ENEMY WEAPON SYSTEMS OPERATIONAL
L EWSN,K:EWSN.J+ (DT) (EWS IJR.JK-EWSNR .JK-EWSRR.JK )
NOTE EUSM ENEMY WEAPON SYSTEMS MON OPERATIONAL
NOTE EWSRR ENEMY WEAPON SYSTEMS RETIREMENT RATE
R EWSUR.~L:EUPCT*EWSC ,~~

NOTE EUPCT ENEMY PERCENTAGE OF WE~PCN SYSTEMS JSED
R ~~~~~~~~~~~~~~
NOTE EMPCT ENEMY PERCENTAGE OF WEAPONS REP~~RED
R EWSRR KL:EWSN . ~øZ/EURGF . K
A ECAP.K(NO):(EWSP,K~EWSC.K+EWSN .K4SUMV (EPLAN .~~*~,
I i,T (MO )))*ECAPWs
NOTE ECAP ENEMY CAPABILITY
NOTE EPLAN ENEMY PLAN FGR WEAPON SYSTEMS PROOUCTI M
NOTE ECAPWS ENEMY CAPABIL :TY PER WEAPON ST3TEM

The only real differences in the allied and enemy sectors

are the exclusion of arms transfers in the enemy sector and.

the values of goals established by the enemy. In many

cases , the enemy was asr-u~ed to establish higher goals

concerning weapon system inventor: and desired oa~abilitr .

These desires influence the worldwide threat situation.

The equations which apply to the enemy evai~uation

of threat are similar to the concepts presented in both
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the U.S. and. allied defense systems . Threat is a fimction

of the relative difference in capability and the intent

of others to use force . This threat , in turn , determines

the intent of the enemy towards others. The equat ions

which apply to enemy threat are :

A EINT .K= IAB HL ( EINTT ,SU M( EPTH R)/ i2ø ,- 1, I ,, )
NOT E E I NT ENEMY IN T ENT
MOT E EPTHR ENEM Y P ERC EIVED THRE T
T EINT T:l .9911. 7/1.3/I.1511.051111. j5/1,1511.311. 7/i ,99
A EINTF .K:SM OOTH (SUM(EPTHR ) f 1Zø~3)
NOTE E IN TF ENE NT INTENT FACTOR
A EDWSL.K(MO):EDESWFIEPTHR.K (MO) /ECAPWS
NOTE EDWSL ENEMY DESIRED WEAPON SYSTEMS LEVEL
NOTE EDE SWF ENEM Y DESIRE FOR WEAPONS FACTOR
NOTE ECAPWS ENEMY CAPABILITY PER WEAPON SYSTEM
A EPTHR.K(MO): (USINT .K+AINT .K)*EDEF.K (MO)
NOTE US INT US I NTENI
NOTE AINT ALLIED INTENT
NOTE EDEF ENEMY DEFICIENCY

The deficiency is determined by the evaluation of

U.S., allied , and enemy capabilities. The difference

between the capability is considered the deficiency which

will ‘be included in the enemy production plan. The equa-

tions are:

A EOEF.K~MQ ) :N4X ( EBIF ,K( MQI 1LE
NOL EDEF ENEMY DEFIC IENCY
NOT E E D IF EN EMY D IFF ERENC E IN CAPA BIL I T Y
A EDs F .X C MOI : IJ SCAP. K( MO ) +ACAP , K( MOI ~ECAP ,~JMO)
NOTE JSC AP US CA PABI LIII
NOT E ACAP ALL IED CA PA BILIT T
NOT E ECAP ENEMY CAPABILITY
A EURG.K:URG ENCY (EDEF .KJ
NOTE EUR O ENEMY URGENCY--T IME TO FIRST DEF IC~~JCYT
A ~JRG F.K :TA8LE ( EWC11EURG.X ,Ø , 2ø, 12)
NOTE EURCF ENEMY URGENCY FACTQ~
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The final concept within the enemy sector is the

development of the production plan . The plan is similar

to the concept described for the allied sector; however ,

no resource constraints are considered. Near—term plans

are considered less flexible than long—range plans ‘because

of the planning cycle req uired to develop and evaluate

industrial capability and provide financial and material

resources to defens e production . The equations that

represent enemy production planning are :

FOR NE:t,36
L EPLAN .K(ME ’ :EPLA N.J( ME)+~D1) ( EPA CC .JK )
M(J~E EPLAN ENEMY PLAN FOR W EAPON SY STEMS PRO DUCTION
NON E EPACC ENE~Y O~4%JCT ION ACCELERATOR
FOR MEE:07!1Zø
L EPLAN. K(MEE) :EPLAN .J( NEE)+DT* ( EAD .i .JK ‘~EE- 3.~

) )

R EADJ.K L(ME E-S~
) :EOMSL,K (NEE)

NOT E EADJ ENEMY ADJUSTMENT RATE

In summary , the enemy sector is developed in less

detail because less information is available to managers

in the U.S. acquisition system about the decision process.

The conclusions made about enemy decisions result from

evaluation of hardware inventories , plans, and. the political

environment which affects the goals and desires of the

enemy defense system. ~~emy goals provide the basis for
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the positive feedback loop which is characterized ‘by the

arms race. This becomes the stimulus for DOD mission

requirements and subsequent acquisitions of weapon systems

and m~ litary equipment .

Summary

In this chapter the decision st~~icture which

affects actions in. thc DOD acquisition process w~: devel oped.

The system d~~amics metbodolo~~ provided a meaning~u. way to

display the important states , flows , and decisions which

exist. These concepts were furcher enriched by marhernatical

equations which provide greater detail to - the concepts which

have been developed throughout this thesis. The analysis o±~
the descriptive information contained in Chapter ~4- and the

structural information contained in. this chapter provide

great insight into the reasons for much of the behavior in

the systems acquisition process. This insight increases

management’s understanding of the system processes and

provides a basis to determine the impact of policy decisions

prior to implementation.

In the ne~c~ chapter , the conclusions of the research

will provide a basis for recommendations to improve the

system and address the managerial applications of policy

modeling of complex and d~~amic systems.
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Chapter 6

SD?flt4~~ , CONCLUSIONS, AND RECO~~E~ ’TDAT IONS

Introduction

The primary goal of this research was to develop a

policy model of the DOD systems acquisition process. The

model was developed to assist management in understanding

the complex and d~nami.c nature of the system and. to pro—

vide a tool for policy development and analysis. ~s noted

in Chapter 1 , eight specific objectives were established in

order to achieve this goal. The objectives were:

1. identify the structure of the systems acqui—
sition process;

2. isolate the interactions and influence of the
components and variables within the system;

3. describe the decision structure that determines
the information, money, and material flows within the
system;

4. construct a mathematical model which represents
the components , relationships , information flows, and.
decisional policies of the system;

5. develop a computerized model which can be used
for policy analysis and. development ;

6. verify and validate that the model represents
the structure and. decision—making process within. the
systems acquisition process;

7. identify areas of sensitivity or ~riticalissues in acquisition policy; and
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8. suggest cb~nges , if required , in the management
structure of the systems acquisition process.

The purpose of this chapter is to summarize the

L research effort by review of the research methodolo~~- end

findin~~ relative to each objective. In. addition , conclu—

sions and recommendation.s for management application of the

policy model will be addressed. Finally, suggestions for

further research will be proposed in order to extend the

theory and. application of policy modeling of the systems

acquisitions process within DOD.

Summary of Research

The first objective of this research was to identify

the structure of the systems acquls~tion process. This

involved identification of the major components within the

system as well as defining the system boundary. The struc-

ture was extended beyond the traditional processes that are

associated with acquisition. The purpose of extending the

boundaries was .to capture the political process which

affects the goals and policies established for DOD and the

acquisition of major weapon systems. The political process

involves internal U.S. and. international relationships. The

system. was divided into ten sectors in. order to assist in

analysis and model construction. These sectors are

explained in. greater detail in. the conceptual model pre-

sented in Chapter 4. The sectors included were:
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Political , Need , Financial, Technolo~~ , Weapon Systems

Research and. Development , Resources , Production , U .S.

Operations , Allied Defense, and ~~emy Defense. The ele—

ments within each sector and relationships between sectors

provided a means to achieve the second objective .

The isolation of interactions and influences between

variables within the system was accomplished through a two—

part approach. The first resolution of the model was

developed as a result of l~.owledge obtained from a formal

literature review, experience, and. observ-ations about the

system. The second part of the research involved verifying

and validating the relationships by discussions with key

managers within the acquisition system. The results of

this effort are presented in the description and diagrams

contained in Chapter 4. The research revealed that several

key variables within the system influence many of the

decisions and. processes. These variables determine the

nature of the major feedback loops. Threat and capability

appeared to be the driving factors in the identification of

needs. Approval of needs was influenced by the political

environment which included international intentions and

specific desires for DOD weapon systems . The satisfaction

of needs was determined by both the financial process and.

the research , development , production , and deployment of

weapons. The dollars provided to DOD for system acquisitions
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represent the implicit policy concerning the relative impor-

tance of DOD in the achievement of national loals and objec-

tives. The weapon system program characteristics determine

the ultimate capability and cost of the system.

The third. objective of the research wa~ to describe

the decisional structure that determined the informational ,

money and material flows within the system. The flow

diagrams and. discussion. in Chapter 5 document the results
of this effort. Four specific decisional structures were

studied. in. relationship to the system. The first was the

mission—area plam-d~ig structure that exists to id.entif~- ~nd

evaluate needs. This structure was difficult to capture

because of the vagu.eness of threat and capability assess-

ments. Recently, a new tecbnique has been applied which

aims to institutionalize a procedure which may lead. to

improvements in the process. The second. process which was

analyzed was the Defense Systems Acquisition Review Council

decisons. This group is responsible for making the deci-

sions which relate to approving mission area needs. In

this decision , the trade—off s between various alternatives

to satisfy a ~‘pecific need were addressed. The new poli—

cies implementing ONB Circular A—1O9 have somewhat altered.

the decisional process; therefore , the ~relative weights of

the decisional variables appear to be changing. The third

decisional process which was developed. in the model is the
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programming and. budgeting process which determines the

amount of dollars available for DOD acquisitions. This

process seeks to evaluate the various funding alternatives

to be pursued within DOD. All three of these decisional

structures require a large amount of data in order to

evaluate alternatives. The research revealed. that although

much data were provided to the decision—makers, few alter-

natives were actually evaluated. The major reasons given

for this were the volume and the timing of information.

The fourth decisional structure in the model was the pro-

gram management evaluations required to achieve cost ,

schedule, and performance goals. The research indicated

that there was a general bias to forego cost aspects of a

program in order to meet schedule and. performance goals;

however, cost was becoming more important to the decisional

process. In summary, the decisional proc~sse~ relative to

systems acquisitions are similar. Research revealed that -

managers use similar information to make decisions ; how-

ever , the amount, timing, and format of information

partially determined the number of trad.e—offs that are made

between and among alternatives.

The fourth research objective was to develop a

mathematical model which represented the components,

relationships, information flows, and. decisional policies

of the system. This was accomplished by developing the
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structural model contained in. the flow diagrams into mathe-

matical relationships believed to represent the system. The

specific measurement and dimensions of the variables

resulted from the functional relationships noted in the

literature review and the interview process. Parametric

tecbniques were not used; however, the relationships provide

~ean.tngful representations of the real system. The measure-

ment criteria for several concepts was very difficult to

develcp. These concepts include variables such as threat ,

capability , technology , and political desires. Considera-

tion of these variables was accomplished by developing

comparative measures to portray the relationships which

existed between variables that were not well measured in

the actual acquisition system. The system equations are

presented in. Chapter 5.
The mathematical equations were developed using the

DYNANO simulation notation. in order to accomplish the fifth

research objective. E~periments with the simulation model

are recommended for policy analysis and development ; how-

ever, this was beyond the scope of this research. At the

close of the research effort, the model was tested and

initial results indicated there were no major defects with

the system logic , although additional testing was required

to fully verify and validate the model operation. It may

now be used. for policy analysis.
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Although the model was not exercised. fully, the

sixth research objective was accomplished by verifying and

validating the model concept and. structure. This task was

accomplished throughout the research to ensure internal

validity and to verify that the model was consistent with

development intentions. This repetitive approach led to

model integrity even though the behavior of the system was

not observed through model operation. The confirmation of

concepts and. system structure addressed in the interview

process provided credence to the model validity and useful-

ness in policy analysis.

The seventh research objective was to iientify areas

sensitive to the system behavior. The issues and discus-

sions in. Chapter 4 identify areas of current concern.

Specific attention was given to the political goals and

desires of the system. The power and. inclinations of the

political process make it important to uridei’stand the role

of the systems acquisition in national policy development.

The impact of this process normally is expressed in dollars

which are provided for DOD research, development , produc—

tion, and. operations. The system was noted. to be very

stable. Analysis of past performance and. results of policy

changes indicated that the long delays within the system

create much of the stability , despite the cyclical actions

of the DSARC and funding processes. The complexity of the
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system appears to make it difficult to institute changes in.

system behavior when only several variables are changed.

Forrester stated that this is characteristic of multi—

looped systems of complex systems. The important areas

which appear to affect  the system are in the major feedback

loops. The evaluation of threat and capability is eesential

to determining the requirements which must be satisfied ‘Dy

systems acquisition and support. The political environment

is also essential to the behavior of the system . Finally ,

the goals that are established within DOD for specific

weapon system performance characteristics impacts the do~~—

stream cost , schedule, and operational performance of the

system.

The eighth research objective will be addressed in.

the following sections of this chapter. The suggestions

and recommendations to management illustrate the power

which results from careful analysis of system relationshiDs

and decisional structures within large , complex systems .

Conclusions

The presentation of this research has indicated

that the systems acquisition process is indeed complex .

The development of a policy model provided a valuable tool

for both policy analysis and development. The models

presented in Chapters LI. and 5 are the basis for the
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following conclusions , recommendation for improvements, and

the implication of policy—model use in analysis and d.evel—

opment of DOD acquisition policy. These conclusions repre-

sent the preliminary analysis of the policy structure within

the system; however , it is recommended that the full impact

of the policy decisions which result from analysis be

evaluated through exercising the simulation model developed

in this research.

The first general research conclusion concerns the

system decision structure. The structure which supports

policy decisions in. the DOD systems acquisition process does

not appear to be well integrated. This was noted throughout

the system processes which support decisions concerning

planning, programming, budgeting, and approving needs. Key

decisions relative to acquisition are difficult to make due

to the multiple goals in the system , vagu.eness and incon-

sistencies within performance measures , and the nature of

the information fThw. Because decisions are difficult , the

integrative process is essential to balance the requirements

~or military support. The problem appears to result from a

lack of both horizontal and vertical integration of require-

ments and information. Horizontal integratio.~a is required

in order to mak e the necessary trade—offs between mission

areas and funding appropriations. Vertical integration is

required to provide consolidated information to strategic

227



level managers , rather than details which exist at ‘he

operating levels of the acquisition hierarchy. It is

believed that the executive and legislative branches of

goveI~ment should serve in this integrative capacity ;

leaving the details of specific acquisition management

problems to the Services. The strategic levels in the

acquisition hierarcy must make the broad trade—offs and.

establish long—term goals. Imp lementation of the decisions

and. goals should be the responsibility of the lower levels

of the organization as long as the int ent and pu rnose of

the policy is consistently implemented.

The second general research conclusion concerns the

goal structure within the DOD systems acquisition process.

There is a variety of goals established for the vari~us

sub—parts of the system. Many times these goals are in

conflict or are not consistent within the levels of the

organization hierarchy. These goals relate to the missions

and. terformance measures established within each process

and. level within the system. As noted in Chapter LI~, there

are many goal seeking loops within the system. C-cal d.is—

parity was apparent , rarticularly in the needs process.

This disparity results from the performance , cost , and

schedule aspects of DOD weapon systems. In addition , the

goals of the political process often conflict with the

established goals within DOD.
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The research also revealed that there was l i t t le

integration of the various sub—goals in the system . Many

of the differ ing ~ub—goals resulted. from the relative

position of the d.ecision—maken or organization within the

acquisition hierarchy. The focus on hardware and perfor-

mance goals at the operational level has not been integrated

wlLh the funding and poli t ical  goals which -a f fec t  the

strateg ic level management decis ’ onal structure . The goal

disparity has led. to much confusion , specifically not iced

in. the implementation of’ 0MB Circular A— 109 policy regarding

mission needs .

In addition to goal disparity resulting from mission

or position in the acquisition ~rocess , the impact of’ sho rt -

term goal s on the decision process was observed. The goals

established in acquisition favor achieving near—tern goals

without full realization of the long—term behavioral ef ~’ect.

This point is illustrated by the general disregard for

downstream life cycle costs associated with weapons system

operations and support . ~ lthough recent trends look more

promising than past actions , current research and develop-

ment goal s often preempt the consideration of long—term

effects on logistics support.

The third general research conclusion concerns the

performance measures used in system acquisition. As noted

in the preceding paragraph, the m~anires may not be
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consistent within the various levels and. processes within

acquisition. In. addition to this , research revealed that

many performance measures were not well develo~ ed , leed.in~
to va~~ieness and. confusion w it h in th~ system. Several ar eas

are specifically note~l because they are considered. the

primary factors within the system. They include : threat ,

capabili ty , research and d.~velopment progress , tec~~oLo~~ ,

and political desires and intentions .  Ihe acauisit i ’~n

process can be improved if a clear imderstand.ing and. mean-

ingful measurement devices can be developed to assist in

evaluating system performance. It is bel ieved.  that  measures

can be developed for  variables. Management a t t en t ion  sh~ul~
focus on developing and implementing consistent per fo :_ an~ e

measures fo r  the variables mentioned ahove. Of’ par t icular

concern are measures for  threat and capability. These

measures are considered to be the primary determinants  of’

acquisition needs. Better measures in these areas should

assist in evaluating system requirements and provide a means

to develop consistent plans . In. addition to this , th~
behavior of the system may become more apparent if the

vagueness of the system T s performance measures is removed.

The four;h general research conclusion is intended

to draw the first three conclusions together and pr~viie the

basis for a recommendation to improve the system. lhe flow

of information throughout the system determines the 
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decisional environment. The research revealed that the

information flow within the systems acquisition process does

not always support the decisions which must ‘be made. This

leads to ina~propr ate policies. As noted in Chapter ‘
,

managers that operate with mental models of the processes

w~thin their resronsibility oft-rn make inconsistent and.

incorrect decisions due to the complex and. d~~amic nature

of’ the decision—making environment. The establishment of

an appropriate information system to assist managers within

all levels in the acquisition process is required. The

system should focus on providing t imely ,  appropriate infor-

mation which is aggregated. to the extent necessary fo r  each

level -3f management and decision—making s i tuat ion.  The

result of thi s management information system should assist

in making bet ter  decisions and appropriate trade—offs. In

addition , the information system should address the needs

to develop specific performance measures. The policy model

should be used to identify the specific areas of sensitivity

which can be improved through bet ter  measurement and under-

standing of’ the system process.

In. addition to exercising the model to determine

the areas of’ sensitivity, managers within the acquisi t ion

should operate the model in conjunction with policy analysis

and development. Two specific uses are foreseen. The model

provides m excellent tool to evaluate the effects of
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structural changes to the system. For example , the DSAR C

and RIBS systems could be linked together to determine

whether the system behavior improves as a result of’ this

policy decision. The second use for policy analysis is to

evaluate the response of the system to changes in. various

system states. This could be used to determine the effect

elements such as increasing worldwide threat or economic

conditio~is within the country. These examples are but a

few of the potential issues and probl ems which can be

studied using the policy model. n addition to this, the

model provides a powerful tool for evaluating the impact of

proposed policy decisions before they are implemented in the

real system.

Recommendations for ~ irther Study

Further study is recommended in order to realize

the full benefits of the policy model developed in. this

research. The sccpe of this research did not include the

actual operation and analysis of the policy model in a

dynamic environment. The operation of the model is recom-

mended in order to analyze the behavior of the system over

time. In addition , policy experiments should be developed

to assist managers in developing effective po Li cy for the

acquisition system.

Validation of the system behavior through comparison

of simulated behavior with actual historical trends is also
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recommended. This process should. seek to refine variables

and concepts as necessary to ensure an accurate representa-

tion of the real system. This research began the validation

process; however, comparison with a real system environment

was beyond the research scope.

The results of model operations are two—fold , each

leading to further study. First , the model operation may

identify areas which are highly sensitive to policy deci-

sions or environmental situations. These areas should be

the focus of’ specific efforts to develop precise relation-

ships between variables using empirical analysis. Second ,

the search for information to develop these relationships

should. also consider the needs for performance measures and

the information system discussed in the previous section.

Several specific areas in. the model require further

study in order to fully represent the system. The first

area is to develop the flow of’ manpower within the system.

Several simplifying assumptions were required in the current

model. The visibility over skills , motivation , and exper-

ience could. provide additional insight and meaning to the

model. A second area concerns the precise relationship of

the political and economic conditions on the systems acqui-

sition process. The general linkages are por;rayed; how—’

ever, specific relationships were not evrlicitly developed.

Of specific concern is the motivations of the defense
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industry and the increasing importance of the military alli-

ances which affect the systems acquisition process. The

final area for model expansion is the inclusion of capital

equipment and production facility constraints. The research

revealed conflicting information about this essential part

of the system , more in—depth analysis is required.

In summary , the use of a policy models can increase

the understanding of the dynamic and complex processes which

relate to the systems acquisition process. The impact of

policy decisions can be analyzed through policy experiments

in a simulation environment. This feature is , perhaps , the

most valuable to management because expectations and response

of the system to changes guide strategic managemar~t ’ s policy

decisions and determine the ultimate behavior of the system.

It is the authors sincere hopes that this research will be

continued and contribute to the policy—making capabilities

of managemen.~ within the DOD systems acquisition process.
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1. Goals and Objectives

What are the major objectives or products relative
to your organization’s role in the acquisition process?

2. Decision Situation

a. In your area, what is one of the most critical
decisions you have made concerning the acquisition
process in. the last month?

b. Is this decision representative of the types
of decision situations in which you are involved?

c. If’ not , could you give me an exampl,e of recur-
ring type of decision which you are required to address?

3. Information Channels——Input

a. How did you. become aware of the prohiem or
issue that required a decision?

Who ?
Organization——chain of command?
~~cternal to organization?
Formal document?
Informal communication?

b. Did you seek assistance or ask for  further
information before making the decision?

Who did you go to?
What kind of help did you request?
How did you request assistance (formal ,
informal)?

4. Decision Making Process and Refinement of Attributes

a. Did. you consider any alternatives before making
the final decision?

What were the alternatives?
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b. What do you consider the major pros and cons
to the alternatives?

c. Why do you consider the decision you made to
be superior to the other alternatives?

5. Performance Measurement

a. How will the implementation of your decision
be monitored?

Who will be responsible? A
What is their relationship to you?

b. How will the results be measured? Is there
a predetermined set of’ standards or performance
measured established?

c. Could you give me an example of an acquisition
program that you consider to be well managed? What
specific characteristics of the program highlight the
strengths of the program?

6. Output and Feedback

a. What do you expect the impact of this decision
to be in your area and also on others in your organi-
zation, other organizations , and the environment?

b. Who would benefit or lose ‘by this decision?

7. Delays

In your estimation , how long will it take before
the results of this decision will have an effect? Do
you consider this to be complete implementation , or
will there be a gradual response to your decision?

8. Timing and Dynamics of Situation

a. At the time you made the decision , would you
have followed. a different problem solving procedure
if there had been more/less time available? Explain .

b. Knowing what you know now , would you have made
a different decision than you did before?
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9. General Information ABout Key Issues

a. In your opinion , what are some of’ the continuing
problems or issues in. the system acquisition process
that the DOD has not suceeded (or has iguored) in cor—
recting?

b. Do you feel these problems can be corrected or
the issues resolved.? If so , how would you propose to
do it?

c. What are some of the major trends or changes
you see in the future?

238



APP~~’TDIX B

P~~.SO1’TAL I~~~~~VI~MS

a

239

‘I



—Colonel Kyle D. Barnes , USAP , Director of’ MiSSIOn.
and ~inctional Planning, Air Force Systems Command.

—Lt. Col. Juan Benjamin., USAF , Aeronautical Systems
Division, Air Force Systems Command.

——Lt. Col. Lynn T. Berringer, TJSAF, Int egrat ion
Branch Action Officer, Foreigu Tecbnolo~~ Division.

—Colonel IL E. Brence , USAF, Deputy Director of
Contracting and Acquisition, HQ, USAF (RDC).

—Major General James L. Brown, Assistant Chief of
Staff for Intelligence, EQ USAP.

—Lt. Cal. Walter T. Bryan, USAP , Chief , Operational
Requirements Management Group, EQ. TJSAF, Deputy Chief of’ Staff’
for Research and Development.

—Bud.get Thcam.iner Allan V . Burman , Nat ional Security
Division, Office of Management and Budget.

——Mrs. Deborah P. Christie , Director , Mobility
Forces Division , DOS, Program Analysis and Evaluation ,
Office of the Secretary of Defense.

—David Chu, Assistant Director for National
Security and International Affairs, Congressional Budget
Office.

—Major General Gerald E. Cooke , Commandant, )~irForce Institute of Technolo~~.

——John Cove , Budget Committee , U.S. House of
Representatives.

—Ronald Davidson , Program and Budget Division ,
Office of the Secretary of Defense (Comptroller).

—U. L. Everett , Associate Director of Naintena’~ 3
and Supply , EQ USAF (LEY).

——Major Bruce Ewing, USA.F, ~~gir eering and Support
Division , HQ USAP (LEYE).
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—Donald Gessaman, Chief, Navy Branch, National
Security Division , Office of Management and Budget.

—Karvey J. Gordon, Deputy for Acquisition , Office
of the Secretary of the Air Force.

—Lt. Col. Robert H. Kale , Directorate of’ Develop-
ment and. Programming Branch , HQ USAP.

— Gary D. Hooper, Budget Examiner , National Security
Division, Office of Management and Budget.

——Glen IL Hoover , F—1 5 Systems Program Office ,
Aeronautical Systems Division, Air Force Systems Command.

—Terry L. Jenkins, Mission Area Analysis , Air Force
Acquisitions Logistics Division , Air Force Logistics Command.

—Lt. Col. Frank N. Koval , USAP , Acting Chief ,
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NOTE ‘+4*4 ”  ~OL~T~CA L ~ECT3R 4 4 4* ” ’

N OTE
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~O 1
I •~L~T: ,2 / 1 / 1 . 7 J Z , 3 / 2 , 7 , ’~ . ? PU-
NOT E
NOTE QOL ~~ ~T Y CF LICE
NOT E GNP GROSS NAT IO NA L ~~O DUC T
NOTE SPTHR SMOOT HD PERCEIVED THREAT
NOTE
1. CNP ,~:C’iP,J+Dfl (GNPGR ,JK) P0- 3
R GNPGR.KL:~~3 ~O- i

A ~ EV .X:GN P.K PCNPC p~~~ 5
C PGNPC: .Z3 P0-
A DEF.K :F~EV ,~-~~ROM T ,K ~O- 7
A B’jfl Kr F R~~T .~~~SF P0 S
NOT E
NOTE CNP CROSS NATI O NA L ~RO DUC T
NOT E GNPGR GNP GROWTH ~A 1E
NOT E ~REV FEDERAL RE VE~~ES
‘ft)TE FCNPG PERCENT GNP ~O T~E G3~ERN~EN1
N~ E DEP FEDERAL DEFICIT
NOTE FBRONT FEDERAL DUDGET RE~IJIREMEN TS
NOT E BUD FED E RAL BUDGET
NOTE
A NDODD.~ :BUD.~+PBN D.k P0- 9
A ~~~~~~~~~~~~~~~~~~~~~~~~~ ~O- IJ
A D0DO .K:BPD,~3PBDOD .K P0- 11
A PBDOD.~~l-P8ND.K P0- 12
~)T E
NOTE NDODD NON-DOD UDOL~RS APPR O PR1A~E~
NOTE ~BND ~ERCENT 9IJDCET TO NON -D OD
NOTE NDDMD NON- DOD DEMAND
MOTE DODD DOD DOLLARS APPR OPRIATED
NOTE P5000 PERCENT BUDGET TO DOD
NOTE ~UD BUDGET 

-

NOTE
A ADVOC .~:CL (1,ø,DDRB.K ~DODD.K ) P0- 13
NOTE
NOTE A DV O C A DV OCACY FOR DOD PULARS
~O~E DORS DOD DOLL RS REQu ESTED IN 7~E ~UDCET

~I)T E DOD D DOD DOLL ~RS AP PRO PR IA T ED
NOTE

B U : ~ - J i . 6 1 / . 6 Z I . ,~3i ’ . 6 4 / , 6 5 I . 6 9 / , 7 ~_ / 7 4 i , 75 I , 76 P0- 14
C ABF :t P0- 15
C BRF: .95 P0- 16
A t~MT ,~~~RF, D~fl.)

~+ I P .K )  P0- 17
A 0DMD. uM (F~DP1.g)+SUM (FYDP2.K i4- )M~~Y0P3,

-
~) P0- 18

A NDDM D,~ r~~P .K4GNF .)~
; BHL~ND00 T ,QO L.K ,ø ,3 i , 3 )  ~0- 1~

~ NDODT ~2 . 5 / 2 , i / l , 5 / 1 , . D / . 8 6 I . 6 7 / , L I , Z 1 / . t 5 I , 1 l  ~O- Z~
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NOT E
NOTE 3RF UDGET IJCT ON FAC~CR
NOTE FBRQMT FEDERAL BUDGET REQU IREWENT
NOTE POND DOD DENAND FOR DOLLARS
NOTE NDDND ~ON-DO0 DEMAND FOR DOLLARS
NO T E FYDP FIVE YE A R D DEFENSE ~L~MS ~~
MOTE GNP GROSS N A TI ON AL P RODUCT
NOTE QOL UA LITY OF LIFE
NOTE
A ~cEi F.X : PRE3S C4P RPA.~+LPF .K ~O- 11
C ‘RESSC’.S P0- 22
A C0NCSF ,~:CCNGSC 4CRPA ,K *LPF ,X ~O- ‘3

CONGSC:.4 ~0 24
A ELYRM.K rRAMP (,~2,ETM .~ )+5PP~G PD - 5
A EIM.K :TI~E.~( I{ 1- P U L SE ( t , t ,4 S1~ ~‘0 26
C SPPTC:.5 PU- 0’
NOTE
NOTE PRESSF PRES IDENTIAL SUPPORT FACTOR
MOTE ~RE:~SC PRESIDENTIAL SUPPORT CONE T~N T

MOTE CONCSF CONGRESSI ONA L ~~P~ OR T FACTOR
NOTE COMCSC CONGRESSI ONAL ~l PP ~P1 ‘OMSTA~TNOTE £L~RM ELECTION YEAR ~iJLTt~L IE R
C USDESW:I P0- 28
A ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~O- CO
A USCOFA :CLjP i1, AINT .~ *D PT~R~~,,8) ~O- D~
NOTE
NOTE JSDESW US DES AB’ jTI TO BUILD WEAPO NS
NOTE USPIHR iS PERCEIVED TH REAT
NO TE E IM T ENEMY INTENT
NOTE A I NI ALLI ED INTE~T
NOTE USDEF U S DEF ICI ENC Y
NOTE USCOPA ~S COPPODUC TION AGREE MENT
NOTE OPT~R SMOOTWED PERCEIVED THREAT
NOTE
A E~UAT ION NOT USED P0- 31
A EQUAT:OM NOT USED P0- 32
A JSt~T .K :tA~~L{USINTY

, 
~PTkR.~~ø,2,,2) P0- 33

I USINT T:~/ O/g J ø / ,1 ’ .3 !l.25/I .97/Z. 35/2, 5I2,6 PD- 31

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P0- 35
A USDWSL .K :US DESW 4T ABHL { USDWST ,SPiHR ,K ,ø ,Z~.2 ) P0- 36
I J T : ,Z / ,Z / ,2 J .35 f ,5 5 /,5/,92 / I / 1.~ 5 -1. ~./I , 1 ~O- 37
NO TE
‘~QTE SINT US INTENT
MOTE P THR S~O0T~EO PERCEIVED HFEAT
MOTE ‘SURGV US URGENCY ACTOR
NOTE USPWS L ‘IS DESIRED ~E AP0N ST~T EMS LEVEL
NOT E
A DODS P .~:~~RE F, CONCSF ,~+PSDfl,~)4USDWS L .K4ELYRM ,K ‘0- 35
A PSDD ,~:TABHL~~OPST,QOL ,~~ ,3,.3) P0- 39
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T P0PST:Z.ø/~ .?RI1 981.87/ 1 .65 I1.4 Ii.~ 5I.85 i 33I.8 PU- 40
C PQPSC: ,l P0- 41
NOT E
NOTE 000SP SUPPORT FOR DOD IN GENERAL
NOTE PSDD POPULAR SUPPORT FOR DOD
NOTE PRESSF PRESIDEN TIAL SUPPOR T FACTOR
NOTE CONCSF CONGRESSION AL SUPPORT FA CTOR
NOTE USDWSL US DESIRED WEAPON SYSTEMS LEVEL
NOTE ELYRM ELECTION Y EAR MULTIPLIER
NOT E
A NW S D,~ :T A8H L(MWS3T ,MWSP K ,0 ,3 , .P )4 D0 DS P .~ 

20- *2
T N W SD T~.2/.2 / .ZI .33/. 5/ .72/.85/.9 ~.J1/ !.~5 P0 43
A NW$ p .K :CWS F4 CRPA .X+P W S F +PRPA.X PU- 44
NOTE
NOTE NWSD NEW WEAPON SYSTE MS DES I RABILIT Y
NOTE NWSP NEW WEA PON STSTE~S PERFORMANCE FACTOR
NOTE CWSF COST WEIGHTED SUPPORT FACTOR
NOTE PWSF PERFORMANCE WE IGHTED SUPPORT FACTOR
NOTE CRPA COST RATIO PLANNED TO ACTUAL
NOTE PRPA PERFORMANCE RATIO PLANNED TO ACTUAL
NOTE
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~ P0- 45
A GS PTRD ~K(Z ): TA8HL ( GS P PT 2 ,S P HR.K~~ 2 , .2I  P0- 46
T GSPTTI : ,8/ ,321 ’33/ ,851.361.91 /, ?911.1 It .311. 512 ,0 P0- 17
A GS PT IN.K ( 1): T ABHL (GSP T T 1~NWS D . K ,~ , 1 p .1 )  P0- 48
A GS PTIN. ~ (2 ): iAB HL (GSP T T2~SPTH R.K,~~Z , .2 ) P0 49
T GSPTT Z :2 ,0/1 ,511.3 /1.I I ,99/. 911.S -6/.85 / .831.8Z I .81 P0- 5~A GS PT OS .K ( l1 :T~B4L~GSPTT 1 , NWSD . K , 0 , 1 , .1 ) P0- 51
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P0 52
MOTE
NOTE SP T R D GOVERNMENT SUPPORT FOR R&D PROGRAMS
NOTE GSPTIN GOVERNMENT SUPPORT FOR IN”ESTMENT
NOTE GSPTOS GOVERNMENT SUPPORT FOR O&S
NOTE SPTHR SMOOTHED PERCEIVED THREAT
NOTE NWSD NEW WEAPON SYSTEMS DESIRABILITY
NOTE
I LO BBY :Z I1.99/ 1 .911. ’3/1.6711 .511.3711 .25 11.16/1.1 P0- 53
A LPF,~ :TABH L( LOB BhGN PG R.JK/ TC F.K ,0 ,Z , .23 4A BF P0- 54
NOTE
NO’E LPF LOBBYIST PRESSURE FACTOR
MOTE GNPGR CNP GROWTH RATE
NOTE TCF IE,DHNI :AL COMP LE IITY FAC TOR
NOTE ABF A R EA BENEFI T S FA C~’JR
NOTE
C CWSF :.7 P0- 55
C P WSF : ,3  P0- 56
NOTE
NOTE CWS F COST WEIGHTED SUPPORT FACTOR
MOTE ~WSF PERFORMANCE WEiGHTED SUPPORT FACTOR
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V

NOT E NEED SECTOR *4+4 *3*44 *
NOT E
FOR lN~1 ,.20
N PLAN (IN):0 ND-
MOTE
A JSC A P .K ( M O ):{ WS O . K + W S N .K+W SP .K + S U MV ( P LAN. K ( * ) , 1 ,T ( M O )) 3 * ND- 2
X USCPWS.K4LEF .~{M0)
A ‘JADEF.K (MO ) :ECAP.K {MO )-USCAP,~{MO)-4CAP ,~(MO) Y40 3
A U SOIF.K ( MOl : M AI ( J ~IJA DE F~K ( M O ) * USDPC T .K ) ND - 4
A USDEF .~(MO ):MAX (0,USDIF,~(MO)fUSD ESW) ND- 5
A USDPCT.K:1-ADPCT .K ND- 6
A uSDEF,K (MO MA~~,USDIF.~( O)4USDE~W) ND - 7
NOT E
NOTE USC AP US CAPABILITY
NOTE UADEF US/ALLIED COMBINED DEFICIENC Y
NOTE USDIF US D IFF ERENC E IN CAPABILIT Y
NOTE USDEF US DEFICIENC Y
NOTE USOPCT PERCENT OF DEFICIENCY TO US
NOT E
A USU RG ,X :IJRGENC I (U SDEF .K) ND- 8
A U SURC .F.K : T AB LE ( E W GT ,U S U RG.N , 0 , 120u10 ) ND - 9
NOTE
NOT E ~JSURG ‘is URGENCY--TIME IN MONTHS IlL FIRST OE FIC IENCV
N OTE USURCF US URGENCY FACTOR
A RDSUPP.K (i):SWITCH (0,R$UP1.K,RSIJPAF,KIl )u ND- 10
A RDS U P P .K ( 2 ) : 5WITCH { Ø , RSUPZ , K .P SU P A F ,g ( 2 ))  MD- 11
A lNSUPP.K ( 1 ) : SWITCH { O , IS ~J Pi .K , IS U P A F ,~< ( 1 ) )  M D- 12
A INS UPP.K (2 ): SWI TCH Yø ~ISIiP2.K,ISUPAF,~( ( 2 ) ) )  MD - 13
A OSSUPP.I ((1):SWITCH (0pOSUP1.X,OSUPAF ,~((1)) ND- 14
A OSS~JPP,X (2):SWITCH{j,OSUP2.K,OSUP~F .K(2)) MD- 15
NOTE
MOTE RD SU PP R&D SUPPLEMENTAL REQUEST
MOTE INSUPP INVESTMENT SUPPLEMENTAL REQUEST
NOTE OSSUPP O&S SUP P LE M EN TAL RE Q UEST
NOTE RSUP AMOUNT OF SUPPLEMENT FOR R&D
NOTE ISUP AMOUNT OF SUPPLEMENT FOR INVESTMENT
NOTE OSUP AMOUNT OF SUPPLEMENT FOR O&S
NOTE
R FP1INR .KL (1~:SWITCH (0~CNRD .K,DC4 .K) ND- 16
R FPIINR.XL (21:FYDPC*RDC Nfl- 17
R FP2INR.~L ’1 ’~SWITCH (~,COST4.X,WSD3.K) MD- 18
R FP2IMR .KL (2)~SWITCH (0,COST3.K4COST2,K~DC3 .K-~DC~~ ) ND- 19
R FP3IMR .KL (1}:NWSP.K*MCOST .K ND- 20
R F P3I NR .k L ( 3 u ~F Y D P 3 .K ( 2 ) +OS C MD - 21
NOTE
MOTE FP -IN R INPUT RATES TO FIVE YEAR DEFEN SE PLAN
NOTE CN RD COST FOR R& D ON M EW W E A P O N SYST EM
MOTE COST- COST FOR OPTION I-
NOTE DC- DECISION CONTROL FOR OPTION # -
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NOTE PUPS O&$ FUNDS REQUESTED N T~E ~~DP
C FYD PC= 1.E~ N D- £2
C 1SOESW:Ii ND- 23
L ~~~~~~~~~~~~~~~~~~~~~~~ M0 24
R PLAD,J .<L (MO ):3NNWS.l~*TA8HL SCHT,T(MO) ,J,lZ0 ,1Zl* LTF~~MC I MD _5
A L 7 F .~ I MO ) ~ C L 1 P ( 1 , ø , T ( M O 1 , 1 6 )  MD- 26
I SCHT:.J3 /.0 4/,j 8/. J9/. i1 / .11 /,11 J .ti / .11/.1 1./,1 MD- 27
NOTE
NOTE PLAN PLANNED PF ORC E LEVEL
NOTE PLADJ PLAN AD JUSTMENT RA T E
NOTE LTF LE A D r :ME FACTOR
NOTE I T IME TABLE
NO TE
NOTE
A $WSP.K:CL P(SUM~PNOW3.X),SU$(DNNWS.~),04 ,K,D3 M MD- 28
A RUNWS.)(:SUM (DNNWS .K) MD- 29
A VALTI .K:SUM (USDEF.X)/ ~ORDM .USCPWS ,K1 ND- 30
A VALT2,K:M,j~F.K MD- 31
A VALT3,K :NCPWS.~ MD- 32
A VALT4 .K:100 MD- 33
NOT E
NOTE VA Il - VALUE OF ALTER NATIVE ~~

-

NOTE MODF MODIFICATION FA CTOR
NOTE NCP WS NEW CPPA BILITY PER WEA P ON SYS T EM
NOTE
A SCHFI.X :CLIP (0,1,SCHED1,USURG .K) MD- 34

C SCHEDl~2~ ND- 35
A ~~~~~~~~~~~~~~~~~~ MD- 36
C SCHED2:48 ND- 37
A SCHf3.K:CLIP (0,1,SC~LD3pUSURG ,X ) MD- 38
C SCHED3 =48 MD - 39

A SCHFI .K:OLIP ,1,SCHED4,USURC.K) ND- 40
C SCHED4 :08 MD- ~l
NOTE
Ni)TE SCHF- SCHEDULE DECISION FACTOR FOR ALTERNATIV E t-
NOTE THIS VARIA BLE DETERMINES IF TIME SS TOO SHORT
NOTE IJSURC US URGE N CY
NOTE
A TFS L.K:(FTUP 3.X ( I14F YflP3 K(2fl /USCOST ,~ MD- 42
A COSTF1 .K :CLI P( 1,0 ,TF S L ,K,CO STI , kI MD 43
A COSTFZ.K :CLIP (1 j,TFSL.XpCOST2.K ) ND- 44
A ~~~~~~~~~~~~~~~~~~~~~~ ND - 45
A COSTF4 .K : CLIP ( 1 , 0 , IF ~L , K , C O ST 4 , K ) ND - 4b
NOTE
MOTE COSTF- COST FACTOR FOR ALTERNAT IVE 0-
NOTE THIS VARIA BLE DETERMINES IF COST 1$ WITHIN TOTAL FORCE L:MI
NOTE IF N OT , PRESSURE MUST BE PUT I)N TO RA FE FORCE LEVEL
NOTE
A UORR.X :(VALT1,(,~SO.~()/l14SO.~(4WSN.I() ND- 47
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A NEWORR .N :MIM(l ,DORR .X) ND- 48
A COSTI.K :TASLE (CSTIT ,NEWORR.K,80,100,2I ND- 49
A D1.~( : SCH F 1.K i C O S TF 1.N ND - 9
C OR DM= 1 ND- 5!
MOTE
NOTE DORR DESIRED OR RATE
NOTE MEWORR MEW OR RA T E
NOTE COST1 COST OF AL T ERNATI V E I
NOTE Dl DECISION F3R ALTERNATIVE 1
NOTE
C MOOX :5 MD 52
A MODC . TABLE~MODFT ,MODk,j,lø0,10) MD- 53
A MOflF .~(:SW ITCH(0,MQDC.X,DZj() MD 5i
A MSYSM.K:MIN ((WSO.X+WSN .K),SUM (USPTHR .i(IVALTZ.K) MD- 55
A COST2 .X:IABLE (CST ZT ,NSYS M .K ,0 ,101 ,1J) MD- 56
T CST2T :0/100/2O0 / 30J/ 4 0J /5 00/ 600 /7 /800/90ø1i ~00 MD- 57
NOTE
MOT E MOON MODI FI CATION CONSTANT INCR EASE I N CAPABILI TY
NOTE MOOC MODIFICAT1ON COST
NOTE MODF MODIFICATION FACTOR
NOTE COSTZ COST OF ALTERNATIV E 2
NOTE Dl DECISION FOR ALTERNATIVE 2
NOTE
A D2 .l(:SCHF2.K*COSTFZ K MD - 58
A 0NOWS ,K (MO ~:USDEF .N CMOI1V A L T3 .K MD- 59
A DNNW S.I ((MO):USDEF .K (M0 )/YALT4 .K ND- 60
A 03.K :SCHF3.X3COSTFS.K MD- 61
A D4 .K :SCHF3.N ;COSTF3.K MD 62
NOTE
NOTE ONOWS DESIRED NUMBER OF OLD WEAPrJNS SYSTEMS
NOTE DNNW S DESIRED NUMBER OF NEW W EAPON SYSTE M S
MOTE OS DECISION FOR AL T ERNAT I VE 3
NOTE D4 DECISION FOR ALT ERNAT I VE 4
NOTE
A COS T ) .~ :S U M( D NOW S ,K)* US C O ST ,KfA GE M.K ND 63
A AGEM.K :TABLE (ACFT ,TIME .~ j,20,10! ND- 64
A COST4.K:ONNWS,K*PCI.K ND 65
NOTE
NOTE AGE M AGE M UL T IPLIER
MOTE COSTS COST OF AlTERNATIVE 3
NOTE COST 4 COST OF ALTE2NATI’)E 4
NOTE
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NOTE NEED SECTOR 4 *143 *4 43 *

NOT E
FOR IN : 1, 120
N PIA N ( IM ): J  MD- I
NOTE
A USCAP,~(MO):(WSO,K+WSM.K4ISP,K~SUMV IPLAM ,r~(*I,1,T (M0)))3 ND- 2
I IJSCPWS. g31~F .~ (MO )
A U4UEF.K~MO):ECAP.X(MO )-~JSCAP ,K (MO )-ACAP. ,((NO ) MD 3
A US DI F . K~MO~:MAX (0,~JADEF .N~MO}3USDPCT,N) MD- *
A USDEF.~~MU ):MAX (J,~J5~IF.~IMO)*USDfSW) ND- 5
A US DPCT.X : l-A DPCT .K MD- 6
A USDEF .~ (MO) :$AX I0~USDIF.K~NO)4USDESW) MD- 7
NOTE
NOT E USCAP iS CAPABILI TY
NOTE IJADEF US/ALLIED COMBINED DEFICIENCY
NOTE USDIF iS DIFFERENCE IN CA PA BI LIT r
NOTE ‘JSDEF US DEFICIENCY
MOTE JSDPCT PERCENT OF DEFICIENCY TO US
NOTE
A U SU RC , K :UR GE N C Y ( US D EF . K ) MD - 8
A USURCF.K:TABLE (EWGT,USURG.K,0,120,10) ND- 9
NOTE
NOTE JSURG US URGENCY--TIME IN MONTHS TIL FIRST DEFICIENCY
MOTE USURGF IS URGENCY FACTOR
A RDSUPP.R (1):SWITCH (0,RSUP1.K,RSUPAF~r((1)) MD- 10
A RDSUPP.K (2):SWITCH (O,RSUP2.K,RSIIPAF.K (21 ( MD 11
A INSUPP.K (1):SWITCH (0,ISUP1.K~ISUPAF.K(1~) MD 12
A INSUPP .X(2):SWITCH (0,ISUPZ.K,ISUPAF.K (2)I) ND- 13
A OSSUPP j((I):SWITCH (J,OSUPI.K,OSUPAF.MI1 I) MD- 14
A OSSUPP.K (2):SWITCH (0,OSUP2.K,OSUPAF.X (2)) ND 15
NOTE
NOTE RDSUPP R&D SUPPLEMENTAL REQUEST
MOTE INSUPP INVESTMENT SUF-PLEMENTAL REQUEST
NOTE OSSUPP O&S SUPPLEMENTAL REQUEST
NOTE RSUP AMOUNT OF SUPPLEMENT FOR R&D
NOTE ISUP AMOUNT OF SUPPLEMENT FOR INVESTMENT
NOTE OSUP AMOUNT OF SUPPLE M E NT FOR O&S
NOTE
R FP IINR .KL (1):SWIT CH (0 ,CNR D. K ,004 ,XI ND 16
R FPIINR.XL)1):FYDPCIRDC MD- 17
R FP2INR.~L (1):SWITCH (0,C0ST4.K,WSD3.~(I MD 18
R FPl NR.~L (2):SWITCH (~,C3ST3.N3COST2.X,DC3,K+DC2.~) ‘ID 19
R FP3IMR .,~L (l):NWSP .V4NCOST.K MD- 20
R FPDINR .KL(3):FYDP3.K (2)4OSC M D 21
NOTE
MOTE FP-INR INPUT RATES TO FIVE YEAR DEFENSE PLAN
NOTE CNRD COST FOR R&D ON NEW WEAPON SYSTEM
MOTE COST- COST FOR OPTION I-
NOTE DC- DEC ISION CONTROL FOR OPTION 0-
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NOTE FYOPS O&S FUNDS ~E UESTED IN THE FYOP
C F~~P~ :~~~~ MD- 22
C USDESW :1.J MD 23
I. PLAN.K (~O):PLAN, I (MO )+DT4 (PLADJ .~K (MO )) ND- 24
R PLADJ ,~L (MO):ONNWS,~4IA8HL SCHT,T (MO (,~,IZ0 ,1Z’ *LTF.K(M0) MD- 15
A LTF j~MO):tLIPI1,~,T (NO),18) MD- 26
T SCHT : , 0 3 / . 0 4 / . 0 8 / , j 9 / . 1 I I . 1 1 / . 1 1 / , 1 1 / . 1 1 l , 1 l I , 11 MD— 27
NOTE
NOTE PLAN PLA NNED PFO R CE LE V EL
MOTE ~LA OJ PLA N AD~USTMEMT RATE
NOTE LIF LEAD TIME FACTOR
MOTE TIME TABLE
NOTE
NOT E
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Nfl- 28
A PQNWS. LM (DMNWS.k) MD- 29
A VA LTI. K :SUM(US D EF . ( O/ ( O RD M4 U SCP W S , K3 MD - 30
A VA LT Z.X : MOD F .K MD - 31
A IALT 3 .K :NCPN S .N N D- 32
A V A L T L ,K : 100 ND- 33
NOTE
NOTE /ALT- VALUE OF ALTE RNATIVE 0-
NOTE IODF MODIFICATION F A CTOR
NOTE NCPWS MEW CAPABILITY PER WEAPON SYSTEM
NOTE
~ SC)~F1.X :CLiP (B ,hSCHED1,ilSURC.X) ND- 34
C SCHED1 :24 M D- 35
A ~~~~~~~~~~~~~~~~~~~ MD- 36
C SCHEDZ:48 ND- 37
A SCHF3.K :CLIP (ø,1,SCHEDS,USURG,K) MD- 38
C SCHEDS:48 N D 39
A SCHF4.K :CLIPCO,1,SCHED4,USURG .K) MD- 40
C SCN EO4 :0i3 MD- 41

NOTE SCHF- SCHEDULE DECISION FACTOR FOR A LTERNAT I VE 0-
MOTE THIS VARIABLE DETERMINES IF TIME 55 TOO SHORT
NOTE JSURG US URGENCY
NOTE
A TFSL .K:(FYDP3,K (1)4FYOP3,~(2))/USCUST.K ND- 42
A COSTF I.X :CL IP( 1 ,0 ,T FS L.K ,C OST I. K) ND 43
A COSTF2.K :CLIP (i,j,TF5L.g,COST~.K) MD- £4
A COSTFS.)(:CLIPII,0,TFSL.K,00STS.K) MD- £5
A COSTF4.X:CL P (1,0,rFSL.XpCOST~.K ( MD- 46
NOTE
MOTE COSTF- COST FACTOR FOR ALTERNATIVE F-
MOTE THIS VARIABLE DETE R MI N ES IF COST IS WITHI N TOTAL FORCE LI M I
NOTE IF NOT , PRESSURE MUST BE PUT ON TO RAISE FORCE LEVEL
MOTE
A DOR R ,~( : ( V A L T 1 . K+WS O .~ ) / 1 W S O .X+WSN J< ) ND- 47
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A NEWOR R .K:M1N (l,DOR R .~() ND- 48
A COST1. (<rTABLE (CST1T,NEW R. I~,.30,100,2 ( M0 49
A D1.~:SCHF .~*COSTF1.~ MD- 50
C ORDM : . 1  MD- 51
NOTE
MOTE DORR DESIRED OR SATE
NOTE MEWORR MEW OR RATE
MOTE COSTI COST OF ALTERNATIVE 1
NOTE Dl D ECISION FOR A LTERNATIVE 1
NOTE
C MODX :5 ND 52
A MODC.K :TABLE (MCDFT,MODN 0,100,1~U M D- 53
A MODF.X : SWITCH ) J , MOOC .~(,O2. g) MD- 51
A NS1SM .N :MIN ((~ O.k+WSN .~fl,SUM (USPTHR .K/VALT2 ,~) M D- 55
A COST2.K :TABLE (CSr2T, ;YSM .X,0,1~0,j) ND- 56
T CST2T:~/100/200J300/4~0/500/600/700/S00/900fI000 ND 57
NOT E
NOTE MODK MOD I FICATION CONSTANT INCREASE IN C A P A B I L I T Y
NOTE MOD C MODIFICATION COST
NOT E MOD F MOD I F I C A T I3 M ~A CTOR
NOTE COSTZ COST OF ALTERNATIVE 2
NOTE 02 DECISION FOR ALTERNATIVE 2
NOTE
A D2.X :SCHF2.K303STF2.K ND- 58
A DNOWS.~((MO):USDEF.K (MO)/VALT3.K ND- 59
A DNNWS .~ MOI:USDEF.((I~O)/VALT4.X MD- 60
A D3.K :SCHF 3. N4 CO STF3 .)( ND- 61
A D 4 . K : S CHF S.K I C O S TF 3 , K MD - 62
NOTE
NOTE ONO WS DESIRED NUMBER OF OLD WEAPONS SYSTEMS
NOTE DNNWS DESIRED NUMBER OF NEW WEAPON SYSTEMS
NOTE 03 DECISION FOR ALTERNATIVE ~
NOTE 04 DECISION FOR ALTERNATIVE 4
MOTE
A COSI3.X :SUM (DNOWS .~I ;USCOST.KIAGEN.K ND- 63
A AG EM ,K :TABLE (ACF T , T IME.K ,0 , i~,10) MD- 64
A COST4.N:DNNWS.X*PC1.K M D 65
NOTE
‘~‘)TE ~GEM ACE M ULTIPLIER
NOTE COST S COST OF ALTERNATIVE 3
MO TE 00514 COST OF ALTERNATIVE 4
MOTE
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‘JI3TE F NAM CIAL SECTOR
NOTE
NOTE + 4 * 4 +4 3  BUDGET SECTION + + * + i +*

MOTE
FOR 18:1,2
N RDRB IIB ):J F M~ 1
N I D R B ( I B ) ~ 0 •

~~~~ 2
ODRB IB(:J FM- 3

N DDRB!I3):0 FM- 4
C F~CPC :1~E~ ~M- 5
NOT E
L FDRB.~ (IP;:RDR 8.J (IB)+3T+~PrMC R .J ( 3 (_ RR E DR,JK (I3 )) FM- 6
R RD MDR.~LUB):RDRQT .K(IB)tRDSUP~.KII~) TM - 7
R RREDR .?L ( 3):RDAR .JK(I3) FM - 0
MOTE
NOTE RORD R&P DOLLARS REQUESTED 14 TkE BUDGET
NOTE RUMOR R&D DEMAND RATE
NOTE RREDR R&D DEMAND REDUC T I O N RA T E
MOTE RDRQT R&D FUNDS REQUIREMENT
NOTE RDAR R&D ALLOCATION RATE
NOTE RDSUPP R&D SUPPLEMENTAL SE~I J E ST
NOTE
A PRDDIUI8):GSPTRD .K(1&)*RDRB.K (IB) FM-
NOTE
NOTE PRDO PRESSURE FOR R&D DOLLARS
MOTE GSPTRD GOVERNMENT SUPPORT FOR R&D
NO TE ~D RB R& D DOLLARS RE QUESTED I N THE BUDGET
NO TE
L IDR8.K (IBI :IJR8,J (I3)+DT4 (IDMDR .,JK (IB )-IREDR , .I~(I 3)) FM- 10
R ID MDR. ~ L ( I 3 ) : tR Q T .~ I I B I + I M S U P P . K t I B )  F M - t I
R IREDR ,KL (IB):IDAR .JK (IB ) FM- 12
MOTE
MOTE ID R B ~VESTMENT DOLLARS REQUESTED IN THE BUDGET
NOTE I DMDR INVESTMENT DEMAND RA TE
NOTE IREDR INVESTMENT DEMAND REDUCTION RATE
NOTE IRQT INVESTMENT FUNDS RE Q U I REME N T
NOTE IDAR INVESTMENT ALLOCATION RATE
NOTE INSUPP INVESTMENT SUPPLEMENTAL REQUEST
NOTE
A pID.K ( ~3): G9PTIN. g( I~)4 IDR g, K~IB) FM- 13
NOTE
NO TE P lO PRESSURE ~‘JR NVESI~EMT DOLLA RS
MOT E CSPTIN GOVERNMENT SUPPORT FOR INVEST MENT
MOTE IDRB INVESTMENT DOLLARS REQUESTED IN T H E 3UG CET
NOT E
L OD RB. K( IB (: OD RB.J ( 3 )4 DT 4 { ODMD R .JK ( IB ) -J RE D R , J~( B ’ )  FM - l~
R ~~~~~~~~~~~~~~~~~~~~~~~~~ F4 - ~5
R O R E D R . K L ( I 3 ) : O S D A R . j K ( I 8 )  FM- I~
MOTE

253 -



~J\~ ~~ 1(ç~\~ -- - ~~~~
~~~~ / / r’—

\_~_.________ ____/ 
\ / ‘—‘ ‘—j  ~-H

\ /

\ ‘
~~~~

,

/ ,—~

\ / 
~ 

)

,
/
/ c\

\
\ 

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

(i
~~~~~~~~~~ I

2 ~4



-~/

~~~~~~~~~~~~ ~~~~~~~
/ 

r

,

‘ .  ~~/ 50
/

\ /

‘ I  
~

I’ a)

/ 
/

255



NOTE ::~s ~~ L’’~L _ .- .1 FE~~c~ ~ T

, 1E ~‘~~p j~~ -~~• 1ND
MOTE O&S -~~~D ~EDuC TtCM ~- T E
Ni~~ :3~QT O&S FUND ;  T~E

L NOTE C~ DA R ~~S ~~_ C~~;:’:-~ FA: ~
MOT E OESU PP 045 PFLEME (AL -- ,

N~YE
A ~J S D . K ( I 3 : T ~ CIS. IB 4~~R~ ,K ( i 3 }
M OTE
‘~O TE ~O SD ~RESS~.RE F~~ O~E
MOTE ~5pr ;.; G~~~~~~~T 2LP ~OR1 T ?P ~~5
NOTE ODA B ~ S DOLLAR S RE 1~E E~E0 ~ THE BUDGET
M OTE
L DDRB .K)IB) : .J (18 )#Jf ’ (DUML~.JK IiB EE~’ . -~ ~3’ ,
S DD Mt R .~L :3t : RQ T . ( B I T ~/ (IE +ORQT .K (IB ) r ’ .
S J F EDR .~ L ( I B ) : R D A R . i K I I 8 I A R . J K ~~~ 4 OS~~~~ ( ( I B )  F M J
NOTE
MOTE D D RB DEFE N SE DO L~~RS RE~~EO~ E D N ThE BUDGET
NOTE ~D~ R DERE’ ~2 E :E~A ND RATE
NOTE DRE O R UE~EMSE OE~A N0 SEDu~T :oN ~A1E
MOTE RDRQT R&D :~JMDS REQ UIR EMENT
NOTE IR Q T IMVE ~T~ENT FUNDS RE QI J 1RE M E ?~T
M OTE CR O T O& S FUN DS RE Q UIRE M ENT
NOTE ROAR R&D A L L~CATIO N RAT E

~)TE ID A S IM~E-~T4E4T ~L LOCA T ON SA T E
NOTE OSDAR 0 ALLOCATION RATE
N OTE
A ~~~~~~~~~~~~~~~~~~~~~~~~~~ FM-
NO 15
NO T E T3 F~ T R& D ~MDS F5~h~ TE~E~T
M IT T S R~JP : R&D EYIEND TLRES PLANNED N THE ::T
N OTE
A F- ;I .K :3 ) zF P2, K( 13: ,PU L~E( 1~ : : ,1 /)  :~~ .. z:
MOTE
NOTE ‘ R ~ T I~ VE ST~ E N T F UNDS SE~U I R E ~T NT
NOTE FYDP2 ~[3TM ENT S NLT ~RE S P L .~N ED I~ ~E F~DPNOTE
A - SQT . : E ;:T’Dp3.~~:3~4pUL$El1 ,1I ,12 ) .~ - 3
Ni) I 5
MOTE D~~~ O4S F~ND S ~S i U i S E ~ E M T
MOTE ‘~~ 3 T&S Ei~EN~ I T ~RE T~~~E D ~ ~~ F~DP

R SDA5.~L (IB):F5DD.~ ( 3 ~iJL E(1 , 1~ip I. ’
N OTE
M OT E ROA R R&D APPRI JP R IAT II3N TA T E
NiIT 5 ~S O D E~~~E FOR AY,3 O LL ?RT
NOTE
R I0AR~~L :B~~

P ID.~~:B)*;JLSE (l, 1J ,t2~
NO
T E 6



NOTE :~~ s 4VEST~EMT AP~ R UP ~~ A~ i ON A E
NOTE ~ID ~R 555 I J55 F T P  :N ~E ;T ~E ½T :iT~_ A Ss
MO TE
S ~~~~~~~~~~~~~~~~~~~~~~~~~~
MOTE
NOTE OSDAS 045 A pP Ro p R:A T : SM R AT E
MOTE ~OSD PRESSURE OR 045 D OLL A R S
MO TE
N ~YD P1 (I3)~0 F M - 27
N F P ( I B ) ~~ F M - 25
N P~P3~13) :0 F M - Z~
M UTE
MOTE F~~P FIVE I5~5 CETENS E P L A N
MOTE
L F Y D P t . K ( I 3 ) : F / D P 1 . J I3 ( T 4 ( F P I I N R . J K ( i S ) _ F P CR, ~~ IB ~ ~M - :~
S FP1OR .NL (i3 ):RDRQT .~~ B) F M- Si
MOTE
NOTE ~YDPl R&D EXPEND ITURES PLANNED ~M THE FV D F
MOTE ~P1IM R R&D COSTS IN PUT TO THE POP
NOTE F P I I )R R&D COSTS ~ I N DED F RO M T H E ~YO f-
MOT E R3R Q T H&D F I J N L ~ EQu I RE ~ENT
MOTE
L F YDPZ.KCIB (~~~P2.J B )+DTe EP I4R .JX) B~

_F ZC R~~ (IB:) ~M - 32
S ~P2OR. g L~ J B ) :I T QT .~~~5) P~- 33
MOTE
MOTE ~YDP2 IMYEE T~E( E~F-ENDI ~~RE PLANNED N ThE ~ DP
NOTE F~2 1M R MV E E T ~E M T 025F3 MP~T 13 THE POP
MOTE FP2 OR :MvEs ~~E4 T COSTS F UN CE D F RO M T I E  T~3~
MOTE ~ - T  I N VES T M E N T F N35 R E U I T E M E N T
MOTE
L FYDP3.KCI :FYOP3. .J (I2)+DT4(P3 R. JN (I _ F CCR .~K (IB)) ;4_ C~5 FP3OR ,KL j8):ORQT .~~IB) FM~ 35
M OT E
-IOTE FYDP3 3&S EX PENDI TURES FiA ~ N Ej  ~M THE ~~3F
MUTE FPSIMR 045 COSTS INPUT TO TH E F Y: P
NOTE FP3OR 345 COSTS F U NDED F R U M ~E PU P
NOTE OS QI 345 A JN J S RE Q UI R EMEN T
NOTE
M OTE F I N A N C : A L  A LLJ C A T : : I N AND E I PE M SE S
MOTE
FOR PROJ:1,2
L RDA .K IPROJ)zRDA.J (PSOJ)~D14iRDPR. ,J PR 0J )-RDO R,~K PROW M - 56
I +R RPR .~ K ( p R O~J ) )
N R DA ( 1 ) : R D A IC FM- 37
C RDAIC :0 F M -  38
N R DA ( 2 ) : R D A 2 C TN - 39
N PDA2C:ø FM- 40
NOTE RDA RESEARCH DULLARS APPROPR IATED
NOTE ROAR cE;E~SCH DOLLAR A P P R O P R I A T ! C N  P A T E
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S RDPR ,KL {2):OELAY3 (RDOR,~Kf2hR D PS2Dl F4- 60
C RDPRZD:48 F M- 61
MOTE SOPS RESEARCH DOLLARS c

~A YM EN T SA TE
NOTE SOUR RESEARCH DOLLAR osucAT:CN EA TE
NOTE RDPR2D RESEARCH DOLLAR PAYME N T RATE DELAY
NOTE
NOTE
MOTE INVESTMENT COSTS
NOTE
NO TE
L IDA ,~(PROJ):IDA J (PRO +Dl4(IDAR.~K (PRUJX _ IDO R i~R8.i ~

-~ •tRP R .~~(PR 0J ))
N IJ AtI) :IDA1 C FM- 63
C IDA1C :0 F M _ 64
N IDAIZ ):IDA2C FM 65
C IDA2C:0 FM- 66
MOTE IDA INVESTMENT DOLLARS APPROPRI ATED
MOTE 1 345 INVESTMENT DOLLARS AP~SJ~R IA T IT~J R A TE
NOTE 1205 INVESTMENT DOLLARS OBLIGATI ON RA TE
NOTE IRPR INVES TMENT REPROGRAMM ING RA TE
R tR P R ,~LI1 ): C PC4.~ FM- 67
R IRPR .~L(2):-CPC4,~ FM- 68
MUTE IRPR INVESTMENT REPRUGRAMM I~0 ~AT E
MOTE CPC4 CHANCE IN PLANNED COSTS
A IPF~I(:SW~TCH (0 t ,tU A ,< (t ) I M_ 69
MOTE IF-F INVESTMENT PROGRAM F i J N P I N G
NOTE IDA INVESTMENT DOLLARS A P P R O PRIATED
MOTE
S IDO R .K L( 1):T PIC ,KIIDO SWI. K T4- 70
MiT TS :DOR INVESTMENT DOLLARS OBLIGATION RATE
NOTE TPIC TOTAL PLANNED 200 TS
NOTE ID O SNI INV EST M ENT UOILR S OS L IGA T I ON SW ITCH
A T P !C.K :T pi ’& , K4W9D 4 .K 4 D SWI 4 .~ + CPC4. ~ FM- 71
N OTE TPIC TI JTA L ~L4NNED INVESTMENT COSTS
NOTE TPC4 TOTAL PL ANNED COSTS
~O F E WS D WEAPON Y~ T E M DEVELOPMENT DECISION
N OTE D5W14 DOLLAR ~ø I T CH 4
MOTE CPC CHANGE IN P L A ~NE C COSTS
A tDGsW1.KcpqoJ~:swITcH ,t ,I2A ,N (pRoJll P 4 -  72
NOTE !DOSWI INVESTMENT DOLLARS OBLIGATION SWITCH
MOTE IDA INVESTMENT DOLLARS APPRO~RIATE D
R iDC~,KL (2)rI A.K {2)4APRF~ 4iDOSWI ,~(2) FM - 73
MUTE IDUR MVESTMENT DOLLARS :JBLICATED FOR i JTHER
MOTE IDA INVESTMENT DOLLARS APPROPRIA~ED F55 37H55
MOTE APRF AP PRO PRIATAT IUN RA T E FRACTION
MOTE ISOSWI INVESTMENT DOLLARS OBLIGAT ION S~ 1T CH
L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

FN_

N IDOCII):1300IC 75
IDOCIC :0 F M -  76

58

—



NOTE SOU R RESEARCH DOLLARS OBLIGA TION RATE
NO TE RRPR RESE A RCH RE~RUCRAM M INC SA FE
S SRPR.KL (1):CPC1.K+CFC2.K+CPC3.K FM- 4 1
R RR PR .~L (2):-~CPC 1.r(4CPCZ.K+CPCS.K) FM- £2
MOTE RRPR RESEARCH REPROGRAM MING RATE
NOTE GPO CHANGE IN PLANNED COSTS
A RPF.K :SWITCH~0,1,RDA.XW ) ~M- £3
MOTE RPF RESEARCH PROGRAM FUNDING
MOTE RDA RESEARCH D OLL A R APPROPRIATED
S ROOR .KL (1):TPRC.~+RDOSWI, iU 1) FM- t~~

M OTE SOUR RESEARCH DOLLARS OBLIGATION RATE
MOTE TPRC TOTAL PL A NNED RESEARCH COS TS
NO E  RDOS W I RESEARCH DOLLARS OBLIGATION SWITCH
A TPRC.K:TPCOI.K+TPCO2,K+TpCO3.g F9 45
A TPC01.K:(TPC1,~(*WSD 1.K4DSWl1.~)+CPC 1.K FM- 46
A TPCO2.K:TPCZ.~(+WSD~.K1DSWI2.K4CPCZj( FM- ~7
A TPCO3.K:TPC3.K+WSD3,l (4DSWIS.K+CPCS,K FM- £9
NOTE TPRC TOTAL PLANNED RESEARCH COSTS
NOTE TPCO TOTAL PLANNED COST OBLIGATED
NOTE WED WEA PON SYSTEM DEVELOPMENT DECISION
NOTE DSWI DOLLAR SWITCH
NOTE GPO CHANGE IN PLANNED COSTS
A RDOSWI,K (PROj) :SWITCH~0,1pRDA ,K (PRO J)) FM- 19

NOTE RDOSW I RESEARCH DOLLARS OBL IGATION SWITCH
NOTE SDA RESEARCH DOLLAR APPROPRIATED
R RDOR .KL~2) RDA .K{2)+APRF .~)*RDUSWI.~(I2) FM- 50
NOTE RDOR RESEARCH DOLLARS OBLIGATION RATE
MOTE RDOSWI RESEARCH DOLLARS OBLIG ATION SWi TCH
A APRF ,K :TABLE (APRFT ,FYTIME .K,1,1Z,1~ P9- 51
T A PRFT : 1.0/. 5/ ,33/ .Z5/ ,2/ .16 7/.1 13/ .125 /~111f ,1/ ~09/ .B83 FM- 52
MOTE APRF APPROPRIATION RATE FRACTION
NOTE F Y TI M E FISCAL TE AR TIME
N R D O C ( 1) :RDOC 1C FM - 53
C RDOCIC~0 F4~ 54
N RDOC~Z ): RD OC 2C FM - 55
C RD OCZ C :0 FN- 56
NOTE RDOC RESEARCH DOLLARS ON CONTR A CT
NOTE RDOR RESEARCH DOLLARS OBLIGATION RATE
NOTE RDPR RESEARCH DOLLAR PAYMENT RATE
S RDPR.KL (1)~RDPSWI.K{1)4 (DELAT3 (CRR 1.JX ,ROPRD~+DELAT3 (CRRZ,uKFN- 57
I ,RDPRD)sDELAY 3 (CRRD .JK,RDPRD))
C RDPRD:3 F M -  58
NOTE RDPR RESEARCH DOLLARS PA1MENT RATE
NOTE RDPSWI RESEARCH DOLLARS ~4TMEN T SWITCH
NOTE CRR COST REPORTING RATE
NOTE RD PR D RESEARCH DOLLARS PAYMENT SATE DELAY
A RDPSWI.~(PROJ):SWITCH (0,~~RDO C ,KIP RUJ3 ) FM- 59
NOTE RDPSWI RESEARCH DOLLARS PAYMENT SWITCH
NOTE ROOC RESEARCH DOLLAR S ON CON TRACT

259



I_

_ _ _ _ _ _  

I
I / -

~~~

~~~

260



/

— — .—

/

/ ~) \
f ~4 0 \  ~-‘

~Q -,-4
~~~~

- 1 f —~-.-~o~~~~~\ ~4~)

~~~~ )
\ 0 ) .. ~ I~~, a~o ~~0 I

II
~~~~~~~~

0

~~~~~~ 
-

~~~ 
! \

~ 
‘I

i \ I
1’ 

—
— I, / -

~~~ ,

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

- I  -
s— i 

~
~~~~~~~~~ 

~~~~~ i ~) ~
- I-

-v 

-
~III

0~~~~-~~-- 0

~ ~~-~ F-- --- -: --~ I 4-)

I I — ~u—~ -~ C)I -
~ I 0—

—I
H

/-— - -- - 
~~~~~~~~ ‘ / ~ -

~~~~~~ T 

t\ / ~p~ c\ i 
~~~~~~ \ jO ~-‘~~~~ , i\ (  ~~~~~ I I 0

I ‘-~~)0~~~~ ~~~~— --— --— —— ~~~~~~~~Z 4 ) O~~ / ~~~~~ I I
/ / ~ 

I
, L,’V ~~~~~~~~~~~~~ ~~~~

/ 7’ /
bo ‘d

+ )~/ r  / / •~-/

~~~~~~~~~~~~~~ I / I 0 ~~ /
/

0 -.-i a~~~~o 
I

I I  I
I ~~~~~~~~~ ~

-

~~~~~

-

~~~~ 
-‘-,J 

~~~~~~~~

10  
_________________ 

,-.--__‘__
\\ J/ ~~~

_________________ ~‘, ID

_ _ _  
- I

I ‘-I 
I 0

I ,I —~ 
I /

, ,, I  I / -O, L~~~~_ / - -
-I4 )

C)
ci)

0 ~ 
-
~

0 0

_______  ~ 0~~~~oci ~~~ I H

/ ~ ~~~~~~~~~~ -H__
~1 ,  ~~~~ C)

— — I ’— I M~~~~~~ ci I
- V \ -~ 0 1

I W 0 c J ) I 1 - -
~V ~1~~c

~~~
0

261



7

A OSAO,K~MAX (OSR ,K-OSA~~(flc0 ) ~N- ~3
MOTE USAD 045 AVAIL ABLE DEFICI T
NOTE OSR O&S REQUESTED
NOT E U SA 045 A VA i LABLE
A O S DR A D.K : TABN L ~0SD R A T , O S D I , K c t 1 , 1 0 , 1 )  FM- R4

— T ) SDRAT : I ,0/ 1 ,O/ ,9/ .66 / 42 / .Zf 3/ 0j J J/O~~/ Ø 0  F9 95
MOTE OSDRAD 045 DOLLARS REALLOCAT ION DECISION
NOTE 050! 0&S DEFICIT IMPORTANCE
A OS DI,K~OS A D .K /O SA. K (2 ) +1 / M4IMP F FM- 96
NOTE USD1 04$ DEFICIT IMPORTANCE
MOTE OSA D 045 AVAILABLE DEFICIT
NOTE OSA 045 AVAILABLE
MOTE MAI 1~P F MISSIO N AREA IMPORTANCE FACTOR
R OSDOR ,KL (2)~OSUA.N (Z)’APRF..~ OSDSWI. :~ Z) P4- 97
MI1TE OSDOR -J~S COL LA R CELI GATION RATE
NUTE USDA 0&S 1OLL~RS APPS - UFS A T EJ
NOTE A PRF ~PPRopF :~TioN FR CTIUN
~U~E EDS~t :~s oi .._~ P : ~ :TC~
L 0SA KiFRC j): OEA (PR3~ji~ijT*tO0 0S RO~I)-O~ER. 2~iFSO..cc FM 55
M 0E~(1~~OS—~ T N -  9’~
C ~~Cz1 F~ j -  ~~~

M ~~ fl :0S4ZC M - ~
C O~ 1~ -i FM- .~i
O~E O~A lA S ~iAi L~F~E

MO TE -T r O R 043 3OLL~:E TB L TAI ON SA T E
.;s SSER T&S EA :ENS E RAT E

~ JC E F , KLi1i IH1OSR .~ cOSA ,K~i I )+OE A SWI ~~ 1) ~~ 105
MUTE ITSER O&S SYPEMS E RATE
NOTE 255 349 REQUESTED
NOTE USA O&S AVA ILA BLE
MOTE OSASWI 0&S AVA ILA SLE S~ i C H
S ~~~~~~~~~~~~~~~~~~~~~~~ FM- Ui
C CSERD~1 FM- 115
MUTE OSER 043 EX PENSE RATE
‘~ TE USDOR O&S DOL UA R UBLI CA TION SATE
MUTE OSERD 043 EXPENSE RE~ORT!NC DELAY
A OSASWI.kC p ROJI : ITCk (i~1 ,3SA < ’P SOJ )) FM- U6
MOTE USASW I 0&S AVAI LA E’ LE SWITC H
NOTE USA 043 AN A ILAE LE
MOTE A~RF 4PPROPR IAT !ON FRAC TIO N
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N IDOC (2I:I0002C FM- 77
C !DOC2C:~ FM- 78
NOTE 1000 INVESTMENT DOLLARS JN CONTRACT
NOTE IDOR INVESTMENT DOLLARS OBLIGATION SATE
MOTE IDP R INVESTMENT DOLLARS P AYMENT SATE
S IDPR .KLW :IDPSWI ,XU )3DELAY3 (CRR4 ,OK IDPRD) FM- 79
C IDPRD:3 FM- 80
MOTE IDPR INVESTMENT DOLLAR PAYMENT RATE FOR PROOECT
NOTE ID PS WI INVESTMENT DOLLARS PA Y M ENT SWITCH
NOTE CR R4 COST REPORTING RATE 4
NOTE IDPRD INVESTMENT DOLLARS PAYMENT RATE DELA!
A IDPSWLK (PROJJ :SWITCH (øi 1,IDOC.K (PSOJI ) FM- 31
NOTE IDPSW1 INVESTMENT DOLLAR PAYMENT SWITCH
MOTE 1000 IN V ESTMENT DOLLARS ON CO NTRACT
S IDPR.KL (2}:DELA YO (IDOR .JK (2),IDPRZD) FM- 92
C IDPRZD:Z4 FM- 53
NOTE IDPS INVESTMENT DOLLAR PAYMENT SATE FUR OP I E R
N/STE IDOR INVESTMENT DOLLARS OBLIGA TION RATE
NOTE DPRZD IH~E S TME NT DOLLAR PAYME NT SATE SE LAY
NOTE
MOTE
NOTE O P E R A T I N G  A~ D SUF F O RT 05515
MOTE
L : 7A , K ( PQ OJ )zi)g D p,~ ~ O,J):0T~ CEDAR ,) ( :F -T . -0S3O R~ :~~PPO,i Y FM- 3L
4
N OSDA:OSDAC ~N- 35
C )5D~C:J FM- 86
NOTE USDA 0&S DOLLARS AP PROPRI AT ED
MOTE 35flA5 O.S DOLLARS APP ROPR IAT ION RA TE
NOTE IiSDOR 04$ DOLLARS OBLIGAT ION RATE
MOTE OSRAR U&S REALL OCA TI SM SATE
S OS RAR KL( 1~ :OSAD. ~ 4 0S DRA D.K FI4~
S OSRA R .XL (2):-IOSAD .N3OSURAD,KI FM- 98
NOTE O SRA R O~S RE A LLJ CA T ION ~A~E
NOTE OSAD 085 AVAiLA BLE DEFICIT
NOTE OSORAD 043 DOLLARS REALL0CA T C~ DEC SION
R OSDOR .~L( 1) :O5DA.K (1)4APR F,~~APRFA ,~IOSD5W I .KI1 ) F4 89
NOTE U SDOR 049 DOLLARS OB L IGA T E 0 RATE
NOTE OSDA 0&S DOLLARS APPROPRIATED
NOTE APRF APPROPRIATION FRACTION
NQT5 APR FA APPROPRIATION FRAC TION AD J UST OR
NOTE OSOSMI 089 DOLLARS SWI TCH
A AP R FA,K : TABH L (A P RFAT ,( O S A ,g( 1Y / OSDA ,XI1 )~ 1/M A IM P Fh0i5 , i )  FN
I APRAT :1 .3/1.3/1.22/1,1/1 .flj1.l FM- 91
NOTE APRF A A PPROPR!A IICN FRAC TION ADJUSTOR
MUTE 35A 04$ AVAILABLE
A OSDSWI. I~( P R 0J ): SWITPi ( A , 1 ,2S3A , K1PR O JI )  FM- 92
NOTE OSDWSI 04$ DOLLAR 5~1 TCH
MOTE 3534 349 DOLLARS APPROPRIATED
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MOTE WEAPON SYSTEM DEVEL0P~ENT SECTORNOTE
NOTE
MOTE ACTUAL PROGRESS SECT ION
NOTE

— MOTE
L API .X:API.J 4 DTIIAPR1.J K-APTRI.JX ) SD- 1
N A PI :A P I C 50- 2
C AP1C:0 53- 3
NOTE API ACTUA L PROGRESS
NOTE AFR1 AICTL IAL PROGRESS RATE pRI3~sEs S ;T :~ E
NOTE APTRI AO TLA L PROGRE SS TR~NSFES RATE ~RE55 Tt
S A ,~LziE1 M1.K 4C P-RS1~( 51j- 4

?J APR1~0 ~D- U
4 TEI:,5 SD-
A ~~~~~~~~~~ SD- 7
C ME1:1 ~3- 3
NOTE APR~ ACTUAL Pc - OCSES .3 R A E
NOT E TE1.~ E2~N iCAL EF~ECTIVE:~EE
NOTE RG~i PROGRAM
NOTE CAPRSI CHANGE N ACTUAL PROCSE S 5~ T 5 S~OU~~EP 

; RACI O
MOTE ~E MAN AC E~ENT E~FECT ,ENE3S
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SD- 9
4 ~iTMS 1~~+TS~5Ø~~)
T ~~~~~~~~~~~~~~~~~~~~~~~~ 1 1 / t t / I : ! 1 l / ~ SD- 10
MOTE- ~G~I PROGRA M
MOTE SC~ED SCHEDULE
NOTE TSMSO TIME SINCE IILESTONE I
NOTE ‘T MSl TIME TIL MILESTONE 1
NOTE ~SD1 WEAPONS SYSTEM DEVELOPMENT PHASE 1
MUTE D CP I DECISIO N CO ORD PAPER I
A SCHED1 ,:<:T3$S0.~JIT S~S0,~+TTMSI.K ) RU- 1.
A iAP ~5I.K :9$OOTHi3ApR1 K,CAPRD ) SD- 12
C CAPRD :1 RU- 13
A CAPR1.K :FLFL~ DCAPRLK SD- 14
NOTE CA~SS1 CHANCE IN ACTUAL PROGRESS RATE (SMOOTHED)
NOTE CAPRI CHANCE IN ACTUAL PROGRESS RATE
NOTE CAPRD CHANGE IN ACT UAL RATE DELAY
NOTE FLF 1 ~UNDS LIMIT FACTOR
NOTE DCAPRI DESIRED CHANCE IN AC IJAL PROGRESS RA TE
A DCAPR1.K rA FPi.u K-DPR1. ~ R0 15
NOTE DCAPRI DESIRED CHANGE IN ACTUAL PROGRESS RATE
NOTE APR 1 ACTUAL PROGRESS RA TE
NOTE DPRI DESIRED PROGRESS RATE
M UTE
A ~AP . OOT H~A P1 . KcAP [ i i RU- 16
C APD:1 RB 17
NOTE PA P I PESCE :’~ED AC T U AL PROGRESS
~‘ T E  AP ~ ~2 T~ A~ PR OGRES S
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NOTE APU ACTUAL PROGRESS DELAY
A RAP1 )~=TPC-PAP1~ SD- 18
C TPC:I00 50 19
MOTE SAP ! RE’AIMING ACTUAL PROGRESS
NOTE TPC TOTAL PROGRESS GOAL
NOTE PAP 1 PERCEIVED ACTUAL PROGRESS
FOR 1=1 , 10
A PRRI .K(I):RAPI.K/RTTM SI N (I) RU- 20
NOTE PR R1 PROGRESS RATE RE Q UIRED
NOTE RAPt REMAINING ACTUAL PROGRESS
NOTE RTTMSI REVISED TIME TIL MILESTONE 1
A RTTMSL~(I):TT MSi.X +IL1.K (I) SD- 21
T TL1 (II:1/213/4/5/6J7/8/9/1J 50- 22
NOTE RTTMSI REVISED TINE TIL MILESTONE I
MUTE TTMS1 TINE TIL MILESTONE 1
~(OTE TL1 TIME LATE
A CFIj((I):TABHLICFT,PRRI,N (!),.&,16 , .1 ) 53- 20
I CFT 1 15/1,06/I.j2,1.01,I.0/ 1/1.25/1,38/I.~2 /2 ,I /3 j ~D
NOTE O F t COST FACTOR
MUTE PRR~ PROGRESS RATE REQUIRED
A CP1~~(I):CFI.NII )4RTTMS1 ~~(I) R U -  25
NOTE OP1 COST PENALTY
MOT E O F ! COST FACTOR
MUTE RTTMS 1 REVISED TIME T!L MILESTONE I
A SFi i(:T HL)SFTcT Th~,t0 ,t) RD 26
1 SFT:1.0 I.0l ,1.1/L2 5e1 .~/1.58/1.75I1 37/t. R5 2.~/2.J 53- ~7
I4I JTE SF1 SCHEDUL E FAC TOR
MOTE TLI TIME LATE -

A 3P1 KII ):S F1 .~((I!*TL1.K (II SD 28
MOTE SP1 SCHEDULE PENALTY
NOTE SEt SCHEDULE FACTOR
NOTE ~L1 TIME LATE
A TC1 ,r~II):(CWF3CP1,X (I))+(SWF 1SPl .K (I)) RD 29
C CWF~,5 RU- 30
C SWF:.5 SD- 31
NOT E T Ot TOTAL COST
MOTE CWF COST WEIGH T FACTOR
NOTE OF! COST PENALTY
MOTE SWF SCHEDULE WEIGHT FACTOR

- 
NO T E 3T1 SCHEDULE PENALTY
FNC TN DPR1 (6 Z~00II11 ) SD- 32

A DATA .~:DPR 1IjTL1.k,DC F .~,1CI.K ,PRR1.< ,CF1 X ,T L1. K ) RU- 33
NOTE PLANNED ~SOCPESSMOTE
L PPI k:PPI.J+DT4 I~PGMi.QX -PPTY1.JN ) SD- 3$
N PP1:PPIC SD- 55
C PPIC:0 R3- 3~
MOTE FF1 PLANNED P~OCRESS
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MOTE PPGMI PLANNED PROGRAM RATE
NOTE PPTX1 PLANNED PROGRESS TRANSFER RATE
S PPGNi.KL:TA8LE (PGM1T PSCHD1. ,1,,083)4WSD1,~ +OCPL<* SD- 37
I 1Z/TICP.X
A PSCHD1.~ :TSMSO.X/TICP.K RU- 38
NOTE PPCN1 PLANNED PROGRAM SATE
NOTE WSD WEAPON SYSTEM DEVELOPMENT DEC ISION
NOTE DCP DECISION COORD POINT
NOTE TICP TIME IN CONCEPTUAL PHASE
NOTE PSCHD1 PLANNED SCHEDULE
NOTE TSNS T I N E  SINCE MILESTONE
NOTE
NOTE
NOTE PRESSURE FOR SCHEDULE EXTENSION
NOTE
A P SE 1 .K :T AE HL ( FS E 1T E L F 1 . K , J , 1 , . 2 )  RU 39
I PS E T= Y.3 j, I5/ 35/.58/,38/1.0 RU- £0
NOTE P S :  - R E SSUR E FUR SCHEDULE EXTENSION
NOTE E L Ft  EST i M AT E D LATE FACTOR
A ELF !,Kr DTL 7TTMS1,~ RU- ~t
M OTE ELF E3TI ~ A T ES LATE FACTOR
OlE STO: ~ESIPE 3 TIME LATE

NOTE T T ME ~ TIME 1:0 MILESTONE 1
3EA~.

-
~~~SE1 .~~CRPA1.K -.SUSGF .~ RU- £2

NOTE SEAt 5~~EGULE E~TENSICH AD~USTUR
MOTE CRPA I ~J ST ~A T 1O , F L~N N E D TO ACTUAL
A c~~~~. =pr~~~/ os~ ,~ RU- 43
MUTE ORP4~ O~3T RATI O PL~iN~J TO ACTUAL
MUTE PCI PL~NiE 3 CC~T
M OT E C S ! /S35 T R E P O R TED
A ~:C1.~:CL sE~1.g J ,sEAl ,~~.5) RU— ~4
MOTE 505: SC EULE EOT NS ON DECISION
4i~T5 SEAl SCHEO .LE EX ENSION ADJUSTOR
A SCDM1 <.~ T L I -  I -I ’ ,~,SCD1.5 ,1) RU- 45
MOTE SCOM1 ~O~ E 3ULE ~ i T : P L : E R
A 2 M 3 i . ~~2 l 2 w .~~L;i 2 . N  50- 46
NOTE CMS1 CHANGE IN MILE -~TO~E I
NOT E 500 1 ~~ES~LE E~TENE OI( DECISION
NC E D T 1  ~E I SE3 TIME LATE
~~

IJ

N O E  CURT ~EF l-P~~Mt.NOTE
L O R 1. ~ :C R 1. .CT *~~~~~3 K - R TS 1 K ) RU 47
N 3R1=C S 1C ~~ 48
c : 

~~~~ RU- 49
•
~l -R ~: )ST SEPJR TE D
N O T  CRRI lUS T E~3R T tMC RA T E

C~~R1 - :2C T REPORTING TRANSFER SATE
P rH I~ L~t E14 Si.~(*FT~1.K/PTCR RU- 50
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C CEI :1 SD- 51
NOTE CRR1 COST RE P ORTED RATE
NOTE GEl COST ESTIMATING ERROR
MOTE UCFSI DESIRED COST FACTOR (SMOOTHED)
A DCFSj.g :5MOOTH (~CF~.~,DCFD) RU- 52
C DCFD:l RU- 53
NOTE DCFS 1 DESIRED COST FACTOR (SMOOTHED)
MOTE OCF 1 DESIRED COST FACT .R
NOTE DC FD DESIRED COST FACTOR DELAY
NOTE
MOTE PLANNED COSTS
NOTE
L PCI.K :PCI,J40T3(PCRI,UK-PCTRI JK) RU- 54
N PCI:PC1C 50- 55
C PC1C:0 RU- 56
NOTE PCI PLANNED COSTS
NOTE PCRI PLANNED COST RATE
NOTE P0151 PLANNED COST TRANSFER RATE
5 PCR1.KL:PPCM1.JKIPTCR+CPCI.X RU- 57
C PTCR=100 SD- 58
NOTE P051 PLANNED COST RATE
NOTE PPCMI PROGRAM
MOTE PIGS PROGRESS TO COST RATIO
A TPC1.X :TPC/PTCR+CPC1 .K R0 59
MOTE TPA TOTAL PLANNED COST
NOTE TPGI TOTAL PROGRESS GOAL
MOTE PTCR PROGRESS TO COST RATIO
MOTE CPCI CHANGE IN PLANNED COS T
NOTE
NOTE PRODUCT VALUE
NOTE
L PV1 .K :PV1.J 4 DT * ( PVR 1.JK -PV T RI.J K) RU- 60
N PV1:PVIC RU- 61
C PV1C:0 RD- 62
NOTE PV I PRO DUCT VALUE
NOTE PVR 1 PRODUCT VAL u E RATE
NOTE PVT RI PRODUCT VALUE TRANSFE R RA T E
S PvRj~g~:ppV S~.xep V~1.(( SD- 63
NOTE PVR1 PRODUCT VALUE RATE
NOTE PPVS1 PLANNED PRODUCT VALUE (SMOOTHED)
MOTE PYA 1 PRODUCT VALUE ADJUSTOR
A PPVSI.g:SMOOTH (PP1,K,PPD) SD- 64
C PPO=1 RU- 6~
NOTE PPVS1 PLANNED PRODUCT VALUE (SMOOTHED)
MOTE ~PI PLANNED PROGRESS
NOTE PRO PLANNED PROGRESS DELAY
A PVAl ,~:PRAP1.X3CRPA1.K RD- 66
MOTE PVAI PRODUCT VALUE ADuUS TOR
NOTE PSAPI PROGRESS RA T IO , ACTUAL TO PLANNED
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MOTE C R P AI COST RA T IO , 3LANN ED TO ~C UIAL
A PSAPI.K :PAPl.K JPP1,~( SD- ~~

‘

NOTE PRAP 1 PROGRESS RAT IO , AC T:AL TA P ’ A ~~~c-
MUTE PAPI PERCEIVED ACT UA L RUO~ES-S
NOTE ~PI PLANNED PROGRESS

— A CRPA1.K :PC1 ,K/CR 1.K SD- 68
NOTE CRP A1 COS T RATIO ,  ~LA~4NED T 3 AC IAL
MOTE PCI PLANNED COST
NOTE CR ! COS T R EPORTED
NOTE
NOTE FUNDS L I M I T  AND PRESSURE ~3S ~U 3I ~~~lM ~ L ~ ‘~:s
NOTE
A FLFi,K :TABHL (FLFT,3~TWC 1.K,~,lI, 1) ~3- 9
T FLF T :4/O/ .11/ .22/ .33I . 45/ 35/ ,S~/.77 ./ .R9/1 .I SD - ~MOTE FLTI FUNDS LIMIT FACTOR
MOTE TW C 1 TIME WEIGHTED COST
A TWC1.K :TTMS1.KICRPA1.K SD- TI
NOTE TWCI TIME WEIGHTED COST
NO TE TINS! TIME IlL MILESTONE I
MOTE CR PA1 COST RATIO PLA NNED TO A CT U A L
A P I F I . X : T A B H L ( P I F T , F L F I . K , 0 , l , 4 ,  .2 )  53- ‘5
T PIFT :II.72/ .5 7/ . 5/. 38/.3Z/ ,281.2 61 .25 SD- 73

NOTE PIF 1 PRESSURE FOR INCREASED FIJNDS
NOTE FLF I FUNDS LIMIT FACTOR
A IT AF1 ,)(:FA1.X4PIFI .~4PRAPI ,K+USURGF K+$A IMc~) RO - “

~~

NOTE ITAF I INCLINATION TO APPROVE FUNDS
NOTE ~A 1 FUNDS A VA I LIA B I L ITY
NOTE PIF I  P RESSURE FOR INCREAS ED FUNDS
NOTE PRAP1 PROGRESS RATIO , ACTUAL TO PLANNED
NOTE ‘4IMPF MISSION AREA IMPORT ANCE FACTOR
A FIDI.K :T~Sr~L)FiDT ,ITAF1.X,.S,2.0 ,.2) ~D- T~
I FIDT :0/.375/.62/.75/.86/,fl/.96/.97 . ~D- 75
NOTE FIU 1 ~UN D S INCREASE DE C ISION
NOTE ITA F 1 I NCLINATION TO APPROVE FUNDS
A CPC 1, K :F 1D 1. K *ECC I. K SD- 77
MOTE CP CI CHANGE IN PLANNED COST
NOTE F ID 1 FU NDS I NCREASE DECI S ION
NOTE EGO! ESTIMATED CHANCE IN COST
A ECC1. )(:CLIP (ICR1.K,0,lCRI.K,0)* (TSMSO,X+1TMSI ,~(/PTOR SD -
A ICRI.)(:1-IICRPAI.K ~P-NOTE ECC I ES TI~ATEO CHANGE IN COST
NOTE CRPAI DUST RATIO , PLANNED TO ACTUAL
NOTE TSMSJ TIME SINCE MILES TONE 0
NOTE TTMSI TIME TIL MILESTONE 1
NOTE PTCR ~ROCRESS TO COST RATIO
MOTE ICR INCREASE IN COST RA TE
A FA1. (:TA9HL (FAT ,~4FI.K,J,. 4,.O5) R U - l~
T FAT:J/.55/.375/,25/,1/.J5/.~3i/.I0II,J SD- 31
MOTE ~A 1 FUNDS AVAILABILITY
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NOTE PAFI FUNDS AVAIL A BILIT Y FACTOR
A Ft.K :ECC1.X ;RDA.~((2) RU- 32
MOTE 54 F FUNDS A VAIL A BILITY FACTOR
MOTE ECCI ESTIMATED CHANCE IN COST
NOTE RDA 121 RESEARCH DOLLARS APPROPRIA TED
-MUTE WEAPON SYSTEM DELEP OPWEMT-YALIDA TIOM

— NOTE
NOTE ACTUAL PROGRESS SECTION
-MOTE
L AP2.)(:AP2.J DTi(APRZ,JK-APTRZ.JK ) RB- 83
N AP2~AP 2L T SD - 84
O AP2C:0 RU- 85
NOTE AP2 ACTUAL PROGRESS
NOTE APR2 ACTUAL PROGRESS RATE PROGRE SS/TIME)
MOTE AP T~Z AC TUAL PROGRESS TRANSFER RATE PROCRESS/TIME~
S APR2 .KLrTEZ.~~PCN2.K+CAPRS2.K RU- 86
A TE2 g:1/TCF ((*ME24PAST1 K/p5IPp1~( SD- 37
C MEZ:I RB- 88
NOTE APR2 ACTUAL TRUGRESS RATE
MOTE TEZ. g TECHNICAL EFFECTIVENESS
NOTE PCM2 PROGRAM
MOTE CAPRSZ CHANGE ~M ACTUAL PROGRESS RATE ISNOOTHE D)
NOTE ME2 MANAGEMENT EFF ECTIVENESS
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SD- ~
I (TTMS 2.~+TSMSl,K)
NOTE- PCN2 PROGRAM
MU TE TTMSZ T I N E  TIL MiL ESTONE 2
NOTE WSII2 WEAPONS SYSTEM DEVELOPMENT P~ASE 2
M UTE BCPZ DECISION GOURD PAPER 2
A SC~ED2 ,K=TS MS I~~/ )T SMSl. ~+TT M SZ , K( SD- 90
A CAPRS2. K : SNOO T H (CA PS2.K ,CAFRD ) RU 91
A CAP R2 .~:FL F2.K *DCA PR2 .K SD- 92
NOTE CAPRSZ CHANGE I N ACTUAL ~ROGRESS SATE SNOOT~ED)
NOTE CAPR2 CHANGE IN ACTUAL PROGRES RATE
MU T E CA P RU 2 CHANCE IN ACTUAL RATE DELA Y
NOTE FLF2 FUNDS LI M IT FACTOR
NOTE D CA PR 2 DESIRED CHANCE IN A CT ’JAL ~ROGRESS RATE
A D C AP R 2.X : A PR2 , JK-DPRZ. K R I - 93
MOTE D CAPR 2 D ESIRED CHANGE IN ACTUAL ~RO GR E SS RATE
MO TE A PR2 AC T UAL PROGRESS RATE
NOTE DPRZ DESIRED PROGRESS RATE
NOT E
A PAR2. K=SMOI3T~(A P3 K , APD) SD- 54
MUTE PAP2 PERCEIVED ACT UAL PROGRESS
NOTE AP2 AC1UAL PROGRESS
MOTE APB AC~JAL PROGRES S DE LA Y
A SAP2.K :TPG-2APZ.K RD 35

~UTE RAP ! REMAI NING AC T UAL PROGRESS
NOTE TR~ TOTAL PROGRESS IJA L

~OTE F A P Z  PERCEI~ED AUI UAL PROGRESS
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A PRR Z~~) I ) :R AP2 . 5T T~52 ,~~~)
NOTE ~SR2 PROGRE SS RATE S~Lt SEJ
MOTE SAPZ SE~Ai NING A CTU AL ~R OO~ES2
NOTE STTMS2 SERSSED TIME ~~~~L 1ILEs ~:- NE 2
A R T T ~$ 1,~~( I ) r TT MS2, ~ + T ( I )  R E -  37
NOTE STTNS2 REVISED TIME T:L 4IL LTTNE
NOTE T T NSZ T I ME I l L MILESTONE 2
NOTE I IME
A ~~~~~~~~~~~~~~~~~~~~~~~~~ RU- 98
MOTE CE COST FACT OR
MUTE P552 PROGRESS SATE SE~UI RED
A CP2 ,~ (I (:CFZ.< (I STT S2~~(I SD- 5
MOTE CP2 DUST PENALT Y
NOTE ‘SF 2 COST FACTOR
NOTE RTINS2 REVI SED TINE TIL M ILE STONE 2
A SF2.~ (I):TAEr L EF T ,T (I ),l ,1~~1
NOTE SF2 S CHE D ULE F A CT O R
MOT E I TIME
A SP (I~~S F 1 , K ( t ) 4 T ( I )  SD- :~1
NOTE SF2 SCHEDULE PENALT Y
MOTE SF2 SCHEDULE FACTOR
NOTE T TIME
A TIC2.,((I):iC~F4CE.KtI ))+ E),F~SFZ~~,i1 ) SO- :~L
C SWF: 5 ~D- 103
NOTE TCZ TOTAL COST
NOTE CWF COST WEIGHT ~4C~’R
NOTE CE COST DENA L TY
NOTE SWF SCHEDIJLE ~E:;~T FACT ORM U T E SF2 SCHEDULE FE~AL S~
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SD- :~~4

NOTE ~LANN ED ~R OGR E52
NO TE
L PF 2.~:P~2 .J+DT+ . PPGML ,~~

_ RP A 2~~ SD- ~~S
N P P C r RP C SD- :M
C P P- 2C r J R U - l~~
MOTE ~P2 PLANNED PROGRESS
NOTE FF52 PLAM~E3 PROGR ESS RATE
M UTE PPTY2 PLA NNED P R U G R E EC ‘RANE F ~5 RA T E

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~5- 1~9
I *12/TIVP .k
A P SCHD2. }( : T S~ Si~~ / T I V P .K so- .0~
N ‘5 T B
NOTE PR ESUOR E Fl-S 3C~E:ULE ~TENSIONMUT E
A ~~~~~~~~~~~~~~~~~~~ SD- 110
MU TE ~SE PRESSURE FOR -5C~EDULE Ei EMSITN
NOTE EE ESi~~A TEJ LATE F A CT O R
A ELRZ K :OTL2. K/TT~ SL. ,S ~T I l l
NIJ E ELF EST:~AT EJ LA TE FA C ITS

fl
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NOT E DTL Z DESIRED r iM E L AT E
NOTE TTMS2 TI M E T I L M ILE STONE 2
A SEA2.~:PSE2 N31JSURCF, <*CRPA2.~ SD- 1
NOTE SEAZ - RC ~E tJ LE E~TBNSICN A D~ :S T OR
MOTE RP-A Z COST RAT IO~ RLA~~EJ 3 A~~iAL
A CSP~Z.K:PC2.K/CR2.K SD- 112
NOTE CRPAE COS T RAT IO , 7LANNED TO ‘OTUAL

~ TE :~‘ PLANNED COST
NOTE CR2 0567 REPORTED
A SCD2,~rCLIP (2, EA2.K~.6) SD- ~I4
NOTE SCDZ SCHEDULE E X TENSIO N DE C I SION
MOTE SEAZ SCHEDULE EY’ENSION A E U U S T D S
A CMS2. (:60DM2,R’DTLZ.K SD- 115
A SCHM2.X :CLIP (1,3CH2.V ,SCHZ .K,1 ( 50- 11 6
MUTE CMSC CHANCE IN MILESTONE
MO T E SODZ SC H EDULE EXTENS CN DE C IS ION
-MOTE DTL2 DESIRED TIME LATE
MOTE
NO T E COST REPORTING
NOTE
L CRZ ,~ rCR2.J+OI+1CRR2.~(-CRTR2 ,jKi RU- 117
N OR2~C RC SB- 1~ 3
ID CR2C ~~ RU— 115
NOTE 052 COST REPORTED
MOTE CRR2 ‘DUST REPORTI NG SATE
NOTE CRTR 2 COST REPORT I NG TR AN SFE R SA T E
S CRR2,KL:,:EZ~DCFS2.K}PGML .~;~ICR SD- tD~
C 0E2 :Z SD- 12 1
NOTE CRR2 COST REPORTED RATE
NOTE CE2 COST ESTIMATING ERR OR
NOTE DCFS2 DE SIRED COST FAC TOR SMOO~ E D :
NOTE CMZ PROGRAM
A DCFSZ,~~SNOCTH (DCFZ ,K,DCFB) SD- 122
C DCFD:l SD 123
NOTE DCFSZ DESIRED COST FACTOR SMCOTHEO
MOTE DCF Z DESIRED COST FACTOR
NOTE DCFD DESIRED ‘DUST ~ACT OR DELAY
NOTE
NOTE PLANNED COSTS
MOTE
L PC2.K:PCZ.J+DT4(PCR2,JK-PCTP2 ,,j~) RD l2~
N PC2~PC2C RU- 125
C PC2C:0 PD 126
M O E  P02 PLANNED ‘A5T
MOTE CR2 PLANNED COST R~~L
NOTE P’:TRz RLA~NED COST TRANS FER SAT E
S PCR2 .KLr S~GM2 .JKlP iCR4CRLS.K 53- 127
N O T E P052 PLANNED COST SATE
MO TE PCM2 ~ O GRAM
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NOTE PTCR PROGRESS TO COST RATIO
A TPCZ.K:TPCIPTCR+CPC2.g RU- (29
NOTE TPCZ TOTAL PLANNED COST
NOTE TPGZ TOTAL PROGRESS GOAL
NOTE PTCR PROGRESS TO COST RATIO
NOTE CPCZ CHANCE IN PLANNED COST

L NOTE
NOTE PRODUCT VALUE
NOTE
I PVZ.K:PV2.J+DT*(PVR2.JK.PVTR2.JK) RU- 129
N PVZ:PVZC RD 13~
C - PV2C:9 RU- 131
NOTE PVZ PRODUCT VALUE
NOTE PVRZ PRODUCT VALUE RATE
NOTE PVTR2 PRODUCT VALUE TRANSFER RATE
R PVRZ.KL:PPV$2.K4PVAZ,K RU- 132
NOTE PVR2 PRODUCT VALUE RATE
NOTE PPVS2 PLANNED PRODUCT VALUE (SMOOTHED)
NOTE PVA2 PRODUCT VALUE ADJUSTOR
A PPVS2.K:SMOOTH (PP2,K,PPD) RU- 133
NOTE PPVSZ PLANNED PRODUCT VALUE (SMOOTHED)
NOTE PPZ PLANNED PROGRESS
NOTE PP2D PLANNED PROGRESS DELAY
A PVA2.K:PRAPZ.K+CRPAZ.K RU- 134
NOTE PVA2 PRODUCT VALUE ADJUSTOR
NOTE PRAP2 PROGRESS RATIO , ACTUAL TO PUNNE~
NOTE CRPAZ COST RATIO , PLANNED TO ACTUAL
A PRAPZ.K:PAP2,K/PP2.K RU- 135
NOTE PRAP2 PROGRESS RATIO , ACTUAL TO PLANNED
NOTE PAPZ PERCEIVED ACTUAL PROGRESS
NOTE PP2 PLANNED PROGRESS
A CRPAZ.K:PCZ.K/CRZ.K RU- 136
NOTE CRPAZ COST RATIO, PLANNED TO ACTUAL
NOTE PC2 PLANNED COST
NOTE CR2 COST REPORTED
NO TE
NOTE FUNDS LIMIT AND PRESSURE FOR ADDITIONAL FUNDS
NOTE
A FLF2.K:TA 8HL(FLFT,24TWC2.K,~ , 1~,1) RU- 137
NOTE FLF2 FUNDS LIMIT FACTOR
NOTE TWC2 TIME WEIGHTED COST
A TWCZ.K:TTMSZ.KICRPAZ.X RU- 138
NOTE TWC2 TIME WEIGHTED COST
NOTE TTMSZ TIME IlL MILESTONE 2
NOTE CRPA2 COST RATIOS PLANNED TO ACTUAL
A ~~~~~~~~~~~~~~~~~~~~~~ RU- 139
NOTE PIFZ PRESSURE FOR INCREASED FUNDS
NOTE FLF2 FUNDS LIM IT FACTOR
A ITAF2.K~FA2.K4PIFZ.K*PRAP2.K+USURCF .K4MA1MPF) RU- 141
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NOTE 1TAF2 INCLINATION TO APPROVE FUNDS
NOTE FA2 FUNDS AVAILIA BI LITY
NOTE PIF2 PRESSURE FOR INCREASED FUNDS
NOTE PRAP2 PROGRESS RAT IO~ ACTUAL 10 PLANNED
NOTE MAIMPF MISSION AREA IMPORTANCE FACTOR
A FIDZ.K:TABHL (FIDT,ITAFZ.i(,.8,2.J,.Z) RU- 141
NOTE FID2 FUNDS INCREASE DECISION
NOTE ITAFZ INCLINATION TO APPROVE FUNDS
A CPC2,K:FID2.K*ECC2.K RU- (42
NOTE CPC2 CHANGE IN PLANNED COST
NOTE FID2 FUNDS INCREASE DECISION
NOTE ECC2 ESTIMATED CHANCE IN COST
A ECC2.K:(TSMSLK+TTMS2.K)/(PTCR4CRPAZ.g) RU- 143
NOTE ECCZ ESTIM A TED CHANCE IN COST
NOTE CRPAZ COST RATIO, PLANNED TO ACTUAL
NOTE TSNSI TINE SINCE MILESTONE I
NOTE - TTMSZ TIME IlL MILESTONE 2
NOTE PTCR PROGRESS TO COST RATIO
NOTE
A FA2.K :TABHL (FAT,FAFZ.K,i,.4,.05) RU- 144
NOTE FA2 FUNDS AVAILABILITY
NOTE FAF2 FUNDS AVAILABILITY FACTOR
A FAFZ.K:ECC2.K/RDA.K(2) RU- 145
NOTE FAF FUNDS AVAILABILITY FACTOR
NOTE ECCZ ESTIMATED CHANCE IN COST
NOTE RDA (2) RESEARCH DOLLARS APPROPRIATED
NOTE
NOTE WEAPON SYSTEM DEVELOPMENT-FULL SCALE DEVELOPMENT
NOTE ACTUAL PROGRESS SECTION
NOTE
I AP3.K:AP3.J + DT*(APR3.JK-APTR3.JK) RU- 146
N AP3:AP3C RU- 147
C AP3C:I RU- 148
NOTE AP3 ACTUAL PROGRESS
NOTE APR3 ACTUAL PROGRESS RATE (PROGRESS/TIME)
NOTE APTR3 ACTUAL PROGRESS TRANSFER RATE (PROGRESS/TIME)
R APR3.KL:TE3.K+PCM3.K4CAPRS3.K RU- 149
A TE3.K:1/TCF.K~ME3.PASTP2,K/PSTPP2.k RU- 151
C ME3:I RU- 151
NOTE APR3 ACTUAL PROGRESS RATE
NOTE TE3.K TECHNICAL EFFECTIVENESS
NOTE PCM3 PROGRAM
NOTE CAPRS3 CHANCE IN ACTUAL PROGRESS RATE (SMOOTHED) (FRACTIO
NOTE ME3 MANAGEMENT EFFECTIV ENESS
A PCN3,K’TABHtjPCN3T,SCHED3.K,I,3,.J83)3WSD3.X4DCP3.K~I2/ RU- 152
I (TIMS3.K+TSMSZ.K)
NOTE- PCM3 PROGRAM
NOTE TTNS3 TIME III MILESTONE 3
NOTE WS D3 W EAPONS SYST EM DEV ELOPMENT PHASE 3
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/

NOTE DCP3 DECISION COORD PAPER 3
A SCHED3.K:TSMS2.k/(ISMSZ.X+TTMS3.K) RU- 153
A CAPRS3.S:SMOOTH (CAPR3.K,CAPRD) RU- 134
A CAPR3.K:FLF3.K+DCAPR3.K RU- 155
NOTE CAPRS3 CHANGE IN ACTu AL PROGRESS RATE (SMOOTHED)

— NOTE CAPR3 CHANGE IN ACTUAL PROGRESS RATE
NOTE CAPRD CHANGE IN ACTUAL RATE DELAY
MOTE FLF3 FUNDS LIMIT FACTOR
NOTE DCAPR3 DESIRED CHANCE IN ACTUAL PROGRESS RATE
A DCAPR3.K:APRO.JK-DPR3.I( RU- 156
NOTE DCAPR3 DESIRED CHA NGE IN ACTUAL PROGRESS RATE
NOTE APR3 ACTUAL PROGRESS RATE
NOTE DPR3 DESIRED PROGRESS RATE
NOTE
A PAP3 i(:SNOOTH (AP3.K,APD3) RU- 157
C APD3:I RU- 158
NOTE PAP3 PERCEIVED ACTUAL PROCRESS
NOTE AP3 ACTUAL PROGRESS
MOTE APD3 ACTUA L PROGRESS DELAY
A RAP3.K:T PC-PAP3.K RU- 159
NOTE RAP’ REMAINING ACTUAL PROGRESS

• NOTE TPC TOTAL PROGRESS COAL
NOTE PAP3 PERCEIVED ACTUAL PROGRESS
A PRR 3.KII):RAP3.K/RTTMS3.K (I) RU- 141
NOTE PRR3 PROGRESS RATE REQUIRED
NOTE RAP3 REMA iNING ACTUAL PROGRESS
NOTE RTTMS3 REVISED TIME III MILESTONE 3
A RTTMS 1.X (I):TTMS3.K(I)4T (I) RU- 161
NOTE RTTMS3 REVISED TINE IlL MILESTONE 3
NOTE TTMS3 TINE III MILESTONE 3
NOTE I TIME
A CF3.K (I):TABHL (CFT3,PPR3.K(I),.6,Z,.2) RU- 162
NOTE CF3 COST FACTOR
NOTE PRR3 PROGRESS RATE REQUIRED
A CP3 .K( I): CF3 .K( I) *RTT MS3 .K(fl RD- 163
NOTE CP3 COST PENALTY
NOTE CF3 COST FACTOR
MOTE RTTNS3 REVISED TINE IlL MILESTONE 3
A SF3.K (I):TABHL (SFT1,T (Ihl,1l,1) RU- 164
NOTE SF3 SCHEDULE FACTOR
NOTE T TIME
A 9P3.K(I):5F3.K(I)4T(I) RU- (65
NOTE 5P3 SCHEDULE PENALTY
NOTE SF3 SCHEDULE FACTOR
NOTE I TINE
A TC3.K(I):(CWF4CP3.K(I))+(SWF~SP3.K(I)) RU- 166
NOTE TC3 TOTAL COST
NOTE CWF COST WEIGHT FACTOR
MOTE CP3 COST PENALTY
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MOTE .SWF SCHEDULE WEIGHT FACTOR
NOTE 5P3 SCHEDULE PENALTY
NOTE
A DATA3.K:DPRL (DCF3.N,UTL3.K,TC3.K,PRR3.K,CF3.K,T( RU- 147
NOTE PLANNED PROGRESS
NOTE
I PP3,K:PP3.J+OT*(PPGN3.JK-PPTX3.JK) RU- 168
N PP3:PP3C RU- 169
C PP3C:I RU- Ill
NOTE PP3 PLANNED PROGR ESS
NOTE PPCNO PLANNED PROGRESS RATE
NOTE PPTX3 PLANNED PROGRESS TRANSFER RATE
A PSCHD3.K=TSNS3.K/TIFSD.K RU- 171
R PPGM3.KL:TABLE(PCN1TpPSCHD3.K,I,1,.183)*WSD3.I( RU- 172
I •DCPO.k*12/TIFSD.K
NOTE
NOTE PSCHU PLANNED SCHEDULE
NOTE TSMS3 TIME SINCE MILESTONE 3
NOTE TIFSD TIME IN FULL-SCALE DEVELOPMENT
NOTE PPCM3 PLANNED PROGRESS RATE
MOTE WSD3 WEAPON SYSTEM DECISION
NOTE DCP3 DECISION COORDINATING POINT
NOTE
NOTE
MOTE PRESSURE FOR SCHEDULE EXTENSION
NOTE
A PSE3.K:IABHL(PSE3T,ELF3.k,I,3p.2) RU- 173
A ELF3.K:DTL3.K/TTMS3.K RU- 174
NOTE
MOTE PSE3 PRESSURE FÜR SCHEDULE EXT ENSION
NOTE ELF3 ESTIMATED LATE FACTOR
NOTE DTL3 DESIRED TINE LATE
NOTE TTNS3 TINE III MILESTONE 3
NOTE
A SEA 3.K:PSE3.KIUSURGF.KICRPA3.K RU- 175
NOTE
NOTE SEA3 SCHEDULE EXTENSION ADJUSTOR
NOTE CRPA3 COST RATIOS PLANNED TO ACTUAL
NOTE
A SCD3.K:CLIP(3,I,SEA3.X,.&) RU- 176
A CNS3.I(:SCD3.K~UIL3,K RU- 177
NOTE
NOTE SCU3 SCHEDULE EXTENSION DECISION
NOTE SEA3 SCHEDULE EXTENSION ADJUSTOR
NOTE CMS3 CHANGE IN MILESTONE 3
NOTE DTL3 DESIRED TIME LATE
NOTE
NOTE COST REPORTING
NOTE
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L CR3.K:CR3.J+DT3(CRR3.JK-CRTR3 .JK) RU- 178
N CR3:CR3C RU- 179
C CR3C=I RU- ISU
R CRR3,KL:CE3IDCFSO.X*PGM3.X/PTCR RD- 181
C CE3=1 RU- 182
A DCFS3,K~SMOOT4(DCF3.K,DCF3D) RU- 183
C DCF3D:1 RU- 184
NOT E
NOTE CR3 COST REPORTED
NOTE CRR3 COST REPORTINC RATE
NOTE CRTR3 COST REPORTING TRANSFER RATE
NOTE CE3 COST ESTIMATING ERROR
NOTE PG$3 PROGRAM
NOTE DCFS3 DESIRED COST FACTOR (SMOOTHEDJ
NOTE DCF3 DESIRED COST FACTOR
NOTE DCF3D DESIRED COST FACTOR DELAY
NOTE
NOTE PLANNED COSTS
NOTE
I PC3.K:PC3.J+DT4(PCR3.JX-PCTRO.JK) RU- 185
N PC3:PC3C RU- (86
C PC3C:I RU- 187
R PCR3.KL:PPCM3.JK/PTCR+CPC3.K RU- t88
NOTE
NOTE PC3 PLANNED COSTS
NOTE PCR3 PLANN ED COST RATE
NOTE PCTR3 PLANNED COST TRANSFER RATE
MOT E PGN3 PROGRAM
NOT E PTCR PROGRESS TO COST RATIO
NOTE
A TPC3.K:TPG/PTCR+CPC3.K RU- 189
NOTE
NOTE TPC3 TOTAL PLANNED COST
MOTE TPG3 TOTAL PROGRESS COAL
NOTE PTCR PROGR ESS TO COST RATIO
NOTE CPC3 CHANGE IN PLANNED COST
NOTE
NOTE PRODUCT VALUE
NOTE
I PV3.K:PV3.J+DT;(PVR3.JK-PVTR3.JK) RU- 191
N PV3 :PV3C RU- 1~1
C PV3C~I RU- 192
R PVR3.XL:PPVS3.KIPVA3.K RD 193
A PPVS3.K:SNOOTH(PP3.K,PPD) RU- 194
MOTE
MOT E PV3 PRODUCT VALUE
MOTE PVR3 PRODUCT VALUE RATE
NOTE PVTR3 PRODUCT VAL UE TRANSF ER RATE
NOTE PPVS3 PLANNED PRODUCT VALUE (SMOOT HED)
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NOT E PVA3 PRODUCT VALUE ADJUSTOR
NOT E PP3 PLANNED PROGRESS
NOTE PPO PLANNED PROGR ESS DELAY
NOTE
A pVA3.g:pR~p3,~4CRp43.g RD- 195
NOTE
NOT E PVA3 PRODUCT VALUE ADJUSTOR
MOT E PRA P3 PROGR ESS RAT IO~ ACTUAL TO PLANNED
MOT E CRPA3 COST RATI OS PLANNED TO ACTUAL
NOTE
A PRAP3.K:PAP3.K/PP3.K RB- 196
NOT E
NOTE PRAP3 PROGRESS RATIO, ACTUAL TO PLANNED
NOTE PAP3 PERCEIVED ACTUAL PROGRESS
NOTE PP3 PLANNED PROGRESS
NOTE
A CRPA3.K:PC3.K/CR3.K RD 197
NOTE
NOTE CRPA3 COST RATIO, PLANNED TO ACTUAL
NOTE PC3 PLANNED COST
NOTE CR3 COST REPORT ED
NOTE
NOTE
MOTE FUNDS LIMIT AND PRESSURE FOR ADDITIONAL FUNDS
NOTE
A FLF3.K:TA BHL(FLFT ,TW C3.K,I,I l,1) RU- 198
NOTE
MOTE FLF3 FUNDS LIMIT FACTOR
NOTE TWC3 TIME WEIGHTED COST
NOTE
A TW C3 .K:TT MS3.KICRPA 3.K RU- 199
MOTE
NOTE TWC3 TIME WEIGHTED COST
NOTE TTNS3 TIME TIL MILESTONE 3
NOTE CRPA3 COST RATIO , PLANNED TO ACTUAL
NOTE
A PIF3.K:TABHL (PIFT,FLF3.K,I,1.4,.2) R0 ~~
NOTE
NOTE PIF3 PRESSURE FOR INCREASED FUNDS
NOTE FLF3 FUNDS LIMIT FACTOR
NOTE
A ITAc 3.K:FAI.K4PIF3.K4PRAP3.K;US!iRGF,Wø~AIMPF RD ZII
NOTE
NOTE IIAF3 INCLINATION TO APPROVE FUNDS
NOTE FA3 FUNDS AVAILIABIUTY
NOTE PIF3 PRESSURE FOR INCREASED FUNDS
NOTE PRAP3 PROGRESS RATIO1 ACTUAL TO PLANNED
NOTE MAIM PF MISSION AREA IMPORTANCE FACTOR
NOTE
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A FID 3.X:TABHL (FIDT,ITAF~.K,.8,2.,.2) RU- 202
NOTE
NOTE FID3 FUNDS INCREASE DECISION
NOTE ITAF3 INCLINATION TO APPROVE FUNDS
NOTE

• A CPC3.X:FID3.K4ECC3.K RU- 203
NOTE
NOTE CPC3 CHANCE IN PLANNED COST
NOTE FID3 FUNDS INCREASE DECISION
NOTE ECC3 ESTIMATED CHANGE IN COST
NOTE
A ECC3.KL:(TSMSJ,K+IIMS3.K)/PTCR4CLIP (ICR3.K,~,ICR 3.X,I) RU- 204
NOTE
MOTE ECC3 ESTIMATED CHANCE IN COST
MOTE CRPA3 COST RATIO , PLANNED TO ACTUAL
NOTE TSMSI TIME SINCE MILESTONE I
NOTE TTMS3 TIME III MILESTONE 3
NOTE PTCR PROGRESS TO COST RATIO
NOTE
A FA3.K:TABHL (FAT,FAF3.K,0,.4,.J5) RU- 205
NOTE
MOTE FA 3 FUNDS AVAILABILITY
NOTE FAF3 FUNDS AVAIL A BILITY FACTOR
NOTE
A FAF3.X:ECC3.K/RDA.K(2) RU- 206
MOTE
NOTE FAF FUNDS AVAILABILIT Y FACTOR
NOTE ECC3 ESTIMATED CHANGE IN COST
NOTE RDA (2) RESEARCH DOLLARS APPROPRIATED
NOTE
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NOTE WEAPON SYSTEM DEVELOPMENT SECTOR
NOTE
NOTE
A WSD1.K:SWITCH (1,0,RQNWS.KI UT- 1
A WS02.k:CLIP(1,0,PPVI.Kp .8)IRPF.K UT- 2
A W3D3.K:CLIP(1.0,PPV2.X,.8~4RPF.K UT- 3
A WSD4.K:CLIP(1,J,PPV3.K,.8)*IPF.K DT- 4
NOTE
NOTE WSD AUTHORIZES THE VARIOUS PHASES OF WEAPONS DEVELOPMENT
NOTE THE SWITCH IS Tu RNED ON IF THE PRODUCT VALUE WEIGHTED BY
NOTE JRCENCY IS HIGH ENOUGH TO ~ARRANT CONTI NUED DEVELOPMENT .
NOTE THE SWITCH STAYS ON DURiNG THE ENTIRE ~HASE, 3U1 IS
NOTE TURNED OFF AT THE CANCELLATION OR TRANSFER OF DEVELOPMENT.
NOTE RPF RESEARCH PROGRAM FUNDING
NOTE IPF INVESTMENT PROGRAM FUNDING
NOTE
A DCPI.K:SUITCH (0,t,TTMS1.K) DI- 5 -

A DCP2.X:SWITCH(I,1,TTMS2.N) DI- 6
A DCP3.K:SWITCHII,1,TTMS3.K) UT- 7
A DCP4,K:SWITCH(l,I,TTPCC.K) UT- 8
MOTE
NOTE DCP IS THE POINT IN TIME WHERE THE DSARC DECISIONS ARE MADE
NOTE PROGRAMS CAN EITHER BE CANCELLED OR AUTHORIZED FOR FURTHER
NOTE DEV ELOPM ENT WHEN THE DSARC DCP ARE REVIEWE D
MOTE
A 1xj .g :sW (Tc ~(1,Ø, DCP1.g) UT- 9
A TI2.K:SWITCH(1,I,DCPZ.K) UT- 10
A TX3.K;SWITC)4(l,I,DCP3.K) UT- 11
A T 14 .(( :SW ITCH (1,I,DCP4.K ) UT- 12
NOTE
NOTE TX IS THE TRANSF ER SWITCH WHICH IS TURNED 0$ WHEN THE
NOTE DSARC UCP DECISION IS MADE. IT ALLOWS THE PROGRAM LEVELS
NOTE TO BE EMPTIED.
NOTE
A DSWII.K~CL IP~I~1iTSNS0 .Xr2 ) UT- 13
A DSWI2.K:CLIP(0,1,TSNSI.K,Z) UT- 14
A USW I3,K:CLIP(0,1,TSMS2.K ,2) UT- 15
A DSW I4.K:CLIP($,1,18M53.K,2) UT- 16
NOTE
NOTE DSWI IS THE DOLLAR SWITCH WHICH TURNS ON THE DAY THAT
NOTE MILESTONE DECISION IS MADE TO RELEAS E DOLLARS FOR CONTRACTS
MOTE AND OTHER EXPENDITURES THAT OCCUR AFTER APPROVAL.
NOTE TIME CONTROL
NOTE
I FTTINE.K:FTTIME.J.DT*(FYTIN.JK-FYTOUT.JK ) UT- 17
N FYTIME ~1 UT- 18
NOTE
MOTE FYTINE ~ICSAL YEAR TINE CLOCK(GEARED TO MONTHS )
NOTE FYT IN FISCAL TIME IN
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NOTE FITOUT FISCAL YEAR TIME OUT
R FYT!N.KL:1 UT- 19
NOTE FYTIN FISCAL TEAR lIME IN MONTHS)
R FY T OUT .XL:FYTIME.KIF TTX .K UT- 20
NOi~ FYTOUT FISCAL YEAR TIME OUT (MONTHS)
A FYTX .K:CLIP (1,J,FTTINE.K,12) UT- 21
NOTE FTTX FISCAL YEAR TRANSFER
MOTE
L TS$SJ.K:T9MSØ.J+DT4 (TIN1.JK-TOUT1.JK~ DT - ~
N TSMSI:TSMSIC UT- Z3
C TS$SIC:I DI- 24
NOTE
NOTE TSNS0 TM E SINCE IILESTONE I
NOTE TINI TIME IN P~~ E I
NOTE TOUTI TIME OUT OF PHASE 1
NOTE
R TINI.KL:WSII.KIDCP1 .X ~T- 25
R TOUTI.XL :TSMSI,K:TX1.s( DT
NOTE
MOT E TINt TIME IN PHASE 1
NOTE WSDI WEAPON SYSTEM DEVELOPMENT 1
NOT E tIC?! DECISION 000RD PO NT I
NOTE TOUT 1 TIME OUT OF PHASE 1
NOTE TSNSI TIME SINCE MILESTONE 0
NOTE III TRANSFER SWITCH I
NOTE
A TTMS1.K:TICP.K-TSMSI .K4CMSI.K DI- 27
A TICP,K:TICPC;TM.K UT- 28
C TICPC:12 UT- ~9
N TTMS1:1 UT- 30
A TM.K:SMOOTH (1/USURCF.K,12) DT- 31
MOTE TM TIME MULTIPLIER
NOTE TTMSI TIME IlL MILESTONE 1
NOTE TICP TIME IN CONCEPTUAL PHASE
NOTE TSMSI TIME SINCE MILESTONE J
NOTE CMS1 CHANGE IN MILESTONE 1
NOTE
I TSMSI.K:TSMS1.J4D1*(TIN2.JK-TOUT2.JK) UT- 32
N TSMS1:TSNS1C UT- 33
C TSMSIC:0 DI- 34
NOTE TSMS1 T~~E SINCE IILESTONE I
NOTE 11N2 TIME IN PHASE 2
NOTE TOUT2 TIME OUT OF PHASE 2
R IINZ.KL:WSDZ.K4ocp:.g DT- 35
R TOUTZ.X1:TSNSI.K4112,K uT- 36
NOTE
NOTE I MSI TIME SINCE MILESTONE 1
NOTE TINZ TIME IN PHASE 2
NOTE WSD2 WEAPON SYSTEM UEVELPMENT 2
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/

NOT E ~CF i DECISION COCR DI ’~ 1I~~ 
:fl~~ ~

NOTE 10012 TIME OUT OF PHASE 2
NOTE TSMSI TINE SINCE MILESTONE I
NOTE T~2 TRANSFER SWITCH 2
A 1TMS2,K~TIVP.K-iSNSI.K+CMSZ.K UT- 37
N TTASZ:1 DT- 38
A TIVP,~:TIVPC4TM.~ UT- 39
C TIVPC:Z4 UT- LI

NOTE
NOTE TTMS2 TIME IlL MILESTONE 2
NOTE TIVP TINE IN DEVELOPMENT ~4A~E
NOTE TSMS 1 TIME SINCE MILESTONE 1
NOTE CNS2 CHANGE IN MILESTONE 2
NOTE TN TIME MULTIPLIER
;4OTE
I TSNS2.K:TSMSZ.J4.DT3(TI~3.JR-TOUT3,JK ( DI- 41
4 TSMSZ:TS$SZC Dl- 42
C TSMS2C:I UT- 43
NOTE TSMS2 TIME SINCE MILESTONE 2
NOTE TIN3 TIME IN PHASE 3
NOTE 10013 lIME OUT OF F~4SE 3
R TIN3.KL:WSD3.K4OCP3.K UT- 44
R TOUT3,KL:TSM52.K4TX3.K 01- 45
NOTE TSMS2 TIME SINCE MILESTO NE 2
NOTE TIN3 TIME IN PHASE 3
N OTE W503 WEAPON SYSTEM D E V ELOP M ENT 3
NOTE DCP3 DECISION COORDI NATING POINT 3
NOTE TOUT3 TIME OUT OF PHASE 3
N OTE 113 TRANSFER SWITC H 3
-NOTE
A TTM53.K:1IFS3.g_T9MS2.è (+CM~3,< DT 46
N TIMS3:I UT- 47
A TIFSD.)(:TIFSUC~TN.~( D1 48

TIFSDC:36 DT 49
NOTE
MOTE TTMS3 TINE IlL MILESTCNE 3

~oTE TIFSD TIME IN F:LL SCALE DEVELOPMENT
NOTE TSMSZ TI ME SINCE MILESTONE 2
MOTE CNS3 CHANGE 14 MILESTONE 3
NOTE TM TIME MULTIPLIER
NOTE

TSM$3.~(:TSMS3.~~D1+ (TIN4,JK-TOIJT4,JK) UT- 50

~ TSMS3:TSMS3C UT- 51
ISMS3C:I UT- 52

R TIN4,KL:WSD4.~~ CP4.K UT- 53
R IOUT4.NL:TSNS~~~TX4 ,’ UT- 54
M O TE
MOTE T~~$3 T:ME -~:~CE ~1LE ST ONF ~
‘(OlE TIN4 T:.E ~N FSO~!: ’ ION
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MOTE WSD WEAPON SYSTEM PR000C ION DECISION
MOlE DC? UECISIcIN TO CONTINUE PRODUCTION
NOTE 10013 lIME PRODUCTION COMPLETE
MOTE TS$S3 TIME SINCE MILESTONE 3
NOTE 114 TRANSFER RATE (AT PRODUCTION COMPLETION )
A TTPCC .K:1IP.K-IS MS3 .~(+CMS4 .~ DI- 55
NOTE TTPC C TIME I lL ~R O D U C TIO N CONTRACT CO MPLETE
NOTE TIP TINE IN PRODUCTION
MOTE TSMS 3 TIME £~NCE MILESTONE :3
NOTE CN$4 CHANCE IN SCHEDULE
NOTE
A 1IP.K :TIPC1TM.~ Dl- ~
C TIPC:Z~ UT- 57
NOTE
MOTE TIP TIME IN PRODUCTION
NOTE TM TIME MULTIPLIER
NOTE
MOTE
NOTE TRANSFERS AND CANCELLATIONS
NOTE
R APTR I.KL:A PI KiTX 1.I( UT- 58
NOT E
NOTE APIRI ACTIJAL PROGRESS TRANSFER RATE
NOTE API ACTUAL PROGRESS
NOTE III TRANSFER SWITCH I
NOTE
L PASTP1.K:PAS1P1 .,J+0T4(APTR1.JK-PASIRI..K) UT- 59
N PASTPI:PASTC 

- 
UT- 60

C PASTC:0 Dl- 61
R PASTR 1.KL:PASTP1.~ITX2.K DT 62
MOTE
NOTE PASTP I PAST PROGRESS 1
MOTE APTR1 ACTUAL PROGRESS TRANSFER RATE
NOTE TX Z TRANSFER RATE Z
MOTE PASTR1 PAST PROGR ESS TRANSFE R RATE
NOTE
L PSTPPI.K:PSTPPI ,J+DT*(PPTII .JK-PSTPII.JK) OT- ~
N PSTPPI:PSTPIC 0T 64
C PSTPIC:0 UT- 65
R PPTXI.KL:PP 1.K3TXI.K Dl- 66
NOTE
NOTE PSTPP PAST PLANNED PROGRESS
NOTE PPTX I PLANNED PROGRESS TRANSFER RATE
NOTE PPI PLANNED PROGRESS
NOTE I ll TRANSFER RATE
NOTE
R PSTPTI.KL:PSTPPI.K*112..< DI- 67
NOTE
NOTE PSIPTI PAST P~~NNEJ PROGRASS TRANSFER RATE
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NOTE PSTPP1 PAST PLANNED PROGRESS
NOTE T X 2 TRA NSFER RATE 2
NOTE
R CRTRI.NI~:CRI.K4T 1I.~ UT- 68
NOT E
NOTE CRTR1 COST REPORTED TRANSFER RATE
NOTE CR1 COST REPORTED
NOTE ill TRANSFER RATE
NOTE
R PCTR 1.XL :PC1 .K4TXI .K UT- 69
MOTE
NOTE PC TR 1 PLANNED COST TRANSFER RA TE
NOTE PY I PRODUCT VALUE
NOTE ill TRANSFER RATE
NOTE
I PPVI.K:PPVI .J+DT4(PVTRA 1.JK-PPVTRI .JK) 01 70
M PPVI :PPVIC Dl- 71
C PPVIC:0 Dl- 72
R PVTRA1 .XL :PPY1 .K+TX1.K ,ADVOC.K~USURGFJ( UT- 73
R PPVTRI.KL:PPVI.KITXZ.K DI- 74
NOTE
NOTE PPV 1 PAST PRODUCT VALUE
NOTE PVTRA 1 PRODUCT VALUE TR A NSFER RA TE
NOTE PPVTR1 PAST PRODUCT VALUE TRANSFER RATE
NOTE ~PVI PAST PRODUCT VALUE
NOTE ~X2 TRANSFER RATE
NOTE
R APTR2.KL:AP2,~*TX2.K D1 75
NOTE
NOTE APTR2 ACTUAL PROGRESS TRANSFER RATE ,~, -

NOTE APZ ACTUAL PROGRESS • 
- -

NOTE 112 TRANSFER SWITCH 2 -

NOTE
I PASTP2.K:PASTP2.J+DT3 (APTRZ.JK-PASTRZ.JK) UT- 76
N PASTPZ:PASTC DI- 77
C PASTC:I UT- 78
R PASTR2.KL:PASTP2.K4TX 3.K UT- 79
MOTE UT- 80

NOTE PASTP2 PAST PROGRES S ~
NOTE APTRZ ACTUAL PROGRESS TRANSFER RATE
NOTE 113 TRANSFER RATE 3
NOTE PASTR2 PAST PROGRESS ‘RANSFER RATE
NOTE
I PSTPPZ.K:PSTPP2.J+DT4t P?112.JK-PSTPI2.JK) UT- 81
N PSTPPZ:PSTPZC UT- $2
C PSTPZC:0 DI- 83
R PPTU2.KL:PPZ.X4IXZ.X DI- 84
MOTE
NOTE PSTPP PAST PLANNED PROGRESS

2811.



MOTE PPTXZ PLANNED PROGRESS TRANSFER RATE
NOTE ~P2 PLANNED PROGRESS
NOTE TX2 TRANSFER RATE
NOTE
R PSTPTZ.KL:PSTPPZ .X4 T X3 .k DI- 85
MOTE
NOTE PSTPT2 PAST PLANNED PROCRASS TRANSFER RATE
MOTE PSTPP2 PAST PLANNED PROGRESS
NOTE 113 TRANSFER RATE 3
NOTE
R C~TRZ.i(L:CR2.KITX2.K Dl- 86
R PCTR2.KL:PC2.K+TX2.K DI- 87
NOTE CRTR2 COST REPORTED TRANSFER RATE
NOTE CR2 COST REPORTED
NOTE TX2 TRANSFER RATE
MOTE PCTRZ PLANNED COST TRANSFER RATE
NOTE
L PPVZ.K:PPV2.J4DT3(PVTR2.JK-PPVTR2.JK) UT- 88
N PPV2:PPVZC UT- 89
C PPVZC:0 UT- 90
R PVTRAZ.KL:PPV2.K*TXZ.K*ADVOC,X*USURCF.K UT- 91
R PPVTR2.KL:PPVZ.X*TX3.K UT- 92
NOTE PPV Z PAST PRODUCT VALUE
NOTE PVIRAZ PRODUCT VALUE TRANSFER RATE
NOTE PPVTRZ PAST PRODUCT VALUE TRANSFER RATE
NOTE TI3 TRANSFER RATE
NOTE AUVOC ADVOCACY FACTOR
NOTE USURGF US URGENCY FACTOR
MOTE
R APTR3.KL:AP3.K+TX3.K UT- 93
NOTE
NOTE APIR3 ACTUAL PROGRESS TRANSFER RATE
NOTE AP3 ACTUAL PROGRESS
NOTE 113 TRANSFER SWITCH 3
NOTE
I PASTP3.K=PASTP3..J+DTI(APTR3.JK-PASTR3.JK) UT- 94
N PASTP3:PASTC DT 95
C PASTC:0 UT- 96
R PASTR3.KL:PASTP3.KITX4.K UT- 97
NOTE
NOTE PASTP3 PAST PROGRESS 3
NOTE APTR3 ACTUAL PROCRESS TRANSFER RATE
NOTE 114 TRANSFER RATE4
NOTE PASTR3 PAST PROGRESS TRANSFER RATE
NOTE
I PSTPP3.K:PSTPP3.J+DT*{PPTI3.JK-PSTPT3.JK) UT- 98
N PSTPP3:PSTP3C UT- 99
C PSTP3C:0 DI- III
R PPTXS.KL:PP3.KITX3.K DI- 101
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NOTE
MOTE PSTPP3 PAST PLANNED PROGRESS
NOTE PPTX3 PLANNED PROGRESS TRANSF ER RAT E
NOTE PP3 PLANNED PROGRESS
NOTE 113 TRANSFER RATE
MOTE
R PSTPT :3.k L:PSTP P3.K*TX4 .K DI- 102
NOTE
NOTE PSTPT3 PAST PLANNED PROCRASS TRANSFER RATE
NOTE PSTPP3 PAST PLANNED PROGRESS
NOTE 114 TRANSFER RATE 4
NOTE
R CRTR3.KL:CR3.K3T13.I( UT- 103
NOTE
MOTE CRTR3 COST REPORTED TRANSFER RATE
NOTE CR3 COST REPORTED
NOTE 113 TRANSFER RATE
NOTE
R PCTR3.XL:PC3.K*I13.K UT- 104
R PVTR3.KL:PV3.K41X3.K;ADVOC.K4USURCF,K UT- XIS
NOTE
NOTE PL R PLANNED COST TRANSFER RATE
NOTE PV ~3 PRODUCT VALUE TRANSFER RATE
MOTE PV3 PRODUCT VALUE
NOTE 113 TRANSFER RATE
NOTE
L PPV3.K :PPV3.J4DT+ (PVTR3.JK-PPVTR3,JK) UT- 106
N PPVS:PPV3C UT- 147
C PPV3C:0 UT- 108
NOTE
NOTE PPV3 P4ST PRODUCT VALUE
NOTE PVIRS PRODUCT VALUE TRANSFER RATE
NOTE PPVTR3 PAST PRODUCT VALUE TRANSFEN RATE
NOTE
R PPVTR3.KL:PPV3.K*TX4.K D1 109
NOTE
NOTE PPVTR3 PAST PRODUCT VALUE TRANSFER RATE
NOTE PPV3 PAST PRODUCT VALUE
NOTE 114 TRANSFER RATE
NOTE
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NOTE WEAPON SYSTEM OPERATION SECTOR
NOTE
I WSO.K:WSO.J4DTI(WSNR.JK+WSDR .,K-WSSDR.JK-WSRR.JK) UP-
N WSO:WSOC UP- 2
NOTE

L C WSOC:90 UP- 3
NOTE
NOTE WSO WEAPON SYSTEM OPERATIONAL
NOTE WSOR WEAPON SYSTEM DELIVERY RATE
NOTE WSMR WEAPON SYSTEM MAINTENANCE RATE
NOTE WSSUR WEAPON SYSTEMS SYSTEM DEFICIENCY RATE
NOTE WSRR WEAPON SYSTEMS RETIREMENT RATE
NOTE
R WSPuR.KL:WSORP.N3OSF.K 0?- 4
NOTE
NOTE WSMR WEAPON SYSTEM MAINTENANCE RATE
NOTE WSN WEAPON SYSTEMS NOT OPERATIONAL
NOTE OSF OPERATING AND SUPPORT FACTOR
NOTE
I W SN.K:W SN.J+UT3(WS SDR .JK-WS$R ,J K) UP- 5
N WSN:MSNC UP- 6
C WSNC:II UP- 7
NOT E
NOTE WSN WEAPON SYSTEMS NOT OPERATIONAL
MOTE WSSDR WEAPON SYSTEM SYSTEM DEFICIENCY RATE
NOTE I1SMR WEAPON SYSTEM MAINTENACE RATE
NOTE
R WSSDR.KL:USE,K/NTBF.K UP- 8
NOTE
NOTE WSSDR SYSTEM DEFICIENCY RATE
NOTE WSO WEAPON SYSTEMS OPERATIO NAL
NOTE USE USE
MOTE MTBF MEAN TIME BETWEEN FAILURES
NOTE OPERATING AND SUPPORT SECTION
NOTE
A WSORP.N:W$O.K/(WSN.K’41S0.K) 0?- 9
NOTE WSORP WEAPON SYSTEM OR PERCENT
NOTE WSO WEAPON SYSTEM OPERATIO NAL
MOTE WSN WEAPON SYSTEM NOT OPERATIONAL
NOTE
A OSR.K:WSORP.KLOSCF UP- 10
C O$CF:.1 OP- 11
NOTE
NOTE OSR OtS REQUIRED
MOTE WSORP WEAPON SYSTEM OR PERCENT
NOTE OSCF OtS COST FACTOR
NOTE
A PFOS.K:TABHL (PFOST,WSORP.K,I,50,10) OP- 12
I PFOST:1/l/1/1.15/1.82/2,68 UP- 13
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MOTE
NOTE PFOS PRESSURE FOR O&$
NOTE WSORP WEAPON SYSTEM OR PERSCENT
NOTE
A OSF.i(:OSDAM.~IPFOS.K UP- 14
NOTE OSF OtS FACTOR
NOTE OSDAM O&S DOLLAR AVAILABLE MULTIPLIER
NOTE PFO$ PRESSURE FOR O&S
MOTE
A OSDAM.K:TABLE :TABXT (OSDAMT,OSR.K/OSA.X i1 )p0,2,.2, UP- 15
I OSUAN T: l .0/ .981.91.82/. 7 1.SZ I .381.29/ .a 61.ZI f .Zt  UP- IS
MOTE
NOTE OSDAM OtS DOLLAR AVAILABILITY MULTIPLIER
NOTE USA O&S AVAILABLE
MOTE
A uSE.g:~SoRF~K,(MSU.g+WSN.K).OPLAN )( OP- 17
NOTE
NOTE USE USE
NOTE OPLAN CERAT A TIONAL PLAN
MOTE WSORF WEAPON SYSTEM OR FACTOR
NOTE
A OPLAN .K:TABHL (OPLANT,TIME,K,0,240,20) UP- 18
T OPIANT:1/1/1/1/l/1.2/1/1/1/.9/1 UP— 19
NOTE
NOTE OPIAN OPERATING PLAN
NOTE
NOTE
T WSORFT:t/1/.85/.75/.68/.62 OP- 20
A WSORF .K :TABHL (WSORFT,WSORP,K,0,50,10) UP- 21
NOTE
NOTE WSORF WEAPON SYSTEM OR FACTOR
NOTE WSORP WEAPON SYSTEM OR PERCENT
NOTE
A MTBF.K:MTBFCITE4D.(*MTBFM,K UP- 22
C MTBFC:4 UP- 23
NOTE
NOTE MTBF MEAN TIME BETWEEN FAILURE
NOT E MT BFC MTBF INIT IAL CONSTANT
NOTE TE4D TECHNICAL EFFECTIVENESS DESIGNED)SMOOTHED)
MOTE MTBFM MTBF AGE MULTIPLIER
NOT E -

A IE4U.X:SMOOTH (TE4.K,18) OP- 24
NOTE TE4D TECHNICAL EFFECTIVENESS DESIGNED (SMOOTHED)
NOTE 1(4 TECHNICAL EFFECTIVENESS DESIGNED
MOTE
A MTBFM .K:TABHL iMTBFMT,WS4A.K,5000,15000,Z000) UP- 25
T MIBFMT:1/1.05/I.13/1.25/I.6/1.9 UP- 26
NOTE
MOTE MTBFM NTBF ACE MULTIPLIER
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NOTE AWSA ACCUMULATED WEAPON SYSTEM ACE
NOTE
L AWSA .K :AWSA.J+0T4)WSAR .JK-WSARR.JK) UP- 27
N AWSA:AWSAC UP- 28
C AWSAC:I UP- 29
NOTE
NOTE AWSA ACCUMULATED WEAPON SYSTEM ACE
NOTE WSAR WEAPON SYSTEM ACE RATE
NOTE WSARR WEAPON SYSTEM AGE RESTORATION AND RETIREMENT RATE
MOTE
R WSAR.KL:USE.K UP- 31
NOTE
NOTE WSAR WEAPON SYSTEM AGING RATE
MOTE USE USE
NOTE
R WSARR.KL:(MODF .KIAWSA .K)+(WSAA ,K.WSRR.JK) UP- 31
NOTE
NOTE WSARR WEAPON SYSTEM AGE RESTORATION AND RETIREMENT RATE
MOTE MOOF MODICAT ION FACTOR
NOTE AWSA ACCUMULATED WEAPON SYSTEM ACE
NOTE WSAA WEAPON SYSTEM AVERAGE ACE
NOTE WSRR WEAPON SYSTEM RETIREMENT RATE
NOTE
A ~~~~~~~~~~~~~~~~~~ UP- ~2MUTE
NOTE WSAA WEAPON SYSTEM AVERAGE ACE
NOTE WSO WEAPON SYSTEMS OPERATIONAL
NOT E WSN WEAPON SYST EM NOT OPERATIONAL
NOTE
R WSRR.XL:MIN (1~WSO.K*(ATTR+WSRF.K)) UP- 33
C ATTR:.0016 UP- 34
MOTE
NOTE WSRR WEAPON SYSTEM RETIREMENT RATE
NOTE
A WSRF.K2TABHL (MSRFT,WSAA.K,2500.10011,2500)*TM.K UP- 35
T WSRFT:l/.33/.66/1.0 UP- 36
NOTE
NOTE WSRF WEAPON SYST EMS RETIR EMENT FRAC T ION
NOTE WSAA WEAPON SYSTEM AVERAGE ACE
NOTE TM TI M E MULTIPLIER
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NOTE
MOT E RESOURCES SECTOR
MOTE
MOTE
I TOTRES.~:IOTRES...~ + DTI (DISCOV .JK-TRUSE .JK) RS- I
N TOIRES:TOTRSC RS- 2
C TQTRSC:I00 RS- 3
NOTE
MUTE TOTRES TOTAL RESOURCES
MOTE DISCOV DISCOVERY RATE
NOTE TRUSE TOTAL RESOURCE USE
MOTE
R DISCOV.KL:U1SCOF.XITOTRES.K RS- 4
NCTE
MOTE UISCOV DISCOVERY RATE
NO’E UISCOF DISCOVERY FRACTION
NOTE TQTRES TOTAL RESOURCES
NOTE
A DISCUF.K :TABHL (DISCOT,SEARCH.k,J, .1,.02)/12 RS 5
I UISCOT: .0/ .0 2/J6/ .08/ .09/ .I RS- 6
MOT E
MOT E DISCOF DISCOVERY FRACTION
NOT E SEARCH SEARCH FOR RESOURCES (SMOOTHED )
NOT E
A SEARCH.(~:SNOQTH(StARC .~~3l) RS- 7
A SEARC .K~TABHL (SEARCT,TOTRES .K~~,1H,20) RS- 8
T SEARCT:1/.9/.8/.55/.3/.15 RS- 9
MOTE
MOTE SEARCH SEARCH FOR RESOURCES (SMOO THED)
NOTE SEARC SEAR H FOR RESOURCES
MOTE TOTRES TOTAL RESOURCES
NO) E
R TRUSE.i(L:GROWTH.KeTOTRES.K RS- 10
NOTE
MOTE IRUSE TOTAL RESOURCES USE
MOT E GROWTH GROWTH FACTOR
NOTE TOTR ES TOTAL RESOURCES
NOT E
A CROWTH.K:1ABHL (GROWTT,TOTRESj~,I,1I0,i0)/12 RS- 11
I CROWTT:-511- 301-15/-5/0I.I07I.018/,025/ .031i3 RS- 12
NOTE
MOTE GROWTH GROWTH FACTOR
NOTE TOTRES TOTAL RESOURCES
NOTE
I USRES.KZUSRES.J + Die (RAUS..JK-RDMDUS.JK) RS- 13
N USRES2USRESC RS- i4
C U$RESC:33 RS- 15
NOT E
MOTE JSRES US RESOURCES
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MOTE RAUS RESOURCES ALLOCATION FOR THE US
NOTE RDMDUS RESOURCE DEMAND IN US
NOTE
R RAUS .KL:OISCOV .JK*ALLOCF RS 16
C ALLUCF:.33 RS 17
NOTE
NOT E RAIJS RESOURCES ALLOCATION FOR THE US
NOTE UISCOV DISCOVERY FRACTION
MOTE TRUSE TOTAL RESOURCE USE
MOTE ALLOCF ALLOCATION FRACTION
NOTE
R RDMDUS.KL:(GROWTH.K- (EFFF.K/140))+USRES.X RS- 18
NOTE
MUTE RDMDUS RESOURCE DEMAND IN THE US
NOTE GROWTH GROWTH FACTOR
NOTE USRES US RESOURCES
NOTE EFFF EFFICIENCY FACTOR
NOT E
A EFFF .K=DTC.K+TECHIF.X RS- 19
NOTE
NOTE EFFF EFFICIENCY FACTOR
MOTE DTC DESIRE TO CONSERVE
NOTE TECHIF TECHNICAL IMPROVEMENT FACTOR
NOTE
A USRESS.K:SMOOTH (USRES,K,1l) RS- 20
NOTE
NOTE USRESS US RESOURCES (SMOOTHED)
MOTE USRES US RESOURCES
MOTE
A DTC.K:TA8HL(DTCT,USRESS.k~0,35,5) RS- 21
I DTCT~-2.I— .75/- .15/.4I.7/ .9I1.ll.0 RS- 22
NOTE
NOTE OTt DESIRE TO CONSER VE
NOTE USRESS US RESOURCES (SMOOTHED)
NOTE
A TECHIF.K=TABHL (TECHIT,TECHCR.K,0,.2,.04) RS- 23
I IECHIT:1/.5/.Z5/.15/.071.04 RS- 24
MOT E
NOTE TECHIF TECHNICAL IMPROVEMENT FACTOR
NOTE TECHCR TECHNOLOGY CHANGE RATE
NOT E
A RPFT.K:IABHL (RPFFT,USRESS.X,~,100,10) RS- 25
I RPFTT :1./.81.7/.6/.5/.45/.4/.37/.35 RS- 26
MUTE
NOTE RPFT RESOURCES PRESSURE FOR TECHNOLOGY
NOTE USRESS US RESOURCES (SMOOTHED)
NOTE
A RAOP P.X :TAfiHLIRADPPT,TOTRE S.K,I,t0l~10) R$- 27
I RAOPPT:0/ .1/.Z5I.41.351,32/ .3/.28/.Z7/.Z6/.25 RS- 28
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NOTE
MOTE RAOPP RESOURCES AVAILABLE t FOR DEFENSE PRODUCTION
NOTE TOTRES TOTAL RESOURCES
NOTE
A R~ADP.K:TOTRE$.geRAUPP.g4AALLOC RS- 29
C AALLOC~.35 RS- 30
MOTE
MOTE RAPDP RESOURCES AVAILABLE FOR ALLIED DEFENSE PRODUCTION
NOTE TOTRES TOTAL RESOURCES
MOTE RAUPP RESOURCES AVAILABLE Z FOR DEFENSE PRODUCTION
MOTE AALLOC ALLIED ALLOCATION PERCENT
MOTE
A RAEDP.K:TOTRES.XIRADPP.K4EALLOC RS- 31
C EALLOC~.32 RS- 32
NOTE
NOTE RAEDP RESOURCES AVA ILABLE FOR ENEMY DEFENSE PRODUCTION
NOTE TOTRES TOTAL RESOURCES
NOTE RADPP RESOURCES AVAILABLE ~ FOR DEF~N$E PRODUCTION
MOTE EALLOC ENEMY ALLOCATION
NOTE
A RAUSUP.K:USRES.~;RPUSDP.K RS- ~3
NOTE RAUSUP RESOURCES AVAILABLE FOR US DEFENSE PRODUCTION
NOTE USRES US RESOURCES
NOTE RPUSUP RESOURCES I FOR US DEFENSE PRODUCT ION
NOTE
A RPUSDP (:T4BHL(RPUSDT,USRES.K,0,35~5) R8 34
I RPUSDT:0/.2/.4/.3/.28/.271.26/.25 RS- 35
MOTE RP’JSDP RESOURCES Z FOR US DEFENSE PRODUCTION
NOTE USRES US RESOURCES
MOTE
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NOTE TECHNOLOGY SECTOR
NOTE
I TECH.K:TECH,J + DT*(TIR.JK-TLR.JK) IC- I
N TECH:TECHC IC- 2
C TECHC:100 1C 3
NOTE TECH TECHNOLOGY AVAILABLE
NOT E T IR TECHNOLOGY INPUT RATE
NOTE TLR TECHNOLOGY LOSS RAT E
MOTE
R TIR.KL:TECH.K4(CROWTH.K+TDFS.K) TC- 4
NOTE
NOT E T IR TECHNOLOGY INPUT RAT E
NOTE GROWTH GROWTH FACTOR
NOTE TUFS TECHNOLOGY DISCOVERY FRACTION (SMOOTHED)
NOTE
A TDFS.K:SNOOTH(TDF.K,TDFD) IC- 5
C TUFU:~ IC- 6
NOTE
MOTE TDFS TECHNOLOGY DISCOVERY FRACTION SMOOTHED
NOTE TOF TECHNOLOGY DISCOVERY FRACTION
NOTE TOFU TECHNOLOGY DISCOVERY FRACTION DELAY
NOTE
A TDF.K:TA BHL(SNT.K ,0,1,.fl/ 12 TC- 7
T TUFT:j1/.031.07I.1/.12I,13 IC- 8
MOT E
NOTE TDF TECH NOLOGY DISCOVERY FRACTION
NOTE
A SNT.K:TABHL (SNTT,TSP.K,0,.15,.03) IC- 9
I SNTT:.1I.15/ .321.521.$11,0 IC- 10
NOTE
NOTE SNT SEARCH FOR NEW TECHNOLOGY
NOTE
A TSP.K:TP.K+OP.K TC- II
NOTE
NOTE TSP TOTA L SEARCH PRESSURE
NOTE TP TECHNOLOGY PRESSURE
NOT E OP OTHER PRESSURE
NOTE
A TP.K:TASHL (TPTiTECH.K,0,100,10) IC- 12
NOTE
NOTE TP TECHNOLOGY PRESSURE
NOTE TECH TECHNOLOGY AVAILABLE
MOTE
I TPT:1/1/ .91.51.27/.1 IC- 13
A OP.K:SU$V(RDOC,X)IECONIRPFT.X IC- 14
C ECON:tlh IC- 15
NOTE
NOTE OP OTHER PRESSURE
NOTE RDOC RESEARCH DOLLARS ON CONT RACT
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NOTE ECON ECONOMIC BASELINE
NOTE RPFT RESOURCES PRESSURE FOR TECHNOLOGY
NOTE ~SP TOTAL SEARCH PRESSURE
NOTE
R TLR.KL~TECH.~.TLF.K IC- 16
R TLF.K:$MOOTHkGROWTH .KiILFD ) IC- 17
C TLFD~60 IC- 18
NOTE
MOTE TECHCR TECHNOLOGY CHANCE RATE
NOTE TIR TECHNOLOGY INPUT RATE
MOTE TLF TECHNICAL LOSS FACTOR
MOTE TLR TECHNOLOi~Y LOSS RATE
NOTE TECH TECHNOLOGY AVA ILABLE
NOTE
A TCF.K:TAB (41(TCFT,TECHCR.KiO,.2,.02) IC- 19
T TCFT:2.0/1.95/1.8S/1.7/1.45/1.#/.67/.5/.35/.3/,25 TC- 20
A IECHCR.K:(TIR.JK-TLR.JK)1TECH.K TC- 21
MOTE
NOTE TCF TECHNICAL COMPLEXIT Y FACTOR
NOTE TECHCR TECHNOLOGY CHANCE RATE
NOTE

S

2921.



NOTE PRODUCTION SECTOR
NOTE
MOTE
NOTE A~IIJAL PRODUCTION SECTIONNOTE
MOTE
I ~~~~~~~~~~~~~~~~~~~~~~ PR-
N WSP:WSPC PR- 2
C WSPC:0 PR- 3
NOTE
MOTE WSP ~EAPON SYSTEM PRODUCTION
MOTE W SPI R WEAPON SYSTEM PRODUCTION INPUT RATE
MOTE WSPR WEAPON SYSIE M PRODUCTION RATE
MOTE
R WSPIR.KI:MIN (PGN4.K,RCWS.K) PR- 4
NOT E
NOTE W SPIR WEAPON SY STEM PRODUCTIO N IN PUT RATE
NOTE PG$4 PROGRAM
NOTE RCWS RESOURCE CONSTRAINED WEAPON SYSTEMS
MOT E
A PGN4.K:TABLE{PCMIT,SCHEDP.X,0,1,.0833)CWSD4 .K+DCP4.lO12J PR- 5
I (TS MS3.K +TTPCC .K)
A SCHEDP.K =T SMS3 .K/ (TSNS 3 .K+TTPCC .K) PR- 6
NOTE
MOTE PGM4 PROGRAM
NOTE SCI~EDP SCHEDULED PRODUCTION
MOTE WSD4 WEAPON SYSTEM DEVELOPMENT DECISION
NOTE TSMS3 TIME SINCE MILESTONE 3
NOTE TTPCC TIM E III PRODUCT ION CONTRACT COMPLETE
NOTE
A RCWS.K:RAUSDP.X*WSRCF PR- 7
C WSRCF:.1 PR- -8
NOT E
NOTE RCWS RESOURCE CONSTRAINED WEAPON SYSTEMS
NOTE RAUSOP RESOURCES AVAILABLE FOR DEFENSE PRODUCTION
NOTE WSRCF WEAPON SYSTEM TO RESQURCES CONVERSION FACTOR
NOT E
R WSPR.KL:DELAY3 (WSPIR .JKpPRODT.K) PR- 9
NOTE
NOTE WSPR WEAPON SYSTEM PRODUCTION RATE
NOTE WSPIR WEAPON SYSTEM PRODUCTION INPUT RATE
MOTE PRODI PRODUCTION TI ME
NOTE
A PRODT.K :APRODT +PRODTA .(( PR- 10
C AP RODT :24 PR- 11
MOTE
MOTE PROOT PRODUCTION lIME
NOTE APR OOT AVERAGE PRODUCTION TIME
NOTE PRODIA PRODUCTION TIME ADJUSTOR
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NOTE
A LCF.K~~ BHL (LCFT,TWSP.K,4,5J0,*0X ~R- 12
I LCFT:1/1.t5 /1 .35J1,5 7i1.& 9/1 .78/1.8 7/1. Q6/Z,~ZI2.11 /Z ,2if PR- 13
NOTE
MOT E LCF LEARNING CURVE R~CTOR
NOTE TWSP TOTAL WEAPO N SYSTEM PRODUCED
NOTE
L TWSP.K:IWSP.J+DT,IWSPR.JK-LCRR .JK) PR- 14
R LCRR.KL:T~~.K4T WSP.X PR- 15
N TWSP:TWSPC PR- 16
C TWSPC:0 ~R- 17
NOTE
MOTE TW SP TO TAL WEAP O N SYS T E M PRODUCED
NOTE WSPR WEAPON SYSTEM PRODUCTION RATE
MOTE LCRR LEARNING CUR VE RELE A SE RATE
MOTE
MOTE
N PRODT:24 PR- 18
A PRODTA.~:TTE.K3ME44CPTS,K_LCF.K PR- 19
C ME4:1 PR- 20
A TTE.K:TE4.KCTCF .K PR- 21
A TE4.K:PASTP 3.~(/PSTP P3.~ PR- 22
NOTE
NOTE ~RODTA PRODUCTION TINE ADJUSTOR
MOTE LCF LEARNING CURVE FACTOR
MOTE TIE TOTAL TECHNICAL EFFE CT I VEN ESS
NOTE ME4 MANAGE MENT EFFECTIVENESS 1~J NST AW T
MOTE TE4 TECHNICAL EFFECTIVE NESS
MOTE PASTPS PAST PROCRESS
MOTE PSTPP PLANNED PAST PROGRESS TRANSFER RATE
A C PT S.K ~S MO OT 4 (C PT ,K,C PT D) PR- 23
C CPTD:l PR- 2*
A CP T.~:PROUT.K-PRUDTD.K PR- 25
MOTE
MOTE OPTS CHANGE IN 2RODIICTION TIME (SMOOTHED)
NOTE OPT CHANGE IN PRODUCTION TIME
NOTE PRODT PRODUCTION T IME
NOTE OPTU CHANGE IN PRODUCTION DELAY
NOTE DCA PR4 DESIRED CHANGE IN ACTUAL PRODUCTION RATE
NOTE APR4 ACTUAL PRODUCTION RATE
MOTE PRODID PRODUCTION II~E DE S IRED
NOTE
MOTE MA RCIMAL ANP~YSIS TO DETERMI NE DESIRED PRODUCTION i~E
NOT E DESIRED TIME LATE, AND DESIRED COST FACTOR
NOT E
FOR P:1,10
A RWSP,K:*4WSP.K-TWSP.K PR- 26
MOTE
MOTE SWSP REMAINING WEAPON SYSTEMS TO PRODUCE
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MOT E NW SP NUMBER OF WEAPON SYSTEMS TO PRODUCE
MOTE
A WSPRR.K (P):RWSP.K/RTTPCC.K (P) PR- 27
MOTE
MOTE WSPRR WEAPON SYSTEM PRODUCTION RATE REQUIRED
NOTE RWSP REMAINING WEAPON STSTEMS TQ PRODUCE
MOTE TTPCC TINE TIL PRODUCTION CONTRACT COMPLETE
NOTE WSPRR WEAPON SYSTEM PRODUCTION RATE REQUIRED
MOTE
A RTT PC C .K ( P): T T PC C .X+ T ~P) PR- 28
MOTE
NOTE RTTPCC REVISED TIME IlL PRODUCTION CONTRACT COMPLE TE
MOTE TTPCC TIME TIL ~RODUCTION CONTRACT COMPLETE
NOTE I TIME LATE
NOTE
A CF4.K(P):TABHL (CFT4,WSPRR.K (P~,.6,2,.2) PR- 29
MOTE
NOTE CF4 COST FACTOR
NOTE WSPRR WEAPON SYSTEM PRODUCTION RATE REQU IRED
MOTE
A CP 4.X ( P ) : CF4 .X ( P) C R T TP CC .X ( P) PR- 30
NOTE
NOT E CPL COST PENAL TY
MOTE OF’ COST FACTOR
MUTE STIPOC REVISED TIME IlL PRODUCTION CONTRACT COMPLETE
NOTE
A SF4j((P):TABHL(SFT4,T{PP(,l~10,l) PR- 31
NOTE
NOTE SF4 SCHEDULE FACTOR
NOTE I TIME LATE
NOTE
A SP4.X(P)~SF4.K (P)eT (P) PR- 32
NOTE
NOTE 8P4 SCHEDULE PENALTY
NOTE SF4 SCHEDULE FACTOR
MOTE I TIME LATE
NOTE
A TC4.K P):(CWF4CPL .X(P)(+(SWF+ 5P4.K (P)) PR- 33
NOTE
NOTE 104 TOTAL COST
NOTE CWF COST WEIGHT FACTOR
MOTE CP 4 COST PENALT Y
NOTE SUE SCHEDULE WEIGHT FACTOR
MOTE SP4 SCHEDULE PENALTY
MOTE
A DATA4.K :DPR1(DCF* .K,DTL 4,X,TC* ,~,WSPRR .KICP4 ,K,SP 4.X) ~R- 34
NOTE DPR 1 TS A FORTRAN FUNCTION TO FIND THE JESI~ED
NOTE TINE LATE ( DTL ) AND DESIRED COST FACI OR ( DCF )
NOTE
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A PRODT~.K:~SP .g/DWSPR ,~ PR- 35
NOTE
NOT E PRODTD PRODUCTIO N TIME DESIRED
NOTE WSP WEAPON SYSTEM PRODUCTION
MOTE DW SPR DESIRED WEAPON SY STEM PRODUCTION RATE

— NOTE
L WSIT.K:WSIT .J+DT e(WSPR.JK-WSDR.JK) PR- 36
N WSIT :WSITC - PR- 37
C WSIIC:~ PR- 38
R WSDR .KL :DELAY 3 (WSPR.JXiZ ) - PR- 39
MOTE
MOTE WSIT WEAPON SYSTEMS IN TRA NSIT
NOTE WSPR WEAPON SYSTEM PRODUCTION RATE
MOTE WSDR WEAPON SYSTEMS DELIVERY RATE
NOTE
I PP4.X=PP4.J+DT+ (PPGM4.JK-PPTX4.JK) PR- 40
N pp4:Pp4C PR- 41
C PP1C:0 PR- 42
MOTE
NOTE PP4 PLANNED PRODUCTION
MOTE P~R4 PLANNED PRODUCTION RATE
NOTE PPTX4 PLANNED PRODUCTION TRANSFER RATE
NOTE
R ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P~~- 43
I +IJOINWSP.K
A PSCHD4,K:TSMS3 K/TIP,k PR- 44
NOTE
A P$E4 K:$WF4TABHL (P9ET !ELF4.k,O,1,,2)4FLFL .~3C WF ~R 45
NOTE PSE4 PRESSURE FOR SCHEDULE EX~~4SIOM
NOTE ELF4 ESTIMATED LATE FACTOR
NOTE FIR FUNDS LI MIT FACTOR
NOTE SWF SCHEDULE WEIGHTING FACTOR
NO TE CWF COST WEIG HTI NG FACTOR
4 ELF4 ,~:DTL4.K/TIPCC.~ PR- ~6
NOTE ELF ESTIMATED LATE ~AC 7OR
NOTE DTL4 DESIRED TIME LATE
NOTE TTPCC TIME IlL PRODUCTION C~NT~A CT CC~PLE~E
A SEA4.K:CRP44.K+P5~4.K/U$URGF.g PR- 47
A SCD~.K:CLIP(SEA4.K,0,SEA4.X,.5) ~R 48
NOTE
NOTE PSE4 PRESSURE FOR SC4EDIJLE EXTENSION
NOTE CSPA COST REPORTED PLANNED TO A2 T uAL
MOTE USURCF iS URGENCY FACTOR
NOTE 3C04 SCHEDULE EXTENSION DECISION
NOTE SEA4 SCHEDULE EXTENSION ADJUSTOR
MOTE
4 SCDM4 K:CLIP (1,3CD4.K,SCD4 .~ p 1) PR- ~9
A SCHC <:SCDN4.~+DTL*.~ PR- 50
A CPCC .K:CLIP (SCHC.N,FC.~,SCHC ,Kp FC.~) PR- SI
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NOTE
NOTE SCD4 SCHEDULE EXTENSION DECISION
NOTE DTL4 DESIRED TIME LATE
NOTE
A FC.K :MAX (0,TTPCC.K/FLF4.K-TTPCC.KI PR- 52

— NOTE
I CR4 ,K:C R4.J+DT*(CRR4 .JK-CRTR4 .JK) PR- 53
N CR4:CR4C PR- 54
C CR4C:0 PR- 55
NOT E
MOTE CR4 COST REPORTED
NOT E CRR4 COST REPORTING RATE
MOTE CRTR4 GUST REPORTING TRANSFER RATE
NOTE
R CRR4.KL:CE44flCFS4.K3PPGM4.Jl(~LCF.K PR- 56
C CE4:1 PR- 57
NOTE
NOTE CRR4 COST REPOR TED RATE
NOT E CE4 COST ESTIMATING ERROR
NOT E PPG~4 PLANNED PROGRAM
NOTE DCFS* DESIRED COST FACTOR (SMOOTHED )
NOTE
MOTE PR- 58

A DCFS4,X:SMOOTH(DCF4.k,DCF4D) PR- 59
MOTE
NOTE DCFS4 DESIRED COST FACTOR (SMOOTHED)
NOTE DCFI DESIRED COST FACTOR
NOTE DCF4D DESIRED COST FACTOR DELAY
MOT E
I PC4.K:PCL.J+DT4(PCR4.JK-PCTR4.JK) PR- 60
NOTE
MOTE PC4 PLANNED COSTS
NOTE PCR4 PLANNED COST RATE
MOTE PCTR4 PLANNED COST TRANSFER RATE
NOTE
R PCR4.KL:PCMi .X/ PTCR +CPC4 .K PR- 61
NOTE
NOT E PCR4 PLANNED COST RATE
MOTE PCM4 FROCRA M
NOTE PTCR PRODUCTIO N TO COST RATIO
NOTE
A TPC4,K:NWSP.K/PTCR+CPCI.K PR- 62
NOTE
NOTE TPC4 TOTAL PLANNED COST
NOTE TPG4 TOTAL PRODUCTION COAL
NOTE PTCR PRODUCTION TO COST RATIO
NOTE CPC4 CHANCE IN PLANNED COST
MOTE
MOTE
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A ~~~~~~~~~~~~~~~~~~~~~ PR- aS
NOTE FLF4 FUNDS LIMIT FACTOR
MOTE lWCi TIME WEIGHTED COST
A TWC4.~:TTPCC.K*CRPA4.~ PR- 6~
NOTE TWC4 TIME WEIGHTED COST

• NOTE TIPCC TIME TIL PRODUCTION CONTRACT COMPLETE
NOT E CRPA* COST RA T t O~ PLANNED TO ACTUAL
A PIF4.K:TABHL (PIFT,FLF4.Xp 0,1,4,.2) PR- 65
MOT E PIF4 PRESSURE FOR INCREA SED FUNDS
NOTE FLF4 FUNDS LIM IT FACTOR
A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PR- 66
NOTE ITAF4 INCLINATION TO APPROVE FUNDS
MOTE F44 FUNDS AVA IL IAB IL IIY
NOTE PIF4 PRESSURE FOR INCREASED FUNDS
MOTE PRAP PROGRESS RATIOiACTUAL TO PLANNED
NOTE USUR GF US URGENCY FACTOR
MOTE NAIMP F MISSION AREA IMPORTANCE FACTO R
A FID4.K:TABHL (FiDT,ITAF4.K,.8,2,~,.2) PR- 67
MOTE F104 FUNDS INCREASE DECISION
NOTE ITAF4 INCLINATION TO APPRO VE FUNDS
A ~~4•g:~j~4.g,ECC4.g PR- 68
NOTE CPC4 CHANGE IN PLANNED COST
MOTE FID4 FUNDS INCREASE DECISION
MOTE ECC4 ESTIMATED CHANGE IN COST
A ECC4.K~CIIP(ICR4. 3,ICR~.X4~*(TSMS3.X#TTPCC.K)/PTCR PR- 69
NOTE ECC4 ESTIMATED CHANGE IN COST
MOTE 0RPM COST RATIO , PLANNED TO ACTUAL
NOTE TSMSO TIME SINC E MILESTONE 0
NOTE TTPCC TIME IlL PRODUCTION CONTRACT COMPLETE
MOTE PTCR PROGRESS TO COST RATIO
A ICR4.K:1-1/CRPA4.K PR- 70
A FA4.K :TABHL (FAT,FAF4.K,J,.4,.05) PR- 71
MOTE
NOTE FA4 FUNDS AVAILABILITY
NOTE FAF4 FUNDS AVAILABILITY FACTOR
A FA F4.K:ECC4~KftUA. (( (2) PR- 72
NOTE FAF FUNDS AVAILABILITY FACTOR
NOTE ECC4 ESTIMATED CHANCE IN COST
MOTE RDA (2) RESEARCH DOLLARS APPROPRIATED
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MOTE ALLIED SECTOR •*.4;..4..

MOTE
FOR IAA :1,120
N APLAN (IAA):i AL- 1
MOTE APLAN ALLIED PLANNED PRODUCTION

— N FMSA (IAA):0 AL- 2
NOTE FMSA FOREIGN MILITARY SALES AGREEMENTS
MOTE
N AW SP:0 AL- 3
I AWSP.X:4WSP•J+ (OT)(AWSPR.JN-AWSDR.JK) AL- 4
R AW SPR.KL:FSHI FT(APLA N.X) AL- 5
A ADELR.K:24/AURGF. K AL- 6
R AWSDR .KL~DELAY 3(AWSPR.JK,ADEIR.K) AL- 7
MOTE
NOTE AW SP ALL IED WEAPON SYSTEMS IN PRODUCTION
NOTE AWSPR ALLIED WEAPON SYSTEMS PRODUCTION RATE
NOTE AWSOR ALLIED WEAPON SYSTEMS DELIVERY RATE
MOTE APLAN ALLIED PLANNED PRODUCTION
NOTE ADELR ALLI ED DELAY RATE IN PRODUCTION
NOTE AURGF ALL IED URGENCY FACTOR
NOTE
I AW S O.K :AWS O .J +DT4 (A USD R.JK+AWS MR.JK -4~.SU R.JK+AFMSD R.JK) AL- 8
N AW SO:5 AL - 9
MOTE
MOTE AUSO ALLIED WEAPON SYSTEMS OPERATIONAL -

NOTE AWSOR ALLIED WEAPON SYSTEMS DELIVERY RATE
NOTE AW SMR ALLIED WEAPON SYSTEMS MAINTENANC E RATE
NOT E AWSUR ALLIED WEAPON SYST EMS USE RATE
MOTE AFMSDR ALLIED FOREIGN MILITARY SALES DELIVERY RATE
NOTE
N AW SN:1 AL- 10
I AWSN•K:AWSN.J+ (Dl) (AWSUR .JK-AWSMR .JK-AWSRR .JKI AL- 1 1
R AWSMR.KL:AWSM.KIAMPCT AL- 12
R AWSUR .KL:AWS O.K4AUPCT AL- 13
R AWSRR.KL:ARETC*AWSN .K AL- 14
NOTE
NOTE AW SN ALLIED WEAPON SYSTEMS NON-OPERATIONAL
MOTE AWSUR ALLIED WEAPON SYSTEMS USE RATE
NOTE AWSMR ALLIED WEAPON SYSTEMS MAINTENANCE RATE
MUTE AWSRR ALLIED WEAPON SYSTEMS RETIREMENT RATE
MOTE AMPCT ALLIED PERCENTAGE OF WEAPONS REPAIRED
NOTE ALJPCT ALLIED PERCENTAGE OF WEAPONS USED
MOTE ARETC ALLIED RETIREMENT CONSTANT
NOTE
N WSFAI:0 AL- 15
I WSFAI.K:WSFAI.J+DTa~ATXR .JK-AFM SDR.JK 3 AL- (6
R AFMSDR.KL:DELAY3 (ATXR.JK,24) AL- 17
R ATXR .KL :FHSIFT (FMSA •K) AL- 18
NOTE
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NOT E W SFA I W EAPON SYST EMS FOR ALLIED INVENTORIES
NOTE A TXR ALLIED TRANSFER RAT E
NOTE AF MS DR ALLIED FOREIGN MILITARY SALES DELIVERY RATE
NOTE FMSA FOREIGN MILITARY SALES AGREEMENTS
MUTE

— - C AMPCT: .85 AL- 19
NOTE AMPCT ALLIED PERCENTAGE OF WEAPONS REPAIRED
C AUPCT : .21 AL- 20
MOTE AUPCT ALLIED PERCENTAGE OF WEAPONS USED
C ARETC: •002 AL- 21
NOTE AR ETC ALLIED RETIREMENT CONSTANT
C ADESUF:1.0 AL- 22
NOT E ADESUF ALLIED DESIRE FOR W EAPON SYSTEMS
C ACPWS:75 AL- 23
MOTE AC PW S ALLIED CAPA BI LITY PER WEAPON SYST EM
NOTE
A ADEF .K (MO):MAX (ADIF.K (MO),0)*ADPCT.K AL- 24
A ADI F.K(MO):ECA P .~( ( M O )-A CA P.K (MO)-US CA P•K( MO) AL- 25
NOTE
NOTE ADEF ALLIED DEFICIENCY
NOTE ADIF ALLIED DIFFERENCE IN CAPABILITY
NOTE ADPCT ALLIED PERCENTAGE OF DEFICIENCY
NOTE ECAP ENEMY CAPABILITY
NOTE 4CAP ALLIED CAPABILITY
MOT E USCAP US CAPABI LITY
MOTE
A AURCF .K:IABLE {EWGT,AURG .K/12,0,10,1) AL- 26
A AURC.K:URGENCT (ADEF.K) AL- 27
MOTE
NOT E AURGF ALLIED URGENCY FACTOR
NOTE EUCT URGENCY WEIGHTING TABLE
NOT E AURG ALLIED URGENCY--TIME TO FIRST DEFICIENCY
NOTE
A APTHR.K (MU)= (EINT .K-USIMT.K),ADEF.K (MO) AL- 28
NOT E
NOTE APTHR ALLIED PERCEIVED THREAT
NOTE EINT ENEMY INTENT TO USE FORCE
NOTE ADEF ALLIED DEFICIENCY
A ADMSL.K(MO):ADESWF4APTHR•~((MO)/ACPUS AL- 29
NOTE
NOT E ADWSL ALLIED DESIRED WEAPON SYSTE MS LEVEL
NOTE ADESUF ALLIED DESIRE FOR W EAPONS FACTOR
NOTE APTHR ALLIED PERCEIVED THREAT
NOTE ACPWS ALLIED CAPABILITY PER WEA P’)N SYSTEM
NOTE
A AINT .K :TABHL (AWCT,AINTF.K,- 1,1,.Z~ AL- 30
A AI NIF.K:SMOOTH(SUM(A PTHR .X )/ 12O ,3 ) AL- 31
N AINT F~•85 AL- 32
I AWC T:0l0/0/.05/,10/.25/.45/.85/•99/- .60/-1.J# AL- 33
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NOTE
NOT E A INT ALLIED INT ENT TO USE FORCE
MOTE AINTF ALLIED INTENT FACTOR
MOTE APTHR ALLIED PERCEIVED THREAT
NOTE
A ADPCT.K:TABLE (APFT,AINT.K,-1,1p .2) AL- 34
T APF T:-1.0/- .861- .25/- .15/- .05/0/.05/.151.251.601.65 AL- 35
NOTE
MUTE ADPCT ALLIED PERCENTAGE OF DEFICIENC Y
NOTE AIMT ALLIED INTENT
MOTE
C ACOSWS=5.5E6 AL- 36
A APPC.K:ACAPDP.K/ACOSWS AL- 37
NOTE
NOTE ACOSUS ALLIED COS T PER W EAP ON SYST EM
NOTE APPC ALLIED PROJECTED PRODUCTION CAPACITY
NOTE ACAP OP ALLIED CAPAC ITY FOR DEFENSE PRODUCTION
NOTE
FOR IA 1:l,36
I APLAN.K (IAI):APLAN .J (IAI)+DT* (APACC.JK (IAI)) AL- 38
R APACC.KL (IA1):MIN (ASD€V .g(IA1),APPC.I() AL- 39
A ASDEV .k(IAI):SUMV (ADWSL.K (e),1,36)+CLIP(1,0,T(IA1),12)/ AL- 40
1 (36-AURC.K)
NOTE

- NOTE APLAM ALLIED PLANNED PROD)ICT1OM
MOTE APACC ALLIED PRODUCTION ACCELERATOR
NOTE ASDEV ALLIED SCHEDULE DEVIATION
NOTE APPC ALLIED PROJECTED PRODUCTION CAPACITY
NOTE ADUSL ALLIED DESIRED WEAPON SYSTEMS LEVEL
NOTE AURG ALLIED URGENCY--TIME TO FIRST DEFICIENCY
NOTE T TIME
MOTE
L FHSA .K(MO):FMSA.J(MO)+DTI (FMSBR•JK (MO)) AL- 41
NOTE
NOTE FMSA FOREIGN M ILITARY SALES AGREEMENT
MOTE FMSBR FOREIGN MILITARY SALES BUT RAT E
NOTE
FOR IAZ:37,121
L APLAN.X (IA2):APLAN.4(IA2)4DT*(ALRADJ.JK(IAZ-36() AL- 42
R ALRA DJ .KL( 1A2-36 ) :CL IP(NAW S.K( IA2 ),J ,AD ECP. K,A DECB.K l AL- 43
NOTE
MOTE APLAN ALLIED PLANNED PRODUCT ION
NOTE ALRADJ ALLIED LONG-RANGE ADJUSTMENT RAT E
NO TE MAN S NUMBER OF ALLIED WEAPON SYST EMS
NOTE ADECP ALLIED DECISION TO PRODUCE
NOTE ADEOB ALLIED DECISION TO BUT
NOTE
A AGEF.X:TABHL (ACFT,AACE .K112,0,10,1) AL- 44
I ACFT :1/1/1/ 1/1I1.25/1.7512.513.2514.1516.0 AL- 45
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NOT E
MOT E AGEF ACE FACTOR
NOT E AAGE AVERAGE ACE
NOTE
A STDF,X :TABHL (STDFT,APSWS.K,0,1,.I) AL- 46
T STDFT:211.75/1/ .851.651.43/ •301.23/.171.12/.05 AL- 47
NOTE
MOTE STDF STANDARDIZATION FACTOR
NOTE APSWS ALLIED PERCENTAGE OF STANDARIDIZED WEAPON SYSTEMS
NOTE
A AQF.K(MO):TABH1 (AQUA1,T (MO).ACEF•K/STDF.K,~,120,12) AL- 48
T AQUAL :1.0/~99I.99/.98I .95/.85I.7!.55/.35I.25I.t AL- 49
MOTE
NOTE AQF ALLIED QUALITY FACTOR
NOT E I TIME
MOTE ACER AGE FACTOR
MOTE SIDE STANDARDIZATION FACTOR
MOTE
A APSWS.K :ASTIMV.K/(AWSO•K~AWSN .K) AL- 50
N AST INV:0 AL- 51
I ASTINV .K:ASTIMV.JeDT.(ASTR.JK I AL- 52
R ASTR .KL : FMSA.i ( ( l) +SWI TCH IO ,AW SO R.JK ,COFAC ,K) Al- 53
MOTE
NOTE APSW S ALLIED PERCENTAGE OF STANDARDIZED WEAPON SYSTEMS
NOTE ASTINY ALLIED STANDARDUED IW~EMTOR~
NOTE AWSO ALL IED W EAPON SYSTEMS OPERATIONAL
MOE AWS N ALL IED WEAPON SYSTEMS NON-OPERATIONAL AL- 54
NOT E ASTR ALLIED STANDARDIZATION TRANSFER RAT E
NOTE FMSA FOREIGN MILITARY SALES AGREEMENTS
MOT E AW SDR ALLIED WEAPON SYSTEMS DELIVERY RATE
MOTE COFAC COPRODUCTION FACTOR
NOT E
A ACAP.K (MO):(AWSO •X+AWSN.K4AWSP.X+SUNVIAPLAN,k(*),1, AL- 55
I T(MO)))*ACPWS*AQF•N (MO)
MOTE
MOTE ACAP ALLIED CAPABI L ITY
NOT E AWSO ALL IED WEAPON SYSTEMS OPERATIONAL
NOTE AW SN ALLIED WEAPON SYSTEMS MON-OPERATIONAL
NOTE AWSP ALL IED WEAPON SYSTEMS IN PRODUCTION
MOTE APLAN ALLIED PLANNED PRODUCTION
MOT E AC PWS ALL IED CAPABI LITY PER WEAPON SYSTEM
NOTE AQF ALLIED QUALITY FACTOR
NOTE
A ARUCWS.K:RAADP.K*RESCF.I( AL- 56
A RESCF .K :TARXT (RSCFT,RAADP.X,0,l00,10) AL- 57
T RESCFT:1.Eó/1.E4/1000/650/400/280/2U/14018#/40/10 Al- 58
NOTE
NOTE ARUCUS ALL IED RESOURCE UNIT CONSTRAINT PER WEAPON SYSTEM
NOTE RAADP RESOURCES ALLOWED FOR ALLIED DEFENSE PRODUCTION
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MOT E RESCF RESOURCE COST FACTOR
NOTE
A ACA POP.K:NIN(ARUCWS .X ,AG MP.K+APCN PO) AL- 59
NOTE
NOTE ACAPDP ALLIE~ CAPACITY FOR DEFENSE PRODUCTION
NOTE ARUCWS ALLIED RESOURCE UNIT CONSTRAINT PER WEAPON SYSTEM
NOTE ACNP ALLIED GROSS NAT IONAL PRODUCT
NOTE APCNPD ALLIED PERCENT OF CMP TO DEFENSE
NOTE
C APCMPD: .003 AL- 60
N ACNP:1E1O AL- 61
I ACNP.K:ACNP.J4OT*(ACNPCR.JK) AL- 62
R ACNPCR.XL:AGNP .K+ACNPGF AL- 63
C ACNPCF: .002 AL- 64
NOTE
NOTE APGNPO ALLIED PERCENT OF GNP TO DEFENSE
MOTE ACNP ALLIED GROSS NATIONAL PRODUCT(GNP)
NOTE ACNPCR ALLIED GNP GROWT H RATE
MOTE AGNPGF ALLIED GNP GROWTH FACTOR
NOTE
NOTE
A COFAC .k:ACOPR•K*USCOPA.K AL- 65
A ACOPR.K:CL IP(1,I,ACAP DP.X ,AD ECP•K) AL- 66
MOTE
NOTE COFAC COPRODUCTION FACTOR
NOTE ACOPR ALLIED COPRODUCTION REQUEST
NOTE USCOPA US COPRODUCTION AG REEMENT
NOTE ACAPOP ALLIED CAPACI T T FOR DEFENSE PRODUCTION
NOTE ADECP ALLIED DECISION TO PRODUCE
NOTE
A ACOA US.K:SUM (A DW SL • K)4ACO SWS AL- 67
A ACOUWS.K:SUM (APTHR.IO*ACBWS.K/USCPWS.K AL- 68
A ACOMUS.K:SUM (NAWS .X)4ACOSWS+SUM (NUSWS .K),ACBWS .K AL- 69
NOTE
NOTE ACOAWS ALLIED COST FOR ALLIED WEAPON SYSTEMS
NOTE ADWSI. ALLIED DESIRED WEAPON SYSTEMS LEVEL
NOT E ACOSWS ALL IED COS T PER W EAPON SYSTEM
NOTE ACOUWS ALLIED COST FOR US WEAPON SYSTEMS
NOTE APTHR ALL IED PERCEIV ED THREAT
MOTE AC BWS ALL IED COST TO BUT W EAPON SYST EMS
NOTE USCPWS US CAPABILITY PER WEAPON SYSTEM
NOTE MANS NUMBER OF ALLIED W EAPON SYST EMS PLANNED
NOTE MUSWS NUMBER OF US WEAPON SYSTEMS PLANNED
NOTE
A ADECB.K:MIN (ACOUWS.K,ACOMWS .X) AL- 70
A ADECP•K :SMOOTH (MIN (ADECB•X,ACOAWS.K ),1) AL- 71
NOTE
NOTE ADECB ALLIED DECISION TO BUT
NOTE ACOUWS ALLIED COST FOR US WEAPON SYSTEMS
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MOTE ACONWS ALLIED COST FOR MIXED WEAPON SYSTEMS INVENTORY
MOTE AOECP ALLIED DECISION TO PRODUCE
MOTE AC OAWS ALL IED COST FOR ALLIED W EAPON SYSTEMS
NOTE
A NAWS.({MO):CLIP (APTHR.k(MO)-USCPWS.K,00MP.K’WO) ,ADWSL ,~()MO) ~Al- 72
I ADECP .K,ACOAWS.K)
NOTE
MOTE MANS NUMBER OF ALLIED WEAPON SYSTEMS PLA NNED
NOTE APTHR ALLIED PERCEIVED THREAT
NOTE USCPWS US CAPABILI TY PER WEAPON SYSTEM
MOT E COMP COMPUTED TRA DEOFP FACTOR
NOTE ADWSL ALLIED DESIRED WEAPON SYSTEMS LEVEL
NOTE ADECP ALLIED DECISION TO PRODUCE
MOTE ACOAWS ALLIED COST FOR ALLIED WEAPON SYSTEMS
NOTE
A NUSW$.K (MO):CLIP (ACPW54COMP.~((MQ),APTHR. g(MO}/USCPW9.)(, 4L 72
I ADECP.K ,A CO IJW S .X )
NOTE
NOTE NUSWS NUMBER CF US WEAPON SYSTEMS PLANNED
NOTE ACPW S ALLI ED CAPABILITY PER WEAPON SY STE M
NOT E COMP COMPUTED TRADEOFF FACTOR
NOTE APTHR ALLIED PERCEIVE D THREAT
NOTE USCPWS US CAPABIL ITY PER WEAPON SYSTEM
NOTE ADECP ALLIED DECISION TO PRODUCE
NOTE ACOUWS ALL IED COST FOR US WEAPON SYSTEMS
NOTE
A C OM P , K( MO ) : (A C OS WS *A PT HR ,K ( MO ) -ACAPD P.X )) / ( US CPW S. K4AC OSW S AL- 74
I -ACPWS4ACBWS.K)
NOTE
MOTE COMP COMPUTED TRADEOFF FACTOR
MOT E ACOSWS ALLIED COST PER WEAPON SYSTEM
MOTE APTHR ALLIED PERCEIVED THREAT
MOTE ACAPUP ALL IED CAPACITY FOR DEFENSE PRODUCTION
NOTE USCPWS US CAPABILITY PER WEAPON SYSTEM
NOTE ACPWS ALLIED CAPABILITY PER WEAPON SYSTEM
NOTE ACBWS ALLIED COST TO BUY WEAPON SYSTEMS
NOTE
R FMSB R.XL( MO) :C LI P( NUS NS.K (MO) ,0 ,A DEC P.K ,AD EC B. K) AL- 75
NOTE
NOTE FMSBR POREIGN MILITARY SALES BUT RATE
MOT E NUSWS NUMBER OF US WEAPON SYSTEMS PLANNED
NOTE ADECP ALLIED DECISION TO PRODUCE
NOT E ADECB ALLIED DECISION TO BUY
NOT E
N AAC E:60 AL- 76
N FLTAGE:AAGE4WSO AL- 77
I FLTAC E.X :FL IACE. J+D T .(ACER.JK ) AL- 78
R AGER.X L:4W SO.~(+AWS $. (-AWS RR.JNIA AGE.NJDIS TX AL- 79
C DISTK:2 AL- 80
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NOTE
NOTE AACE AVERAGE AGE OF ALLIED WEAPONS
MOTE FLIACE COMBINED ACE OF ALLIED FLEET
NOTE AWSO ALLIED WEAPON SYSTEMS OPERATIONAL
NOTE ACER ALLIED ACE RATE
NOTE AWSN ALLIED WEAPON SYSTEMS NON-OPERATIONAL
NOTE AWSRR ALLIED W EAPON SYSTEMS RETIREMENT RATE
NOT E DISTK DISTR IBUTION CONSTANT
NOTE
A AACE .K :FLTAGE .K/ (AWSO .K+AWSN .K) AL- SI
MOT E
NOTE AAG E AVERACE ACE OF ALLIED WEAPONS
NOTE FLTAGE COMBINED ACE OF ALLIED FLEET
MOTE AW SO ALLIED WEAPON SYST EMS OPERATIONAL
NOT E AWSN ALLIED WEAPON SYSTEMS NON-OPERAT IONAL
NOTE
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NOTE 13*14 ENEMY SECT3R ‘4 4*4

POR IE:1,1Z0
N EPLAN (IE):0 EN
NOTE
N EWS P:Zø EN- 2

r L EW SP.~(:EWSP.J~( DT ) ( EWS PR,JN-EW S DR.J K) EN- 3
R EWSDR,i(L:DELA T3 (EWSPR •jK,EDELR.K) EN- 4
R EWSPR.NL:FSH FT (EPLAN,~) EM 5
NOTE
NOTE EPLAN ENEMY PLANNED PRODUCTION
MOTE EW SP ENEMY WEAPON SYSTEMS PRODUCTIO N
MOTE EWS PR ENEMY WEA PON STSTE ~S PRODUCTION NP’JT RA T E
NOT E EWS O R ENEMY WEAPON SYSTEMS DELIVER Y RATE
NOTE
A EDELR.K:24/EURCF.K EN- 6
NOTE
NOT E EDELR ENEMY PRODUCTION DELAY FA CT OR
NOTE EUROF ENEMY URGENCY FACTOR
NOTE
N EWSO: 100 EN 7
I EWSO,K :EWSU.J+ (DT) (EWSDR,JK+EWSMR .JK-EWS’JR,JK) EN- 8
NOTE
NOTE EWSO ENEMY WEAPON SYSTEMS OPERATIONAL
NOTE EWSDR ENEMY WEAPON SYSTEMS DELIAE RY RATE
NOTE EWSMR ENEMY WEAPON SYSTEMS MAtNTE ~)ANCE RATE
MOTE EWSUR ENEMY WEAPON SYSTEMS USE RATE
MOT E
-~ EWSN:10 EN- 9
L EW5N~g:EW5N.J +(~T ) (EWSUR .J K-E W SM R•J K-E W SRR • J K) EN- 10
NOTE
NOTE EWSN ENFMY WEAPON SYSTEMS NON-OPERATIONAL
NOTE EWSUR ENEMY WEAPON SYSTEMS USE RAT E
MOTE EWSNR ENEMY WEAP ON SYSTEMS MAiNTENANCE RATE
NOTE EW SR R ENEMY W EAPON SYSTEMS RET IRE MENT RATE
NOTE
R EWSU R.KL : EUPCT+ EWSO ~K EN- 11
NOTE
NOTE EUPCT ENEMY PERCENT AGE OF WEAPON SYSTEMS USED
NOTE EWSO ENEMY WE A PO N SY STEMS OPERATIONAL
NOTE
R EWSMR .KL :EMPCT1EWSN .~ EM 12
MOTE
MOT E £MPCT ENEMY RERCENTACE OF ~EAPO NS REPA IRED
NOTE
R EWSRR .K L :EWS N .K4 .00Z/ EURCP .( EN- 13
NOTE
NOTE EW SRR ENEMY W EAPON SY S EMS RET !RE ~ENT RATE
MOT E EURCF ENEMY URGENCY PACTOR
MOTE EWSN ENEMY WEAPON SYSTEMS NON-OPERATIONAL
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R EPACC.XL:EURGF .K*SUMV (EDEF.K(4),1,36)/((36-EURG .KIIECAPWS) EN- 14
MOT E
NOTE EPACC ENEMY PRODUCTION ACCELERATOR
NOTE EURGF ENEMY URGENCY FACTOR
NOTE EDEF ENEMY DEFICIENCY
NOTE EURC ENEMY URGENCY--TIME TO FIRST DEFICIENCY
NOTE ECAPWS ENEMY CAPABILITY PER WEAPON SYSTEM
MOTE
C ECAPWS :75 EN- 15
NOTE ECAP$S ENEMY CAPABILITY PER WEAPON SYSTEM
C EDESWF~1.15 EN 16
MOTE EDESWF ENEMY DESIRE FOR WEAPO NS FACTOR
C EUPCT:.20 EN- 17
NOTE EUPCT ENEMY PERCENTAGE OF WEAPON SYSTEMS USED
C ENPCT:.90 EN- 18
NOTE EMPCT ENEMY PERCENTAGE OF WEAPON SYSTEMS REPAIRED
NOTE
FOR MO:1,120
A ~~~~~~~~~~~~~~~~~~~~ EN- 19
NOTE
NOT E EDEF ENEMY DEFICIENCY
MOTE EDIF ENEMY DIFFERENCE IN CAPABILITY
NOT E
A EDIF.g(MO):U$CAP •K{MO)+4CAP.K (NO)-ECAP•X (MO) EN- 20
NOTE
NOTE EDIF ENEMY DIFFERENCE IN CAPABILITY
NOTE USCAP US CAPABILITY
NOTE ACAP ALLIED CAPABILITY
NOTE ECAP ENEMY CAPABILITY
MOT E
A EURC.K:URGEMCY (EDEF•k) EN- 21
NOTE
NOTE EURC ENEMY URGENCY--TIME TO FIRST DEFICIENCY
MOTE EDEF ENEMY DEFICIENCY
NOTE
T EWC T : 2.0 J 1.75/1.35 / 1• 15/1.0 5/ 1, ’.99/ .98/ .97/.9 7/ ~96 - EN- 22
A EURCF.K:TABLE (EWCT~EURC.K,J,120,12) EN- 23
NOTE
NOTE EUROF ENEMY URGENCY FACTOR
NOTE EURG ENEMY URGENCY--TIME TO FIRST DEFICIENCY
NOTE
MOT E
A ECAP,N (MO):(EWSP.K+EWSO•K+EWSN.K+SUMV IEPLAN .K(.), EN- 24
I 1,T ( MO ) ) I* ECAPW S
NOTE
MOT E ECAP ENEMY CAPABILITY
NOTE EWSP ENEMY WEAPON SYSTEMS IN PRODUCTION
MUTE EWSO ENEMY WEAPON SYSTEMS OPERATIONAL
MOTE EWSN ENEMY WEAPON SYSTEMS NON-OPERATIONAL
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NOTE EPLAN ENEMY PLAN FOR WEAP :’N SYSTEMS PRODUCT IJM
MOTE T TIME TABLE
NOTE ECAPWS ENEM Y CAPABILI TY PER WEAPON SYSTEM
NOT E
A EINT.X:TABHL (EIMTTpSUN (EPT4R)/120,-~,1,.2) EN iS
NOTE
NOTE EIMT ENEM Y INTENT
NOTE EPTHR ENEMY PERCEIVED THREAT
NOTE
I EINTT :1•99/1.7iI•3/1.15/1.J5/1/1•~5 / • 15/1.3 /1.7/1, 99 EN- 26
A EIN TF. X :SM UOT H(SU M( EPT HR)/ 120 ,3) EN- 27
N EINTF:t EN- 3
NOTE
NOTE E IM TF E N EMT INTENT FACTOR
NOT E EPTHR ENEMY PERC EIVED THREAT
MU TE
A EDWSL . K( MO) :EDESW F4 EpT HR,~( ( MO ) / ECA pWS EM- 29
NOTE
NOTE EDWSL ENEMY DESIRED WEAPON SYSTEMS LEVEL
NOTE EDESWF ENEMY DESIRE FOI~ WEAPONS FACTOR
NOTE EPTHR ENEM Y PERCEIVED THREAT
NOTE ECAPWS ENEMY CAPABILITY PER WEAPON SYSTEM
MOTE
A EPTHR.~ (MO):(tiSiNT .~+AINT •X )*E 3EF.r ((MO) EN 30
NOT E
NOTE EPTHR ENEM Y PERCEIVED THREAT
NOT E USINT US INTENT
MOTE A INT ALL IED INTENT
NOTE EDEF ENEMY DEFICIENCY
FOR ME:1,:36
I EPLAN .K (ME):EPLAN.J (ME)+(DT)(EPACC .JX) EN- 31
NOTE
NOTE EPLAN ENEMY PLAN FOR WEAPON SYSTEMS PRODUCTION
NOTE EPACC ENEMY PRODUCTION ACCELERATOR
NOTE
FOR MEE:37,120
L EPLAM.K (MEE):EPLAN .J~MEE)+DT* (EADJ.JK (MEE-36)) EN- 32
R EADJ.KL(NEE-36) :EDWSL .K(MEE ) EN- 33
NOTE
MOT E EADJ ENEMY ADJUSTMENT RATE
NOTE
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NOTE •.***** FORTRAN SUBROUTINES *4*1*’ .
NOTE
NOTE
I REAL FUNCTION URGENC Y (ARRAY )

COMMON X (IO 9hT (120),Y1 (196),12 (167)pPRR1C1O),X3 (10) SUB- I
COMMON CFI (10),14 (30),TCZ (10),PRRD (10)vX5 (10)tCF3 (10) SUB- 2
COMMON 16(30),TC3 (10),EPLAN (1Z0),X7 (684),APLAN (120) SUB- 3
COMMON FMSA (1Z0),X8 (6001,19 (601),WSPRR (10},Y (20) SUB- 4
COMMON CP4(10),Y1 (10),SP4(10),TC4~10),X12t2 ) SUB- 5
DIMENSION ARRAY (120) SUB- 6

NOTE
MOTE FUNCTION URGENCY FINDS THE FIRST NONZERO ENTRY IN THE ARRA Y
NOTE THIS IS USED TO FIND THE TIME OF THE FIRST DEFICIENCY
NOTE

DO (0 J:1,12O SUB- 7
IF (ARRAT (J).EQ .0.0( GO TO 10 SUB- 8
URGENCY :J SUB- 9
RETURN SUB- 10

10 CONTINUE SUB- 11
URCENCY :120. SUB- IZ
RETURN SUB- 13
END SUB- 14

NOTE
NOT E
I REAL FUNCTIO N FSHI FTCARRAT )

COMMON X (109),T (lZOhXl (196),XZ (167),PRRI (10),13 (10) SUB- 15
COMMON CFI (1 0),14(30),TCZ(10),PRR3 (10),15 (1OhCF3 (1B) SUB- 16
COMMON I6(30),TCD (10),EPLAN (120h17 (684),APLAN (120) SUB- 17
COMMON FMSA (120)~IS (6#0)~X9(601),WSPRR (10)~Y (Z0) SUB- 18
COMMON CP4(IOhYl (10),SP4 (10),TC4 (10),X12 (2} SU~- 19
DIMENSION ARRAT (120) SUB- 20

MOTE
MOTE FUNCTION FSHIFT MOVES EACH VALUE IN THE ARRAY FORWARD BY ON
NOTE THIS IS USED WITH THE COMPUTED PLANS TO INPUT THE PLANNED
NOTE SALES OR PRODUCTION AS THE TIME OF THE EVENT ARRIVES.
NOTE

DO 10 1:1,119 SUB- 21
10 ARRAY (I):ARRAT (I+1 ) SUB- 22

ARRAT (120):0.0 SUB- 23
FSH IFT :ARRATC I) SUB- 24
RETURN SUB- 25
END SUB- 26

NOTE
MOTE
I REAL FUNCTION DPR1 (A~BiCt TC1 PRR~CF~TL)

COMMON X (109)~T(120)~I1 (196hI2 (167hPRR1 (10)tX3 (10) SUB- 27
COMMON CF1 (10)114(30)~TC2 (10),PRR 3 (10),X5 (10)vCF3 (10) SU8 28
COMMON I6(30),TC3(1E ,EPLAN (120)~(7(684hAPIAN (I20) SUB- 29
COMMON FNSA (l2 0),XB (&i~0~,X 9(601),WSPRR (10),Y (ZB) SUB- 30
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COMMON CP4(10),Y1 (IOhSP4 (IGhTC4 (IGhXl2 (2) SUB- 31
DIMENSION TC t1~hPRR (10),CF (10),TL (120) SUB- 32

NOTE
NOTE FUNCTION DPRI IS DESIG NED TO COMPUTE THE LEAST COST TRADEOF
NOTE BETWEEN LEVEL OF EFFORT AND SCHEDULE DELAYS.
NOTE

NTC :TC ( 1) SUB- 33
DO 10 1:2,10 SUB- 34
IF (TC (fl.GE.MTC CO TO 10 SUB- :35
MTC :TC( I) SUB- 36
DPRL:PRR (Il SUB- 37
DCF (N):CF (I) SUB- 38
DTL (W):TL (I) SUB- 39

10 CONTINUE SUB- 40
RETURN SUB- 41
END SUB- 42
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