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PREFACE

This thesia is the result of a 5 month research that examined the
application of a formal risk assessment methodology suggested by the Air
Force Academy Risk Analysis Study Team. The intent was to determine the

feasibility and practicality of applying such a methodology in an actual

weapons system acquisition program environment. We hope that this paper
will provide the reader with some insight into the difficulties of apply-
ing this risk assessment methodology to a real world situation and perhaps
suggest more appropriate use of risk assessment in future research and
development programs.

We would like to thank the members of the Directorate of Program
Control in the A-10 Program Office, principally Captain Bob Cote, and
Mr. H. Stein of Fairchild Republic Company for their cooperation and
assistance in tﬁis effort.

As always, the views and conclusions are solely our own and we

assume full personal responsibility for errors and omissions.

Stephen L. Amdor and Roy R. Kilgore
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I. Introduction

This thesis attempts to test the feasibility of a formal risk
assessment methodology in an actual weapons acquisition program environ-—
ment. The methodology essentially consists of obtaining subjective data
in a probabilistic format and analyzing it via a rather sophisticated
network simulation computer program. If successful, we anticipated that
the methodology might well serve as a normative base for risk assess-
ment in future weapons acquisition efforts. If unsuccessful, it should
at least provide suggestiocns for alternative approaches to forecasting
contractors' performance. A significant personal benefit was the invalu-
able practical exposure afforded the writers while still in the academic
environment.

Motivation

Basic incentive for tihe study arose from efforts to improve
Department of Defense (DOD) performance in the weapons acquisition
process. During the past decade and with few exceptions thus far into
this one, there have been notorious examples of cost overrun, schedule
slippage and perfqrmance degradation within major weapons system
acquisition efforts. Among the more recent and widely publicized are
the USN/Grumman F-14 fleet defense interceptor, the USAF/Lockheed C~5A
heavy logistic aircraft, and the USA/General Motors main battle tank.

A plethora of management approaches, contractual schemes, and
accounting methods has failed to provide the desired results. Problems
persist, as attested to by the current difficulties in the Rockwell
International B~1 advanced manncd bomber program (51:18). But there

are successes, like the AC-130 gunship program (15). Such successes
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lend credence to the assertion that at least somc parts of current

DOD acquisition policy are producing positive results. Among those
aspects which are seen to be of potential benefit is an increased aware-
ness of the need for a way to assess program risk early in the ecycle,
and to continue that assessment as long as significant uncertainty
remains, The question then arises, "How do we go about assessing
program risk?"

Toward the end of improving the weapons acquisition process, former
Deputy Secretary of Defense David Packard issued two memoranda on the
subject to the Service Secretaries. In .l.ose, Secretary Packard directed
the Secretaries to identify areas of high technical risk, to accomplish
"formaL risk analysis" and to expand program management practices to
include explicit consideration of risk assessment, risk reduction, and
risk avoidance (19:1). 1In addition, Department of Defense Directive
(DODD) 5000.1 also contains reference to risk, requiring that the
Development Concept Paper (DCP) define program issues, including risk,
and that technical uncertainty be continually assessed (21). Also,

Air Force Systems Command (AFSC) Pamphlet 800-3 addresses risk analysis
in conjunction with the Defense Systems Acquisition and Review (DSARC)
process (3).

In response to these general guidelines, the Aeronautical Systems
Division (ASD) of Air Force Systems Command commissioned a study by
members of the faculty of the United States Air Force Academy (USAFA)
on risk analysis (33). We feel that the USAFA study is the collative
document on risk analysis within DOD. One of the observations in that
report serves as pointed motivation for this thesis:

The technique which offers the most promise in quantitative
risk assessment 1s a versatile, simulated network approach using
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group assessment techniques, subjective probability, tachnolegical
forcasting, cost estimating, and other aouvces of input (IN173).

Further,

Conclusion: To our knowledge no major DOD program has developed or
used a risk analysis of the magnitude envisioned in this report,

Recommendationt Initiate test cases immediately. Formal riak
assessment and analysis should be used throughout thesa pilot
programs to detarmine theiyr feusibility and utility to a decision
maker (33:9).

Background
Subsequent to the publication of that study at least one attampt

has been made to test the feasibility of a simulated network approach
to risk assessment. Bevelhymer wrote a thesis based on his efforts to
test such an approach using the ACM-86A (SCAD) program as a teat case
(10).

The principal difference between Bevelhymer's work and that
proposed in this thesis lies in the acquisition and treatment of data.
Bevelhymer notéé, as we do, that the preponderance of risk analysis
literature suggests the use of subjectively obtained data, but his
questions concerning how the "experts" should be chosen and how they
should be questioned led him to initially attempt the simulation
with data drawn from existing contract data documents (10:26).

Allowing the major data premise in risk analysis, that is, that
cost, time and performance parameters are realizations of random
variables, one must obtain a range of estimates for each parameter
considered. Bevelhymer could not get such information solely from
contractor supplied data items, which are deterministic in nature.

He therefore was forced to resort to subjective estimates for range
endpoints used to norma}ize the contractor supplied cost observations

(10:37).
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We felt that this compromisa, for the sake of methodological
cost reduation, waa questionable, eapeeially in light of the fact that
cost endpoints ware ultimately supplied by an indepandent firm under
contract to the SCAD Syatem Program Office (8PO) to asaist in ayatems
integration and technological assessment. That was an atypical situation
certainly not without real cost (J0137). Furthar, Bevelhymer had great
difficulty with time estimates because no contract data elemants ex;l!:sige
ly providad gny time estimate, much lesa rangas of estimates. 8ince he
could not use contract time data icems, he waa forced to ¢earch elaewhare
and eventually obtained subjoctive estiwates from the Projects Division
within the S8CAD §PO (10:137).

Wa therefore chosa to attampt a subjective assesament approach to
data acquisition. Initially, we intended to use both the SPO and
contractor personnel in two meparate iterations to afford a comparative
base. The SPO effort proved unfeasible simply because the detailad level
of axpertise did not exist there. Consequently we attempted to use
"axperts" from among the contractor's paersonnel, an intuitively optimum
choice if one eithar assumes lack of bias or corrects for its presenca,
We attempted to do the latter, as described in Chapter 4.

Although Bevelhymer's work is the only actual test case using net-
work analyasis that we found, othars have advocated it used and even
produced hypothetical examples. Sae, for instance, Williams ( 53, Brandt
f13), Hwang (31), and Moeller (37). While not a network besed technique,
Thomas has successfully employed an accumulative approach using subjec-
tive inputs and producing probabilistic estimates of total risk in bidder

raplies to a Request for Proposals (49).

4
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Qvakview

This thaeails le organimed into seven chaptara and asmociated
appendices. Problem statement and background are in this chaptar,
Chapter Two discuases risk assessment ayntax and the assumptiona
partinent to the methedology. In Chapter Three a briaf dimcusaion of
the current Department of Defense managoment aystem is prasanted, along
with some of itw shortcomings. The proposed methodology is presented
in Chapter Four. In Chapter Five a comprehensive daseaswment of the
failure of the mathodology is given and the problem is restated in
terms of the program mansger's requiremeunts. Chaptar Six briefly
discusses some secondury attempts at forecasting contractor performance
using contract data elements and least squaras analysis. Chapter Saven
contains our conclusions and recommendations for further study.

Pyoblem Sumnary

To recapitulate, this thesis attempts to taest tha feasibility of a
formal risk asseasment methodology that uses nubjeétiVQIy based probabil-
istic estimates as inputs for a computerized network simulation. The
prime criterion for judging the feasibility is whether or not the
methodology provides useful information to the decision maker under
reasonable counstraints like: (a) is the information produced cogent,

{b) is it accurate, and (c) is it timely.
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I1. Syntax and Assumptions

Thioc chapter eastablishes a risk assessment syntax, explains
pertinent concepts, and lists assumptions used in the atudy.
Uncertainty

Among the adjectives that might be used to describa the weapons
syster acquisition environmant is one that seems particularly appropriate:
uncertain, The implication of "uncertainty' ranges from lack of absclute
sureness, to lack of conviction, to no opinion, to confusion, and so
forth. We again draw upon the USAFA study on risk analysis for syntac-
tical convention:

Uncertcinty: lncomplete knowledge (33:8).
Further, most works on risk analysis are primarily directed toward
recognition and assessment of technical uncertainties (13, 3, 32).
The USAFA study‘cntegorizes uncertainty in the weapons system acquisitien
process In four interrelated areas.

Target uncertg;ﬁty is the uncertainty associated with defining

a need or required operational capability (ROC) and reducing that need

to cost, schedule, and performance goals (33:23-25). Principal among

the factors contributing to target uncertainty are: (a) validity of the
need, (b) confusion resulting from the formal requirements generation
process, (c¢) questions concerned ‘with the physical and performance
characteristics required to meet the need, and (d) inherent innaccuracies
associlated with time and cost estimating techniques. Target uncertainty
stems from the lack of answers to the question "What do we need?"

Technical uncertainty is closely related to target uncertainty,

the essential difference being that technical uncertainty addresses

the question " Can it be done at all, for any price?" (33:25-28).

6
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The distinction between uncertainky of the criteria used in solving the
problem and the technical solutionﬁitself must be made. The answers to
"Does the technical solution lie bQand program time and cost constraints?"
and to "Is the solution beyond presept technological capabilities?"

impinge upon the dagree of technologé?al uncertainty. Unanticipated
technological problems add even more &Vcetta;nty to the estimation process.
These technological problems have been %revalent in recent years, largely
due to the "doctrine of quality" philos;bhy among U.S. weapons designers.
This philosophy pgefers advanced technol&%y often at the expense of
quantity (20:1). This attitude has only £§cently been subjected to
question and the test case for tlis study, the Fairchild Republic A~10
specialized close air support aircraft, is one result. The phrase applied
to this approach is "design to cost" (1:22).

Internal program uncertainty 1s associated with selecting a

particular management approach to the problem and then carrying it out.
(33:28-30). The results of a narticular management style or philosophy
are impacted by uncertainties related to estimates in the target and
technical areas,_by the particular acquisition strategy selected, and

are impacted by arguments among Congress, force structure planners, threat
assessors, and users. These vascillations among interested agencies

are part of the final category of uncertainty, process uncertainty.

Process uncertainty pervades the other three categories, as mention-

ed above. The process uncertainties derive from influences external to
the program itself (33:30-33). 1In addition to those areas listed as
affecting internal program uncertainty, the process area includes
interservice rivalry, national policy, budgetary considerations, and

Congressional "pork barrel" activity. Obviously, this area is the one

F 4 . . . .
-—n b . . S

3 aguir i o Fer

ba



GSA/SM/74~1

the program manager has the least control over. Process uncertainty
may prevail over all attempts at assessing and contrelling the other
three types.

Formal Risk Analysis

Lack of explicit direction on how to accomplish a "risk analysis"
has led to several approaches, some qualitative, the B-l1 bomber program
for instance (39), and some quantitative, such as Thomas' method (49).
For the purposes of this study we consider "formal" to mean a separate
and documented effort, conducted in accordance with normally accepted
scientific investigative criteria. From the USAFA stvty come other
pertinent definitions:

Rigk: The probability that a planned event will not be attained
within constraints (cost, schedule, performance) by following a
specified course of action. { note that risk is the complement of

the cumulative probability, i.e., R=1-Pr(X less than or equal to x)].
Risk assessment: A comprehensive and structured process for estimating

the risk associated with a particular alternative course of action;
also the product of such a process.

Risk management: The generation of alternative courses of action
for reducing risk. [ Sometimes called risk avoidance].

Risk analysis: The process of combining risk assessment with risk

??nggement in an iterative cycle; also the produce of such a process
33).

Parameters

As noted previously, three parameters, or three classes of para-
meters, are used to quantify these uncertainties. They are cost, time
and performance. By cost, we mean dollar costs for obtaining the hard-
ware, software, and services necessary to fulfill the contractual
obligations. Time and scope limitations on this thesis preclude
addressing such things as opportunity costs, depreciation, and the very

real costs attributable to federa.. administration of the program.

y
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However, increased emphasis is being placed on those excluded costs and
there is certainly room for further study (sce Ref. 2).

The time parameter is calendar time from contract award and is
associated with periods between significant contractual milestones, e.g.,
rollout, first flight, etc. Certain government specified milestones
also become significant but are not necessarily hardware oriented. The
Defense System Acquisition and Review Council meetings are examples (3).

The performance parameter is the most ill-defined and perplexing.
The many factors that could be used in any one program depend on the
weapons, the threat, the mission, and, not insignificantly, each other.
Performance parameters are not homogeneous and hence don't readily lend
themselves to an additive scheme like network simulation. For example,
the Development Concept Paper for the A~10 (18) specified such general
performance requirements as high payload capacity, small turn radius,
and long loiter time. As yet, there are no transformations that allow
additive accumulation of some performance parameter that simultaneously
represents ordnance capacity, radial acceleration, and time-on-target
achievement levels.

Assumptions

As noted earlier, these parameters must be considered as random
variables if a probabilistic estimate of program success (in one or more
of the parameters) is to be produced. This condition leads to the first
of several assumptions used in this thesis, namely that subjectively
estimated distributions of each parameter are marginal distributions
(27). This assumption does not necessarily imply independence among
the parameters. Peck and_Schercr point out that observat ims by program

managers tend to support the hypothesis that there is indeed some
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dependence, although it has not been proven empirically (40). If ‘
independence is not so, the conclusion must be that there exists some
trivariate distribution for each case, although its form is.annown.
That is, there is some unknown relationship among the three variables
that, were it known, would allow the manager to make tradeoffs among i
the three under a specified total risk constraint, R, where R lies
in the range 0 to 1.0.

Further, we chose to disregard the performance aspect of the risk
assessment and to concentrate on only the time and cost parameters.
Three considerations affect this assumption. First, as noted earlier, ‘
the performance parameter is not homogeneous aad hence is not tractable
in a network simulation. Second, the nature of this particular test ?
case, the A-10 specialized close air support aircraft, reduces the
potential impact of not considering the performance variable. The
A-10 is a low state-of-the-art venture not requiring significant
technical advances. Further technical risk reduction came from the
Competitive Prototype Phase (CPP) wherein two prototypes were built
and tested in an operational setting. For further information on the A-10
program, see Appendix A. Thirdly, time available for the study precluded
attempting all three. We acknowledge the questionability of this
assumption in most cases since virtually all of the literature and
most of the operators we have interviewed look upon risk analysis
as technical risk analysis (53).

A third major assumption was that we would be able to construct
a valid summary network, with well defined activities or groups of
activities, based on the Work Breakdown Structure (WBS). The WBS is

an integral part of the DOD management system and will be explained in

10
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some detail in Chapter 3. For now, the definition take from Military
Standard 881 will suffice:

Work breakdown structure (WBS). A work breakdown structure is a
product-oriented family tree composed of hardware, software, serv-
ices, and other work tasks which result from project engineering
efforts during the development and production of a defense materiel
item, and which completely defines the project/program. A WBS
displays and defines the product(s) to be developed or produced

and relates the elements to be accomplished to each other and to
the end product (35:2).

A fourth assumption was that among the contractor personnel we could
find experts who could give us time and cost estimates, in the form of
most likely, minimum, and maximum points, for each activity in the WBS
derived network. As a corollary, we assumed that the estimates so fend—
ered would be sufficiently accurate and unbi;sed as to afford a measure
of reliablility in the ultimate answer. This assumption, when constrained
by the summary network criterion mentioned in assumption three, proved
to be incorrect.

The fifth‘;ssumption was that we need not concern ourselves with
the entire program but could limit the study to the airframe alone,
including the gun and engine as unit activities only. The assumption
vas ultimately altered by adverse developments in the study so that
ve eventually restrictedour attention to just a portion of the Fairchild
Repvblic Company (FRC) effort, namely the Basic Structure element. The
FRC task description of the Basic Structure element is:

The design, development, fabrication, assembly, procurement of

parts and materials, inspection, installation, and functional

test/checkout of the structural, aerodynamic, subsystems components
of the airframe, and the final assembly and functional checkout of
the air vehicle. Includes the fusclage, nacelles, empennage, wing

wving control surfaces, pylons, and asgembly thereof (16:2-18).

For further information on the A-10 Full Scale Development program

the reader is again referred to Appendix A.

11
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III.

The Current System

As a prerequisite to understanding the proposed methodology, one

must first be familiar with certain aspects of the Department of Defense

Resource Management System (RMS), namely a subsystem thereof called

Selected Acquisitions Information and Management System (SAIMS) (24:10).

This chapter presents a simplified review of pertinent aspects of SAIMS

and of the Work Breakdown Structure, which is the reporting foundation

for SAIMS.

to the section on problems and shortcomings on Page 22.

SAIMS Review

The reader familiar with SAIMS and WBS terms can safely skip

As inferred above, SAIMS is but one of four subsystems (sce Figure

3-1) of the DOD Resource Management system.

divided into three sections.

SAIMS itself is furéner sub-

These relationships are depicted in Figure

3-10
Lu:souncz MANAGEMENT SYSTEMS (RMS)
PROGRAMMING ACQUISITION INVENTORY OPERATIONS
AND INFORMATION & MANAGEMENT MANAGEMENT
BUDGETING MANAGEMENT SYSTEM SYSTEM
SYSTEM (PRIME)
/ T
SELECTED ACQUISITIONS \_s_______.,
INFORMATION AND OTHER CAPITAL
MANAGEMENT SYSTEM ACQUISITIONS
(SAIMS)

/ \ PERFORMANCE MEASUREMENT
ZCONOMIC COST COST/SCHEDULE CONTROL SYSTEM CRITERIA
INFORMATION INFORMATION (C/SCSC)

SYSTEM (EIS) SYSTEM (CIS) COST SCHEDULE | TECHNICAL
PERFORMANCE

12
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Performance Measurement. We are concerned with only one of the

three subsections of SAIMS, namely Performance Measurement. As a note
of caution, the word "performance" takes on two different meanings
throughout RMS literature and so might prove confusing. In the phrase
“performance measurement" it means an assessment of the contractor's
progress on all aspects of the contract. On the other hand, in "tech-
nical performance" it implies some measurement of hardware/software
capability, e.g., airspeed, payload, etc. It is also important to
realize at the outset that each report derived through SAIMS ultimately
comes from information taken from the contractor's data base and as such
constitutes a real cost to the government.

In any aCtempt to assess the effectiveness of a risk assessment
methodology designed to track performance to date and predict the
future behavior of the three contract variables, one must consider what
is presently being done to analyze and control those variables. The
Performance Measurement subsections of SAIMS delineates that effort.
There are three basic elements of the Performance Measurement subsystem,
only two of which are important here, the Cost/Schedule Control System
Criteria and the Cost Performance Report.

The Cost/Schedula Control System Criteria (C/SCSC) are used to

evaluate the effectivenesa of the contractor's internal systems.

The C/SCSC do not requive any data to be reported to the Govern-

ment, but do provide for access to data needed to evaluate the

system and monitor its operation during the life of the contract.

{ The Air Porce equivalent of C/SCSC is Cost/Schedule Planning and

Control Specification, C/SPCS ]

The Cost Performance Report (CPR) is the vehicle which actually

provides cost snd schedule information to the DOD project office.

The CPR is a monthly report of contractual progress with identi-

fication of significant problems obtained through analyses of

variances from plans (24:47).

Work Breakdown Structure. To facilitate orderly aggregation of

13
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information under C/SCSC for the Cost Performance Report, the SAIMS
system uses the Work Breakdown Structure concept previously mentioned.
Repeating, a WBS is 2 product oriented family tree structure of all the
hardware, software, services and other tasks of the system to be devel-
oped, produced, supported, and/or operated. Depending on the user, there
ate actually four types of Work Breakdown Structures. We are concerned
with a portion of the Contract Work Breakdown Structure. Those defini-
tions and others from Military Standard 881, "Work Breakdown Structures
for Defense Materiel Items" are listed here for information and clarity.
Summary work breakdown structure (Summary WBS). A summary work
breakdown structure consists of the upper three levels of a WBS
prescribed by this standard and having uniform element terminology,
definition, and placement in the family-tree structure. The upper

three levels of a summary WBS have been organized within the follow-
ing categories of defense materiel items:

a. Aircraft system

b. Electronics system

c. Migsile system

d. Ordnance system

e. Ship system

f. Space system

g. Surface vehicle system

Level identification. The three levels specified are defined as
follows:

Level 1, Level 1 is the entire defense materiel item; for
example, the Minute-man ICBM System, the LHA Ship System, or the
SM-138 Self-Propelled Howitzer System. Level 1 is usually directly
identified in the DOD programuing/budget system either as an integral
program element or as a project within an aggregated program element.

Level 2, Level 2 elements are major elements of the defense
materiel item; for example, a ship, an air vehicle, a tracked
vehicle, or aggregations of services, data, and activities; for
example, systeas test and evaluation.

Level 3. Level 3 elements ar¢ elements subordinate to level
2 major elements; for example, an electric plant, an airframe, the
power package/drive train, or type of service; for example, techni-

cal evaluation. (Below level 3, the contractor identifies the levels)

1
1
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Project summary work breakdown structure (Project summary WBS). A
project summary work breakdown structure is a summary WBS tailored
to a specific defense materiel item by selecting applicable elements
from one or more summary WBS(s) or by adding equivalent elements
unique to the project.

Contract work break’'own structure (Contract WBS). Contract work
breakdown structure is defined as the complete WBS for a contract
developed by a contractor in accordance with this standard and the
contract work statement. The contract WBS comprises the selected
project summary WBS elements included ip the contract and those
extensions by the contractor which cover the lower levels of WBS.

Project work breakdown structure (project WBS). Project work break-
down structure is defined as the complete WBS for the project,
containing all WBS elements related to the development and/or
production of the defense materiel item. The project WBS evolves
from the project summary WBS extended to include all contract WBS(s)
and equivalent WBS(s) resulting from DOD in-house efforts.

Work breakdown structure element. A work breakdown structure element
is a discrete portion of a work breakdown structure. WBS elements
may be either an identifiable product, set of data, or a service.
(35:2-3).

As noted, we were ultimately concerned in this study with a specific

element of a Contract WBS, namely a level 4 element called Basic Structure

from the Fairchild Republic Company (FRC) Contract WBS for the A-10 Full
Scale Development Program (commonly called the DT&E phase, for Develop-
ment, Test and Evaluation). The pertinent portion of the FRC Contract

WBS is reproduced in Figure 3-2 as an aid to understanding the WBS.

1A
S e e e BASIC STRUCTURE e - LEVEL
1.1.1.2 ! 4
- e - ew e wn]ler e e S wjE W= e» o -ﬂ---‘--------ﬂ--._-
FUSELAGE NACELLE EMPENNAGE WING WING CNTRL SFCS FINAL ASSY :
11.1.2.1 11.,1.2, 1.1.1.2.5 L1.1. L1,1.2.7 11.1.2.9  °
2
- . - @ ey e - e, W e - e - e W o -— R e e W - - --'-
PUSELAGE NACELLE EMPENNAGE WING WING CNTRL SPCS FINAL ASSY .
16A L6A I6A  16A 16A 16A 6
L1.1.2.1, L1.1.2.7L1.1,2.5. L1.1, L1.1.2,7.9  L1.1.2.9.1
© 49 9 26.9

“» W O SR W e W G W N SR R W W W R M W G T W e

- e e e W s e W W W W -

Pigure 3-2 Bagic Structura WBS
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Work Packages. Each level 6 WBS element (in this case) is further

subdivided into a set of work packages. A work package is a shcrt span
discrete task identified by the contractor as part of the WBS element.
The work package is the fundamental building block of the WBS and is
also the basic control point for managing and accounting. A work
package has the following characteristics: (a) it is a unit of work at
the working level, (B) it is unique, (c) it 1is assigned to a single
operating organization, (d) it has scheduled start and completion mile-
stones, (e) it has a budget in dollars, hours or other units, (f) it

is of small size and short duration to minimize effort involved with
assessing work-in-process levels, (g) it is integrable both with its
cost account and with the appropriate WBS element, and (h) it has a
specific method for planning and measuring performance (17:34).

There are three types of work packages used in the FRC Management
Control and Information System. The unfamiliar regder would do well to
remember them and the methods which each uses to measure performance
because the subject arises again later in this chapter and in Chapter
4. A Discrete work package is one that has A specific, cangible and

measurable result or output. A Level of Effort (LOE) work package

contains work that can be planned and controlled by time phased budgets,
i.e., work that cannot be identified into Discrete work packages. An

Apportioned Effort work package contains work that is directly related

to Discrete work packages of another cost account and is not readily

divigible into short span work packages. The ratio (%) of the Apportioned

Effort to its related Discrete work package must be specified. @7 :33)

Cost Accounts. Sets o7 like work packages conforming to a part of

a WBS Control Level Element (CLE, e.g., the 6 level element 1.1.2.1.9

16
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FUSELAGE iINTEGRATION AND ASSEMALY shown in Figure 3-2) are functionally
grouped into tasks of work directly assignable to specific program
functional organizations like Dasign, Tool Planning, Lofting, atc. Thaae
assignments produce Cost Accounta. Cost accounts identify every program
functional organization with work to do on a Control Level Element, and
therefore a discrete set of (cross functional) cost actounts will sum to
a single WBS/CLE. Types of cost accounts conform to the types or work
packages that make them up, i.e., Discrete, XLOE, and Apportioned Effort.
With the exception of ailowing 10X LOE work packages in a Discrete cost
account, the makeup is homogeneous. That is, there cannot be a mix of
types of work packages in a given type of cost account.

As cautioned earlier, the method of work package performance measure~
ment is important. Since openings and closings of work packages cannot
readily be made to conform to the monthly CPR reporting period, soma
estimate of progress, for CPR purposes, must be made whilu the package
is open. In the case.of FRC work packages performance can be meauut;d
four ways: (a) standards like accepted time and motion tables, etc., (b)
50% start - 50X completion, (c) milestones, and (d) passage of time (for
LOE packages only). In the 50% start - 50% completion case a package
that is actually 99X complete at CPR accounting gime will only be shown
to be 50% complete. Similarly, a package that has 100X of its '"value"
assigned to a closing milestone may be quite close to completion yet show
no progess at all on that particular CPR. The assumption is, of course,
that the combination of short span and over-assignment of other work
packages will work to correct the mis-information on the next CPR. It
can be inferred from the above discussion that a similar thing occurs on

a more grand scale at the cost account level,

17
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Meure 3=3 helpa clarvify the procass. Again, a Control level
Rlement would be one of the 6 level elements liated on ligure =2, Let
WBS alements bo numbered on Figure 3=3 and functional areas be lettered,
In coat acaount G on the diagram there are six work packagna, two in each
of threa task organizations in the G functional area. Horimontally GI
contributes to the sum making up CLE number 5. The aggregation process
continues upward for management information and to the left for CPR
information,

Analysis. To analysze the effectiveness of the contractor's efforts,
data i{s accumulated at the cost account level and summed through tha WBS
atructure to level 3, whore they are raported in the CPR. The C/SCS
Criteria require that the contractor be able to provide the tollowing

information:

1, DBudgeted Cost for Work Parformed (BCWP). The sum of the budgets
for completad work packages and completed portions of open work pack=
ages, plus budgets for level of effort (LOR) and apportioned effort
activity completad. [What you planned to spend for the work you
actually accomplished - earned value, EV )

2. Budgeted Cost for Work Scheduled (BCWS)., The asum of the budgeta
for work packages acheduled to be accomglinhed (including in-process
work packages), plus the amount of level of effort and apportioned
effort schadulaed to be accomplished within a given period of time.
(wgn: ygg flan to spend for the work you plan to accomplish - planned
value,

3. Actual Cost of Work Performed (ACWP). The sum of actual costs
for completed work packages and completed portions of ogen work
packages, plus costs associated with leyel of effort (LOE) and
apportioned effort activity completed. (Dollar value of resources

consumed in the accomplishment of work performed-actual costs, ACl]

4. Budgeted Cost at Complation (BCC). The program budget.

5. Estimated Cost to Completion (ETC). How much it will cost to
complete the program.

6. RBetimated Cost at Completion (EAC). The sum of ACWP and ETC.

7. Cost and Schedule Varainces with explanations.

8. Traceability. How end where you got the information (24:50,
4:121).

18
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Itemn 1 through 7 are provided in the CPR. The format for the
CPR is specified in the DOD Data Item Dascription DI«F= 6000A.

The concept of "earned value" or BCWP is important to the analysis.
Without it, ambiguity arises. For instance if, in Figure 3-4, only the
solid (actual cost) and long dashed (budget) lines were available one
would not be sure whether the program was ahead of or behind schedule.
The apparent cost and schedule variances are shown as '"Cost Overrun ($)"
and as "Ahead of Schedule" or "Behind Schedule" ‘on the left side of
the "time now" line, Does the actual cost point imply that the work
scheduled has been accomplished sooner than expected for the budgeted
cost or does it perhaps mean that the contractor has spent 'Cost Over-
run (§)" dollars too much to achieve the budgeted work, or is it a
combination of the two? Addition of the short dashed line (earned value)
clarifies the picture. The dollar value of work associated with the
intersection of “the short dashed line and the "time now" line has been
"earned." The right side of the figure correctly depicts what has
actually happened. By comparing earned value line to budget line or actual
line, we can measure performance against actual achievement. It is clear
that the schedule variance is adverse, that is, we have not accomplished
what we planned to st the time we planned to do it. Cost variance is
also seen to be worse than shown on the left. Further, by adding an
Estimate to Completion (ETC) to the actual cost figure, we can arrive
at an Estimate at Completion (EAC). From that we subtract planned value
at completion and arrive at an estimated cost variance at completion.

To summarize the procedure, we list these simple formulas:
1. Earned value - p;anned value = gchedule variance (in dollars)

l
2. Earned value - actual cost = cost variance (also in dollars)

20
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3. Actual cost + estimate to completion = estimate at completion.
Should the reader still find the concepts unclear, a more detailed

discussion of Performance Measurement within SAIMS is given in Reference

24,

Problems and Shortcomings

From reviews of contractor's systems, certain areas stand out as
being troublesome in terms of meeting the C/SCSC. The four most common
are: (a) inadequate forward planning, (b) inability to plan and account
for materials at the point of usage, (c¢) lack of formal system procedures,
and (d) undisciplined budget practices (24:93).

Items (a) and (d) cause the most trouble in measuring cost perform-
ance. If the work statement has not been properly expanded and planned
the qhestion of ascertaining contract status becomes difficult. Lack of
discipline in budgeting is the most common and the most serious problem
area. Retroactive adjustments to schedules and czost estimates and
practices which permit budgets to be shifted from one piece of work to
another frequently result in performance measurement distortions which
render the system useless. This practice, commonly called the "rubber
baseline”" problem, tends to negate the earned value concept. It follows
that establishment and maintenance of a valid performance measurement
baseline which is representative of contract accomplishment is the most
basic requirement in a performance measurement system (24:93).

There are three significant shortcomings to the performance measure—-
ment subsection of SAIMS., PFirst. cost and schedule variances are measured
in value terms, namely dollaras. No explicit factors (milestones) are
given for schedule status. These variances are derived from dollar figures

as shown earlier and are Qtated in dollars. The only calendar time reported

22
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in the CPR is the aggregate estimate given on line 3 of the CPR Section
1 summary (see Figure 3-5) and it is not a "hard" number, i.e., it is
not traceable, but is merely average dollars per day divided into the

variance. 1

Section 1 - Summary:
The A-10 Program is 13.5% complete.

The cumulative schedule variance is (5.3%) which represents an
improvement of 2.2% since the last report. The behind schedule
position equates to approximately 6 work days of schedule
variance.

The cumulative cost variance. is (4.9%) which is a degradation of
1.6% since the last report, is due to direct and overhead rates.

Both cost and schedule variances are well within the threshold
tolerance levels. The CPR Baseline Schedule is based on an
advanced December 1, 1974 first flight.

Figure 3-5. Extraction from the Oct. 1973 CPR

|
{
Secondly, all data is presented in point form implying a determin- 1
istic connotation. This is obviously not true even of performance-to~
date information simply because of the way costs are allocated to work
in progress. When forecasted figures are given, e.g., Estimate at
Completion, the uncertainties involved in the calculations are hidden
by the presentation of a single point estimate.
It is this second shortcoming which the methodology described in '
Chapter 4 seeks to deal with. By considering the time and cost para-
meters as random variables and applying appropriate probability theory
l and simulation implementation it is hoped that the future status of the
’

( contract will be estimated and presented in a more realistic manner.
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The third shortcoming was not evident to the writers until well into
the study. By referencing Figure 3-6 the reader will note that the CPR
gives only top level functional information. Couple this format with
the fact that the CPR information is from four to six weeks old by the
time it reaches the SPO and it becomes evident that the program manager
cannot rely on CPR information for anything more than historical purposes.
What actually occurs, at least in the A-10 program, is the SPD, like the
contractor, deals with problems functionally. The process of problem
propagation, sometimes called the "rolling wave" concept, occurs function-
ally, not along WBS branches. In the A-10 program, for example, the
first big concern arose over late engineering drawings. Because the
drawings were late, the processes of tool planning, design, and fabrica-
tion were delayed. Manpower accession problems in the tooling area
further aggrevated the problem, and so on. Succinctly put, the CPR
should give a bglated indication that something is wrong, but it does
not tell where (see Chapter 5).

Summary. The SAiM System imposes criteria upon defense contractors
that requires their management systems to be capable of providing
various contract related data elements, primarily based on cost. The
system suffers from two main faults: point estimation of future variaunces
and presentation of data in value terms (usually dollars). Program
managers are consequently forced to seek alternate methods for predicting
future status and for tracking the time variable explicitly, (for
example, expected time in days to the next significant program milestone
versus the plannei time to that milestone). The methudology explained

in Chapter &4 is one such alternative.
|
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IV. Proposed Methodology

This chapter annotates the specific elements pertinent to the
risk assessment methodology suggested by the AFA Risk Analysis Study
Team (see quote on page 2 ) and the assumptions made in applying the
methodology to the A~10 Full Scale Development Program. Basically, the
methodology employs the principles of network analysis and subjective
probability to obtain risk profiles for each of the activities of the
project and aggregates them into a risk profile for the project as a
whole through the use of advanced networking techniques. Such techniques,
1ike VERT (Venture Evaluation and Review Technique), use a Monte Carlo
process to repeatedly sample the fisk profiles of the individual
activities and arrive at a distribution for the entire project. For
a more detailed explanation of VERT, see Avpendix C.

To illustrate how this technique works and show the information
required, an eiémple is in order. Suppose, for simplicity"s sake, we
have a program made up of two subsystems, A and B. In order to complete
the project, A and B must be completed and then integrated and as-
senbled, activity C. This is shown in Figure 4~1. Associated with each
of the three activities are probability distributions for cost and
time. (The triangular distribution was assumed in the example.) In
reality, the project activities would occur only once; however, using
network simulation, one can repeatedly sample from these distributions
to determine cost and achedule histograms for the total project. The
VERT output is in the form of probability density functions (pdf) and -
-cumulative density functions (cdf). The risk profile can be obtained
from the output by the formula, l-cdf. The resulting risk profile, say
for time, might look something like that shown in FPigure 4-2. The
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time

Activity C

cost

time

cost

@ .

Figure 4-1 Simple 3 Activity Simulation

R(t)

Time in Months

Figure 4~2 Risk Profile (time)
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area of uncertainty is between a and b. As illustrated, the prob-
ability of not completing the project in the 36th month is 0.5.

The basic objectives in applying this methodology were then to
(a) formulate an activity network of the A~10 Full Scale Development
Project, (b) obtain the best possible time and cost estimates for the
network activities, and (c) use VERT to analyze the network using pdf's
derived from the Qubjective estimates. We hoped that this methodology
would provide the program manager with information that would
compare CPR data and afford lower WBS level traceability for
problem analysis. Also, sensitivity analysis could be performed by
varying the parameters of the distribution to determine the effects
of different inputs and to discover which activities have the
greatest propensity to increase risk.

The accuracy of this risk assessment methodology is primarily
dependent on the realism of the network and quality of the time and
cost estimates. This would suggest a very elaborate and detailed net-
work and the use of the most advanced techniques for soliciting sub-
jective probabilities. Howaver, other requirements such as simplicity
and practicality were also germane to the methodology, not to mention
the three month time constraint for the thesis itself. A detailed net-
work implies large numbers of activities which increases the network
construction and maintenance time and slso the data collection efforts,
especially when subjective probability solicitation is used. There are
several elaborate methods available in the literature to obtain sub-
jective probability estimates (6:17). Such methods as the "You Bet
Yourself", "Fit Values to the Shape", and "Delphi" require considerable
time and administrative effort to obtain the distributions. Therefore,

it was necessary to make some trade~offs between the requirements for
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accuracy and those of the real world.
Network

As mentioned, the most difficult requirement for the network was to
limit the number of activities in order to bound the data collection
process, yet still produce a realistic network. We hoped to build a net-
work based on the Work Breakdown Structure explained in Chapter 3. These
WBS elements (level four and above) provide the basic units by which the
contractor reports cost and schedule information to the Systems Program
Office, the Air Staff and other governmental agencies. The contractor
primarily monitors the program functionally, that is, he breaks the
project down into functional tasks such as design, tooling, manufacturing,
quality assurance, and procurement. These tasks are further sub-divided
into work packages; however, to construct a network at this level and
aggregate to the upper levels of the WBS would have been a monumental
undertaking. By basing the network on the WBS elements, we thought we
could limit the total activities to a manageable number. SPO and contractor
personnel felt that this type of network was feasible and would provide
enough realism to make the methodology valid. In addition to the above,
there were three other important requirements in establishing the network:
(a) activities must be clearly defined with start and stop points, (b)
relationships between activities must be known, and (c) each activity wmust
have at least one cost expert and one time expert in order to obtain
complete data.

Since the A-10 Full Scale Development Program covers the time span
from March 1973 to September 1976, we decided to track the program to

July, 1975. This is a significant milestone date in the program as
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the gun and second DT&E aivcraft are to be mated and demonstrated by
this time, This decision was made for two reasonst (a) te limit the
number of activities in tha network and (b) to improve thu quality of
the estimates by not requiring the exparts to predict events too far
into the future.

Data

To obtain subjective probability eatimates, it is neceseary to
solicit data from knowledgeable individuals and £it this data to an
appropriate probability distribution. Four pertinent questions need
to be answered.

First, who should provide the subjective inputr? SPO personnal
have some knowledge of the individual WBS elements, but their know=
ledge of the project is primarily dependent on data provided them by
t. . contractor. Jiuis prompted us to go directly the contractor personnal
tor our data sources. As mentioned in Chapter 3, the contractor's
management system is functionally made up of sets of coat accounts and
each cost account has a manager whu is responsible for input data (BCWS,
BCWP, and ACWP). We thought that these individuals could provide us with
the best cost information; howevaer, in a few areas, such as Final Assembly,
it would be necessary to obtain time estimates from shop supervisors
responsible for thet particular task.

Secondly, which subjective assessment technique should be used? As
pointed out in the Tripp~Leedom Report, the major difference butween
estimates is due not to different assessment techniques but to the test
subjects themselves (50:28). Such techniques as Delphi and Standard
Gamble require conaiderable time to gather the data, while others like

i
the Curve Fitting techniques require 1t least a basic understanding of
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probability and statiasties, In keeping with the vequirementa for
simplicity and practicallty, we decided to use the three point

mathod which has been used often in the past as an approximating
technique in PERT (Program Evaluation Reviaw Technique) (36:12). In
thia technique tue subject is asked to atate his most likely astimate
for cost and time and his lowest and highest possible estimates. These
three astimates aro then uaed for formulate a cost and time probability
density function for the activity.

Thirdly, since the underlying distribution for the eatimates is
unknown, which diatribution ahould be asswned! The most widely usaed
diatribution has been the Beta distribution (6:97). It has been used
in the PERT merhodology and Bevelhymar assumed it in hie study (10:28).
The World Bank has compared several diatributions fitted to subjective
probability estimates in their investment projects and found, in retro=-
spect, that the, triangular distribution would have obtained an estimate
remarkably close to their actual results (41:13), They think that the
Beta distribution incorrectly weights the value assigned to the "most
likely" estimate. In their experience, the most likely estimate ia
not & reliable daéum. and in practice it oftan lies between the value
with the higheat probability (mode) and the mean. The triangular
distribution is simple and easy to use. Since there is debate as to
which distribution is more valid, we assumed the triangular diastribution
for both cost and time. A derivation of the triangular distribution's
parameters and properties is given in Appendix B.

The fourth and most difficult question to unswer is: How doas
one get tha contractor personnel to provide honest, unbiased opinions

of the cost and time ranges? This probably is the most critical ares in
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terme of whether the wethodology is useful or not. Since the cost
account manager is the "expert", his estimate muat be accepted as

the moat valid as long as ha feels that it corresponds with his beat
Judgment. All too often the pavsonnel who are in the beat position to
provide aound catimates may also have a vested interest in distorting
them (56:96). For example, the persons baing asked their probability
asscssment may not have an incentive for supplying the estimate which
they balieve to be the closest to the actual cost or time ranges.
Reasons for thesc vagaries are difficult to ascertain and coatrol. The
ausesaor may be trying to hide an internal deficiency within his area
of rasponsibility or may want to "pad" the esiimate to look good at the
completion of the program. In this situation, where the government
(8P0) is trying to obtain information from the contractor thare is even
more potential bias since the contractor may be reluctant tuv provide

outside organlaations with information that may ba adverse to his

interesta. Woodgata suggaeste that one possiblo w;y around this difficulty

is to instill a sense of participation in the project as a whole by
fostering a team spirit and placing emphasis upon the overall project
objectives rather than individual department accomplishments (36:96).

Such a sense of participation cannot be aenforced. It is a philosophy

engendored by top management and developed over a relatively long period

of time.

Another possible incentive for giving good estimates is the use of
scoring rules or penalty functions (38:1108). These methods pretend
to provide motivation for the expart to be hondst and express his true
feelings. In the case of scoring rules, the subject is provided feed-

back on how well his estimates have correlated with actual results.
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Penalty functions are used much in the same manner except the subject
i» penaliged in soma way if his predictive values are not within
pradetermined bounds of the actual value. The techniques are not
feasible in the weapons acquisition process as frequent iterations
are required to compare predicted values with actual results. The
outcoms of a research and developument project occurs only once and may
not be known for many months, if ever.

Another possible technique is a group assessment method like
the Delphi technique. A number of experts anonymously provide pre-
dictive estimates along with justification for their values. After
aach response, the exparts view the group responses and justifications
and make adjustments to their previous estimates. After several
iterations of the process, the group usually arrives at some consensus
opinion, The primary drawbacks to the technique are (a) the requirement
for several knowledgeable experts and (b) the large amount of time
necessary to process the lterations.

The last technique to be discussed, and the one to be ised in
this methodology to hopefuily motivate honest, unbiased estimates
is one that the writers have called the semi-inducemant method. Its
use has limited application as there is a requireﬁent to have a
second scurce of "semi-experts" who have some knowledge of activity
times and costs. Such a situation exists in the relationship between
the SPO and the countractor. The SPO personnel are charged with mon-

itoring these variables and have some knowledge of their status. The

questioner can use this external information to compile information
on each activity so that.he has some prior knowledge of the ranges

of cost and time values when he solicits them from the primary
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sources, Thie information is used to "remind" the subject of certain
factors that may have an effect on his estimate. For example, if

the expert in quality assurance gave what the solicitor knew to be

a low cost estimate for a particular serics of tests that were part-
ially com~tete, a reminder that his account is presently x dollars
over budget cost and y dollars behind on earned value might prompt
him to re-consider his estimate; but, in the final analysis, the

primary expert's estimate can not be totally rejected.

Summary

The methodology consists of constructing a realistic summary
network of the A-10 Full Scale Dévelopment Project up to the time
the second DT&E aircraft is to be mated with the 30mm gun. The network
is based on WBS elements to afford comparison with CPR data and reduce
the number of activities to a manageable size. The data 1s based on
the principles.;f subjective probability and will be obtained from
contractor personnel using the three point assessment method. These
estimates are then fitted to the triangular distribution to obtain
the required time and cost probability density functions for each
of the activities. The risk profiles for the individual activities
are computed and aggregated using the VERT simulation routine to

obtain overall risk profiles for schedule and cost.

Further References

It should be noted that the areas of network analysis and
subjective probability estimates are quite vast and controversial.

This thesis in no way has addressed all the alternatives, assumptions,

and limitations associated with these two principles. For those
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interested in a more theoretical and detailed explanation of these
subjects, the following references are suggested: 5,6,8,11, 25,36,45,

48,52,54 and 56.
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V. A Test Application (

Constructing the Network

The first rstep in applying the methodology was to construct

a simplified, but realistic, WBS network of the A-10 project.

L e e —

Although neither the Contractor nor the SPO was using a PERT pro-
jJect network, it was hoped that the Contractor's Management Network,
a portion of which is depicted in Figure 5~1, could be used to con-
struct a network suitable for this application. Further study of the
Management Network revealed that its activities are not clearly
defined. For example, in Figure 5-1, top line, there is a node in-
dicating completion of Design Layout, but we have no idea from the
network when the activity, "Design Layout" was started. In the second !
line, it is undetermined as to whether Tool Pre-planning is completed
at the start of Tool Planning or whether these two activities are ‘
concurrent for a period of time. It is primarily an event oriented !
network with nodes representing contract milestones and/or functional
events., Initial attempts to identify the activities implicit in the
event network and determine interdependenéiea, indicated that the
resulting network would include too many detailed activities, making
the application impractical under the constraints of the research.

A more simplified network was constructed using the Contract
Work Breakdown Structure Dictionary, a contractor document which lists
the WBS elements to as low as the sixth level and provides the link

between these elements and the functional structure via cost account

aggregation. This network, A portion of which is shown in Figure 5-2,
showed promise of meeting the requirements and constraints annotated

in Chapters 2 and 4. Both the Contractor and SPO advisors expressed con-
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fidence in the potential realism of the network. Before finalizing
the network and coding it into the VERT simulation routine, a pre-
liminary data collection effort was made to insure that the data
sources could provide the necessary estimates for each of the
activities. A portion of the network was selected for the trial run.
This first attempt in obtaining time and cost estimates shrfaced
major problems in the application of the methodology.

The major problem was correlating the data sources witb the
activities. In short, we were unable to find experts within the
Contractor's organization who could provide aggregate time or cost
estimates for an entire WBS activity. The crux of the problem lies
in the relationship between WBS and functional structures. This
relationship is illustrated in Figure 5-3. As depicted, a number of
functional departments contribute to the construction of the
Forward Fuselage section. Also, the aetivities of these different
departments are intertwined with activities dependent upon other
activitids before start or completion can occur. For example, look-
ing at Figure 5-3 again, the functional tasks of design, tooling,
and procurement are related in that some of the design effort must
he completed before tool planning or procurement operations can be-
gin. Also, all the =ngineering design must be completed before the
tooling activity can e . .nishel. It is very difficult to determine ,
Just exactly how far along ons activity must be before another can be-
gin. In order to determine information of this detail, one would have
to network the project at the work package level. There are approx-

imately 3000 work packages in FRC's portion of the program. This

WBS/functional relationship is prevalent throughout most of the other

WBS elements. In order to obtain cost and time estimates, the expert - j
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must have sufficient knowledge of the different functional tasks

that are necessary for the completion of a particular WBS element.
Since the contractor manages through functional organization, e.g.,
he "tracks" the project through the planning and control of his engin-
eering, tooling, quality assurance, manufacturing, material, and sub-
contracting functions, few of the contractor's middle management
personnel, such as the cost account managers, are in a position to
know how much other functions contribute to a particular WBS element.
They are very knowledgeable in their specific functional area but do
not have the breadth of knowledge necessary to express cost or time
estimates for an entire WBS activity.

The alternatives to this dilemma were to (a) find suitable experts
knowledgeable of the existing WBS activities or (b) sub-divide the
activities into specific functinnal cost accounts and thus permit the
cost account mapnagers to make judgements on those tasks within their
area of responsibility. With the exception of a few elements like Final
Integration and Assembly, Quality Assurance, and Procureuent, contractor
personnel knowledgeable of the WBS activities were non-existent. One
can easily see, changing from a WBS-bvased network to a functional net-~
work causes the necwork to explode. As depicted in Figure 5-3, the
numbar of activities increases from 1 to 32 (19 activities and 13
transportation arcs). The initial WBS-based network contained
approximately 70 activities, most of which increase by a conservative
factor of 20 if a functional network were constructed. The resultant
network would have contained about 1400 activities. The data
collection process would then have heen enormous.

i
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Soliciting Estimates

il A-AA

Further problems were encountered when we attempted to solicit time
estimates for the final assembly phase. Although the assembly task had
been planned in detail, the production planner in charge of the opera-
tion indicated that deviations from the plan would occur, especially
during the first few DT&E aircraft. Some parts would not be available
on time and problems would occur requiring re~design or re-fabrication.
However, he maintained that the assembly operation would not come to
a standstill just because the next step in the plan could not be completed.
"Work~around plans" would be implemented, circumventing problem areas
and rescheduling them out of sequence. He did not know exactly how many
work-around operations would be required but did mention that over a
hundred was not unlikely. Due to these potential work-around require-
ments, he was very reluctant to commit himself to estimates for the
assembly activities. For example, according to the pian, the three
fuselage sections are to be fully "stuffed" with appropriate hydraulic
and electrical components before the sections are mated. The production
planner was reluctant to commit himself to this sequence of activities.
He argued that thé mating operation could take place earlier if some of
the hydraulic or electrical components were not available on time, These
late components would then be assembled at a later point in the assembly
operation. Some contingency plans were already being formulated at the
time of this interview since it was already known that a few long-lead
items would most likely be late.

The existence of these possible work-around operations causes
further woes for the networker. Because numerous changes arc expected

in the network activities during the construction of the first few

42
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DT&E aircraft, frequent, perhaps daily, updating will be necessary
in order to maintain currency. Sihce the network was to be main~-
tained by the SPO, it would have required a great deal of coordination

between the contractor and SPO to maintain a realistic network.

Bias Problems

As expected, but to a greater degree than anticipated, the problem
of soliciting unbiased estimates was encountered. As mentioned in
Chapter 4, we hoped to reduce the bias by gathering as much cost and
time information available about each activity prior to interviewing
the experts to obtain their predictive estimates. In two areas of
quality assurance we were able to find contractor personnel capable of
providing cost estimates for two WBS activities. In both of these cases,
their initial estims es were considerably lower than we had anticipated.
The Cost Performance Report indicated that these two accounts wer.
approximately 15% over their cumulative budget~to~date, but would be on-
target at the end of the program. Information from SPO personnel
indicated that the overrun was greater than the CPR information and that
it was highly unlikely that they could be reduced significantly. After
over a half hour of discussion, both cost account managers revised their
estimates to higher, more realistic values. They later admitted that
they were very reluctant to provide individuals outside the organization
with information that deviated from that reported through the formal
reporting system, i.e,, the CPR. The fact that we appeared to have
accurate information about thelr accounts in the pertinent WBS activities
prompted them to revise their estimates.

It appears that tﬁe semi-inducement technique has some potential to
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reduce gross bias in the estimatas but it aleo haa major shortcomings.
It can only be applied to those situations where external information
is available. FEven if the prior information is available, subatantial
research effort is required to assimilate the information. Using a
natwork approach, one must limit the number of activitiea to aveid an
expensiva and time consuming data collection process. 'There is alae
the possibility that the technique itself might bias the estimates.

An aggressive interviewer could possibly influunce tha expert to
estimate values inconsistent with his own beliefs. The number of

sanmples taken wera too s#mall to prove or disapprove this possibility,

Summary .

We were unable to construct a WBS-based network that was consiatent

with the network requirements established for the methodology. Possible

work-around operations pertineat tu the construction of the first fow
development airE}aft further complicated network construction, mainten-

ance, and data collection. Finally, the efforts made to solicit cost

and time estimates indicated considerable reluctance on the contractor's

part to provide us with unbiased estimatas. The magnitude of these

problems prompted us to abandon the methodology as impractical and seek

alternate ways to assist the SPO in assessing contractor performance.
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VI, Least 8quares Forecaating

Subsaquent to concluding that our application of the oviginal
mathodology on a4 scale detuiled enough to afford vealiam was not feaaible
in the wime alloted, we sought other wuya co forecast coat and schedule
performance. Time prevented ug from investigating all considevations ae
we puraued two approaches hased on least squares vegresalon aralysis,
This chapter reflects those efforts.

Motivatdon

Notivation arvse from obaserving the monthly CPR data, apecifically
the "At Complation" column. By referencing Figure ¢-1, the reader will
note that the Batimate at 00mplccion is precisely equal to Budget at
Completion although there exist several cases of adverse coat variance
(indicated by parenthesfs) in the Cumulative to Date Section. This imp-
lies that for those elements with adverae coat variance (overrun) the
contractor's ol;}matu to completion was arrived at by "backing in," i.e.,
somehow he will porform the remaining work for exactly the current adverse
variance dollars loss than i1s budgetad.

Both tha contractor and the S8PO acknowledgad this was not posaible
in some casaes and the contractor was admonished to correct thes situation.
The December 1973 CPR is the first to show non-sero variances at complation
but there still is a question. Those nun-sero varisnces at completion
are just aqual to current (Decamber) cost variances, as in Figure 6-2,

The contractor simply added current variance to Budget at Cowpletion to
arxive at Eatimate at Completion. Given this saquence of events, ve
questioned whathex or not the contractor was really attempting an accurate
forecast. The FRC Maﬁojement Control and Information System (MCILS)

Training Manual states:
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The { Estimate to Completion ] ETC is & fresh objective re-analysis of
the remaining work to be done independent of the budget or actual |
costs to date... Particularly if the ETC's are larger than expected, i
analysis and ETC's at the Work Package level should be performed to
pinpoint the source of the problem (17:135).

At the suggestion of members of the Program Control Directorate in

the A-10 SPO, we decided to try some simple regression analysis as a

first approximation to improving the CPR variance forecasting. It is well
to note again that SAIMS schedule data is measured in dollars, not days. .

The Linear Model

We first chose to attempt an analysis on the cost account level with
the option of summing those numbers and repeating the process on some |

higher level, either WBS or functional. Toward that end we obtained data

from two FRC MCIS reports, the Project Cost/Schedule Comparison Report and *

the Planning Package Status Report, for months May through November 1973,

Although the contract was signed on 1 March 1973, the first SAIMS data

did not result until the mouth of May, hence the two month lag. The model
used was the same for both time and cost variances, as well as for direct
labor hour variances (an additional data item obtainable from the two
reports). Since there can be no variance prior to contract initiation,

we omitted the intercept term and used an equation of the form

yi - Bx1 + ei

vhere Yg is the observed variance on data set i, X, is the independent
variable (months or BCWS) for set i, B is the parameter (coecfficient)
to be estimated, and ey is the measurement error for set i, The e's
are assumed to be independent with mean zero and variance sigmaz, a
constant., For analysis of variance purposes, the e's are also assumed

to be normally distributed (here we mean variance in the statistical

PR
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sense) .
Since some cost accounts did not open at contract initiation
we had at most seven data points. We concluded that the Full Scale

Development effort would have beentoo large (313 cost accounts) so we

limited the analysis to the Basic Structure element defined in Chapter

2. Further, since most recurring cost accounts (those that would have
entries periodically for each of the 10 DT&E aircraft) were not open,

we omitted them. Through an oversight we also ommitted two non-recuvrring
coet accounts. The result was that we had 37 cost account iata sets.

Each set contained BCWS, BCWP, ACWP, Budgeted Labor Hours, and Actual
Labor Hours, We also obtained BCWS numbers for the relevant cost accounts

through June 1974. A typical data set is shown in Table 6-1.

BCWS * BCWP ACWP BUDGETED LABOR ACTUAL LABOR Month
HOURS HOURS

62600 62599 61490 4198 3757 May 73

103819 99047 93633 6646 5886 Jun

192794 173018 186036 11622 12250 Jul

367333 294932 374721 19817 25059 Aug

562132 491659 616583 33048 41532 Sep

580413 564559 760687 37977 51144 Oct

645574 645812 851250 43481 57118 Nov

686685 Dec

712015 Jan 74

741217 Feb

757903 Mar

1012251 Apr

1012251 May

1012251 Jun

Cost Account = 019B - Engineering, Fuselage I&A
Table 6-1. Typical Data Set
Implementation. We used the OMNITAB program on the GE 600 series
computer to perform the analysis (29). By arranging the data sets in E
the OMNITAB worksheet we were able to write a simple program (Appendix
D) to do the arithmetic and perform the regressions. We also used the
49 '
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automatic plot feature of OMNITAB to print the graphs in Figures 6-3
through 6- 6. Figure 6~6 is a prediction similar to Figure 3-4. |
Findings. The results of the program were questionable. First,
the omission of the two non-recurring accounts and all the recurring |
accounts made the totals lower than those reported on the CPR. For %
instance, the November CPR listed the Basic Structure cumulative-to-date
BCWS as $7,147,000 (to the nearest thousand dollars) and our data showed
$5,727,614., By adding those cost accounts omitted from our data we could
show a November BCWS of $6,997,636. We cannot explain the 149 thousand
dollar difference.
Secondly, our cost variance prediction routine was necessarily a
two step procedure and hencethe linearity assumption was suspeci. The
reader will recall from Chapter 3 that cost variance equals earned value
minus actual costs. This implies that a future estimate of actual cost
must be the sum ‘'6f a predicted earned value and a predicted cost variance.
To find the predicted earned value, we regressed earned value against
BCWS as the independent variable. To find predicted cost variance, we
regressed cost variance-to-date against months one through seven. Table
:6-2 lists the equations. Table 6~3 lists a summary of the results. The
-large 95% confidence intervals emphasize the unceftainty of the process.
Thirdly, we were skeptical of the information displayed in Figures
6-1 and 6. Note the simultaneous décrease of cost and schedule variance. C
Generally when a contractor is behind schedule, he must spend dollars ‘
(overtime) to catch up, but this did not happen is this case. The only
possible explanation within the C/SCS Criteria is that a peculiarly large
block of earned value was_accrued in November. Regardless, the data jump

t
reduced the reliability of a linear model.

50
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ONNITAD PROGRAN FOR A=10 COST ACCOUNT VARIANCE REORESSIONS |
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Figure 6-3,. Actual and Predicted Schedule Variance
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OMNITAD PROGRAM FOR A=10 COSV ACCOUNT VARIANGE REORESS!
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OMNITAD PROGHAM FOR A=10 COST ACCOUNT VARIANCE REGRESSIONS |
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1. Predicted Cost Variance = f1 (Actual Cost Variance, Months)
Cvp “_fl(CVa,M)
CVp = BcvM
2. Predicted Earned Value = fz(BCWS, Actual Earned Value)
EVp & fz(BCWS, EVa)
EV_= B BCWS
P ev
3. Predicted Actual Cost = Predicted EV + Predicted CV
ACp - EVp + CVp
4. Predicted Schedule Variance = Predicted Earned Value -~ BCWS
SV = EV_ - BCWS
or, P P
SVp - f3 (Actual Schedule Variance, Months)
SVp -'f3 (SVa.M)
SV =B M
P sV
S. Predicted Labor Variance = f4 (Actual Labor Variance, Months)
LVp - f4 (LVa.M)
LVp - BlvM
° Table 6-2. General Equations
1. Coefficients: ncv = 84319
Bev w 356461
B.v = 57591
Blv = 3851
2. Prcdictions and 95X Confidence Intervals
August 73 November 73 June 74
CVP-37727Qt900053 660234+460061 1320468+-664089
Evp'lb258341311464 5250081+403047 17067050+1091634
SVP-230364j176976 4031404203522 806280+293780
LVP-1540Q122624 26961426018 53922437557

—— - _A_._A,AA.AA‘L i o . .

Table 6-3. Results of the Linear Regression
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Last, there is a peculiarity in the data due to the difference be-
tween the planned work package budget and the released work package bud-
get (released budgets indi-ate that the work package has been opened (or
it is less than two weeks from being opened). Although this is not always
the case, when it occurs it can have a distorting effect on the cost
account numbers, particularly when it is realized that we used a combina--
tion of the two types of work package budgets to get the BCWS numbers
to June 1974. Essentially whot happens is that unopened work packages
may be replanned and rebudgeted (within the confines of the appropriate
cost account budgets) up to two weeks before the scheduled opening date.
This has the effect of altering the shape of the cost account curmulative
BCWS curve and hence alters the independent variable in the earned value
regregsion.

Summary. Despite these drawbacks, this approach or one similar to
it should be better than what is now being done in the A~10 program CPR,
especially for near term predictions (like the 7th month point we used).
It also offers the advantage of being able to look at the problem
functionally if desired, because the data i{s at the cost account level.
The Gompertz Model

The advisors in the A-10 SPO suggested that the cumulative BCWS
curve might have a distribution similar to that of the Gompertz Curve
vhich has often been used in the area of technical forecasting (34:113).

The equation for the Gompertz Curve is:

-kt
Y=pe®®

It ranges from zero at t equals minus infinity to the upper limit, L,

56




~ —— e . ‘1’

GSA/SsM/74-1

at t equals plus infinity, where t is the independent variable. However,
the curve is not symmetrical. The inflection point occurs at t = (In b)/k,
where Y = L/e. TFigure 6-7 shows a Gompertz Curve for which L, b, and k

are all equal to one.

T 1 T 1 T 1%
N —{ 0.9
- -— 0.8
— -1 0.7
4— — 0.6
. . 0.5
I 1
;_ -1 0.3
. ~-—4 0.2
.- - 0.1
| | L1 1 L],

-3 -2 -} 0 1 2 3 4 5 6

Figure 6-7 Gompertz Curve

Implementatioh. We used the GROCRV program on the CDC conputer to

perform the Gompertz regressions (see Appendix E). We first regressed the
Gompertz Curve against the projected cumulative BCWS for the total A-10
Development Program. As shown in Figure 6~8, the Gompertz Curve appears
to "fit" the cumulative BCWS curve fairly well. The Coefficient of
Determination using a L value of 125 million dollars is 0.99834. If one

further assumes that the ACWP cumulative curve has a similar shape, then

the Gompertz Curve cou;d possibly be used to predict future ACWP values

’ ( using data from the CPR.
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Ad with the linear :egression wnodal, only the eumulative acveunta
from the Hawie Strueture WHN elementa were uned, 8inee the data Cvouw
the two NC1S veporta was suspeat, we usad CPR data Cor thia oftorc,

The data aet analuded sight wontha of cumulative ACWP pumbara and a
range of poanible ACWP valuea for the Batimate at Completion. We used
the d8th calenday wonth aa the tevminating wenth ainee Basia Struecurves
are to be complatad by this time, By varylng the AGWP values at
complation, we constructed a family of predicted curves that might posiibly
veprewent the actual dollav expenditures (in wmillione of dollars) for
the Basia 8truatures element duving the program (wae Figure 6=9). Fitting |
the Gomperta curve to these nine pointa (the eight data pointa and the
estimated end~of=program ACWP) reaulted in very high Coefficlents of
Detarmination for all the regressions. They ranged from 0.99932 to
( 0.99965. The upper liwmit, L, was adjusted thruugh trial and error to

obtain the highest Coefficient of Determination for each data set,

Findiogs. As one can see by looking at Figure 6-9, all the curves

are almost superimpused on one another during the early stages of the

program. They do not begin to diverge until about the 10th month. At

the 12th month the divergence ie ample to begin comparing CPR data for

that month with the predicted values and determine, possibly, which of

the actual cost curves the contractor appears to be un, As the program

progresses and additional data becomes available, the curves could be

up=datod and sone of the outlying curves could be eliminatud as infeasibla.

The inflection points of the Gompertz curves fitted to the BCWS
cumulative data and ACWP data could be compared to provide another means
of estimating which actual curve the contractor was following. This could

( be used as early as tha l4th month since the inflection point appears to
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oanut about that time in the program,

Summary. The assumptions nevessary for thia methodelogy are ahaky
at beat. BEven if the Gompartx Curve does fit tha BCWS curve veasonably
wall, there ia no guarantea that tha ACWP aeurve will bde similar to the
BCWS aurve. Problems encountered in the program could cause a rapid
shift from one predicted curve to another and aven result in multiple
inflection pointa iu the actual curve, Such a case can easily occuv
in the A-10 program becausa the contract is being renegotiated as a

result of funding alterations by Congreas,
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VII. Conclusions and Recommendations

In the beginning of the study, we thought we had a well bounded
problem suitable for a scientif{c management approach; however, as we
learned more about the weapons acquisition process and management within
the Syatem Program Office, we discovered that the weapons acquisition
procesa is complex, dynamic, and fraught with many sources of uncertainty.
Even though wo were unable to implement the proposed methodology, we feel
that the learning prucess exparienced allows us to draw some conclusions

concerning the risk assessment approach taken here and to make a few

inferences about risk analysis in general in the proceas of buying weapons.

Finally, we have proposed some recommendations which we hope will be of
some benefit to others who might contemplate study in this area. We
cautinn that the contents of this chapter are based mostly on our opinions
which in turn are the result of a sample size of one, namely the A-10
Full Scale Development Program.

Particular Conclusions and Recommendations

1, Conclusions: Although not a risk assessment in the strict sense
of the AF Academy Study Team's definition, the methodology proposed in
this study could provide the contractor and government with useful infor-
mation.

The AF Academy Study imp. les that risk assessment ls a component of
risk analysis, that is, the first step in risk analysis is to determine
the risk associated with each of the possible alternatives. In this
case study there was only one basic alternative, that of developing the
A-10 aircraft. Also, to be considered a true risk assessment, all three
variables, i.e., cost, time, and technical performance, should be asgessed

to obtain the "program" risk. For reasons explained in Chapter 2, we
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excluded the performance variable. However, we feel that the methodology
could still provide useful cost and schedule information. Its main
attribute is the presentation of cost and time estimates in a probabiliatic
format! rather than as point estimates. The manager is provided a range
of poasibilities from which implications of rn:¢: rialnty can be drawn for
each activity, and the total program, by ouw....ng the statistical variance
in the resultant distributions.

Since there is only one alternative, the methodology is essentially
an information system. By using the principles of management by exception,
the AF program manager can identify areas with high "estimate" uncertainty
and high probability of not obtaining planned cost and schedule objectives,
and thus devote most of his attention to those areas. However, the
information will not tell him what is wrong. There are three possibilities:
(a) the initial plan was in error (possibly due to target or process
uncertainty), (b) the plan is being poorly executed (internal program
uncertainty can cause this) or, (c) the data is inaccurate (most likely
due to bias in the estlmates or, in this case, possibly to the exclusion
of the performance variable). Logically, the manager would seek to
determine the cause or causes. If he then acted to correct those causes,
the methodology could be considered a type of control system. The
implications of this deduction will be discussed later.

Recommendation. If the probabilistic format is considered useful,

then perhaps the Cost Performance Report could be altered to present the
data in this way at substantially less cost than would be incurred using

this network methodology.

2. Conclusion: A technique, like that attempted in this study, which

employs network analysis and subjective probability techniques should
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/ not be attempted without a strong commitment by both the SPO and the |
contractor.
The methodology 1s very similar to that of PERT, except for the

stochastic treatment of data. Like PERT, the program should be applied

early iﬁ-a development effort with the full support of those who are

going to use and maintain the system. Otherwise, there may only be

a superficial desire to see the system work, and it may become just

an ancillary, bureaucratic function. As suggested by the AF Academy

Study, it should be implemented by an interdisciplinary team made up

of trained analysts in mathematics, probability, statistics, operations
research, and computer science = qided by cost analysts, production,

design, and engineering people, and experts in various technical disciplines
(33:6). The cost of this approach would be high, but we see no other way

to reliabily test its feasibility. Unfortunately we did not have the

time nor the resources necessary to take this normative approach. Further, |

neither the contractor nor the SPO was willing to incur the cost of such

‘
i
an elaborate management tool considering the relative simplicity of the !
aircraft to be built.
Recommendation: AIf both industry and goverument mutually determine g
that this type of methodology has potential merit for an individual |
Y
program, then they should commit the necessary resources to insure a !
1
reasonable degree of success. In our opinion, it is doubtful that this
4
type of methodology can be successfully implemented unilaterally by the
Air Force on a low key, low cost basis.
3. Conclusions: Successful use of this type of methodology as a
control system is unlikely. As indicated in the first conclusion, there
may be a tendency for the Alr Force to use the system as a means to
' 4
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wonitor and control contractor performance. Since the input data for

the methodology is obtained subjectively from personnel in the contract-
or's organization, its use as a control system by the AF will most likely
increase the astimate bias as a result of adverse feedback reactions. \
These reactions, both intentional and unintentional, may suppress the
flow of accurate information between the contractor and the SPO. Within
his own organization even the contractor may have sowne difficulty in
getting the experts to accurately transmit their pervections upward to
their superiors, but at least the contractor has somn corntrol over this
internal bias via the infusion of a compensating manecgement philosophy.
If this methodology is used by the SPO to correct contractor performance,
the contractor may be reluatant to provide unfavorable information,
especially in a situation like the A-10 where a company's survival as a
prime contractor may depend on an impending production decision.

Recommendation: If the information from this type of methodology

is to be supplied to the AF program manager, extrabrdinary measures should
be taken to avoid using the system as a control device, lest it be
rendered useless by adverse feedbacl: reaction.

4. Conclusion: SAIMS in the A-10 program has two major short-
comings: (a) as presently determined, the time variance (given in dollars)
is inaccurate and misleading, and (b) although required in the contract
via the CSCS Criteria, the contractor is not supplying the SPO with
sincere cost varilance forecasts.

Recommendation: Determine a more accurate method of calculating

the schedule variance. The methodology proposed here would provide
schedule variance forecgsta in gome time unit, probably days, but if it

cannot be implemented perhaps a summary event network of critical
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milestones could be constructed and used to provic this information.
An alternative is to enforce the spirit of the C/SCSC and require the
contractor to work the variance estimates up from the work package
level, .(However we feel that the effort involved in accomplishing this
task monthly would not be justified by the information obtained). The
estimate reliability and the workload involved could be increased and
reduced, respectively, by moving the forecast date from "At Completion"
to, say, "Six Month Forecast".

5. Conclusion: Of the two regression models attempted in this
study, the Gompertz model appears to give significantly more plausible
varilance forecasts than does the current CPR. However, due to the
inaccuracies inherent in such models, heavy reliance on them would be

inappropriate.

Recommendation: The Program Office should follow up on the Gompertz

model to assess.its accuracy in predicting future cost and schedule
variances (in dollars) during the remainder of the A-10 DT&E program.

Genevral Conclusions and Recommendations

1. Conclusion: Within the DOD there is little syntactical conven-
tion with regard to the term "risk analysis'. 1In talking to members of
other program offices within ASD, we found that "risk analysis" generally
infers analysis of what we have called "technical uncertainty".

Recommendation: The definitions concerning risk analysis, risk

management, and risk assessment listed in the AF Academy Study should be
adopted and incorporated in an appropriate DOD document.

2. Conclusion: We question the requirement for all major develop-
ment programs to engage in "formal risk analysis". We doubt that “"formal"

risk management, as requifed by DOD directives, is appropriate in programs
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like the A-10. Compared with other davelopment programs like the B-l
advanced manned bomber and the F-15 air superiority fighter, technical
uncertainty in the A-10 program is low. This is primarily due to the
previously completed competitive prototype program, where two prototype
aircfafﬁ were built and tested in an operational-like setting prior

to source selection for the DT&E contract. The design to cost criteria
enforced engineering tradeoffs that further reduced the ''doctrine of
quality" environment often blamed as a major cause of contract perform-
ance degradation. This is not to say that problems in the A-10 program
have not or will not occur, but, in our opinion, the program does not
warrant a costly formal risk assessment like that suggested by the AFA
Study.

Recommendation: Delete the requirement for all major development

programs to employ risk analysis. Prior to the RFP, the SPO should
determine, based on a preliminary assessment of program risks and the
intended management method, whether, when, how, and to what extent

risk analysis should be employed in the program. This could be conducted
under some broad DOD guideline, but the actual data requirements for the
specific analysis must be included in the RFP.

3. Conclusion: Regardless of the sophistication and elaboration
of any scientific methodology used to predict program performance,
process uncertainty can invalidate the model and the forecast. The A~1l0
program is a case in point. Pending Congressional funding alterations
may delay production by as much as 12 months, with the assoeiated rise
in costs. Externalities like this are difficult, if not impossible, to
model in an objective manner.

Recommendation: None
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Suggestions for Further Study

The weapons acquisition process 1s an intriguing yet exasperating
area for a formal research. We feel that further study could produce
measureable benefits for the DOD and, ultimately, for the taxpayers.
We list here a few suggestions for such future efforts.

SAIMS Schedule Variance. Perhaps, with some alterations to the

present system, more accurate calendar time variance can be predicted
and reported in the Cost Performance Report. A study should be conducted
to determine a practical means of doing this.

Technical Performance Measure. To exclude the performance para-

meter in most R&D programs would be to invalidate the assessment. We
feel that technical uncertainty "drives'" cost and schedule uncertainties
to a large extent. P1 3ently, the performance variable is the most
difficult to address since it is not homogeneous. Thrust. weight, and
turning radius cannot be aggregated into a single "performance" factor.
A study should be conducted to develop a transformﬁtion algorithm which
would yield some type of reasonable performance utile for aggregating
these heterogeneous performance elements. Parametric cost estimation
would be a logical starting place for such a study.

Formal Risk Analysis. An attempt should be made to implement a

formal risk analysis of the type envisioned in this study. A develop-
ment program with high technical uncertainty should be chosen, and the
effort should begin at the conceptual stage, prior to the Request for
Proposals. It should continue as long as significant program uncertain-
ties still exist.

Summary

Our ultimate purpose in writing this thesis has been to document
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an attempted application of quantitative risk assessment in an on-going
weapons acquisition program. We hope that through our observations and
inferences the reader will gain a better understanding of risk assess-
ment and risk analysis, and their application in the R&D environment.
Perhaps these conclusions and recommendations will provide some insight

and guidance for future researchers who may tread similar paths.
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APPENDIX A

A=10 Program History
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Connldering tima conatrainta ot this atudy and the laek of o
convenient manner for dealing with thae non=additive parformance
variables, the Fairchild Republic Company (FRC) A-10 specialized
closae air support aiverati program was considered a near ideal test
case. From the outset of the study membsrs of the Program Contrel
Divislon, A=10 System Program Office (SPO) indicated & keen luterest
and a willingnesa to asaist in any way pousibla,

The A-10 program is uniqua in recunt weapons acquisition annals.
Studies on the need for auch an aircraft began in 1967 and culminated
in Devolopmant Concept Paper (DCP) 23A, which was veleased 6 April
1970 (16). That DCP outlined the need for an A~X (designation fer an
attack ajreraft in the conceptual phase). Principal requirements for
the specialized close air support aircraft wera: (a) an integral anti-
tank cannon, (b) high payload capacity, (c) small turn radius, and (d)
long loiter tima.

A Request for Proposals (RFP) was issued 7 May 1970 and six
companies responded. .Two companius, Fairchild Industries, failrchild
Republic Division, and Worthrop Corporation, were chosen to enter the
Competitive Prototype Phase (CPP). The prototyping approach had neot
been used on an aircraft development program since the 1ll fated North
American Aviation B-70 effort. The CPP required each contractor to
build two prototype aircraft and submit them to an intense gperational
prototype competitive flyoff (31:46).

Firm fixed price contracts were let, FRC for $41.2 million and
Northrop for $28.9 million (7:14). Authorization for these contracts
came from Defense Systems Acquisition and Review Council (DSARC) I.

Implicit in the DSARC approval was another salient feature of the
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program = a cost bogay of $1.4 million recurring flyaway cost per unit
in 1970 dollavs based on a buy of 600 aireraft at 20 per month. Tha
phrasa "design to cout" thus waa applied to the program., A Busipess
Waok article headlined " 'Design to cost' is the Pentagon's newest
lusg=phrase".

The noew Pentagon policy is having its sharpaat test, howaver,

in the final competition between Norvthrop Corp., and Fairchild

Industries, Inc., for a contract to produce 600 close alr support

aircraft. Air Force Secretary Robert C. Seamans, Jr., has ruled

that the average unit production cost of tha plane (designated

the A-X ror attack experimental) must not exceed $1.4 million,

It it does, o warns, there will be no Air Force purchasing

ordars (li4u).

Subsaquent to the CPP flyoff, FRC was choscn to receive a cost plus
incantive fee (CPIF) contract to broduca 10 development, test, and
evaluation (DT&E) afrcraft. Secretary Ssamans was the source selection
authority and used a weighted system to make the selection (40:14~15).
The choice coincided with the USAF Source Selection Advisory Committee's
(8SAC) recommendation. The FRC prototype used General Electric (GE)
TF-34 engines identical to ones used in the U.S. Navy $3A antisubmarine
alrcraft program but the DTGE proposal included some engine modifications
80 two separate Government Furnished Equipment (GFE) contracts were let
to G.E.

The FRC contract was let at a nominal $159.279 million with a
70/30 government/FRC share ratio for costs over the negotiated price.
Two fixed price plus incentive fee (FPIF) contracts were let to GE, one
at $27.666 million for the full scale development of 32 engines, and
the other at $14.892 million for the qualification program. A smaller

competitive prototype program was conducted to name the 30mm anti~tank

gun manufacturer. The competitors were General Electric Co., and Philco-
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Ford Corp. The Philco-Ford deaign failed to perform and GE was given
a third GFE FPIF contract at $23.754 million for the gun development.

Tha DSARC confirmed that FRC was the CPP winner on 17 January 1973.
Within a weak executives of AVCO Corporation, builders of the engine
for the losing Northrop design, protested the award, saying that
pressure by Long Island, N.Y., (location of FRC) businessmen and politi-
cians had influenced the USAF decision (45:22). USAF countered with a
statement to the affect that the AVCO engine did not have the thrust to
power the heavier Fairchild alrcraft and Lt. Gen. James Stewart, Commander
of Aeronautical Systems Dlvision (the develop manager) said of the A-10
choice:

The Fairchild people had their eyes further downstream in the

company's approach to a prototype model... Wa can do a great

deal more with tha Fairchild prototype than with the A=9A.

The prototype~to-production transition will be much better with

the A-10A (41:17).

Representative George D. Mahon (D-Tex) attempted to delay the
signing of the contract, contending the Texas buiit Ling Tempco Vought
A-7D attack aircraft would perform the close air support role envisioned
by the Air Force. He was sidéstepped when USAF signed the contract on
1 March 1973, even while two Congressional investigations were still
in progress (one by Rep. Mahon and another by Senator Lowell P. Weicker,
Republican from Connecticut, home of AVCO Corp.). That action displeased
Congress and further anti-A-10 sentiment erupted (40:14-15).

In an attempt to appease Rep. Mahon, USAF released to him the results
of a classified computer simulation, Sabre Armor Charlie, which showed
the A-10 to be a superier choice over the A-7D in the scenario envisioned

for the aircraft. Another result of the dissention was a Senate Armed

Services Committee proposal advocating a competitive flyoff between the

-~
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A=10 and the A~7. USAF opposed this as both unnecessary and as
infeasibla with only the prototype A~10 available. The alternative

of postponing an A-10 production decision until after a DT&E aircraft
(built.on production tooling) could be flown against the A-7 was deemed
too expenaive and too time consuming. An August 1973 article in

Aviatggg Week and Space Technology quoted one USAF officer as prefering

a prototype flyoff (albeit without the A-10's primary weapon, the GAU-8
30mm gun) rather than waiting two years for a production configured
aircraft to emerge., That same article further states!
The thinkilng reflects a growing opinion in USAF development circles
that programs should be adequately funded or cut off completely
at an early stage, rather than the start, go slow, halt, restart
cost-escalating tendency now prevalent. Primary reasons for the
trend are constrained Defense Department budget requests and
subsequent congressional cuts triggered by the current anti-
military sentiment and past pentagon management bungles (14:17).
Threats of )rogram cancellation by Congress forced USAF to agree
to a flyoff (49:22-23). Senate rules for the flyoff were extremely
vague:

This flyoff would not have to be too long or complex. The main
point of the flyoff is to take experienced combat pilots and let
them f£ly both airplanes, the A-10 prototype and the A-7D, and
then make a judgment as to which airplane they would rather fly
in combat (49:22-23).
Senator Harold Huges (D-Iowa), author of the above quote, had sponsored
a bill to terminate the A-10 contract and the flyoff agreement helped
to defeat that proposal (49:14).
From late September 1973 to this writing, the status of funding
for the A-10 program has vascillated through various Congressional
comittees. The most recent activity was to restore $10 million cut

by the Senate and toc sustain a $35 million cut in long lead time money,

leaviny tha2 program at about $107 million and subject to production
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delays should that decision be made.
The impact of such a loss would probably be a reduction from 10
to 6 DT&E aircraft and up te 12 months delay hetween conclusion of the
DT&E pre~production phase and first flight of a production aircraft.
The flyoff will be conducted begiuning 15 .pril 1974 and will
use Tacﬁical Alr Coumand pilots as aevaluators. Since there is not
gun in the number 1 prototype aircraft, there will be no ordnance
delivery. Instead, the test will be conducted on an instrumented range
at Ft. Riley, Kansas, and telemetry data will be used in reaching a

conclusion.
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APPENDIX B

Properties of the Triangular Distribution
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Surprisingly, we found very little infomation on the non-
symetrical triangular distribution. Although the VERT simulation
routine is programmed to handle this distribution, we thought it
:meot.t:ap.t to derive the properties of the triangular distribution

in> order to obtain a working knowledge of its use:

f(x)

Figure B-1 Triangular Distribution

. where X,= optimistic time

X most likely time

xp= pessimistic time

Standardizing to zero:
b = x-x
mp
¢ ® X=X
op
The area of the triangle = hc/2 = 1 since the area under
the pdf must equal one. Solving for the height (h):
h=2/c
Due to the discon:tinuity, the pdf is given by two functions:

£, (x) = 2x/be , X5 X8 X,
fz(x) = 2(c~x)/c(c-b) , X,E XE X
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(X ]

The expected value is given by: Ixf (x)dx , therefore:
b’ - <
E(x) = f2x2/bc dx +j2(c-x)x/c(c-—b) dx
o 4
= c+b/3
“Phe variance is given by V(x) = E(xz) - [E(x)]2 with the
following resdlts:
V(x) = c2=3cb+b>/18
The cummulative distribution is also in two parts with:
ey L L2
Fl(x) x"/be , xps X% X
Fz(x) =[.b(b-2c)x(2c-x) Jec(c-b)+b/c | x % xsxo
In order to 2mploy Monte Carlo techniques, the inverse re-

lationship, x = G-l(y), must be formed:

x = Jybc +xp , 02y2b/c

X =c -qcz(l-fy) - be(l-y) + X5 b/ecty<«l

82



GSA/SM/74-1

APPENDIX C

Description of VERT

[Extracted from Bevelhymer (10) ]
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A. Description of VﬁRT Process

VERT is a network tool which utiliz;s simulatio: as a means
of deriving solutions. It has an extensive array of logical and mathe~
matiééilfeatures which makes it possible to analyze complex systems |
and problems in a less inductive manner than traditional methods.
When using this too}, thé user can expend more time on individual
compoﬁent time, cost, .and performance analysis rather than deQeloping
the interaction among components. The extensive number of operands
available removes the inductive h:adaches from modeling component
interaction. These oﬁerands enable the user to explore conditional
nonlinear multivariate situations which defy ready mathematical analysis.
VERT enables the user to create a fourth dimension, '"risk," which
is used as a common measure to integrate the three principal dimensions
of time, cost, and performance. Risk is the endogenous variable being
controlled by the exogenous variables time, cost, and performance.

VERT has two parts. Part one consists of constructing a
gfaphic network representation of the project. Ps»t two consists
of analyzing that network through the use of a computer program.

Figure C~-1 is an example graphical network representation
depidting elemental activities, events, anQ real time decisions.
Real time in this context has the following connotation: the decisions
made within this mathematical simulated network wouid be the same as

those the manager on the job would make, given the.time, cost, and

performance values derived by the network for each of the various
decision alternatives provided to be the same as those encountered in

the actual project development.
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In the VERT ayatem, projeot aativities ava vepresented by area,
and events or mileatonos ave vepresented by nodea. The arves and
oapeelally the nodea ave uned to ereate the real timu dacdeion eapability,
Tharetd&é. the flexibility and avvay of capabilitica atructured in the
nodes and aras become a very eritical conaideration Vhﬂ& attempting to
uodel an unuaual deciuion aftuation. The guideline followed in deaign=
ing VERT is chac‘el‘tvyinn to atrike a balance batwaen having anough
featureas available eo_ettiqtnncly wodael any deciaion aituation verasus
over burdening the user with featuras to the point that only technicians
can cope with thia tool,

While picturially doscridbing the project in terms of tho VERT
opevands, numerical valuca for time, coat, performance, achievament
and event probabilitiea ave assigned to the various project elewenta.
Procaduros unetg} for oliétting data have been suggested by Dalkey (1970),
Northrop (1970}, and Raiffa (1970), The numerical values asaignod muat
be neasured in a consistent number throughout the network., Tima cannot
be apccified in terms of weeks in one scction of the network and in terms
of years olasowhore. Likewise, coat wmust be measured in identical unitas
a8 ten, hundred, or thousand dollars, stec., throughout the network,
Parformance can be expressed in torms of any meaningful index such
a8 horsepower; waeight, veliability, utiles, return on investment,
quality appraisal, systems worth, eto.

Time, cost, and performance for cach activity can be jointly or
singularly wodeled as a functional relationship with otﬁor node or
arc time, cost and performance paramcters in the notwork and as a
stochastic variable, This dual capability enables modeling tho functional
r&lationahip portion of a regression equation among key parameters in
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the notwork and additionally modeling the astochaatic veaidual. VERT
haa the following 14 tranaformations to aid in the task of expressing

funatlonal relationashipa among the kay parametora,

No. " Zraneformagien No,  Teanaformacion
1 _lel*xa 9 Gltbaulo(cle)l¢xz
h | Ol(x1 4 ca)*x,, 11 ‘ Cllcos(szL)ija
4 cl(xl - cz)+x2 ‘ 12 OllArohan(caxl)]¢xn
\ca .
L] C, (X; “IvXy 1 X; 2 Cpt C X 9K,
othorwise
. . cl(lz"XQ
xl.
. othervise
¢, X C X, +X
"1 171772
7‘ °1(° )+xa
8 cllhoga(cle)]+xz

xl represents a time, cost, or performance value previously
derived within the network. Cl and c2 are inputted constanta. cl i
an ordinary multiplicr of the transformed variable while c2 i3 used to
transform X, to xa. ' '

The functional modeling available in VERT will onable deriving
tima, cost, and performance values for each activity as a function ot‘

the followingt (l.c., Xl can be any of the following previously derived

valucs) (1) node (event) time, cost, performance values (2) arc
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(activity) time, coat, performance values. (A paramater must

noé be dependent upen itself and thexre must be a dopendency hior=
archy established among thase thrac principal paramaters if time
and/or cost and/or perforwauce are interrelated for a given activity.)
To ald stochastic modaoling, VERT has 10 statistical diatribution input
opclons which arn na followa! (1) constant, (2) uniform, (3) normal,
(4) crianaulnt. (3) erlang, (€) lognormal, (7) poisson, (8) gamma,

(9) bata==3 or 4 parawaters, or (10) any distribution, entered as a
histogram approximation to the probability density function,

Tho degrea or axtent a projsct needs to ba segmonted into
activities and avonts is a function of available data and the results
desirod, Some managers prefor to estimato paramatars for entira
modulea or higher lavel work packages, rather than estimating
paramctoras for tho amaller elemental itema in those work packages.
Problem aize aometimes has a boarina on tha way the notwork ia
structured. If a problem is latge. it is often advisable to conatruct
lower level networks (subnuts) of major modules. The histogram
inputting capability for an activity's time, cost, and performance
enables stochastic substitution of results from lower lavel subnetworkn
into a higher lavel network.

Part two of the VERT procedure consists of analyzing the .
notwork through the use of the computer program (Moalleé. 1972).
Networks are constructed so that various combinations of alternative
activities could occur to make a project successful. The computer
program explores altornate ways of completing the projcct through
the techniqua of simulation. Upon simulating the network a sufficient

number of times, the computexr progrom prints out the following node d
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time, cost (discounted, if dnaired). and porformance information:
‘ 1. Pictorial histogram approximations to the marginal
probability dansity functions.
| 2. Pictorial histograms spproximations to the marginal

cunulative dongity functions (see Figure F-1, cell data are pulnted on
the page following the histogram printouts),

3. Mean obsarvations.

4, S8tandard deviations,

S, Cocftiéi;nts of variation,

This information'is displayed for all internal nodes, intervals
batween nodo?. und torminal nod;s'as roquested, In addition, all.
toerminal node time, cost, nna performance data are combined to give a
composite terminal node time, cost, and p?rformancc printout,

The histoyram printoﬁ: of the probability density function
ptovides a picthio of the range and concentration of time, cost,
and performance values. Probability of exceeding certain value
levels can be obtained from the histogram printout of the cumulative
density function. Tho mean indicates the center of the dietributign
while the standard deviation gives an indication of the overall spread
of the distribution., Lastly, the coefficient of variation enables an

inference to be made on the spread of the distribution in relation to.

its mean.

VERT prints out a bar graph of terminal node ?cilization
(similar to Figura C-2), It is through the use of this printout that
the project "risgk" can be ascertained. The usual form a decision risk
analysis notwork take; is that of having one or several terminal
nodes collect succesaful project completions, and one or several
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terminal nodes collect unsucce;sful project completions. Realiza-

tion of these various terminal nodes compared to the total number

of iterations gives an indication of project success or failure. The
ptog;g@:nexc prints out a critical path index for nodes (see Figure F-2)
and arcs (similar to Figure C-3). Since Jifferent stochastic paths can
be realized in the process of simulating the network, the critical

path tends to cHanée. Accordingly, the program computes the pio-

portion of time each ;rc and node is on the critical path. These critical

path options facilitgfé making sensitivity and crash program analysis.

B, Mechanics of the VERT Process

1, ;General Processing'Steps

The processing gteps of this program are highly in-
fluenced by the various states the arcs assume during an actual
simulation iteration. These states are as follows: "(1) uninitiated,
(2) logically eliminated--will not be considered as a feasible a#tivity
for this iteratlon, (3) unsuccessfully completed, (4) successfully.
completed, and (5) candidate for the critical path,

An approximate sequence (exceptions discussed in Section
1-B~2) of the steps the program takes in deriving a solution for
a single simulafion iteration is as follows: First, all initial nodes
are processed in the order they were inputted to the program. The
output logic of these nodes selects certain output arcs for processing
and the remaining outputs arcs, if ;ny, are given ? status of logical
elimination. Whenever an output arc is selected for processing, it
is Immediately Monte Carlo pr-~cessed to determine its success/
failute status, Time;-ébsc and performance valpes are also d;rived

for this arc via the functional relationships and/or statistical distri-
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bution inputted for 1it. Next..all the remaining nodes are reviewed in
the order they were inputted into the program and all candidate nodes'
(those nodes in the immediate area of the network flow) input arcs

are cbgéked to see if they have been processed. If these arcs have
been processed; time, cost, and performanée values for these nodes

are derived via the input logic rules discussed in the mext section of
this paper (Section I-B-2), The output loéic for this node selects arcs
for processing and/or‘éives them a scatus of logical elimination. All
nonprocessed nodes afé‘continually reviewed un;il they all have been
processed. The optimum terminal node is next determined as the one
witﬁ the shortest completion tiﬁe; lowest cost, or highest perform-
ance, or the‘best weighted cémbination of these three principal factors.

VERT provides the capability to partially or fully cost the activities

which were initiated before but not completed by the time the optimum

terminal node wds realized. If time, cost and performance data dis-

plays for internal nodes were requested, the program now stores the
necessary items needed to complete these displays. The critical path
is next determined and stored as the path with the longest completion
time, hiéhest cost, lowest pérformance, or the least desirable weighted
combination of these factors. VERT enables optional suppression of
critical paths originating from certain terminal nodes, The program
then continues on to the next ieration repeating the preceding steps.

4

To increase the simulation procgssing.fpeed as much ag
possible, nodes should be inputted into the program so that any
given node causes the processing of input arcs to nodes inputted
after the given node. "If this task is successfully accomplisﬁed,

the program will need to review all the nodes oanly once for ench
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simulation iteration.
U 2, 0pe¥ands
The basic building blocks (operands) of VERT are

nodes-agd arcs. They are the vehicles used to express the unique
aspects qf a project. Their functional relationships are so inter-
dependent that it is nearly impossible to describe the functions of
one without descfiﬂing some aspects of the other, Arcs perform
two tasks in the network. Their primary task is that of representing
project activities, 5;; thelr secondary task is that of performing a
logic function within'the network. When an arc is used in this latter
capacity only, it is referred t; as a transportation arc., Every are
in the VERT system is charac£erized by the following:

a. An arc name ) .

b. The name of its input node

¢, The name of its output node

d. Probabiiity of arc completion

’ Transportation arcs require specification of only the

precedipg four attributes, while arcs representing actual activitiés
require some of the following items:

e, Separate equations (structured via the trans-
formations built in VERT) for activity time, cost, and performance,

f. Stochastic vgriates for time, cost, and per-
formance. : . .

Nodes having Filter f#1,#2, or #3, and time/cost/

performance probability output logic, which are later discussed,
require output arcs to'catry the following additional information:

g. Filter #1 - upper and lower limits on time

.and/or cost and/or performance.
' 9%
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(k - h. Filter #2 - upper and lower limits on the

number of successfully completed input arcs.

i. Filter #3 - names of other arcs accompanied
by an {ndicator.
j. Time/cost/performance output logic-probability
distribution(s) possibly-requiring time/cost/performance boundaries.
The;e are four basic input logics available for the split-

logic nodes. These logics are defined as follows:

-

a. | I "Initial" input logic is used to
N
I =  start the network., Multiple
T
. _ initial nodes may be utilized in

a network. Time, cost, and performance values assigned are zero.
If the input logic for the following nodes is not satis-

.field, all output arcs will be logically eliminated.

b, | A "And" input logic requires all
-—.N
~|D| |  input arcs to be successfully
) completed before the network
flow can continue through this u.« . tiw thne value assigned to
this node is the maximum path * -~ of alli the input arecs. Cost

and performance values assigned to this node are computed as the

sum of all the respective path costs and performances of each input

arc. 4
c. | P "Partial and" input logic requires
—pd A et
N all input arcs to be successfully
D

completed or logically eliminated

(;; from the network. If at least one input arc has been successfully

_ completed, network flow will be allowed to continue through this
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node, The time value assigned to this node is the maximum path
time of all the successfully completed input arcs. Cost and per-—
formance values assigned to this node are computed as the sum of
all thg;respective path costs and performances of each of the suc-

cessfully completed input arcs.

d. "Or" {nput logiec requires all input
—»| R ... arcs to be successfully completed

or logically eliminated from the
network, If at least one input arc has been successfully completed,
network flow will be allowed to continue thréugh this node., The time
and.performance values assigned.to this node are the path time and
performance values carried b& the input arc having the minimum
path time. The sum of all the path costs of each of the successfully
completed input arcs is the cost value assigned to this node. Arcs
flowing directly and indirectly into an OR input logic node haviﬁg
input node complcetion times greater th-» the completion time of
this OR node will be pruned from the network via being given a
status of logical elimination from the network., If an arc is prunéd
from the network in this faéhion, the network flqw will be restarted
from this pruned arc. Restarting thz network flow will reprocess
arcs branching away from the flow into this OR node which have

been erroneously processed as a result of this unfortunate pro-

cessing position of the OR input logic node,
‘

The following six output logics available for split
logic nodes will be utilized only when the input logic can be

successfully executed. "l

St

~ ea-
o
-
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¢ a.f |T “Terminal" - This logic is used to
( ’ . A\ L o E -
ol |R end the network.
M
b.f A “"A11" -~ This logic will simultanecusly
s >t ], }- .
> |L }ome begin the processing of all output

arcs emahaﬁing from this node.

¢ |T "Time Probabilistic"
> |P Lo
R
=t O-—)—
s
d.[']C "Cost Probabilistic"
k[
[ S 0-;—-
B
e [P "Performance Probabilistic"
P N -
—— R—b—-
Pt o*—
B

Each of the three preceding logics will start proéessing only oné ,
oqtput arc. Arc processing is accomplished on a probabilistic

Monte Carlo basis and can inclu'~ ~ time/cost/performance consid-
eration if desired. The probability-time/cost/performance dependency
situation enables inputting three different sets of output probabil-
ities of process initiation separated by two time/cost/performance
boundaries. These boundaries create three regions where the three
probability sets appiy. If the timé/cost/porformance computed for
the node lies between zero and time/cosc/per}orman;e boundary one,
the appropriate time/cost/performance domain ig region 1. Prob-
ability set number 1 will be utilized in this case. Likewise, if the
‘d- node time/cost/performance lies between time/cost/performance

boundaries 1 and 2, the appropriate time/cost/performance dumain
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is region 2 and probability acé numbor 2 will be utilized, Lastly, if
the node time/cost/purformance lics beyond the time/cost/performance
boundary number 2, the appropriate time/cost/performance domain is
regionAbg probability sat number 3 will be utilized.

1f time/cogt/poerformance conditioning is not required,
only prébability set 1 necds to be specified (any ol the precoding
three nodes [c., d., or e) can bo utilized in this particular casa),
Likewise, if it is dc;med that two probability sotas separated by one
time/cost/performanco‘Loundary fit the situation, a oinslc tine/
cost/performance boundary point and probability sets #1 and #2 noed
to be inputt?d. The probabilit&Jtime/cost/porformance dependency
capability is utilized in siguntions whore the chances of certain active
ities being initiated depends upon the tiyo/coet/porformanco realized
at key milestones within the network, .

f. "Filter #1" output logic will initiate

the processing of one or a multiple

Ll = Nl 51

. nuuber of output arcs. The cri-
teria for process,initiating output arcs is based on jointly or singu-
larly satisfyir~ time, cost, and performance constraints placed on
arcs emanating from this node. These constraints consist of upper

and lower time and/or cost and/or performance boundaries. If the .

" node time and/or cost and/or performance lies within the constrainte

placed on a given output arc, that arc will pe ini:}ated for processing.
Otherwise, the arc will be logically eliminated from the network., N~l1
of the N output arcs must have constraints placed on them. The Nth
output arc must be entitély free of any constraints. This arc functions

as an escape arc in the event the constraints of the other output arcs
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have beon violated. Tha eacape are will be logically eliminated from
the notwork if at least one conatrained output ave was procaased,
Boundaries for the constratned output aves can be (1) overlapping,
(2) continuous, or (3) noncontinuous, i.e., having gaps. This node
can be processed with ona, two, ov three constrajnts aimultanceualy
being cmployed. Moat largo-scale projects have time, cost, and
performance cen;cr;thl which should be ohbaerved, 1t ils appropiiate

to uoo thia loglc to filtaer off thoao aimulation intevationa which do

uot fall within the limits of the time awd/or cost and/or performance

v

constyraintas,

"Fllter #2" output lopic is neuvly

the same as FLT 1 axcopt for the

following factora: (1) Only one
conatraint vather than one to three constrainta can bo placed on the
output arcs, Tﬁia conatraint conaists of an uppar and lower bounds
on the number of input arecs vealized by thias nodej and (2) ouly PAND
{nput logic may be employed with FLT 2 output logic. FLT 2 output

logic is useful in conatructing testing uituaciond.

h. F "Filter #3" output logic will initiate
L L-.—
- §-- for processing one or a multiple

~ number of output arcs. The cri~

terion for process initiation of & given output arc is based on jointly
satisfying all the arc completion constraints placed on it. Otherwise,
the arc will be logically eliminated from the network. These con-
straints are spocifiog by listing the names of arcs functioning as
constraints and acnaching’x plus or a minus sign to these names, If

a plus ig attached to the arc nmame, this constraining arc wust have
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boen auccesafully vomploted befora the output are being eenatvained
can be indtiated, If a wminus {e attaahed to the are name, this con=
straining are must have been unsuccessfully procesaed ov logically
oliminatad from the network hefore the output arc being conatrained
can be initiated, N=) of the N output arce to this node wuat have

at least 1 and can have up to 13 ave completion conatraints placed

on thom, The Nih ;uepuc arc ia an escape arc which will be initiated
only in tha evant the other N=1 arcs fuil to ba processed. The cevape
are will be 1oaiuall§-clim1natnd from the network if one or more von=
stvainod output ares are procesaed, This output logic is especially
usoful for gituations where auccesaful completion of priov activities
or the failure of prior activities requires the injtiation of other activ-
ities positioned farther on in the natwork, °

For the preéoding split logic nodas, the path time, cost,
and pnrtormnnuo‘Qaluae assigned to tho output ares consistas of tha
sun of the individual time, cost, and performance valuas derived
for thosa activities plus the time, cost, and performance values
assigned Co the arc's input node,

There are four special nndes having unit logic rathar than
having separate input and output logic. They require an indication of
how many output arcs are desired to be processed. This number is
indicated in actual network drawings where the pound sign appears
Ju the small pictorials accompanying these definitions.

&. TCPLE-{ "Tine Cost Performance Link Escape"

- ™  node has N input arts coupling with
e

~% one particular output arc,

A&dihionally there must be one uncoupled output arc. This arc plays !

100 . |

T - R i O VU SNV VIV



.“

GRA/UN/ T4=1

& vole compavable to th& role played by the escapo arca in the previous=
ly defined filter eutput lopie.
‘ The number of output avea initiated for processing de=

pends upon how many input ares were asucceasfully completed and
on how many output ares wure desived to be procesaed, One ov all
or a subset of all the linked output avea may be initiated for procesa=
ing, If there aéo ﬁory succesafully completed input arca than theve
are output arc proceas initialiamation raquesta, the following eelection
logic is utilimed, T&;IQ output arcs will be precassed whose corre-
sponding input arca form an optinal subset. Optimal subset saluection
can be based on mininmum toca} path tima, coat, or maximum path
parformance, or tho uast woighted combination of these three fuctors.
The remaining output arca will Le logically eliminated from the network.

The tine valde agaigned to this node ia the maximum time
value roquired 8§ the most time consuming arc in the optimum input
avc subaot if time is used as the only decision criterion. The same
pruning logia will be employed by this node as is utilized by the OR
input logic node (see last paragraph of OR logic description). Itl
another decision criterion is used to select the optimum input arc
subset, the node time value is recorded as'tha maximun time value
of all input arcs which bhave not been logically climinated from the .
network. The cost value assigned to this node is computed as the
sum of the cost values of all input arcs that have not been logically
eliminated from the network., The performance value assigned to
this node is computed as the average of all input arcs in tha'optimal f
1n§ut arc subsat. o , f

If the output arc procesaing Qequeet cannot be fulfilled
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entirely, all output aras will be logivally eliminated from the net=
work except the acape arc which will then bc'pronoulcd.

1f the escapo avc is proceased, the time value assigned
to thias hoda ia the maximum time value of all input arcs which have
not been logically oliminated from the natwork. The value asaigned
to node parformance is azero,

b, PICPLE-? ‘“Partial Time Cost Performance
Iome
-

Link Eacape" logic is the sawme as

" 1CPLE logic axcopt that the number

of output arca processing vequost need not be fulfilled entirely., It
at loast one.input arc has been ahcccaatully completed, the corres-
ponding output ave which links with this successfully completed

input are will be proccused., The escapo arc will only be processed
vhen all input arcs to th;n node fail to be succossfully completed.

e, PLE-# "Pratforred Link Escapa" has the

same physical makaup as the TCPLE

' praseinn

noda. The only difference batweep
thege two nodas is the logic used to select an output for processing,
The logic in PLE roquires that the first input arc be givan prefercnce
over the sccond nd the second be given prgference over the third, etc.
Thus, the criterion for salection is preference, not time, cost, or per-

formance, .

é. PPLE-{ “Partial Preferred Link Escape" Logic

o :: is analagous to PLE as PICPLE is

—

analagous to TCPLE. (The number

of output arcs processing request need not be fulfilled entirely.)
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For the proceding special nodes, the path time, coat,
and ¥er!ormanuo valuea assigned to output avca are computed as tha sum
of tho individual time, cost, and porformance valuas derived for those
arca plus the path time, cost, and pelformance values derived for those
linked input arcs, Tha emcape arc is an exception to this rule, Ita
time and coat value ia computed as the sum of the timo and cost values
derived for thia ;rc‘plul tha time and cost valuea assignod to the
dnput node. Path porgpfmancn valua for this arc is computed as the
individual performanca value dorived for this arc. |

Thess four nodes aro cspacially useful for structuring
major command,or board of director type decisions., Sinca these
nodes are the only onea which can accommodate input arcs having
probabilitica of completion less thau one,.they are also often utilized

as network flow continuity devices. In this capacity‘choso nodes pre-

vent the notwork flow from dying within the network.
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APPENDIX D
OMNITAB Program for Least Squares Predictions
4
104

C o am s e s G e S

IR N e T e P T T s B AT Y B AT S AN S Y T ....,-?.?
= . B C e R ot T . A I




GSA/SM/74~1

OMNITAR PROORAN FOR A«ild COST ACCOUNT YARIANCE REOGRESSIONS

LIST OF COMMNANDS, DATVA AND DLAONOSTICS

SCAN 72 3§

DINENSICN 83 RONS X 340 COLURNNS

HEAD B82/SCHED VAR

HEAD 8J3/COST VaR

HEAD B4/LABOR HR VAR

MEAD BY/COEFF & SO'S

HEAD B9/RESIDUALS

HEAD 90/PRED VAL'S

HEAD 721/4CuS

HEAD 22/uCNP

HEAD 737ACTUAL DYULRS

HEAD 74/BUDG HOURS

HEAD 75/ACTUAL HOURS

HEAD 70/MONTHS

HEAD 79/7SCHED VAR'CE

HEAD 80/C0ST VAR'CE

NEAD 61/L4H VARIANCE

HEAD 1/DESION

HEAD 6/Y00L PLAN'NG

HEAD 11/7700L DESION

HEAD 106/100L FADRI'N

HEAD 21/0UAL ASSUR

HEAD 26/PROCUREMENT

HEAD 31/LOFTING

HEAD 3O0/REPROL'N

HEAD 41/HATERIEL

HEAD 40/HAGERS TOOL

HEAD 51/HAGERS QA

HEAD 56/HAGERS SuP'Y

HEAD 61/SUHSYST DESN

HEAD 71/WBS HCHWS

NEAD 72/7uBS BTHWP

HEAD 73/WBS ACTUAL

HEAD 74/WBS SCH LAB

HEAD 75/uBS ACT LAY

HEAD 135/8BCHS MAY~JUN

HEAD 136/PRED CSIT VAR .

HEAD 137/EARNED VALUE

HEAD 139/8CHPeCST VAR

SET 78

1 23 45678 9% 10 1) 12 13 14 13 16 17 18 19 20
SEY CoL 1

62606 103819 192794 367333 562132 500413 645574 19039 42020
53032 69399 103848 138607 1784066 27733 460649 62479 84001
110097 125934 159005 40341 76549 120130 146414 244967
$24798 J93774

SET 29 1

19084 35405 53000 69315 1166877 159705 1608145
SEV CobL 2

623599 99047 L73018 294932 491659 564559 645012
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OMMITAD PROGRAN FOR Ae10 COST ACCOUNT VARIANCE REGRESSIONS

-

LISTY OF COMMANDS, DATA AND DIAGNOST]CS

10089339 2444365 29012809 3379170 3679731 4139235

4139235 650854 173249 334972 638643 878231 1092379 1209748
26740 41073 606425 61044 ©4268 B7288 90394

4451066 720415 1027848 1331960 1664207 18V4693 2639732
3158 20099 20045 28045 20045 208048 28045

SET 38 106

121500 168629 215678 274487 309416 320254 3%11377
SET J& 109

0 0 0 409820 409820 1024551 102455}

SEV 112

299641 347660 354009 300557 S9J087 406982 415961
59087 77209 60096 91638 96970 98341 101085

320108 54067 66348 74428 77093 79525 82213

66025 97883 120691 146087 163858 176951 187054
$7736 31222 JIN240 42057 46411 49217 51461

93522 117734 125497 136231 144090 151824 160803
SET 36 115

173595 196252 218635 242942 242942 242942 322463
SEV 38 110

493350 575304 575304 575304 575304 575304 575304
SEY 121

90671 90471 90671 90671 90071 90671 90671

29172 50475 81821 103291 121342 133111 13%0838
245208 289471 11581 332290 430285 453241 460198
300467 447108 450350 457045 471434 4738065 476336
306397 374224 332047 4000610 511533 554807 554807
43150 71550 109760 147280 172540 190080 193850
SET 36 124

J8438 48471 53452 77906 94103 2104940 207239

SETY 3s 127

106746 3115933 1235845 131758 134397 136670 3139229
SET 22 130

821089 94534 109965 123397 142054 142054 138711
1/ MAUD MATRIX IN 1,8 SZ 42X5 10 1,71 $7 42%X5 PUT IN 1,71
27 INCREMENT 1 BY 8 5 0 0 0 0 9 0 0 0O

PERFURM 1 THRU 2 13 TIMES

NEW PAOE
NOTE B OPONNNETOODOOVNOEAINORIGOIINNENIRONIORO0DBO0R0RRGNIRORNRS

NOTE NBS TOTALS ARE IN A 42X% MATRIX LOCATED AT &,71

ﬂolE 0 SRR0CEROEOBRURNRESEOOEBRNR0GRR0RRCRRNNTBRBENGEONOGRGGOGGRGMGYS
FIXED O

PRINT 71 oo 75

NEW PAOE

2,1/7MA00 1,71 SZ 7X5 TO 43,71 PUT IN 43,71

242/ INCREMENT 2,1 BY 7 0 ¢ 0 0 & 0

PEXFURN 2.1 THRU 2.2 » 6 TIMNES

47 MAOD MATRIX §M $,1 S2 7X65 10 43,1 S$Z 7%é65, PUT IN 43,1Q

§7 INCHREHENT 4 BY 7 0 0 L 0 0 0 4 0 0

PERFORMN 4 THRU 5, 6 TIMES

NOVE 0000000000000 00C0ERRURRNRNGRNRO0RR00R0R0R00000000000RQC0C00CNS

’
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OMMITAB PROORAM FOR A«18 COST ACCOUNY VARUANCE REGRESSIONS

CLrsy

OF COMMANDS, DATA ANO DIAGNOSTICS .

NOTE FUNCTIONAL TOTALS ARE STOREU IN A 7X65 MATRIX AV 43,1

NOTE 0000000l osioniosntotticnienilonestteniocnontnettocsseustendae
SPACE 5

Se1/ MADD 43,1 SZ TX5 VO 50,71 PUT (N 50,71

5,27 INCREMENT 5,1 BY 6 5 0 0 ¢ 0 9 ¢

MPRINT 43,% SI12E 7x65

NEW PAGE

NOTE SO CONBNINROPNRRNUBIGRERNEIRENNGREERRRRNENROBUERINICENOROGERINS
NOTE WBS BASIC SWRUCTURE TOTALS ARE IN 7X5 MATRIX AT 43,71

KOTE 0000000000000 00000000000000000000000000000000000000000000000
SPACE 3

NOTE 000000 0aun0stacionatintsdatnuinsscdsnaicstadonstdnsosaitnnnsesd
NOTE FUNCTIONAL AASIC STRUCTURE TOTALS ARE N 7X3 MATRIX AT 50,71
NOTE ¢0noctonneesougisctcnctotnincolonnonideoncsnoncotossnantecsses
SPACE 10

MPRINT 43,71 SZ 7X5

SPACE 5

PERFORM 5.1 THRU 5.2 13 TINES

MPRINT MATRIX N 50,71 SIZE 7X5 (FUNCTYIONAL TOTAL VARIANCE MATRIX)
ASUBTRACT 1,71 SZ 42x1 MINUS 1,72 SZ 42X1 PUT 1IN 1,79

ASUBTPRPACY 1,73 S 42Xx1 NINUS 1,72 ST 42X1 PUT IN 1,80

ASUBTRACY 1,75 S2 42X1 MINUS 1,74 SZ 42X2 PUT IN 1,81

7/ ASUBVRACT 43,1 ST 7x1 MINUS 43,2 SZ 7x1 PUT IN 50,1

8/ ASUHTYRACT 43,3 SZ 7x1 MINUS 43,2 SI 7xX1 PYT IN 50,2

97 ASUBTRACT 43,5 SZ 7X1 WINUS 43,4 SZ 7x1 PUT IN 50,3

310/ INCRENENT 7 Y 0 5 0 @ 0 50 0 0 5
31/ INCREHENT 8 B8Y 0 % 0 0 ¢ 5 0 0 0 § .
327 INCREMENT 9 BY 0 5 0 0 0 5 0 ¢ ¢ 8

PERFORM 7 THRUYU 12 , 13 TIMES

32417 AAUD 1,91 SZ 42X} TO 1,133 PUT [N 31,133

12,2/ INCREMENY 12,1 BY & 3 0 0 0 0 0 O

PERFORN 12,1 THRU 12.2 14 TIMES

$2.37A40D0 1,333 S2 7x% TO 50,133 PUT N 59,133

12,4/ INCREMENTY 12,3 8Y 7 0 0 6 0 0 0 O

PERFURM 12,3 THRU 12.4 6 TINES

29/ HADD MATRIX IN 31,79 SZ 7X3 TO 43,79 SIZE 7X3 PUT 1IN 43,79

30/ INCREMENT 29 BY 7 0 06 ¢ 0 0 0 0 0 0

NEw PAGE

PERFORN 29 THRU 340 67VINMES

NOTE SOBROVNVORINRNESNOINAIVORN BRIVIRNSBNIGROCRBRANRRRBOBNORRRRNS
NOTE Wu$S BASIC STRUCTURE VAKIANCES ARE IN 7X3 MNATRIX AT 43,79
NOVE OB ABENCARNOOOPRBRIBOOIBUREAINRTEIBNOGRORIRNIOGRIRORICIRROGS
SPACE 3

NOTE 0000000000000 00000000000000000C0RG000000R0RNRRRRRRGRRROORRNS
NOVE FUNCTIONAL BASIC SIRUCTURE VARJANCES ARE IN 7X%3 AT 50,79
NOTE 0000000000000 0800000000000000000000000000000000000880000800000
$PACE b

MPRINY 43,79 77X}

31/ AMADU MATHIX §IN 5048 82 7X3 TU 50,79 S2 7%3 PUT IN 58,79

32/ INCREMENT 31 BY & 5 0 ¢ ¢ 0 ¢ ¢ 0 0
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L. e

LISY OF COMMANDS, DATA AND DIAGNOSTICS

OMNITAD PROGRAM FOR A=i® COSY ACCOUNY VARIANCE REGRESSIONS

PERFORN 31 THRU 32 13 TIMES
“SPACE 10

MPRINT 50,79 7x3

FLEXIBLE

SPACE 3

RESET 7

14/ WHOVE MATRIX IN 1,79 SZ 7X3 10 1,82

15/ SFIT Y IN CUL 82, WTS 1,0 70 t VAR IN COL 78, COEFFf 88, RS 89
16,1/ AMUVE 1,88 S5Z 1X1 T0 1,66

16.2/ INCREMENT 6.1 8Y 0 0 0 0 0 1

20/ INCREMENT §% BY 1, 0,0, 0 0 0 §

23/ PERFORM 15 THRU 20, 2 TIMES

23.5/ INCREMENT 16,1 BY 0 0 0 0 1 =3

24/ INCREMENT 15 BY =3, 0.0, 0 0 ¢ ¢

27/ INCREMENT 14 BY 7 0 U 0 0 ©

PERFORM 14 THRU 27 , 6 TIMES .

14/ MHMOVE MATRIX IN 50,1, SZ 7x3 T0 1,02

16,17/ AMOVE 1,88 $Z 1X1 10 57,1

16,2/ INCREMENT 16.1 HY U 0 0 0 1 0

23,57 INCREMENT 1648 BY U 0 0 0 «3 1

27/ INCREMENT 14 BY 0 5 v 0 0 0

PERFORM 14 THRU 27 , 13 TIMES

15/ FIT Y IN COL 82 WTS 1,0 1O 1 VAR IN COL 78, COEFF 88, RES 89
MMOVE THE MATRIX IN 43,79 SZ 7x3 PUT [N 1,82

16,17 AHOVE 1,88 S2Z 1X1 TO 7,66

18,27 INCREMENT 1641 BY 0 0 ¥ & 0 1 .
16,37 DEFINE THE VALUE IN 1,68 INTO COL 90 : ,
16,4/ HULTIPLY THE VALUES IN COL 9y 78 AND PUT IN COL 90

18/ PAGE PLOT DATA [N COLS 82,90 AGAINST DAYA IN COL 78

18.2/ PLOT 82,%0,78

18,5/ INCREMENT §8.,2 BY 1 & 0

217 INCREMENT 18 BY L 0 0

PERFORH 15 THRU 21 3 TIMES

AMOVE 43,80 52 7% 10 1,135 (COST VAR = MAY THRU NOV)

AMOVE 43,71 SZ 7x3 TO 1,135 (BCHS = MAY THRU NOV)

DEFINE YHE VALUE IN 7,67 INTU COL 85 (TOTAL COST COEFF)

SET 87 INDEPENUENT VARJASLE MONTHS DEC THRU JUN

B9 10 11 12 13 14 .

MULTEPLY COL 87 BY COL 85 PUT IN COL 87 (PRED COSY VAR)

AMOVE 1,87 SZ 7X% 10 8,136 (PRED COST VAR « DEC VHRU JUNE )

AMOVE 50,133 S2 7K1 10 8,135 (4CHS MONTHS DECEMBER THRU JUNE)

SPACE 10 .
NOTE COL 3135 = UASIC STRUCTURE BCHMS !
NOTE COL 136 = COST VARIANCE IN ROMS 1«7,PRED COST VAR RONS 08-14
SPACE S

NPRINT 1,135 §Z Ix2

SPACE 5

NOTE MATRIX OF COEFFICIENTS FOR FUNCTJONAL AREAS

NOJE COLS 3«14 v B,EsF,8,NsPsNs2s2:0s7+8:,C,10T7AL

NOIE ROWS 57«59 = SCHEDULE COEFF, COSY COEFF, LABOR COEFF

|
i
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GSA/SM/74~1

ONNITAD PROQGRAM FOR A«18 CNRST ACCOUNT VARIANCE REORESSIONS

SPACE 5

HERINT 57,1 SZ 3x14

SPACE 5

NOTE MATRIX OF COEFFICIENTS FOR WBS ELEMENTS OF BASIC STRUCTYURE
NOTE COLS 66-68 = SCHEDULE COEFF, COST COEFF, LABOR COEFF

NOTE RONS 1-7 = 019,049,059,069,079,0972,70V4AL

SPACE S

MPRINT 1,068 SZ 7x3

RESET 7

HEAD BJI/EARNED VALUE

MMOVE 43,7) $2 7x2 10 1,082

FIVT Y IN B3 TS 1.0 TO 3 VAR IN 82, COEFF 110 , RES IN 111

RESET 14

DEFINE 1,110 INTU 11

ANULT 1,313 SZ 7X1 RY 8,135 PUT IN 8,137 (PRED EARNED YALUE)
AMOVE 43,72 SZ 7%X1 Y0 1,137 (ACTUAL EARNED VALUE, MAY=NOV)

ADD 137 10 136 PUT IN 139 (ACTUAL AND PRED ACTUAL COST,EVICOST VAR)
PLOT 135,137,139 VS 78 1.0,14.0,0,0,20000000,0 (UCWS,3CHP,ACNP VS T}
PAGE PLOT 135,137,139,VS 78,140,14,0,0,0,20000000.0

PRINT 135,137,139

LiIsTY

STOP

NATIONAL BUREAU OF STANUARDS, WASHINGTON, D, C, 20234,
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APPENDIX E

Gompertz Regression Program
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02/28/173 LOGGED IN AT 13.03.52.
WITH USER<-ID GK
EQUIP/PORT 13704
COMMAND- EDITOR,
..Z,T=,,ll,21
A00=2, =NUMBER OF DATA SETS
110=1. =FIRST DATA SET
120=5, =NUMBER COF DATA POINTS IN FIRST DATA SET
130=1,,11., =INDEP VAR AND DEP VAR
140=2.°21.
150:3..28.2
16024, 42.1
170=5., ) 48,
180=2, =SECOND DATA SET
190=4, =NUMBER OF DATA POINTS IN SECCND DATA SET
200:8.,54,2
210:2.3,9.1
220:12.5,55.,
230:21,1 .86.2
240=1, =NUMBER OF EXINT FOINTS

250:z15.5
260==
0017132,
172235, =NUB_MBER OF EXINT
173=17.
L,A
§00:=2 sNUMBER OF DA.A SETS
110=} SFIRST DATA SET
120=5 SNUMBER OF DATA POINTS IN SIRST DATA SET
130z1 ., 11, SINDEP VAR AND DEP VAR
140:=2, 21.
150=3., 28.2
160=z4, 42,1
1705, 48.
171=2 .
17223 .5 SNUMBER OF EXINT
113217,
180:=2 SSECOND DATA SET
180=4 SNUMBER OF DATA POINTS IN SECOND DATA SET
200:=8, 34,2
210:2,3 9.1

220:1245 35
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, |
‘230221 o 86.2 ' 4
. 24021 =NUMBER OF EXINT POINTS
250=15.%

ool 7122, =NUMBER OF EXINT POINTS UN FIRST DATA SET
1722345, =IND VAR OF EXINT POINT

L171,17%2 .

R TEYS $NUMBER OF EXINT POINTS IN FIRST DATA SET :
17223 .5 zIND VAR OF EXINT POINT

<+ SAVE, TAPE? |

« +ATTACH,AA, GROCRV, CY =4
ATTAHCH, AA, GRCCRV, CY 24,
GYCLE %%, GROCRV o
PFN FOUND IN SD 001
CYCLE 04, GRO%GRV
« «CONNECT, INPUT, OUTPUT
««RU,F, F=AA
JOB' COMPILING,
2.724 CP SECONDS COMPILATION TIME

TYPE IN NAME AND EXTENSION
JOE G JONES EXT 52549

PROGRAM TO FIT A GROWTH CURVE TO A SET OF POINTS
#OR DATA SET |

TYPE "1~ IF PEARL 1S WANTED,TYPE "0" OTHERWISE |
IYPE "1" IF GOMPERTZ IS WANTED,"0" OTHERWISE 0
TYPE “1° FOR VON BERTALANFFY, "0" OTHERWISE 1

ENTER UPPER LIMIT OF GROWTH CURVE FOR DATA SET (D) &0, |

112
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TYPE "1° FOR HYPERBOLIC TANGENT, “0" OTHERWISE 0 i 4
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WS va. Oowmperts Fredloted DOWS (1 < 125 milllon)
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CPN$1f:
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R U
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cerveoe

LennGECBELD
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3.000600 v £1OT00
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€ 200000 TR N
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N OBCRCE
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GEVPLY ™ GLIVL T19%0h T LadA thl ) ‘

Predloted C-at Curves for Baulo Structures (Eet. @ 38 Mo,v46,2, Lvib8)

PLEVLEEIY) LELATION !
ConeT it 1uTy - Joe7EENTHE '
TRGYRIRITOR QT PN IOE T w =y | ROLENEN ’
LLFFICL Y O NENEE IS SARRAR CANE I A
GV LLATEOY (OCUFPICILYY & = hONRYT Y
\

Montha $ x 103
mmlal we FOLGAIN

1o 000CCE  AL7o90818) |

FC0UGL00 fERCITTO \

2 000000
4y 000 0C
EL00L0C6T
esOCCn0
7.0000Y0
fe.00cC0CHO
0.00000¢C
1o.0c000¢
114000600
12.000600C
13000000

1440000C0

15.0000C0
1s.0000CS
21.000000
24q.0cCCC20
27.000cCC
30.000000
33400600600
aé.qnooca
3%.000600
ENL creet v

. .‘&‘L POTTRTVIURY

JEON WL ER G
PEALGUCAIDT
QN7 40 whis
LR RO I E O
TENE L ig
100040873547 ¢
AR I B N
TFETLWNSCNLY
106 3CTAES
AT FOLURSS I A
B3R(NLELENTA
289870 4307303
AR S PR SRR
34021Ce01ak ]l
JUERTC4TTELS
L1470, 202478
L34l 887017
GLCT e 73587
GEATLWGEERES
4EDOTLELENCA
G107 48C7 110
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eCr PRV CLLVE FITTRL 0 Lo feb )
Predicted Gost Ourves for Basio Structures (Est. ¥ 38 Mowm3R.1, Ls83.1)

TEgrLTeIm keUaTION
CONETAYTSY LT = Le 70901301
IR VHR NS LN AN I 69 SRR DR L o LENLERTD
COLMPICILLY COF LLTLIVIVATION »
COMTELATETY CORFPICILYT ® = ™077 (O30

3
Monthe $ x10

INLET VAl
leoGCRC
2.000000

FCULUALT
436 0ATELE
370 ELGEES

Je00LCC0  18EL442077€
4eCCCOGE  EFJTS0T710CT
E«CCOT0C 37Clo1™C31LE
€.0000C0 EEEJ377CET
T0C0CC00  7E8TAWRTT RS
aQ0CCCO0 ODASLI3ELTE
0.00000C0 1a8AEFaETST
1CeCOCOCL 183083487CGRTT
11.00600C 19C0E. 101778
1€400C0C0 211104086771
1340CCCCN €774 0E8TETT
144000000 2679014 E£233¢€9
150000600 £5457.81737¢
18000000 CLAITLS3TT6ED
21.000000 4l1743.237976

24.00C0C0C
27.000000

4EEJ1.131EES
4RLENTLTER]

30000060 472%€7.75¢061
33.0000060 £1011.0%2747

3€.0000C0
33.000000
END CrCCrv

L ]

£1788.420108
EELNNL 13EEDJ?
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Stephen Lynn Amdor was born 9 April 1943, in Mansfield, Illinois.
He graduated from Mansfield High School, Mansfield, Illinois, in 1961
and then attended the United States Air Force Academy, Colorado. He
was éégéuated from that institution in June, 1965 with a Bachelor of
Science Degree in Engineering Management. Before attending Under-
graduate Pilot Training at Williams AFB, Arizona, he was an assistant
football coach at the United States Air Force Academy from June 1965
to March 1966. Upon graduation from pilot training, he was assigned
to Cannon AFB, N.M., for F-100 combat crew training. Following that,
he served a tour of combat in Southeast Asia at Phu Cat AB, Republic of
Vietnam. He was then assigned to RAF Lakenheath, England where he
performed duties as a member of the 494th Tactical Fighter Squadron and
as Wing‘StandardizationlEvaluation Officer for the 48th Tactical Fighter
Wing. In July of 1971, he was assigned to Third Air Force Headquarters
at South Ruislié‘AS, England as a Tactical Fighter Staff Officer. In
June 1972, he entered the Air Force Institute of Technology as a
resident student in Graduate Systems Analysis. He is married to the
former Vallerie Grace Petty and has two children; Matthew Todd and
Ryan Frederick. His permanent address is:

Box 82, Mansfield, Illinois 61854

Roy Robert Kilgore was born 4 March 1942, in Alamogordo, New Mexico.
He graduated from Alamogordo High School, Alamogordo, New Mexico, in 1960.
During the 1960-1961 academic year he attended New Mexico State University,
University Park, New Mexico and worked on a student cooperative project
in Sen Jose dos Campos, Brazil. He entered the United States Air Force

Academy in 1961 and was gr?duated from there in 1965 with a Bachelor of
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Science in Engineering Science Degree. He attended Undergraduate Pilot
Training at Laredo AFB, Texas, and was assigned from there to MacDill
AFB, Florida for combat crew training as a Pilot Systems Operator. After
complet§ng that training, he served a combat tour at Cam Ranh Bay AB,
Republic‘of Vietnam. In April 1968. he was assigned to George AFB,
Califorﬁia to upgrade to F-4 Aircraft Commander. From there he was

assigned to Homestead AFB, Florida, where he performed duties as an

operational F-4 Aircraft Commander, a Replacement Training Unit F-4

Instructor Pilot, and a Wing Academic Instructor for the 31lst Tactical
Fighter Wing. In August 1972, he entered the Air Force Institute of
Technology as a resident student in Graduate Systems Analysis. He is
married to the former Corina Ursula Cantu and they have two children:
Wendy Ann and Matthew Roy. His permanent address is:

Rural Route 1, Hotchkiss, Colorado 81419
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