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COST ANALYSIS: CONCEPTS AND METHODS OUTLINE

*
M., A. Hargolis

The RAND Corporation, Santa Monica, Californie

INTRODUCTION

I. Subject of the Briefing
A, Resource analysis role in cost-effectiven:gs analysis; the
natur2 of resource aralysis, thie analytical tools it empioys,
and its relationship with the effectiveness side of the
equation.
B. Limitation to the aerospace iandustry, DOD, and NASA
1. This industry and the govermment organizations it
serves have been the breeding ground cof cost-
effectiveness analysis because of their umiquely
complicated planning problems.
2. Experience of the speaker, and probably most of
the audience.
I1I. Varieties of Resource Analygis
A. Emphasis of the briefing on enumerating and distinguishing
among the varieties of rescurce analysis commonly reguired
in cost-effectiveness analysis,
B. Variations due to differing levels of aggregation
1. Porce structure/total plan
2. Individual weapon system or space project

3. 1Individual equipment or operation

*
Any views expressed in this paper are those of the author.

They should not be interpreted as reflecting the views of The RAND
Corporation or the official opinion of policy of any of its govern-
mental or private research sponsors. Papers are reproduced by The
RAND Corporation aa a courtesy to members of its staff.

This paper is to be given on April 13, 1966, as part of a lecture
series sponsored by the American Iunstitute of Aeronautics and
Astronautics.
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€, Variatione due to differing time contexts
i. Long range
2. Short term

VARIETIES (7' RESOURCE ANALYSIS

I. Iandividual Equipment or Operation
I1. Individual Weapon System Costing
A, Input variables
i. PIE and AGE description
a, design and performance data

. Operational and organizational description

.UJ (&

Hanning policy

In comnission rate data

g

a. alert otatus

5. Maintenxnce concept

5, Training data

7. Eallistic missile illustration charts, more detailed
gregentation

B. Cost element breakout/work breakdown structure

3. Appropriate choice not a matter of maximum detail
but availability of information to the dacision-
maker (or his cost analyst) at the point in time
the decision must be made.

2. Categories should be structured to be of maximum
use in the analytical problem at hand; if possible,
they should be used to highlight the differences
among the alternatives under consideration--more
aggregation where the alternatives are alike, less
where they display different features.

3. Citing a cost element explicitly rather than in arn
aggregaté is a matter both of its relative size and

variability in the analysis at hand.
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€. Cost categoriesd and their relative time impact
1. R&D
2. Investment

3. Annual operating

III. Force Structure Costing
A. Definition: determination cf the resource impact of alter~
native future force proposals (plans): i.e., aggregations
of systems (projects) as well as nonsystem-oriented activities.
1. Nonsystem-oriented activities: Air Training Command
ar Air Force Logistics Command; in the case of NASA,
the O0ffice of Advanced Pesearch and Technology (CART)
or the Office ¢f Tracing and Dats Acquisition (OTDA).
B. Force structure identifications
1. Missions (weapon systzms), space exploration projects
2. Resource requirement breakouts

3. Time periods

e

iscussion of Air Force force-costing format
D. Interrelatiuvnsiiips of individual systems or projects within
a force structure
1. Performance of 2 military mission: e.g., an ai. defense
fighter squadron and an early waraing radar station
2. Resource requirements leve!l
a. base facilities
b. manpower (common special skills pool: i.e., pilots)
c. equipment development and procurcment
E. Necessity of treatiug with force structure considerations to
engage in incremental costing meaningfully.
IV. Effects uf Differences in Time Context Upon Resource Projection
A, Individuai equipment
1. Long range: parametric procedure

2. Short term: extension of cost gquantity curves

-
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TOOLS OF COST ESTIMATICON

I. Individual Equipment or Operation CERK's (Cost-Estimating
Relationships)

A,

B.

Definition: expression of cost as a function of physical
characteristics, performance, and/ox operational concept.
Uses
1. Projecting a major element iu the evaluation of
alternative, future weapon/space systems.
2. Selection of an optimum configuratioa during preliminary
design (equipr:znt).
Commonly used forms: 1iinear multivariate, exponential or
log=iinear, curvilinear.
Exampies
1. Depot mzintenance cost as a function of aircraft cost
and combat speed,
2. Turbojet engine development cost as a function of
maximum ¢thrust and quantity milestones.
Deriving CER’s-=criteria for the selection of explanatory
variables, 7
1. 1ogical ox theoretical relation of the variable to cost.
2. Stearistical significance of the variable's contribution
to th2 explanation of cost.
3. Independence of the contribution made by the variable
to the explanation of cost,
Limitations of CER's
1, Characteristically (aerospace industry) small sample
sizes.
2. Extrapolating a new equipment whose performauce
characteristics exceed those of most or all of the
cases in the origiral sample.

a. diverging prediction intervals
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G. Cost~Quantity Relaticnships
1 Relationship of cum av and unit cost functions
2. Use of cum av and unit cost curves in projecting
individual item and lot average costs.
II, Individual Weapon System Requirement: Identification Displays

A. Matrix of GSE costs by physical location and type of
equipment.

B. Usefulness of such cross sectional displays in checking
the completeness of a system estimate and measuring changes
in the estimate with changes in system configuration.

ITII. Force Structure Distribution Modeis
A. NASA Manned Space £xplora:ion Model

1. Compiling of physical requirements by like items
demanded in a single year

2. Application of CER's, entering throughputs
Application of time lag factors

4, Compiling of time-phased financial requirements by
indivicdual exploration project

B. Interrelated Resource Requiremenis=--Joint Cost Allocation
Problem

1. Need for end item {(mission) identification in force
structure costing.
2. Multiple use resources
a. nonrecurring requirements; v.g., booster
development, launch facility coastruction
b. recurring requirements; e.g., tracking network
operations, engine procurement cost (cost=quantity
effect)
3. Methods of allocaticn
a. proration on the basis of the proportion of the
resource consumed by user projects
b, first user
c, 1independent project status
4. Consumption proration

a. advantages: neatness

e —————— A o
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b, disadvantages: reallocation of resources in the
case of each force stricture examined, difficult
to distinguish joint product cost after allocation
has been made, and if large may bias the case
ageinst a given project

5. PFirst user

a. advantages: effect on the using pruojects more
easily undexrs.ood and more clearly shown.

b, disadvantage: heavy bigs against one project

6. Independent project

a, advantages: bias of arbitrary allocation removed,
gimple to identify joint product cost

b. disadvantages: format complicated by additional
element, difficulty in evaluating alternatives

without some allccation of joint cost

TIME PHASING AND DISCOUNTING

I. Time Phasing

A. TImportance in resource analysis
1. Determination of economic impact
2., Evalugtion of inherited assets
B. Financial measurement
1. Expenditures
a. treas. 'y disbursements
2. Program raquircments
a. obligational authority possessed by Govermment

each year
IX. Discounting

A. Definition--the application of soma selected rate of interest
te measure the differences in importance or prefevence

between income at the present time with anticipated income
in the future.
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B, Time preference

1.

To the individual or firm~-preference for present

income or cost savings over deferrea income or cost
savings,

Not so clear in the case of Govermment--which is not

in the business of making resources grow for the

future. Main Govermment interest in maximizing current or

way future capability while living within fixcd budgets.

C. Use in the calculation of risk or umcertainty

1.

Possible application to Govermment decisions and resource
planning. VWhile perhaps dangerous for resource
estimation where future costs tend to exceed early

estimates, may be useful for general planning purposes.

D. Present value discounting method

1.

Amount of money deposited at interest at the beginning
of a system life and drawn on for all needs, would

reduce to zero at the end of system lifetime,

Computations:
PY = D2 °t
Z t
t=1 (1+i)
where:
PY = present value,
t = time period,
Ct = cost in time period t,
i = interest rate.

E. Interest rate controversy

0 - 25% (25% when used as an uncertainty adjustment)
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I. Requirements Versus Cost-Estimating Uncertainty

B.

A,

in configuration or force structure.

S R e e A
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UNCERTAINTY AND COST-ESTIMATING ERROR

Requirements uncertainty refers to varistions due to changes

Cost-estimating uncertainty refers to variations which occur

when the configuration or system is essentinlly comstant,

Requirements Uncertainty
Ao

Number of empirical studies point to requirements uncertaint

as the major source of uncertainty in the estimation of

aerospace systems and forzce sttuctures.

Sources of requirements uncertainty

1. Alteration in the original Ly desired performance
characteristics due to changes in the overall strategic
picture.

2. Alterations in original design specifications after
discovering they will not provide desired performance
characteristics.

3. Alterations in originally specified IOC dates.

4

. Discovery of errors of omission in estabiishing
requirements for some part of the system,

Requirement:s uncertainty basically due to the fact that cost

estimates are prepared for a fixed, static configuration,

while design configuration characteristically undergo fre-

quent and substantisl change during their development,

RAND and Harvard Business School studies of the variation

in cost estimates from preliminary design through delivery

of the operational article have found variations to range

as high as a factor of 4 to 1 in some cases and to average

about 200 percent, One of these studies suggested a 20 to 30

percent factor as valid for cost uncertainty type errors alone
This 20 to 30 percent assumes that the estimates are not

political; i,e., deliberately misstated in any way
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UNCERTAINTY AND COST~ESTIMATING ERROR
I. Requirements Versus Cost-Estimating Uncertainty
. A, Requirements uncertainty refers to variations due to changes

in configuration or force structure.
B. Cost-estimating uncertainty refers to variations which occur

when the configuration or system is essentially constant.
II. Requirements Uncertainty

A. Number of empirical studies point to requirements uncertainty

as the major source of uncertainty in the estimation of
aerospace systems and force structures,

B. Sources of requirements uncertainty

1. Alteration in the original by desired perfoimance
characteristics due to changes in the overall strategic
picture,

2. Alterations in original design specifications after
disccvering they will not provide desired performance
characteristics,

3. Alterations in originally specified IOC dates.

. Discovery of errors of omission in establishing
requirements for some part of the system,

Requirements uncertainty basically due to the fact that cost
estimates are prepared for a fixed, static configuration,
while design configuration characteristically undergo fre-
quent and substantiisl change during their development.

RAND and Harvard Business School studies of the variation

in cost estimates from preliminary design through delivery
of the operational article have found variations to range

as high as a factor of 4 to 1 in some cases and to average

about 200 percent, One of these studies suggested a 20 to 30

percent factor as valid for cost uncertainty type errors alone,

This 20 to 30 percent assumes that the estimates are not

political; i.e., deliberately misstated in any way
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TIT. Cost-Estimating Uncertainty
A. Sources of cost-estimating uncertainty
1. Errors in cost-estimating relationships

a. noimal regression theory provides an estimate

of Y as a function of X within calculable

W
R

prediction intervals--the formal statistical

ol

model accepts the existence of error.

nwh

2. Errors in data base

a. errors of measurement, errors in the observations

from which the relationship had been derived

‘u

3. Extrapolation errors

a. errors in estimates of Y for values of X beyond

(VTR NIRRT\ B TN

those subtended in the data base.
4. Price level changas
a. extrapolations made by contractcrs for possible
wage rate changes and material price changes
b. institutional changes in the industry--overhead

5. Errors due to aggregation

origtvl e d

a. differences between estimates nade at different

B levels of aggregation
. 6. Miscellaneous ercors pertaining to equipment

&. subcontracting structure

b, contractor variation

c. changes in the mapufacturing state of the art

d. use of exotic materials
IV. Treatment cof Uncertainty in Cost Analysis

- A, Limited ugefulness of conventional statistical measures

A \',\'u

such as confidence limits, prediction intervals
- 1., Small sample sizes-~difficulty of establishing independ-

ence among the explanatory variables.

v

v
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2, UKot applicablzs to key requiremcont uncertainty problems.

F

. B. Magic formula approzch to the downward bias of aercspace izf
E industry estimales, %%g
é 1, More useful when employad for z large number of casges-- gg%
e may not work in prepariag a particular estimste, f§§
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2. Up to present such extrapolations are prepared from
limited size samples only.
V. Cost-Sensitivity Analysis
A. Individual aerospace system requirements: the examination
of how cost changes as key characteristics (including bot'*
hardware design and operating concept) are varied over

their relevant ranges,

B, Total force structure requirements: the examination of how
cost varies with changes in the configuration characteristics
of individual systems in a force, changes in force size,
and force mix.

C. Cost-estimating uncertainty: how system or force costs
vary due to uncertainties in cost~estimating relationships,
errors in basic data, extrapolation error and the like.

D. Uses of sensitivity analysis

j 1, Examination of the cost implications of all interesting

system and force possibilities,

: 2. Provides range of cost estimates for future systems

rather than individuval point estimate.

3. Provides relative measure of the sensitivity or

insensitivity of system costs to variations in parti-
i cular configuration characteristics,.
E. Sensitivity analysis examples
1. Missile system cost versus payload weight versus ground

enviromment &sstomation.

TR RSN e o e st e v

a, insensitivity of cost to payload variation because
important elements of cost--guidance, some GSE--
not effected by missile size., Possibility of procuring

higher payload missiles at relatively minor cost

3 Lnl‘ LTS

increments,

Ly
4 ot

i

b. sensitivity of cost to ground enviromment automation

and the diminrution of system personnel requirements.

.
WP SPp——
PUPIAI NP ALY T




e T < v PRI o gy poarees

2. Missile system cost versus reliability -
a. significant sensitivity of cost to both mean time
to failure and successful launch probability;
jusvification for an extensive R&D program aimed
at fwproving guidance reliability. *
3. Recoverable versus conventional booster comparison i
&, determination of the level of demand for space
transportation which justifies the develcpment and
other start-up costs of a new, more efficient
vehicle,
effects upon this cross-over point of improvements
in the currently operational booster; i.e., either
a decrease in cost or increase in payload carrying
capability,
F. Limitations of sensitivity analysis
1. Presents a large volume of difficult -~~display numbers
to a system analyst who really wants o. : figure to
run with.
2. Provides no formal measures of uncertz-u:iv {-tatistical)
and; therefore, no probability statements.

No guarantee that any given sensitivity analysis has

included all the relevant alternatives.
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