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value that your agency received by virtue of AFIT performing the research .
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CHAPTER I

INTRC DUCTIC N

The Departmen t of Defens e ( D O D )  is fac ed with the

task of acquiring new weapon systems to maintain the United

State ’s position as the leader of the free world. The acqui-

sition of these new weapon systems has been characterized

by a history of substantial growth in actual costs relative

to earlier estimated program cos ts C 1 ; 11 ; 18; 2 5 ) .  In th e

last decade ‘this cost growth in the acquisition of Air Force

weapon systems by the DOD has b ecome a ma jor probl em f or the

DOD , Congress and the American people (18). Martin defines

cos t growth as “ . . . when actual cost is greater than the
initial estimate for a program L13:8L~

.i .”

Another area that causes chagrin is the disparity

among the cost estimates that are made by many different

Air Force and DOD organizations . During his tenure as

Secre tary of Defense ,  Mr. Laird emphasized the critical

importanc e of val id cost estima tes by establishing the

O f f i c e , Secretary of Defense Cost Analysis Improvement Group

(OSD/CAIG). He stated , “Service groups respons ible for

independent estimates and the OSD Cost Analysis Tmtrovement

Group shoul d work closely in develop ing unif orm cri teri a

for cos t es timates [311.” Presently the Controller of the

Air Forc e (AF/AC) and the Director of Procurement ~olicy

1
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(AF/LGP), Headquarters USAF are making studies of the dif-

ferent estimating groups so they can understand and reduc e

disparities in cost estimates made by the variety of dif-

ferent organizations involved in estimating the costs of new

weapon systems (15; 59).

The Air Force Business Research Management Center

has been established to coordinate research particularly

relevant to managing the Air Force procurement function.

It monitors the different research efforts being accomplished

to provi de a focal point for information and limi t unnec-

cessary duplication. It is ‘the Center ’ s firm belief that

very few , if any , individuals have an overall perception of

how the variety of major weapon system cost estimates

interrela te and what caus es the wi de variances that seem to

exist among the different estimates made by ‘the different

organizations (26)

Statement of the Problem

There is a nee d to b etter understand as an ov erall

proc ess how cos t es timates for new weapon systems are

• developed in ‘the Air Force , who develops th em , and the

contribution each estimate is designed to make in the

overall acquisition process. A thorough analysis should help

explain why Air Force cost estimates for the same weapon

sys tem vary so muc h from each other and from the actual ,

final cost of the weapon.

2 •
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B ac k~roun d

The weapon system acquisition process begins when the

need for a new weapon system is first identified , and it

continues through the conceptual , validation , development ,

and production phases (18:16). At many points during the

process , di f feren t agencies are requir ed t~ make estimates

of what the new weapon system will cos t (53). Most of the

major cos t estima tes are us ed principally to justify and to

support proposals to the Defense System Acquisition Review

C ouncil ( DASRC ) , which in turn determines whether to proceed

with or terminate the weapon system development ~11 :5).

The cost estimates are also used to justify and to support

proposals to Congress in efforts to obtain and retain

congressional approval of funding. When there is an

increas e in the cost of the program , as measured by the

differences between the development cost estimates and the

actual cost of the program, the DOD must explain why and is

frequently severly criticized for its inability to control

acquisition programs (11:9; 16:5).

• Multiple estimates are made by different agencies

using different techniques (26; 5 3 ) .  The cost estimates

provi ded by the DOD in support of new weapon sys tem pro posal s

freq uently turn out to be inaccurate (27 :~~O). The subsequent

co st overruns resul t in ccr~si derable Con gress ional and

pub li c concern ref lec ted in a loss of ccr.fid enc e in the DC

estimating ability and in future program justification

3
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efforts (27 : L 4 0 _ L 4 4) .

Jus ti f ica tion

The DOD , if it is to regain Con gressiona l confi d enc e

and support for existing and future weapon system programs ,

mus t improve the cost estima tes use d to suppor t proposals

brought before Congress. It is essential not only to acquire

new weapon systems at minimu m cos t , but to accurately predict

the cost of these weapons when advocating them. Only with

accur ate estimates can the Air Forc e , DOD , and Congress make

appropria te and logical cost tradeoffs among the weap on

system programs competing for defense dollars , and thus

insure the most effective use of the scarce U. S. tax dollar

(22:8; 27:20).

Mr. Lair d , whil e serving as Secretary of De fense ,

stated that valid cost estimates are critical to a

successful defense posture (31). Professor Bruce Baker

carried this a step further in the concluding remarks of his

1972 doctoral dissertation , stating , “It can be surmised

• . . that as original estimates become more realistic ,

greater pressure will exist to stay within those original

estimates [ 2 :124~ .” The pressure to stay wi th in  the

original estimates and to reduce cost overruns is pr es ent

now , even though these es tima tes may no t have b ecome more

realistic or accurate. C ongress has reduce d the perc en tage

of the federal budget allocated to the DOD from 60 per cent

in 195~ to approximately 30 per cent in 1974 ( 5 : 1 0 ) .  This

4
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is partially due to the fact that the American public has

been demanding and receiving a larger share of the federal

budge t for social programs such as ai d to educa tion , welfare

and health care ( 8:10), but it may also be due partially

to a perceived inability of the LCD to control  its weapon

sys tem acquisi tion process (21 :~~9 ) .

In I9’L~, Secr etary of Defens e Jam es Schlesinger

stated that the defense policy of the United States would

cont inu e to b e  one of maintaining “ . . . a reasonable stable
level of d~ ferse effort . . . [2L~:4~ .” Thus it would seem

‘that ‘the LC must continue to arm itself with new weapcn

systems to meet future threats , but with an apparently

re duce d buy ing power . To do this it must regain Car. s-

sional confidence in its ability to make accurate cost

est imates .

After interviewing several personnel interested Cr.

the  est imating prccess (14 ; 15 ; 26 ) , it is evident t h at  a

variety of opinions exist as to how the LCD estimating

process works . An analysis of their commen ts in d icate that

• there are conflicts regarding who makes cost estimates on

new weapon systems and what t echn iques  are used to make

these estimates at various points in the weapon system

acquisi tion process. Misconc eptions are also evident in

regards to comparisons between cost estimates made in the

conceptual phases and estimates made in the troductior .

phase.

Li~1• ~ :ir ’~~~~~~~- - ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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Ob ~i ectiv e

The o b j e c t i v e  of this study is to clarify and

document the overall cost estimating process used by the

Air Forc e in the acquisition of new major weapon systems .

R esearc h Ques tions

The following res earch questions are posed to  guide

the research toward the stated ob jectives :

1. What model of the cost estimating process for

new major Air Forc e weapon systems can be developed that

depicts

a. the organization/agency providing each cost

estimate,

b . the purpose for which each cost estimate is

developed ,

c. the point in the acquis i t ion  process where

these estimates are made, and

d. the techniques which are appropriate to each

organization/agency in producing their estimates , considering

the information available at the point when the estimate is

• needed?

2. If such a mo del can b e develo ped , carL it be

validated to demonstrate tha t it r ealistically re f lec ts

the “real world” estimating environment of the agencies

conc erned with the acquisition of new major Air Force

weapon systems?

6
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Study Appr oach

Research  ~ues tion  number 1 will be answered by a

thorough literature review in Chapter II. This literature

rev iew will include AF ~.nd DOD regulations , manuals ,

pamphlets , d irec tives , and other publications as applicable.

The methodology for validating the model will be

presen ted in Chapt er I I I .  The answer to Research Question

number 2 will be developed in Chapter IV using the

methodology presented in Chapter I1. Finally , Chapter V

will con tain the conclus ions rea ched as a cons equ ence of this

research effort and the recommendations the authors have

for implementing the results and for needed future research.

7
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CHA PTER II

LITERATURE REV I~~

A literature review was conducted to answer Research

Question number 1. A model of the cost estimating process

used by ‘the Air Force in the acquisition of new major weapon

systems was developed. The literature review covered the

appro priate regulations , manuals , directives , and other

publications available to define ;

1 • the Air Force weapon system acquisition process

and phases ;

2. the sources of cost  est imates made w i t h i n  this

process;

3. the type of estimate made or purpose for which

an estimate is developed by each organization/agency during

the phas es of the weapon system acquisition process;

4. the amount of data available during the d i f f e r e n t

phas es of the weapor. system acquis i t ion process to make

cost estimates ; and

5. the ‘techniques used by the agencies to make their

c o s t  estimates .

These f i v e  areas were considered the major  concerns  in

developing a model of the cost es t imating process  for

acqui r ing new m a j o r  Air Forc e weapon systems . The model

~~~~~~T~C~~1- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~ . . . .
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dev e loped  through this l i t e r a tu re  r e v i e w  is t r e sen ted  in

Fi~ ur e  2 at the end of tn is  chapter .

Neapon System Acauisition
Process

The process by which weapon systems are acquired by

the Air  Force is t ermed the  weapon system acqu i s i t i on

process .  This weapon system acquisition process is composed

of six (6) phases : ( )  the conceptual  phase; ( 2 )  the

val idat ion phase;  (3) the ful l  scal e development phase;

(d) the production phase; ( 5)  the deployment  phase;  and

(6) the reutilization and disposition phase ( 6c :2-3).

Cost estimates dealing with system acquisiticn are ncrmai y

made in the first four phases . Cost estimates made for

optimal system deployment and. for the reutilization and

disposition of the system are beyond the scope of this

research effort . Ther efore , only the firs t four phases

will be considered in this study . (See Fi~ure 1 for a

graphic presentation of the weapon system accuisition

process).

DOD Directive 5000.1 defines a majcr weapon system as

one whose program do llar valu e will have an est ima ted

Research Development Test and Evaluation cost in excess of

50 million dollars or an estimated production cost in

excess of 200 million dollars (29 :1). For otis research

~rcject , only major weapon systems witr.in ore weapon s y st e m

accuisiticn process are considered .

9
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Concep tua l  phas e. During the  oonc eotu ~ l th a s e , an

cr e r at i ona l  requi rement  fo r  a new weapon sy s t e m  is

i d e n t i f i e d  ( 1 1 :5 ) .  This  need is normal ly  d e f i n e d  by an

opera t ional  command , c u t  o the r s  00 ide n t i f y need r e cu i r er r . ent s .

C o n t r a c t o r s , m i l i t a ry  s tu d y  group s , and o r g a n i z at ion s  S och

as RAN , Ana ytioa Systems Incorp ora ted , and ~1 I R  alsc

identify such needs ( 6 0 : 1 0 - 2 2 ) .  Regardless of who

in i t ia tes  the  i d e n t i f i c a t i o n  of the need for  a ne~ weapon

system , official recognit ion of the requirement beg ins with

the  prepara t ion  and submission of a Required O pera t icr .a l

Capab i l i ty  ( R C C ) (  60 ~10-24- ) .  A RCC is submitted t o

:-~ea dqua rt ers , ‘J AF under the  prov i sions  of AFR 57- 1

A?R 57-C defines a RCC as “a formal , numbered document ,

used to identify an. operational need and to request a new

or improved carab ility for the oterating forces . The

canability sought is described in terms of operational

ob jective, operational environment , support and mair.oenance

concepts , and conc ept of operation ~54:2~~.” The RCC

provides the information and supporting rationale necessary

to develop a thorough understanding of the deficiency to be

alleviated and the corrective action proposed (60 :CO-2T).

The Conc eptual phase has three objectives (12 :2o):

(C) to establish the military, technical , and eccncmli basis

required to sup~ ort a decision on whether to acquire or.e

new -‘ieapon system; (2) to identify :he alternative appooacr.es

availab .e and select the preferred one; and ( 3 )  to o so rer

1C
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da ta and make a deta i led  analysis  which  will su~ port  a

d e c i s i o n  to proceed  wi th  the a c c u i sit i o n  process. Portions

of th is data  are ius~ d to make cost  e s t ima te s  ( 1 2 :2 ~~~. This

analysis and a plan for  the  program are d o c u m e n t e d  in a

Development Concept  Paper ( D O F )  whioh is reviewed by t h e

Defense  Systems A c q u i s i t i o n  Rev i ew Council  (:SARC )( 40 :2--.
~).

The DSARC was es tabl ished to p rov ide  the  Secreta ry

of Defense with information and recommendations on the

s ta tus  and readiness of each major weapon system concept

in order to proceed into the next phase in the acquisition.

process (31:-~-). In the conc eptual phase , the :SAR-: mus t

make a decision (DSARC I-Program eci$ion) wrether to

recommend to the Secretary of efense to proceed into the

validation phase or to reject the system as propcsec (4o:2--.~) .

V al ida t io r .  phas e. in the va l ida t ion  phase the

technical , schedule , and cost  r e cu ire rnen t s  of the wearon

system are ref ined  and va l ida ted  ( 1 2 : 2 5 ) .  The ob j ec t ive  o±

the validation phase is :o establish firm and realistic

performance specifications which meet operatiora

requirements (12:25). This phase is normally conducted by

the Air Force working with two or more contractors ~if

possible ) who are interes ted in pe r fo rming  the ful l  sca le

development and production of the weapon system (11 :5) .

The contractors , working indetendently of each other , ores ent

desiEn protosals for consideration by the Air Force ~~~~~~~~~~~

~ 
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Cnc e again , a DSARC decision (DSARC Il-Ratification

D e c i s i o n )  mus t be obtained in order to proceed to the

development phas e ( 1 2 : 2 6 ) .  DSARC II reviews the  pr o~~~am

w i t h r espec t to the technic al r isk involved , the time

required to obtain a completed weapon system , and the

estimated cost of the weapon system (11:7).

Full scale development phase. The objective of the

full scale development phase is a completely defined weapon

sys tem in terms of tec hnic al performance , schedule , arid cost

(11:5). A limited number of working models (prototypes ) are

fabricated during the full scale develonmer.: chase. These

hardware models are used to provide actual performance

demonstrations and verify the weapon system desion . :he

documentation necessary to produce the weapon system for

inventory is also identified and is developed during this

phase (12:27).

The culmination of the full scale de’relopment phas e

is the ‘SARC III decision (production decision). The CP

is updated and the ESARO determines -Nhether or not to

recommend full scale production and deployment of the

wea pon sys tern. It must also determine the initial q uantity

to be pro duce d and approve plans for fu ture production

(12;25). DSARC III is the last chanc e to stop the new

weapon system prior to full scale production (~~ :2 - - - ) .

13 
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Product ion phas e. In the product ion  phas e , the

weapon system and its support equipment are produced for

op erational use (12:28). During this phase , respons ibility

for support and use of the weapon system is gradually

transferred from Air Force Systems Command (AF C) to A~~C

for suDpcr: and to the using command for operations .

O perational testing takes place during this phase.

Production and deployment of the weapcn system occur

simultaneously and may continue cver ling periods of time

(11 :8).

Cost estimates are made in each of the phases of

the weapon system acquisition process to sut ton :  t r ot o s a s

made to the DSARC . The SARC considers the validity of the

cost estimates in making their decision on whether to

proceed to the next phase or to stop the program (31:7).

The phases of the weapon system acquisition process car.

thus provide the basis for identify ing when cost e s t ima tes

are made and the arnour.t and kind of data available for

makir.g cost estimates on new weapon systems .

Sources of Cost  E s t i m a t e s

Four forms of cost estimates are developed during

the weapon system acquisition process . These estimates are

t he  Cost  Analysis improvement Group ( :A :D )  estimates ;

Independent  Cost  Es t ima tes  ( I C E ) ;  Air Force  Systems Command

System Program Office ( ? c ) e s t imates ; and cont rac tor

estimates or proposals (19:1).

1L ~-
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Cost Analysis Improvement Grout. The CAIG was

established under the office of the Secretary of Defens e

( O SD )  by DOD Directive 5000.Li . The prima~’y respons ibility

of the CAIG is to ‘ - - . act as an advisory body to the

DSARC on matters relating to cost [31:2° .” The CACS provides

the  DS AR C with:

1. a review and evaluation of independent cost

analysis provided by the  MAJCOM performing the Independent

Cost Estimate and program cost estimates provided by AFE C ,

to include all elements of system costs ;

2. criteria , standards , and procedures concerning

preparation and pres entation of cost es t imates ; and

3. an assessment/recommendation on cost ob jectives

prior to including them in approved DCPs (31:2).

The CAIG is also responsible for developing methods ,

techniques , and policies to improve cost estimating by :c:
components and to resolve issues arising over the

comparabil i ty and completeness of cost data ( 3 1:2 ) .

The OSD CAIG reviews and evaluates all cost

estimates prior to the i r  submission to the  2SARC for  r ev i ew

(60 :IO_14-6). This review and evaluation takes place at the

comple tion of the conc eptual , validation and full  scale

development phases of weapon system accuisition (60 :2_ L ~) .
‘ZtC O CT C A I G  resolves any d i f fe rences  b e t w e e n ,  the liE an~

t he  SPO e st imates . In this con text , it provides an estimate

of i ts  own to the DS AF.C ~31 : 2 ) .

15
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Air Force Systems Command. AFSC Manual 173-1 estab-

lishes the requir emen ts for the Aeronautical Sys tems Di v is ion

(ASD), Electronics Systems Division (ESD), ar.d the Spac e &

Mi ssile Systems Organi:ation (SAMSO ) to make cost  es t imates

in support of planning and program/budgeting activities

associated with the concept formulation , development , and

acquis i t ion  of new weapon systems ( 33 :1.1).

ASD has primary responsibility for planning ,

develop ing,  and acquiring aeronautical systems including

a i r c r a f t  and air launched missi le  weapon systems . ES has

primary respons ibil i ty for planning , developing , and

acavir ing  all major  electronic systems . SAI~ISC has the

primary respons ibil ity for planning , developing, and

acquiring all ballistic missile and space systems ( 
~5 :7 - 9 ) .

These organizations establish a System Program Office (SPO )

to moni tor and manage each weapon sys tem . Cr.e principal

resnor .oib i l i t y  of each SPO is to develop an off i:oial program

cost  es t imate  for  AFSC ( L 4.2).

Cost  estimates by the appropriate sys tem program

office are prepared at any time throughout the weapon. system

acquisition process , but are mandatory at three significant

points  in the process. These points are just prior to the

three DSARC milestones and in preparation for the DSARC

rev i ew and dec is ion  ( 3 3 : 1 — ~4 .) .

Independent Cost Estimate. Air Force Regulation

~~3-11 establishes the procedures for the Independ ent Cost

k.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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Analysis ( :cA) Program (35). An ICA is a cost estimate made

independent of the of f ic ia l  (SF0 ) program cost e s t ima te .

The purpose of the Independent Cost Es t imate  ( I C E )  is to

provide a tes t  of the reasonab leness of the SF0 program

est imate.  To insure that the  ICE is not a repeat of the SF0

estimate , the t echniques us ed to prepare the ICE must  be

different than those used to prepare the SF0 estimate (35:1).

HQ. USAF , Directorate of Management Analysis

designates which major  command will have the respons ib i.1. i ty

for preparing the ICE. The designated major  command provides

the team membe rs , as required . it must also insure that the

SF0 provi des the program , con trac t , technical , and cost data

required by the t eam to perform the ICA and make the ICE

(3 5 : 1 ) .  The team preparing the ICE must be organizat ional ly

separated from the SF0 managing the system . No memb er

par t ic ipat ing in the preparation of the ICE may have

participated in. the preparation of the SPC estimate for the

same weapon sys tem (3 5 : 1 ) .

An ICE is prepared on a major weapon sys tem f or each

DSARC milestone. The major command designated to perform

the ICE is notified approximately 65 workdays prior to the

DSARC review . The results of the ICE are presented to the

CSD CAll ten workdays prior to the DSARC review (35 :3).

Ma,~or commands. AFR 5?-1 establishes the

procedures and assigns the respons ibilities for writing

ROCs for new and improve d op erational capab ili ties ( 6 C : 1 o - 2 ~~) .

1~~
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It tasks AFSC and/or AFLC with the responsibility to prepare

budget cost information. Budget cost information is defined

as “Information on proposed alternative solutions , costs ,

and schedules for satisfy ing a ROC [34:2~~.”

AFS C is specifically tasked to provi de preli m inary

cost estimates , to include life cycle cost projections if

availab le , for those ROCs requiring a research or development

effort (3~ :3). A~~C is specifically tasked to provide cost

estimates for those ROCs that can be satisfied by modifi-

ca tion to a confi~ ,iration item (3~ :3).

Contractor proposals/estimates. The defense indus try

is composed of approximately 22 ,000 prime contractors and.

100 ,000 subcontractors ( 2 3 : 5 7 ) .  These contractors are used

throughout the weapon system acquisition process to support

the Air Force efforts in designing and estimating the cost

of new weapon systems as well as producing the weapon

system (1~~:22—33 ). They provide technical , feasibility ,

and cost studies to the Air Force in the conceptua . thas e

and cost proposals , budget estimates and cost performance

reports in. the conceptual , validation, and full scale

development phases . Cost estimates of the program ’ s progress

and compli ance wit h earlier estimates , in the f orm of cos t

performanc e reports , are provided in the  product ion  phas e

(18 :22—3 6; 53; 60: 10— 3 14-) .  These cost estimates are used

by the appropriate SF0 as a basis for their cost estimates

and in tradeoff studies to determine woich alternative

~ 
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system to develop to satisfy the operational requirement

and/or which des i~-.n to pursue (53 ; 6 0 : 1 5_ 3 3 , 3 L s. ) .

Amount of Data Available

Profess or Baker , in his doctoral dissertation ,

“ :m~ roving Cost  Est imating and Analysis in 201 and NASA ’ ,

identified :~istorical ata Problems as a major problem

ar ea for estimations. One question in a survey con ducted

for his dissertation requested information about the

principle problems of cost estimating perceived by persons

in the f i e ld .  Twenty three per c ent of the 1353 individuals

involved in making cost estimates indicated that problems

related to the amount of historical data available were the

most important problems of cost estimating and. analysis .

AFSC reponses to the survey indicated 26~ (7o out of 285)

felt that data availability was the most important problem

(2:50—5~ ) .

he problems grouped into the category of Historical

ata Problems were :

1. data availability and collection problems ;

2. lack of accurate , reliable , credible , val id , and

current data ;

3. lack of data base and/or computerized data bank;

L~, insufficient data regarding installing and

ocerating costs ; and

5. i n su f f i c i ent  data regarding recur r ing  vs.

non-recurring costs C 2: 5 1) .

19
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Problems involving techniques , tools , methodology ,

and procedures were also identified as major problems of cost

estimating by 26~ of the respondents . The specific problems

i d e n t i f i e d  wi th in  this  category all involved a lack of

1~~owledge concerning how and when the various techniques ,

tools , methodology, and procedures should be used ( 2 : 5 C - 5 - -~,

l i5 - 1 1 7) .

Captains Barga and Poch in their technical memorandum

for the Air Force Aero-Propulsion Labcratory indicate that

during the conceptual and validation phases of the

acquisi tion pro cess , there is often a lack of adequate ,

complete or firm system definitions . The specifications ,

drawings and statements of work are not available in detail,

because the decision of which alternative design to use has

not yet been made. The weapon system design is still

undergoing research and development . Secaus e there is a

lack of cornt lete  data and only h isto rica l  data on analo~ cus

systems is available during the conceptual and validation

phases , a parametr ic  approach to cost estimating should be

used ( 3  :3 , 19) .  More information becomes available dur ,ng

the full scale development and production phases . Additional

data on system specification and performance requirements

become available as the weapon system is b e t t e r  de f ined .

More i d e n t i f i c a t i o n  and prediction of the  information not

available is also possible during the full scale development

and croduction p :cases (3 :19—22). For th is reason , mor e

20
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accurate methods of estimating weapon systems costs can be

used. A detailed engineering approach becomes possible

during the full scale development and production phases

( 3 : 1 9 ) .

The amount or level of data available to make cost

estimates , as described by Baker and Barga ( 2 : 5 0 - 5 U)  and

Poch (3 :3, 19-20), can b e placed on a con tinuum ranging fr om

little or no har d , factual data available to a highly

detailed level of data. For the purpose of this res ear ch ,

the researchers have defined four categories of data levels .

These levels are based on the acti-Ti ties taking plac e in the

phas e of the weapon sys t em acquisi ti on proc ess , i.e. , as

the system progresses through the acqu i s i t ion  process , it

becomes better defined and moves from a paper concept to

an -actual item in the Air Force inventory . The four levels

of data as def ined by the researchers are:

1. VAGUE--In the conceptual phase, there is an

almost complete absenc e of factual cost data on the specific

system being worked. The new weapon sys tem is basically a

paper system and has not been defined beyond the stage of a

requirement for a particul ar t~~ e of weapon system to meet a

need (11:L~_ 8; 12:23—29). There is , however , specific data on

other weapon systems available for use , but the r e l a t i o n  to

the new weapon. system is ~uestionable ( 3 : 3 ,  19).

2. LIMli’SD— -In the  va l ida t ion  phase ,  the des ign  of

the system begons to take shape. Mcre specific information

21
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is available on what the  new system will  ‘cc and wha t  the

spec i f i ca t i ons  of the  sys tem are ( 1 2 : 2 3 — 2 9 ) .  Secause  th is

additional information is available , a better comparison to

other , previous weapon systems can be made , giving the

es t imat ing  agencies more , bu t  still l imi ted , data on whioh

to base their estimates (3 :19—22).

3. DETAILED--In the full scale development phase ,

t :te sys tem is completely def ined and the specifications

f ina l i zed .  Prototypes of the  weapon sys tem are developed

for testing (12:23—29). It is in this phas e , that the

majority of detailed data for making cost estimates becomes

available. Limited production figures from the trototyt e

production are also available for use.

HISTORICAL ——In the  product ion.  phas e the  ful l

production figures are available in the form of cost

per formance  reports and other accounting reports . At this

point , except for changes in the production schedule and

fu ture  inflat ion rates , the actual cost  of p roduc ing  the

weapon sys tem is easily and accurately p r o j e c t e d  (11 :u-5;

12: 2 3-2 5 ;  2 5 ) .

Teohn.ioues ‘Thed to Generate
Ccst :stzmates

From a review of the available literature it is

apparent there is little agreement as ‘to the Classification ,

description and name of cost estimating techniques . Phillip

Cstwald. has described in detail eight “preliminary methods ”

22

L~. ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

- 

~~~~ ~~-u



- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

— 
__________

(conference , comparison , unordered ranking, ‘unit , expectec

value , computer simulation , probability , and ordinal scale)

and five “detailed methods ” (factor , power law and sizing

model, standard time data , cost-estimating relationships and

marginal analysis) (20:167-217). Tom Bond has described

five “basic methods ” (list price , cost as a function of cost ,

cost as a function of performance , item analogy and expert

opinion) (5:123—7). C . A. Batchelder has described three

— “major methods ” (industrial engineering , analogy, and

statistical) and mentions that one military source states

there are two (s:-nthesis and analysis ) while another states

there are four (analytical appraisal , comparative analysis ,

s t a t i s t i c a l  analysis , and s tandards ) (u : 1 - :0 )  R .  S .

Harrison has described four “basic methods ” ~emcinical ,

comparative, statistical and standards ) (1t:~~-6), An

introductory short course in cost estimating and ana ysis

sponsored by the Comptroller , Air Force Armament evelopmer.t

and Test Center , Egl in AFE , Flori da , mentions nine cost

es t ima t ing  techniques (paramet r ic , c o s t - t o — c o s t , c o s t - t o -

r.oncost , analogous , engineering , industrial  eng ineer ing ,

rates and factors , simulation, and trend analysis) and

describes four of the “major ” ones (parametrics , analogous ,

engineer ing and trend analysis) (u2:1.7-2.66). he

ecartment of :efer.s~ through ‘the Armed Services Prcourement

Re~ u1ation Manual (AS L~ No. 1) describes tnree “mcre comm cr~

metcols (round table , comparison , and detailed) (22: .~~ s).

23
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As can be seen there are many different tecr .niques

used in the derivation cf cost estimates . Tho ohoice of

which technique(s) to use in any given situation, is therefore

sub j e c t i v e  and confus ing .  The intronuctory short cours e

Cost Estimating and Anal-jsis ~-ives some assistance in

making the  choice  by ident if y ing f o u r  factors to be

evaluated b e f o r e  making the  choice .  These i tems are :

1. the typ e of data that  is available at one time

the estimate is being irade;

2. the purpose for which the cost estimate is to

be used;

3. the accuracy that is desired/required of the

estimate; ann

~~ the restrictionS of time and resources within

which the estimate is ‘to be made (~ 8 : 2 . 7 3) .

George L. Martin , Executive Secretary of the National

Hstimating Society (NES), in a letter to the Cost Account ing

Standards Board also concludes that there are a large

number of t echniques  to use in the ‘t r ana ra ti on  of c o s t

es t imates  and tha t  the s i tua t ion  should de t e rmine  the

technique to use. He emphasizes ‘that Mr. R . S . Harr ison ,

President of the Atlanta NEC chapter , has written a bcok

called Ho -i to . . . Manual on C o s t  E s tim at i ng  in w .- ich he

has given six steps to follow in develop ing a cost estimate.

‘The steps are:

2 d
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L . D e f i n e  the wo rk to be done in as much de ta i l  as
poss ib l e  and r e asonab le .  This  mean s fo r e c a sT i n g  t h e
de ta i l s  of the  work  to be done and the  k inds and
qu a n tit i e s  of m a t e rI a l s , carts , and e q u i p m e n t  vn ior .  N i
be r e qu i r e d .

2.  E s t i m a t e  the  man hours , mater i a l  costs , ar.o
o the r  c o s t — p r o d u c i n g  elements as well as the e lap sed
t ime  reauired to perform each detail of the work.

3. Estimate the cost ing rates and f a c t o r s  fo r  t h e
work  to be done.

~~ Apply the costing rates and factors to cost—
produ c ing elements to establish total  pu nt costs .

5.  Evaluate the costs , make any adjustmer .os to toe
cost estimate thaO are required , apply the desired
p r o f i t  and o ther  cost  f ac tors  and pr ora t ions  or
additions , and establish a sales price.

6. Prepare for sub mittal to the customer

These steps may seem simple and obvious , ‘cut they  are bas ic

and worth noting by any cost estimator. No matter what

teconique or combinatior . of techniques is used , tne s;e;s

are still valid (15 :- ..). By comb ininG toe items to look at

and the steps to follow , the technique to use should ‘cc

almost self-evident.

For eas e of candling , the  researchers have b rokec

the  cos t  es t imat ing  technicues  into four main categor ies

( Thrametn ic s , Resea rch  and Development , Eng ineer ing , and

S t a n d a r ds)  w n i c h  corr espcnd to a given phas e in the

a cqu i s i t i o n  cycle: Pa~ ametn ic s  to the Concep tua l  phas e;

Research  and Development to t-he Val idat ion phase ;

Engineering to the  Pull Scale Deve lopmen t  poase;  and

tz ,r.dards to the P r o d u c t i o n  phase.  This c l a ssi f ic a t i o n  was

se l ec t ed  so that t he  s p e c i f i c  t echn ique  would be grouped  in

te rms o± t he  data r e s u m ed to apply tne  t e c h n ic u e .  These

c at eGor i e s  corr -esp cod to the data  a ’za ila b e in t h e  v a r i ou s
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chases of t he  ma jo r  weapon system accuisicion cycle. The

technicues have been placed in cateGories consistent with

the majority of the literature reviewed.

Explanat ion of individual  cos t  e s tima t ing  techr . ic ,..es.

The following cost estimating technicues are explained as

they will  be used th roughout this research  e f fo r t .

T e c h n iqu e s  were  comb ined if the i r  desc ript ions  and degree of

input data were similarly explained in the literature .

Table number 1 tresents  a compi la t ion  of  the cos t  est imatin c

t e c h niqu e s . This table shows the technicues grouped by

category . Because  of the widespread use of d i f f e r en t  names

f o r  the  same bas i c  technique , the additional names

assoc ia ted  w i t h  the  same or s imi la r ly  desc r ibed  t e c h niqu e s

have been  added f o r  the readers conv ie r ,c e .  The cos t

e s t ima t ing  t e chn icues  are:

1. An alc-c i Cos t  E s t i m a t e s — — T h i s  m e t h o o  is derived

‘cv choos ing  analooous cro~~rams that  have a l r e ady  been

comDlet ed  and f o r  wh ich  cost data  is a’.-aiThbie. A ratio of

the degree of similarity is then d e f i n ed .  The cost  es t imate

produced by multiply ing the s imi l a r i t y  ra t io  by toe cos t

of the analogous project. According to Bond , this is the

most  common es t:mat :ng method in use  today  ( 5  : 1 2 6 ) .  :~

also requires  a h iGh  degree of cocwledge about  the  des i~~
and. mec~ aniza~~on scheme (kS:2.52) as well as e x p e r t i s e  on

the oart of the estimator (~ : 7)  . C then names for tois

ne t hod are comparative (10 ; 20; 2fl; cower  law and s i z e  

-~~~ 
,-- - -4 - --‘~~~~~



‘-4- - - --4-—

U)

~~~~u) -
~ ‘~~~~ -~ 0 0

C E  .0~~~) 0
l a O

-
~~~~~~~~ ~~~~~~~~~~~~~ 

0 a —
0.. 0 0.. -~ -4 = 0 1) U)
o U ) - H  0.. -’- -~~ “ 00 0  U ) O

c u  --‘ u -,- u
0 0..

o a 0 ,~ —~ -,-‘ J-) 0.. 0 a ~~ C
> > ~ 0 4

~~~~~~~
’
~ u a

0 Q~~~..~~—4 - ‘-‘ 0) 0 —~~~0 0  C
~~. . o’ ~~~0 -‘-~ 0) — ‘ :  ~~ C~~~-’ --’i ~- . . C

0 -~~~0) L-, ~~~~ i

~. . 0  — 4 0  0 0  0 0  -~~ 0 )E o  — 0
0 . 0  4.) . 5 ~~~~ ~ ~~~4-~
(J) Z) C1) 4-’ O 0 e-’ ~~~U) E S
0 0  ‘-~~0 -~~~c~~~~~ C > )  cli O c - H  •~- - 0

~~ E-.. o~~~ cli ~~~~ E C 4~4 r ) , 0 0) O~~~...0 i n S

4.)
--H U) - -

0 +~‘0 0  (i U) C
0 - 3: .— ’

Cl) C~~~~-~~V ~H 0 0)
a) — 1 0 0 0~~-i C) —~~~C Z

- “-I 0 0 — -’ 0
~-4 C,) ~ 0)

o 0 c ~~~~- 0 0  Cl)
3 : C,.1~~~~ .‘ - 4 C + ’ 0 0)

0) a 0 0 4-’ - ’ - U ) c  -j-- ---- 0 0
4) 0) 0’~ - - ‘--4 C 4) 0 0 0 0) - —
cli E U )  0 0 0 0  0
o ~~~~2) - 0 ) 0 C C  C 0 0  - 0 ) 0

~-~~C - S
~~~ C’ > 0 ~~~~ ~4’-~~~0 0  - ---S > 0 0 ’ S
0 - -  -~~~ S 0) - —~ - ‘--i S C

so -
~~ ‘o

‘—4 Cl) 0 . 0  .5 0 0 )  C/) S -i-’ 0 0  0 0 0 -’
0) 0 0  ~~~~~~~~~~~~~ C l i U ) E U )  - --i C

0) 0 - --‘ 3) -5 -H 0)~~ 5 00  0 0  5 , - O S

C’ ~-‘ 3-’ 0.. Cl) ‘0 0 ~-‘ 0 C 0 -.
-~~~ •‘— S ~~.0 Cn -’~~-- C..

cli 0 O ’ 0  04 - ’ 0 C l )  0 ’0  5 ” o  c ’~ c - i
5-’ .0 ‘ 0 0  0 0 0 0)  0 0 0 0  0 0  ‘ 0 0 0 0

0 -~~, “.-i — d i C E  —— 0 ~~~.~~ “— S  — 5 0 0
0)

Cc

~fl 0,)
0 0

-H 
~~
‘ biD

4) ““i 0 C
‘1 0 -~-l5 .0 4 ) 0 . .

-H 0 c l i -~-i 0
4’ 0) 5.0 -H 0) C,)
Cl) 5-’ Cl) 0.. C) -H

~~ -H 0
c o o  a -a-’

o bID ~~-H ~~ a oj
o 4’ 0 5

0) -~ 
.i~) 5  3) +‘ S —

S cli (fI r—I C.. Ci) ~-4

cli 0 0 0 )  ~ - .5
z ~ o~~ 0..

‘ -0
>) 0 .0 5
H
o 0 0

1) 0 ) )
- a >
~~ ~

27

~~~~~~~ 

- 

~~~ 

—‘ ‘ •‘ ‘~~ __,,I ~~ • — - l~••~ - ~ •.. - - - - - i’,, ~~~~ - - -
- L~’- ‘ ‘~‘ ~~~ — — -  . _t__. .. .

~~~
—

~
--—---—

~~~v- _ ~~~~~~~~~~~~~~~~~~~~ ,, __ -~~ --4,- - --



U)
0 :

0,5  C E
C 0 ) )

.0 bl) ~ .- ~~~~-)

I ( . 5 0  - ‘—‘ - ‘--4 —‘ -4-’ U )  0 ) .c---~~0~~-.. 0 C-) 4’ 0) 5 > )
‘H 4) 0 0, - H C) 3) Cl) C ~~i C/) >) r—~ CT,
o Cc -H 3,~~’ -~-1 3 0 )~~ 0 4) r— I 0)

0 4 -~~ C O~~~~.. ~~ 4 ) 0  ~- , 4) 0 E r - I - H ” ’
0 5 0  0) ,3, bID o c o  s-.. -~~s bO~ -~~~~
C ‘

~ —~ 
,—4 4’ 0) 3, ~ (I) ,—4 ~ 0 0.. U) 0) 0 ‘1-’

- ‘-- ‘ 0 )  5 0 ) 5  > > ‘ ~ 0) -H~~~~~~-~ _~ - r-I cj) 0 )
‘-‘ C o~~~ r-—t -H O) ~~ 4 ) 0 ) 0  ‘0 2) 0.~
C..~~~’ -H 0) 4 ’ :  biD 5 — ’ -—4 0 — ’ ---’ O~~j) -C) 0) 5 . 5

0) 0 r-4 0)~~~ r— ’ C Ci 0) 4 ’ 0 )  0 ) b 5~~0 0  0 0  0 0 4’ 0 ) 5 0  -~- 1 0 ) 5 U)~~ iJ 0 . 0  0 cli
0 . 0  ‘-‘ -‘- 5 “~~ S di ~~~S4 ’  0 E -’-~ 4 ) 0  O..-4-’ --1~~~~~~0,
0 0  i0 +-’ O  .0 4’ ~- . . — U )  4) biJ 4) as S bID -.-’
0 - .)) - ‘ - i S 0  C > )  cli O S - H  0 ) 2 )a  03  0~~-4 0 -H >)

0 0 3  0 0 0...0 ~~~ U)~~
) 0 0  0 0  ~0 3 : . 0

4)
U) -

o
-

0-, ))
3 : -  3 ) 0

C C — —- 0 4)

O —‘ -‘-‘ 0 0 —
- 3 0  -0) 0 ) > )

• - — O — ’ O  0 0,4.)

0- -~~ .H 0) 0) :_. X - H
C) u — c O  0 O r--I
C i )  C .H . -.

.0 0  0
- -~~~

C) - C’ -

O ~~~‘ 
-
~~ 0 ’ -  ‘—‘ —‘ — 0 0 0 )

0 . 0 0  5 0  ‘0 0~~-, O)
0 3  0 0 —  0 5  0)

— L c u  -— --‘ 4’o --— 0 o u c  0- - ‘-‘ Cl) - 0
o — 5-- 0 ’ ;  — ‘ 0  5 W W C
o -‘- iD ’— --- — 5 0 -H

‘ 0 0  c U ) i ~ -’-, C C  0
0 :  ‘0

— 0 5 -‘-— .— -—- > 0

1)
— a

a

-— 0 0 >,
-- i  -~~

-- S
0 0 0 4’
O 5- 0  ‘H 0) C.) C C di

0, 0) - ,-4 -H C 0
4’ 0 3 - _  -H

‘— a O  0 4’ (1) 0 4’ -4-’
o ~D -”' 4’ .0, (1) 0) 0 -5 Cl)

5 0 -- -H
-2) 4-’ CCI Cl) 4’ ci --~ bID 0 4’

(0 4’  3, Cl) ~ bAD S ci
-5 0 3 )  ~ -H ci 0 -5 -— ‘4-)
z 0~~~ ,i~ 4~~~ 0-, ~~~ 0) C/’)

>‘

1)

28

.T~- _LLL1 ::: Th~: ~~~~~~~~~ , 
- ‘ 

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

- - .-

~~

-

~
~-



-C.. 0)
S~~~ U ) . 0  Cli~~~ C T ,3

4’ ‘—‘ Cl) 0) ‘0 ‘0 C/) “C “— ‘0 ‘0 4’
0) 5 > ,  3 , 3 )  C c l i  C C c l i  C

‘H C —I C)) >,,—I C/) 5 4-’ 3 ) 0  cli -.-’ ‘ 0 0
-C -~~ ‘CS 0 4’ .-4 0) 4’ 0 4) 4-’ 0 4’• - 0 5 4’  • . H  U ) > )  4 ’ C  U ) > )  4 ) 0
O 0 ( 0  ~ -H cli biD’H~~., ,~~ -H -H

o co ~ 0 P-~ U) 0) 0 4’ ‘—~ -‘- r--l 4’
-H O) ( J U )  ~, - r-n (fI 3) . 5 4’  c i ’C  5 4-’ 5 ’0

‘C Cl) ‘H ,., : ~~0,5  ‘ 0 ( 0  0 ) )  0 ( l) 0 ) 3
3,0’ 3) 4) 4-) 3 U )  C) W c l i cli “-4 0 - --- 4) -~~~~O -H -i-’

-H -H 4 ’ C 5  3) -i-’ Cl) W b f l ~~-~ ~~~co 0 0 ) 0  0 0  ~~~0 Q )
~. . 0  - --- O E abiD 0 . 0  0 cli 0 ”~~. 0 0 0  0 ”— ’,, O 3 )~~-

4 ) 0  3,4) . ,~~~3, 4 ) 0 )  - -‘~~~C -‘3 )  +“ -r -~~ C
( 0 0 , )  i-’ bfl 4-’ a S S bAD -’ ( 0 5  0 ) 0 — ’  ( 0 5  ( 0 0 — ’• 0 ) 2 )  2 ) 0 U )  0 ,0 0 - i  0 - H >) -H .-- • ‘-‘~~ . . C  -r--

0 0  0 0  /z d’) ~~~ +“ ~~~3,’H

‘0
~~ 0
0 ) 5

-4-)
0 -
3 ) > )
0,4.)

Cl) >‘( -H
2) O r—I

-H- --—-
‘0 5 3)
0)
C C’ -‘-‘ 3 5

• —I -H - 0 0 0 )
-H ‘ 5 0  ‘0 C~~~~~(0
4’ 0-0  0)
C C C . )  H ‘—Io -.-~~Cl) - H a - c i
C) —‘ E-~ cli 0 ) 0 ) 0

-H 4-’ 0 0 - H
3)

‘ 00  ‘C
— > 0a)

—4
3 Cl)
5 0) 0) 4’ 4’

C -H (Cl S
C’ U)

-H (/) (0
C r -4 3) )) -H

cli S a S a
bAD C 4’ -H 

~-,
0) 0 0 (Ci 3-4 4) 5-’ —

5-’ ‘H 0 C S ci
~~ .H ‘0 0 ‘0 0

a) 5 4’ 4) ,.
~ -.o Cl) 5 (1) (Ci diC -H 4’ - r-, ‘0 ‘C ‘0 ‘03,’ -~~~ biD 0 0 0 C C5 biD ~~ S ci cli 0) -5 0)

cli C cli - - 4’ 4’ ~-‘ -‘ 0
~~ Ci) C/) (1) 5-1 5-’

biDC
-H U)

>‘, ~-i
0 3)
-o 0) di0 ‘01) - --4

— bAD SC —

2~ 

U)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘

~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~ 
- - -



model ,  where only the s ize  of the it em changes ( 2 O i 1 ? 1_ i ~) ;

fac tor ing , where the degree of each s imi l a r ity  is called a

factor  (20:196); unordered ranking (20:171) ; and unit method

(2O:17~ ).

2 . Computer S imulat ion Cost Es t imat ing-- In  this

technique,

S imulat ion is def ined as the manipulation and
observa tion of a synthetic model representative
desi~~ which , for technical or economic reasons , is
not suscept ible  to direct experimentation.  This
synthet ic  model ideally represents the  essential
characteristics of the real sys t em with the frills
excluded L20 177~~.

Onc e the simulation is programed in the computer , t he

“real system ” data is entered and the simulation prcduces

the projected cost output.

3. Cost stimating ~elaticnships (C R)--This method

• includes cost  as a f u n c t i o n  O± ~ cost , c o s t - t o — c o s t , cost  as

a function of performanc e and ccst -oo-noncos t  techni;’0-es.

It uses one or more independent variables which could be

related costs , performanc e characteristics , etc., and

derives a cost estimate based upon nistorical estimating

r ela tions h i~s from a related pro~rarn. Two assumptions must

be met for this es t imate  to be valid. The f i r s t  asso~mp :ion

is that the new program will be affected in the same way as

the ori~ ir..al by one ind ependent  variable .  The second is

that  the acoertable CER has been established and verified

( 5 : ~~2L~_ 6 ;~~~~: _ 3 ;

— . En g inee r ing  Cos t  s t i m at e s — - h i s  m e t h od  is the
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most detailed of all the techniques . It involves breaking

down the project in to  deta i led  work segments which can be

individually es t imated  at an assume d h igh level of accuracy.

These estimates are then summed into a total cost estimate

(~ :2; L~8:2.60). It has also been called detailed cost

estimating (28: 2B28).

5. Expert Opinion Cost Estimates--This is a purely

subjective technique and is d i f f icult t o analyze and

substantiate. The expert ’s opinion mus t b e accepted as

val id. The expert mus t completely understand all of the

factors in the problem. This method is best applied on new

products which are beyond the technical state of the art

5 :126—7). Another name for this method is emp irical

cost estimating (17:L~.). When a group of experts is used ,

this technique is called the conference method ( L4 . :16~ _ 9 )

or round table est imating ( 2 8 :2 B 2 8 ) .  -

6. Lis t  Pr ice  Cost Es t imate- -This  method  r e c uir e s

that  the items to be  est imated have a h is to rica l  p r i c e  that

is available and acceptable. The es t ima to r  only has to

multiply the units required by the accepted price and the

cost estimate is complete. This is the most accurate

metho d ( 5 : 1 2 3)  given that accurate list prices are availab e.

7. ~arginal Analysis Cost Estimating--This type

of estimating is used to cost  out changes in or e r a ti o n s  or

engineering changes for a product. The ohan~ e usuall y

involves incremental amcunts or. relatively large orders

-‘ -4
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(~ : 2 07- 2 17) .  The primary tool used in marg inal analysis is

d i f f e r e n t i a l  calculus , a tool which  is beyond the scope  of

this  study to des c r ibe .  An excel lent  exp lana tion  can be

found in Cost Estimating For Enñneering and ~ana~ ement, a

197J~- publication by P hillip F. Cstwald (20:207—217).

8. Parametric Cost Estimates--This technique is

accomplished by correla ting design param eters to his torical

costs with the use of regression analysis . -The results

describ e cos t r elationships between the param eters ( d 8 : 2 . 2 ~~) .

These relationships applied to the desired parameters W~ li

result in the estimated cost.

9. otancard Tame lata ~ ost a st a ma tan g-- Th a s

technique uses historical cost data to find the standard

cost or time to complete a given task. Cnc e a set of

standards is ~ iown , future event schedule/cost can be

calculated. The standard for a task is multiplied by the

numb er of times that task must be accomplished. Then all

computed values ar e summed to the final cost  es t imate

(7 :6; 20 :202—6).

10. Statistical ost Estimating-—This technique is

used to estimate the entire job by using major parameters

cr techi-ical characteristics , such as weight or speed , to

obtain costs for major portions or the whole. It is

similar ‘to a macro engineering technique with parametrios

added to fill in any zaps ~ 7 : 5 ;  2 0 : 2 — s ) .  “This is

sometimes referred to as ‘ grass-roots ’ es tima ting ~2c:2 .”

32
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Other names for similar technicues are expected value

(20:175), probabilIty (20:181), and ordinal scale ~2 C : 1~~’ ) .

11. Trend Analysas ~ost ~st~mat~ ng--~ nos techn:cue

examines the cost schedule trend patterns during the full

scale development and production phases. These trends are

then used to project the anticipated cost to comple te  the

contract (~ S :65) .

Ca’te~ cries of cost estimating techniques. As

d iscussed earlier , the amount and detail of data increases

across the weapon system acquisition cycle. For t h is  reason ,

the following ca tegories are base d on th e amoun t and detail

of data available at the corresponding phase in the weapon

system acquasltlon process.

it should be noted that the techniques used in the

earlier phases can be used throughout the weapon sys tern

acquisition process. As the amount of available data

increas es , other techniques become usable that provide

increased accuracy. For these reasons the technicues apDear

in those categories where they will produce their greatest

accuracy. The cost estimating technique categories are:

1. Parametric Category--In this category the cost

estimates come from relationships which can b e develo ped

between his torical cos ts , system physical attributes and/cr

performance characteristics. The historical costs take into

account system growth , eng ineer ins changes , program



stretch—outs and any other possible difficulties ercountered

in comparable programs (13:5.~~; t?:L~). They hav e valuable

a pr l i -c at io n  when :

a. Some performanc e/design parameters are :~- own

but detailed mechanization features are lacking.

b. Gross estimates are accectable .

c. In the early stages of pro~ram development .

d, Quick reaction estimates are needed .

e. Used for cost/performanc e trade-off studies

(L~8 :2.50).

The cost estimating techniques which fit into this

category include analogy , C5R , expert opinion , list price ,

and parametric.

2. Research ar~-± evelcpment (F~&) Category--In this

category the cost estimates are developed by a combination

of the carametric or,d en~ ineerin~ techni-;ues . ata on

critical rcrtiors of the t o o  ect is generated through

engan-ser~nC test anc r-esearon . :his data is then used with

the engineering ‘techni:~~e to ±e’~’elop the costs of these

critical asrects of tne oro~ ram. Those parts of the aroject

that are left are estimated us ing  ‘the parametric techniques .

The r e s u l t i n g  cost estimate therefore falls in the middle

as far as detail, time to complete and position in the

major weapon system acquisition process are concerned , its

major contribution is that of an improved and updated cost

estimate for review at SARC (i LL’ ) ,
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The cost estimating techn iques ‘ihicn fit into this

category include analo~’y, simulation , C R , encineering ,

expert opinion , list price, marginal analysis , parametric ant

statistical .

~~~~
. Engin eering Category--In this category the cost

estimates are made by

defining the effort to be accomplished , the
schedule it is to be accomplished against , and the
materials and processes to be utilized; parceling
this information out to the performing organizations
whc estimate the cost for each work package 0L~,8:2.60T .

They have valuable applications when :

a. Detailed data is available and detailed

estimates are desired .

b. Contractors are calculating b id prices .

c. Time is available to properly complete the

process. (This process is time consuming) (‘-~-e: 2.68).

The cost estimating techniques which fit into ‘this

category include sirnulaticr ,, engineering, marCinal analysis ,

s:an-dard time data , statistical and trend analysis.

u, Standards Category--In this category the cost

estimates are developed from historical cost data.

Standard estimates are developed by studing this data bas e

and conducting time and motion studies on comb inations of

these costs (17:6). Other statistical methods such as

regression analysis can be applied to tnis nistorical data

to yield standards which can be used to predict future

costs (20 :203), lome of the advantages of tne standard 
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estimates are:

a. The data is cheaper and easier to gatner.

b. The estimates are more consistent.

It is easier to understand its devia ion

(,
~ : 2 0 3) .

The cost estimating techniques which fit into this

category include standard time data and t r end  ana lys is .

S ‘cmrnary

Fi~~~re 2 , yodel  of the Air Force Cost Estimating

Process Within the Air Force Weapon System Acquisition

Proc ess , summarizes the literature review . The Air Force

weapon system accuisition is used as the time frame ~pcn

which the model is b u i l t .  The agencies i d e n t i f i e d  as

making  e s t ima te s , the  type of e s t ima te  they make , the  type

information available to them to make the estimates and

the techniques used in making the estimate are presented.
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Phase Agency Type of Technicue ype of
~aking Estimate Used to :rformaticn
Estimate ~ade hake i~v ai i a b le

(Purpose) Estimate

-Concep- AFSC/AFL~ RC -C Parametrit Va~~ e‘cual Evalua t ior,
*Contractor Estimate Parametric Vagu e

from
Studies &
Cost
Proposals

*
~PC Budget rarametrac Vagu e

Es t imate  &
O f f i c i a l
Pro gram
Estimate

b A  ICE P a r a m e t r i c  Va~-ce

Evalua t ion  P a ram e t r i c  \‘ag~~e

:SARC - Program ecisicn

*Valifa- Contractor Cost & 1 Limited• tion Proposal
& Budget
Es t a mates

*EPO Budget F, & = Limited
Estimate &
Of fici al
Program
Estimate

ICA bCE Parametric Limited

— -~~~~ 
-

- a~ A~~. ~~~~~~~~~~ - a~ e ~~ ~~~ -

DEAR C - -~a ta fi c a t i o r,  D e c i s i o n

r1~ cre

?~odea -of the Air Force Cost stims:ing
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Phase Agency Type of Teohni q~ e ype of

~Iaking stirnate Used to nfcrmation
Estimate hade :‘iake A’,’ailac- e

(Purpose) Estimate

*
Full- Contractor Eudgut Engineering etailed
Scale Estimates
cv el op —

ment *SF0 Eudget ngineering etai e-±
Estimate &
Official
Proaram
Estimate

bOA lOS Parametric Thtailed

A 2  Eva uatior . :-ar-ametri-o Thtailei

DSARC I:: — Production Decision

**Frocuc- Contractor -Cost itar,daros :~!storioa:
tior. Re~crting

** - - ‘SF0 Cost utuodards -iastor:cal
Anal’zs is

*The contractor & SF0 ~~~ make more than one estimate -during
ca-o h phase. An estimate is made sood revised untIl time cd’
crosentation to the -E ARC for a decision.

**The SF0 & Contractor personnel ma~ce continual on-going
cost estimates through-out the production phase.

Fi~ure 2 (oontinued)
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ChA~- E R  :::

~,ET:-~C C LO- OY

T h s c o L o c~~:r. of Tr-,t ’ ers e
and F o c o la 0 10n

For this rese8rch, th e u r , iv er s e  is defined as the

set of all agen cies  which make cost es t imates  on CD we aD oro

sys tems  a o o u i si t io n s . The popula t ion  is defined as the set

of all ICC acencies which rnake cost estimates crc najor Air

F o r c e  weapon system acquisitions . This includes the 051

-tAlC , h aj o r  Commands , and Sys t em Program O ff ic e s .

Des-criction of the Sample

:his research was concocted usong a s e l e c t ed  s amp le

oonsis:1n5 c-f the QSD CAb S ; the Comptroller , AFF t and AFLO ;

avaitable SPO s from A D , 22 , and, SAhSC ; and se lect ed  h aj o r

tcmmand,s oresently submitting estimates on major w e a p o n

systems c-orren :ly in the  ac cu i s i t i or ,  aro cess .  At leas t trcree

i ndi v i dual  es timators  ( wh e n  ptS~~bi~ ) from each acenoy will

be jrccer-~iewed to obtain the orcanizational v iew and to

reduce the prob lem of individual bias . The sample was

selected for it perceived reores entativeness relative t~ the

population and for the remainder of this s tu d y it is

assumed that ~~e sample can be c-o r,siderec repres entative cc’

th -? pc~ ulaticn .

s-
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The rationale for this assumption is as follows :

I. The OdD CAll is the same agency in both toe

sa rnc le arid t he  r opula tic- r. arid therefore, rr~Eresercts a

census for that portion of the population.

2. A~SO and AFT-C , as arplicable, are gercerall-~-

selected as the rnajcr command to perform the :0: and

prepare the Sudge t Cost  Th±’-orm at ion on each publisned 5CC .

One of these two commands will ce responsible for

designating the office of primary respons ibility (SF5) for

each ICE and the team chief for the team perfcrmin~ the

ICE , The of thes e two commands will also be resror,sibie

for rev:ew:ng all publashec ~CCs and providcnE cost

estimates for those RCCs . The cost estimate provided are

used in the evaluation of proposed alternatives . :nerefore ,

inclusion o±~ the Comptroller , AFSS and AF~LC as part of the

samrle should adecuately rerresent the tirnin~ and teconicues

1039d tv  m a j o r  command indeoendent ocet estimators . :~ -
~lll

also re’cresent the tircinc an-: tec,oniaues us ed c’~’ ma or

commands to provide cost estimates on the SCOs protceed by

agencies which identify reouirements for new weapon systems .

5 . Th e AFSC Sp5s selloted for inclusion in the

sample were based on convenienc e and availability . All

current All SPC s associated with major weapon systems arid,

a numb er of EFOs from llD and 2,-~LLd2C were selected. This

permitted the researchers to  sample aeronautical systems

including aircraft and air l aunched  miss i l e  w e a p o n

do

1.. o: ;,~~ :tt ~~.tn~~~~o ’-- ~~~~~~~~~~~~~~ -- ‘z:.._.
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systems (All), major electronic systems ( il l) ,  ar,d ballistic

m iss ile  and space systems (SA~SC). A representative sample

of he poputatior. w as thus produced .

By ha ’r ing a census o±~ AdD SFC s , the researchers

identified the techniaues used and amount of data available

within one portion of AFSC for making official program

es t ima tes . Smaller  se lec t ions  of 222- and SA ~ SC SFd s were

selected to verify that the same techniques and data

ava i labl litv  i de n t i f i e d  w i t h i n  AdD were  r ep re sen ta t i ve  of

ata Collection

The mcdel of the Air Force major weapon system

a cqu i s i t i o n  p roces s  was deve lop ed ’:y a de ta i l ed  review of

the available literature , including AF and lCD regulations ,

manuals , p-amrr,lets , directives , and other publioac~ crs .

The literature review identified the weapon system

acquisition ‘crocess phases , the agencies involved in

making cos t  est Imates  during the process (the sc-uroes of

• the cost estimates), and the -iariety of technicues use: to

make the  cost  estimates . The l i t e r a t u r e  review was

conducted in respons e to research cuestion number .

The model constructed during the literat:re review

was val idated us ing ex t ensive  u n s t r u c t u r e d  in ter v!e ’~~s 5~’ith

:no~viduals from eac~~ of t h e  uL~~ agenc :es :dent : i iec  cm

model. ~Jhiie the -onstructured personal interview was :r-.e

method of choice in this study , it was not always rossih ll

t o  ‘
~~~~~~~~~~~~~~ Ld~~~L~~r’:y -~~~
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to personally m e e t  w i t h  eacn in t e r v i ew e e .  ::oe pe r s on a l

in t e r v iew  was t h e r e f o r e  s up p l e m e n t a l  as r e cu i r e d  w i a n

telephone interviews .

Before beg inning the data collection effort , ar,

“Interview Schedule ” was prepared as a guide for the

u n s t r u c t u r e d  persona l  in te rvi ews . A samrle of th is  s c h en ul e

is ‘cresented in Appendix A . The interview schedule consists

of a line of sub-questions developed to answer research

cues t ion number 2. The in terview schedule was sufficiently

structured ‘to insure coverage of the research -:uesticn , but

not  so r i~~idIy s t r u c t u r e d  as to prec lude  the  f l ex ib le

~ rc ’o in g ,  c h e ck i ng , and c ros s  check ing  of d a t a .  De t ai l e d

notes ‘.‘iere taken during each interview . ~any int e rv iews

were also recorded c-ri a small portable ‘cape recorder for

l a t e r  more  d e t a i l e d  ana lys i s .

Before oonductin~ the telephone interviews , contact

was made with each interviewee to establish the date/time

for the fc- rmal telephone interview . A copy of the nterview

chedule was sent to each interv iewee prior to the ac tua l

interv i ew . ur ing  the telephone interview detailed notes

were taken and expanded immediately after the interview

session. :~an-r telephone interv iews were also tate recorded

for later detailed analysis .

The t ime  ava i lab le  to conduct the te erh:ne

interviews was frequently limited. Beoause cf onis , it was

not always pcssi’ole  to cover the entire Interview C :hedule

:‘“fL • . ”~~~~



F

in detail. There fo re , the sections on wr,er. estimates are

made, amount of data available , and. ‘ce-chni :oes usec were

stressed in every interview .

These  u n s t r u c t u r e d  in te rv iews  were  des ign ed  to

a sce r t a in  the f o l l o w i n g  in fo rma t ion :

1. Name of individual interviewed--all indiviouals

int erviewed were p r a c t i c i ng  es t imators , c u r r e n t l y  i n v o l v e d  in

the estimating process. As such , they rrcvided expert

ocinion and data for the study . however , to insure candor,

the individuals were offered a ~~arantee that, if t h ey

desired , their names woulo be held in strict confidence.

2 Crgar_za’~~c’- to Nh~ ch e ~“c, , _ o~~aa ce, o~-gs --

the organization of the individual was ascertained to

demonstrate that the sample included a wi-d c representation

of t he  popula t ion .

3. Length of time the individual nas been in

-current  p o s i t i o n — — t h i s  da ta  was necessary  to es t a b l i s h

the  expert  s t a tus  of the  ind iv idua l  as a p r a c t i c i n g

estimator repres enting the views of his organization.

d . Individuals background in estimating--this data

was also necessary to establish the expert status of the

i ndividua l s  as a p r a c t i c i n g  e s t i m a t o r .

~~~ . Deta i l s  of t he  e s t i m a t i n g  t e chn i c ue s  the

individual uses in any phas e of the ~‘ eapon system acquisition

pr o c e ss  w h e r e  the  in d iv id ua l  makes e s t i m a t e s - - t h i s  data  was

necessary to validate the model developed. in :hapter II

L~3
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and insure that the categories developed are accurate.

6. The individual ’ s views concerning the usefulness

of the techniques used-—this data was used to provide a

better insight into the different estimating technitues and

‘to possibly im~ rove the model and t h e  est ima :i r.g  process.

7 . t h e  indiv idual ’ s v iews c o n c e r n i ng  w h e t h e r  t h e

techniques  used  are the  most appropr ia te  t e c h niqu e s

available—-this data was used to modify the model , if

appropriate , and to provide ins ight into different ways to

possibly improve the estimating process.

Criteria for Research
and Co mr a r i son

The validation process involved interviewing large

numbers of reorle from organizations that make cost

estimates to valosate the information obtained ±‘rcm the

l i t e r a tur e  review . t involved the su ’c~~ect ive ~u d .xement

of the  resea rcher , ‘cu t  this  j u d g em e n t  was bas ed on d e t a i l e d

analysis of all information available.

The criteria established for this research was that ,

for the mo-del to be valid , the real world estimating

environment would have to match the model  100 per cent of

the  t ime  f o r  t h e  fo l lowing:

1. An agency will make an estimate during each of

the acquisition phases as specified. in the model  for ‘chat

par t i cu l a r  agency .

2 .  The  t e c h n i q u e  ac tua l ly  used  by t he  a~~enoy

- ~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - - 
‘
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matches the ‘technique category specified in the model for

that agency in that phase of the a:c’:isitior~ process.

Assumptions and Limitations

In developing and validating the model , it wi l l  be

necessary to accept certain limitations and to make certain

assumptions . These limitations and assumptions are

considered to be an integral part of the research design .

Assumptions. The following assumptions a~plied to

this research effort:

1. The data obtained from individual estimators

‘through the unstructured interviews was unb iased .

2. The technique categories identified in. the

model include all techniques available to the estimators .

3. The available techniques are properly cate-

gor ize d .

~~ The sample can be considered representative of

the poculation .

~ . A census of ABD SPC s and a smaller sample cc’

ESD and SAMEC SPc- s was considered representative of the

‘techniques used and amoun t of data available within all

AFS C SP C s for  making Official Program Estimates .

6. :he amount of data available and the techniques

used by the civilian contractors is dictated by the Ill

associated with the particular weapon system.
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llmitations . The following limitations applied to

this research e f f o r t :

1. The cata collection is limited by the ability

of t h e  au t h o r s  to c o l l e c t  the recuired data and ‘cy the

a b i l i t y  and wi l l in~~.ess of the  data source  to p r o v i d e  toe

recuire-d data.

2. A number of interviews had to ‘c c  c o n d u c t e d  by

telephone rather than in person due to time and travel

limitations .

3. The validity of the study was riot reduce d

cecause of oe sa’~p_~~ g ~echr~que ~sec “ ‘~~e -~F~C Slls

L.- . Only DOD agencies were considered in this

resea rch e f f o r t . C iv i l i an  cont rac tors  were  cons ide red  an

uncontrollable fact-o r and were thus eliminated from the

rorulation .
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O:-iAPTER I ’I

ANALYSIB AND SUL-~ ARY OF FINLI N ll

Approximately 80 individual estimators from- all the

-organiza t ions/agencies  involved in e s t ima t ing  the  cos ts  f o r

the a c qu i s i t io n  of new A? weapon system were in terv iewed

as part  of this s tudy  as a val idat ion e f f o r t  fo r  the  model

presented in Chapter II.  This chapter is an analysis of the

interviews by organization/agency . Each organization/agency

is looked at in detail to aso er-tain when they make estimates ,

the techniques they use and why ‘the es t imate  is made. A

comparison of the l i t e ra tu re  model and the real world model
- will  be  made . The chapter will be concluded WI oh some

general impressions wh~ oh cut across all organi :at ion s/

agencies . The deve lopment  of t he  real world model ari d t h e

impressions  are based uron  the interviews conducted. The

impress ions  form the basis for  many of the conclusions

reached in Chap te r  V .

The Opera t iona l  ~~ JCC is and the A? TA Il  were

i d e n t i f i e d  w i t h i n  the cours e of the data c o lle c tio n  as

oo t en t i al  sources of cost  es t imates  arid were -added to the

research effort . Data were collected from these organIzations

us ing the  same methodology outlined in Chapter I I I  for

coll ec t ing  data f rom the rreviously identified orzar,i:aticr,s .

~~~~~~ T
- -
~~ 
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As anticipated in one initial model , the ir”di’:i:ua

estimators in all orc’anizatlons/a~ encies visited c-erceii-ed

that the amoun t of data available f-o r ass in ~~~~~~~~~~~~~~~~~~~~~~ cost

es t imates  grows in cuality and cu-antity as the “.‘earcn system

progresses toward turn—over to the us ing command . They also

rerceived the data availability to be closely concie-oted to

the phas e of the acquisition cycle that the program was in

and the  degree ‘to which  the  program was de f i ned.

During the  conceptual  phase , the  es t imators  w o r k

primarily with concepts developed to satisfy the RCCs. The

data is based upon caper recuirements . There is little score

or oorite~ t to the data , which is considered scarce arid hard.

to obtain. Estimates are bas ed cci the “edaoated s-:esses ” of

the engineers and managers associated N ith the ‘cr ogram.  As

the cro~ ram moves into the validation phase , the number of

d i f f e r e n t  concepts  under cons ide ra t i on  is narrowed iowri.

The weapon s y s t e m  is f u r t h e r  de f ined , al lcw ing the  e s t ima to r

to make analog ies to o ther  pro 5rams w i t h  more c o n f i d e n c e .

The amount  of data con t inues  to grow in the  fu ll  s-tale

d ev e l op m e n t  phase  as the weapon concept  is nar rowed -down to

one s y s t e m  and the con t rac to r  data from p r o t o t y p e  p r o d u c t i o n

becomes  available.  In the produc t ion  phas e , t he  e s t i m a t o r

has a much b roade r  data bas e to w o r k  w i t h .  A c t u a l

p roduc t ion  -data becomes available  on t h e  weanon s y s t e m .

A~ so , the Research and Develorment (Rll-) effort on the

weacon system is comrl-eted arid toe costs f-c r it -are ~ctcwn .

-I c-
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This  e l imin a t e s  e s t i m a t i n g  the  most  d i f f i c u l t  (h i gh r isk )

portion of the weapon system accuisition , but in most cases

“estimates ’ are no longer needed as a basis for obtainin a

funds f r o m  Congress  s ince these  fun ds have already been

rece ived  and commi t t ed .

The amount of data available to the cost e s t i m a t o r s

matches  the model for all organizations/agencies for the

phases in which they  generate cost es t imates . The indi’r i -iaal

cost es t imators  all repor ted  us ing the  data that they

perceived as the best available at the t ime to genera te  a

cost e s t ima te .

The data growth was the only area of the model that

resulted in lCO~C agreement across all ormaniza:ions/a~ enoles .

The remainder of this chapter will presen t the data -on each

organi:ation/a~ enoy and is in sup~ or: od’ the model p r e s e n t e d

in f i~~ re page 3 3) .

A ? C  and A 3’LC ? -ecu i re d .
Cp e ra t ional  Ca~ a-
bilitv (P,c C~ Cost
Estimates

H s  AB’LC and AF~ C are tasked to  prov ide  p re l iminary

cost estimates for new ROCs . AFLC provides one preliminary

cost estimates for ROCs that can be satisfied by moiify in~
the confi~ ,iratitn of a current item . A?SC crovices the

creliminary -cost  e s t i m a t e  fo r  RCCs r e c ui r in g  a research

and/’or devel-crment effort. Both headcaarters ’ monitor and

e’;al-:ate the 2CC cost estimates generated under t n e i r

~~~~~~~~~~~~~~~~~ L ~7~~~ddT, ,._Z~~c’d~L 2.,L2l 21~. .JL~,
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AFLO (2CC) cost -estimate s . :-~~ AFL C is tasked to

pr o v i d e  p r e l imina ry  cost  e s t ima tes  -on RCCs t :oat  can be

satisfied by modificat ion to an existing wearon system.

This cos t  e s t imate  is r ecu i r ed  early in the co ncer tu a l  p h a s e .

The P ans Div i s ion  ( AFLC/XRX ) moni to r s  the  R CCs and the

apt ror i r~ a te  Air L og i s t i c s  C ent e r  (AL T ) prov i-doc  all cos t

est imates  on the  propo sed m o d i f i c a t i o n .  “ These  c o s t

es’~ ,mates ace called od,f,ca ’~~o’- Prccosa
_ a~~ s~ s ( ~~~

(39). The data a-rail-able this early in toe accuisition

cycle is very limited . There is generally l i t t l e  or no

program cost data and only broad , conceptual ideas (possible

solut ions ) to s a t i s f y  the  2CC . :n some cases there may be

analogous programs from which  par t ia l  data is avai lab le

( L ~O ;  1-1) .

The primary technicue used  to generate the init ial

cost estimate is that of round table discussions b-i ALT

t e c h n i c i a n s  and lcmis ’ tic ians . if any data is available ,

f rom the  c o n t r a c t o r  on the or ig inal ccn f i~~ar a t ion  i t em
• (w eapon system) which  is to be mcdified , it is analyzed and

m o d i f i e d .  as appropr ia te  to f i t  the  proposal  (~~O ;  11) .

These  t e chn i c i ans  and log ist icians  make the  cost

estimates based on all available data and on t h e i r  exceri~ n-c e

with other crograms . It is perceived that these cost

estimates are rough , ‘best ~ uesse s  and t h a t  the  f ina l -c os t

50
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may be e n tir ely  different (L~C; di).

A ft~cr the estimate is sub mitted. by the Alt , it can

be used for a oompani~ ori w i t r,  o t h - ~r ross ic~~ sd ~tions or

in evaluating or-caram affordability. Th se coot estimates

are not  u sed f-c r s p e c i f i c  f un d i n g  purposes , b u t  only as a

basis for trade-off analyses ~39).

A?3C ~R CC) cost  e s t i m a t e s .  :-~~ AD S -C is tasked to

crovide ‘creliminary cost estimates on R C C~ re-cuiring a

research or develccroent  efd ’-o r ’ . This recui rem-~r,t c- t ours

in the earl-i ccncectual chase of the a-co’oisiti-o n cycle for

the proposed program . The Policy and i’a’cgrams Division

( A?sc -- :~2x) monitors the 2 CC : and the Cost Anal’rsi: (ADIC/

ACCA ) and, Trod-sot Divisions (Ai:/AC C , :1: ~ACO , I A d C C / A - C C

AL T C, A C C )  :roviie surror: in rreranin ,c the co s t

Ths are not  the cost estimates used for lIAR: : , bat

m e r e ly  early roumh gaiesses (-“ -~~)

There is vir tu a l ly  no :cro~~ am-related cost estimating

dat a av a i l a b l e  at  th i s  po in t  I~ the aocaisition rrccess.

The only information avaIlable is t h e  statement of an

o p e r a t i o n a l  r ecu~ rement/ c-atac i 1:ty tha t  do-e s not cresent lt .’

ex i s t .  2: solve t h i s  lack -of d a t a  crob l em , ccnnond expe r t s

ace as~~ec o ccc ~,de c:ss _ :e  “ eor”~,ca,~ sc ,~~o,o’ s ‘or

each a l t e rna te  s o lu t i o n  an atte roc t is made to “d velcc

p r o - c u o t c o n  su rp or t  cos t s  aria totar usfe cyo ,e cost est ona te :

( t o  i n c l u d e  r , sk  assessment  f o r  ca-o n a l t e r n a t iv e

-
~~~~~~~~
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These  cos t  e s t ima te s  are  gene ra t ed  us m a  to-c r::n: tanle and

expert c’~in i-on t e o hn i o  ucs . The - co st e:t :mate :  fs~r each

croco sed t e -cho it a l  s o l u t i o n  are made ast,nr m-~ same - c r i t e r i a

and methodo logy . This is necessa ry  so ::,ao toe estimate: can

b e r ead i l y  comn ared  -v i th  ca-c o otn er  ans  a ro am cos t  analy sis

o r t r a d e - off  b e c u e en  toe cr-crossd soluti ons made ~~
--

~~) .

The :~ -~ e s tim a tor s  ‘b e l i eve  t h a t  t h e  cost

-estimates generated this early in the aoc’sisitiort process

are “ f o r  -concepts  o n - p -  and. are no : inteot che .. to  r ep re sen t

ex act  hardware  cos t  ‘.-~~~~

‘
.
“ T o s  cc:: es t ima tes  are r i ot

‘used for specific fund ino  ru rro s  es . Th~ y are us c-C f-c r

comnarison of technical solutions onb- and toe “estimates ”

are rightfully imnored for fund ing  purposes  by the  f i e l d
( _  \

S- z r rmrr .  :-i~~ ARI d and ARL O matc c-. th e n-c dcl

o:m r l e t e ly .  They ev a lua t e  cc-s t  e s t i m a t e :  -of - c o n c ep t :  f o r

:at i :d’-ìing 2CC : in ohs early cart  of t he  -ccn -cer ta a  ch ase .

:-~ re s er~ 
_
~ ‘ _ e a a a  a r a n_ ac _ c  “e  ‘~~~~ oo~’ o~ t :

this  point  in the  a c c u i s i t i c r i  r rocess , w h i c h  n e ce : s i ’cat s~
the  use of paramet r ic  cost  e s t ima t ing  techn i -cue s . These

cos t  es t ima tes  are fo r  compar ison  of a l t e r n a t iv e s  only ari d

ace not  used a: o f f i c i a l  crogram e s t i m a t e s  by the  SART or

for future funding carrcs s (~~9 ; d~~) .

Theratior ,ab MA JCC :~~
The opera t iona l  ~-~ -.J CO~~s ( ALCC , yAT , lAO and TAT ) do
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not  make e s t i m a t e s  on the  ROCs they genera te  (5 1 ; 55; 5~ ; 57~ .

Once the need or r-eouiremer•t for a ne’~’z weacon system to meet

an opera t iona l  m i s s i on  is generated , t h e  RI O is for ’ -’~avd ed

to AFL C and/or AFS C . ARLT/ARCO ~ro r ide  the  concepts  or

so lu t ions  w h i c h  will  be  usec to meet the r equ i remen t : , as

“e l I  as the in i t ia l  cost  es t imate  for  the F,00. The

~cera~ _ o~ a1 -tJCO 5 rd r al~ o s~~~to ’a _ _ acon A~~ C/~~~.C

generated cost  es t imates  for new ~‘zearon sy s tems ( C L .; ,55 ;  C d ;

The operational ~AJOC - ,s -do not make “system

a-ccuis ition ” -cost estim ates on the new weap on  system as it

progresses from a 2CC to an o~ eraticrcal syst em . The  ~AJCC .,s

ha -re no e:-:rertise in the  area of Research and Developmen t

( R i ~~) c o s t  e st im a tin a .  They  are  rr im a r il 1  c o n c e r n e d  w l o

or e r a t io n s  and s ur co r t  (o&S ) or -oc e r a tio n s  and

mai n tenance  (C df I )  cos ts  r a t h e r  than the  2l cos ts  (5 1 ; 55;

5 d ;  5 7) .

The op e ra t iona l  ~~.JCO~ s b e c o m e  invo ved in the

acc ’s islt i cn  process when the  SPC- s recommend r equ i rement :

tradeoffs . The rr inary emphasis of c re r a t iona l  un i t s  in

tois area is to l imit  the imr aot od’ recuirercen :s t r a d e o f f s

cr c o ’i d c d  by the IT’i s w hi c h  r e s u l t  f r o m  coa n g e s  in t e c h n cl :~~r

arid may reduce the cacability of the new system . Onc e

amain though , t he  :~~c :c:-~ do not  a t t emo : to make  a s y s t e m

cos t e s t ima te,  Th s tead , they serve  as a :cs roe  of i n f o r —

ma oion on O& M or C~~ recuirements and cost: for the wearcr.
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syst em r e su l tIn g  from the  sys tem con f ig sr at i - c r, ‘ - ‘n i co

r e su l t  f r o m  the  alternatives rroposed (5- -; 55 ; 5d; 5 ) .

i - r~~~ em Fro aram O f f i c e s

C o s t  e s t ima tes  are m e n e r a t e d .  b-v y st e m  Pro gram O f f i c e s

of t h r e e  - d i f f e r e n t  AFE C o rm a nd : at i on s . A e r on a u t i c a l  Sy s t e m s

Division ( Al l )  makes e s t i m a t e s  on aeronautical systems--

a ir c r a f t  and air launched -Ne oc on systems . lectr -:nics

Sys:~ ms D iv i s ion  ( l ID )  make: cos t  e s t ima tes  c-n all mo/ cr

e l e ct r o n i c  ‘i-eat on sy s t ems . .Thace and :~issile l’zstems

Cr:a-’ _ :a _ c ’- ’ (~~ f L )  “-a~~es es ’~~— a es or ballis _ c ~ _ ssi le

ari d. sraoe systems .

Aeronautical Systems D i v i s i o n .  AI IPO s aenerate

cost es t imates  in all four pr-.a:es of the weapon sys tem

accu i s i t i cn  cyc le .  within A.L , the Direc to r a t e  cc’

Analysis , A d v a n c e d  Systems Tiv i :icn  (AS D/A— CX) is resccns ib le

f o r  genera t ing  the  cos t  e s t ima te s  in the  concep tua l  p h a s e .

2 - h e  SPO s , wh ich  are formed toward  t h e  end of t he  oonoe : tu a l

rhas e , use the  e s t ima tes  genera ted  by AI D / AC OX as t he i r  c m .

e s t i m a t e  f o r  that  phase .  The SIC personnel genera te  t oci r

e m  es t imates  in the  remain ing  phase : . “AR /ACC D ices the

in it ia l  onase  e s t i m a t i n g  [—7 .’. ” T h e r e f o r e , As :- ’Ac:x Is

co ns idered  by All pers cnnel to ‘cc  t he  SIC for the major

por tion of the con ceptual  chase .  They work on m e-RI O

s t ud i e s  and conduct  s tudies  to meet the  2 CC ad’t r  i t  is

-developed (17).

~~~_ i- ,i.~~~~~~~~~~~~~~~~~uiI.uI l~ _~ 
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The amount of da ta  ava i l ab le  f o r  use  b y toe

estimators ir,fIuenc~ -d the tyre of tecr-,nicae used. to a area’t

extent. Personnel from one SIC emrhasi :e ’d  t h i s , c , a i m i o m

“The  t e -ohn i~ ’oe u s e d  is -driven by t h e  amou nt and tyme ci ’

data  ava ilab le  i~ ?1 . ” The AlT SIC estimators -ss-e r ara met n i :-

estimating techniques in the -conoectual an-i. validation

chases .  The RCA F R - E  mcfel is used fo r  e s tim a t i ng  e l eo t r o - n lo

ecu ir ro en t .  C R s , ex ter t  o-cinion , an-I analogies are r e l i e d

upon ca i t e  heavi l y fo r  genera t ina  cost  e s t i m a t e s  in b o t h  of

thes e chases . An a :temr t is made to  c o r r e l a t e  iesi2tt

caramecer s  to h i s t o r i c a l  cost data  f r o m  o t h e r  croarams and

ar r ive  at the  es t imated  cost  of the  new w e ar on  s y s t e m . In

the  f u l l  s-c -ale  deve lopment  p h a s e ,  the  -est imators  u s e  some

pa r ame t r i c  t eohni :ue s , b -ut be am tc rely on ena ine -e r in a

t e c h ni c ue s . :hey are able  to use detailed enaineenina ,

statis ti-cal (grass root:) , marainal analysis and trend

analysis t e ohn i ou -es . Ir o t oty r e we -acon sys tem:  hav e ‘c e - en

:de’relored and croduced , yeiliinm a much areater data bas e to

work with. Tb-s e s t imators  also ha-r e the  work  ‘b reak  ic’~n

• ‘oackages f r o m  t h e  Cost/ S che -dule  C o n t r o l  ~ ‘js tems C r i t e r i a

(C/ :CSC)  ava ilab le  f o r  t h e  weapon s y s t e m  t h e y  are w c rk in a  c n .

This a d d e d  data  base  allows the estimator to- u s e  oh-s

eng ineer ing  t e c h ni q u e s . In the  p r o d u c t i o n  r h a s e ,  a c t u a l

p r o d u c t i o n  lata is av a i l a bl e .  :-~i s t c-r i cal  s t a n i o r d  t i m e ,  cos t

by t a s k  and h i s t o r i c a l  t rend:  are u s e d  to generate  t o e  cos t

e s t i m a t e s  d ur in g  th i s  ch a s e  (~ r ” ) .

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~
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Cost  e s t ima tes  are genera ted  by t h e  AlT Ill s f o r  a

v a r i e t y  of reason: , t he  p r imary  on-c : b e i n g  for  cr c cram

advocacy  to toe  A DIA R O an-i IAR O arid for c~~dme t c re ra r a t io o .

C o s t  est imate :  are also u s d  f o r  pro gram con t ro l  and

adjustment , “what ci” -con t ingency  rev:-sws , and on s up p or t  -of

s o u r c e  s e l e c t i on  and c o n t r a c t  n e g o t i a t i o n s . :n t h e

concec tual  and va l i s at i c o  coases , t:oe co st  e s t i m a t e s  ace

used .  in mak ina  - :cmp ar l : :ns  b~~~’~-iee n t h e  d i f fe r e n t  weapon

system:  under  con : ider a t i c -o .  The co s t  e s t i m a t e s  give t h e

d e c i s io n  makers at the  Air  S t a f f  ancc :c: a gross idea of the

costs  invo lved  to ach i eve  a -cer ta in  o am a b i l ity  (~~~7) .

:~ summ a ry , the  AID I R I s v a l i d a t e  the  mode l  in alL

area s except  t e c h n i q u e  u s e d .  T he A~~ SIC s make cost

e s t i m a t e s  in th  co n c e ct u a l ,  va l i d a t i on , fal l  sca le

i o ’ e lopment , and p r o d u c t i o n  ph ases  of the  wea :cn s y s t em

a c c ai s i t i on  c y c l e .  The am-cant oi’ cats. ava ilab l e  f o r

~eo-s rat i r i -~ -cos t  e s t ima tes  grows f r o m  very little ( v ag u e)  to

~~~~‘s
_ re , croano .’c ’ t a a  (rus~~c r _ c a _ )  T~~e c ~al_~~ a-’-

c ua n t i t y  of da ta arows as the  wearo n  sy s t e m  cr oaresses

throu gh  the  cycle “bi le  the  ri sk arid toe t i n e over w h i c h

es t imates  are rec ’sLred to ‘cc va l id  ~-core as es . The FIs

make -e s t ima tes  f o r  two ma jo r  reas ons--cr c  c-ram ad’;ccacy and

b u d g e t  gene ra t ion .  the  area of tec oni ca-e s u sed , t h e  A1

SPOs u se p a r a m et r i c  e s t i m a t i n g  re-: r .niq ’ces to generat e cos t

s t i m ao es  in the  c o n c e p t u a l  and v a l i d a ti o n  chase:.  The;.- u se

r e s e a r c h  and d e v e l o p m e n t  and eng inee ring  t echnique :  in the

20
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full scale -Ievelocment :~cas e, and stan-d oris technique: in

t:oe mrc-iaction chase. The tyc e of t e co r c ic ue  coec  is

dependent upon t h e  amount of -data available. The individual

estimator choses which technique he wal l  u se  based  upon his

i n ter cr e t a t i on  of the  amount of data ava i lab le  (~~‘o) .

E l ec t ron ic s  Sy s tems  Di ’r is iorc .  The 1ST SF0 : make ocst

es t imates  in the  four  phases of the major weacc-n sy s t em s

a c q u i s i t i o n  process  ( concep tua l , v a l i d a t io n , f ull  sc-ale

development and production). -The only cas e where ‘toe SIC

migh t not make an estimate is during toe  conceptu al  p h a s e ,

and. then only if that SIC had not yet been f-om an. Fr om

the t ime  of their conc eption until their dissolution , the

:I: POs main ta in  a current  cos t  e s t ima te  f o r  t h e i r  program .

This antimate is updated throuahou’t the accuisition cycle

as new data becomes  avai lable and as onanm es are ma-d c to  toe

pro gram . In the p r o d u c t i o n  phas e t h e  ‘basic cost estimate is

analyzed to get e s t i m a t e s  of ‘time , number an-i. cost -coanmes

I

All ESD SIC es t imators  perce ive  tha t  the  t e ch n i c u e s

used  in the  d i f f e r ent  chas es of the a c cu i s i t i on  cycle for

making cos t  est imates are d i r ec t l y  re la ted  to t h e  amoun t and

tyc e of data available, In t h e  c o n c ep t u a l  ph a s e , the R CA

121:1 model and/or a round table t”ce te -coni cue  are used

c —r a r e  cos es — .’ma es :~~ ~~~~~~~ Pc:c: 
~~~_ ~~~~~~~~~~

objectively and sub jectively based data . The round table 
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t e c h n i cu e  cons is t :  of cost analysts and 11 engineer: working

together in conference to develoc the  cos t  -estimate. Dur ing

the  v a l i d a t ion chase , p r i ce  l i s t s  (“t he re  a ’railabi ) and

contractor estimates (ad~usted as necessary by the S~ c )  are

used. Parametric ‘technicues are also used as a check  on

the  con t rac to r  es t imates . In the  ful l  scale development

phase contractor data (again adjusted as apcrop-riate) and

p arametr ic  techniques are used .  Finally , in the  product ion

phas e the contractor estimates , with only minor adjus tments ,

are used. The ESD SIC estimators believe that toe contractors

use cararnetrlc  techniques and cr ice  l is ts  in the  v a l i d a t i on

chas e , technical/ enmineer inc-  technicues  in ‘the f ul l  scal e

development phas e and standards (gained from act-cal

production) techniques in the production phase. The IC

makes a check for reasonableness of the contractors estimate.

his check is made by the teoh ic i -c al/ enmineer ing analysis

pe r s onn e l  us ing parame tr ic  t e c h n i a u e s. The most p-ocular

parametric technique used is the RCA PRICE model ( s - c - ) .

Cost  es t imates  are ma de yearly :‘cr the P’O h and

bud.zetar ;r reasons , They are also made at each -of t he  S AF SC

decision co1ntS~ at DIAl-C I to “see if we s h o u l d  go th i s

way and if it  is cost effective [501” ; at SARC II to decide

between alternatives and for resource allocation; and at

IARC III  as a last chanc e to say no on the pro ject or

deci de how many to buy . :n the croduction chas e cost

estimates are made to check costs of numbers , t ime/ schedu le

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘-- .‘

~~~~~~~~~~ 

J



an d t e c h n i c a l  chanmes , or to estimate what  chanans are

necessary  of t h e  b u og e t  os a d j u s t e d . A n o t h e r  p u r m o s e  f o r

making a cost estimate in any of toe chases of t:,e accaisition

cycle is for new contracts. All of the est imate :  m a d e  are

perceived by the 111 IFC estimators as b ing used throughout

the chain ci’ command (SIC , :-~~ AFO C , :-~~ Al ana 012) for the

purposes mentioned. earlier in this paragraph ( 5 0 ) .

In sum mary , the lID Ills match t h e  model in all part:

with the  ex - c e o t ion  of the technicues used to make am estimate.

They rely heavo ly  on toe estimates  ma-i.e by the  c o n t r a c t o r

o n c e  he has been i dent i f i ed . In th is  s ens e , they  only

a d j u s t  an already completed cos t  e s t ima t e .  This a d ju s t m e n t

is based on a parametric evaluation of the contractor

estimate and on pas t exp er i ence  wi th  the  c o n t r a c t o r .  :~ t h e

conoectual phas e they match the mcd.el by u s i n g  t h e  RCA IX:-::

model , w h i c h  is considered a carametr ic  te chn i -cue .  In the

validation and full scale develorment phases they do no t

match  the  model b e c a u s e  they  usc carametric technicces to

check the contractors estimate. In the croductior . chas e

they again ad~~ast the contractors estimate as necessary .

The tyce of -data  available ir. t h e  - di f f e r e n t  phases does

match  the  mo-del by s t a r t i ng  as ‘ramu e in the  concecta-al

poase  and bail-ding to historical in th p r o - f a c t i o n  p h a s e .

The purposes  of the  e s t i m a t e s  in the  d i f f e r e n t  phases  a l so

m a t c h e s  the  m o d e l .  ‘odaeting and o f f i ci a l  SIC est ima es

are reacired. in the conceptual , validation and fall scale

59
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-i.e’zelopmen’t chases , while cost analysis estimate: are

n e e d e d  in t he  croduotion chas e (°C).

an _ :: ,an I a n —  n~~~~~~~~~~-’ 2c~-

-est i m a t i ng  f-c r new m aj o r  wea p on  sys t ems  w~~t han  t he  S .0 150 Ill s

fol lows the  s -ecuenoe of the  h’eaccn S ys ’te :c A c ou i :i t i o n  P r o c e s s .

da n’,- of t h e  cro mra m o f f i c e s  - con tac t ed  r e t o r t ed  tha t  the i r

croarams were  already in to  t h e  c r ocu c t i o n  c h a s e.  Th s-one

cases , da ta  on the  estimating :eohnioaes used and. the amount

of data available ‘to make es t imates  oo’al d not be re-con-

struc ’ced.. 1-owec-er , cost estimate: are generated followiom

the requirements and policies of the wea:cn system

acc ’a isit i cn  p r o c e s s — — i n  t h e  conceptua l , val i d a t i o n , fa l l

sca le dev e l c r m e n t  and. p roduc t ion  phases  ( 5 2 ) .

• The SA~~C 11C c use mo od : to genera te  t h e i r  cc :t

estimates in all chases . ::any SIC- s do not ha-r e -cost

e s t i m a t i ng  cer s-o nnel assi gned. to  them and the Directorate

of- the  Comatr o l ler  is re lat ive y small- — l O  ceot le  a :siacoed

°2)  , Th most Ills the t-ro~ ccc officers and/or

e” g_ ~”eers  ~ oo~ a~ ~oi, ane crcgra”  _ : ~~~~~~~~~~ ~~~ac ~~‘-e

schedule is f o r  -t he  sys tem , and a t t emp t to es t imate  “tn at

ecu ipmen’t — - e .  a, , electronics , propulsion , sensor , etc. ——
will be needed .  to meet  the r e cu i r emen t s  of the  weapon

system. They also attemp t to obtain data from the

contractor , if possible. Using this data , the p r o j e c t

officers make an e s t i m a t e  of what  t he  s y s t e m  wil l  c o s t .
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T hi s  t echni:ue is r e f e r r e d  to a t  IACI -J a: an Engineerina

Cost stimate. is -develocad -usin g , -at c i f f e r e r ,t t i nes ,

S ‘technic yes from all four -catagories of -estimating e-o-hni-: ’u -e:

i d e n t if i e d  in the model (z~~) .

C o n c u r r e n t  w i t h  t h i s  e f f o r t , the  SIC nay rec a-e st  th e

orr•ptroller (1A210/ACC ) to support them by -coniactina an

independent Cost Estimate (ICE).~ The IO is genera te-i

u s i na  a paramet r i c  cos t  e s t i m a t i ng  m o d e l .  A2~S ,-’ACC has

ie— ,’eloped two nc-del :  t h a t  are f rec u ently u se d - — t h e  SAI .1C

Unmanned Sp a c e c r a f t  Cost yodel  arid Iched ’u e Ircaram

Allocation of Resource  and Cost (SPARC). The SAyIC Un mann ed

I ca o e c r af t  Cost  ::cdel is -used c rimarilv  ‘j i th  satillite

cys t en: and the SPARC model is use-i for  launco vehicles or

booster: . “he  SIC may also ha-r e t he  A e r o sp a c e  :o r cc r a t i o n

(a -oar t i’re con t rac to r  who p r o v i d e s  eng ine er ina  an. technical

supp ort to SAyIC ) generate  a cos t  e s t i m a t e . A s r c : c - ao e

Corporation also us es a pa ramet r ic  cost  es t imanina ’  model to

gene ra t e  the cos t  e s t im a t e .  The pr imary - d i f f e r e n c e b et ’.”ee n

these models is that the SA:-~~:/-AcC: models are  based on

s u b sy s t e m  level data whi le  the  Aerospace C o r p o r a t i o n  model

is bas ed. on component level  data. Th e i ther  c a s e ,  the SIC

must  p r o v i d e  the data n e c e s s a r y  to drive the mo-del ~:ei ( 5 2 ) ,

The ICE should .  not  be  confused  w i t h  an ::A , ~“oioh is
also p e r f o r m e d  by SA ~SC/AC 0 , The ICE is prep a red  sp ec  i f i -
call y f o r  the  SIC by :~~- -~~c/A:c: ce r sonnel  wh o wi l l  no t  ‘be
in-,-ol -r ed wi th  the  ICA . The CA is u s e d  to c h e c k  the  r e a s o n —
ab aness  of ~r e  SIC es~~~m a e  o~~t a n-~ e~~oe O’-~ cC ‘

~~~~t o~~
e s t i m a t e  ( A C C E  ger•erate-d 101) an-i the  ISA is p r e s e r v e d  ( 5 ) .
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The S~~~LC Unmanr ,ed  Sp acecraft Cost ::odel was

d e v el op e d  cetween ~94c and 1 9 6 9 ,  an-i ‘tas re-rice-i in 1

~9”5, and again in 19T’7. The m o d el  uses :ata to

se -ren s a b s v s t e m : — — str’ccture , thermal  c o n t r o l ,  t r o -cu l s i on ,

c :r ’ac ’cni-cat i ons , e l e c t r i c a l  c-t ier s-app ly , t e l e m e t r y  tracking

an d. comman d , arid the attitude control system , Th mood us es

the w ign ’- , size ( v o lum e ) and number  of ‘unit: recuir i for

each of the  subsy s t ems . CERs are ava i lable  for  ca-o h of the

subs y s t em s  to make the transition from h i s t o r i c a l  s p a c e c r a f t

costs to ooncectaal s’oacecraft cost escimates .~ The SPARC

model  was deve loped  in 1966 for  use wi th  launch veh i c l e s

and IC~~Cs .  I t  was r evised  in 1971 and is -ourr ent lv  ‘under

r e v i s i o n  fo r  use cc. the  ~~ C 2 1  (5 1 ; 5 2 ) .

O nce the  Ill s hav e  the  engineer ’s cos t  - e s t i m a t e  and

the CCI (from either or both SA:~~C/ACC: or Aercs ’oace

0-crcoratio-n) , they go through what  is called the nornali:a:ion

teohni :ues . This technique consists of ucdating or

ncrmali:ina the ICE ‘by the  u se  of conc l exi ty  f a c t o r s

sub ectivelv derived by the SIC engineers for their

cac- an t _ ar crogra-”~ 5° ,IC/°C0E also c anes anana,,,_ :e~

CERs for use in their nc-del , The different estimates are

further information on the SAIIC Unmanned
ca c ecr a f t  C o s t  :--:odel said the cost  e s t ima t ing  r e l a t ion s o i c s

and n o r m a l i z a t i o n  f a c t o r: , t he  reader is d i r e c t e d  to toe
f o la n  t an g  IA ,SO do c~ me’-~ s 1~-t. IC ~mma-~~eo ca oecr a f ~ Ccs
::odel , t~ iri Edition, Ju ly  1975 ( A15C TR—~ 5--229) and SAJ ISO ‘1
~~ra~~~eo Thacanraf~ Cos~ o c ec  L n d.a ec Coan :s- —a~~,ngRelationships and Normali:atlori Factors (An Interim R e p o r t )

da t e d  J a n .  77,
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t h e n examined.  and  cor ocared. . Any differ ences found a~~

reso lved  be ’ ,’oe n the  cr oj e c t  o f f i c e r s  and toe i nd i v idu a l :

S cerformin: th~ I~~~, in this manner , the official program

estimate ‘becomes a -composite of the eng ineer ’ s c o s t  e s t i m a t e

and the ICE (~~s ) .

In the omcectual and validation chases , the crc . cc:

officer/enaineer r~ lies very heavily c-n carao-,etnio te-conicue :

in aen ra t ing  the  c o s t  e s tim a t e .  In the  f-all  sca le  c e v e l —

o c-nent chase , cont r a c to r  data  becomes  ava i lable  f o r  toe firs t

t i n e , f a c i lit a ti n a  the  -us e of technic’ues other than

carametrics . The crimary reason the SA~SC Ills rely ucor.

t h e  carametric cost mode l s  in the  conoett’ual and v a l i d . a t i cn

chases is ‘because t h e  weac c-n sy s t em:  are f recu en t -r - o n e - o f —

a-k ind  programs t h a t  are p u s h in g  the  s t a t e - o f - t h e - a r t  in

t ech nolcay . L i t t l e  useab le  data  is ava i l ab le  f rom cr e v i o u s

croar aros , The -data used  to d r ive  the  mode l s  rang-es f r om

es t ima ted  eng inee r ing  data  (u s i n g  analog ies to o t h e r  croar ’an:

- j b en ever cossi ’c l e)  in the  conceptua l  and v a l if a t i o n  chas e:

to actua l c r oi uc t i c n  data in the  cr-c -dau ot ion  chase .  T h e r e f o r e ,

2 :/ACCE de~ el -anea  ~~‘e mc~~els cresan :~~~ aso ~ o ~ alc

t h e  da t a  po in ts  f r o m  crevioas  crc~’rams . Thes e m o d e l s  are

under  con t inua l  r ev iew and are upda ted  f r e c u e n tl y  ( 5 2 ) .

The AJ~SC Ill s genera te  cost  e s t i m a t e s  f o r  a v a r i e t y

of reason: . Two main r easons are the  o f f i c i a l  coo-cram

e s t i m a t e  u sed .  f o r  p rog ram advocacy  a: t h e  AF AR~ an:. S A R J

an d bu dge t  e s t i m a te s . Cos t  e s t i m a te s  are  a lso mad e f : r

63
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- c o n t i na’ency cl ann ing  purposes  and in rescons e to- “ -~‘oa: ii”

ames t ioro :  f r o m  hi ghe r hea -dcuar ter s . ~~~~~~~~ cost estimate : are

used  in p lann ing ,  con t ro ,lina ’ , oad g’e:irr g and de ci s i o n  nak ina

at all ecoelon :  of common-i. a u t h o r i t y  f r o m  the SIC director to

t he  Sec r e t a r y  of efens e , C-cn are:s and t h e  P r e s i d en t  ( 5 ) .

Th summary , t he  SAd,IC I l ls  d o v a l i da t e  toe nco-e l , a:

d e v e l o p e d ,  in C h a p t e r  II , in all areas e:nc ept f-o r :‘eohni :ue

used. . O f f icial ?0 es t imates  are made in eaco coase ci ’ the

ao-cui :iticn cycle—— concectual , validation , f u l l  sca le

develocoent and oroduction . The data availab le icr makira

cost estimates corresponds to the amount of dat-a available

th at was cre-dioted f o r  each phase .  Data a v a i l a bil i ty  gro~
from little or no useful data (vague) to hard , actual

pr o du c t i o n  da ta  (h i s t o r i c a l)  a: the  weap on sy s t e m  is

conce iv ed , def ined , t ested an-i cro duoed f-c r op e ra : icnal  u s e .

The  t eohn i : u e  used to genera te  t he  cos t  es t ima t e : rcare s :es

from p a r a m e t r i c  t e rh n i - c ues in toe conceptual 001

rha~ es to r-~s. ear co  and oevelo ’cnent and/or ng ir e ric’a

tech nic ucs in t h e  fa l l  scale  dev e lccmen t  ch ase  to a

sta n i ar : :  t - a chn ic ae  Iri t he  p ro  f ac t i o n  c h a s e  (~~2)

: n oe r en i en t  Cost  E s t i m a t e s  are genera ted  u n d e r  the

direction of th -C omptrol ler , E- ASiC and EQ ASIC . The

ES. AlT O Comct roller is respons ible for the gen ratlln of

ISA: or m o j o r  AS wea p on  sy s t e m  programs that  are ‘ano -e r t h e
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c :ntro l -of ASiC. These are proarams that involve major

mc iifioati :no to e:H :t!r~ w e a p o n  sys~ -ans ~e ES. A F C

Comctroller is responsible for ceneratinc IdA : on major

w e ar o n  system progo-ar’s tnat  a re  ‘under the control of ASIC ,

i . e .  , new weacon system a c a u i s i t icn s . The ICEs aenerate-i ‘b y

the se oraaci:-ation.:  are used w it h i n  the  in d e p e n d en t  Cos t

Anal ys i s  p r o g r a m  which supports  the AF~ ARC and DS~~RC

programs (~~S ; 45).

ES. AlT O ICA. The Comptroller , ES. AILS , make: at

leas t  one c o st  e s t i m a t e  in each of the f i r s t th r ee  phases

of t he  a c q u i s i t i o n  cycle. The ISA: are a o c c mr l i :oe d  j u s t

crior to the :S•c.RC at the end of toe concept oad , , ‘r al id-a t icn

and fall scale development coases (35).

In the conceptual chas e , the estimator: ‘use general

performanc e parameters specified for the m odification. The

estimator: also use data from cro~~ ams w i t h  sirollar

performance carameters . In the validation phase the sane

tyce of -data is use-i.. Howe-rer, the -data is b t :er d e f i n e d

and in more detail. Design specifications and enaine -;ira

‘b u i l d - u t ” da ta  ( sp e c i f i c a t i on s  and/or costs fo r  sub ass em -

flies) are used in t h e  fu l l  sca le  d ev e l op m e n t  phas e ~, 3 E .
The ASiC Comptroller cost estimators indicated that

techniques used are limited only by the atailable

dat a [j -3 .
“ The technicues t o o t  are u s e d  in t oe  c -o n c ea n ’~ al

phase  are analog ies and -CIX: , In the validation rrase

analoaies sr i .  ~~ Rs are again used . , w i t h  toe  a d d i t i o n  of

-
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bui ld-up/grass  root:  and s t a t i s t i c a l  t e c h n i cu e s  when

p o s s i b l e .  The es t imator :  ‘u se models  suco a: the  :,c : yetric

~ooel and the ~oa:stscs ~u~ port Cost ~ ooe _ on toe sali  sca le

development phase. These models are used , in -conjun ction

vith the parametric and grass roots teconi:aes , ~f the

c r o ce c  da ta  is ava i l ab le .  The i nd iv idua l  e s t i m a t o r  chose :

toe t ecnn :aue  wh oc o  ne pe r - ceov es  as ce s t  :uotec. c ur  us e

‘tith the available -data ( 3 5 ) .

ne Ccmttro uer , .
-
~~~~ ~saC , ma~ces cost estcmate s on

sucp crt  of ‘the llA croaran . The ICA is cer,erated. to check

— ‘-- C  val1o an~ a~’r ’ r e a scn a o~, e — es s of ~~ e _ I~, es ana e

us r ev iewed  by t h e  A~ CA~ -~ and o~ u _-~ IS an sucpcrt for

the A lTARS and Th AR C programs (35).

ES. AF .iC I SA. AFIC Independent Cost Estimates are

aenerated by the Direct-crate o±~ the  C o m p t r o l l e r , A e r o n a u t i c a l

Sy s t e m s  D i v i s i o n  (ATh ) , Elec t ron i c s  S y s t e m s  D iv i s ion  ( S i T ) ,

an d S pace and ::issile S ystems Or gan izat ion  (lATh ) .  Thes e

Independent Cost Estimates are used within the A SiC Inde-

pendent Cost Analysis ( I C A )  program . lToh crganization

has de ’.- elooed and imcl-emerited an ICA ‘crc gram to s u c c o rt

ASI C I-CA r e q u i r e m e n t s  (53 ; ~6; 
t~’9; 5~ ) .  These  : raar5 i000icr ,

I-I A tr-o ararns are :

1 . A e r o n au t i c a l  Sys tems D -ision--AS:, as par t  of

~ts I~ A Dro gram , precares  Ori Indecer :cent Cost Sitimate ( C )

fo r  each SiARO r ev iew  of a program controlled by an SIC .

66

I~ ~~~~~~~~~~~~~~~ - ‘- - ‘  ‘. —- —~ -~~~~~ “ - -‘--~~~‘- - ‘ - ‘ - -
- , “ - -  —- ~— - S - -~~~



~
.- ‘

~~~~~~~~~~~~~~~ -~~~-~~~~~~~~°‘.
‘ m’ ‘5LL~~ J,.fai ,

_ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

An CA is or e r - a re -d  at the end of the con o  Oct’05! , val i d a ti o n

an d :‘u~,l scale  -de’-’eioprcemt rh a s  es. The t e st in g  r e ru i r e d  Sr.

ode f u l l scale  dev e lop ment  phas e may no t  be  ccm ~ le t e i  w o n

t h e  OSARC m e e t s .  To pr event  a t ime oar b e t w e e n  the

:ev-el oomen an d, t r o du c t  i-o r. of the  c- ro to :yc e weacor .  s y s te m

cmi  th e be g inning of or o cu c t ion  of the  op e ra t iona l  ‘v-e at on

sy s t e m , the  IAIC meets to d e c i d e  if a l i m i t e d  p r o d u c t i o n

s h o u l d  beg in whi le  t e s tin s  c o n t i nu e s . The lead ,  t ime be tween

end of p r o t o t y p e  p r o d u c t i o n  and operational prod -action

can r’cn as long as 15 years . h a y ing p r o d u o t i o n  -un t i l  all

teso ing is comp le ted could  severe ly  haiccer p r o d u c t i o n

schedules ama raise crt- :-uotion costs . Ch-er ef :-:e ,  two

estimates are frecuently made for ‘toe fu l l  s c a l e  d e v e l o p m e n t

phas e (hAlo III  A an d. - S S-~RC III 3) (~—6).

he teoh nioues  used to genera t e  t h e  oo- s t  e s ti ma e

are olosol”  r e l a t ed  to the  amount of data ava i l ab l e .  The

All hi program -uses p a r ame t r i c  escimat i r .o t eonn lcue s  f -or

the  corce rtual and validation chase estimates . C o s t  m o d e l s ,

an a loc ie s , CEls and r egress ion  ana lys is  are examp les  of the

pa r a m e t r i c  t ec h ni :u e s  u:ei  in t hese  phas es . In t~~e f all

s c a l e  d eve lopmen t  phase ,  the  AI D ICA tro gram -u ses a

cc ” t e ch n i q u e .  This t e c hn i c ue  us a c on ’: ina tion

of  the  p a r a m e t r i c  o e oh n i o,ues -used ea r l i e r  and a cross root:

a :c ro aoh  using the work  b r e a k d o w n  s t ru c t u re  -of t ao  Cost ,/

Coded-a le Ccr,trol Systems riteris (- /SCSC). This techni:ue

is a lso  -u:~ d in the  ‘ra hiation phas e w h e n e v e r  r o e s  idle  ( L ~~~~~) ,

67



~ 

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

The purpose of the estimate generated by the

D i r e c t o r a O e  of t he  C o m p t r ol le r , ~~~ , is to orovido c oec k

of he methodo logy and reasonableness of the ystem Frocram

C if ice (SIC ) -cost e s t ima te .  I t  :ro’ei-ies the  Air  Soaff , AS

CAIG , and CSi dAIS with an independent view of the cost of

the proposed weapon system . The ICA estimate is reviewed

at the ASS ,ARC and the DSAR C ( — 6 ) .

2. Electronics ‘rsteros hvision--Ell has an

Independent Cost Analysis program similiar to the is:

program. Cost estimates are made at the same toree points

in the  h~ apon Syscem Accuisitior . Irocess——oon ceptull ,

validation , and full scale -development phases . Ill also

makes two hAs during ‘the fall scale development phas e when.

the  wea p o n s y s t e m  involved has a long lead t ime b e t w e e n

crototyc e development , production and t e s t i ng  an-i ocera t iona l

sys tem p roduc t ion  and der l oym ent . The second es t imate

( fo r  hAlo III B) is considered by EID/ACCE personnel to be

an update of the estimate made for hAIC III A rather than

a comolo t-oly new estimate (- —- 0 ) .
acu mages extensove use of parametrIc cost -es::ma ong

techniques in all ICA estimates . Parametric techniques

(analogies to other systems primarily) are used cc estimate

the cost of hardware and software configurations that will

‘cc rec -Aire-i in the weapon system. The List Price or

Catalogue Price techni que is then used to price c-ut the

electronic components . The electronics used in ra-far and

68



-communica t ions  ‘- ‘eacon syst ems  are b a s i c a l l y  o f f - t h e - sh e l f

it-crc:, which lend themselves to the ‘use of t h e  h o t  on ce

ec~ n c ~~e ‘h-~ ~CO ~RIll mcccl : ~sed ‘— cor v unc _o
~

the list crice technio’u e , to generate the cost estimate. In

the full scale development phase , the grass roots or det :, llec

engineering techni:’u e is frec uently ‘used . A p a r a m e t r i c

technicue is also ‘used to generate a ‘backup estimate and to

g ive c redence  to the  gras s r o o t s/ de t a i l e d  escima .e. Ill

es t ima to r s  f r e cu e n t l y  a t t empt  to e s t ima te  the  cos t s  of a

weap on sy s t em ‘using two d i f f e r e n t  m e t h o d s  f o r  co- mr a r a t iv e

purposes ( 5 9 ) .

The lTD CA is used by the Air Staff , AS CAll-

(A5’CAFSC), an-f :5: CAll (DIAlS ) as a c o n f i r m a t i o n  c h e c k  on

the methodolo gy and. accuracy of the official Ill estimate.

is also use-f to ver i f y the IFS estimates validity and

reasonableness (—9).

3 .  Sp ace  -and Pl iss ile  y:tem: r c a n i z a c i o n — — T h e

lATh S ISA procram is very s i m ih i a r  to the pro erams d e v e l o p e d

at All- and lTD . 5AC55/ ACCE also makes c o s t  estimates for

each of t he  hAIC rev iews  at t he  en-i of the conceptual ,

validation and f’ull scale development phases (51).

:AThc e s t ima to r s  are hamcered ’c-r the lack of an

extensive data bas e , more so than toe i r  AID and

counterports. A common complaint was , “ . . . -da ta cm

cararoe’ters other than weight and cower weren ’t  collect c-i

~~ l . ” A secona  r e a s o n  us t h a t  n o t  as many space s y s t e m s
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have been developed and produced as have a e r o n a u t i c a l  on

rada r/ communica t ion:  sys tem: . Tn add i t ion , cp a c e  s y s t e m:

are not produced and deployed in large numbers , lach  space

system is substantially different from any o t h e r  spa -c e

system. SAThC -cost estimators are able to -use standard ,

actual costs for launch vehicles . The Ti tan l aunch  v e h i cl e

is ‘used to launch mos t :cacecraft systems and the cost: are

ie~~ ~“own from ~
_: or~,cal cata T is rec~ oes ‘~e

recuirement for new estimates of this rather costly c- -orticn

-of the overall weaccn : r : t em

Parametric estimating techniques are used in all three

phases ‘by the SAThS estimators . Si’ten:i’re use is made of

cost models which have been developed by I?SCSC-/ACCE . The

particular model used is dependent upon the type of procram

or portion of the program being estimated ~~~~~~ The llS-~~C

lnrcanned Spacecraft ~~~~ :--:odel is used on all spacecraft

and communications program:. Estimating the cost of sensors

for the -d i f f e r e n t  s c a c e c r aft  is very difficult because of a

lack of excenion-c o in the area and the ‘-iide ranae of

sensors -us -ed. Anal-o~~ies use of’ data from other programs ,

and. the use of toe ACCE mo-del: reDresenc attempt: to

overcome these croblems . The RCA PRiCE model an-f catalo~~ue

data are used to estimate the costs of the ground station

portion of the weaoon system: and , as s t a t e d  p rev ious ly ,

act ual croduct ior .  cos t s  ace ‘us ed t-o estimate the  l a u n c h

vehicle portion of the weapon system. As ‘better and more

( ‘~d
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factual -data becomes available in the  f ul l  s-co - Ic  d ev e l -or m e n t

phas e of the  pr ogram , i t  is ‘used to -drive t h e  m o d e l .  Th~

more  f a c t u a l  da ta  rep laces  the ear l i e r  e s t imate - i  data  -i r ,ich

was ‘used in the model (~~i).

:he lAThS- ICA estimate is used to c h e c k  the  v a l i d i t y

and reasonableness of the official SIC estimates , toe

methodology us ed , and the accuracy achieved. :~ prov ides

t he  Air  S t a f f , AF SAI D , and D I D  CAll w i t h  arc i n o ep - e n c e n t

v iew of what  the program cos t s  fo r  ‘the wear on  s y s t e m  is

e s t i m a t e d .  t o  b e .  The ISA e s tim a t e  i: ’used in toe A lTA R S

and hAR C r ev i ews  ( 5~ ) .

— - - - -~ ‘- -- -or (~~~~~~~ —‘
___________ • ~~~~~~~ ~~~‘

_ -~‘-“ ~-_r~ ~~~~~~~~~~ , —~~ ~~
- p

ICA pro crams all m a t c h  t h e  mode l  in t he  area: of ‘hen c ost

estimates are made , the arcant of information availa’bIe for

making estimates , and the tyre/purpose cf cost estimates

made. The SAICI- program conforms to the model in the area

of teohnic’ues used . ho-ve ’.--er , the ICA programs at h~

AID and lTD, do n o t .  These -organisat ions  ‘use grass r o o ts/

detailed engineering (Research and Development Techni :ues)

t e c h n i c u e s  in the  v a l i d a t i o n  an-i full scale development

phases wnenever possible , a: well as parametric teooni:ues ,

to generate their ICA estimate: (~~8; 53; 56; ~‘9; ~~~ ) .  The

rationale behind this -differenc e is that to  get the ‘best

(most ac— c urate) estimates , the available data (v:aether

tarametric CER ’s or engineering actuals) snoul-i ‘cc used .

TI  
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J u s t i f i c a t i o n  for  this ra t ionale  comes f rom A? Reg ‘23 -ll

paragraph 5 .a ( 3 5 ) .

AS CAll

The A? SAID was not included in the model of the Air

Force Cost E s t i m a t i ng  Process w ith i n  t h e  Air  Force  ~1eacon

Sy s t em  Aocuisition Process develoced in the  l i t e r a t u r e  rev iew .

It  was i d e n t i f i e d  as a cocent ial  source o± cost estimates

during the  -data c o l l e ct i o r .  phas e of this  research  e f f o r t ,

a~ d was t h e r e f o r e  invest igated as part of the  research

e f f o r t .  :-i~ -~~ eracing Ins t ruc t ion  ,73-3,  dated 26 June ,

establishes the  AlE Force SAID w i th  membersh ip

and responsibilities parallel to those of the Cll CAll

1 8 :1 .” :he crimary respons ibility of the AF -:.~:s is to

• . . act as an advisory body to the oecretar’T of’ the Air

Force :or r unanc :al  ioariagement ama the Comptro a ler  c: toe

Air  Force  on all mat te rs  re la ted .  to weapon sy: tens cost:

to be presented. to the CI D SAID ~5l:lT .” The A? SAID

pro’rides the Assistant Secretary of the Air Force for

Financial ::anagement (ll?/lT ) w it h  cost  i ssue  s ummaries and

an evaluation, and review of I-TA : p r i o r  to t he i r  s u b m i s s i o n

to the Cll SAID . The SAF/FM uses the AF CAIG repor t  at the

mee~~_~ g of ~~ e ~~ Sys em ~ ccu~ s~~~~c~ Re ~e v  ~~~~~~~ (~~h~~h ) ,

a revi ew body siniliar in contosition , respons ib ilities and

operation to the hARC (see page 1 )  (30:2).

Addi t iona l  AF SAID respons i b i l i t i e s  inolude:

. .  A ssess  inc and mak ing r e c o m me n d a t i o n :  concern in c
0~

) 
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all cost objectives contained in Decision Soordina ’~ing

acers (DCPs ) and Pro-cram Decision :-:emoramia (ll:s) before

the y are s u b m i t t ed .  to  Cl .

2. Acconclishinc cost studies and. other cost related

tasks as req’ues ted by Secretary of the Air Force or Chief of

Staff of the Air Force.

3 .  Con d uc t ing direct efforts wnicn “ill imrrove the

cost  es t imat ing  capabi l i ty  of the Air  Force  and r ec o r t i n g

c~ r o c ~~cally to ‘~~e S-~F/lT and ComD r~ l_ e r c o— ~cer ~-~~— c ~— ‘e s e

e f f o r t s  ( 5 3 : 1 1 ) .

HQ IJIAF/AC:: is t asked  to prepare  a t roDosed A? C A I D

repor t  which inc ludes  a summary of toe cos t  i ssues  that  wi l l

‘be a-f -dressed.  by the  A? SAI D . This repor t  and the  comm and

llA are reviewed. and evaluated. crior to the  s u b m i s s i o n  of

toe 1-TA to the Cl ~CAI. The proposed. report functions as

the ‘basis of the  f ina l  A? SAID repor t , W h i c h  incorporates

the comments and recommendations of t h e  A? S A I D , summar i z es

all -cost issues , and provide the A? SAI D s overall  eva lua t ion

of the command hA (53:1),

Th depth interv iews with member : of the A? CAll

revealed that  the  A? CAll  accomplishes a formal  rev iew and

eva l’uat ion of all command ICAs pr ior  to toe  s u b m iss i o n  of

toe hA to the OlD SA I l .  In con~ umct ion  wi c o  t h i s  rev i ew

and. evaluation , the A? C om c ’t r o l l e r  (AC~~) nay make  a cost

es t imate  to oh eck  the validity and. rea:cna’blencss of ‘the

co and. ICA and l?C es t ima t es . The r ev i ew arid e val uaci c r .
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of Command ISA: take  place in t h e  conc e rtua l , va l ida t ion

and fa l l  scal e development phases of it: wear on  s y s t e m

ac~ u i :i t io n  cyc le .  The A? CAl l  also makes cost  e s t imates

and/or reviews and evaluation: fo r  DCFs and lDys . They also

make cost es t imates  in re sp ons e to congress ional  inquires .

These  ac t i ’ ri ti es  can and do occur a t  ariy t ime during the

weapon system Lcqu~ Sicion cycle  (37).

A? CAI G est imators  po in ted  out that  the amount an-f

t~~~e of data available for  t he i r  use l imi ted the  choice  of

t e c h n iqu e s  they can use.  They employ model: , CLI: , lab

studies , regression analysis , rarametrics , and bottoms or

or crass roots techniques . in. most cases , however, the

est imators  are l imi ted to the  use of pa rame t r i c  techniq ues .

They a t t e m p t to replac e the  analogous data w i t h  actual -data

as it becomes  availa’ble ( 3 3 ) .

The individual  e s t ima to r s  also fe l t  tha t  they  were

r e scru cce d  to the use of p a ramet ru c  t echnu aue :  c eo au se

of t ime l imi ta t ions . The review arid evaluation of t~ce

command ISA and the  cene rat i on  of a new cost  e s t im a t e ,  ‘A h e n

reauired., must normally be accomplished wi to in  f iv e  ( 5 )

working days between the  recei pt of the ICA and the

preparat ion of the proposed repor t . This t ime  f a c t o r

prevents  the  est imators  f r o m  ‘us ing more de ta i led  t e c h n i c — a c : ,

such as bo t toms  up or grass root : , wh ich  r ecuir e  mcr e  t ime to

comple te  than us avaulab le  ( 3 7 ) .

Anothe r  l im i t iru ~ f a c t o r  is the  number of personnel



assigr ed t-o c er fo rm  the  r e v i e w  and analy s is  f u n c t i o n .

P re sen t ly  only six people are assiu-n e-d as cost analysts

and Program Cos t  :~ior~i to rs (:°c:.~s ) .  Toese peo cle  m u s t  cerform

the cost aralys-s on the ICAs ari d crecare new estimates if

the  f ac t s  warrant . They als o D e r f o r m  the  rev iew and

evalua t i o n  f o r  other cost  e s t i m a t e :  o u t s i d e  the  llARC c-rcce :s

tha t  the  A? oA :D r eau i re s  ( 3 7 ) .

The crimary reason fo r  the  A? SAID is to s’uctort the

SA?/?M witn. information for making pro -gram dec i s ion s . The

A? CAll l o o k s  f o r  a g r e e m e n t s/ d isacr e e m e nt s  b e t w e en the IFS

es t imate  an d the command ISA . If th e r e  is a m a j o r

d isagreement  b e t w e e n  these  es t imates , the A? CAll comments

on the reasons  fo r  the d i f f e r e n c e s  and makes r ecommenda t ion :

to the  SAF/?~~. The SAF/?:~: make: the  dec i s ion  Ori wh i c h

estimate, the command ICA or the A? SAID estimate, to

forward.  to the  CI CAIG . C nly one es t imate  wil l  ‘be f o r w a r d e d

If t he r e  are no ma jo r  disagreements , t h e  command :CA e s t i m a t e

wil l  be  f o r w a r d e d  to the SAF/?T~ ( 3 ? ) .

The A? CAll also do t h e i r  own review and eval u a t i o n ,

am-f make cost assessments or recommendations on CF:,

PDM s , or in answer to congress iona l  inquires . These  cos t

est imates acid/or assessments  a~ d recommendations are ‘used

for  pl annin g in all phases of the  weapon s y s t e m  a c q u i s i t i o n

cycle by the SA?/?~~, members of the Air Thaff, and the

Program Element Ponitor (3?).

in summary , toe A? SAID makes cost estimate: and or

75

~ 

‘
~~~~1~~~~l~~~~ 

.

~~~~~ 

.
~~~~_ - ‘~3

_

. . - ‘- .  - 

--- -~~ 



r ~~~~~~~~~~~~ ~~~ 

_

reviews and evaluatior.s  of command hAs in the  f i r s t  t n r e e

:ohases of the  weap on  s y st e m  acquisition oyole (ococert’ual ,

validation and full scale d e v e l or m en t ) .  They also mak e cos t

e:t~ maces , assessments  arid recommendations based on estimates

generated.  by o the r  organizat ions in thes e t h r e e  chases  and

in the  p roduc t ion  chase. The da ta used .  to  make thes e

reviews and. eval ’uations ( and new cost  es t imates  when  neces-

sary ) increases in cua l i t y  and quan t i t y  as the weapon s y s t e m

progresses through the acquisition cycle. The AF CAll is

limited to the use of parametric cost  estimating technic’ues

becaus e of’ the amount and type o: cata avasuac le , toe amount

-of t ime available to conduct the  r ev i ew and l imited n u m b e r

of personnel assi~~ced. The recorts  generated bT the A?

aA5~~, tneur reviews and evaluat :om os the ICAs ann new cost

es t imate , if r eau i red , are used ‘b y the SAF/F3 to make

program dec i s ions  pr ior  to sub m i s s i o n  of the  ISA and SF0

es t imate  to the D ID CAIG . The f ind ings  of the  A? CAll

are used  by the C~~D CAIG in making the i r  recommenda t ions

to the  DSARC . The assessments  and recommendatIons  made by

the  A? CAll  sep arate  from the Th AIC process  are us ed f o r

planning and bud get ing by the SA?/FTC , members  of t he  Air

Sta f f , and Program Element Monitors . They are also ‘used

to respond to congressional inquires (3-7).

Cl- CAIG

The Cl SAID reviews the  ISA and SIC e s t ima te s

prior to each DIAlS r ev i e w . It  p r o v i d e s  the  hAlO with an
76
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as s e s s m e n t  of and/or  a r ecommenda t ion  on all ‘cost o b j e c t i v e s

In most  i n s t ances , the  CI SAID does n-c t p r o v i d e  an e s t im a t e

of its own . f in toeir opinion a major item has ‘been

m i s i nt e r p r e t e d  or l e f t  -out of a cost e s t i m a t e , h o w e v er , t hey

v~ 1l “ia~ce ‘r e,.r o v’-” es” ,,ta~ e ar d ~ or’,o~r: o ‘re 2S~~ C

alc~ c w,.,th ~he IC~ aro 310 es1’,.,’ra—es :~ e IL S~~Il ,

:~~,f~ul_ cg ts rescomsio~ la~y o a:co”ch:~- o ”-er ~as~:

and sp e c i f i c  s t u d i e s  as reques ted  by the  hAlo p r i nc ip l e s

- 32 7 ”  also p rov ides  -cost e s t i m a t e s  to answer cu e st i o n s  f r o m

toe LIARS on such i ssues  a: cost  crowth ( 3 2 ) .

The t e - c hn f c ue s  available to toe  Cl CAll are limitec

by time and manpower availability. :he CI SAID normally

has only n ine  days in. w h i c h  cc r e v i ew  t h e  dooumen :atio-n

p r o vi d e d  to them. Th this time frame toey must analy:’e toe

— data , make a cos t  e s t i m a t e  ( i f  r e q u i r e d )  and p r o v i d e  t he i r

repor t  to  the  :-S AR-C . :wo individuals a:sicned cc t he  Cl

SAID are primarily respons ible for toe cost analyses of

all major A? weacon system acq’ui :iticns . Therefore , the

t eohn ic ’ue: ‘used. are ca ram e t r io  in all cnas es ( ° 2 ) .

uhe  cos t  e s tu m a t e s  ano/or re vo-e w s o: toe  ~~~ an-c

SIC- -cost estimates made by the CI CAll- are :ro-vided to the

hAlO in the  fo rm of a r et o r t .  This  r e to r t  is used  by t h e

1115 in makinc recommendations on resource allocation:

t ha t  is , w h e t h e r  or no t  the  wea son  sys ten  so cal-i croce -e d to

the  nex t  chas e , be  d i s c o n t in u e d , or continue in the -c ’urr-ent

chase .  The D SAR C r eco mmenda t ions , in t h e  f o r m  of’ a retort ,
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are used fo r  p l anning  and bud get ing by boto toe LcD and the

Air Force. The CI CAll recort ~s a~ so s~~ ~o h~ A?

w h e r e  t h e  cost ex c l a m a t i o n  and anal-is is  can be -used to

imrrc’r e the future cost estimate: (32).

In summary , the Ol D SAID v a l i d a t e s  the model. They

e va lua t e  and re - i iew the  SIC and indecend.ent  -cost e s t i m a t e s .

They also make an actual  cost e s t ima te  iihen r e c u e st e d  to  do-

so or when they belie-/ c one is r equ i red .  The SI CAll

crovides  the  review and,’cr es t ima te  ~‘us t crior ‘to the  hA R T

relews . The most current data available is ‘used in the

analysis of the  SIC and ISA estimates . Thi: data was

p e rce ived  to grow in c ’uant i ty  and q ’uality as the  weapon

sys tem progresses  through the  a cqu i s i t i o n  chIc.  The data

crows f rom very l i t t l e  in the con cem c~ual chas e to some cos t

act ual: in the fu l l  sca le  development  poas e ( 3 2 ) .

It should be n o t e d  t h a t  personnel  f r o m  the Cl :A::-

h a e  fourid one “d i :ore:enoy ” in our d e s c rip t i on  of t h e m  cm

pace 15 of this thes is . ‘The OIL CAll  does  not  resolve

d i f f e r e n c e s  b e t w e e n  t h e  IA and SIC e s t i m a t e :. They  on ly

enc lain  the  d i f f e r e n c e s  132 . ” ~‘Jith this in min d , ‘they

‘be l i ev e  that they have no advocacy role to clay and thereby

:eroeive t he i r  e s t i m a t e s  and evaluations as more ob~~ec tive

than anyone else ’ s .  The’i also b e l i e v e  tha t  this obj e c t i v e ne s s

is the  reason t h e i r  e s t i m a t e  changes less than toe SIC and

u~ A estomates  du ron c  toe acc’uu sut :on  cy-o e (;~~) .  he :r -cata

i nd ica te s  that toe SIC and ICA e s t ima tes  ten-i to a p p r o a c h
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t h e  less ortim~sti-c 021 SAl estimates a: a weapon system

r rogresse:  t or c u ch  it: w e ar o n  sys t em a c c ui : i t i:r .  c y c l e .

Res earch I~~-~:’i: :.:

1-ese-arob -c u - e s t i o n  1. ~i’hat  mode l  of the cos t
est i mat inc  c r o - o e s s  f o r  ne” ; na ,~o r Air  Fo rce  w e a c o n
sys tems -c an b e  d ev e lc ced .  that deciot s :

a. the  or ca n i z a t i o n/ an em o y  c r ov id  ins ca-c o -cost

b .  he rurp -ose f o r  w h i c h  each cos t  e s t i m a t e  is
-develored ,

c .  t he  point in t he  a-cc ai:i t ior : pi oces: ‘zoere t h ese
estomates are made , arid

the technioues which  are a t cr c o -r i ct e  to e:oh
or caniza tion/ agen cy in cr td.’u: inc the i r  est:ma:e ,
c o n s i d e r i n g  the i n f o r m a t i o n  ava i lab le  at the  c~- in t
‘ .‘he n the  es t ima te  is n e e d e - o D

A mo-de l  to answer r e sea rch  c ’uest i on  1 ‘;a: onicinall’i

d ev el o re - f  in C h ap t e r  II based  -on management  t h e o r y  and a

review of the available literature. It  is p resented in

f i~~u re 2 ( c ages  3 7 — 3 3 ) .  hzring the  cours e of toe f i e l d

inter’ ; i ews ‘ o val~~-:ate t he  mode l  arid answer  r e s e a r ch

o ’ue s t i om 2 ,  the A? CAll  -va : i d e n t i f i e d  as a source of cost

est imates . An “ Tr - da ted  Model of t h e  Air F o r c e  C-ar t

Estimating P r o c e s s  ~V it h i n  the  Air ?crce ‘.iearon 3y: ten

Ac t  u i :i t i:n  F- s-o-o es s ” is p r e sen t ea  ~ri f igure  3 . This update-i

mood includes the A? CAl-S and. identifies its ccnnributi:n

to the A? cos t  e : t imat in ~ p r o c e s s .

Resear ch c u e s t i - o n . f ~~~~~~~~~~~ a model can ‘be
-de’;elced , can It b e  va l i da t ed  to d e m o n s t r a t e  ‘that
i t  r e a l is t i c a l l y r e f l e c t s  the  “ r eal w o r l d ”  estima ting
environment of the agencies concerned wiar , t oe
ac-ar~,isition of new major Air Force weaton sysoens O

k . 4 - . -
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P~~~ e Agency ype o~’ eohn ue Type of
Makir~g Estimate Used :o Information
E~ tirna~ e ::aae I~ake Available

(Fur D o sej  Es t imate
F~ 11- Contractor~ 3~ dget  Eng ineering Detailed
Sc a e
2ev e 1O~~ —

men:

SFC * 3udget Engineer in g Detailed

~st imat e ~c

O f fi c i a l
Program
E st imat e

ICA ICE Parametric Detailed

AF CAIG Eva ’uat ion Parametric Detailed

OSD CAIG Evaluation Parametric Detailed
DS ARC 11  - Production Decis ion

Froduc- Contractor~~ Cost Standards His tor ical
:ion Report ing

SPC~~’ Cost Standards His tor ica l
Analys is

*The contractor & SPC can make more than one estimate during
each phase. An es:ima:e is made and revisec ~n:il time cf
presentation to the DSARC for a decision.

**The SPO & Contractor  personnel make continual on-~ o1ng
cost estimates throughout the production phase.

Figure 3 (con tinued )
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Extensive field interviews with cost estimators

from each organization/agency identified in the literature

review were conducted to answer research question 2. The

results of thes e interviews were analyzed above and a new

model was developed to reflect what actually happens in the

process of estimating the cost of a major weapon sys tem

(see figure 4). The major differences found b etween the

model based on the literature review (figure 3)  and the

real world model (figure 4) are described below :

1. The techniques used by the Sys tem Program C f~ ices

do not progress from Parametric (conceptual phase) to

Research and Development (validation phase), Engineering

(full scale development phase), and Standards (pro duction

phase) as predicted by the lit~rature model . Instead , the

SPOs use Parametric techniques in both the conceptual and

validation phases. The data increases from vague cc limited

during progress through these phases , but is still

apparently not sufficiently detailed or reliable to support

the use of techniques more sophisticated than chose in the

Parametric category .

2. The techniques use d to develop the ICA in the

validation and full scale development phases are also

different in the two models . The ICA estimators ~se

Parametric techniques in all three phases (conceptual ,

validation and full scale development). When possi’cle , they

also attempt to use Research and Development techniques in

82
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Phase Agency Type of Technique Type of
Making Estimate Used to Information
Estimate Made ~ake Available

( Purpose) Estimate
C onc ep- AFSC/AFL C ROC Parametric Vague
tual Evaluation

*
Contractor Estimate Parametric Vague

from
Studies &
Cost
Proposals

*SPO Budget Parametric Vague
Estimate &

• Official
Program
Estimate

ICA ICE Parametric Vague

AF CAIG Evaluation Parametric Vague

OSD CAIG Evaluation Parametric Va~~ e

DSARC I - Program Deci s ion
Valida- ContractorW Cost R & 2 Limited
tion Proposal

& Budget
Estimates

*SPC Budget Parametric Limitec
Estimate &
Official
Program
Estimate

ICA ICE Para9t~ic/ Limited
R & D

AF CAIG Evaluation Parametric Limited

OSD CAIG Evaluation Parametric Limited
DSARC II - Ratification Decision

Figure 4

Real World Model of the  Air Force
Cost  Es t imating Process Wit hin
the Air Force Weapon System

Acquisition Process
83
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Phas e Agency Type of Technique Type of
• Making Estimate Used to Information
• Estimate Made 2~iake Available

• ~ (Purpose) Estimate
Full- Contractor Budget Engineering Detailed
Scal e Estimate
Develop-
ment

SPO* Budget R & D/ 
~~~

etailed
Estimate & Engineering
Official
Program
Estimate

ICA ICE Param~~~ ic,/
R & D Detailed

AF CAIG Evaluation Parametric Detailed

OSD CAIG Evalustion Parametric Detailed

DSARC III — Production Dec:sion

Produc- Contractor
1
~
’Cost Standards Historical

tion Reporting
• **SPO Cost ~tandards Historical

Analys is
*
The contractor & bPC can make more than one estimate during
each phase. An estimate is made and revised until time of
presentation to the DSARC for a decision.

**The SPO & Contractor personnel make continual on-going
cost estimates throughout the production phase.

Techniques actually used will vary from program to
program and depend upon the type/amount of data actually
available at the time the estimate is made.

****Following DSARC III the AF CAIG and CSD CAIG monitor the
cost estimate and respond to inquiries concerning program
costs/estimates .

Figure 4 (continued)
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the validation and full scal e development phas es . When the

Research and Development techniques are used , they are

combined with Parametric techniques . The data available

increases in both quantity and detail from one phase to the

next in all programs . However , it is not always sufficiently

developed or availab le to allow the use of Researc h and

Development estimating techniques . Aeronaut ical and

electronic weapon systems are developed frequently enough

that a better historical data base exists from which to

predict costs (41). This accounts for the use of Research

Development techniques in ICAs generated for these programs .

In all cases , Parametric tec hniques are use d in comb ination

with the Research and Development techniques .

General Impress ions

While conducting interviews of cost estimators

representing all estimating agencies from the SPOs up to

and including the OSD CAIG , it was impossib le not to deriv e

some general impressions of the cost estimating process .

These observations are summarized below :

1. DOD organizations/agencies identify the need

for new weapon systems , define the type of syst em requir ed t o

fill the need , and defind the system and its ftr.ding before

Congress. It would be unrealistic to expect LcD agencies

to develop weapon system cost estimates in any but the most

favorable light possible. The S?C ac ts as the official

program advocate. As such , their estimates tend to be
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optimistic is an attempt to sell the program to AFLC/AFSC ,

the Air Staff , DOD , and eventually to Congress (47 ; 50; 52).

The ICA estimates are us ed to check the reas onab leness of

the SPO estimate. The ICA estimate is generally relatively

close to the SPO estimate. This is to be expecte d s inc e

both estimates are generated from the same data base (38; 43;

46; 49; 51). The A? and OSD CAIGs normally only compare the

SPO estimate with the ICA estimate to insure that no major

discrepancies or differences occur that cannot be explained.

The CAIGs also check to insure that the methodologies

employed by the SPO and ICA estimators are adequate and

appropriate (32; 37). In fact , our information ind icates

that the SPO , AFLC/AFSC ICA , and the AF and 052 CAIGs all

ac t in varying degrees as program advocates in the majority

of weapon systems acquisition cases. The tendency is to

present the cost estimates for weapon systems in a

favorable/optimistic light which allows the program to

continue through eventual acquisition to an operational

status. This viewpoint is supported in the literature also.

J . Ronald Fox , a former Assistant Secretary of the Army , in

his book , Arming America: How the U. S. Buys Weapons ,

expresses the thought that all levels of management within

the DCD attempt to provide overly optimistic estimates to

decision makers (10:159—164).

2. The organizations apparently have few or no

mechanisms established which would mot ivate  cost estimators
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to develop estimates that accurately reflect the eventual

total cost of the weapon system. A large number of estimators

• perceived that pressure was exerted for them to generate an

estimate that was “reasonable and sellable” . Some

individual estimators felt that their superiors , as well as

personnel at higher headquarters , were primarily interested

in obtaining an optimistic (i.e., a low) estimate , one

which was close to previous estimates made on the program

and one which frequently reflected a need to achieve an

optimal pattern of “luck” on all program activities (46 ;

47; 49; 50; 51; 52). Fox also supported this view . He

commented that program managers frequently perceived that

they had great difficulty transmitting reasonable estimates

to higher headquarters . They reported that higher level

managers tended to reduce the cost estimates to a low , more

optimistic figure (10:160). This is not to say that any

estimator or program manager falsifies any cost estimate.

The estimator is merely internally motivated by the

organization to provide an estimate which will help sell

the program , one which assumes everything questionable will

turn out well for the program.

3. Each organization involved in the study iden-

tified the lack of an adequate data bas e as a major problem

faced by the individual estimator. The data in those data

bases that do exist is not standardized from one program

to another , nor is the methodology used to genera te past
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estimates included in the data base. As one estimator

put it, “This makes the entire data base worthless , to say

the least.” This feeling that the data bases which are

• available are of little value prevailed in many of the

organizations.

4 . The authors encountered a major problem with

the semantics involved in the techniques used by the

• estimators . Many estimators had different conc eptions as

to what the techniques actually were , or used di f fe rent

terminology for the same technique. The semantics problem

occured in almost every organization involved in this

research effort and was evident between the individual H

estimators within an organization. This confusion was also

noted in the literature (reference pages 22 to 36).

5. The individual estimators are not held accountable

for the accuracy of their estimates . In no organization

visited could the authors establish the existanc e o±~ a

track reccrd of an individual ’s estimates . In fact , the

majority of the cost estimators were provided no feedback

relative to their estimates on either an individual or a

program basis . No feedback on the individual ’s estimates

were formally made available to him. No data on estimates

made by other individuals within his organization on the

same program was provided to him. The estimates made by

other organizations relative to the same program were not

routed back to him. A few estimators in the ~PCs took it
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upon themselves to attempt tracking their own records, but

this was the exception rather than the rule. In these few

cas es , it was individual initiative and not official

organization policy to do so. Further, the estimator was

not rewarded by the organization for this extra effort

(47 ; 50; 52). An estimator in one organization reported

that his organization did attempt to keep a track record of

estimates . However , he indicated that the record was kept

by program and did not identify the individual making the

estimate. He further stated that the information kept was

unofficial.

6. All cost estimators generally indicated that it

was highly important to generate an accurate estimate.

However , there was virtually no consensus from organization

to organization (or from estimator to estimator for that

matter) on how to define accuracy. The response to the

question “What do you mean by accurate?” ranged from “Plus

or minus 25% of final total cost. ” to “It varies from phase

to phase. ’ to “It’s a relative thing.” to “How close the

estimate you make comes to the final cost for the system. ”

Many interviewees could not/would not attempt to provide a

definition of the term accurate--they responded instead with ,

“I don ’t 1~iow.” When the measurement of accuracy was

pursued , the question of whether or not it would be most

appropriate to use actual dollar differences between the

estimated and actual costs or to use percentage fi res left
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some estimators perplexed and uncertain . ~.iany woul d prefer

to provide a cost range rather than a point cost estimate.

Almost without exception though , each estimator indicated

that the estimates generated at his level of the estimating

pr ocess provi d ed the most accura te es tima tes (32 ; 37; 3~~; 9 ;

43;  44; 46; 47; 49; 50; 5 1; 5 2) .  Without a standardized

definition of what “accuracy ” means ; it is difficult at best

to determine if 
~~~ 

of the estimates reflect actual program

costs , let alone which estimate is most accurate.

One reas on f r equently given by many of the

estimat ors for  track records not be ing maintain ed by the

organiza tion are the continual changes that occur in eac h

program. This reason was also put forth as the cause for

not Imowing how accurate the individuals cost estimates

are. The estimators perceived this to be a major hindrance

to providing accurate estimates for the program . Again ,

only a few estimators took the time to go back to the ir

original estimates and update th em to r ef l e c t the new

information resulting from program changes .

The authors recognize that changes in program

re quirements and weapon sys tem desi gns do occur , and that

these changes do r epresent a major pro b lem to the individual

estimator. This is not , however a valid reason for the

organization not attempting to keep individual track records ,

or not maintaining a data base which reflects the changes

in past estimates resulting from these program changes .
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Nor should thes e crogram changes confuse the issue of

• accuracy. There are , after al_ , many more stable aspects

of a program than there are changes for the individual

estimator. It may well be that the estimator should not

be expected to be 100% accurate , particularly when program

changes effect the items estimated. This does not , however ,

re duce the value of an acce pted measure of accuracy ao~d a

formal system of feedback to provide accuracy data. Only

by ccmparing the accuracy of one set of estimates to

another can any real information be generated on what

estimating techniques or models provide the most useful

estimates for specific types of weapon systems in various

weapon system program phases .

Summary. Within the A? cost estimating process , cost

estimates are developed in an atmosphere of optimism . The

cost estimator is provided organizational motivation to

develop an. estimate which can be used to acvccate the new

weapon system to the DOD and Congress. The individual

estimator is hampered in his efforts to develop estimates

by the lack of an adaquate , standardized data base; lack o±~

feedback on the accuracy of his estimates ; and little or

no feedback on how changes have effected prior estimates.

Fur th er , while the estimators recognized the imrcrtance of

“accurate ” estimates , the authors could find no ocnc erisus as

to what ‘accuracy ” neans .
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CHAPTER V

CONCLUSIONS AND RECoM~iENDATIc:;:

Summary

The purpose of this thesis was to investigate the

cost estimation process within the Air Force. The study

• identified the organizations/agencies which make cost

estimates and the points in time when they do so. The amount

of data available for making cost estimates and the technic ucs

employed to generate the estimates were also identified. The

information collected in this investigation can be

valuab e in understanding the cost estimating process

wit:~ir. the A?. It wIll also provide some insight into the

quality and the l imi ta t ions  inherent in the Air Force ’ s

system for generating cost estimates on new major weapon

system acquisitions .

The thesis was organized into a two phas ed effort :

1. to build a model of the cost estimating process

f o r  new major AF weapon systems f r o m  availa b le li tera ture

sourc es , and

2. to demonstrate whether the mcdel could be

validated as realistically reflecting the real world

estimating environment within the A? weapon system acquisition

proc ess . If not , to develop a model refleccin~ tne actual

~? estimating environment .
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An extensive literature rev iew was conducted to

build the original model . Four phases of the  weap on sycc em

acquisition proces s (the conc eptual , validation, full scale

tevelopment , and production phases ) were identifT~~d as

periods during which Air Force and erartment of

Defens e organi:ations/agencies make cost estimates .

Therefore, the weaoon system acquisition cycle was used as

the basic framework uoon which the models were b u i l t .

Approximately $0 individuals involved in cost estimating ,

from the SF0 level through the LCD level , cooperated in

extensive int~rviews during the validation effort.

C onclusions

A model of the  Air Force cos t  es t imat ing  process

for new weaDon system acquisitions was constructed from the

literature available. The model is oresented in figure 3

(page 80). This model depicts what the concerned ano

industrious reader can interrupt from the availab e

literature relative to the Air Force ’ s cos t estimating

process for major weapon system accuisicions . The criteria

established for this research effort , recuired that the rea

world estimating environment match the literature mcde

1O0~ of the time for: (1) when an organi:ation/agency wculd

make an estimate; an~ (2) what techniques the organization,’

~ger~cy actually used . The literature-based model did not

reiiistical y r e f l e c t  the real world e s t ima t Ing  environment

woen tested agains t this criteria. The cost estimating
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techniques used by the PO and ICA estimators in the

validation and full scale development phases of the weapon

system acquisition process did not support the model. The

real world estimating environment , based on actual field

interviews , is depicted in figure 4 (page 83). It is

conclud ed , therefore that the available literature does not

accurately reflect the “real world” of cost estimation for

major AF weapon systems acquisitions .

It was found that the AF/DOD does not have an.

adequate definition of an ‘ac curate ” estimate. Further ,

the Air Force does not even recognize a standardized method

of measuring accuracy . This deficiency has led to confusion

among the individual cost estimators .

The feedback system for estimating accuracy within

the A? is totally inadequate for the individual estimator ’s

needs . Specif ically , no structured feedback system exists .

The limited amount of feedback available is not standardized

or tailored to the individual estimator. f the estimator

is to improve his estimating ability , he must be ~rovided

consis tent , standardized reports . Preferably this will

occur on an individualized basis and will indicate how well

he has done in his previous estimating effor ts .

The authors concluded that , in the majority of

cases , the organizations/agencies involved in. cost

estimating for new major A? weapon systems act in a program

advocacy role. It appears the ICA program as currently

924.
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imtlemented does not oroduce a truely indeoer.dent cost

e s t i m a t e  as o r ig Inally In tended .  AFSO , which  conducts  the

majority of the ICAs , uses the Directorate of the cmntroller

of the division (AS T, ES , or lA~LC) to which the program

is assi~~.ed to conduct its ICA . Thus , the same Lndivi:ua .

(~~iv i sion  commander) is b asically respons ib le f or pr od ucing

bo th  the  CA and the iPO estimates . The authors  pe rce ive  it

as unlikely that under these  circumstances , widely differing

estimates could possibly be  generated and forwarded for

comparison .

The majority of cost estimates made within , the A?

cost es t imating  process are o p t i m is t i c , and. are apparently

based on an optimal contractor and Air Force leve o±~

performance in the development , production and opera t ion  of

the new weapon System. Thes e estimates ostens ibly result

from the program advocacy roles assumed by the majority of

AF/LC personnel involved in weapon system acquisitions .

It is arparent that over time , such optimistic cost

es t imates  can cause the Congressional and x ec ut i v e  branches

of the  government to quest ion  the c red ib i l i ty  of the Air

Forces estimating system.

A final conclusion reached was that the estimators

do not a~ree among themselves on the terminolo~j to use in

descrlb in~~’naming the available estimating technic. ~s , wha t

they involve, and into which category a particular technizue

be p , a c e d .  Th fact , agreement  coul~ not  be  found as
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to how many categories of techniques there really are.

In summary , the material gathered in this study leads

the authors to believe that AF organizations from the ITO

level up to and including the LCD do not create the conditions

necessary to motivate estimators to develop estimates which

truly reflect final total system costs for new major weapon

systems . It should be emphasized that the authors are

speaking of new weapon systems where litule “hard-core ”

production data is available. The individual estimator is

without an adequate data base from which to better the

accuracy of his estimates : he is not provi ded fee dback on

• the accuracy of his estimates , and how changes which have

occurred effect prior program estimates ; he is provided no

• feedback on how his individual estimates , which are part of

the total estimate forwarded to higher level agenci es

compare with previous program estimates--his own , those made

by others within his organization , or those made by

estimators from outside his organization; and he is not

provided with data on what the program final costs were or

how his estimate compared with them (normally by the time the

final costs for a program are available, the individual

estimatcr is no longer associated with the program). The

individual estimator is internally motivated to provide an

optimistic estimate which can be used to advocate the weapon

system to Congress.

Finally , while the estimators indicated they felt it
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was c r i t ica l  that the est imate be “ accura te ” , there  is ro

cons ensus as to what “ accuracy ” means . A rehetor ical  ques t ion

mi ght be appropriate at this point . “What motivates the

individual estimator to generate an accurate estimate if he

doesn ’t 1~iow what an accurate estimate is?” Further , “How

can an estimator be expected to improve his estimates over

time when he receives no feedback to indicate the type or

amount of error which exists in his earlier estimates?”

The results of this analysis thus led an unbiased observer

to question , “What should be the AF’s standardized and

measurable definition of accuracy ?”

Recommendations

A publication that shows the actual relationships

between the organizations/agencies involved in the cost

estimating process is required. This public ation could

be us ed to indoctrinate new individuals entering the cost

est imating f ie ld .  It could also be used to orient

individuals  currently functioning in the cost est imating

field on how all facets of the system impart the f inal

estimate generated on a weapon system . Such a publication

would depict where the specific organization/agency fits into

the overall AF cost estimating process. This thesis could

be us ed as a basis for  the publication.  the 14

organizations/agencies interviewed in this study , which  are

involved in making cost estimates for new weapon acquisitions ,

12 requested cop ies of the final thesis. They expres sed a
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hope that the thesis would pr ovide an insight into the cost

• estimating process which could benefit their estimators .

Unfortunately , this thesis will not carry the weight of an.

official AF document. Fur ther , the organization of a thesis

• is not appropriate for providing the information in an

• e f f i c ien t  pac kage for use by these organizations . A log ical

extension of this thesis would result in an approved

• 
• compendium of cost estimating techniques which could

establish a standardized AF terminology . This compendium ,

when develope d , should be included in any publication

developed to depict the AF cost estimating process.

The AF needs to establish a fee dback sys tem which

• identifies the individual generating the estimate , the phase

of the weapon system acquisition cycle during which the

• ‘ estimate was generated , and the techniques/methodology used

in generating the estimate, all in a standardized and

comparable format across weapon systems . Developing and

imrlementing this fee dback system would facilitate the

development of a standardized data base for use by all

estimators when working on the cost estimates of future •

weapon system acquisitions .

The AF/DOD should begin to manage the cost estimating

process as an ent i ty  in itself with the ob j ect ive of

improving cost estimating accuracy. To do this , four actions

as a minimum are required:

1 . Establish a consistent measur e of accuracy based
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upon a standardized definition of the term.

2. Develop and implement a feedback sys tem based on

the individual est imator and organizational program

estimates .

3. Free the estimator from his perception of a need.

to produc e optimistic estimates based upon an optimal

performanc e in all facets  of the program.

4 . Develop and implement a t cs i tive/nega t ive  reward

system based upon obtaining accurate estimates .

Recommendations for
Future Studies

Based upon the absence of any conc ensus about the

terminolo~ j  of cost est imating techniques in the  l i t e r a t u r e

reviewed , and backed by the same f ind ing  among the inc iv idual

estimators interview ed , the authors strongly recommend that

future research be conducted to develop a compendium of the

techniques used in cost estimating. The study shoul d

ident i fy  the  techniques , explain r~ow the  techn iques are

used , and s tandardize the terminolo~; relevant to each

particular technique. Hopefully , the rationale for a

categor izat ion of the techniques could be  developed wi th

assistanc e from all levels within the AF cost estimating

process for inclusion in the comp endium . This comp endium ,

when comple ted , should be included in the AF document

recommend ed earlier.

Eased upon the conclusion that the ICA program may
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not be functioning as originally intended , further research

into the independenc e and use of the ICA estimate appears

war ranted. One of the possib ilities to be investigated

would b e whether the ICA should b e conducted by an agency

completely divorced from the ~iAJCOM which produces the ITO

estimate or perhaps by an organization totally independent

from DOD !

Further research should be conducted to determine the

design and content requirements for a standardized data

base.  The currect data b~~~is sh______ e analyzed to determine
S \

their shortcomings as well as their  benefic~~~~ features .

The res ear
~~~~~~~iAolv

e The individual esoirnators to

ascertain . its/desires relative to the

inlormation needed .

A final area which requires further researc h is the

motivation of the individual estimator. Extens ive res earch

should be accomplished to identify the factors which motivate

the estimator to generate good estimates . The pros and

cons of a reward syst em based upon the measured accuracy of

the individual estimator and/or his organization should be

included.

The cost estimating process within the A? is

typified by confusion and uncertainty in what is involved

and how it works . This confusion and uncertainty is found

among the estimators , those who act upon the estimate made ,

and at the Air Staff/DOD level. Additional rese arch is
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necessary to further explain the process and thereby r e d u c e

the confusion and uncertainty . Air Force publicatsons are

needed to orient both new and experienced estimators tc the

realities of the Air Force estimating process . A better

understanding of the cost estimating process is necessary if

the AF/DCD is to reduce “apparent” cost growth and regain .

public and Congressional confidence in their ability to

estimate accurately the costs of new weapon systems .
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MANAGERIAL INTERVIEW SCHEDULE

Type Interview_________

Tape Number___________

Date_________________

I. General :

A. Personal and Organizational Data:

1. Name?

2. O rganization/Division?

3. Job Tit le?

~1 . Length of time in current position?

5. Length of time as a cost estimator?

B. Purpose of Study: To clarify and document the

overall cost estimating process  used by the  Air

Forc: in the acquisition of major new weapon systems .

C . Purpose of Interview : To obtain your help in under-

standing what organizations/agencies provide cost

estimates , the purpose for which the cost estimates

are made , when in the acquisition process thes e cost

estimates are generated , arid what techniques are

appropriate to each organization/agency in pro ducing

a cost estimate.

II. Specifics :

A. When are cost estimates generated?
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1. During which phase of the weapon system

acquisition process does your organization make

cost estimates?

a. Conc eptual?

b. Validation? __________

c. Full-Scale Development? 
__________

d. Production? 
__________

2, Can you differentiate between the phases when

you make a cos t estimate?

3. How do you differentiate?

4. Do you make more than one cost estimate during

any one phase?

a. Whic h phase?

b . How many estimates are made?

c. Why do you make more than one estimate?

d. How are they different one from another?

B . Amount of Data Available.

1. How much data is available for making cost

estimates in each of the following phases?

a. C onc eptual?

b. Validation?

c. Full-Scale Development?

d. Production?

2. What type data do you use to make cost estimates

in each of the following phases?

a. Conc eptual?
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b. Validation?

c. Full-Scale Development?

d. Production?

3. What data would be required.  to make cost

estimating easier?

a. Why would this data be required?

b .  How would this  addit ional  data help?

C . Techniques used to make cost estimates .

1. What techniques are available to you to make

cost est imates?

2. What techniques do you use to make cost

estimates in each of the following phases?

a. Conceptual?

b. Vali dation?

c. Full-Scale Development?

d. Pro duction?

3. Do you feel that the technique (s) currently used

in each phas e is the most useful one available?

a. Why/why not?

b. What techniques would be more useful?

c. Why do you feel the techniques you

suggested woul d b e more use ful?

4. Do you feel that th~ techniques currently used

in eac~h phas e provides the best estimate

possible?

a. ~ihy/why not?
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b. What techniques would provide a more

accura te es timat e?

• c. ~hy do you feel that the technique suggested

would be better than the one currently used?

d. How accurate are your estimates?

e. Can you tell how accurate your estimates

are?

f. How can you tell?

• 5. Do outside organi:ations/agencies attempt to

influenc e you in the choice of the technique to

use?

a. Who?

b. When?

• c. Why?

D. Why are cost estimates made?

1. Why do you make cost estimates in each of the

• f our phases?

a. Conc eptual?

b. Validation?

c. Full-Scale Development?

d. Production?

2. ‘
~1ho uses the cos t es timate made by you in each

of the four phases?

a. Concep tual?

• b. Validation?

c. Full-Scale Development?

d. Production?
106



_ _

3. What are the cost est imates used for?

a. Conceptual :

(i). Planning? 
_ _ _ _ _ _ _ _ _

(2). Controlling? 
_________

(3). Other? 
_________

b. Validation :

(2.). Planning? 
__________

(2). Controlling? 
_ _ _ _ _ _ _ _ _

(
~ ) .  Other? 

_________

c. Full-Scale Development:

(1). Planning? 
_ _ _ _ _ _ _ _ _

(2). Contro11jn~? ________

(3). Other? 
__________

d. Production:

(I). Flannin.~? _____

(2). Controlling? 
_________

( 3 ) .  Other ?  
__________

2. Importance.

1. How important do you feel it is that the cost

• estimate you generate be accurate?

2. What do you mean by accurate?

3. :~~ w do your estimates compare with those made

in. other organizations?

4 . ::o outside organizations/agencies attempt to

influence the outcome of your estimate?

a. Who?
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b. Wh en?

c. Why?
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ORGANIZATIONAL LISTING OF INTERVIE WEES

The following individuals , from the organizations

listed , were interviewed in the process of validating the

model developed in Chapter II and updated in Chapter IV .

• AF CAIG (HQ AF/AC MC )

• 1. Fitzgerald , :.:ajor Dan (28 & 29 March 77)
2. Krushinski , Josep h (28 & 2,~ March 77)
3. Puryear , Captain Franklc.n ~~~~

. (28 March & 19 April
77)

APIC Com~trofler (HQ AFLC/ACRC)

1. Jones , Captain Charlie E. (
~~~ 

February 77)
2. Waker , Michael P. (3 February 77)
3. Wallace , John M . (4  Feb ruary 77)

AFLC Plans (HQ AB~ C)

1. Telfor d , Lt Ccl ~illiam D . (XRXXS) ( 23  March &
28 April 77)

2. Dellinger , Edward K . (MNA ) (28 April 77)

AFLC ALC

1. Williams , William D . (W R— AL C/ i~I~~( 2 ) )  (2 9  April 77)
2. Davis , Larry (0C-ALC/~ vfl-~A) (6 & 10 May 77)
3 . Poe , Lt Ccl Joseph (CC-ALC/i~U~~A) (6 May 7~

)

AFSC Com~tro1ler (HQ AFSC/ACCE)

1. Scarlett, Lt Col Bobby R . (28 & 29 March 77)
2. Sims , Captain Sherry (28 & 29 March 7?)
3 . Rasberry , Dayle H. (29 March & IC May 7 7)

~FSC Plans ~HQ AFSC/XRX)

1. Blake , Lt Col Thomas (4 February & 29 March 7?)
2. Bando , Edward (19 May 77)

• 3. Sink ,Captain John (19 May 7 7)
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AFSC ASD Comp troller (ASD/ACC)

1. Adams , Charles W . ( A CC)  (10 January 77)
2.  R i oh e y , Lawrence S . (ACCC)  (24  January 77)
3. Sampson , Charles E . (ACCC) (8 February 77)
4. Thorpe , Thomas E . (ACCC) (24 January 77)

APSO AID System Program Offices

ACCX-Advanced Systems Cos t Division

1. Burnett , Rob ert V . (31 January 77)
2. Fetter , flonn P. (11 February 7?)
3. Schlo~ser , Kelsey P. (11 February)
4. Weiler , Henry F. (2 February 77)

SD-28P-Airlift Sys tems

1. Ambrose , John R . (.. 8 January 77)
2. Csborn , Donald A. (3  February 77)
3. Wethington , Cly de M . (27 January 7~ )

SD—65-Maveric Program

1. Schw~nke , Captain Robert 2 . (3 1 January 77)

YFPR-F15

1. Conl ey , Rob ert (8 March °°)
2. Kouri , Donna (9 Maron ~~~)

YHPF-B 1

1. Clapper , Captain william (:0 Feb ruary 77)
2. Townsley , ustin L. ~~: February 77)
3. Fry e , Thomas . (:d Feb ruary ~?)

Y~~M-Air Launched Cruise Missile Program

1. Allen , John A . (31 January 7)
2. Maihotra , Fran L. (21 January ?~~)

3. Wagner , Joseph T. (21 January 77)

YP1~~-F16

1. Jack , Major James ( 3  February 77)
2. Thompson , Rick (2~ March 77)3 . Ambrose , John J . ( 2~ .‘arch 77)
4. Thorp , Thomas 2. (2-~ March 77)
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YXPC-A10

1. Murchand , Richar d C . (2 February 77)
2. Bigood , Leroy (2 February)

AFSC ESD Comptroller (ESD/ACCE)

1. Coakly , Ellen M. (22 February 77)
2. McNeil , Hugh W . (24 February 77)
3. Wisialko , Albert J. (23 February 77)

AFSC ESD System ?rQgram Offices

YSXF-Airborne Command Post

1. Seigel , Robert (25 March 77)
2. M elanson , Robert (25 March 77)

YWXF-Airborne Warning and Control System

1. Patrick , Major James (18 March 77)
2. Grones , Captain Royce. (11 March 77)
3. Rob erts , Captain Kenneth M . (ii March 77)

AFSC SAMIC CornDtroller (ACCE)

I. Cook , George M. (18 February 77)
2. Green , J . Richard (19 January 77)
3. Tomlinson , Robert L. (18 February 77)
4. Townsend , Lt Richard L. (17 February 77 & 2~March 77)

AFS C SA~~O System Program Offices

ACCE-Comcoroller (in support of SPOs)

1. Fong , Franklin K . (24 March 77)
2. Martin, Martha A . (17 February 77)
3 .  Wilcox , Leonard (24 February 77)

LV-Launch Vehicles

1. Kelley , Lt Col Gilbert F. (3 March °7)
2. Kisko , Captain ~J illiam A . (7 March 77)
3. Pears e , Major James F , (10 February ?~~)

~~PC-ICBM Program Offic e

1 , Wall , William E . (4 March 77)
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S1~~-Space Communications

1. McCoy , Lt Ccl Donald G. (18 February 77)

YDC-Defense Meteorological Support Program

1. Clovicko , Lt Cary (ii. February 77)

YRP-Satellite Data Syst ems

1. Figueroa , Captain Francisco A , (10 February 77)

HQ AerosDace Defense Command (ADCOM)

1. Behrends , James L. (ADCOM/ACBA) (1 February 77)
2. Smith , Major Bruce E. (ADCCIvi/XPX) (1 February 77)
3. Whitaker , Captain Richard B, (ADCOM/XPDS) (8

February 77)

HQ Military Airlift Command (MAC )

1. Nelson , Captain Eric E . (NAC/LGXP) (3 January 77)
2. Stauffer , Cap tain Christian W . (MAC/ACMC ) (10

February 77)

HQ Strategic Air Command (SAC)

1. Ellinger , Captain Rob ert W . (SAC/XP QR) ( Li.
February 77)

2. Wade, Major Tommy H. SAC/ACMC ) (Li. February 77)

HQ Tactical Air Command (TAO )

I. Buttross , Captain David A . (TAC7ACM C) (14
February 77)

2. Whelan , Major Charles (TAC/DRDR ) (9 February 77)

CSD CAIG (CS: (P&E))

1. Filling , Lt Cmdr Donald (28 & 29 March 7~ )
2. Manetti , Howar d J . (29 March 77)
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GLC SI ARY OF TERMS
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GLCI~~~ Y CF TER~~

Advocacy Package: The documents necessary to present the

conclusion of the Conc eptual Phase study and the various

conc eptual alternatives , along with the studies and tests of

thes e alternatives . The package recommends one particular

alternative concept. The advocacy package is used to “sell”

the program to CSD .

3i~~~et Cost Information: Information on proposed alternative

solutions , costs , and schedules for satisfy ing a RCC .

Normally prepare d by AFSC and/or AFLC in respons e to a

published ROC.

Budget Costs: Costing used in budget submissions as

distinguished from costing used in program documents .

Budget costs represent the specified total cbligat ion

authority requirements for funds in a particular fiscal

period and generally represent a refinement of program costs .

Ocnfi~~ration Item: An aggregation cf hardware/software , or

any of its discrete por tions , which satisfies an end use

function and is designated by the Government for configuration

management. During development and initial pro duction , CI’ S

are only thos e specification items that are reference d

d irec tly in a contract (or an equivolent in-hous e agreement).

C ost Analysis Improvement Group (CAIG): An OIL (AF) advisory

body , responsive to the DSARC (AFSARC ) on matters relating to
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cost. The CAIG provides the DSARC (AFSARC ) with a review

and evaluation of independent (ICA) and program (IPO ) cost

estimates prepare d by the Military Services . Established

to develop uniform criteria to be used by all DOD units

making cost estimates .

Cost Category: One of three types of costs into which the

total cost of a program element is divided (1) research

and development , (2) investment , and (3) operations .

Cost Estimate: The produc t of an estimating procedure

which specifies the espected dollar cost to perform a

stipulated task or to acquire an item. It may be stated

as a single value or range of values .

Cost Estimating Relationshir (CER ): An analytical expression

which describ es , for predictive purposes , the quanity or

cost of an item or activity (either in physical units or

dollars ) as a function of one or more explanatory variables .

Defense System Accuisition Review Council (DSARC ): Ar.

advisory body , within the Offi ce , Secretary of Defense ,

which is chartered to review and evaluate the status of

each appropriate system acquisition program at three basic

milestone points . Membership is composed of The irector ,

Defense Research & Engineering (DDR&E), the Assistant

ecretary of Defense (Comptroller (AID Comptroller) ), the

Assistant Secretary of Defense lnstallaoions and Logistic s

(AS: (&L)) and the Assistant Secretary of Defense (Systems

Analysis) (AS: (IA)). The three milestone points in the
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weapon system acquisition process which require ~~ARC review

and evaluation are:

1. When initiation of Contract Definition (or

equivalent e f for t ) is proposed;

2. When transition from the Contract Definition Phase

to full scale development ; and

3. When transition from the development phas e into

production for Service deployment is proposed .

Development Conc ept Paper (D:~~~~ Memoranda from the

Secre tary of Defens e expres sing his decisions on the

initiation of , or changes to , major R&D programs .

Five Year Defense Plan (F~DP): The official program which

summarizes the Secretary of Defense approved plans and

programs for the DOD.

Independent Cost Estimate (ICE): An estimate of program

cost develop ed outside normal advocacy channels by a

team which generally includes representation from Cost

Analysis , Procurement , Production Management , Engineering

and Program Management. Synonomous with Independent Cost

Analysis (ICA) in this paper. An ICA generally involves

maximum use of parametric techniques but may use oth er

cost estimatin.g techniques .

industrial (Detailed) Engineering Estimate: A cost estimate

based on mar.ufac turing , assembly , and test costs generated

from sys tem descri ption operations , or standards tesigr.ed

from tim e ar.d motion studies or vender quotes . Also ~-cwn .
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as industrial buildup or grass roots estimates .

Official Program Estimate: Th e estimate prepared by a

System Program Office of Aeronautical ystems Division ,

Electronics Syst em Divisi on or Spac e and Missile Sys tem

ivis ion ,

Parametric Cost Estimate: A cost estimate which is based on

the development and utilization of estimating relationships

between, historical costs and other program variables such

as system physical/performance characteristics , contractor

output measures , manpow er loading, and facility floor space.

Par~ ing/Pro~ ramming~~udgeting System (PPBS): An integrated

system for the establishment , maintenance , and revision

of the FYDP and the LCD budget.

Program Man.a~ emer.t irecoive (Prv~~): A ‘JIAF document which

transmits to AFSC the “go-ahead” and guidance for the new

weapon system following the DSARC I decision .

Recuired Operational Capability (ROC ): A formal , numb ere d

document , used to identify an operational need and to

request a new or improved capability for the operatin~

f o r c e s . The capability sought is described in terms of

op erational objec tive , operational envir onment , support

and maintenanc e concepts , and concept of operation .

System Program Office: An AFSC management organization set

ur to manage the acquisition of a new weapon system.

Total System Cost: Total system cost encompasses costs for

development , procuremen t , operation , and surrort , and
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where a~~licable , disposal. Total system cost is analogous

with life cycle cost.
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