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FOREWORD 

2 

Ulis document contains abstracts of each of the papers 

presented during the two day DOD Cost Research Symposium held 

March 2-3, 1966, in Arlington, Virginia. In addition, the 

message for the Symposium from the Secretary of Defense (read 

at the Symposium, during his opening remarks, by Alain C. 

Enthoven, Assistant Secretary of Defense for Systems Analysis); 

and the concluding remarks made by Harold Asher, Deputy Assistant 

Secretary of Defense (SA) Resource Analysis, are included in 

their entirety. 

The purpose of the Symposium was to provide a forum for 

the interchange of ideas and techniques and to generate a 

greater awareness among personnel engaged in cost analysis of 

the potentialities of their profession and its importance for 

the effective operation of the Department of Defense. 
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WHIKESDAY, MARCH. 2,  I966 

8:^5 - 9:35 = Opening Remarks, Honorable Alain C. Enthoven, Assistant 
Secretary of Defense 

9:15 - 12:15 = 

3 

Array Presentations, Chairman: Mr. Richard J. Tralnor, 
Director of Cost Analysis, Office, Comptroller of the 
Army 

- "DA Organization for Cost Research," Mr. T. Arthur 
Smith, Chief, Cost Research Division, OCA 

- "RAC Cost Research Program," Mr. Arnold Proschan, 
Deputy Head, Econcmics and Costing Department, 
RAC 

- "RAC Manpower Strength and Cost Model," Mr. Gilbert 
Bernstein, Economics and Costing Department, RAC 

- "Progress Report - The Individual System/Organization 
Cost Model," Mr. Don Strope, Econcmics and Costing 
Department, RAC 

- "Main Battle Tank," Mr, Frank Dahlhaus, Headquarters, 
Army Materiel Command 

- "Cost Estimating by the Comparator System of Evalua- 
tion," Mr. Victor V. Robertson, Army Missile Command 

- "Generalized Cost Estimating Equations for Heli- 
copters," Mr. Norman Smith, Army Aviation Command 

12:15 - 2:00 LUNCH, Speaker - Mr. David Novick, Head, Cost Analysis 
Department, RAND 

'J 
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Wednesday, March 2,  1966 Cont'd 

2:00 - 5^30 « Air Force Presentation^ Chairman: Colonel John D. 
Morgan, Chief, Cost Division, Directorate of Air 
Force Budget, Headquarters, USAF 

- "The USAF Cost Analysis Program: Organization, 
Concepts, Accomplishments, and Plans," Major 
General Duward L. Crow, Director of Budget, 
Headquarters, USAF 

"USAF Cost Models Operation and Research," Mr. 
Kenneth Conley, Chief, Cost Analysis Branch, Cost 
Division, Headquarters, USAF 

"USAF Cost Estimating R«lationship/Cost F&ctors 
Program," Mr. Einer C. Psyne, Chief, Cost #1 
Factors Branch, Cost Division, Headquarters, USAF 

"Hole of AE3C in Cost Analysis," Colonel Jack 
Henderson, Director of Cost Analysis, Headquarters, 
AFSC 

"Research on Framework for Total Force Structure 
Cost Analysis," Mr. Brent D. Bradley, Cost 
Analysis Department, RAND 

"Some Methodological Problems of Airframe Cost 
Estimation," Mr. Stephen M. Barro, Cost Analysis 
Department, RAND 

Open Discussion and Summarization 

.3- D 
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0 THURSDAY, MARCH 3, 1966 

*-M -  11:^5 = Navy Presentations, Chairman: Mr. Dick L. Jackson 
Director, Progress Reports and Statistics Division, 
Navy CcnrptroUer 

- "Costing in the Department of the Navy," RAM E. 
Er Grimm, Director. Budget and Reports, Navy 
Coinptrolier 

- "Navy Cost Information System," Mr. Dick L. Jackson, 
Director, Progress Reports and Statistics Division, 
Navy Comptroller 

- "Navy Cost Model," Mr. Culhert Laaey, General Plan- 
ning and Programming Office, CNO 

- "CNA Cost Analysis Organization and Highlights of 
Research," Mr, Donald Weir, Head, Cost Analysis 
Division, CNA 

- "Highlights of Navy Cost Research Projects Other 
Than Those of the Center of Naval Analyses," 
Captain L. P. Daniels, Head, Contract Information 
Branch, CNM 

- "Escort Ship System Cost Analysis," Mr. R. P. 
Caldarone, Cost Analysis Division, CNA 

- "P-3A Utilization and Support Requirements Study," 
Mr. Donald H. Sunde, Technical Director, Weapon 
Systems Analysis Office, BuWeps, Q,ueu:tico, 
Virginia 

ll'M  - 12:30 = OSD Presentations, Chairman: Mr. Saul Hoch, Director, 
Cost Research and Analysis, OASD (SA) — Part I. 

- "Introduction and Overview," Mr. Saul Hoch, Director, 
Cost Research and Analysis, OASD (SA) 

- "Statistical Cost Estimating Relations - Some Basic 
Issues (Aircraft Examples),'" Mr. Harry P. Hatry, 
Cost Research and Analysis, CASD (SA) 

D 
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Thursday, March 3,  1966 Cont'd 

12:30 - 1:^5 = LUhCH 

l:k5    - k:00    =   OSD Presentations -- Part II. 

"CER's: Missiles and Related Subsystems," Keith 
E. Marvin, Cost Research and Analysis, OASD (SA) 

"Statistics in Cost Predictions and Potential," 
Harry Piccariello, Cost Research and Analysis, 
OASD (SA) 

- "Costing Guidelines and Handbooks," LCER M. 
Staser Holcomb, Cost Research and Analysis, 
r-SD (SA) 

- "Data Systems Developments," Colonel Herbert 4» 
Waldman, Directorate for Assets Management 
Systems, OASD (C) - Management Systems 
Development 

k:00 -  ^:30 = "Department of Defense Cost Analysis Courses," 
Colonel Troy Jones, Air Force Institute of 
Technology 

l*:30 - 5:15 = "Symposium Summary and Plans for the Future," 
Harold Asher, Deputy Assistant Secretary of 
Defense (SA) Resource Analysis 

-5- It 



Letter from Robert S. McNamara 

and 

Abstract of Opening Remarks - Alain C, Enthoven 

-6- 



THE SECRETARY OF DEFENSE 
WASHINGTON 

FEB2* 666 

MSiORAHDUM FOR ASSISIANT SECRETARY OF DEFENSE (SiSBEMS MAEfSIS) 

SUBJECT: First Department of Defense Cost Symposium 

I wish to express my pleasure and satisfaction that the first 
Department of Defense Cost Symposium is being held. Good cost analysis 
is fundamental to our planning for new weapon systems in the Department 
of Defense. Today, it is more important than ever that we improve our 
capability for estimating accurately the expected costs of military 
programs. Effective use of our resources requires that we have good 
estimates of the probable cost of the alternatives available to us. A 
poor cost estimate can lead to a wrong selection and, in turn, to a 
wrste of resources, disruptive reprogramming actions, reduced effective- 
ness, and many other undesirable effects. Unfortunately, our history 
includes far too many poor cost estimates. 

I have urged the Secretaries of the Military Departments to support 
and provide resources foi improved cost estimation capabilities. I 
hope that this Cost Symposium will contribute significantly by providing 
a forum for the interchange of ideas and techniques, and by generating 
a greater awareness among personnel engaged in cost analysis of the 
potentialities of their profession and its importance for the effective 
operation of the Department of Defense, 

Please extend my best wishes to all of the participants in the 
Symposium. 

jQj-f^ 
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OPENING REMARKS 

Alain C. Enthoven 
Assistant Secretary of Defense - Systems Analysis 

IV. Enthoven in his remarks stressed the importance of 
good cost estimating to force planning. He provided a number 
of examples where cost estimates have played an important role 
in the decision-making process. He also emphasized the need 
for the Military Departments to have their own capability to 
estimate Independently the costs of its weapons systems on a 
thoroughly professional basis. He pointed to some examples in 
the pact of estimates that turned out to be very poor and 
suggested the probable consequences. He encouraged the people 
throughout DOD concerned with cost analysis to make a serions 
effort to maintain and improve their technical skills so as to 
keep their nowledge up-to-date. He urged upon the Departments 
an aggressi e, imaginative, recruiting program to obtain high 
quality, pr ;fe8sionally trained, individuals to meet the rapidly 
expanding requirement for cost analysis personnel. 

-8- 
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EEPARTMHfT OF THE ALMT ORGANIZATION FOR COST RESEARCH 

Mr. T. Arthur Smith 
Chief, Cost Research Division 
Office, Comptroller of the Army 

The Army Headquarters organization responsible for development 
and implementation of Army-wide cost analysis systems and direction 
is the Directorate of Cost Analysis, Office of the Comptroller of the 
Army. This  is a relatively new organization that has been function- 
ing as a completely separate entity only since October 1965. The 
Directorate has three divisions. "Hie Cost Estimates Division is 
primarily concerned with.the preparation of estimates to support the 
Army position in planning and programming documents. The Cost Infor- 
mation Division prepares the Army Cost Factors Handbook, surveys Army 
cost data holdings, and coordinates cost information requirements 
within the Department of the Army. 

The Cost Research Division has responsibilities for: improving 
«^      costing methodology in the Department of the Army, supporting and 
U directing cost analysis research, conducting research in the area of 

cost data storage and retrieval, developing methodology for Army-wide 
systems for analyzing resource requirements, developing training and 
orientation programs for Army cost analysts. These responsibilities 
are carried through the utilization of the skills of DA civilian 
operations research analysts, the Research Analysis Corporation, and 
contractor personnel. 

Most of the cost analysis research performed outside DA Head- 
quarters is done within the Army Materiel Command. Analysis groups 
have been established within the Office of the Dirpctor for Procure- 
ment and Production at AMC Headquarters and at the! major aub-commands. 
These groups prepare cost estimates, support the DOD Cost Information 
Reporting System, the OSD Economic Impact Program, and develop 
specialized methodologies and cost estimating relationships. 

-10- 
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o RAC COST RESEARCH PROGRAM 
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Mr. Arnold Proschan 
Deputy Head, Economics and Costing Department 
Research Anaiysls Corporation 

The following are the major projects In RAC's current costing 
program. 

Individual System/Organization Cost Models (ISOC). In a study 
pertaining to surveillance aircraft, we were faced with the problem of 
malting many computations of cost to reflect variation in input values 
— a sensitivity analysis. A set of computer programs was developed 
for this purpose. We then found that we were able to use these programs 
for other cost studies, involving multi-equipment organizations, tacti- 
cal air defense, and missile systems. 

The cost models so developed are not very sophisticated. 0n2y one 
of them incorporates any time-phasing. The models are far less ambitious 
than force cost models. Nevertheless, they are quite useful for sensi- 
tivity analysis. 

Active Forces Strength and Cost Model. Last year we were involved 
in a DOD Military Manpower Policy Study. Our assignment was to develop 
strength projection and cost models to permit the testing of alternative 
policies on the draft and on military manpower procurement. We c'eveloped 
models for the active forces and for the civilian manpower pool. Many 
runs were made for the Office of the Assistant Secretary of Defense 
(Manpower), and after the study was concluded, additional runs were made 
for the Army on alternatives of special interest to it. 

Incremental System and Organization 08M Costing. We have developed 
a procedure for costing an additional system or organization. It is the 
incremental costs stemming from the added units which is of concern here. 
To develop meaningful coat estimating relations WP have had to get away 
from the standard budget classifications and consivler the underlying 
activities. We have had to focus on the cost-generating factors — the 
additional manpower and materiel and the activity levels. After we have 
applied the GERs developed for the various activities, we can translate 
the cost answers into the standard budget classifications. We plan to 
continue effort in this field of research. 

Combat Division Training and Resource Requirements. For the Brown 
Board, a group engaged in a broad study of logistics, we are developing 
a costing methodology to translate a specific combat division training 
program into its resource implications. This we do through translating 

0 
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a division training program into the required utilization of combat 
vehicles and other equipment;, and then determining the costs stemming 
from the use of equipment. We have some sample relationships for 
costing the use of equipment, based on the work of the Logistics 
Department. We are at present involved In determining whether It Is 
feasible to use data generated in the Army's TAER system as a basis for 
cost estimating relations. Our hope Is that a system can be developed 
that the Army can operate with its own data Inputs. 

Individual Training Costs. We are doing work to determine an 
appropriate method for costing training. We have examined costs at 
three Service schools and three basic training centers. We fled that 
the schools themselves are concerned primarily with the elements of 
cost for which the schools have funding responsibility. We take a 
more comprehensive view of relevant cost elements. We need to do more 
work to emphasize incremental costing as against average cost per man. 

Costing Guides, We are developing cost methodology guides which 
can be used by our own cost analysts and by Army analysts. These 
guides will supplement our ISOC modeling documentation. Only a start 
has thus far been made. 

Review of Command Cos-cing. We have made a review and evaluation 
of the costing organization and methodology at the Army's Aviation 
Command. This has proved quite useful to the Army. We hope to go on 
to other areas, possitly the Missile Command. 

O 
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THE RAC MANPOWER SIKENGTH AND COST MOEEL 

Mr. Gilbert Bernstein 
Economics and Costing Department 
Research Analysis Corporation 

Previous attempts in analyzing the impact of alternative civilian 
and military manpower policies Leretofore have been limited to a ss&nual 
exercise. The serious limitations of this system were: 

1. Only a very limited set of alternative policies could be 
assessed. 

2. The interface between civilian and military policies could 
not be fully appreciated. 

As part of an over-all study of military manpower policy by DOB 
(by Presidential request in April 1961+) RAC developed a eccsputerieeä 
military-civilian manpower projection model. 

This model projects the Impact of alternative military and 
civilian manpower management policies considering a wide range of 
alternatives including: 

1. Continuation of the draft in its present form. 

2. Modifying the present structure of the draft. 

3. Elimination of the present draft. 

k. Changes in force size. 

5. Changes in force requirements. 

6. Changes in military pay. 

7. Changes in military obligation, training patterns and other 
institutional practices. 

The principle outpucs of the model include, but are not limited to: 

1. Flows of manpower from the civilian and military pools. 

2. An annual projection of the age, education, family and military 
liability status of the male population. 

-13- 
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3* A sumuary of the strength, gains and losses of each of the 

active duty military components. 

k,   The  costs associated with procuring, training, maintaining 
and separating military manpower. 

Hils model is now operational and has been used to generate pro- 
jections for the 196U-I965 DOD Military Manpower Policy sent to the 
President. 

The model has been used already in the Department of Defense and 
the Army for decision-makers on such alternatives as: 

1. Draft married non-fathers. 
(President Johnson's executive order of 26 August). 

2. Increase armed forces approximately 20f>  (Vietnam mobilization). 

3« Revise retirement policies. 

s  Utilize the draft for the Navy and Marine Corps. 

It is now in use and several hundred alternatives have already 
been exercised in the model. 

O 
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HJDIVHXJAL SYSTEM/ORQANIZATiai COST (ISOC) MOEEL 

| 
Mr. Doaeld H. Strope | 
Economics and Costipg Department | 
Research Analysis Corporatlaa I'. 

RAC has developed a basic computer framework to be used with 
various cost models designed for costing a wide range of problems In 
\rtilch systems or organizations are costed In Isolation from the total 
force. This combination of computer program and cost model Is called 
the Individual System/Organization Cost (ISOC) Model. 

The ISOC model utilizes a FORTRAN IV computer program designed 
to rapidly calculate the relative cost of large numbers of military 
systems or organizations. The basic purpose of the ISOC model Is to 
provide a flexible computer framework (either on an UM 70^0 or 7090) 
to -which any specific individual system or individual organization nest 
model may be adapted for use in cost studies vhere a large number of 
calculations are required and cannot be performed conveniently by hand. 
A cost model that has been "fitted" to the ISOC model becomes a unique 
system or organization computerized cost model that may be used for any 
cost problem requiring its specific design configuration. 

The ISOC model is not a single model, but rather is a family of 
cost models utilizing the same computer framework. This family of 
models has been used at RAC in several cost studies involving aircraft 
systems, multi-equipment organizations and missile systems. 

The ISOC model is intended to be primarily a tool to develop 
planning costs in vfcich relative costs among il^rua,Lives sire more 
important than the absolute costs. The model normally provides building 
block costs, although we have introduced time-phasing in a missile system 
ISOC model. Further applications of time-phasing are planned. 

The ISOC model has been designed for relative ease of operation. 
The principal operator of the model is the cost analyst, not a computer 
programmer. Little, if any, knowledge of the IM FORTRAN IV programming 
language is required. 

Because of the importance of sensitivity analysis in cost analysis, 
this feature has been built into the ISOC program so that in any ISOC cost 
model the analyst may have automatic changes to his input values in order 
to test the sensitivity of total system costs to those changes. 

Ü 
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Another important feature of the ISOC model is the materiel data 

j    library which storea lata for up to 300 equipnen+ items. This data 
I    consists of average unit costs, maintenance float factors, peacetime 
I replacement factors and combat consumption r.tockage factors. 

ftie ISOC model has been documented ia the following two RAC tech- 
nical papers. The first one describes the concept end design of the 
model and provides an example illustrating its use. The second paper 
is an operator's manual. 

j RAC TP-I83, Volume I, An Individual System/Organization 
i Cost Model; Concept and Application by John 

J. Surmeier; Unclassified, November 1965. 
i 

RAC TP-lß3, Volume II, An Individual System/Organization 
I Cost Model: Computer Program Design and 
j Operation by Jodie T. Allen; Unclassified, 
• January 1966. 

O 
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MAIN BATTLE TANK SPECIE COST STUOT 

Mr. F. J. Dahlhaus 
Directorate of Procurement and Production 
Headquarters, Army Materiel Conmand 

O 

A major challenge to the cost analyst is provided hy problems 
associated with costing a weapon system that is just entering the 
developaent cycle. This was the case at the formulation of the Main 
Bittle Tank Special Cost Study. 

The objective was to estimate the total procurement costs of the 
MBT by the preparation of an independent government estimate of the 
weapon system in support of a Program Change Proposal, and to provide 
data in support of budgetary requirements and for contract negotiators. 

The major assumptions and work breakdown associated with the 
study are described. A description of the cost collection model is 
provided, the number of separate estimates from, historical sources 
and engineering estimates identified, the temporary organization within 
the Army Materiel Command which was established for MBT cost estimating 
and review, and the series of checks which were performed in the develop- 
ment of the total estimate described. 

The paper briefly reviews the major difficulties encountered in 
the study: first, the changing configuration of a system in early 
development; second, the problem associated with the assignment of the 
task of estimating integration operations between mating subsystems; 
and finally, a summary of results obtained by the organization of the 
special cost study effort. 

-17- 
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COST ESTIMATING B? THE COMPARATOR SYSTEM OF EVAUJATICW 

Mr. Victor Robertscm 
U.S. Amy Missile Coamand 
Htmtsville, Alabama 

The Conparator Factor exercise is based on numbers which Identify 
differences (or similarities) in the physical or functional character- 
istics of several missiles. Such numbers are found in various textbooks, 
engineering handbooks, and other publications. 

Toe  initial objective «as to determine if costs associated with 
the various missile components could be described by relationships of 
the numerical factors which have been assigned over the years to manu- 
facturing materials and processes. Therefore, a considerable number of 
these factors were made relative to one another with respect to about 15 
different existing misjiles for which fairly good historical cost data 
were available. Costs for each of the known missiles were then estimated, 
using the other known missile Comparator Factors as the basis for "predic- 
tions." The  "predictions" were then checked against the historical and 
found to be within a range acceptable, at least for planning purposes, for 
estimating the probable costs of an unknown, or proposed missile. 

D This presentation showed a selected  nd vtyy minor, area of the      v-/ 

results obtained, and was primarily orient ?d toward showing ise of actual 
or known data, tested, first, within itself Iwr results and then for 
predicting probable costs for a proposed, or future, missile. 

This is a continuing project, with the «'nater part of the work yet 
to be done. 

-18- 
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EEVELOPMHIT OF A GEHHUILI2ED HELIOQPEER OOßT EBTIMATIHG BQjUATICB 

Mr. Noxi^an H, Staith 
CEIS Branch 
U.S. Annjr Aylatlon Materiel Ccnnaiul 

0 

The nature of this subject is that of a concept as opposed to 
a contpleted or formalized method or equation. 

The high cost of military weapon procurement has placed a re- 
quirement on the services to Improve their cost and management tools. 

This study is an empirical method based on historical cost and 
man-hour data for the ccntplete span of helicopter size and performance 
characteristics. Data are, for the most part, those collected through 
AMFR, DCFR and CEIS reports. 

Development of this helicopter cost estimating method will 
encompass all previous and current helicopter models, and will be 
applicable for estimating the cost of future models based on the 
requirements of physical and performance characteristics. 

As more data are collected and as the state-of-the-arts advance, 
this method can be updated and refined periodically, and in turn will 
be more reliable. This method provides a tool for the complete span 
of management decision Quakers from toy management for planning, program- 
ming and budgeting purposes down to the contract negotiator for new 
haxiware procurement. 

D 
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ÜSAF COST ANALYSIS PROGRAM 

Ü 

Major General Duward L. Crow 
Director of Budget 
Headquarters, U.S. Air Force 

Cost analysis began on the sideline of military affairs. It Is 
now ready to take its rigbtful place in the fabric of the day-to-day 
business of the Department of Defense. In fact, this last step, the 
complete Integration of cost analysis as an Inextricable function In 
the decision-making process, may be the most difficult of all. 

The first step is to define the function; what is cost aralysls? 
I dare say each of us would give a slightly different answer to that 
question. The procurement specialist would say xhat verification of 
contractor cost estimates and pricing negotiations is cost analysis. 
The budget officer feels cost analysis to be the generation of factors 
for budget justification. The programmer would have neither of these 
definitions. He would relate cost analysis to the estimation of the 
costs of entire systems. The professional analyst thinks of the sub- 
ject as being composed of relationships between Independent and de- 
pendent variables, historical data, learning curves, regression 
analysis, etc. He also knows that all of the estimation arcivities I 
have mentioned are cost analysis. The fact that some fal?. to recognize 
the more scientific methods of the professional analyst ir- part of our 
job. Cost analysis is the foundation on which we must support all of 
these estimating requirements. Now we are able to define cost analysis 
as the method of predicting prices and costs using a proper balance of 
carefully examined historical data and the application of the scien- 
tific methods of estimation. 

Organization is the second step. We are all familiar with the 
span of control and its diagrammatical pyramid. It has been my obser- 
vation that the cost analysis pyramid is inverted. The work of too 
few analysts is being directed and examined by too many reviewers. We 
really must correct this quality stifling organization as a first order 
of business. In the Air Force, we have a remedial program in progress. 

Point nucber three is fiscal administration. The first thing we 
need here is a term v1, -n is more descriptive than the one I used. 
What I am talking aba: is a cradle to the grave tracking of costs by 
system or item.- A formal documented tracking sy:-tea is now being used 
by AFSC, I really can not overestimate the importance of this point. 
It is a long ray from, the estimator in the SPÖ to DSD and back. Some- 
times estimates, are changed by review authorities for a legitimate 
reason such as a change in design. Ultimately someone has to explain 

-21- 



o 
the change In the total. Obviously he would be hard pressed to do so 
without a record of the reviewer's change 1 have Just described. Con- 
gress has beccne more Impatient In recent years over our Justifying 
funds for one purpose and spending them for another. This is another 
unhappy outgrowth of our Inability to pinpoint the various elements in 
a system estimate. Me are on our way to solving this problem, too. 

This leads to the last of ny four points. All of us, the Services, 
OSD and the non-profit contractors have devoted most of our cost 
analysis capability to the more glamorous elements of our total program, 
the space systems and the major weapons systems of the present and the 
future. We have neglected the areas where we spend the most money, 
operations and maintenance, spares and other support. We all need to 
Improve such mundane and obtainable factors as cost of spares and mainte- 
nance, by flying hour by type of aircraft. A great deal of work is 
called for In the operational support and training areas. 

u 
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USAF 006T MODEIß: OPERATICR AND RESEAF.OH 

Mr. Kenneth Conley 
Chief, Cost Analysis Branch 
Cost Division, Directorate of Budget 
Headquarters, U.S. Air Force 

Air Force cocrputer cost models are of three types: those dealing 
with complete force structures, individual weapon systems, and some 
portion of a weapon system. 

The total force model Is called SABLE, an acronym for Scientific 
Approach to Better Long-Range Estimates. It was designed tc provide 
time-phased, relative costs of alternative force structures. Differ- 
ent routines are provided for aircraft systems, missile systems and 
electronic systems. The majority of the Inputs are try weapon system. 
The output Is designed to be compatible with the Force and Financial 
Program at the levels of Program Element, Cost Category, Major Program 
^ana^ppropTrTT^IfP. ^ 

Second of the three types of models is that which Is confined \^J 
to a single type of system. MOOSE, an acronym for Model for Obtain- 
ing Orderly Systems Estimates, produces non-tine phased or "static" 
estimates or research and development, initial investment, and a 
specified number of years of operating costs. Separate models have 
been developed for an aircraft and a missile system. 

The third type model is used for examination of one aspect of 
a weapons system. AERO, acronym for Airframe Estimates, RAND and 
OSD, produces airframe cost estimates based on ptyslcal and parform- 
ance characteristics of the aircraft. 

Additional research is underway. A new model, APEX (Automated 
Program Exercise) will automate Air Staff programming processes. 
Existing models are being improved through new methods and procedures, 
more flexibility and sensitivity, additional automation to improve 
performance, and interface between the cost models and the planning, 
programming, and budgeting financial systems. 

-23- 
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o ÜSAF COST ESTIMATING RELATIOWSHIP/COST FACTORS PROGRAM 

Mr. Rlner C, Payne 
Chief, Cost Factors Branch, Cost Division 
Directorate of Budcet, Headquarters, U.S. Air Force 

Conmunlcatlon between Individuals with respect to the USAF Cost 
Estimating Relationship Program Is dependent upon acceptance of the 
same basic definition. We define a CER as a mathematical statement 
of the relationship between one or more independent variables (activi- 
ties, program levels, characteristics, etc.) and the dependent variable 
(cost). 

Coverage of the USAF CER Progrsm is currently limited to the 
Operation and Maintenance Appropriation, Dollar data are based pri- 
marily on a historical recording of obligations. These data are 
accumulated at base level along with net value of supplies and equip- 
ment issued by organization. At major command level this information 
is identified with applicable program elements shown in the DOD pro- 
gramming system. Each major command is encouraged to associate 
appropriate Independent variable Information (such as flying hours, 
number of officer authorizations, etc.) with the dollar data accumulated 
as described above. Appropriate statistical techniques — px'imarlly 
regression analysis — are applied to detemine whether a valid estimat- 
ing equation can.be established. CER analyses deemed acceptable by the 
major commands are provided to Headquarters^ USAF for validation and/or 
application in other major commands, When substantial coverage of the 
O&M Appropriation has been effected^ the approved CER's will form the 
basis for command projections by program element and cost element for 
the Five-Year Force and Financial Program  (The CER Program is outlined 
in Air Force Regulation 173-2 dated 21 September 1965.) 

.The CER Program was initiated on  1 .uly 196^. Most major commands 
haVS'developed an acoeptatle data base. A sample report was received 
covering six groups of object classes for F!f 1965- The first draft of a 
manual prescribing a Standard Major Command CER Data Base was recently 
completed. This manual will be finalized prior to 1 June, and its imple- 
mentation directed beginning with Fiscal Year 1967^ 

While not officially identified as part of the USAF CER Program, 
the Air Staff, the Air Force Systems Command; and some non-profit con- 
tractors have produced CER's pertaining to development and procurement 
of the major weapon systems. Plans are also being formulated to extend 
the coverage (now limited to the O&M Appropriation) of the USAF CER 
Program to encompass all operating costs. The Assistant Secretary of 
the Air Force has directed tha". an integrated CER Program covering de- 
velopment, investment, and operating costs be developed. 
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ROI£ OF AFSC IN COST ANALYSIS 

Colonel Jack B. Henderson 
Director of Cost Analysis 
DCS/Ccmptroiler, Hq Air Force Systems Command 

Any cost management Improvement program should, and the AIBC pro- 
gram does consider the program manager's daily challenge on the one 
hand, and the Commander's requirement to have alternatives evaluated 
with a cost consideration, on the other. Among the requirements for 
estimates and re-estimates on a continuing basis, therefore, are those 
of procurement, systems management, and programming functions, as well 
as those required in anticipation of the phase-out of certain programs 
and the introduction of new ones. Any planning or decision-making is 
necessarily limited by the confidence the decision-maker can place on 
the ingredients of the plan. Thus, a credible cost estimate, i.e., 
one in which the decision-maker can have confidence at the time the 
decision needs to be made, plays an important part in cost management 
in the CSD environment. 

To accommodate this requirement, the Systems Command asked, in 
January, IS&i,  a firm of management consultants to review its cost 
management procedures. On the basis of the contractor's findings and 
recommendations, the existing Command Cost Analysis Program was ex- 
pedited and a Task Force was established to accomplish the indicated f") 
improvements. Standard estimate documentation procedures were developed, 
uniform estimate tracking procedures were established for use throughout. 
the Command (and are now required by USAF), assistance was given to the 
establishment of a DOD-wide, responsive, compatible cost information 
procedure, and appropriate organization, staffing, and training were 
recommended to carry out the procedures and build the credibility base. 
These recommendations resulted in the approval of a PCP, providing 1^9 
additional spaces for the Command cost analysis program, and in a 
three-part organizational configuration for each cost analysis office 
at Headquarters and the Divisions to: 

. perform the estimating responsibility. 

. provide an Improved data base (also responsible 
for estimate tracking). 

. update methods and procedures. 

We are now recruiting in an enthusiastic, business-like manner, 
looking for md Intending to obtain - or grow - quality. In the inter- 
val, we are implementing with existing capability. We must implement, 
we must apply the procedures if we are to refine them with the lessons 
learned. It is from these steps that our estimating credibility base 
will be improved so that we will be deserving of the Department of 
Defense confidence. 
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o RESEARCH OR A IRAMEWORK FOR TOTAL FORCE STRUCTURE COST ANALYSIS 

Mr. Brent 17. Bradley 
Cost Analysis Department 
The RAND Corporation 

O 

This discussion deals with sane recent thinking about the nature 
of force structure cost analysis for Air Force planning studies. It 
describes a research framework being devised to implement a new costing 
model to replace the existing RAND force structure cost analysis model, 
PROM. Two facets of force structure analysis are central to the re- 
search frameworks the provision of time-phased cost inputs to the sys- 
tems analysis/cost-effectiveness process; and the gross measurement of 
the resource implications and feasibility of planning proposals by 
dealing explicitly with individual resources. 

The research on the new model is emphasizing the identification of 
critical resources and constraints (an illustration concerning manpower 
skills is given) and a more thorough understanding of non-combat and 
support activities in the Air Force. Identification of critical re- 
sources is a necessary step toward measuring resource feasibility. The 
concern with non-combat and support activities stems from their impor- 
tance as Integral parts of system cost studies, the loci of many factors 
critical to resource feasibility, and their intrinsic Importance as con- 
sumers and generators of resources. One Intention in the emphasis given 
to these activities is to increase the options available to force planners 
in manipulating Institutional and policy variables as well as weapon 
systems — that is, the ability to compare maintenance, basing, training 
and other alternatives in addition to force posture alternatives. 

Structurally, a ccmprehensive framework has teen devised to define 
and describe the existing Air Force and provide the basic input-output 
format of a new model. The framework is described as consisting of 
three major dimensions: programs and program elements patterned after 
the Air Force Force and Financial Program; appropriation oriented cost 
elements for displaying dollar costs; and computational sub-models for 
translating program element requirements into the manner in which esti- 
mates are made, A key feature of the program element structure is the 
categorization of all elements — including those of Program VII, 
General Support — into Mission, Command Support, and Installations. 

The framework as described is used to guide research on both the 
content and requirement of individual program elements and the computa- 
tional methods and submodels for estimating r^dources» An example is 
given of research in the Technical Training program element to determine 
its resource requirements and constraints, A further illustration is 
given concerning the relationship of program element research to the 
computational submodels, using the recently completed aircraft procure- 
ment model as an example. 
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SOME METHODOLOGICAL PROBLEMS OF AIRFRAME COST ESTIMATION 

Mr. Stephen M. Barro 
Cost Analysis Department 
The RAND Corporation 

During 1963 studies on cost estimating relationships (CER's) for 
military alrframes were completed hy The RAND Corporation, the Center 
for Naval Analyses (CNA), and the Planning Research Corporation (PRC). 
There are some significant methodological differences among the three 
studies. Some of these differences are discussed here, not merely 
with reference to alrframe cost estimation, but in order to illuminate 
methodological issues that are relevant to a broad variety of cost 
analysis problems. 

First, there is the question of how many explanatory variables 
should be Included in a CER. Three criteria for the Inclusion of 
variables are stated: theoretical relevance, statistical signifi- 
cance, and independence. It is concluded that the existing cost data 
base can support simultaneous inferences about the effects of only a 
few variables, and that inclusion of extra variables, as in the PRC 
study, is undesirable. 

Another question is whether a particular variable should be _ 
treated by regression or nonregresslon techniques. Treatment outside        (I 
of the regression framework may be appropriate when there is either 
extra information or a special lack of information about the effects 
of the variable, or when subjective adjustments are to be applied to 
the data. The disadvantages of a nonregresslon treatment are that 
the total estimating error of the CER is difficult to calculate and 
that information about interactions among variables is not available. 

The question of how to treat interdependent variables is an 
especially difficult one vhen one of the interdependent variables is 
time. In the CNA study, intercorrelation of time with maximum air- 
craft speed leads to an unreasonably low estimate of the effect of 
speed on alrframe cost. Special analytical techniques other than 
regression analysis are needed to discriminate between the time and 
speed effects. Prom the RAND work it appears that the observed time 
trend is due to an increase in overhead relative to direct costs. 
However, the RAND study avoids the problem by subsuming the time trend 
in the factor that is used to convert labor hours into dollars. The 
user is required to provide his own conversion factor for future years 
and is thus left with an incomplete procedure for estimating dollar 
costs of new aircraft. 

The most conspicuous differences among the three studies have to 
c  'ith their handling of cost-quantity relationships. The three pro- 
cedures agree in specifying log-linear cost-quantity curves, but they 
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differ about how the slopes of these curves should be estimated. The f 
CSA and RAND procedures provide constant sloye values to be used for | 
estimating costs of all new alrframes. But CNA's constant slope value 
is estimated from a regression equation, while RARD's is obtained as 
an average of slopes observed for individufJ. sample aircraft. Each J 
method has some statistical shortcomings. 

The PRC method, on the other hand, provides regression equations 
for cost at four standara production quantities. A cost quantity- 
curve is then fitted through the resulting four points. This method 
is claimed to provide for systematic variation in slopes from one air- 
craft to another. However, there is no evidence that the variation 
in slopes among aircraft is really systematic, nor that slope values 
are estimated more closely by the PRC "four point" procedure. 

A simultaneous equation estimating technique derived from econo- 
metric theory may be of value in overcoming the statistical difficulties 
in the three cost-quantity procedures, and in resolving the issue of 
constant or variable slope. 

ö 
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COSTING IN THE lEFARTMEST OF THE NAVY 

RAM E. E. Grimm 
Director of Budget and Reports 
Office of Comptroller of the Navy 

The importance attarhed to cost data and the concept of costing 
itself have undergone major cnange in Navy in recent years.    Complete, 
accurate^ timely cost data is r. necessity in today's management 
environment.    Cost data has therefore become a key element in the 
management process and is being used increasingly in such matters as 
long range planning, programming, budgeting,  funding^  cash flow, pro- 
gram ."lanagement, and cost cortrol- 

Yet,  in spite of advances, Eu:h remains t^ be done-    The future 
holds great procise, however,; and the Navy is  on the threshhold of 
r'Mcr advances in tir: costir^ field-    This will   come about with de- 
velopment of the DOE resources manageTier.r. systex- 

In the Department of 'r.e Navy^  "he Assistfiu.t Se:retary of the 
Navy for Financial Managestr.t  is responsitle for  costir.g.    The 
necessity to give increased management attention to the costing func- 
tions has beer recognized by the Assietar.t Secre*ary- and he has 
directed that a separate crying jrgar iza^ cor.sil unit be established 
within the Office  of R.dge- and F.ejx-ts- 

Until recently,  the I'avy r.ad not giver, sufficient attention to 
the area cf total costing     This defircercy has now been materially 
over-come with  implement at i an of v~o systems   -- the Navy Cost Informa- 
tion Systeni and the Navy s   "3;t  model..    Development of the Navy Cost 
Information Sy^tex has teen a major undertaking of the Office of the 
Comptroller durcrg the past five years and represents a significant 
forward step in providing a ne.essary costing  rapability for use in 
both the programning and cudgeling'process-    The second significant 
system -- the- ira^y's  : C5T  model  --  is jsed to price out. alternative 
forces or: a rapid re.-ponse tasis asir.g , o.=t  factors. 

Costing represent.? an area to which greater attention must be 
given^  and more resources de- oted-    Tris  is exactly what the Depart- 
ment of the Ivavy proposes to do Ir  the months ahead. 

J 30-. 



o 
HAV3f COST IHKRKATICar SYSOHM 

< ) 

Mr. D. L. Jackson 
Director, Progress Reports and Statistics Division 
Office of the Navy Ccntptroller 

The Navy Cost Ihfannation Syston (NCIS) is an ordereu discipline 
vbereby data are organized to produce multi-faceted pre-designed 
relationships. 

The methodology is that of building one over-all Navy-vide sys- 
tem using the Bureau, Office and Headquarters Marine Corps cost data 
systems as its building blocks. This approach Insures accurate data 
and develops an inherently integrated total Navy-vide system. 

The system is capable of portraying the total Navy Program/ 
Budget and can automatically validate and measure progress against 
plans, programs and expenditures by feedback from the Navy Cost 
Accounting System. The design permits the reflection of resources 
cost data from a variety of angles, such as cost by mission, func- 
tion, Program/Budget, forces, naval activities, etc. 

Our current efforts are directed at the development of a com- 
mon systems language to be used internally vithln the Bureaus, 
Offices and Headquarters, Marine Corps with adequate controls and 
timely input to a Navy Master Data Bank. 
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HAVT COST MDEEL 

Nr. Culbert Laney 
General Planning and Progranming Office 
Office of the Chief of Naval Operations 

Hhe Hcvjr Cost Model baa evolved over a ten year period, starting 
at first at a relatively unsophisticated effort by four analysts in 
the Office of the Chief of Haval Operations. The model provides rapid 
estlaates of the dollar and manpower requirements to support alterna- 
tive sets of lavy forces. This is done by using an assembled set of 
levy progr«B factors and a computerised set of cost estimating rela- 
tionships to c-apute statistical averages. This contrasts to the 
collection of budget detail through the Navy Cost Information System. 

The model provides three views of dollar estimates. The first 
is by fleet item, e.g., ships by class, aircraft by model, missile 
by class, shore activities by type. The second is by IX)D program and 
program element. The third is by budget appropriation, including the 
three cost category groupings of Research and Development, Investment 
and Operating. 

The four basic steps in developing the model were: First, 
determining the basic building blocks; ships by class, aircraft by (_} 
model, missile by type, other hardware such as Mark U6 Torpedo, and 
Shore Establisboent by type of activity. These comprise 638 basic 
program units for all five types of building blocks. Second, the 
possible assignments or uses of these program units were considered, 
such as ships assigned to Active Fleet, Naval Reserve Training, Mili- 
tary Sea Transport, Service Craft or Miscellaneous assigned; and Air- 
craft assigned to Navy Combat Units, Marine Combat Units, the Naval 
Air Reserve Training Command or to other units. Costs differ according 
to assignment. The third step was developing the cost estimating 
relationships. The fourth step was the development of a Computer pro- 
gram to do the arithmetic and produce desired outputs. 

Model uses include costing alternatives for the Joint Strategic 
Objectives Plan, costing and publishing Navy Program Objectives, and 
providing costing services for Navy and OSD studies 
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CBA GOßT iOALISIB CfiGiWIZATiai and HIGHLIGBT OF RESEARCH 

Mr. W. D. Meir 
Head, Cost Analysis Division 

Center for Hsral Analyses 

The primary mission of CHA, put briefly. Is to participate In the 
Navy's study and analysis effort. The Cost Analysis Division, a part 
of the Systems Evaluation Group, devotes a large fraction of its efforts 
to support of systems analyses conducted by the.Naval Warfare Analyses 
Group. 

These systems analyses are usually concerned with mission area 
force level and structure. The mission areas may Involve systems 
which are primarily naval as is the case in ASW, Amphibious Warfare, and 
Fleet Anti-Air Defense studies. In other areas such as Tactical Aviation 
and Airlift/Sealift, however, systems from the other services may be of 
major concern in the studies. 

The time available to the Cost Analysis Division for research is 
severely limited by the need to support tiis NAVWAG studies. On the other 
hand, the research program benefits from close contact with those prob- 
lems which are of current and major concern in DOD decisions. Epical 
of the problems which frequently arise and need additional research are 
the following: 

Ship Life - involves questions of remaining value, 
inherited assets, discounting. 

Multiple Missions - concerns Joint costs and spill- 
over benefits. 

Auxiliary Uses - may require estimates of peacetime 
"earnings." 

Mission Areas vs Individual Weapon Systems - applicable 
categories, particularly in the support activity areas, 
and level of detail have to be determined. 

The research undertaken in CNA is often in response to problems 
encountered in NAVWAG studies. Not all the research is done by the Cost 
Analysis Division. Sane is carried out in other elements of OTA, as can 
be seen from the following list of projects which highlight the research 
that has been performed recently in CNA. 
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Escort Ship System Cost Analysis (SBG-RC-2) - develops 
CER's fron a statistical analysis of escort cost data. 

Alternative Ship Production Schemes (HUG 51-66) - 
examines effects of various actions on contractor 
Incentives to Invest in production facilities. 

Airframe Cost Analysis (IHS-RC-9) - concludes that a 
major explanatory variable is time trend, made up of 
inflation and advances in technology. 

Support Activity Cost Estimating (SBG-RC-3) - identifies 
cost generating functions for personnel, aircraft, and 
ships. 

Evaluation of Non-Marfcetahle Assets (CHA-RC-15) - con- 
cludes that discounting is meaningless for most defense 
analyses. 

Concepts and Techniques for Summarizing Defense System 
Costs (SEG-RC-l) - describes and compares five techniques, 
generally indicating a preference for present value 
methods. 

In trying to anticipate the requirements of future studies, several     (^) 
areas can be identified now in which research would be beneficial. Proj- 
ects will probably be started in these and other areas as the time becomes 
available. 

Elements of AStf systems, particularly data collection 
and processing. 

Advanced ship concepts such as surface effect ships. 

Air defense and shore fire support shipboard weapons 
systems. 

Operating and support activity costs. 

Trans-oceanic transportation. 
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HTflHT.TGHTS OF HAVY COST RESEARCH PROJECTS (fixSL THAN THOSE OF THE 
CEHTER OF HAVAL ANALYSES 

4 
Captain L. P. Daniels | 
Head, Contract Infoxnatlon Branch ■ 
Office. Chief of Naval Material j  i 

! 

In the personnel field we have had a nunsber of cost studies. The 
result has been to increase our knowledge about the cost of personnel. 
Topical of these studies are the following: 

1. Enlisted personnel replacement costs in the rates of (M, FT, 
MT, RM) — conpleted in February I96U. 

2. Personnel costs for ten selected ratings — completed April 
1965. 

3« Officer personnel costs showing separate costs for officers 
procured through four separate programs. 

a. Naval Academy 
b. HROTC 
c. Aviation Officer Candidates 
d. NAV Cadet Program. 

U. A study on the Methods and Problems of Compuvation of Enlisted 
Personnel Costs. Dais first study was printed in Jfebruary, lybk. 
There is additional work now being carried out in this area and a con- 
tinuing program is planned for the future. 

In the personnel field the cost effectiveness of man-machine trade- 
offs requires seme valid answers. The personnel cost studies I referred 
to previously have provided a basis for approaching the real pay-off 
which is the developient of man-machine trade-off formulae for applica- 
tion to cost effectiveness studies. 

One project of this type has been completed. It covers personnel 
costs for use in ASW Surface Ship Systems cost effectiveness comparisons. 
It has limited application in this field. 

To develop additional information on this subject the Navy, under 
the Bureau of Naval Personnel, has a continuing study program underway. 
The concept of this study is a data bank with systematic cost inputs. 
Essentially, this is a matrix of costs from which formulas will be de- 
veloped for the comparison of man and machine costs to determine or to 
validate the allocation of those functions which can be effectively 
performed by either man or machine. 
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The field of aircraft operating costs has felt the need for cost 

effectiveness studies. There is a current study ucderway hy BDHEFS to 
refine the planning factors for the operation and maintenance of trans- 
port aircraft. The purpose of this project is to analyze historical 
operating and maintenance cost data on Navy transport aircraft and to 
develop equations for predicting costs for current and future aircraft. 
CompletioQ is estimated in June 1966. 

The production of rapid cost estimates is needed for future 
operations. 

The Bureau of Ships plans to award a contract for the purpose of 
developing a verified technique for rapid estimating of ship end cost 
hy use of a computer program. This is a future planned action and is 
not yet under contract. 

O 
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ESCORT SHIP STBOB« COST ANALYSIS i 

-   i 

Mr. R. P. Caldaroue i 
Cost Analysis Division j 
Center for Naval Analyses 

Cost estimating relationships are developed for estimating the 
system costs of surface ship escort types for use In cost-effectiveness 
studies. Included among the CER's, are relationships for estimating 
the ship investment costs, ship class lead costs, initial training 
costs, initial ordnance and missile costs, and annual operating costs. 

Host attention in the paper is devoted to the ship investment cost 
relationships. Statistical cost analysis techniques axe applied to 
historical U.S. Navy surface ship escort cost data in developing the 
investment cost relationships. The data base includes all post World 
War II escorts through the program year I96U for a total of 122 data 
points. Variables such as the displacement. Installed shaft horsepower, 
sustained speed, unit quantity, time, and dummy variables for nuclear 

__      and diesel technology and weapons and electronics complexity a*. ? used 
"', in the investment cost relationship. 

Finally, the CER's are caobined with equations relating physical 
characteristics to effectiveness measures such as payload weight, sus- 
tained speed, and endurance for illustrative purposes. 

CNA publication SEG{RC)-^, "Escort Ship System Cost Analysis," 
11 February 1966, Confidential, describes this project in greater 
detail. 
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P-3A UTHrZATIDN Ä«D SIPPORT SYSTEM REQJIEEMENTS STUDY 

Mr-> Donald H, Suide 
Technical Director^ Weapon Systems Analysis Office 
Bureau of Weapons, Quantico, Virginia 

The P-3 is currently replacing the P-2 as the "levy's primary ASW 
patrol aircraft. As an aid to developing future plans for the aircraft. 
Weapon Systems Analysis Office (' 3A0) was requested to study the 
utilization of the aircraft under emergency and wartime conditions and 
to provide a method and inputs for establishing P-3A Force and support 
system levels which satisfy specified wartime operational requirements 
at minimum lifetime investment and operating costs. 

The solution involves a detailed simulation (programmed in Sim- 
script for ar IM 7090 computer) of the maintenance and operations 
activities of a squadron of aircraft over a specified period of time. 
For given levels of support resources and aircraft in the squadron, 
its capability to meet each of a range of sortie levels under peace- 
time, emergency and wartime environments is established. 

On the basis of lifetime investment and operating costs of the 
systems, costs per effective sortie flown in response to the given 
demands are plotted. These plots provide the basis for establishing 
optimum force and support system levels at any combination of peace- 
time, emergency, and wartime flying requirements. 
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OSD COST RESEARCH: IBTRODUCTIGH ARD OVERVIEW 

Mr. Saul Hoch 
Director, Cost Research and Analysis 
GASD (SA) - Resource Analysis 

This presentation describes the organizational placement and 
major functions of the Directorate of Cost Research and Analysis 
and a brief statement of other costing activities in OBD. Three 
major functions are discussed — research in cost estimating 
methodology, participation in the annual force review and special 
studies. With respect to the first, cost research has thus far | 
emphasized the Investment area; a need for further research in the 
field of operating and support costs is becoming urgent. It is the 
aim to spcasor work leading to improved cost analysis tools in all 
areas and to distribute research findings throughout DOD. 

The discussion of the second function includes a background 
description of the force review process. The need for rapid, but 
reasonably accurate, costing response for weapon systems planning 
has placed on emphasis on tie development of meaningful cost 
factors and cost estimating relationships. Die need for continued 
review and improvement of such factors and relationships so as to 
be available during force reviews is felt to be the major need in 
cost analysis for force planning purposes. 
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STATISTICAL OOST ESTDMTIHG REUNIONS 
(MRCRAPT EXAMPLES) 

SOME BASIC ISSUES 

Mr. Harry P. Hatry 
Directorate of Cost Research and Analysis 
CASD (SA) - Resource Analysis 

3 

This presentation discusses briefly some of the basic Issues of 
statistical CER's. These include: 

a. The major characteristics of statistical cost estimating 
relations (CER's), 

b. Where and why they are used, and 

c. Some of the major problems in their development - including 
problems associated with the choice of the dependent variables, choice 
of the independent variables, choice of the form of the equations, the 
handling of the input data, and the evaluation of the resulting rela- 
tion's prediction capability. 

The major recent aircraft cost research studies sponsored by 
OASD (SA) - Resource Analysis are briefly described. These include: 

a. The fixed-wing alrframe procurement cost study (undertaken 
by the Planning Research Corporation, PRC), 

b. The large transport study (performed by PRC and OSD), 

c. The commercial supersonic transport cost analysis (under- 
taken by Operations Research Inc. and PRC for the Department of 
Conmerce but monitored by OSD), 

d. An experimental in-house study on CER's for transports 
(which attempts to estimate directly total aircraft flv^way as a 
function of over-all mission performance capability), and. 

e. The helicopter procurement cost study, an in-house project 
currently in process. 

In addition, the lack of existing statistical CER's in such 
areas as avionics and aircraft operating costs is indicated. 

The presentation concludes with a suimnary or the major advan- 
tages and disadvantages of the use of CER's for cost estimating. 

Th?s presentation is documented in OASD (SA) Publication 
TP 66-3. 
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COST ESTIMA3?INrG HELÄTI'SSHIFS F-}E MISSILiS AND RELATED SUBSYSTEKB 

Mr- Keith E, Marvin 
Directorate of Cost Research ar.d Analysis 
OASD (SA) - Resource Analysis 

Hais presentation illustrates the substantially different 
analytical problems invDlved in developing cost estimating relation- 
ships for flyaway missile costs as contrasted with costs of the 
variety of conanand, launeh and flight control subsystems to be found 
in. the various missile systems. The flyaway missile cost situation 
is illustrated using Minuteman cissile subäystea costs. The coanaiid, 
launch and flight control cost situation is illustrated using a 
description of Nike-X radar subsystems and the major cost generating 
parameters associated with each of these subsystems. The effect on 
costs of substantial, production rate changes is illustrated, using 
examples fräs a recent joint D0D/5ASA study of space launch vehicle 
costs. 

Although statistical techniques applicable to missile flyaway 
costs are similar to thDse used successfully for aircraft flyaway 
cost estimating relationships^ there are important differences in 
the breakdown structure and in the type of cost data available. The 
reasons for this are discussed and it is concluded that there would 
be relatively greater difficulty now in reconstructing actual contract 
costs for missiles as we have done for many aircraft. As an alterna- 
tive, it appears feasible and worthwhile to develop approximate actual 
flyaway ;osts by analysis of fiscal year budget back-up data which is 
available from all three Services. A study of this nature, being 
conducted r.'or OSC (SA) by Planning Research Corporation, is described 
briefly. 

The estimation of Ifike-X radar costs is characteristic of the 
nonflyaway portion of many missile systems in that many subsystems are 
unique to a particular missile system. Phased array radar cost esti- 
mating relationships have been developed for OSD (SA) by Columbia 
University Electronic Research Laboratories. These were developed 
essentially from more detailed cost estimating techniques used by 
leading contractors in design cost optimization studies. This radar 
cost study presents an approach to the development and documentation 
of cost estimating relationships for items whose characteristics are 
not comparable to those for which we have actual costs. 

This presentation is documented in OASD (SA) Publication TP 66-4. 
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STATISTICS IH COST PREDICTICWS AHD POTERTIAL 

Mr. Harry Plccariello 
Directorate of Cost Research and Analysis 
OASD (SA) - Resource Analysis 

The husiness of cost estimating is prediction. The problem 
is we do not know when we have a good predictor. The use of 
normal regression theory in determining cost estimating relation- 
ships permits probability statements (prediction intervals) about i 
the worth of the relationship as a predictor. Tbe problem of 
finding prediction intervals for total costs is canpounded by the 
fact that in general the component costs (e.g., tooling, material, 
labor, engineering) are estimated separately. This problem can be 
coped with by estimating totals directly. Another problem not so 
easily solved is that the prediction intervals have little meaning 
if the functional relationship between costs and physical perform- 
ance variables is unknown. This paper discusses these problems and 
some possible approaches to the prediction problem in cost 
estimating. 

This presentation is documented in OASD (SA) Publication 
TP 66-5. 
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COSTING GÜHELINES AHD (XBT HANDBOOKS 

Ld» M. Staser Holcomb 
Directorate of Cost Research and Analysis 
OASD (SA) - Resource Analysis 

The necessity for timely establishment of guidelines for 
costing of weapons systems in cost-effectiveness and requirements 
studies is discussed. The major features of costing guidelines 
are examined. Examples of significant accomplishments on the part 
of OSD in this area are presented. 

Recognizing that the volume and dispersion of weapons system 
cost data and estimates leaves the systems analyst without a tool 
for rapid and rough cost estimating, the compilation of "cost 
handbooks" is discussed. Two examples of handbooks prepared by 
OASD (SA) - Resource Analysis — a Navy Cost Handbook for Ships and 
Aircraft and a NIKE-X Cost Hanibook — are presented. The limita- 
tions and capabilities of such compilations are summarized. 

f 3 
This presentation will be documented in OASD(SA) - Publication 

TP 66-6 in the near future. 
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DATA SYSTEMS DEVELOFMENTS 

Colonel Herbert Waldman 
- "  ' ?nt Systems 

oAL>ü  (C) - Management Systems Development 

The  information revolution .as caused the creation of a 
vide variety of systems — but cjst estimating remains a problem 
because of data  Deficiencies tave appeared in estimates of 
poor quality in acquisition pro- rams; these cases have motivated 
attempted Improvements which recently have resulted in the Cost 
Information Report, CIR, develpfsd jointly by ASD Ccntptroiler and 
Systems Analysis  CIR consists >f five forms on which aerospace 
systems contractors initially wi-l report data. The reporting 
requirements are now being cleai.id with the Bureau of the Budget 
and implementation will begin di ring April I966 and expansion of 
CIR coverage will occur thereaf er 

~") Copies of the presentatior are available from OASD(C) - 
Systems Development. 
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DEPARTMEN!1 OF EEFENSE COST AKAL'fSIS COMBES 

Colonel TrTy Jones 
Schjol of Systems ar.d Logistics 
Air Force Institute of Technology 

The Departsem, of Defense Sponsore two Cost Analysis courses 
offered by 'tie  School ;>f Systems ar.d Logistics, Air Force Institute 
of le.hnolDgy, Wright-Patterson Air Force Base, Ohio, as follows: 

Number Course Title Length 
Course 189    Quantitative Methods in Cost Analysis    9 weeks 
Course 191    Advanced Cost and Economic Analysis      7 weeks 

Course l89- offered to military arid civilian cost analysts of the I 
military departments and CSD, is designed to develop the quantita- | 
tive skills required by cost analysts engaged in any aspect of cost | 
estimating ar.d analysis relating to weapons or forces development, j 
acquisition or operation  The scope of the methods taught extends | 
from simple algebraic and statistical techniques to measurements I 
involving calculus and multiple regression- '■ 

Course 19-1 is an "applicaiions" course which builds on the quanti- 
tative methods provided by Course 189- It is designed to proviu-- 
cost analysts of tne military departments and OSD with a comprehen- 
sive understanding of tne skills and techniques required to prepare 
independent estimates of the costs of total or partial weapon or 
support systems, forces., or proposed courses of action. Throughout 
the course emphasis is on developing judgment through applying skills 
in the solution of actual and hypothetical cost problems. 

In addition to the above courses^ the School also offers the 
following related courses in its Continuing Education Program; 

Number Course Title Length 
Course 196    Cost Information Reporting System 3 da;c 
Course 198    Cost Information Reporting - 

Government/industry Orientation l/2 day 
Course 192    Evaluatir.g Contractor's Estimating 

Systems h  weeks 

Additional information concerning these courses may be obtained 
from the Defense Logistics Management Training Catalog, DOD 5010.9-C, 
1 November 1965J or from OASD (Systems Analysis) - Resource Analysis, 
or from the School of Systems and Logistics, Wright-Patterson Air 
Force Base, Ohio, 

-1*6. 
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CLOSING REMARKS 

Harold Asher 

Also Published as 
OASD - Systems Analysis Paper IT  66-2 
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CLOSIHG BEMARKS: SUMMARY ABD PLANS FOR THE JOTURE 

Harold Asher 
Deputy Assistant Secretary of Defense 
GASD (SA) - Resource Analysis 

I believe we would all have a greater feeling of accomplishment 
from planning and attending this Symposium if we now we^e to take 
some steps to exploit this modest beginning. I would lite to propose, 
therefore, several such specific steps as well as a rather general 
one that we should take during the remainder of the year. 

The first deals with the Cost Research Survey which has been 
distributed to most of you. We in OSD have found this to be a valu- 
able source book and I believe other components of the DOD will find 
it equally so. In view of this initial success, we are now proposing 
to publish a Survey periodically, possibly annually. We will, of 
course, try to improve both the format and the content of the next 
Issue. We have thought of at least three improvements already. First, 
it would be an easier document to read if each of the entries were 
prepared in a more nearly similar format or outline. Second, the 
entries for some of the studies are not sufficiently descriptive while 
others are somewhat lengthy. And third, each entry should be specific 
as to the status of the project being reported. We shall try, in the 
future, to provide better guidelines to those of you who will be 
supplying the inputs to the Survey in order to make it a more readable 
and informative document. 

As you know, the Survey covers those cost research studies 
"whose results are intended to be applicable to more than a single, 
immediate, cost investigation." We are aware, howt/er, that in 
many force or requirement studies dealing with specific weapon sys- 
tems, where cost is a part of a larger examination, cost estimating 
techniques may be developed that are, in fact, applicable to a wide 
range of systems, and not only to those included in the force or 
requirement studies. 

For example, vo recently completed a C-5A study in which 
statistical cost functions were developed that seem to have applica- 
tion not only to the C-5A but to a rather wide range of transport 
aircraft. In such cases, it would be desirable if the results of 
these cost research activities were abstracted in a separate document, 
included in the Survey and made available for distribution separately 
from the broader study of which it was a part. 

-US- 
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A queötion ve have not yet resolved has arisen vixh respect to        I 

distribution of the Surrey document. As you know, the document is | 
unclassified and hence, at least in principle, available for distri- 
bution outside the Department of Defense, Whether futur? editicas of 
the Survey should be retained within the DOD-for "Official Us« Only" 
will be decided on the basis of the difficulties created by the 
present unrestricted version. 

i 

In addition to periodic surveys of cost research studies re- 
cently completed and in process, we believe we need a bibliography 
of studies completed during the past several years. The present Survey 
document will become too Jiigt and unwieldy if both "in-process" and 
all completed studies art included. Hence, ve shall, in conjunction 
with future surveys, publlsn such a bibliography of completed cost re- 
search studies. 

It is gratifying to find that the quality and quantity of cost 
research in the DOD has increased so dramatically over the past few 
years. However, as Impressive e.3 this effort has been, it is dwarfed 
by the work yet to be done. To continue this progress, we (the three 
departments and OSD) will need more and better data reflecting actual 
coats of R&D, procurement and operations; we will need the proper 
analytical organizations established or strengthened, and finally — 
and most important of all — we neec' qualified people to perform the 
analysis of these data. Without adequately trained and motivated 
analysts in these cost activities, the effort we will expend in ac- 
quiring the necessary data and creating cost analysis organizations 
will have been wasted. 

There are two facets to this personnel question. First, many 
of these cost analysis offices are already staffed ty people who have 
had a wide variety of backgrounds  For those who aspire to do analysis 
of the kind deitorstrated here ove:- the past two days, I believe it 
essential that (hey ei" .er have the mathetatical or statistical skills 
when they are assigned to these offices or that they acquire such 
skills without delay. It was for such people that our introductory 
course in quantitative methods was established at AFTT, As one would 
expect, not all of the right people have teen sent to the course thus 
far. I would like to urge those of you who are in need of this kind 
of training, or in need of trashing up some previous training, to vol- 
unteer to attend a future offering of this course. Incidentally, I 
would like to congratulate Dr , Kroeker,,. Colonel Jones and the AFIT 
faculty for the substantial effort that has gone into the development 
and the presentation of this "~.irse. 

We do not view this course as a substitute for a regular college 
program in statistics and matnematics. Although it is equivalent to 
a college quarter of work, the topics covered in it would ordinarily 
be presented over, at leasts a two-year period in a college program. 

o 
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Therefore, each topic must be dealt with at AFTF in an abbreviated 
■anner. However, we view this course as a minimum exposure required 
In order to do the kind of analysis we are seeking in the DOD. If 
this course motivates a few of you to supplement this course with a 
regMlar course at a local university, the DOD will be better off for 
It — and so will the few who do so. 

So much for the course at AFIP  I would like to appeal to those 
of you who are asked to supply namec for the AFTF course — please 
send only those whose future Jobs wUL squire such training. It may 
be painful to lose seme of your key people for 9 weeks, but I am sure 
that their greater productivity, after having attended the course, 
will more than offset this Initial investment. 

The second facet of this personnel question deals with the re- 
cruiting of new personnel. Mr. Vance recently approved a total of 
about 300 additional spaces for the Air Force and the Navy to 
strengthen the cost-analysis programs of these two Departments. The 
Army has, for the time being, apparently found a sufficient number 
of available spaces from within its authorized strength to devote to 
its cost analysis activities. The question now is what kind of re- 
cruiting program has been organized to attract capable people into 
these new jobr. I confess to knowing next to nothing about the art 
of recruiting — hence, I feel free to discuss the matter. It is my 
general impression that we do not have a recruiting program that is 
powerful enough to acquire the talent required for thers spaces. It        {~\ 
seems to me what is needed is an aggressive, imaginative recruiting 
program aimed at both fresh University graduates as well as at indi- 
viduals currently employed in industry, in management consulting firms 
and in contract research firms. We need not be modest with respect 
to what we can offer ^hese people in salary as well as interesting 
work. I believe we have, over the past few years, become quite com- 
petitive salary-wise with industry. And what is equally important, 
I firmly believe that We ce-i offer much more exciting work than can 
industry, largely because our work is broader in scope and provides 
access to more information than is normally found in this type of 
work in a single company in industry. Unfortunately, however, the 
message as to the attractiveness of this type of work in the Depart- 
ment of Defense is simply not being put across at the proper places 
and to the proper people. 

To help us deal with this recruiting problem, we have asked for 
the assistance of the individuals in each of the Departments who are 
responsible for recruiting. We have asked them for information that 
will indicate (l) whether the new spaces that have been approved for 
cost analysis work in their Departments are being utilized for the 
purpose intended, (2) whether we are getting properly trained people 
for these positions, and (3) what plans have been made to fill the 
remaining positions. It is with respect to the last point, i.e., re- 
cruiting plans, that we are most concerned. 
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I aa proposing that we undertake a DOD-wide recruiting program 

to fill these spaces in the Departments as veil as a t?v ve have open 
in Mr. Hoch's office and in other DOD agencies. Ihis recruiting pro- 
gram will be aimed at both University students (preferably those 
completing their degrees this June) and at indiviouals currently 
employed in industry. We are now planning to write a Madison Avenue- 
type brochure that will, in reasonably technical language, describe 
to prospective candidates the kind of work we are doing and tJse 
opportunities they will have to advance their careers in this work. 
We shall carefully select Universities where we can deliver talks to 
the eligible students and discuss first hand with them these oppor- 
tunities. We would welcome volunteers from the cost analysis offices 
of the three Departments to share with us assigranents to visit some 
of the Universities. 

We will organize the campaign to attract industry people after 
we have this University program underway since we have very little 
time to talk with the June graduates. We still have mush work to do 
in carrying out this recruiting program. I am convinced it Is needed 
and those of you who are in charge of cost analysis offices and must 
find eligible candidates for your offices I am sure will agree with 
me. I feel we really have no alternative but to launch this type of 
effort. We will be grateful for any help you can give in this program. 
We will continue to work as a committee with the civilian recruiting 
offices of the Military Departments. 

Another step we would like to takfc in the near future is to 
establish a DOD Cost Analysis and Research Committee. The functions 
of such a ccrmlttee would be to (l) plan future symposia on an annual 
basis, (2) provide a mechanism throu^iout the year for Interchange of 
ideas, (3) help structure the DOD-wide cost research effort to avoid 
unnecessary duplication and encourage retäearch where needed, and (k) 
provide a forum for discussing technical questions in the cost analysis 
area. 

We would like to convene such a committee, chaired by Mr. Hoch, 
within the next few weeks so that we can exploit the work of the 
present Symposium. Your Departmental Secretaries will be receiving, 
soon, letters asking for nominees to serve on this Committee. Although 
there are a large number of offices in each Military Department that 
will have an interest in this Canmittee and, hence,, should be repre- 
sented on it, we would like to keep its size reasoixably small, e.g., 
less than fifteen people. We anticipate that the Committee will not 
meet more frequently than once a month except possibly while it is 
planning for a symposium. I suspect that once this Committee is in 
operation it will become a focal point with respect to cost analysis 
work in the DOD, If this does happen, then the Committee will be 
filling a need which has existed for some time. 

O 



Orte of the first topics we would like to discuss with this 
Camnittee is the question of cost  research projects that do not seam, 
at the present time, to be adequately covered. Some of the items we 
have in mind are currently being examined and may, in fact, have been 
discussed or may be included in the Survey at this Symposium. However, 
I believe there is need for a more intensive effort on these, and in a 
few cases somewhat different approaches should be attempted. 

By way of example, I would like to list now a few of these areas 
of current interest so that when the Camnittee convenes, we will all 
have had some time to think about them and to identify what work has 
already been aceonrplished- 

First, you have been exposed at this Symposium to three studies 
on airframe cost. This may seem like adequate coverage, but even in 
such a well studied topic there are still some unresolvei problems. 
An oVvious one is the effect on unit cost of rate of prodoction. An 
even more Interesting and timely one is the need to develop computa- 
tional procedivres to calculate the program cost of alternative quanti- 
ties and schedules of several different series of a basic aircraft 
model which have a high degree of commonality among them. We now face 

2»    this precise problem in both the F-lll and the A-7 programs. 

Also, aircraft engines, avionics and support costs require con- 
siderable effort. With respect to engines, there are a few studies 
which provide us with cost estimating relationships. The problem is 
not so much a question of performing more studies as it is one of 
obtaining better data. 

There has been a notorious dearth of reliable actual cost data 
for engines. I hope through Clfi that this deficiency will be remedied. 
However, despite the existence of a reporting system, the data may 
still be deficient due to the accounting systems employed by the 
engine manufacturers and the methods by which the DOD contracts for 
these engines. Therefore, I believe the first order of business is 
an engine data improvement program. Incidentally, with respect to 
CIR, we must remember that this new program will really not begin to 
bear fruit for several years. Therefore, we must continue to rely 
for some time on ad hoc efforts to "back-fill" this data deficiency. 

Next, intensive research is needed to develop avionics cost 
estimating procedures. There have been some attempts to develop 
such procedures but I believe even those who have worked on them will 
agree that the results could be improved by further study. Avionics 
cost research seems to me to be a particularly exciting and challeng- 
ing opportunity to do useful work. It's an area where the more con- 
ventional statistical regression techniques have not really been very 
successful — or at least not as successful as it has been in other 
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areas. There are probably several reasons for this, but the most 
trnportant of these seems to be the rapid rate of change in electronics 
technology. In such a rapidly changing state of the art,  the identi- 
fication of the most significant cost determining variables is 
particularly difficult. This area offers virtually unlimited oppor- 
tunities for research — and, more importantly, the DOD urgently needs 
to be able to handle avionics in a more knowledgeable fashion. 

We need intensive work in support costs — particularly invest- 
ment spares. As an example, the Air Force and Navy recently submitted 
cost, data to us for an aircraft that both Services are using. In these 
data we found that the Navy was requesting almost three times as much 
money ac the Air Force for investment spares per aircraft. 

Now, there may be a reason for this — but it is certainly not 
apparent. The methods for estimating spares requirements must be 
made more explicit, nniist be related in a precise way to operating pro- 
cedures, and finally, mus"c be — together with replenishment spares — 
related to actual consumption dat« by aircraft. 

With respect to missiles, you are already aware that PRC is per- 
forming a flyav«iy missile cost study for CSD. A big gap, however, 
exists with respect to related electronics and launch equipment for 
surface based missiles. I would like to recommend it as a fruitful 
area for some rather intensive and continuing research. 

Cost estimating relationships for Navy ships Is a potentially 
fruitful area that needs considerable attention. You heard an 
interesting paper at this Symposium dealing with Escort ships that 
represents a very premising beginning. In addition to this work, 
the Institute for Defense Analyses has recently undertaken a ship 
construction cost study for OSD, and the Bureau of Ships has a most 
impressive computer program under development which will yield, in 
apparently great detail, ship designs sind the estimated construction 
costs for these designs» All of these  activities sound impressive. 
It seems, however, that somewhat closer working relationships should 
be encouraged so that we might more efficiently exploit all of these 
activities. We would like to pursue this matter further with the 
Navy at one of our early Cost Research Committee meetings. 

Time does not permit this afternoon to discuss In detail the 
many other topics of interest that require research. For example, I 
found no entries at all in the Survey for Army fjround vehicles.. The 
problem of indirect and base onerating support costs for all types of 
weapon systems is virtually untouched, Mr, Hoch has already referred 
to the unsatisfactory situation with respect to operating cost esti- 
mating procedures in all three Military Departments, All of the 
famous, or infamous, horror stories of early under-estimates of 
weapon system costs, involve only R&D and investment costs. Rarely 
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do we coapare^ where our accounting system permits such comparisons, 
original forecasts of operating cost for a new weapon system with what 
it actually costs to operate in service. Yet, in many cases, these 
operating costs may be as large or larger than the R&D and investment 
costs. It is absolutely essential that we begin a concentrated assault 
on the major elements of operating cost as soon as we can muster the 
resources. This problem will also be on the agenda for an early meet- 
ing of the Cos'',  Research Committee, 

Viy  final point is a general one, but it is probably the most 
important of all. Three years ago, when we in OSD began to campaign 
for larger and more highly skilled cost analysis offices, it was our 
intention that tnese offices would satisfy a variety of needs within 
each Military Department, Vve explicitly stated to the Assistant 
Secretaries for Financial Management and Installations and Logistics 
of the three Military Departments that these cost analysis offices 
should assist in weapon systems and requirement studies, they should 
supply data and analyses for prograünaing and budgeting, they should 
support project, managers; and, finally, they should be request \ to 
assist in contract negotiations. It was our view then, and i\ .&  our 
view now, that the DOD has a far greater potential to predict re cost 
of a new weapons system than any single contractor, whether for re- 
quirement studies, budgeting, programming, project management or 
contract negotiations. This point should be obvious since our experi- 
ence is based on all the weapons produced for DOD while a single 
company has only its own past programs as an experience base. We (^ » 
have only to exploit this potential. If your cost analysis office is 
not fully utilized by the systems analysts, program and budget analysts, 
project managers and contract negotiations in your Service, then the 
DOD is not making efficient use of the resources it has devoted to per- 
forming cost analysis. It is not only necessary for your "customers" 
to know they need your help and seek it out, it is equally important 
for you to let ohese people know you exist and, by deed, to demonstrate 
your value to them. Until your offices are fully exploited by these 
other DOD activities, we will not have achieved the goel we set for 
ourselves thre^ years ago. Whether or not we succeed in this depends 
to a large extent on your ability to perform high quality, operation- 
ally useful vork and on your aggressiveness and persistence in communi- 
cating this ability to potential users in your Services, 

I would now like to close this first DOD Cost Research Symposium. 
I would like to thank Saul Hoch, Harry Hatry and Colonel Bramson of my 
office and the Army, Navy and Air Force representatives who collabo- 
rated to make this Symposium the success I feel it has been, I hope 
you all share this view. 

.3k. 



SYMPOSIUM COMMITTEE 



/ 

SYMPOSIUM commsz 

Chairman  Saul Hoch, OASD (SA) 

Assistant Chairman  Harry Hatry, OASD (SA) 

Army Representatives  T. Arthur Smich, Army Comptroller 

Dr. Daniel Willard, Office of the 
Under Secretary 

Navy Representatives  Dick L. Jackson, Navy Comptroller 

R. Stuart Kelley, CNM 

Air Force Representatives....  Colonel Francis Garden, Air Force 
Comptroller 

Lt. Colonel Carmi Thompson, Air Force 
Comptroller 

Administrative Officer  Lt. Colonel Jack Bramscn, OASD (SA) 

■56- 

■X,.. 


