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User's GuIde

1his bibliography has been prepared to serve as a quick reference

sou.c. for nmterials available in the areas of ecouornic and cost analy-

sin. Ent:rier are arranged in alphabetical order by title, Additions

i.ll]. be Iinserted in order and page lndl (ntors assigned alphabetically

(for example- '9, 9a, 91, 10). 'llis ii. il allow additiom: to be nade 1s

more miateriats are published, Entrieg are organized inl the tollowing

format: title (and subtitle)
author (e )

place of pLubllcation, publisher, yea'r of publication,
number of pages

refteremce numbers

abst:r.ct, sunrwiary, or brief descriptton

breakl~d.own by chaple:,rs or divisiolls

t 'liiTe 'elferenov' :numri: Ibltdo, %wOer..ver p0og1 ib he, the AD tiunmb•r, to [a-

Cii tmLao o di'lt•3 v•1• , i:• dot:' nl t I •xon the Defetnse D~ocumeni ta t ion (ont'- , r

'11q brealkdowtn 1. -h ,V t: ,'va w-,t m6u (.A t:o allow quick reforetuL.ng of the to-

p1 ": covered ill ,1 l ', v lidexes l.v i mlius tu|d co alIlow a wit oI're dccmt;iLed

,'gl :ea l: Ior 11,14- 1! It: I 1.011w ol ItIot 5 ifit: 1 .

,1141 | lldo] t . thi,it Cm ioMf. 0h0 h hlAyv•f. Ontrium, hy 19 TIM 1 -

b)u1 -f H )om• o•l nsh u the mol. I'rqnt.ly refte:eonced topic"s
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Instructions for Ordering Publications

When available, the Office of the Director of Cost Analysis
mtake, an tnitial dis.tribution of ney Economic and Cost Analysis
p-iblications which are sponsored by the Office of the Assistant
Sceretary of Defense or Department Lof the Army. The Director of
Cost Analysis does not stock eYira copies of these publication.s
after the initial di str.hiutitn has been completed. Many of the
publications described in the attached Bibliography may be o) drele
from the Ulefense Ilocumnentition Center (DDC), Cameron Station,
Alexandria, Virgin•ta 22314. When ordering from DDC, cite appro-
priate AD number if available, and include appropriate payment.
The soirvice charge fir most of the current p'tblications stocked
at DDC is $3.00.

This niblihography was prepared primarily for reterence purposes
and it Is not Initended or implied that ewety ,conomic and Cost
Analysis Office uhould have access to all of the publications listed.
The follewing publications or* endorsed hy the Director of Cost
Analysts, Offi.ce of the Comptroller of the Army:

Cost Considerations in Systems Analysis
Fisher, Gene H., ('and Corporat ion) (Page 27) (Note 1)

C Costing Methodology Handbook
Directorato of Cost Analysis, Comptroller of the Army
(Page 43) (Note 2)

Guidebook for Systenis Atialysmi/Cost Effectivorness
ARINC Research CorporatLion (P1ago 90) (Note 3)

An LntroduCtlI on to Equipment Cost Eatlmating
Hatcheldev, C(,A. II.E. Baore'n II.G. Canpbell) J.A. Dei Rosmil

1.1P. 'atrgo Wkatnd Corporation) (Plae 99) (Note ýj)

Note I1 lni Itli di.stributt on h1ts , beien coiMpl t;d. Pub.l.•tct.toun Is
not, viw ilo ble at. 01C. Authorlizred Uovoernmvliit Aginclem 'I
lity ov , tiaii p1iiblAct Oit l I romi RAND) Corporatioli. 'Taxtbook
way altio be pl'rchaod Cr'umi tCle Amilortumn Msoeviter
1'ubltshll g Ct(:imlpln)jy lInc, .'2 Vaniderbilt. Avet New Yor4',
V, Y. I .1017.

Note 21 11.1111 'fl. 1-abls url tiol'. lon l h oulb il P(lll lll, i'tlb) 1 l c- lC i n I h

AV41ilI blu a•t: III:.
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Note 3" Publication is available at DDC. Publication is also
available am AMC Pamphlet AMCP 7064191, entitledt
"Engineering Design Handbook - System Analysis and
Cost-Effectiveneas", AprItl 1971.

Note 4t Availaable from RAND Corporation or from DDC. It is
planned to update this document and republish it in
loose-leaf form. Initial distribution will be made
when it is received.
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tI
Analysis for Fin.nc.tal Decisions

Beranek, William

iHomewood, Richard D. Irwin, 1963, 480 p.

The objective of this book is to provide the student with a basic
framework for the systematic analysts of financial problems. To
tthis end, we oeek (a) to set: forth Lhe contral iissuns involved In
I:the fundamienltal problem areas ot (uaiic ial administrLatliioln, anid (b)
to develop tools, techniquos, aind insights which are relevant and
useful for solving these problems.

1. Introduction.
11. Goals, Decisions, and Models.
II1. Rationing of Resources: Single-Period, Stngle-Product Projects.
IV. R ationing of Resources: Two-Product Projects.
V. RIhtioning of Resources: Multiple Periods),
VI, Hultiple Period Projects: Rtsk and Uncertainty.
VII, Supý'ly of Resources.
VIII. Long-Term Finanicing and Maxitmizing the Market Value of C(nlwaol

Stock,
IX. Capital Structuie and Rink.
X. ReceivAbles and Crdit Policy.
XI. The Graih Bal'~nce.
XII, Simulation.
XIII, Linear Programmining and thu Simpliex Method.
XIV, Mulitiperiod Analy•s i aand Lilntir Prugranhling.
AIpindtx.x A. Cumuilatlove Normal Dint rlbilt ion.
Appendilx H. Table of' Random Numbers,

SInde x.
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Anialysis for Military Decisions
Quade, E.S, Editor

Santa Monica, The Rand Corporation, 1964, 382 p.
Rand No. R1-387-Pfl. AD 453 867.

A rnport prepared for United States Aiv Force Project;. kaind; cone erntie
with the orig ifi and develluprn01t-n. of the sysLerni aitnailya ig appr oiuru 1111
lt: q re letlioi to nit t ional a euritty 1,1 nin iig , tho c etnon ta and meet.Iudi
cowwnon to all systems analyses, and special aspects. Part I I
orientation (chapters 1-3)1 Part 2t elements and methods (chapters 4-8)l
Part 31 special aspects (chaptarm 9-16)l Part 41 auntuary (chapter 17).

I. Intaoduction (F..B. Quade).
11. Analysis for- Air Purce Dern4 alone (C. J. Hitch)ý
III. The Selection and Use of Strategic Air Basest A Case Ilistory

(K. S. Quade).
IV. The Why and How of Model Ituilditil (R, D. 8Specht)i realevan t

factors; quantifiable [actors; aggrega~tion; quan8tity'inl
relations bet.ween elementsl model building and the real wurdld
human Ju~dgmenit.

V. Ctiteria (R.N. Mckmaee).
VI. The Relevance of Cosas (Malcolm W. Hong),
VII. Analysis and dhesf~n of (1onflictein% Systemsl (Albert Wohlottetter).
VIII, Methods and Procedures (IL.S. Quadoe)i forneultitionj search;

explanationj initerptretation.
IX. Toch::nlogicul Considarat iotill (R, Schanberq) parformative

paratiaeter; atatii-of-the-art par11ametral s; acfill lawal optimau
and cunstraint.; reliability cotimideristonu.

X. Assumptions about Knemy Illihavln', fT,C. Schollitig).
XI. (iamitill Netioilo an:d App 1ic~t. oto:. H. Wiked ic
X11. Strat~egies for Dovalop::e:t. (W.,1 H. MeklIingm)
X111. Mathemeatics and Mysteine Aiialyat~v (F,.4. Quade): Ifittlar

prolklreathlfllg Holtel. Clirili thentoy of gmilliml Chth :mu)uiii :r [ tI#1
I-Ole of aleatia

XIV. The live of Computorn (PIati1 Aremove).
XV. Cust iig Methods (0.11, Fisheru ated ii.t Ntalf E~ol the flated CoNt~

Ana lyul I a Duaroootne~t ):i nellvi duel oate aviml, f nV011u::ewelt coo si
oporkldtfil celotI N&I) cost LotmaIlnw. .oo~ of-tiuris; liecrenionete
cousting tindt Iong:M.Lro 1;' nll:Aliwgeinl t~ Clliiwii ti~nd otLeI' levell a
16resi Ilt l iy, I, 11110l In~ttas ýIitl d In l :YJ cord~ va~et .:to rt;i cillit,.
sewesi i(lvIi 011aee1yal"I 11,M114 loll ttit In: fian)t li.

XVI. 1111.6411 dIi iN ~ystwemn Autcme y a (F. 0. Qundlv) lerco;.ow mitko lch
etpleteul to115 lilt.eaea 0111, olni11 .

XVI I Iluecal i to. Ie Ia.' : loll * 0 .'11, uuemillo)
Aeppendik A. Ateli Imi-oduct, hoen wo ho luites Ilie bki IPnomloil (X.. U, aean)10
Alipitndix It, A Mlaiiitl Cm ps-bo ;:eOtedc::(;0 eint!w
1111 KI hc1wwwplY.
mI sco.



Ant Analytical E~stimation of 1,yatum Cost Unrertainty
L, Schlenker, (Coorg

Rock I aland, IIS Army Wenpot i Coarnaind (Wefipnin Operations Reseal.ch
office.), I%'7, 28 p).

Technical Nate 67.-3.

Al t ia c t '''the iinc I hod p rc I-) o ed fi 0~ du r to(IICig h pr-o bAb I i t;y d I at r I btitlI. n
oft a yqtI:en coat; requ ir es t: ~ hiLit aiystl. i uo ~t bhý- P IAUM of COYIlip noen!

(,osti1 oacic of which 1-! Loterlct to. These unce~rt~n i iccplR1a, rII' tISPILiMed
III Iy betj1 ci d at ci lolt:i on 4. I'll' W itatI t(l cit 11oo0cc101t.8 O~f 0h0 dt!.#111 I hot. till

44o :icy a Lemo cost. uL12Q ubtic iid I LOUt1 Ohe. V301UILut aO.t the illpilt. dal a.ibukt iot a
bcy a rectirsive procedur~e. Vlaithe RyAtOMt LOst distribvhtta 1o.i
4yrth0ea 134l' frotic it4 miwotimt; aU81118 ol thgoyna1 PI policntntt:08.. 'rhillN
tet ho 1 .1.a4u I~ i .k uC I' f i woiLot fi compoi le. opera L itit anld avo ids I e. K hy
Motktt. Car to rwinti Ani exarple is givon. The FOR~TRAN proMP-aiii iia given."

Abmtract.

Ali Ana yt ical V~sthtlictit-i~ot of flyiyt ei Cos~t. Utiocer a toty,
T y it I F )VIotE Ill ant? I htil; Ioil U and tii Cost Laig

Refor en cer.
(Jolilplu te P~rogramsca



Annotated b1bl.iography of C'itd Ainmlysis ResAnrch iVocumentu Pi-ApAred
by the Economic ond Costing Departm ,nt

Rellear'ch An'alysio Corport-iton

McLean, Reseac.ach Analysis Corporaltinn, 1967, 1.3 p1.

IntU,:oducti.ou ,
Cost Estimating Rel.arlo-is,
ModelI n.
ApplJuation•.

Orientation a&!nd GuJ.del.inr.a,
Review of Arny Prri-.tt.ec

I,

!,.

4
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Annotated Bl.bliagraphy on ,y~tteme Cost Analysts
DOnV~tto P.A,

Swatita Monicla, Thn Rand Corpo.at ionp 1967, 80 p.
Hand Memorandum 1U4-4048-PR. AD 810 910.

The bibtliagrnphy includes Ibooks, pamphlets, ai1Jt.k-,%, pap.rs, and
sclhn icoI and r-es.earctti mv:.t1oranda, Written mac, rftlal carkt' LOA *.c I-1kY

caieiff),-atltt have not i.e n i clx •d. A brJi ,- .criptioL n of Lh.,
nature and cout;ent of kiw--h work Is prpsv, ted.. Ncrks aekt 1Itted by
Iu dtv',o •' .ar ea. of It ,: ot.

1. Cost Ana.iytia for Purposes of Bystt.,ut, A,,t')yeta.
II Cost EmtLvtt.ting in Military Planning.
Ui. P'rogram Budgating,
IV. S~ystem Definttion.
7I, (loo t. CRICS.Aprica.
V1. coat Ele mentm..

VII, Coat, Eatimating Relationships and Motkmdo].ogy,
V111. Oats Ro~qufr ement a.

IX. Individual System Analysia.
X. Total Force Structure and PrSrsum Ann.y-ais,
Ur. Models.
XII. Uncertainty and Special Probler-%,

5



Ali Annot~ted Cost Antinlyati s Bibliography
(cot. Analynis Dlivisioin

vort Iiotii~tout':, US Ar-my Electronics Conrand, 1967, 216 p.

"'lite purpose of t.Hoi publication is to make availatble to management
stid cost-..c~rlented anialystsa, information about documents cataloguied
in thu, Coot Atnalysis Divigiont, Comptroller an1( Dlirector of Programs,
on tli ., :on¾.eaus anid techniques of cost atn lys is. To expedite dii s
c! t, ,fit lye, P Iof_ nuniinn ipqe have be en prov ided for enc uP(ocvwfltý.l
7,i ft. 4'd dnruv-1 V1 s are RXAun lahtle t~o itI I 1 iptiebersF of Lthi qi ccotimand ft't

I mmri~iAud refi-rotice purpose..tt

1. '/nitdenes: a numieric~al litating; alphabetical listing; sjubjqct
l~siting (guidelines antd orientation, coast estimating relationshipm,
systems onn lyabp aw~d cosit effectiveness, mathematical -models
at-d .pplicatlonji, tables and coat data).

11, ltbiography.



An Application uf DynAmie irogranwhing to Cost-EffectLivetesa Stud.ii a
Sacco, William; Palmer oSchlegel; John Wortman

Aberdeen Proving (Ground, hllatitie Research Laboratories, 1963, 16 p.
B.IL Report No. 1217. Al) 425 743.

Abstract: "tA mathematical tnodel has been developed for use in
conducting cost-oeftectivene.ss studies, wherein the objective cf the
study is to determine altetnative famillies of fire support weapons
which will provi de a give,% level of effect tveuess for mintusm weight
LIt)(I coat t

Introduction.

Statement of the Problem.
Dynamic Progvanmuing Formulation of the Problem.
An IllusLrative Example.
Discussion.

7

j..
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Applied Dynamic Programming
Bellman, Richard E. and Stuart E. Dreyfus

Princeton, Princeton University Press, 1962, 363 p.
Rand No. R-352--PR.

Suimmary and Introduction.
I. One-Dimensional Allocation Processes: introduction; verbal

description of the allocation process; construction of a
mathematical model; discussion; calculus; difficulties;
conclusion; s~is!.tivity analysis; dynami2 programing; functional
equations; the principle of optimality; a direct darivatfon;
discussion; computational' scheme; nonuniqueness of maximum;
dyn:amic programming versus dJ.rect enumeration; what difficulties
have wp overcome; flow chart for general allocation process;
numerical results; a useful device; stability; a cakgo-loading
process; mathematical formulation; discussion; recurrence
relations; discussion of computational prdcedure; rcliability
of mulcicomponent devices; reliability via component duplication;
a mathematical model; parallel operations; corclusion.

II. Multidimensional allocation processes: introduction; all'ocation
processes involving two types of resources; recurrence relations;
allocation processes two typ'Ps of constraints; recurrence
relations; computational aspects; the f.yaway..kiLe problem;
stochastic aspects; dynamic programming approach; (.omputational
procedure; the Lagrange multiplier; geometric origin; reduction
in dimensionality,, equivalence of variational problems;
pytamided problems; multidimensional policy space; reliability
prdblem;, transportation process; difficult crossing problk:tas.

III. One Dimeneional Smoothing and Scheduling Processes: mathematical
formulation; functional equations; the cateyrer problem;
inventory problems.

IV. Optimal Search Ttchniques; unimodal function; Fibonacci numbers;
golden mead, zeroes of functions; functional equations; defective
coin problem; two coin problem.

V. Dynamic Programing and the Calculus of Varidtions: isoperimetric
problems; necessary, natural boundary, Legerdre; Weierstrass,
transversality, Erdmann corner ,:onditlons; basic nonlinear
partial differential, Euler, and Hailton-Jacobl equations.

VI. Optimal Trajectories.
VII. Multistage Production Processes Utilizing Co..-plexes of Industries.
VIII. Feedback Control Processes.
IX. Computational Results for Feedback Control Processes.
X. Linear Equations and Quadratic Criteria: smoothing problems-,

determinist'c and stochastic cases; adaptive prediction theory.
, XI. Markoviari Decision Processes: at.alytic formulation; compuitat'ohal

aspects; solution; simulation technique; connection with linear
programing.

• 8
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XII. Numerical Analysis: polynomial approximations; orthogonal
polynomials, gaussian quadraturej stability; problems;
extensions.

Apperdix I. On a Transcendantal Curve (0. Gross)i the number of
inflection points; a necestary condition for convexity.

Appendix ITI. A Nev Appro..ch to thq Duality Theory of Mathematical
Programming (S6 Dreyfus and M. Freimer).

Appendix IIl. K Computationul Technique Based on Successive
Approximations in Policy Space (S. Dreyfus).

Appendix IV. On a New Functional Transform in Analysis: the
Maximumn Transform (R. Bellman end W. Iarush).

Appendix V. The Rand Johnniac Computer (S. Dreyfus).
Name Index.
Subject Indew,

S~8-1



An Appreci&tion of Systems Analysis
Hitch, Charles

Santa Monica, The Rand Corporation, 1955, Revised, 25 p.
Rand No. P-699.

A condensation of lectures prepared for Air Force audiences And
presented to the Operations Research Society of America at the Los
Angeles meeting, 1.5 A.uguist 1.955.

Introduction.
The Development of Military Systems Analysis: force composition and
development decisions; variables,; explicit treatment of uncertainty;
explicit treatment of uncertainty; explic..t treatment oa cneny
reactions; explicit treatment ot time phasing; broadening of criteria,

The Difficulties are in the Problems,

The Positive Sidet systems versus nonsystems; analysis versus
iWtt tion.

V..

"onIclusioln.

I.(

IF

1
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'A-.,ny rorce PtArlmIng CoSt flandhouý
Directorate of CThst. Alluynffi

Wan hingtoin, Ihepautuint of ýhe Army, 19~71, 289 -p.

"Th put-pose oil Of,- hamndbook Is~ to prmiide typa fovecwit. wjlit

1. I(Parptir-'tory Not~es: ilivtt o uy.ou *od1H ttin
glossairy,

11, Ba~ihc Ph~nimnig iend Caiýt, Fiactorstu -iitial Irnvefitrent-; ammIil

operaceng Tre c t; i ftiz Iii tdtk~Iaj Valo.9tfL d.I1t

C.:ompoiiiti'noll UF ~ O~I

IV,. rot -e Uu i fl' 1110 ding li lork. Ifhn.a



Aspects of Cost and 11tility Analysis in Planning
Bryk, Oliver

McLean, Research Atialyatm Corporattlon (E~conomnics ane Costtng Dilvisoo:).,
1965, 9 p.

RLAC Pape.r HAC P.-F. AD) 622 114.

"Ji 0In i paper.t~, Rottle A sp'c t of p1lanitni I jin prepa at itt fo r V~t~e enulre -
at II at :ioll (ien2 Islonq 1i ti1log alt Ierti., t: ivqp wh icht are g.nitevit Iy mado
uttldet loicert lillt~y, %41 1 be difncu11.ý;d tt)Oni 0141 pra 18111(C lfieidliotfit. V(

%t -flc1 Icintý alnalysti. No nttw theory will he e.lpoundhpd. We wl 1. 1 1h4
.outtLeutwd onliy wiit.1 LI-hL artu ol. OQ~luluotit ati'itl ysk~u inWhich tIlle
Input~s are ntot: cottweietsurablie with Lhert itpti5,ttt A

111trodclautiutt.

Qu011filcat Lot
Models slid Sttrnt:Lure,

D1.0V~ut~odand T' imorn.Ila sedtill 1U"S

NsrginaI it ilily 8110'~ Cus't.I

10t

IL~~~~. ~ 4k--II ".L JLL~ ~I.A"~



backgroun'd, flevelolnaent. and Extension o~f the Revised Simplex

Method, Orchard-liays, W1.711tain

Santa Monies, The Rand Corporation, 1954, 61 p.
Rand Memorandum I&N-1433,

This paper is a shurt but c mpri hentlve. disacussioni of the development
of the present: form of the simplex. method,

ro-ewlard.
1. lDe f iit:MI i Fi nd (CoIIVeX Set l tnt. ioduct ioll IConvex tonles 8t

Wi-tekibect~iutt of bali-Apacee; uonveit conles an tile Nunl of hall[-
lineal polyhedrtl cones (equivalence of the definitionis);
further properties and rlatton.4hipf.1 nitwplices 'ind opth iftlity
problems.

11. The Sipn ehd prftr eaklntto astmto'

a remark onl c~yalng, the product form of the ine~)
M.Some Results of Computational Experiencet intruducLiry tonvarka;

pro-uelactiitg a feasible or neoar optimail basin; Win; ducing
legitimate unit vocLur a dur ing count vuct ioti of a mlodoll
iI% t 10d" Wing some (but: not all ) a it fie I al U1 uit vec(, :ovtl
oynt lam 1 iatnit un it voctore, from iti voi tict iv it: too, Menora P 'lnPed
u-s' of' tOimentary (row) L rAnufortutitons.

IV. * Patamet tit: Vartat iotB slid l'ost .flst huwity llv'oblemmi par wie t, 1, 1 t
vat utintn ;a the dual i ;robniam; a) t oritg thle right 11.41d littde of
a SyStoml altering the vooi. 111wI ciltengon WAtIIuuI 1,he miAt imi
the vorn;') ete dna iI md systemfl.



A beginning to Cost-Effectiveness Analysis
VINc), Eugene P.

M~cLean, Rlesearch Analysis Corporatlion, 1963, II. p.
Technical Paper RAC-rP-lOO. AD 422 .374.

Abstra~tt ItThiq dshort paper describes a meithod or cost-effectivenhHs
itialysi. developed to *',aluate specific items of Army equipment In
mathemtiv~i.la termsno.s part or thi- 1srger pi-oblemn-A of opjtimumn
alIlocation of vea 'xu rcmi Th me di um K now "'Ia IR0i') 1LA t. e \ t:ank we
ICIe'tced on the leading~ itelll Orl R 118t M' Army equi1pment~ (dlotatit for
"critically in combatit. A linear programming model for the Univac
Z~ctantlfic 1103A computer wasn set. up to solve tits problem of maximum
combat effectihenoss subjoct to dollar constraints and minimum cost

p ~subject to maintaining aatfirted levels of cowIbaL effectivenmens.
Comparative cuiymst. effectivoness at LIS and enemy forces was considered
to be the product of ratios of rates tit fire, probabilities of hit,
and 1,troosbili~t4js of kill, 011ve, lilt. Later, weighting procedures
ashoved c-misiderotivsin of othenr factorta. Thes arts that Nave the
Stesatot difficu~t. (and ithat requires t1he most futurti research) is
thkt of moestirua of effectivetiese, ThAt diff iculty' , plus the@
app loetkui tof a stimplified prcogramwlAtill model, quAli fia% the study'"
product aso Illudiraltive rather than fnet~ual."

Foveward.
Abs Ot. kdL

Introduet ion.
9fe!tfptive"Nesm.
'Nist an(] Erfectivewi:00 Relations.

Usnre.a4.n~hetum



bibliographical Reference of Accuracy of Cost Inforlmtion for
Decieion-Haking, Onsi, Mohammed

Syracuse, Siyracuse University, 1969, 39 p.
NASA No. N70-21107.

"This bibliography examtine, the li terature related t.o the Ac.ursey
of cost In forrat ion fnr dee 1* m.. makin ag, LiR,: t•Rgs •st'e alplhihet'I co ly
by author."

I. Introduction.
II. Periodical Rsferences.
III, Uovernment Contracts.
IV. Selected NASA Publlcationv.
V. Author Index.

[!

II

I

III
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"Bibliography on Cost-Benefit Analysis and Planning-Progreaing-
Budgeting Pearumn, Elisabeth H.

McLean, Research Analysis Corq'-2tion, 1966, 44 p.
AD 650 904.

The citations are arranged by broad 3ubject categories and alpha-
betically by author vithin theae classifications.

Preface.
Cost-Benefit Analysis: general; defense; health. education. and
welfare; public investuents; resource development; transportation;
urban development.
Planning-Prgrammtng-n-doet ing.
Soqrces.



Building a New Force Structure Cost Analysis Model
Bradley, B.D.

Santa Honica, The Rand Corporation, 196.5, 20 p.
Rand Memorandum RM-4764-PR. AD) 627 611,

Abstract: "A description of a new force structure cost analysis
model being developed to advance the concept cf force structure
analysis and to facilitat3 its use in Air Force planning studies.
The model in designed to incorporate non-weapon support activities and
provide means for explclct analysis of their resource requirements.
The concepts of the 'odel and their use in the analytical proces3
are discussed, as well as the definitional framewrk devised for
it. This framework provides a two-dimensional description of the
Air Force. The method by which the model will accommodate both
planner and analyst is considered.w

Preface.
Summary.
Text: Generai; concepts: fraameork of the model (cost clementz,

program elements, using the framework); computational structure
of the model; a look to the future.



13iredu of the Budget 13ulletin to the~ licad of Executive. 0epwrtmnntitt
and !fstahlitahmentmi: Planning. Programaiing.-Btudgettrig (1:1`13)

Hureau of tile rit~get:.

Wavhington, Bur-mu of t~he Budget (1Fxec-tive office of the. Pr.Lsident),
113 July 1967, 26 p.

(iddel ineq for Inip1 omen La t Ion of th ) p1 annrtrig -prrograii -h.b d, t trg
ii y~i tern to bp o qed by gov olniner t o genc ies in es~tuibihI h lrg pritovt it's
a~id t eviewling program aliternat ives.

Applicaution of ir.Atrmcftior!ý.
3. Prinelpal ObjectIvev of VPB.
4 , Elenment of 0.e Systemin progtami menioranehi; progr1ain and f1 arixctka1

plani a pecCletl qLudim,
5,Prop;raiu Strllcturp.

6. Programn Mmortwi
7 . MultI;i-Year Projniva and Financil~ Plan: pri.ritat ion of futor~e

vea~r datal outputF4 11oois nuaI r COn~1lift loll 04' pf-op-aii Costs to
appropr tati[unit,

9..Timing for I'rodhi~tAOml of IDocurneiit~.

10. 1 \hjtLative Annual, Cycle~,I

VA Ctt a clime t. I ProgrAIni(~ grts
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xi

The Complote Strateg.ti • e•ong a Primrr on the Theory of Gaines
Will.ismo, John Davis

N w York, M#ýGiw.,Hill, 1966, 268 p.

I. Int r'.u t ionr.
I.L Two-Strrategy Gomes,.
I11. Three-Strategy Garnos,.
TV. F•our-Strategy Game.s And Larger Ones.
V. M1.scellar~y.
VT. Geonral Mathods of Solving Ganes.
Appendix, Table of Random Digits. Solutlons to &;ercimrsv
I ndex.

17
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A Comp,,terixed Technique to Express Uncertainty in Advencq System
Cost Estimaees Sobel, S.

Bedford, The Mitre Corporntion, 1965, 102 p.
Technical Report No. ESD-TR-65-79. AD 624 894.

Abstract: ttThe techniquo desctibed presents a method to express
uncertainty quantitatively in advanced system cost estimates. II
particular, the techniques suggest the employment of subjective
probability distribttions, which describe the uncertainty in eac-h
system element, to determine an approximate distrIbution for total
system cost. A 7090 program has been written to petform Lhe
computational operations. r

Clcs~4ary.

Preface.
1. Introduction; purpose; sources of uncertainty; expressing cost

uncertainty; a few early approaches to describe category II
uncertainties.

II. Description of the Proposed Technique: general, limitations,
Sinputs povidod by the cost analyst; determining uncertainty in
total costs; utilisation of moments to generate distribution of
total costs.

III. Cumputer Programt introduction; prograns 1, II, and III,
IV. Usefulness of the Results.
V. Validity of the Results.
VI. Areas of Future Work.
Appendix 1. Dependence among Variables.
Appendix 2. Product of Random Variab&.es.
Appendix 3. Moments for the Sums &ad Products of Independent

Variables,
Appendix 4. Determination of the Pirameters for the Approximating

Linearly Scaled Beta.
Appendix 5. Illus.tPtIve Examples,
AppondIx 6. Description of Thcee 7090 FORTRAN Programs.
Ap••ndix /. Dctaili ot FORTRAN Subroutines.
Referencas.

18
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Concepts and Procedures of Cost Analysis
Large, J.P.

Santa Monica, The Rand Corporation, 1063, 402 p.
Rand Memorandum 1*1-3589-PR. AD 411. 554.

Summary: "This Memortandum presents the basiv. concep as of cust
analysis ais well as certain soecialized proceduies for estimating
the cost of particitlar types of #Aquipmerlt. It is intended to be
useful both as a urihuer foir persons linfnrv'iliar with cost-analysis arid
as a handbook for those alrteady In thý f ýeld. Thus the various chapters
differ conrside~rably in their level t.l y,-neralLty. One chdap'.cr, for
example, explains what an eŽstimating rc-lationship is, while tne follow:-
ing one presents t step-by-step illustr~i.tion of the use of sta~tistLcl
regrcsisior. analysis to derivo an estimating relationship. Similarly,
primary -misolon equipmen* is treated '.n a general way in one chapter,
and then detailed methods for estimating the codt of certain kinds of
primnary- mis.sion equipment (aircraft and missiles) are presented. Other
subjec~ts diieussed at some length include total force structure cost
analysis., the problems of uncertain~ty, estimating research and
devolopment costs of large launch vehicles, and determining porsoonnl
v equ Ir ament s.*

Preface.
Summary.
.1. Introductiorn: system: definition, use of dollar costs; Lima phasing;

cost categories; an example; total force structure,,
1.Total Force Structure Cost Aale~ysi se of. a cost moidel; reltionj

IlkI total force structure cost analysis; s of. a. cishtr) defiieltion;
to Idvda ytm

111. Cost Anlsso niiulSses(David Novick & R.L.
Pet~ru.3chell): data requiremerits (PME and AUP descriptive data,
operaticnal a~nd organisational data, manning policy data, In-
con nissior, rate data, maintenance concept data, tv~ining data);

Investment, annual operating);, investment (instAll~atkon,
equi!pment, storks, LritiaJ. tra ininuz, ini:ýcllanoun); annual.
opera?.ing costs (equipmen~t a-.id besta 1lltion elcmn
inaintenace; training; pay and allowances; ftlubr.Lcarts, ond
propellaints; services nnd rnitsýellaneoika); noit-direct zostm.

IV. An Introduction to Es'timati~ng Relationuhips (1-'..L. Petruschell)?
data acý,umulavtPn; display xiorrns, beneftts of E~tl; derivationi
proc~edure; example.

V. U~se of itutistical Il~gression Analysist In Deriving Es.timatfng
Relationships (0.11. LFiolhr): tntiodu(:tion; statemnent of- tile
problem; a linear normal -. egression arnal.ykis; a 1,~rvllirtev9
Lirlalyeif5: logri-thinit. rugrobsiori; a cu.rvilinear analyttins
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second degree equaLion; a nu).tiple regressidn analysis;
appendix A (derivation of the normal equaLions for a linear
normal regression); hppendices B, C, D (student problems).

VI. The Probability of Uncertainty (G.H. Fisher): requirements
uncertainty; cost estimating uncertainty; proposals for trieatment
of uncertainty; use of adjustment faci.ors; the summers magic
formula; cost sensitivity analysis.

VII. Estimating Research and Development Costs of Large Launch
Vehicles (J.W. Noah).

VIII. Estimati6: of the Requilrements for Primar,/ Mission Equipment;

(R. L. Petruschell): demand for primary mission equipment;
time phasing; use of cost-quaoitity relationships; in example;
calculation procedure.

IX. Aircraft Airframe Cost Estimating Techniques (J.M. Carrier &
R.W. Smith): introduction; examples.

X. Missle Airframe CostI Estimating Techniques (H.G. Campbell).
XI. Installations (H.F. Harris): estimating methods; example.
XII. Total System Personnel Estimating (R.L. Petruschell): prere-

quisite; general procedures; breakdown of jobs; personnel
I estimating relatiouships; an example; calculation procedure;

personnel data sources.,

I i i

:_
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Concepts and Techniques for Summarizing Defense System Costi,
Noah, J.W.

Washington, Center for Naval. Analyses, 49 p.
SEG RC #1. AT 624 447.

Abstract: t'Some techniques used to summnarize total costs employed in
systems analyses are classified, described, and compared. Their
respective advantages and disadvantages are given, end some implica-
Lions of each are brought out. Five cost-sunmmarizing techniques are
selected and distixuctions between themi are based on common usage.
Thc procedures are termed: fije-year system cost, peri-cd outlay,
net cost, present cost, annual cost. Necessary to their discussion is
an understanding of the major types and general content of defense
system cost analyses, the concept of remaining value, and the principle
that money has time value. A bfief section on each of these subjects
with appropriate references precedes the discussion of the methods
for summarizing costs."

Summary.
Major Types and General Content of CQst Analyses.
Remaining Value.
Time Value.
System Cost Suasnarizing Techniques.
Some lmplications.
Reffrences.
App~ndix A. Tables: interest table, single payment compound amount

facLors (I I- 1.)n; interest table, single payment present cost
factor (I + i)-nt declining balance factor!;, (I - i)n.

Appendix B. Comparison of AlternatIve Cost Streams.

20
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Correlation and Regression Techniques
McClosky, John W.

Fort Belvoir, US Army Management School (Operations Reserrch/'Systems
Analysis Executive Course), 1967, 29 p.

AD 661 836.

"In regression the variable which is being predicted is oeln referred
to as the dependent variable, and the variables used in the predicting
are referred to as the independent variables. The initial step in an
investigation requires that observations he made on both the dependent
and independeit variables. Us[ lg thi s data a relat lo.ship is
established which best describes the trend of the observaioins between
the dependent and independent variables to make a reliable prediction
as to what the value of the dependent variable would be if observed."

I. Introduction.
II. Regression in Two Variables.
Ill. Correlation in Two Variables.
IV. Describing the Data.
V. Spearmnan's Rank Correlation Coefficient,
VI. Multiple Linear Regression.
VII. The Correlation Matrix.
VIII. Multiple Correlation Coefficientm.
IX. Gi-ometrica1 Conslderationts.
X. Partial Correlation Coefficients.
Bibliography.

21
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Cost: Analysis and Methodology, Operations Research Series, Volume I.
A Report Bibliography

Washington, Defense Documentatiov. Center, 1967, 291 p.
AD 808 900.

"This bibliography was prepared to satisfy recurring requests for
searches for cost analysis materials. It represents a comprehensive
compilation of unclassified reterences in the DDC collection that have
been catalogued since 1955. References in this collection are
concerned with identifying and estimating research and development costs
and their associated problems and possible solutions. This broad
comprehensive compilation favors cost analysis of systems and yet
provides adequate references concerning component, computer prograing,
and planning costs, along with their 4asociated matbezatical concepts
and treatments. This is volume 1 of a series, the other parts ef
which will be as follows:

Vol. III AD S0S 901 Cost Effectiveness Analysis

Vol. V AD SOS 902 Parametriz Identification for Cost Analysis

tlrCface.
Abstract.
A.D Bibliographi- References.
C:orporate Author/,onitoirini AcrnLN lnd•,x.
Subiect -idex.

Persoaal Author Index.
Contract Index.
I'report Numb,-r Tndcx.



Cost Analysis for Planning-Programming-Budgeting Cost Benefit Studies
McCullough, J.D.

Arlington, Institute for Defense Analysis, 1967, 31p.
AD 643 472.

Adapted from a paper prepared for the Financial Management and
Planning-Programming-Budgeting Training Center.

I. The Role of Cost-Benefit Analysis.
II. The Role of Cost in Cost-Benefit Analysis.
III. Features of Systems Cost Analysis: end-product orientation;

extended time horizon; incremental costing; life cycle costs;
dollars as the measure of resources; analytical approach and
statistical techniques.

IV. Steps of Cost Analysis: defining the problem; obtaining a
specific systems description; collecting data; converting
information to a statement of resource requirements; translating
to costs (catalog price, specific analog, estimating relationship,
expert opinion; learning curve); presenting cost estimates;
documenting the analysis.

V. Total Program Cost Analysis: inter-systems analysis; intra-systems
analysis; major program studies; total agency studies (incremental
costs; total program costs; annual costs; base case; use of
program and program element; computer model); time phasing.

Concluding Remarks.
References.
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Cost Analysis Handbook
AMC

Washington, Consultec, 1968, 169 p.
AD 682 069.

"The purpose of this handbook is to provide guidance and instruction
for AMC Cost Analysis perscnnel who have modest experience with the
subject of cost analysis and cost estimating and/or who may be
unfamiliar with the operations of the Army Materiel Command. To this
end, it provides a definitional framework for cost analysis and cost
estimdting and a description of the organizational framework with!n
which costs are utilized. It Is expected that the users of the
handbook will be primarily involved in the Administrative-Decision
Making Function within AMC, supplying cost analyses and cost
estimates for decisions related to organization, equipment,
maintenance, and deployment of Army forces."

List of Exhibits.
Foreward.
I. Introduction: purpose and scope; cost analysis and cost

estimating; the cost estimating sequence and perspective.
II. AMC Cost Estimating Framework: administrative-decision making

function; raeserce administration function; AMC organizational
function; coding structure interfaces.

III. P'ocedures for Cvst Analysis: cost information definition
acquisition of cost information; validation procedure;
consolidating and structuring information; cost analysis;
cost estimating relationships; cost analysis documentation
and presentation; cost analysis quality control checklist.

IV. Cost Estimating Techniques: cost estimating relationships;
purpose of the estimate; conditioned estimate; translation of
estimates into time-phased relationships; validation of cost
estimating techniques; specific application of cost estimating
in cost analysis.

V. Cost Estimating Procedure: level of estimate detail; cost
estimating schedule; sources of cost information; cost
sensitivity analysis; validation of estmate; cost estimate
change reports; estimate documentation ani presentation; summary
report.

VI. Organizational Implications: cost analysts responsibilities;
basic organizational theory; AMC sta.f interfaces; conclusion
relative to the cost analysis function role ii AIMC.

Appendix A. Learning curves.
Appendix B. Derivation of Cost Estimating Relationships.
Appendix C. Extract from Interim Report.
A:pp-,dix D. Basic Organization Theory.
Appndix E. Glossary.
:. -r eiid ix F. Abbreviations.
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Coat Analysis Program
Headquarters, Department of thn Army

WashinSton, Department of the Army, 1970, 6 p.
AR 11-1.8.

This regulation estnI~lishen objectives and assigns responAtbil.itise
govcrning Army-wide cost ainalyses.

! . Pur||pos e

I I. Ref ereln•'u
Ill. Objectives.
IV. Policy.
V. Definitionas atd Ftitnctiolnst coat analysis; cost/benefit analystsl

ttust itiformation systeml economic anl~tysiul force strtieLure cost.
analyst.l incrairental coati life cycle c st analysis; sensitivity
analysils vali,lated cost datal weapon syntem COOL aR.8alysis,

VI. Rasponsibilities of the Army Staff,
VII. Kempotinibilitis@ (it Army Commands,
VIII. Responsibilities of Agencies and HervI'ces.
IX. Cuorditist ion instruct Ios,

.l



Cost Considerations In Systems Analysis
Fisher, Gene H. (Rand Corporation)

New York, American Elsevier, 1971, 336 p.
Rand Report R-490-ASD.

A report prepared for the Office of the Assistant Secretary of
Defense (Systems Analysis) on cost analysis aspects of systems
analysis. "A text for the teaching of force planning cost analysis
a . . as a subset of systems analysis.' The main concern: wmajor
resource allocation decisions in the long-range planning context."
A listing of supplementary readings follows each chapter.

1. Introduction.
II. What is Systems Analysis?: definition; analytical process, models;

u-ncertainty (sensitivity, contingency, & a fortiori analyses);
time; validity; qualitative supplemnts; pitfalls; examples of
past applications.

I11. Concepts of Economic Cost: definition; identification, measure,
evaluation; past and future; relevant and irrelevant; external
and internal; minimizing and maximizing; comparing alternatives;
discounting; macro-cost and micro-cost anakysis.

:V. Introduction to Hilitary Cost Analysis: (the output side) major
characteristics (emphasis on output-oriented packages of capability;
accuracy requirements and possibilities; systemtic collection of
data and derivation of estimating relationships); fixed budget and
fixed effectiveness approaches; examples (intra- and inter-
comnmand systems comparisons, force mixes, total force structure
cost analysis).

V. The Input Side: types of input; input structures; examples.
VI. Estimating Relationships: types (simple linear forms, step

functions, multivariate functions); data problem (format,
integration, categories, temporal factors, comparability) and
&pproaches (ad hoc sample surveys, experiments, adjustments to
raw data base); derivations and uses; examples.

VII. Cost Models: types (resource requirements submodels, individual
system, mission area force mix, total force); examples.

VIII. Special Topics: treatment of uncertainty (supplemental
discounting, adjustment factors, special studies, cost
sensitivity analysis); time (military context, undiscounted
costs, supplemental discount rate, residual value); wartime
costs.

IX. Systems Analysis Examples.
X. Sugmary and Concluding Remarks.
Appendix A: The Opportunity Cos: Concept, an Example from the

Microeconomic Theory of the Firm.
Appendix B: The Concept of Compzrative Advantage.
Appendix C: The Theory of Maximizing Behavior, an Example from the

Theory of the Firm.
Authcr inde):.
Subject Incex.
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"Cost-Effectiveness: An Appreciation
Quade, E.S.

Santa Monica, The Rand Corporation, 1965, 6 p.
ý._nd No. P-3248. AD 623 105.

",This paper attempts to clarify the nature and scope of cost-
effectiveness analysis and to point out its proper role as an aid
to decision-making. It discusses, in the context of national
security problems, the reliability and limitations of such analyses
and ways to improve its quality."

Introduction.
Definitioq.
The Essence of the Method.
The Limitations.
Analysis is Necessarily Incomplete.
Measures of Effectiveness are Approximate.
No Satisfactory Way to Forecast the Future Exists.
The Virtues.
The Future.
Concluding Remarks.
Bibliography.
Graph; the Structure of Analysis.
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Cost-Rffectivion.eust Ketiuitting systerms Costs
McCullough, J.D.

hethesda, The Rand Corporation, 1,965, 26 p.
Rand No. P-3229. AD 622 023.

The obiectivis in '0 disc,,,-.| the significant features tnd getetral
procedurea lnrolved in syst imes analysist, direr2ted particularly to
the users of coat vattmatots - eithet- study directors who must direct
a team of systems atnalysts and cost OnglyRts, or systen|i analynts Who

must work with cost analysts,"

lilt odurd.t ton.o
Features uf CGodt Analysiss did.,prOduat orienltation| extended titie

hot'ison; incremental nootingi life cycle costal dollars an a measure
of resourceel the analytical approach and tho une of atsetitical
techniques.

Steps of Cost Anatlysis defining th* probleml ,--ollecting data;
deriving the osttimote; preoenting the estimate; documenting the
ana lysis.

concluding Remarko.
bibliography.
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Cos.-Effectiveness: Some Trends in Analysis
Quade, E.S.

Santa Monica, The Rand Corporation, 1967, 18 p.
Rand No. P-3529. AD 650-129.

New approaches to cost-effectiveness analysis are being proposed
constantly. Most are-primarily mathematical in nature, but a few
are "directed toward a better treatment of those aspects of its
problems that cannot be handled by purely quantitative methods.,?
This paper notes three trends involving, respectively: computers,
mathematics, and the dizect use of expertise. The last is described
in some detail, especially the Delphi technique and its extensions.
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Cost-Eftectiverwaes Analyes
O'Neill, lbanifi Do,

Aberdeen Proviag Ground, US Arty Ha'Ilsttc Research Laborator[ao, 1966,
48 p., MRL Report No. 1315. AD 635 ).68.

Ablut;rac, "eHthods for the cuoiduct of cost-effectiveness studies and
forawts for the presentaticn of results are presented."

T. 1 n.troduct :Ion
I . ) is cu 9 e. o.,• general; threat;; target: fcqftI , t:lon f fectivenepis;

a'ttritioni weapon-target allocations.
111. Sunwuary.
Reterences.
Appendix. Cost Effectl.voness AnaLysie - An Outline.

31.
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Cost-Effectiveness Analysist New Approaches in Decision-MakIng
Goldman, Thomas A. , Editor

New York, Frederick A. Praeger, 1967, 231 p.

A collection of essays sponsored by the Washington Oporations Council
and one of the series in the Praeger Studies in US Economic and
Social Development. The papers included are ;:hose given at a
Iymposium in Washington.

1. Introduction and Overview (Edward S. Quade): definitions; the
essence of thq method; the virtues; the limitations; the present;
the future; notes.

II. Measures of Effectiveness (William A. Niskanen): choosing
measure.÷ of effectiveness; the relation of defense objectives to
national objectives; defense objectives by area and level of
conflict; measures of effectiveness for defense objectives; nutes.

111. The Choice of Analytic Techniques (Alfred Blumstein): kinds of
models; relationship of models to defense systems; uses of the
model; considerations in model selection.

IV. The Use of CoOt Estimates (Harry P. Harty): typos of cost-
effectiveness analysis; the basic input data; future system cost
estimating (CERs)1 treatment of cost uncertainty; problems of
cost analyst-system analyst coordination; documentation; the
choice of the cost measure; selected bibliography.

V. Estimating Systems Costs (James D. McCullough): features of cost
analysis; steps of cost analysis; selected bibliography.,

VI. Armed Forces# Use of Cost-Effefctiveness Analysis (LTC R.S. Berg):
the operational requirement; technical trade-offa; system costs;
analysis of design characteristics; intersystem comparisons.

VII. Defense Contractor Use of Cost-Effectiveness Analysis (Eugene R.
Brusseil).

VIII. An Analysis of Tacticil Air Systems (Murray Kamrass and Joseph A.
Navarro).

IX, Cost-Effectiveness Ai&iysls for Government Domestic Programs
(Willism M. CApron).

X. Cost-Effectiveneýs Analynia for the "War on Poverty" (Stanley M.
Bvqen, Alan E. Fechter, and Anthow.y C. Fisher).

X1. An Analysis of Metropolitan Transportation Systmns (John F, Ka).u)
XIl. The Structure of Incentive Contracts (Collim W. Scarborough).
XIII. The Structure of' Military industrial Funds (Martin J. Bailey).

31a
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Cost-Effectivnrtess Optim.ization (Sumnary, Co,%Jusioni, Reco•mnendations)
Task Group IV

Andrews Air Force Bane, Headquarters Air Force Syntevis Comitand, 1965,
Volume I, 18 p.
kFISC-TR-65-4. AD 458 595.

Abstract- "The underlying principles associated with cost-effectivelueas
analysis are discussed. The rationale, purpose, methodology required,
and nature of the results that can be obtained by means of the analysts
are presepted in suimiury form. TL1luqtr,.tions of the type of Input data
required and the logic assor.'tated with ILs app. il('aLtons aire provided."

Foreword.
Abstract.
I. Introduction.
II. Considerations in Cost-Effectiveness Analysis.
111. Conrlusions and Recommendations.
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Cost-Effectiveniss Optimization (Tasks and Analysts Methodology)
Task Group IV.

Andrews Air Force Base, Headquarters Air Force Systems Command, lQ65 ,
Volume I1, 160 p.
AFSC-TR-65-4. AD 462 398.

Abstract: "This report discussus the philosophy of cost-effectiveness
and techniqties for trade-off and optimization studies, It lists and
discusses twelve tasks necessary to perform a cost-effectiveness
analysis. A methodology is outlined for identifying and standardizing
cost and effectiveness factors. Descriptive analytical models for
cost-effectiveness are provided, including discussion of their
sensitivity and validity. One section defines and discusses rifk and
uncertainty and their offect on the decisio• making process. Tncluded
is an extensive biblio•raphy on cost effectiveness."

I i

1. Introduction: general concepts; levels of cost-effectiveness
analyses.

II. Discussion of Tasks and Factors in Cost-Effectiveness Anoiysis.
III. Inputs an'i Relationships: define program objectives, mission,

and constraints; criteria selection; identify and synthesize
alternatives; identify variables.

IV. Cost-Effectiveness Models, Concepts, Validation and Sensitivity:
mathematical formulation of effectiveness and costs; statement
of the optimization problem; some possible models; model
validity and sensitivity; conclusions.

V. Development of Cost Inputs to Coat Effectiveness Models: objectives;
theory and practice; a general cost methodology; cost estimating
relationships; developing CERs; AFSC format for recording CERs;
the future development of costing.

VI. Effectiveness Factors for Cost Effectiveness Models: introduction;
effectiveness factors; availability; survivability; reliability;
penetrability; lethality; other considerationsý

VII. Risk and Uncertainty in Cost Effectiveness: risk, uncertainty;
use of risk and uncertainty; examples of risk and uncertainty
considerations; summary.

VIII. Evaluation of Alternatives and Optimization: evaluation of
individual improvement alternatives; ranking of alternatives;
determination of optimum point; model outputs for decision
support.

IR. Interpretation of Results, Sensitivity, and Limitations.
X. Conclusions and Recommendations: discussion of accomplishments

and implementation; conclusions; recommendations.
Appendix I. Compilation of Abstracts from Examples of Volume III of

Task Group IV Final Report.
Appendix II. Example of Cost Effectiveness Analysis for thA Delinition

Phase.
References.
Bibliography.
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Cost Estimates as Predictors of Actual Weapon Costs: A Study of Major
Hardware Articles

Summers, Robert

Santa Monica, The Rand Corporation, 1965, 72 p.
Rand Memorandum RM-3061-PR (Abridged). AD 612 723.

Summary: "This is a statistical study of military cost estimates aimed
at decreasing the unc,;rtainties about their interpretation and use.
Based on a sample of 68 cost estimates of major hardware articles in
22 systems, it assesses theirtaccuracy as predictors of actual cost.
Section 1 describes the aims and scope of the study and presents a
detailed summary of methods and results. Section 2 presents the
statistical analysis of estimating errors, and Section 3 shows
quauitlatively thar the observed errors can significantly affect the,
choice between alternative systems."

Preface.
Summary.
I. Introduction: aims and scooe of the study; outline of methods

and results.
11. An Analysis of Cost-Estimate Chronologiesi errors in nonmilitary

cost-estifaiting; model of the development process; preliminary
description of the data; raw measure of accuracy of estimates;
adjusted measure of accuracy of estimates; model of the develop-
ment process; bivariate analysis of t and A; the variables;
regression results; hypothesis testing; data problems (errors
in measurement, randomness); estimation of independent variables;
conclusions about learning during development; cost changes of
major article components; the "changing-configuration" hypothesis;
conscious underbidding of contractors.

III. The Consequences of Cost-Estimate Inaccuracies: cost
inaccuracies versus other uncertainties; system choice and
inaccurate cost estimates: bias; variance; implications for
cost-effectiveness studies; implications for force-structure
projections.

Appendix. Examination of Three Cost-Effectiveness Studies.
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Cost Factorirlg System [or Force Readiness Projection (COFACTS)
Wilbourn, C.R.; R.M. Burbridge; D. Cohen; K.L, Lehmanni M.L.
Pattersoni J.D.H. Sidley.

Washington, Planning Research Corporation, 1968, 180 p.
PRC R-1145. AD 860 253.

Abstracti "This report describes the analyses atd development of the
Cost Factoring System for Force Readiness Projectton (COFACTs),
Three mathematical models were developed*: v force readiness meaoure..
ment model, which has the unique feature of utilizing cost as a
criterion of readiness capability; a budget model, which computes
force related costs by budgot program; and a cost impact model which
calculates cost implications of increasing or decreasing force
readiness levels. The computer system, which incorporates these
models, the resultant reports, and their applications to the varioug
levels of the force planning process ate also presented."

Sunmmary: introduction; system applications; measurement of projected
force readiness; budget model; cost impact of readiness Ahanges;
COFACTS computer system; conclusions and recommendations.

I. Introductiont the problem; status of the problem's solution;
background orientation; the COFACTS system; beyond COFACTS;
organimation of the report.

II. Systems Application: introduction; the COFACTS resource
readiness sumnmary; the COFACTS force budget outputs; cost
impact outputs; annex outputs.

111. Measurement of Projected For%.e Readinessa genei'al; major
assumptions; goneral methodology systems flow; selection 't
readiness measurement categories; genexal readiness cost ratios;
individual subcategory cost factor development; aggregate
readiness level determination.

IV. Budget Modelt recurring costs; replacement training; initial
costal the reserve/national guard model.

V. Cost Impact of Readiness Changes= Introduction; methodology.
VI. COFACTS Computer Systemi general; the preprocessor; SAC3;

PAMSIM; P20A/224T; the COFFIN file; the model; implomentation
procedure; current implementation status.

VII. Conclusions and Rec~otnendatiors.
Appendix A. Example of Total Cost iplitcation of a PEMA Budget Cut.
Appendix B. Cost Models.
Appendix C. Glossary.
Appendix D. Previous Studies of Army Force and Force/Budget

Readiness.
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A Cost Model for Use In C.st-Effectiveness Analyses of Dissimilar
Weapon Systems Westerusn, -ean F. and Ronald F. Mathias

Aberdeen Proving Ground, Army Materiel Commnd (Ballistic Research
Laboratories), 1964, 24 p.
BRL MR 1602. AD 433 842.

Abstract: "A model is presented for the determination of system
costs in cost-effectiveness studies of dissimilar weapon systems.
The assumptions employed are listed so that an adaptation of the
model may be made to fulfill individual study requi-rements."

I. Introduction.
II. General Discussion and Assumptions.
I11. Cost Model.
IV. Annex, Terms, and Definitions.
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Cout Performance Report
Office 6f the Assistant Secretary of Defense (Comptroller)

Washt•totn, Department of Defense, 1970, 13 p,
DO1I 7000,8.

Refereinces.
1. Purpose..
iT, Applicabi Iity.
l' . Scope.
TV. O11., ec : 1 ve.

V. Respoansibilities.
V1. Implemenitation and Effective Date.
Enclosure 1. 11) Form 1664, Data llecripLiuii 1ten.
Attachment i. CPR - Work Breakdown St'rucLure,
Attaclhent. 2. (A'R ., Puti t.tiotial Cat~egoresa,
Attachment 3. IPH - Manpowor Loading.
ALtachlnieit 4. U1'it - Probleiii Analyst ,.
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Cost-Quantity Calculator
Noah, J.W. and R.W. Smith

Santa Monica, The Rand Corporation, 1962, 27 p.
Rand Memorandum RM-2786. AD 279 346.

Summary: "The Cost-Quantity Calculator at the back of the book is
designed to provide cost analysts with a tool for construction and
interpretation of those cost-quantity relationships usually referred
to as learning, progress, or improvement curves. The two most
common of these curves are treated here: the Log-linear cumulative
average curve and the log-linear individual unit curve. A definition
of these curves is given in the text, along with an explanation of
their differences and interactions. For practical application of
these relationships, tables of slope-quantity factors are provided.?,

Preface.
Summary.
I. Introduction.
II. The Log-Linear Cumulative Average Curve.
III. The Log-Linear Individual Unit Curve.
IV. Slope.
V. Asymptotes.
VI. Examples Illustrating Use of Tables.
The Calculator.
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Cost Research Symposium (1967)
Proceedings of the Second Annual DOD Cost Research Symposium

Washington, Directorate of Budget, Department of the Air Force, 1967,
Vol. 1, 300 p.

AD 820 274.

Volume II contains documents classified through confidential, while
Volume III contains the one report classified Secret.

Introductory Remarks (LGE Jack G. Merrell, Hon. Norman S. Paul,
Dr. Alain Enthoven).

Comparison of Four Approaches in Developing Estimating Relationships
for POL Consumption (Irwin L. Seidel and Jeffrey Williams).

The Measurement of Army Aircraft Flying Hour Costs (MAJ Paul P. Mehler).
Cost of Aircraft Depot Maintenance: the F-4 Case (Dr. Seymour Fiekowsky

and Arnold Schwartz).
Prediction of Life-Time Equipment-Related Repair Parts Support Cost

for Naval Ships (C.L. Karr, Jr.).
An Expansion of the Improvement Curve to Allow Its Use with a Common/

Peculiar Production Mix (William W. Baker and Jules Silver).
Estimating Aircraft Flyaway Costs by Adjusting the Conventional

Learning Curve (William W. Vardeman and Culbert Laney).
Estimating Weapon System Development Costs (Richard J. Trainor).
The Army Divisional Cost Model (T. Arthur Smith).
Off-Loading Military Supplies from Cargo Ships in Unimproved Port

Areas (A.S. Childers).
Aircraft Systems Cost and Force Structure Automated Model (Ronald S.

Feldman).
A Cost/Effectiveness Formula for Man/Machine Function Allocations

(Dr. Joe E. Willis and Marilee N. Connelly).
Variable Costs of Army Equipment Operation (John O'Flaherty and

R. OtRorke).
Cost Uncertainty Analysis (William Leathwood and Frank J. Husic).
Closing Remarks (Saul Hoch, Dr. Harold Asher).
Attendees.
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K-- C,)st Research Symposium (1968)
Proceedings of the Third Annual DOD Cost Research Symposium

Washington, Office of the Comptroller of the Army, 1968, Vol. 1, 230 p.

AD 833 207.

Volume 2 contains classified papers through Secret.

Introductory Remarks: LTG Frank J. Sackton, Hon. Eugene H. Becker,
Hon. Alain Enthoven.

A. Estimates of Aircraft Characteristics with Some Implications for
Cost Analysis (Donald H. Fisk).

B. The Development and Use of a Computer-Implemented Time-Phased
Model (CPT Charles H. Wells).

C. A System Concept for Determining Navy Stock Fund Budgeting
Requirements (Charles E. Emberger).

D. Aircraft Maintenance Cost Research, KC-135 (Jean Mullery).
E. Measuring the Impact of Reliability and Maintainability on Combat

O&M Costs (Robert Byer).
F. Personnel Cost Research for Early Man/Machine Design Trade-Of fs

(Marilee Connelly).
G. Missile-Automated Resources Management Operating Technique (MARHDT)

(CPT Robert G. Smith).
H. System Cost and Operational Resource Evaluater (SCORE) (Solomon

Getz).
I. Development of Automated Methodologies for Weapon System Life

Cycle Costing (Frederick H. Chakour).
J. Mathematical Method for Pricing Learning Curve Changes (Paul M.

James).
K. The Maintenance Aspects of the Life Cycle Cost of Electronic

Systems (Hugh W. McNeil).
L. System Effectiveness and Life Cycle Costing Analysis for the Fast

Deployment Logistic Ship (CPT B. D. Lamar).
M. Life Cycle Costing in System Acquisition (Perkins C. Pedrick).
N. An Inventory Model for Reparable Spares: the F-4 Casi (Marshall

Rose).
0. Closing Remarks: r'-. Donald B. Rice.
P. Closing Remarks: Rbert C. K. Valtz.
Q. Attendees.
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Cost Research Symposium (1969)
Proceedings of the Fourth Annual DOD Cost Research Symposium

Washington, Office of the Comptroller of the Navy, 1969, 358 p.
AD 854 663.

Welcome to the Symposium (RAIM Eli T. Reich).
Introductory Remarks (VADI Jackson D. Arnold).
Keynote Address (Hon. Charles A. Bovsher).
OSD Welcome (Hon. Ivan Selin).
Air Force Welcome (Hon. Thomas H. Nielson).
Army Welcome (LTG Frank J. Sackton).
Concluding Remarks (Dr. Donald B. Rice).

Historical Simulation (Charles A. Graver).
A Three Bimensioivl Cost Model for Analyzing or Estimating Director

Labor Requiremei",s (YAJ Gordon J. Johnson).
The Marine Corps Cost l-odel (DRS. Richard A. Jenner & Joseph H.

Augusta).
Cost Estimatin,3 Method%,logy for Ground Combat Surveillance Equipment

(Steve Klein).
An Example of |elatio-ships Between the Uses and the Development of

CEres (John E. Buchanan & Ronald A. Chlodo.
First Order Approximatlion of Cost Variance and its Value (George T.

Patton).
An Approach to Quantl.tative Measuremont of Advances in State-of-the-

Art. (Dr. Edw,%rd N. Dodson).
The Cost Implicaions of New Technology (J.D.S. Gibson).
Study of Trends and Escalation of Costs (WA" Borace Schovwl).
Cost Analysis in Support of Contract Negotiations (T. Arthur Smith).
An Approach to Estimating Costs of Maintenance Material and Personnel

for Naval Airborne Weapon System (Paul Casuk).
Pilot Training Study (W.E. Moon).
Selecting the Proper Cost Variables for a Cost-Effectiveness Study

(Seymour Horowitz).
Missale Cost Model (John Johnson).
SAMSO Unmanned Spacecraft Cost Model (G.B. Guarino).
Airmobile and Infantry Division Operating Costs in Vietnam (Robert

Cald-!rone).
Use of ADP Sources in Collecting Operating Costs (LTC Errol Mayes).
Attendees.



Cost Research Symhpouium (1970)
Proceedings of the Fifth Annual DOI) Cost Rossearch Symposiumn

Washington, Office of the ASSiMLtant SQCrel~ary Of LDufenfie (Sy.itsing
Analytiis), 1970, Volume 1, 32(0 p. and Volurns 2, 266 p.

AD) 875 742.

Natt: onn B ureau~ of Stanldardq WelIcorn (Dr. Lowig W4, Rransqco'b).
Keynot. Addr ess (lion. (&i tdiner L. T''ic h ,
AM ty Wel1come (lion. Eugene M. B~ecker).
Havy Welcome (lion. Charles A. Bowsher).
Air Force Wolcome (Hon. Spencer 3. Schedleu),
Discussion of Now PPI3S Procedures (C.,'. Niickols).

A. Selected Acquinition Itevortmi Role of the Nelectod Acquisittiovi
Report In Management- slid Cont. Arnlyluis C'. A~rthur ~4mtth).

B3. Operations Cost.:
Ali Analysis ofr Base Operatinog ihlpurtL Coitii (CIIT Robort C. owells).
Ileput Ma int~enance Coatist Eaiimat Lo Ralat tontihips for Fightov

Aircraft: (Robert lioil~ais).
Operating Costs Ausociated with REDCON Inmproveiseat .. Ani IIIst-orical

Example (U E-dwar'J B. Dohicit.y).

Hethoduololy for lDet~ermininig Aviation Spare Costs per Flying Htours,

(V. Badia).I
All Analysis of Operating Costs fo.r Sielecte~d Nisoel Units 0n USARIMIJ

C. An. ly s is of I nv.eitment: Al.t. evnst ivest
Economic Repi acemnnnt: AnalIysi a and Cost t1tcivtn inty (1,V.: Jono Knubol )
The Ittpact of Dinusount.111g, In flIat:i on. nod Roestdua IValutt oil Li fi

Cycle Costs of Weapoti Nyutt.m Accqu Iimiion (KLAJ Johiti 1). Johnatu',.1..)
MeaikurJin I'rtce and Prodnict;vIvfy Chang~e tin Hth Aivrcraft lildugiLly

1.Co at Anal ysis REducaLi on PI.1 gramlul Pk esalitia Iuti Oil cour se ap lylviri~l

rorce costinug and flkpport. I' lenitlnU (Dr. hornar d Mootker )
Aircraft Rework Couat,-I~nufi Mt odelI ( Dr. Hursha, 3. Ro-.).
lirOjfout ABlLE - A uqoisitu:itotns hatindl (t Conmkos! dte iona or Lo g 10 at i n 1

Pffects (Irvivng Roat).
F. Weapon 11yoatenki Ac 41 it i~on Il1 ocvovMi

Rat inWa lig Lolrltllj to~ll,'Ve COst Fa( totsi (Walter C. Ifillsrtwi).
'111i14-Cost -kiiii Tiatind,-oftfan tit evp l ptIotin PrograniN ( ~nl-~~d lDodlon).
Mi dge Anolystitii Ani Imaproved Proceodure for beve lop lug Coat.

Vat iviaitilg He) eat.o nahi pm ( usury ki yiw).
G Rule~ of t"1rue aCosti.11 ing % Fnor ce I' Intiui IogL

Iforc'a I' Icon illg Cost. loIormiont ou 'yut-mm ( Pet. er 414oti ow:ne).
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Force Cost: Assessor (JE. Koletar, Jr.).
Time-8tiaring - Brea~kthrough in Mil1itary Staff Proc~edures (HALd

John R. Alehiander, Jr.).
The Electrical, PFhI (Drt. Christ~opher Snyder).

H. Eqtd~ipent Costitig:
The FAMEGE Study, GosLing the Phase-in of a Family ofT Military

Engineer Construction Equipment (MAJ M.P. Higgins).
A Cost Model for Semiactive Radar GuidatciF and Control. Sections

of Air Defense MissfIes (lDr. C.D. Billinigs).
Methodological Probletfulk in EstimAting CostM4 of Shipbu ilding

Progrnimq and Som'e Vrovooseri S elect ions Hei: C~ nry !Sol ollon).
Hhfp Cost. lint imat iti (2 Mit ,ii nn J .A. 1Wei t t11o)..

,J. Manpower Gostingi
Ver~tonnel/Manpower L~ike Cycle Built Cost Models (CI)R Thomas J.

Empirically Fstiniatitn Pilot: 'raiining Uoat Funtlt10fl (CPT G.M.
IKipnifi).

A Mathemiatical kpproach to Est imalting Training Riequirem:ents
(Gtkorue Travers).

Deavelopmient and Appl icatilon of a 'Total 3hip Simulation Model
(M.A. Sc~hwarte).

Symposium Wrap-Up (Milton A. Margolis anid Dr. Donald B. Rice).
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Costing Methodology Handbook
Directorate of Cost Analysis, Comptroller of the Army

Washington, Department of the Army, 1971, 179 p.
AD 884 835L.

Published (in conjunction with a revised AR 37-18) in response to a,
need expressed in the Weapon System Acquisition Improvement Program
to provide a vehicle for developing a standard cost methodology.
Objectives: (a) to provide a better understanding of the cost
Pitimating/analysis process, (b) to promote standardization in cost
anaLyses, (c) to contribute to a better cost analysis capability
in the Army, consistent with the objectives of the Army Cost Analysis
Program (Cf. AR 11-18). Part 1: the process of cost estimating
(chapters 1-7); Part 2: other considerations (chapterq 8-10).

I. The Life Cycle and Decision Points: concept formulation; contract
definition; development and production; operations and disposal.

II. Preliminary Guidance.
III. System Description and Information Search: Five Year Defense

Program; Army Materiel Plan; Army Force Planning Cost Handbook;
selected acquisition reports; contractor reports and financial
records; Weapon System Cost Data Handbook; Development Concept
Paper; Area Coordination Paper; Materiel Need; prior studies.

IV. Techniques of Costing: parametric cost estimating (cost/parameter
relationrhips, scatter diagrams, regression models, least-squares
estimating, measuring errors, correlation analyses, other
regression techniques, learning curves); estimating by analogy;
industrial engineering approach; expert judgment; program
stretchouts.

V. Measures of Estimate Validity: uncertainty and risk (techniques,
examples); sensitivity analysis.

VI. Economic Considerations: economic analyses; time-phasing;
inflation; constant dollars; current year dollars; present value;
annex 1 (general instructions for inclusion of price escalation
in certain Cost estimates for research and development, procurement,
and construction); annex 2 (instructions for calculations of
price escalation in the selected acquisition report).

VI. Presentation of the Estimate: general format and instructions for
use; US Army Management School Operations Research/Systems
Analysis Executive Course - Check List, Briefing Techniques.

VIII. Cost Growth: definition, categories.
TX. Cost Effectiveness.
X. A New Technique to Analyze R&D Estimates: STECPLOT: problem,

technique, explanation, example, qualifications and extensions.
Appendix A. Modeling and Simiulation: types (iconic, analog, symbolic);

principle types of cost models; design and use of weapon system cost
model.

Appendix B. References.
Appendi.: C. Glossary.
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Costs and Benefits in Mathematical Programming
Manne, A.S.

Sauta Monica, The Rand Corporation, 1956, 14 p.
Rand Memorandum RM-1785.

Summary: ,In cooperation with members of the US Military Air
Transport Service (MAT5), the author recently engaged in an attempt
to determine whether MATS airlift planning could bt. imnroved by the

substitution of linear programing methods for trial-and-erroi rule-
of-thumb methods. The experiment, described in some de.ail in the
paper, was not successful, for the following reasons. ..he gains
were not spectacular, being on the order of two or three percent in
terms of the potential increase in useful airlift from the existing
resources, and on the order of one day in fourteen in terms of
reduction of the length of the planning cycle. The costs promised
to be rather high, because to realize the potential gains it would be

necessary to have a guarantee of immediate access at unpredictable
times to an expensive electronic computing mathine. Above all, tht
lack of mathematical training among the middle management group
makes it far easier for an organization such as MATS to accommodate
itself to trial-and-err*•' methods rather than to linear programming
models."

I. Introduction.
11. Background of the Study.
III. The Linear Programming Model.
IV. Va•iants upon the Standard Linear Prograimiing Model.
V. Conclusions from One Experiment.
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Costs of Operation and Maintenance Activities (Army): Techntques for
Analysis and Estimation

Phillips, John G.

McLean, Research Analysis Corporation, 1907, 77 p.
Technical Paper RAC-TP-242. AD 811 5l0.

The research in this paper develops ,ta method for determining
t'ie cost impact of proposed force changes on the operation and
maintenance, Army (OMA) appropriation activities. A study of the
Army's financial accounting system structure and budget data has been
made to form a method that will determine those OMA activltietý that
depend on force changes. For these activities illustrative cost-
estimating relations (CEiRs) are developed."

Foreward.
Summary: Problem; facts; discussion; conclusions.
Abbreviations.
I. Introduction: purpose; limitations of the study.
II. Method for the Determination of Force-Dependent OMA Activities

and Their Cost: the classification process; cost estimating
relations.

III. Cost Estimation and the Development of OMA CERs: introduction;
summary of force-dependent CERs; operating forces, BP 2000;
training activities, BP 2100; central supply activities, BP
2200; major overhaul and maintenance of materiel, BP 2300;
medical activities, BP 2400; Army-wide activities, BP 25001
nperation and maintenance of facilities, BP 9000.

Appendix A. Supporting 9ata for Development of CF.Rs.
Appendix B. Reference Data, by Budget Program.
References.-
Abstract.
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Curves: a Five-Function Curve-Fitting Computer Program
Boren, H.E.

Santa, Mottica, The Rand Corporation, 1968, 83 p.
Rand Memorandum RM-5762-PR. AD 680-762.

Summary: tThis Memorandum des~ribea a FORTRAN-IV'ýcurve-fitting
computer program that has been developed within the Rand Cost Analysis

DeparLment. The program makes least-squares determinc.ions of the
parameters of any of five natbematical functions selected by the
user, given a set of observations on the dependent and independent

variables of interest. The functions available in $.he program are
the line, parabola, power asymptotic-power, and exponential. Up

to three independent variables may ue used for the line and power
functiona. Also, the Y-intercept may be specified for the line,
parabola, or aayinptotic-power function. A dipcussion of the
characteristics of the functions is presentedlin Section 1, including
an examination of those nonlinear functions that require special methods
for solution. Also included' is a brief discussion of the statistics

\used in the program. Specific details or, the operation of the program
are presented in Sectiun II. This section also treats the options
available to the user. Progrim outputs are discussed in Section III.
For ,the bentfit of the reader, sample outputs from two runs are shown."

Preface.
Summary,
List of Figures.
List of Tables.
1. Introductioni program description; function types; function

characteristics; nonlinear-least-squares solutions; statistical
con d).derat ions.

Ii. Inpiut Procedures: title card; order card; format card; scale
card; data cards; blank card; end card; summary.

III. Program Outputs.
Appendix A. Nonlir'eac-Least-Squares Considerations.
Appendix B. Least-Squares Solution for Asymptotic-Power Function.
Appendix C. Listing of Curveg FORTRAN-IV ComputerProgrami.
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Decýision Analysls: Introductoty Lectur(s on Choices Under Uncertainty

Raiffa, Howard

Reading, Addison-Wesley, 1970, 310 p.

This approach prescribes how an individual who is faced with a
problem of choice under uncertainty should go about choosing a
course of action t-hat is consistent .iith his personal bssic judgments
and preferences.

Introduction.
I. Your Basic Problem: btatement; variations.
II. Analysis of Your Basic Problem: data; expected monetary valuW;

analysis of the no-exp riment alternatives; the decision flow
diagram; probability a sssments at chance forks; averaging out
and fo.ding back; expected value of perfect information and
opport~nity loss.

III. Uncertain Payoff and Biased Measurements: sampling costs;
value of informationb

IV. Utility Theory: use of CMEs in analysis; lotteries;
subst'itutability| the indifference function for money;
transitivity; the maximization of expected utility; decreasing

risk aversion; risk control.
V. Use of Judgmental Probability- objectivelvagueness; calibration

of subjective vagueness; a consistency property for judgmental
probability; the additivity of judgmental P*-measure; the
analysis df the eo-branch; the reduction of a general lottery;
'the revision of Judgmental probabilities.

VI. The Normal Form of Analyslis: strategiess randomized strategies;
choice; modification of a nonEMV'er; indifference curve analysis;
the principle of substitution for strategies; choice of weights.

VII. More on the Economics of Sampling.ý
VIII. Risk Sharing and Group Decisions.
IX, The Art of Implementation and General Critiquei the multi-

attribute problem; assessments of several uncertain quantities.
X. Further Perspectives and a Guide to the Literature.
Index.
The Data of Your Basic Problem.
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Decimionmaking Among Multiple-Attribute Alternatives: A Survey and
Consolidated Approach

MacCrinmon, K.R.

Santa Monica, The Rand Corporation, 196b, 63 p.
Rand Memorandum RM-4823-ARPA. AD 681 005.

Summary: "Various methods have been proposed to help the decision-
maker with multip]e-attribute decisionmaking. These range from
techniques which connider all attributes at once to those which
consider just single attributes, or proceed sequentially over single
attributes. This memorandum critically reviews the assumptions
underlying each approach and examines its information requirements.
In addition, eAch method is described both in a general way and using
a formal, abstract math•atical representation. Two examples, the
choice of a weapon system and of a space suit, are used to illustrate
the discussion.t

"Preface.
Summary.
I. Introduction: the decisionmaking process (goals, complexity,

choosing among alternatives with many attributea); scope and
organization of the memorandum.

It. Multiple-Attribute Decisions: attributes, goals, criteria, and
dimension.; a military systems example; symbolic representation.

III. Existing Approaches to Multiple-Attribute Decisionmaking: full
dimensionality (dominance, satisfying); single dimensionality
(maximin, maximax, lexicography, additivn weiihting, effectiveness
index, utility theory); intermediate dimenslonality (trade-offs,
non-metric scaling, 3umnmary of procedures).

IV. Extensions and Combinations of Procedures for MultIple-Attribute
Decision-Makingi uncertainty in attvibute value.l % subeystems
examplel eclectic approaches to the mulLiple-attribute problem
(combinations of approaches, current uses of multiple-attribute
methods).

Bibliography.
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Decision-4aking for Defense
Hitch, Charles J.

Berkley$ Utiversity of Californiap 1965, 83 p.

"The first series of Garther lectures. The first lectures trace the
evolution of the defense problemt the second describes the purpose and
function of the 'progranrning' system installed in 1961. The third
doscribes the efforts to apply the techniques of operations reseaeich
or systems analysis to the problem of defense decision-making,
particularly with regard to the choice of weapon systems and the alloca-

tion of resources among alternative forces and programa. The final
lecture attempt# to evaluate those innovationno to discuss the
unresolved problems in their application, atid to assess their placo
in the future."

1. 1789-1960
II. P1.anning-Progremmitnig-Budgeting

III. Cost-Effoctiveness
IV. Retrospect and Prospect
Notes.
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Defense Management
Enkea, Stephen

Englewood Cliffs, Prentice-Hall, 1967, 385 p.

This book appraises and describes varHOuA aspects of cost-benefit
analyni~j ,uC the kind now widely practiced Within the Department of
tiefensee Part 1i Pentagon decinion making (chapters 1-5); Part 2'
cost effectiveness applications (chapters 6-14); Part 3. special
defense problems (chapters 15-20).

The Lie f ense H P source Al I locat ion Proc's (WI II amt A. Ni skanien).
1.1. The Annual Cyclet Planiining-Progranmiting-Bu detLing (Robert N.

Grogse and Arnold Proschan).
lit. costing of Systems (Norman V. Breckner and Joseph W. Noah).
IV. Remaining Difficulties in Program Budgeting (Roland N, McKean).
V. Cost Effectiveness of Cost Effectiveness (Armen A, Alchian,.
V1. The Changing Environment for Systems Analysis (James R.

Schlesinger).
VII. Central War Alternatives (R.H. McMahan) Jr. and D.H. Taylor).
Vill. New Perspective in Civil Defenwe (Herman Kahn and Anthony J.

Weiner),
IX, W4obility-AIrltfL, Seailitt, and Prepositiorning (Richard B.

Rainey, Jr.).
X, MaintananLe (John J. McCaLl),
X1. Procurement and Management of Spares (Harrison S. Campbell).
Xli, Incentive Contracts (Frederic.k T. Moore).
X.IIT. Land Utilization for Defense (bOra R. Ninasian),
XIV. Military Manpower Utilization (Hlarry J. Gilman),
XV. Research and Development (T.K. Glennan, Jr.).
XV1. Defense Impacts on International Payments (Rolf Piekirs),
XVII. Defense Expenditures and the Domeutic Ecowomy (Murray L.

Weidenbaum).
X'III. Defense Decentralization Through Internal Prices (Martin J.

Bailey).
XIX. NATG Defense Planningi the Political and Bureaucratic

Constraints (A.W. Marshall).
XX, Military Assistance Programs (Charles Wolf, Jr.).
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Defense Planning and Organisation
Enthoveno Alain and Henry Rowan

Santa Monica, The Rand Corporation, 1959, 78 p.
Rand No. P-1640.

This in an exploratory essay on the organieation of the Department
of Defense, written expressly for an audience of professional
economists skand using, therefore, the technical language of formal
ecotoinic theory). The paper covers three topics: (1) the short-
comings oL the present organiization, (2) the general quesioin of
intelligibility of defense allocation problems, and (3) some
implications of the principles discussed and a few practical suggestions.

Prefatory Note.
1. Introduction,
II. The Defense Economyt some viewa on defense allocation; conflict

over budget level and the efficiency of allocation; budget
structural organization structure and decentralizationt the lack
of permanent staff.

Ill. Some Tht.oretical Aspects of Defense Organizationt Which
criteria? Whose criterla?7 the multiplicity of criterial
interactions; the significance of game aspects; the power
and limits of analysis.

IV. Some Suggestions for Improving Defense Organizationt the role
of the Secretary of Defense; budgeting for missions and weapon
systenisl decentralization through the use of budgets and pricesl
the defense reorganization of 1958.

Footnuotes.

50



Definitions of Expenses and Investment Costs
Office of the Assistant Secretary of Defense (Comptroller)

Washington, Department of Defense, 1966, 10 p.
DODI 7040.5.

This instruction sets forth criteria and definitions to be used in
(a) specifying the financial contents of the program elements in
the Five Year Defense Program, (b) defining the financial contents
of those accounts that make up the Defense budget, and (c) defining
the financial contents of the accounts that comprise the Department
of Defense management accounting system.

I. Purpose.

II. Applicability.
III. Basic Distinction Between Expenses and Investment Costs.
IV. Expenses.
V. Investment Costs.
VI. Conditional Cases.
VII. Implementation and Effective Date.
Enclosure 1. Investment Cost Decision Diagram.
Enclosure 2. Special Guilance Concerning Real Property.
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Derivation of Estimating Relationshipst an Illustrative ExampleFisher, G.H.

Santa Monica, The Rand Corporation, 1962, 83 p.
F 'iRand Memorandum, RM-3366-PR.

This memorandum was prepared for a course in military systems cost
analysis concepts and Itechniques, offered by the Air Force Syattems
Command. it presents ii lust~rative Pxamp1ps of how st:Rt Ist ical
regression analysis may be used to dot-e eathiating relationshi ps
from historical data. Examples of simple linear regression,
logarithmic linear regression, second degree regression, and multiple
linear regression analyses are presented and discussed.

Preface,
S wtriry,
I. Introduction,
11. Statement of the Problem.
III. Linear Normal Regression Analysis of Initial Tooling Cost as

a Function of Airframe Weight.
IV. A Curvilinear Analysisn Logarithmic Rsgression.
V. A Curvilinear Analysiat Second Dagree Equation.
VI. A Multiple Regression Analysis.
Appendix A. Derivation of tht Normal EqaRtons for a Linear Normal

Regression.
Appendix B. Student Problem in Simple Linear Regression Analysis.
Appendix C. Student Problem in Curvilinear. Regression Analysis.
Appendix D. Student Problem in Multiple Regression Analysis.
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The Development and Application of a Procedure for Estimating the
Economic Life of Weapons Systm

Eastman, Samuel Ever and William K. S'heirer

Washington, Department of the AM (Directorate of Cost Analysis.
Comptroller of the Army). 1970, 38 p. AD 711 115.

"The research york herein was undertaken to assist in the implementation
of Arrmy Regulation No. 37-13, tFiaancLal Ad-tnistratton, Economic

Ana3Ly3L3 of Proposed At-my, rveits-ents.' . .- e approach to the

)U11~ .4f

oT f U) 5 e t t) t ht 7~ -4 A;!;,!
to milt.ttarv weapons systefms. the econvonic lilf. c-. ~~.t
weapon.% s•vstens determined from techrnical z~hjn•c.

IV. Definitions of Economic Lit- from Econcwic Thoor:.
V. Applicai:ions of the Cost Mlnimitattto. (vith Replacerent).
Technical Appendix: Cost Miniizaition ,odel- •arts Coot FNnctlons

and Odometer Settings: Expected Depot Overhaul Cost'.

References.
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nevelopment Cost gstimating Survey
Task 3

Cambridge, Hanaftement Systems CotrporAnion, 1963, 124 p.
AD 408 987,

This roport documents a survey of development cost estimating
techniques and sources of pertinent data on past weapon systems. It
catalogues and codifies most of thA valuable information on this
subject and outlines the aources of appropriate historical data. In
addition, the -irvey provlces a basis for defining the analytical and
data collect;ion program to follow.

1. Summarya objectives, results.
II. Conclusions and Pecommendationu.
MIX. Discussioni gonerall historical data sourceql cost-estimating

techniques; cost estimatlng relationships; approach to future
data analysis.

Appendix 1. Bibliography.
Appendix 2. Selected Report Abstracts.
Appendix 3. Sources Contacted, Sept. 27 to Dec. 14, 1962.
Appendix 4. Summary of Cost rstintating Relationships.
Appendix 5. Data Collection Formats.
Appendix 6. Task Statement.

I
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Differential Games: A Hothematical Theory with Applications to
Warfare and Pursuit, Control anl OptLimisation

Isaaca, Rufus

Ne'# York, John Wiley arnd Sons, 1965, 384 p.

"Th!• work covers the nature and scope of differential games, discrete
models, formal nmthematical mold, and detailed explanatiuns of the
solutionr. The primary emphasis I s on military applications. t

1. Art Introduction: the theory of games; the st:ate and r~cntrol
%i\riableal baltle games; games with moving craft; pursuit Sames;

games of kind and names of degree: strategies; dogfights, firing
games, programming, and ethliticsl a perspective on precision; a
perspective on progress.

II. Definitions, Formulation, and Assumptions: the kinematic
situation; the realistic and reduced space; termination of the
aime; the payoff; games of kind and Sames of degrerl strategiesl

canonisation on circular vectogramsl a lemma on circular vectograms.*
III. Niacreto Differential Gamems: the general discrete gamel battles

of extinction; quasi-discrete games,
IV, The Basic Mathematics and the Solution Technique in the Small:

tho nature of a solution; the main equation; semipermeable
surfaces and a second derivation of the main equation: the
verification theoreml the path equations; the rttrogresmion
principle; the initial conditiono.

V. Examples.
VI. Efferent or Dispersal Surfaces: singular surfacesl dispersal

surfaces; the question of the perpetuated dilemma; the geometric
method for simple pursuit games of kindl the existence of the
perpetuated dilemma.

VII. Afferent or Universal Surfaces: with null integr 'j. ,(th lireor
vactograms; the analytic necessary condition for a ,,ir
vectogram type universal service; the workable condition when
n-3; the calculus of variations viewpoint; all strategies optimal;
the workable criterion when tk41 a test for a void; test for d
transiti.on surface; relation to Euler equation; restoration of the
totality of control variablesl somiuniversal surfaces.

VIII. Games of Kind: the barrier conceptl the construction of semi-
permeable surfacesi termination of barriers; construction of
the barrierl fusion of Sames of kind and degree.

IX. Examples of Games of Kind.
X. Equivocal Surfaces and the Homicidal Chauffeur Game: geometric

solution; primary solution; the universal curve and its tributaries;
equivocal surfacea; appendix.

XI. The application to Warfare: game theory and war; the available
techniques; types of applicationsl problems of formulation; some
pitfalls.

L5 4.



XIM. Toward a Theory with Incomplete Informationt sear'ch games with
immobile hiders5 with mobile hidersl the improtance of approxi-
mnations; the chancifying methodl appendices.

References.
Index.
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The Discount Rate in the Non-Market. Context
Franks, Franris John

Monterey, Naval Postgraduate School, 1968, 47 p.
AD 832 903.

Abstract: "Systems Analysis uses many disciplines and sophisticated
techniques to determine the relative effectiveness of alternate
systems. This relationship can then be reversed by an arbitrary
choice of a discount rate. In the private sector, tho. discount
rate is determined by the cost of capital. In the public sector,
the cost of acquiring the capital is not clearly defined. The
following proposals for the interest rate in the public sector are
considered: (I) the government bond rate; (2) the rate of growth of
the national product; and (3) a rate derived from the average rate of
return in the private sector. It is concluded that the interest rate
in the private sector lies between 4.75 and 10 percent. The circum-
stances which generate uncertainty and the means of handling this
un~certainty are also discussed. A procedure is recommended which
modifies the difference between expected costs to make them equally
significant. Particular attention is focused on uncertainty occasioned
by changing technology and the probablity of war. It is concluded
that a unique est imate of the risk component is indeterminate and that
uncertainty should be considered in the context of the specific
systems under consideration.ft

1. Introduction.
11. Opportunity Costs: the interest rate; the bond rate; growth rate

of the national product; the rate of return in the private sector.
111. Uncertainty: factors generating uncertainty; means of handling

uncertainty; statistical analysis.
TV. Sunmary.
Bibliography.
Appendix A. Average Rates of Return in the Private and Public Sectors.
Appendix B. Sensitivity Analysis.
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Discount Rates and Procedures to be Used in Evaluating Deferred Costs
and Benefitt

Bureau of the Budget

Washington, Executive Office of the President, 1969, 7 p.
BOB Circular A-94.

K2

This circular prescribes standard discount rates and proceduret to be
used in evaluating the measurable cost, benefits, or outputs of
programs or projects when these costs, benefits, or outputs occur
over time and when they can be estimated.

I. Purpose.
II. Scope.
ITI. Agency Coverage.
IV. Preparation and Presentation: expected yearly cost; expected

yearly benefit; expect3d yearly output; disount rate; discount
factor; present value cost; present value benefit; present value
output; present value net benefit; benefit-cost ratio; output-

cost ratio; internal rate of return,
V. Discount Rate Policy.
VI. Uncertainty and Risk.
VII. Interpretation.
VIII. Effective Date.
Attachment A. Sample Format for Discounting Deferred Costs and

Benefits.
Attachment B. Discount Factors.
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Discounting in MilitaryiCost-Effectiveness Studies
Stone, Donald R.

kMontereyo Naval Postgraduate School, 1965, 42 p.
AD 475 334,~

Thesis abstract: ttDiscounting is a means of assigning d Eferent
weights to costs expected to be incurred in different fu...re time
periods. Such costs are a vital element of cost-effectiveness studies,
which under present DOT) policy provide the primary basis for military
procurement and force structure decision making. The discounting
process is reviewed, and an attempt is made to identify qualitatively
the factors which should 1eternine the discount rete to be used by DOD
cost-effectiveness studiea. These factors are separated into\two
groups: those which apply to cost-ef~fetiveness studies of all types
of weapons systems, and those which depend upon the type of system
being considored. Finally the manner of presenting the results of the
discounting process tothe decision maker is discussed."'

I. Introduction.
i1. Cest-Effectiveness Studies.
Mt. The Discounting Process,

IV. The Normative Component.
V. The Risk Component.
VI. Presentation of Recults.
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"Discounting in Systems Cast Analysis"
Cownie, John.

Washington, DC, Office of the Assistant Secretary of Defense (SA)
i Economics, 19 September 1967, 15 p.

",The ptirpose of this paper is to specify the costs which are relevant

in Lhe comparison of defense systems; in particular, it will be
stressed that if cost streams whicn are spread over time are to be
compared, some sort of discounting procedure must be used."

lIntroduct ion.
The Costs of Defense.
Systems Costs and Discounting.
Discounting in Business Decisions.
Discounting Defense Expend!.tures.
Present Values and Future Values.
The Significance of Discounting.
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(Not UVed)

This page is reserved to describe the DOD Handbook for Economic
Analysis at much time as it is published.
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Dynasric Progratmming
Bellman, Richard

Princeton, Princeton Univers.ty Press, 1956, 342 p., Rand No. R-295.

"The purpose of this work is to provide an introduction to the
mathematical theory of multi-3tage decision processes. t t Biblio-
graphies follow each chapiter.

Preface.
I. A Multi.-Stage Allocation Prwoess: functional equation approSch;

i: tflt1-di mensitoal I maximizaLion, problem; a smoothing prob Iem;
Infinite stage approximnation; eAisLence and uuiqueness theorems;
approximation in policy space; convexity, concavityl time-dependent
processes; tvulti-activity processes; multi-dimensional structure
theorems; continuity and memoryi stochastic allocatinn processes;
functional equationsa Stieltjes integrals,

II. A Stochastic Multi-Stage Decision Process: stochastic gold mining;
enumerativi treatment; infini,-o stage approximation; existen'ýe
and uniquenessl a flniLe number of stages; a three-choice probleml
a stability theorem.

I11, The Structure of Dynamic Pe'gramnming Processes: the principle
of optimalityl discrete deterministic, stochastic, and continuous
deterministic processes; causality and optimality; approximation
in policy space.

IV. Existence and Utiiqueness Theorems: equations of type one, two,
and three; monotone convergence; stability theorems; an optimal
inventory equation.

V. The Optimal Inventory Equation.
VI. Bottleneck Problems in Multi-Stage Production Processes.
VII. Bottleneck Problomsi Examples.
VIII. A Continuous Stochastic Decision Processl continuous versions;

derivation of the differential equations; the variational
procedure; solution for finite total timel mixed policiesl
solution for infinite time; nonlinear utility.

IX. A New Formalism in the Calculus of Variations.
X. Multi-Stage Games: single-stage discrete game; min-max theoryl

continuous games; finite resuurces; games of survival; pursuit
gamesl a basic lemma; existence and uniqueness; proof of results;
non-nero-sum games.

XIL Markovian Decision Processest a lentmal existence and uniqueness;
Riccati equation; approximation in policy space; discrete
versions; recurrence relation; min-max; generalization of a
VonNE'unwnn resul'

Index of Applications.
Name and Subject Index.
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Dynamic Prograuuningi t Bibli.ography of Theory and Application
Belitnan, Richard and Rebecca Karush

Santa Monica, The Rand Corporation, 1964, 140 p.
Rand Memorandum RM..3951-PR.

Preface,
Bibliof-,:,hy of Papers, 1946-1963 (alphabetically by author).
Bibliogii'phy of Books, 1950-1963 (alphabetically by author),
Author I'kdex (Books).
Author Index (Papers),
Subject Index: allocation processes; calculus of variations;

communications and information theory; control processes; equipment
replacement and inventory theory; game theory; maximization and
minimization; multistage production and scheduling theory; optimal
routing and trajectory theory; mathematical physics; reliability;
search processes; sequential analysis; transportation processes;
stochastic variational procosses; adaptive processes; analytic
results; computational aspects; surveys.

Abbreviations.
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Dynamic Program•aing and the Calculus of Variations
Dreyfus, Stuart E.

Santa Monica, The Rand Covporation, 1965, 511 p.
Rand No. R-441-PR. AD 468 205 and AD 470 877.

Abstract: "A demonstration of the relationships between the clculus
of variations, a mathematical discipline concerning certain problems
of optimitation theory, and dynamic programming, a newer mathfxaatical
approach to optimizntion problems. In addition to explaining anQ
contrasting the two approaches, the report shows that many resulto
of the calculun of variations become simple and intuitively apparent
when examined from the dynamic programming viewpoint. In emphasizing
the geometrical and physical insight afforded by this approach, the
study shows how these techniques can be applied, for instance to
stochastic and adaptive variational problems. It can be used in the
study of dynamic programming and other new mathematical formalisms;
in optimal control problems, such as the determination of rocket
trajectories, the correction of launch errors and inflight disturbances
of spacecraft; and in the problems of optimal control found in
economics, biology, and the social sciences.t1

Preface.
Summary.
I. Discrete Dynamic Programming.
II. The Classical Variational Theory.
III. The Simplest Problem.
IV. The Problem of Mayer.
V. Inequality Constraints.
VI. Problems with Special Linear Structures.
VII. Stochastic and Adaptive Optimization Problems.
Bibliography.
Index.
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Dynamic Programing, System Identification, and Suboptimization
Bellman, Richard

Santa Monica, The Rand Corporation, 1965, 13 p.
Rand Memorandum RM-4593-PR. AD 616 780.

Abstract: "A discussion of the mathematical technique of dynamic
programming to obtain a best-fit approximation to a fun.tion that is
defined over some given interval. The author describes the use of
this method as an approach to the handling of a particular type of
patt,!rn-recognition problem and to the appruximation of optimal
control policies.rt

Preface.
Summary.
I. Introduction.
II. Adapcive Curve Fitting.
III. Discussion.
IV. Identification of Systems.
V. Suboptimization.
VI. Reduction of Dimensionality.
References,
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Economic Analysis
Work4na Paper

Norfolk, Armed Forces Staff College, 1971, 523 p.

This draft volume is a working paper and is being developed as a
first source reference in support of Department of Defense
Instruction 7041.3. The additional references and bibliography are
not included in the draft, but will be included in the final hard
copy.

1. Economic Analysis: definitions; discussion; techniques; DODI
7041.3; article from Armed Forces Mansment.

II. Accounting, Financial Management: roles of financial executive;
primary functions; secondary functions; organizational procnsses;
managerial accounting; analysis of funds; budgeting; financial
-management in government and business; the profit motive.

III. Analog Method of Cost Estimation.
IV. BenefIt-Cost Analysis: problem; background; tradeoffs.
V. Correlation Analysis.
VI. Cost-Effectiveness Analysis: definitions; background; marginal

utility of weapon systems; contrAibutions by analysts.
VII. Cost-Estimating Relations.
VIII. Critical Path Method: military planning; wide application;

basic procedhires; compress schedule; complicating elements.
IX. Delphi Method.
X. Engineering Method of Cost Estimation.
XI. Discounting: planning capital acquisitions; general framework

of analysis; estimating the variables; other methods; reference
problems.

XII. Gaming.
XIII. Linear Programming: preliminary remarks; graphical solution;

linear programming.
XIV. Marginal Analysis: theory of production and marginal products;

demands for factors (derived, interdependent); the production
function; marginal products (defined, as solution to distribu-
tion); maximizing profit; graphical depiction; law of diminishing
marginal physical product; least cost.

XV. Modeling: nature; design and use; types; evaluation; advantages.
XVI. Monte Carlo Techniquea.
XVII. Operations Research: origin; basic concepts; methods; future;

examples.
XVIII. PERT: principles and applications; techniques.
XIX. Probability Theory.
XX. Quantitative Analysis: systems approach; scientific method;

uncertainty; objectives; alternatives; costs; models; criteria;
readings.

XXI. Queuing.
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XXII. Regression Analysis.
XXIII. Sensitivity Analysis.
XXIV. Si•ulatlon.
XXV. Statistical Inference.
XXVI. Systems Analysis: background; principles and procedures.
XXVII. Productivity Accounting.
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Economic Analysis and Military Resource Allocation
Smith, T. Arthur, ed.

Washington, Department of the Army (Office, Comptroller of the Army),
1968, 182 p., AD 841 253.

",This volume considers the decision process in the Department of
Defense and its impact on Army plans. The role of Army plans is then
addressed in terms of the economic decisions that must be made and
the form and types of economic analysis uted to support these decisions.
Where methodology is developed, general models are described and their
implications discussed. This is the case in the development of resource
impact models for use in force planning and the development of resource
projects for hardware systems. In other instances, such as logistics
areas, maintenance and reliability considerations, and the broader
aspects of life cycle costing, model development has not reached that
general state. In these cases, the discussion centers on the impact
of policy on resource acquisitlqn and utilisation and available
methodological techniques. In all instances, the cost side of the
cost-effectiveness equation is stressed. This emphasis is a reflection
of the primary intent of the series, the iwprovement of training and
the development of communications within the cost analysis community."

Introduction (T. Arthur Smith).
Economic Analysis and Military Resource Allocation (T. Arthur Smith).
Economic Analysis of the Army Logistics System (Rex Brugh).
Peacetime and Wartime Costs in Cost Effectiveness Analysis (John

McClelland).
Army Force Cost Models - An Example (T. Arthur Smith).
Whither Life-Cycle Coat? (Arnold F. Klick).
A Method for Relating Combat Vohicle Operating and Maintenance C6sts

to Reliability and Maintainability Uoals (R.J. Byer, C(F. Blozon,
W.T. Towles).

Management and the systems Analysis Mysl, iie (Paul L. Peck, Jr.).
Cost Estimations for Conceptual Systems (David 0. Cochran).
Vehicle Cost Model (Johb: L. HIamnil.ton).
Cost Analysis Methodology for T53 and T35 Turbine .ngines (John L.

Hamilton & James T. Wormley
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Economic Analysis for Engineering and Managerial Decision-Mlaking
Barish, Norman N.

New York, McGraw-Hill, 1962, 729 p.

"This book is directed to persons who are corncerned with economic
analyses and aims to present the basic reasoning and methodology of
various disciplines which are important in decision-making. It is
designed to be practical rather than theoretical. It is technique-
oriented. Mathematical symbolism is kept as simple as possible .nd
derivations or proofs are presented only if they nie simple and will
illustrate the subject matter."t Port 1: engineering and busines3
decil.sion-mak:ing (chapters 1,2); Part 2: costs (chapters 3-8); Part 3:
methods Lor tangible evaluaLion oi alternatives (chapters 9.12);
Part 4: capital management (chapters 1.3-17); Part 5' determinations
of minimum cost and maximum profit (chapters 18, 19)- Part 6; risk,
uncertainty, and intangibles (chapters 20-27); Part 7: elements of
economic measurement, analysis, and forecasting (chapters 28-35).

I. Introduction.
II. Objectives and Criteria for Lngineering and Business Decisions.
III. The Cost of Operating an Ertaerprise.
IV. Cost Concepts for Decision-Mak:ng.
V. Interest and Time Value of Money.
V1. Depreciation.
VI1. Profits, Interest, and Return on Investmilrnts.

Vi1i. income Taxes.
IX. Annual-Cost Compar isons.
X. Present-Worth and Premium-Worth Comparisons.
XI. Determination of Rate of RBeturn.
XII. Det erminat tons of Eqtial Cosi. ondd PJ.youn..
XIII., Capital Investment and Theory of I. ].on
XIV. The Enterprise' s Assets and Source,.o of Funds.
XV, Sources of Fiuture Cipital Funds,
XVI. Capital Planning and Budgeting.
XVII. The Economy of Replacement qnd Retirement (Economic Life).
XVIIl. Minimum-Cost Functional. Re•ationships.
XIX. Programming for Minimum Cost of Maximum Proflt.
XX. Risk, Uncertainty, and InLangibles.
XXI. Descriptive Statistics, P'robability, and Expected Costs.
XXII. Probability Distributions.
XXIII. Sampling and Confidence Limits,
XXIV. Model Building and Simulation.
XXV. Simulating Risk (Monte Carlo Technique).
XXVI. Waiting-time (Queuing) EvalL'ations.
XXVII. Evaluating Intangibles,
XXVIII. Economics oL the Virm.
XXIX. Measures of Economic Activity.
XXX. Time..serios Analyses.
XYJ(I. Reg.resaion and Correlation Analysis.

66
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XXXII. Econometric Models, Demand Analysis, and Sales Forecasting.
)XXXIII. Short-run Cost Relationships.
XXIV. Break-even Analysis for Profit Planning.
XXXV. Long-run Cost Variations (Scale of Operations).

Appendixt
Tables: 40. interest factors; 1% interest factorsl 2% interest

factors; 3% interest factoral 4% interest factors; 5% interest
factors; 6% interest factoral 8% interest factors; 10. interest
factors; 12% interest factors; 15% interest factors; 20%
interest, factors; 25% interest factors; 30% interest factors;
40% interest factors; 50% interest factors; uniform-gradient
conversion factors (values of factors to convert a uniform
gradient, &, to an equivalent uniform payment, j); areas under
the normal curve; studentts t distribution; random digits;
random normal numbers (Gaussian deviates).

Charte: single-payment compound-amount factors for various interest
rates from 0. to 50%1 single-payment present-worth factors for
various interest rates from V/. to 50%; uniform-series compound-
amount factors for various interest rates from V,/. to 50%;1
sinking-fund pa.rment factors for various interest rates from
-V, to 50%/ capital-recovery factors for various interest rates
from V/* to 50%;. uniform-series present-worth factors for various
interest rates from "/. to 50%; curves for determining probability
of observing d or less Poisson occurrences in a sample selected
from a population having an average of c occurences per unit of
space o0' time.

Selected Bibliography.

Index.
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Econ.)tac Analysis of the Integrated Facilities System (IFS)
Noah, Joneph W.,; Robert P. Caldarone; Carl R. Wilbourn

Washingtor, Planning Research Corporation, 1969, 101 p.
PRC R-1209i, Volume IX, AD 872 133L.

Summary: ttThe economic analysis of the IFS addresses the total
resource requirements and benefits associated with the development,
implementation, and operation of a CONUS-wide system. The study
results piovide information to assess the impact of IFS on Army
resources, and to indicate 'the magnitude of benefits that will
accrue to the Army from IFS. The economic analysis should be viewed
as a tintative effort.tt

I. Introduction: purpose; summary; report organization.
IL. Methodology: cost-benefit analysis; limitations.
III. Development of Resource Implications of IFS: functional

resource implications; ADP resource implications; total costs.
IV. Potential Benefits: general; benefits measured; benefits not

measured.
V. Cost-Benefit Comparison: general; conclusions.

I
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Economic Analysis of Proposed Army Investments
Headquarters, Department of the Army

Washington, Department of the Army) 1969, 23 p.
AR 37-13.

I. General Policies for Proposed Investments: general (purpose,
scope and applicability, explanation of teris, objectives,
policies, responsibilities, references); concepts (time period
covered by an economic analysis, prenent value, discount ra t e,
uncertainty, adjustment for inflationary trends).

I. Inveetment Proposals for Weapon Systems and Research ProJectst
general; application to weapon system application to research
projects; exceptions.

III. Administrative Instructionst generall preparation of Format Al
preparation of Format A-1; Preparation of Format B.

Appendix. Definition of Terms.
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Economic Analysis of Proposed AWO Investments and Other Resource
Msnagemont Programs

Headquartersj Arpmy Weapons Command

Washiogton, Army WeaponsCommand. 1970, It p.
AWCR 11-20.

This regulation implementE AR 37-13 and AMCR 11.-3 and prescribes
supplemental policy, responsibilities, and procedures to be employud
in applying economlc analysi.i to the US Army Weapons Command decision
Process.

I. Purpose.
II. Scope,
11. General.
IV. Obj#,ctivef,.
V. Policy.
VI. Responsibtlities,
VII, Procedures,
V111. References.
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Economic Analysis of Proposed Department of Defense Investments
Headquarters, Department of the Air Porce

Washington, Department of the Air Force, 1969, 44 p.
AFR 172-2,

This regulation is applicable to all comrniand.i and separate operating
agencies. It implements the attached DOD Instruction 7041.3 and
requires the preparation and evaluation of economic enalyses on
proposed Air Force investments meeting certain criteria. Tt
entourages the submission of an economic analysis when it has
significant inmpaLt on budget Juatiftcatioti. It prescribes the
necessary 1:)licy, procadures and assignment of respoil~ibf tiLes
necessary for the evaluation of econominc aspocts of proposed 1NewsLt-
m1ent #.

1. background.
1I. Purposes.
111. Applicability and Scope.
IV. Explanation of Terms.
V, Policy on the Use of Economic Analysis i% Investment Dentsions.
VI. Procedurei for Preparing and Submitting Economic Anolynse,
VII. Responsibilities of ;iq USAF Directorate of Budget.
Viii. Other HIQ USAF Office Responsibilities.
IX. Commend Operating Agency Rmaponsibilities,
Attachment 1. References and Related Dtroctives.
Attachment 2. DOD Instruction 7041.3, 26 February 1969, anrd

Change 1, 26 Natch 1969.
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Econtomic Analvais of Pt-oposcod Departmoist nf flwfenae Invesmbents
office of the Assistwit !Iocretary of Dflenose (Comiptroller~)

Washingtoni, bapactnint of Ilefense, 1969, 40 p.
0001 7041.3.

This instruction establishes policy anAt procedures for consist~ent
application of ecatnomic an~alysis t-. proposed Departmenit of Defense
Intvestme~nt p~roj ect~s.

1. P'ur ofe and Objoctives.
I;, POMiy.
M1. Applicability and Reope.
IV, Definitions.
V. Pr'ocedures I general (equal benefits, equal cost, both Ullequa1)l

time periods covoredl presetit values discount: rat~es unrertsintyl
adjustment's for itillatioiu Criteria for voconwuenditil 4%%d selecting
isnvoO~t~ttal oprearaion Mnid subinifissioll of .tivaw.iiset prVOpoSAls.

VI. Eflective Date and Intplemalitatlon.

k"iClosure I.. kof ero~nt'es
Nelosjee 2 Dattiolis at .itigeca oeEnlsr J tsD etiiions, z:r Prprn:PrasA A1 n

forut -11fot'mitt siA pro!.c' Year di scount far LoIS,.

proset vale ('hntotiig qua.iliu



Hconhmic AnAlyst. of Proposed Departwment of tho Navy Investments
Office of thle &ecretary of the Navy

Washtniton, Departmen. of thi' Nevy, ,970O, 40 p,
SECNAVINS1 7000, )4,

This instruction implements LxG) Instruction on Eco•,•oc Ansalyvs of
1Proposed IM Itrvestmants, and establishes policy and procedure for
cionristf.nt appli(ution of economic analysts.

Ref erantll on.

1. Purpose.
1. Coannal at ion.

111. Oj ec t (V I .

IV, Policy,
V. Applihability slid Scop6,

VI. bef Wit iotrs.
VII, Procedures.

nCitouvue 1. Definit tons.
Enclosure 2, InstruetionS for PrLpartin For0ats A, A-1, and H -

suoimary of Project Costs •nd Rleietfits.
Enclosuro 3. Techniques of Economaic Analysis..

72°
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Economic Analysis of Public Investment Decisionsa Interest Rate
Policy and Discounting Analysis

Subcommittee an Economy in Government

Washington, 'JS r•ongress (Joint Economic Committee), 1968, 23 p.

Abstracti "in this report,, the Subcommittee on Economy in Government
preser.,sa 1t4 cotclusions oti the application of discounting procedures
in Few'eral Governnmernt butreaue and agencies and submits its recommenda-
tions on this matter. The subcormnlttee arcepta without qualification
the piopositioti thaL consistent diacounting procedures and appropriate
interest rate policy must bo adopted throughout the Federal Government
if wise and eonomic investments ere to be made. Testimony presented
to the subcommittee demonstrated that. such consistency is not now
present. The e'abcommittee recommends that no public investment be
deemed "economic,' or "efficient" if it fails to yield overall benefits
which are at least as great as those which the same resources would
have produced if left in the private sector. This report deals with
the optimum discounting procedures to be used in avaluating the
economics of public investments."

I. Interest Rate Policy and Discounting Analysis - An Abstract.
11. The Planning-Prograu•llng-Budgeting System is the Meons for More

Efficient Government Decisions.
i1l. The Discounting Procedure Must be Used if Good Public Investment

Decisions are to be Made,
IV. Current Discounting Practices in the Federal Agencies are Neither

Adequate nor Consistent,
V. The Appropriate Interest Rate Concept is the Opportunity Coat of

Displaced Private Spending.
VI. The Current Risk.Free Interest Rate which should be Used for

Evaluating Public Investments is at least 5 percent.
V'. All Federal Ageatcies should Establish Consistent and Appropriate

Discounting Procedures Utilising arn Appropriate Base Interest
Rate Computed and Published on a Continuing Basis.

Appanoix. The 88T and the Interest Rater An example of the role
of discounting.

Separate Views of Representative Patman.
Separate Views of Senator Sparkm•an.
Supplemantury Views of Senators Symiington, Jordan. and Percy.
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Economic Aspects of Military Procurement and Supply

Subcommittee on Defense Procurement

Washington, US Congress (Joint Economic Committee), 1960, 125 p.

A report by the subcommittee appointed to conduct a study of the
impact of defense procurement and disposal policies on the economy.
This study follows the subcorrimittee hearings on tiThe Impact of
Defense Procurement"r which were held January 28-30, 1960.

Letter of Traisnsiitai.
Conclusions and Recommendationst general; scope of activities;

quality of operation; attempts at progress; GAO findings;
recommendations.

Lconomic Aspects of Military Procurement and Supply: introduction;
general summary.

I. Scope and Economic Impact of Military Supply and Related Functions.
II, Quality of Military Supply Management: studies and reports.
III. Con&:ressional Efforts for Improvement: management (top manage-

ment agencies); supply management; supply management in DOD.
IV. Reorganizing the supply and service functions in the Army.
Appendix I. Quotations from previous Joint Economic Committee Reports

ro-effect of military procurement on the economy.
Appendix 2. Conclusions on management of general supplies in the DOD.
Appendix 3. Legislative history of competitive bid statute.
Appendix 4. President Truman's letter on negotiated procurement.
Appendix 3. Correspondence re-cataloging.
Appendix 6. Address of Secretary Lovett to Association 'f the US

Army, August 1960.
Appendix 7. Correspondence re-stock funds.
Appendix 8. Data on GSA-DOD remponsibilities.
Appendix 9. Background on integration of common supply in DOD.
Appendix 10. General Eisenhower on defense policy affecting supply

manahement.
Appendig 11. Congressional Correspondence on integrated supply.
Appendix 12. Strtngthening of National Security Act.
Appendix 13. Correspondenca on unified contract audit.
Appendix 14. Correspondence on ir,.agrwtion of electronics supply and

communications.
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Economic/Cost Benefit Analysis of Prnposed AMC Investments
Headquarters, Army Materiel Command

Washington, Army Materiel Coumand, 1970, 15 p.
AMGR 11-34.

This regulation prescribes policy and procedures to be employed in
applying the fundamental concepts of economic/cost benefit analysis
to the AMC decision process.

I. Purpose.
II. Scope.
111. Objectives.
IV. Policy.
V. Responsibilities.
VI. Procedures.
VII. Economic Analysis in the Decision Process.
VIII. Major Concepts and Techniquess resource impact; scope of

coverage; evaluating investment alternatives; role in manage-
ment pvocess; present day value; economic lifo; uncertainty;
adjustments for inflatnonary trends; documentation; cost
estimeting.

IX. References.
Appendix. Techniques Used in Economic Analysies. Formats. Project

Year Discount Factors.
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Economic Forecasting

Stekler, Herman 0.

New York, Praeger Publishers, 1970, 182 p.

The studies in this book present tn`'.niques and empirical results
which are relevant either for evaluating or for improving quantitative
economic forecasts.

I. Quantitative nconomic Forecasts. Judgmental and Econometric
Methods.

II. Forecasting with Econometric Models.
III. Evaluation of EcunomLtric Inventory Forecasts.
IV. An Evaluation of Quarterly Judgmental Economic Forecasting.
V. Econometric vs. Judgmental Forecasting.
VI. Data Revisions and Economic Forecasting.
VII. Selecting Economic Data: Accuracy vs. Reporting Speed.
VIII. The Federal Budget as a Short-Term Forecasting Tool.
IX. The Future of Forecasting.
Appendix to Chapter II. A Priori Information, Models, and Forecasting.
Appendix to Chapter III, Regression Estimates of Inventory Equations.
Appendix to Chapter III. Inventory Anticipation& Data.
Index.

Li
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The Econonilcs of Defense in the Nuclear Age
Hitch, Charles J. and Roland N. McKean

Santa Monica, The Rand Corporation, 1960, 424 p.
Rand No. R-346. AD 243 098.

ItEconomics is concerned with allocating resources -choosing

doctrines, equipment, techniques, anid so on - so as to goet the most
out of available resources. Economiting means trying to rane the
most efficient use of the resourcea available. A major purpose of
this report is to show the uisefulness of this way of looktng at
military problemms. We consider the economic problems of defense at
each of three rather gross levelsi the quantity of national resources,
available, now and in the futurel the proportion of theme resources
allocated to national security purpose.; and the efficiency with which

Part li the resources available for defense (chapters 3-6); Part 21

effiriency in using defense resources (chapters 7-12)1 Part 3t
special problems and applications (chapters 1.3-18).

I. Defense as an Economic Problem (introduction).
11. The Backgroundt Defense against What? (introduction).
Ill. Resource Limitationsi specific versus general raonstraintol

role of GNP.
1V. Diverting ONP to refenses How Big a Defense Budgetfi budgetary

protessi prolram versus object; program time; military personnel.
V. Indirect Effects of Defense Spending.
VT. The Economi.c Strengths of the M~aJor Pewerat problitta of

international comparison; GNPI defense budgets,

V11. Efficiency in Military Dectiaonst, aptirimi, officlent, aild
feasible positiona; one input, two outputs; two inputs, oneI
output; economic anAlysis; the requirements approach; the
prioritiem approach.

V111. An Illustrative Application of Sconomic Analystis probleml
mission; alternatives; coats; criteriotil models and procedure;l
results and conclusions. t.ppendix oil thes models anid the
contputattantis cosL coefficients; ag1gragation of chatinels;
optimhising prucedures.

IX. The Criterion Problem.
X. nomnusls Uncertilinty, and the knomy.
X1. l'roblemr, Associated with Tim-a,
X11. Institutional Arrangements to Proillote 13ficitnLcy.
XII1. mililafiry I&.oloarh aold Devoinpmuttt.
XIV. Logtotic.s
XV. Tits Kootuimlcs of Nfititary Alliiance.
XVl. * IsnomIt WAri(rwa Aid 1)1 Mltf"11161t.

XVuii. Chous lNL111 CoivilsfI 1atetlso.#id OV111t10i



constrained maximal economic efficiency; nonlinear programmtnni
the gradient method,

Bibliography.
Index.
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Efftciency and Economy in Government Through Now Budgeting and
Accounting frocedurac

Novick, Daevid

Santu Wonica, The Rand Corporation, 1954, 122 p.
Ripid No. H-254.

" A praouna I for a vaw method of b44dget ing aind accounting for hle
11Mi Iity, Including !!' thaD tinanall pRI cs *IC428 ('011tilltn aLl-ent ion
t o c cat con 14 der At. 1 ons , co -t 1:ot r I Soll!; , nil1( 11it1111 1 V .1 . LI ht( v WI.

I. imitroduction.
11i. 'the Rate 01 hudgttihg and Accountinaz budpuh. functional account log

r ~fkCtittt 4 es budgfut ing, aCCOUnMtitg, and opers'ti I tigI preniont I ~dora I

Ill1, COne Coneidatalt 1011 in We101apn*%sesAaAs
I V. Ran~d's Coat, Ann ys Is Nothodid iuao elo Iifienit * f uparfitimton cuitit-

1titi ky tji a cstj the ditat It'l ict. betwteent %n ste ti andihiuR 4
opui'ati urn @*p~ni~dtit-s pi ese411114 1 tlat ivui ttjl tof a ltth
twou mothrapg poussblt't Itla (it genluital aopplct hat 'olti gunkua
UpstnI a In aa I v titti ,dsvat 1, m:t.

Appendlix 1 e Wl Hit III i the 'edeial I Ud0st
Auipasidim 3. Cot~siq Sitirutut' lot Croat Atn halti .f Ilia it 4 ote
Appeniduw , Naapiti WoLshaetiv bnma;,



Efficiency In Government through Systems Analysts, With Emphasis on
Water Resources De.velopmtent,

Mceuan, Rlaelnd N. (The Rand Corport~ion)

Now, York, J1ohn Wiley & gong# 1958, 336 p.

"UThe inquiry deals spevfcttially with the comparison of water-resourcu
projects, but the compi~risoh o~f olternative operationsi or policies of
other sorts iinvolves many of the smaei problems, and the broadet put-pose
of the study is to niuai~t in the penersil struggle fo-! economy, in the
finprovoine'it of ati I yid I it, govortiont , itid tin the ext ens i c of its tise.
Par-t: 1! Itn rmuct Iion ( vhapter Ili P~rt 2 Aoti' stwiorp I proilWil oft
winalytts (0,ni'hto.r~t P2-6t PArt A- -AecIiIl proble'n~d iti tho ,i itv,11, of
wuter-rosource projects (chapters 7-10)1 Part 41 thle problems as
Illustrated by specific analyses (chapters It, 12); Part 31 other
potenttil uses of anklysis to fincrease govertnmental affteciency

I. Setting, SCOPeP, and Plsn 0. the StUJlY.
f 1. Tito (ritevirti Pv:oblomi, ctittrta; proatimtet criterfils ub.-

Opti~lmietO11; CoMRoii Vr~ror; ppso ~riate Criteria.
Il, Thei Appropriate Alternativost Mo vant contexti relevant

Caurses; lttte~rr.1at tolshipit
IV, Inter,861,0s, Unceroiliity, 411A Critteta.
V. Time 9troomis iind Vvittriai time. hortmori; measured tie, dollars; fit

Vii. Criterts 0% the 9Seletil tof w~mr11,110Artou projiects.
Vill, kinds 01 hanotit anid c~oot Optilovar kitsetmg toohnologlesii

pewistniat y consiotone.y; toakinfe ut pt~ujouLa
19, Rtiida of 1eneftti Ovot-cciunt tn$ 4 and fieanudasy h~aiafitat double"

X111., Attn I ut P (tit 1,01 f,,,,a~tt a Iludielp ii At% I I Iteialvat lC.lti
Riv. Askalrtnali AldEtis f ttpVn~ellmantia lir-iy,v A flui.'y tit Oppnirt~itfl tun.

Appandits ený P"0816le 10 'A~e~L~n 4.1 Kien. Ittil bLy i'~tti e

tud~e~nw nI Ieinii~nrA



Wilke# 'Samuel Stanley

Princeton, Princetmi University Press, 1.948, 28/4 p.

1. Introduction.
It. Frequency IDisrlbuttono: for ungrouped and grouped nieasurenientsi

cumulative polygons graphed on probability paper.
1l1. Sanipi Mean and Sta~ndard D1ev iat:ion: for mngrouped and grouped

ilenRU r effent.1 ; Rilip Ii U ed LICompo t:At: IOn.
I V. .E li iu, I I t A Pr oi Y V h i 1 I L. - Iin simpi1 reperit. ed t.vtIi 1s; perinuta Liong;

(.omibinal. tons t C LU tatiunj niaihenutkie [al expefc LiL Ull; getitlltt to
r iprobabil ity.

.,PrObAbility flist~tribtionst disret~el continuou.41 mathematical
Oil 11 U 1,11-1at 101).

Y I .the binom I iii Dt1)1 ~ b1L Ion: derIVa Lion; thue mean and standardc
deviat ion.

VII . The PoIlssn IDintritbut~iont dorivatiuni flmeil anid variance;
fitt ing to a ia~mp le di si~ribuiont .

Vill. Thii Normail Di str ibut ion,. general Iropert ioci appi ic",t ions,
IX. Mementtm of SampIingi fro~m a finite and ,in infinite ippulations

chooretivjii iia"w1 logI distrihuttotlM or guHm" and differennoes or
ORiiiple MOW111.

X ConiiofIdnco L ,imi I of Po~pulIat ion Paraesit rs.
X I . StAt:i si.ta St~1ilit i anco TORiM,
X I t. Tootitng Randmionu tio In lanploal runil; quality control Johat-s.

Xl.Anvilyst. of Pairs -if Heasurernieits: sticthod o'l least squorosi
Niniplifiod coniputa~tio of cooffictuntui for: .egrtsnion 11nel
gonovraliIty (if' Lho, mehod.

I ndro,



Elements of Defense Economics
Hitch, Charles J1. and Roland N. McKean

Washington, Industrial College of the Armed Forces, 1967, 167 p.

The purpose of this text is to introduce thn student to some of th"
essertial elements of economic analysis which have come to jiliy a
vital part in Defense management since 1961. Part It analyt~cal
and factual background (chapters 1, 2); Part 21 the resouvc,)ýi
available for defense (chapters 3, 4)1 I'Art 1i efficiency it tviing
defense res~ources (Chapters 5-b).

1. Defense as an Economic Problem.
11. Defense Against What?
111. Resovrce Limitations.
IV, Diverting GNP to befense: Now Big a Defense b1udget?
V. Efficiency in Military Decisions: three geacral approachesl

optimal, efficient, and feasible positions; one input, two
outputs; two inputst ore output; the elements of an econom.i
analysis; the requirements approach; the prioritios approact.-
some miuunderstandingsa efficiency in the large versus effici ~ncy
in tile small; kinds of military decisions.

VI. The Criterion Problem: criteria; some criterion errorsl
appropriate criteria.

Vi1:i, lncommensurables, Uncertainty, and the Enemy.
VIii. Problemb Associated with Time; why discount; what rate; what

value for future inputs and outputs; some practical dodges;
undervaluitig future outputs..

Concluding Observations.

Index.
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Empirical Cost Estimateor for Military Construction and Price Adjunt-
ment Factors

Headquarters, Department of the Army

Washington, Department of the Army, 1969, 13 p.
AR 415-17.

This regulation provides empirical cost estimates for permanent
military construction, area price adjustment factors, and unit cost
adjtistment chart.

1. Purpose.
11. General.
III. Explanation of Tables and Unit Cost Adjustment Chart.
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Estimating Gost Uncertainty Using Monte Carlo Techniques
Dienemann, Paul F.

Santa Monica, The Rand Corporation, 1966, 49 p.
Rand Memorandum RM-4854-PR. AD 629 082.

Summaryt ItSuggested in this Memorandum is a technique for expressing
cost estimates of future systems as probability distributions to
reflect the uncertainty of the estimate. The impact of this information
is shown to be relevant to the decision-making process. For the
purpose of the study, the relationship beLween t1w sources or un-
certalinty and system cost estimates Is dOpIL,:ed ar, an input-output WodeI..
Within this framework, a proced.ire was developed Lo estimuate probabiliLy
distribution for each of the input uncertainties, From the input
distributionn, a Monte Carlo procedure is used to generate a series of
system cost estimates, A frequency distribution and common statistical
measures Pre then prepared from the set of output estimates to
ascerLaiA the nature and magnitude of the system cost uncertainty.
To illustrate the proposed tuchnique, a case ýtudy Involving the cost
estimate of a hypothetical aircraft system with air -to-surtface missles
is presented."I

Preface.
Summary.
I. Introductiont sources of uncertainty; relevance to decision-making;

expressing cost uncertainty.
II, Monte Carlo Techniques for E&*cimating Uncrrtalnty: simulating

probability distributions; estimating system cost uncertainty.
11, Case Studyt Individual Weapon ypvtem Cost Analysis: input

prooability distributions; Monto Carlo simulation of system
cost uncertainty; case 1 (cost-esatimating uncertainty)l case 2
(total uncertainty); conclusions.

IV. The Greater Problemi Uncertainty in Cost/EffectLiveness Studies.
Appendix A. Weapon System Cost Model Inputs.
Appendix B. Weapon System Cost Model Outputs.
Appendix C. FORTRAN Subroutines for EstimLiung Uncertainty.
Bibliography.
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An Extended Concept of Model
Quads, E.S.

Santa Monica, The Rard Corporation, 1970, 13 p.
Rand No. P-4427. AD 710 639.

A slightly abbreviated version of this paper will appear in the
Proceedings of the 5th International O.R. Conference. ftThe function
of a model in operations research is to 'predict and comparel; to
pcovide a logical way to forecast the outcomes that. follow alternative
actions and, hopefully, to indicate a preference among thenm. A
mathematical formulation with which one can optimize is an extremely
valuable aid to this process. But it is not cruciall there are other
routes. What is crucial to every decision process is reliance on
expert judgment and intuition, this reliance permeater every aspect
of operations -- in d'.ciding what approach is likely to be more
fruitful, in designing the model, in determining what the facts are,
and in interprating the results. One great virtue of model building
is that it provides a systematic, explicit, and efficient way to
focus the required judgment and intuition.

A model, by introducing a precise framework and terminology,
serves as an effective means of communication, enabling analysts and
various experts to exercise their intuition and judgment in a well..
defined context and in relation to each other. In addition, it
provides foadback to guide the participants in the revision of their
earlier judgments. It is theme features of the to-Ul that are
essential to its role in supplying a route from hypotheses to pre-
diction, not how explicitly it represents the real world or whether
or not it provides a formnll or quantitative scheme for optimisatioe.

"The authorts contention is that "there are advantages in ujinjj
approaches that sacrifice representation also. This suggests taking
a broad view, accepting As a model Ay device that provides a lujical
means topredict and compare tho outcomes of alternative actions,
rugar--ess of its representative features or weiiciont it is at
optimisation. (ailiLg sutch a device a 'model' in the context of
operations research would hnlp to counter the bias toward mathe-
matical models Acqpuired by so many anialysts through their education
and work with industry."

There follows a discussion of one such device, the Delphi
procedure.

References.
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The Feasibility of Deriving a Coot/Effectiveness Formula for Man/

Machine Function Allocation
Connelly, Hartlee N.

San Diego, US Naval Personnel Research Activity, 1966, 75 p.
Research Memorandum SRH 67-4. AD 6,19 674.

Abstract: "This report presents a summary of progress nade in a
continuing investigation into the feasibility of deriving a cost/
effectiveness formula for man/machin- function allocation. A
preliminary cost/effectiveness formul.a in present:ed with an
evaluation of the sources and availability of the data iTputs
required by the formula. Using eý prtliminary formula and tmethodology
as a basis for the analysis, it was concluded that adequate measures
of cost are available bot that adequate measures of variable effective-
ress have not yet been developed. Due to complexity of the coot/
effectiveness formula and to the lack of accessibility of input data,
a large amount of time and money will be required to perform function
a' •llocation akial'¢' It was determined that the derivation of a
cost/effectiveness formula for man/machine function allocation is
fieasible. At this time, cost/effectfveiesa analysis seems appli-
cable to most cases of function allocation and appears to offer a
reliable method for the allocation of fug'ctiona between man and
machine. t

Brief.
I. Introductions coat/effectiveness; purposel scope of reportl

research approach; background (function allocation, the concept
of using cost/Affectivsness for function allocation).

11. Procedurei cost (equipment, personnel, utilising the cost
formula)l effectivenese.

III. Conclusions and Re. omsendations.
Appendix A. Branching Model of the Coat Formula.
Appendix B. Derivation of Cost Formula for Cont/Effectiveness

Function Allocation Decisions.
Apoendix C. Index of Symbols (Derived Order).
Appendix D. Index of Symbols (Alphabetical Order).
Appendix E. Personnel Cost Elements Source Table.
Selected References.
Table I. A Stnnmary of the Availability of the Inputs of the

Preliminary Pirsonnel Cost Formula.
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Game Theory
Kahn, Herman and Irwin Mann

tSia,. Monica, The Rand Corporation, 1957, 65 p.
Rand No. P-1166.

This is a draft of a report to be included as a chapter in a book
titled Milit Plannipn in an Uncertain World. Topics include the
followingi ntatching pennies, modified matc•-i•g game, a game of ruin,
noisy duel, silent duel, definitions and formal results, attacking
targets of unequal importanceý the trader •nn the cannibal, n-person
games.
Bibliography.
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Games and Decisions
Luce, Robert Duncan and Howard Reiffa

New York, John Wt l.y and Sons, 1957, 509 p.

This book attempts to communicate the central ideas and results of
Same theory, and related decision-making models unencumbered by
their technical mathematical detailb.

1. General Introduction to the Theory of Games.
11. Utility Thcory.
IIY. Extensive anO Normal Form..
IV. Two-Person Zero-Sum Games.
V, two-Parson Nion-Zero-Stum Non-Cooperative Games.
VI. 1wo-Person Cooperative Games.
VII. Theories cf n-Person Gameg in Normal Form.
VIII. Characteristic Functions.
IX. Solutions.
X. Stability.
X1. .easonable Outcomes and Valne.
XII. Applitations of n-Person Theory.
XIII. Individual Decision Making under Uncertainty.
XIV. Group Decision Making.
Appendix 1. A Probabilistic Theory of Utility.
Appendix 2. The Hininmx Theorem.
Appendix 3. First Geometrical Interpretation of a two-Person Zero-

Sum Game.
Appendix 4. Second Geometric lnterpretatLon of a Two-Person Zero-Sum

Game.
Appendix 5. Linear Programming and Two-Person Zero-Sum Games.
Appendix 6. Solving Two-Person Zeao-Sum Games.
Appendix 7. Games with Infinite Pure Strategy Sees.
Appe'.td.•i 8. Sequential Compounding of Two-Persont Games.
,4ibliography.

ledex.
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A Generalised Cost Mod*! .'or Military Systems
Eliel, L. Frank

91 Segundo, Aerospace, Catpuration, 1965, 8 p.
PReport No. TOR-469(553C '')-3. AD 484 388.

Abstracts tfThe rapid development of complex schemns for. estimating
the costs of military systems has obeuo.red the fundamcntal requi.ite
structure of oymtems cost models. Th iLhis paper, some of the major
relationships are restated symbolitclly to describe the major features
of these models and to permit a more Ingical development of the
general problem. The primary Wl#\txaces between system costing and
the other related design, planning, and analysis activities are
discussed with reference to t1,- requirements which these leatter
activities place upon the cost ivindel."

I. Introduction.
II. Ueneral Economic Hodels and tiefinition,.
II1. The Basic Estimatiut Tachnique.
IV. Cost at a Function of Quanti,.y.
V. Synthesising the System.
VI. Financial• l Lanning.
VII, Economic Planning and Rssource ConstrA.nts.
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Government Decision-.Maling and the Theory of Choice
Bmithisk, At

BantI M4onica, The Rand Corporation, 1964, 11 p.
Rand No. P-2960. AD 607 564o

Discussion of the decision-making processes in government and the
import;ancs of recognising that this process must he designed both
to determine the objitctive funution and to achlev6 an efficient
allocation. The central purpose of this paper i.e fto deivonatrate
the fundamental role of choice ainong alternative courses cf wat:ion
in government. decisiati-making, The process of choice not only points
to the most efficient way to attain give4 objectives, but is basic
to the determination o" the objectives themselves, becision-making
thus tnvolves ntt merely determining how given objectives can bi
attained at minimum costs, but also exploration of the variety of
ways in which resources ,:an be effectivoly employed, Ricognition
of the latter aspect of tlecision-making has evoked e new set of
"concepts such as program budioting, cost effeotivanesa, and systoem
analysis. This paper attompts to examine the nature of decision-
making in terms of eta•rdad economic theory, and hopefully, to throw
light on the implicatins of the new vocebulary,.t

Um .'



Guide for Revtowors of Studies Containing Cost-Effectivent.* Analysis
Heymont, 1,1 Oý Brykj I, Linstonoi J. Surmolr

McLean, Rteiarch Analysis Uo"povation (Econotaitcs and CoMting
rPopartment:), 1966, 67 p.

"To assist in the review of ottudler containing coot-effectivtents
analysaes, a ftertes of queOtions with explanatory notes have been
prepared. Ther., quet.ions, teken together, will not necessarily
cover all aspects of all cost-eoffctiveness analywes. No ones general
list of questions can do that. Rather, the quej!.:0n9 are designed
to focus the attenition of the revietur on selected a-pect-s to assist
him in evaluating the analysis. All the questoJon, are not applicable
to all studies and they are not necesearily of equal impottanc~d Lo
those studies where they do apply . This document iis intended
only as a guide and not as a full and comprehenhive treatmnent of 0,-1
aspects of cost-effectiveness analymti.11

Foreward.
1. oenaral background4  introduction| cost-offeetivenasi snalysis and

the estimate of the situationg essential elements; thio Objectite;
alttrnativas; coot' models; criteriat role of judgmentl rtview ot
st~udiea,

11, Key Questions, stataoment of the problim;l aesumpt.tons s;iternativt•i
docum~enetton and data; o"ost; relationships (mndela); aqual
effectLveness imethodsi eo('ectivensesa critekid, cost-offuctiv~ne#a
curvesl concluuions and recowwnanditi-ono.

O]las~ary.

selected Questions.
Bitblugraphy.
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G.uidebook foi Systems Atialysis/Cost P8ffectivenems (Note 1)
ARINC Research Corporation

Arnnapolib (Maryland), ARINC Research Corporation, 1969, 449 p.
AR114C No. 900-O1-01-957,

Piurpose: tu provide USAECOM personneal with a text and reference
ma~terial in systemoi analysis and cost effectiveness; intended for
tkchnftal, sc19entific, ManageMetit and adminintrative povsonnel
responsible for preparing infornuwtion, making decisions~ or reviewing
deciski'ns regariling life 'cycle cost, systeri' effeectivenesti, or
technuical. feasibility of a system~ or eqUý1pn1Ellt 'It afly Phase ink Its

life cyc~le.,

1. Intrncduction, defitittLcnsi backgroundl methodology; applicat'Lnns-,

11. OGeieral Methodological. Appro'ach to Systems Analygis/Cost
Effectiveness 1Studiest Input information (Army Force Development,
COmbst Developmert objectives fluide, Qualitative Materiel
Dvelopnme-It Objective, Qualitative Materiel Requirement); defining

requiremnetts and objoctives; mission profiles; critical
performance paramiaeral alternative systems (total system, system
configirati.on synithesis, mtate-of-the-art anialysis); hardware
charactoristi ca; evaluat ing effectiveness (availabilitv.,
dopandabtlity, capability); measures of effectivotiesal models
(aaslutlptions, udequacy, repreventat'venopt; uricevtainty, data,
validity, typso); effectiveness PatiLional cost equations (Rand
method, cost-extimnating rolationthipa, problems, application);
exereiiaing the maleI; decision model (optimiesatoti criterion, rish
and unieL'tainty, a 1imlsitoon techniques, leveragoe effecta,
fiit erpr*tat ico),

111. Techniques: simulatfon; queuing theory; sequencing a:'d iwarkov
processes;l inventury and replacitmentl ; invar and dynamic
pyoranin; Came theoryl Inforni t:ion theory; anl410-tc n models
(lsnrhostorl* 6quittiono, calctilum of variations); doctisi~sn
C.Loory; ~oaI' -oct mat inM relat ionshilim and Lcnnf tdvnce finterva Ia;
ompera.unco Lurvos; cc;t-Aonait.tvity analysis.

IV. Oasto HAthematicAl aiwd Statistical Concepts:t probability; a fgabrni e
prlin(Kplox aiid formulvii (countinH principles, permtkittions,
combinations, tbamic prubability law*, application to rol1iabilI'ty)-,
probability distrtbutions (defitittlo::, properti~a, pAratoieitn' slid
monatnts, discrete probability diotributiuns, continuo'us distr-A.
bul;;ons); estimation (nunparatnatric, paraniut;H).

App~lndi A. (iloasar11y.
Appsondtix B, DO01 and AMC Directivemi WDo DitOLtivO 32016.9 WNh 70-28,
Appuneiiil C. 'ýLntifjrical Tables: Ntandard normal ýablo; tablot of t

otat iutic; cht.-liquarurI tablol Lablo of valuam; table of cyitiual I
vAlues;l opc~nantlail ttble; cable ot 2/x (11,d); table of values of r*
(reqkki rei nviotlor of' tN&larav); t~b Ia ot r(X)l c ontiden(.a bit It for
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Appendix D. Bibliography,
Appendix S. Guide for Reviewers of Studies Containing Cost.

E f fectiveness Analysis,
Appendix 10. An ExampIe of a Recent CommunicationuN Coot-Fffectiveness

Analysis.
Xndex.

Note It Thia document has also been published as ANM Pamphlet
AHCP 706-191, entitled: "Engineering Design Hawdbook -

Systems Anfl.ysis and Coal:-EffectivenessIO, Api'il 197il
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Guidelines for the Presentation of Army Cost Analyses
Resource Management Corporation

Bethesda, RMC, 1970, 58 p.
RMC Draft Report UR-125.

Prepared for the Comptroller of the Army, the body of the report ,is
addressed to the formation of guidelines for presentation of Army
cost analyses. The organization of the report is in the form of
three questions: To whom and for what reason are cost analyses
presented? What analysis should support Army cost presentations?
and What is to be presented? . . . The scope of the present effort
is limited to future weapon/support systems on!.r. Additionally,
the study is limited only to those types of decisions made by the
Chief of Staff, which do not necessarily correspond with the same
decisions as the Office of the Secretary of Defense."

I. Introduction.
II. The Organisational and Decision Context of Army Cost Analysis:

current Army management of individual weapon/support systems;
senior officer materiel review board; selected acquisition reports;
aggregate management of Army Materiel; analysis of current
practices.

III. Elements of an Army Cost Analysis Procedurel weapon/support
cost analysis cost tracking procedures; review of weapon/support
systems cost estimates submitted to COA/DA; system review; what
are the assumptions used in the analysis; force specification;
materiel and personnel specification; cost evaluation and cost
estimating tools; cost estimates; force structure analysis;
sensitivity and uncertainty analysis.

IV. Presentation Formats.
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Guidelines in Accumulating Financial Data on Future Weapons
Pardee, F.S.

Santa Monica, The Rand Corporation, 1960, 46 p.
Rand Memorandum RM-2583-ARPA. AD 418 652.

Summary: ?TWeapon system evaluation involves systematic end critical
examination of alternative means of perfoiining specified military
tasks of Oa~ssions. In this analytical process it is necessary not
only to mrasure technical and operational capability, but also to
obtain a reasonable estimate of total financial requirements and the
variations from case to case. This paper attempts to provide
guidance in collecting the financial data necessary to the evaluation.t

I. IBackground: place of cost in the over-all evaluation process; the
'financisl data cycle; cost cowcepts; the uncertainty issue.

1I. Description: prime hardware; development and operational concept;
program phasing; potential bottlenecks - state-of-the-art and
resource shortages.

III. Requirements for Financial Datae definitions; form 1 -
cont:ractor and/or arsenal development, production, and support
(dcvalopment, production, support, industrial facilities);
form 2 - cradle-to-grave cost (research and development,
init:Lal investment, operation, example of senkitivity analysis).

Generikl Retereutces.
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How Much is Rnoughl Shaping the Defense Program, 1961-1969

Enthoven, Alain C. and K. Wayne Smith

Now York, Harper & Row, 1971, 364 p.

ttThis book was written for three main purposes. The first is to
record some of the valuable lessons regarding strategy, force, and
financial planning learned in the 1950's and 1960's and applied in
the 1960's in the hope that by doing so, they will not have to be
relearned in the 1970'.. The second is to make a case for what we
believe to be the proper role of the Secretary of Dafense: that is,
personally to grasp the strategic issues and 'provide active leadership
in developing a defense program that sensibly relates US foreign
policy, military strategy, defense budgets,'and the choice of major
weapons and forces. The third is to increase public understanding of
the uses of analysis in defense decision making and to help build
support for its increased use.H

Preface.
I. Unfinithed Business, 1961.
II. New Cencepts and New Tools to Shape the nqftnii Program.
III. Why Independent Analysts?
IV. NATO Strategy and Forces.
V. Nuclear Strategy and Forces.
VI. Yardsticks of Sufficiency.
VII. Three Controversial Program Decisions.
VIII. Some Problems in Wartime Defense Management.
IX. Unfinished Business, 1969.
Source Notes.
Index.
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"The Impact of Discounting, Inflation and Residual Value on Life
Cycle C)sts of Weapon System Acquisition"

Johnston, MAJ John 1).

United States Air Force, Assistant Chief of Staff (Studies and
Analysi4), . May 1970, 32 p.

A paper presented at the fifth annual Department of Defense Cost
Symposium, held at the National Bureau of Standards, Gaithersburg,
Maryland, 24 March 1970. "The purpose of this paper in to point out
some of the fundamentalcconomic considerations pertinent to
discounting, discuss sonm of the factors which impact on discountinxg
when applied to weapon system acquisition# present an example to
illustrate the numerical implication., and draw a few conclusions."

Foreward.
Introduction.
The Impact of Discounting.
The Treatment of Inflation.
Planning Period and Residual Value.
Intangible Benefits.
Sumanry.
Bibliography.
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An Individual System/Organisation lost Model
Surmeler, John J.1 Jodie T. Allenj ANV. Wittnerl W.H. Bennettl Alfred

D. Staments Allen Aknmr

McLean, Research Analysis Corporation, 1966-68, 5 Volum1 es, 353 p.
RAC-TP-183. AU 627 418, 820 645, 825 700, 825 701, 827 100.

Volume 1. Concept and Application.
Introduction.
Concepts of the Design and Use of Cost Models.
The ISOC Model.
Example of a Specific Cost Model.
Example of the Use of the ISOC Model.

Volume I1. Computer Program Design and Operation.
Computer Model Structure.
Data Preparation for the ISOC Model.
Model Operation.

Volume III. The Tactical Air Defense (TAD) Modeli a TimePhaoed
ISOC Application.
The TAD Modelt Phase I
The TAD Model: Phaie

Volume IV. Review of Selected Applications.
Introduction,
General Description of the ISOC Model.
Review of Applications.
Typical Models and Specific Model Variations.
Detailed Descriptions of Selected Models.
Further bevelopments of the ISOC Model.

Volume V. The Army Division Cost Model.
Introduction.
The Army Division Cost Model - Its Characterintics 4in'i Application.'.
The Division Cost Model as an ISOC Application.
Inheritance.
Hypothetical Case Study - Costing Alternative Tank Pi:ograms.
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Individual Weapon System Computer Cost Model
Boren, H.o,, Jr.

Santa hunica, The Rand Corporation, 1964, 166 p.
Rand Memorandum XlH-4165-PR.

"This memor'andum discribes the present Atate of davelopme nt of a
computer model used to determine the resource requirements assoc!atpd
with !ndividual weapon systems. The discussion in urient.ed toward
describing the actual operation of tht model rather than the under-
lying reasons for the methodology used."

Summary.
1. Inttoduction.
I1. Weapon Systen Cost •!odel - General Description.
II1. Subroutine READ.
IV. Subroutine INDEX.
V. Subroutine BASIC.
VI. Subroutine PFJYSO.
VII. Subroutine APCO.
1III. ,ubroutine COST.
'EX. Subroutine ASMS,
H. 8ubroutine OUTJl, OUT2, and DUMP,
U.I Conclusions.
Appendix A. Fixed-point and floating-point number systma.
Appendix B. Program Variables.
Appendix C. Sample Input Sheets.
Appendix D. FORTRAN II Symbolic Program of Rend (Cost Analysis

beUortment Irtividual Weapon Syatem Coat Model.
Bibliography.
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Information fao Decision Makings quantitative and behavioral

Dimensions larport, Alfred, Edittor

Englewood Cliffs, Prentice-Holt, 1910, 447 p.

The book is addressed to the informational aspects of management
systems. The primaty objective it to relate advances in information
technology, quantit,~tive methods, and the behavioral sciences, to
the task of effectively designing and utsing decision-oriented infor-
mation systems. Port 1: background .and approach (chapters 1, 2)l
Part 2: informaLion for planning and contrrl (chapters 3-0); Part 3:
behavioral aspect& of infoeration (chapters 9. 10).

I. A getting for Information and lieotlonsi the structure of!
management decision theory; accounting for decision makingl
management mlsinformation systemsl basic concepts for uesigniug
a fundamental information syetem.

11, Development and Use of Models: o" the art of modeling; computer
simulation - a solotion technique for management problemst
heuristic models - mapping the ,•aae for management,

111. Basic Framework for Plannitig and Control: framework for analysisl
longranne plannink - challenge tc management science; a program
of researcl, in business planning.

IV. Coping with Uncertainty of Relevant Planning and Control
Variablema f:'recasLing consideratton in deaign of management
information systenisl multiple reke>"ion analyis of cost
behaviorl somttivity analysis i , .carsiou making.

V. Integrated Planning and Control Models - Selected Applictcionst
simulation in financial planningi a ,.inear programming model for
budgeting a&td financial planning; an accounting system structure
on a linear prograamneing model.

V!, Information for Productiun and Marketing Decisionst cost-volume
profit analysis under conditions of uncertaintyl PERT/cost - the
challenge; a design for the firm's marketitig nerve center.

VI1. Information for Evaluation of Rlaky Capital Investments:
uncertainty and its effect on capital. investment analyeisl a
review of same; stochastic decision trees for the analysis of
investment decisional limit DCF in capital budgeting.

VIII. Decentralised Financial Control Systemsl return on investment =
the relation of book yield to trioe yieldl new system for
divisional control; accounting implications of a mathematical
programming approach to the transfer price problem.

IX. Motivational Information Systems.
X. Impact of Information on Decision Making.
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An Introduction to Coot-Pefecttvaness Analyuis
Groome, Robert N.

McLean, Reeaerch Analysis Corporation, 1965, 27 p.
RAO Paper RAC-P-5. AD) 622 112.

This paper is designed to show the basic theory underlying cost-
offectiveness anatysis and to be a beginning for developing the
tools and language that would permit greater ease in use and under-
standitig of cost-effectiveneas analysis.

9"
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An Introduction to Equipment Cost Estimating
Batchelder, C.A.; H.8. horen; HG. Campbell; J.A. Del Roanil J.P. Latge

Santa Monica (California), The Hand Corporation, 1969, 121 p.
Rand Memorandum RM-6103-SA. AD 702 424

Prepared for the Office of the Assistant Secretary of Defonse (Syntema
Analysis) and dealting with the ýundamentals of cost analysis. This
memorandum constitutes the introductory portion of a book on the
subject of military cost-estimating procedures. Bibliographies on
pp. 77 and 121.

I. Cost--Estiniatlng Methods: industrial eiigineerinig, aralogy,
statistical approaches.

II. Data Collection and Adjustmenti collection (historical, resource,
physical and performance characteristics, program); adjustment
(definitional differences, physical and performance consider&-
tHons, non-recurrIng and recurring costs, price-level changes,
cost quantity adjustment3, other possible cost adjustments).

111. Statistical Methods In Development at Estimating Relationships:
simple linear regression (least-squares estimating, st:atistical
inference, prediction intervals)l curvilinear analysis; multiple
regression analysis; doctimentation,

IV. Use of Cost-IRstimating Relationships: characteristics, hordware
considerations, judgment.

V. The Learning Curvet the log-linear hypothesis (utiit curve,
cumulative average curve); nonlinear hypothesis; plotting a curvel
variations; applications.

I.I
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An Introduction to Equipment Cost Zstimating (Note 1)
Large, J.P.

Santa Monica, The Rand Corporation, 1968, 139 p.
Rand Memorandum RM-5470-SA. AD 664 825.

Summary: IfThis memorandum discusses the fundamental problem of
estimating major equipment costs and suggests that for many purposes,
particularly for government cost analysts, a statistical approach
is the most suitable. The kind of dat required and the adjustments
needed to make the data useful are discussed in some detail. The use
of regression analysis in deriving cost-estimating relationships is
described, but it is emphasized that unquestioning use of estimating
relationships obtained in this manner can result in serious errors.
The concepts uhlerlying the cost-quantity relationship generally known
as the learning cuive are presented along with instructions for its
use. Finally, the problem of uncertainty in cost estimating is
discussed and a few suggestions for dealing with the problem are
included.?'

Preface.
Summary.
I. Cost-Estimating Methods.
II. Data Collection and Adjustment.
III. Using Statistics in the Development of Estimating Relationships:

curvilinear analysis (logarithmic regression, second-degree
equation); multiple regression analysis; documentation;
bibliography.

IV. Using Estimating Relationships: understanding the estimating
relationship; understanding the hardware; judgment.

V. The Learning Curve: the linear hypothesis; nonlinear hypotheses;
plotting a curve; variations; applications; bibliography; appendix.

VI. Uncertainty: proposals for treatment of uncertainty.

Note 1: This is an earlier version of the Publication described
on Page 99.
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Introduction to operations Researeh

Churchman, Charles Waetj iRuesoll L. Ackotft R. Leonard Arnoff

New York, John Wiley and Sons, 1957, 645 p.

"This book has two oblectivest (1) to provide operattcos reseArchers
with a basis for evaluating the field and for understandiibg its
potentialities and proceduren, aild (2) to provide potential
prs'ýtltioners with a setrvey of the field and a basis on which they can
plnot tho forther edutcation requii-ref for compiltetwce with the methc•d
aind techniques.." I'nvt It Iit roduct ion ( chaptor !-3) 'Part 2 the
problem (chapters 4-.6)j Part 3t the medel (chapter 7)1 Part 4:
inventory moduls (chapters 9-O)1 Part St allocation ,modela (Chapters
11-13)1 Part 6: waiting-time models (rhapters 14-16)1 Part 7I
roplacement models (chapter 17)t Pert Ri competitive ttoudele
(chapters 16, 19)1 Part 9t testing, control, and i.mplemeattation
(chaptors 20, 20)i Part 16f adniitaistrato:n of operation@ research
(chapter 22ý.

T, The General Nature of Operationg Reaearch,
Ii. An operations Research Study of a Hystaeu as a Whole.
1II. Reacarc Teasm Approach to an Inspoction Operation,
IV. Analysts of the Organisatian.
V. Formulation of the Problew.,
V1. Walghtlng Objectlves.
V11, Construction atid Solution of the Hodal,
VIII. Elementary Inventory Model*.
IX, Inventory Models with rrice Dreake,
X. Inventory Models with R~estrictions.
XI. Linear Programming,
XII. The ,ssilIrtment Ptoblem.
XlI. Some 11ltutratline of Allocation Proble is.
XWV. queuittN W00618.
XV. Traffic noleays at Toll Booths.
XVI. Dequencing Mtadeli.
XVII, Replaceenrit Models.
XVIII. The Thoory of Uames.
XIX. Uiddin# Modeoe.
XX. Data for Model Tvsting.
XXI, Controlling and Implaetnttng the ir ohocn.
XXII. Belectio,, T1rasinitt , and Orglriiuition of Opo'retons Rooearch.
Author Index.
gubJect I dek.
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1jnt:t,.uiuct~ioki to Probabillty and Statistical boutaton Theory
qM*dley, (eOkie

* YSan Fra&tteteco, 1oldett-Dr.y, 1967, 580 p.

1111a wnrk is Intended An a modern Itroductio to probability alld
et:,'4Vt1,s~uk dc~islokn theor~y for thone with no provi.o'is tvotni~lg In

dvie areits, The Doayesiati apprnach to decitsion theory? bagpd an the
* ~ ie of prior pi-obabilit:IeN an-3 Utl1)JtieS it C~opliaflied.

'I 10cdi't'tdt:iqn of: Probabi i t~y Theory, gtasislt i'rald. theory;

pjxobz&btltLY Atd the degre~e of~ rational belief) set theoryl thok
utoti~t set; ttle basic ptobahility modell eva11uattovi of the
probaý.(thtleN of the sim W, events$ the Csoc or 4qually 'l~ely
stmPI.e aventi4 sof simple resu.dfsl ravidor variables; expected
veloo P'i a ranidom variablal distrihuitioti of a rAndoita variables
the guuueAtion notations functions tf a random vak-iablej vai.iance
Of a random vatiabit.

11I. Thm Theory of .Liaityi prvjeCtu; decisioni ti.les; itttoduction to
uncertainty; singSle stage, two stale, avW n-stage lottariogs the
modelr of rational hohavtorl us#. of exqiectow monetary vit1johm.

111, Single Stage and Sequentiul Decision Problemso arnd Their Solution.
*IV. Sinssle-VtoAge I)Ws~iori I'robletn the normal iozm; the *e~tkev-a

iiiogle 5tit30 invisttoty problevm; toctamentat italysin; the licrat)
allowance problems the impacted cost of UkkterLai1ty: opporhintty
losal periadic rav'ieu inventory systemal probabl~littieu not knowni
mixed arrategiest geotmetric tntevpviot&tionI Bayes' *tratessy,

V. Additional Devels'pmants of' ?'ohability Thec1rys decompokab is
oxperimotit:iol produrt models; li.dependence; cowubtnatortotl aaansiu;ts
the hirio~akia distributiont the Poisoon distributkoo; theo Pascal
distributtion; aamptingaivni hypergtasmtric distrYbuiiott,

VAI. Covidi; lotitel Prol-ab1 i-ityv Models ond Jo~tnt Noitributionrim D ayes'
lawi lin'tar cowt~lngttiorn Of random vaiHatbles.

V11, Conititiouos Ri~ndotn Vtli4n tt itormal dim~tributilonj treAtkWentj
v-col cmiiculual normal. dl.' ibkit-otiat ganima (11stribof. ons I

joinot aiuit conditilonial dotowi ty funct ional Seoootr$.c prohsbi iity
problwwmo linvar cnmbi sist tons of ranlotu vArlablatil the contz'el

* Vi ~imit sinula, ¼if
V111 Useof xperiwstntA in Vateision P~roblems.

IX. Connoct ion with Ctamfs-6ca) Stat istios : hypoithaese testina;
oatfimntio'i; arroro of .iola~cti-on or moosurunient,

*X. Ilie Potexon 'vca*Fit stochastic procooses; tho Poisson procssal
ats % rectirrenr. tivoitt proC444".

XT. 8quentkt 1. Iectotoni !rohleana th~e backward aolutionj niult istalto
invenitory probloma
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An Introduction to Systems Analysia
Hoda, Madl:otm W.

Santa Mortica, The Rand Corporation, 1956, 21 p,
Rand Memorandum RM-1678. AD 101 071,

"fiThis material was giveei as an orientation talk to an Air Force g,4oup
visiting Pand, Its limited purpose is au elementary exposition of some
conceptual issues that are relevent for a critical understanding of
9ysteMs 'nalyl-3. Many coticeptua] subtletieon ,iid all i.'skues of enalyttc
techniquea ate avoidr-d." Any i-ationial ch....cte .nv.lve3 the balancini&
of objectives agaitist the cr,st of thoic attainnitit, Thia in turn
involves several issues, determinecicin ef rel.evcnt alternatives,
establishment of criLtsila preparotion of a inmodeil., and inter'pv',tetion
of the reetilts of analysis, The withor appr,1zhea each one of these
issues In thio memorandum, then concludes with a reminder of the
imrortance of Judament. lit is very €liar that Systemm Acadysio so
currently practiced, and probably as practiced In the futotte, is rosch
more an Ott than a science0t,
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Introduction to Syitemp Cost-Effectiveness
Seiler, Karl III

NW:m York, Wiley-InLerscience, 1969, 108 p.

An outgrowth of lecture notes piepared for courseu in systems cost-
effectiveness, with suggested readings to depth studies of the
mathematics involved,

Inrtroduct ion.
1. Cost Factoro: level of uie; inheritance; research and develop-

ment; inputs! outputs (total, 1,ariable, fixed, average, marginal
r.nst:| optimal return output versus optimal efflcýancy output;
relative activity levels; Rhort-run, long-run costs)l time
(discounted cost, obtainability cost)l porformance; geop'aphic
location.

II. System Cost Modelst matrix modelsl cott of elements; model
expancion; minimizing total system coati period costing; time
phasingi fixed cost proration; variabie cost nonlinearity; cost
model aggregation; differential cost models; probabilistic cost.

III, System Effectivo'nesa Modelst probability Product modell basic
perkormanrce (confidence limits, multiple performance parameters);
availability; reliabilityl ourvivability (microanalysis, macro-
anaJysis); model expansion; mdximising total systrim effectiveness;
period vernus mission effectiveatessl time phoeingl probabilistic
effectiveness.

IV. Syst.m Ovot-Effectiveness Hudels: dontain of fea~ibilityj
hotaoeeneity (time, geography, possession, scale); ratio model.
(optimal efficiency system versus optimal effectiveness system);
i'ndiffarorlce curv& model (combination of two systems, combinitton
of thre* and mote than three systems, limitations); mathematical
progr.:nmingi theory of games; probabilittir, cost-effectivenesme
decision naking and the cost-effectiveness C.ricerion (technological
advances, resource AVreiability, political seneitivity, psychologi-
cal stimulus).Other Reflaxencee. :

Index.
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Learning Curve Methodology for C-•s Analysts
Dahlaus, Frank and Joseph S. Roj

Washington, Headquarters US Army Materiel Cormmand, 1967, 21 p.
AD 661 052.

"This paper puts down the maili framework of necessary concepts in tie

application of the learning curve with appropriate references to the
literature. Experience shows that, at some point In an eAnalysis, the
estimator is required to enter opinions because cf lack of data,
incomplete knowledge of the process or other causes beyond his
control. The emphasis in this paper In to distinguish tetween
mathematics and judgment; between calculation and int•,ition; putting
cautions on thn analyst to provida the reviewer with visibility as
to where one ends and the other begins. Topics include a description
of the forms of the learning curve with distinctions among possible
variables, various necessary calculations and conversions, fiindamental
concepts related to the location of a straight line in two-dimensional
space, factors which contribute to learning In industrial processes
and adjustments for specfal circumstances. The document was propared
to provide guidi-nce to cost analysts in the US Army Mateciel Cotmtand.0

I. Introduction.
II. The Learnitig Model: description; applicability; data collection

and uncertainty.
III. Ualculations and Conversiois: fundamental relationship- power

exprossed as a slope; lot mid-points.
IV. Log-linear Learning Curve Analysist geometry of" the straight _

line; regression analysis.
V. Factors Contributing to Learnings improved methods; management

learning; debugging of engineering data; rroduction processes and

slopos.
VI. Engineering and Othor Major Changes: effect of engineering

changes; adjustment, rocedures.
VII. General Considerations: detailed investigation; responsibilities

of the analyst.
VIII. Sunsury.
Appendix. Learning Curve. Regression Analysis.
References.
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Learning Curve Tables
Volume 1. 55-69 Percent Slopes
Volume II. 70-b5 Percen4 Slopes'
Volume III. 86-99 Percent Slopes

Boren, H.E. and H.G. Campbell

Santa Monica, The Rand Corporation, 1970, 3 Vol, 919 p.
Rand Memorandum RM-6191-PR. AD 708 713, 708 714, 709 178,

"This memorandum clomprises threei volumes of learning-curve data,

including unit curve midpoints for plotting first-lot quantities.
Accurate representation of the first-lot quanatity i; important,
because misplacing this point could lead to incorrect conclusions
about the cost-quantity relationship. In the past, unit curve mid-
points were estimated by various approximation methods because the
calculations to obtain tab es of true midpoints were complex aid
laborious. Now, through ule of high-speed computers, such
calculations can be made quickly and inexpensively. Accordingly,
these volumes were prepared to assemble all the information a cost
analyst is likely to need in using or plotting learning-curve data."

Preface.
Summary.

I. The Learning Curve: the log-linear hypothesis; plotting a curve;
derivation of midpoints equations.

TI. Use of Learninig Curve' Tables.
III. Learning Curve Tables.

A
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Life Cycle Co..c Modeling
Hamilton, John L.

Washington, Army Materiel Corwmand, 1968, 21 p.
Technical Report 68-8. AD 684 335.

Abstracts "This report discusses the mathematical aspects of life
cycle cost modeling with emphasis on treatment of parameters, time-
phasing of models, and sensitivity analysis. Learning curves,
percentage factors, and simple additive cost categortes are discussed.
General and specific time-phased equations with constant and changing
learning curves are presented in detail. The use of partial differenti'al
equations for sensitivity analysis is developed."t

I. Introduction.
II. The Basic Model.
1IM Time-Phase and Non-Time Phase Implications of thp Model.
IV. Sensitivity Analysis.
V. Summary.
VI. References.
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Life Cycle Costing in Equipment Procurement
Task 4C-5

Washington, Logistics Management Institute, 1965, 117 p.
AD 619 871.

This paper "identifies and studies major categories of cost that are
incurred during the useful life of equipment; establishes the relative
importance of these categories with respect to life cycle costs, by
equipment types; develops methods for measuring and forecasting these
costs when procurement of a specific equipment type is being planned,
and guidelines for evaluating these costs in the process of reaching
a procurement decision.,t

I. Introductioni relationship of life cycle costing to other studies;
relationship of life cycle costing to the competitive procurement
decision; major area of study.

Ii. Suunary of Conclusions and Recon•mendations.
I11. Findings and Analysis$ scope of the logistics cost problem;

logistics cost categories; relative importance of logistics I
cost categories; quantification of logistics costs (corrective
and preventive maintenancel inventory management; training;
inspection, installation, and check-out; transportation;
documentation; operation); application of logistics cost analyses
(feasibility of competition and logistics cost analysis,
utilisation of logistics cost analysis); problems of applications
of logistics cost analysis (impediments to logistics cost analysis,
application of logistics cost analyses to formal advertising;
application of logistics coat analysis at the subcontract level);
alternatives to logistics cost analysis (detailed specifications,
plans, and drawings; failure free warranty.)

;V. Conclusions and Recommendations.
E:,hibit 1. Analysis of Procurement Funds Obligated in FY 1964.
Ewhibit 2. Analysis of Procurement Subjected to Price Competition.
Exhibit 3. Support Cost Categories.
Exhibit 4. Equipmeat Examined.
Appendix. Corrective and Preventive Maintenance Cost.
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Life CV,0,e Management Model for Army Systems
Headquarters, Department of the Army

Washington, Department of the Army, 1963, 54 p.
Pam 11-25.

This pamphlet supplements AR 11-25 (which prescribes the process by
which Army systems are developed, fielded, and modified) and provides
broad guidance for supporting activities.

I. General: purpose; objecpives; descriptLion of the life cycle
management model; applicability; revision to model; supporting
materials and publications; materiel requirements review
committee; machine processing of information under the life
cycle management model.

II. Concept Formulation Phases general; the Army and Joint family
of plans; major Army studies; ovolution of OCO, qMUO, ADO, QMR,
and SDRt the combat development objective guide; prerequisites
for contract definition; cost effectiveness analysis; basis of
issue, personnel and logistice planning; DA system staff officers;
prelimintary project manager charter; concept phase systeni status
evaluation; approval to enter contract definition.

III. Contract Definition Phase: general; source selection; approval
of contract definition contractors; analysis of trade offs and
appraisal of development proposals; contract definition systems
status evaluation.

IV. Development and Production t-haset general; development and t~est
plans and coordination; training planning; fund programming; test
plans and testing; prototype system characteristics SSE; develop-
ment of doctrine and organizations; development acceptance SSE;
program element and publicetions; production validation SSE;
production.

V. Operations and Disposal Phase: objectives; user field tests and
evaluations; review and revision of doctrine and organizations;
overhaul, product improvement, and retrofit; revisions to the AMP
and the EDP; reclassification; disposal.

Appendix A. Life Cycle Management Model for Army Systems Flow Chart
Guide.

Appendix B. Narrative Explanations.
Appendix C. Abbreviations.
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Linear Prograeming and Associated Technique.
Riley, Vera and Saul 1. Gans

Baltimore, The John Hopkins Press, 1958, 613 p.
Blbliographic References Series No. 5.

A comprehensive bibliography on linear, nonlinear and dynamic
programming, containing references to over 1000 items, an intermixture
of articles, books, monographs, documents, theses, conference proceed-
ings, etc. Closing date for inclusion was June 1957. Alphabetically
by author, with a brief description of the work.

I. Introduction: mathematical summaryl introduction to the literaturej
basic reference.

11. General Theoryt mathematical theorys computati.onal techniques;
methods for solving linear systems; linear inequalities and convex
sets; gami theory.

III. Applicationst Aeneral survey; induktirial applications; trans-
protation problena; assignment probletrtsý contract awards;
military applications; agricultural applicationsa economic
analyses; prodtction schoduling and iinventory control;
structural demign4 equipment replacement; other applications.

IV. Nonlinear atid Dynamic Programming.
Appendix. Author index.

1
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Linear Programming and Extensions
Dantsig, George B.

Santa Monica, The Rand Corporation, 1963, 621 p.
Rand No. R-366-PR,

"This book is concerned with the theory and solution of linear
inequatiity systems."

I. The Linear Programming Concept.
II, Origins and Influences.
III. Formulating a Linear Programming Model.
IV. Linear Equation and Inequality Systems.
V. The Simplex Method.
VI. Proof of the Simplex Algorithm and the Duality Theorem.
VII. The Geometry of Linear Programs.
VIII. Pivoting, Vector Spaces, Matrices, and Inverses.
IX. The Simplex Methid Using Multipliers.
X. Finiteness of the 9implex Method Under Perturbation.
XI. Variants of the Simplex Algorithm.
XI1. The Price Concept in Linear Programming.
XIII. Games and Linear Programs.
XIV. The Classical Transportation Problem.
XV. Optimal Assignment and Other Distribution Problems.
XVI. The Transshipment Problem.
XVII. Networks and the Transshipment Problem.
!tVIII. Variables with Upper Bounds.
XýX. Maximal Flows in Networks,
X.(. The Primal-Dual Method for Transportation Problems.
XXt. The Weighted Distribution Problem.
XXll. Programs with Variable Coefficients.
XXI.'. A Decomposition Principle for Linear Programs.
XXIV Convex Programming.
XXV. Uncertainty.
XXVI. Discrete Variable Extremum Problems.
XXVII. Stigler's Nutrition Model: An Example of Formulation and

Solution.
XXVIII. The Allocation of Aircraft to Routes Under Uncertain Demand.
Bibliography.
Index.
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Linear Programing Under Uncertainty
Dantsig, George B.

Santa Monica, The Rand Corporation, 1954, 18 p.
Rand No. P-596.

Sunmmryt hA class of linear programming models is considered where
the activit:ies are divided into two or more stages. The quantities
of activities in the first stage are the only ones that can be
determined in advance because those in the second and later stages
depend on the outcome of random events. Theorems on convexity of
the objective (cost) functions are established for the general m-s.tage
case. A complete computational procedure is given for a special class
of two-stage problems in which allocations in the first stage are
made to meet an uncertain but known distribution of demands occurring
in the second stage."
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Management and MathenmticLu the Practical Techniques Avai~able
Fletcher, Allan and Geoffrey Clarke

New York, Gordon end Breach, 1964, 235 p.

This book is designed to give the executive a wider comprehension of
the basic mathematics underlying the techniques of operations research,
computer applications, etc.

Introduction.
I. Linear Programming - tre Transportation Technique.
II. Linear Programming - the Elniplex Algorithm.
III. Networks Methods.
IV. Program Evaluation and Review Technique.
V. Inventory Control.
VI. Forecasting Techniques.
V11. Queuing Theory.
VIII. Simulation.
IX. Replacement Theory.
X. Dynamic Programming.
XI. The Theory of Games.
XII. Response Surface Analysis.
Appendix. Electronic Computers and the Development of Data-Processing
Centers.
Index.
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Management Sciences: Models and Techniques
Proceedings of the Sixth International Meeting of the nastitute of

Nanegement Sciences.

New York, Pergamon Press, 1959, 2 volumes, 1113 p.

Volume l Sessions 1-71 Volume 2t Sessions 8-14,

Oponing of the Conference.
Session 1. Management Economica: limits to the laws of integration

and specialization of labor,; choosing tho best moment for overhaul,
on the theory and computation of delegat.ion models, k-efficiency,
functional efficiency and goals; the optimum dividend rate;
operations research - experience in an underdeveloped economy;
the role of economics in management science,

Session 2. Simulation! survey in simulation; integration of modelling
and simulation in organizational studiaal, on the feedback approach
to industrial systems designi simulation in dynamic models; a study
in planning - scheduling using simulation and linear programuing
methods.

Session 3. Management Games: remarks on some experiments in manage-
ment games; contributions and experiences in management games; a
decision game of managerial strategy as a research tooll the
appreciation of operational research through a management exercise,
business gaming in management sciance education; the future of
management gaming.

Session 4. Decision Processest pricing, investment and games of
strategy; mathematical programming in marketing; linear programming
under uncertainty; the effect of forecasting errori, on optimal
programming; the interplay between decision makers; remarks on
linear programminij with integer solutions.

Session 5. Computer Systemas automatic treaeiment of information and
management; comparison of computer approach in Europe and America;
ua; of a computer 'gamma tambour, for the planning of a shop; a
computation for the bounded variables problem using FACOM 128 11; on
the analysis of structural properties of largescale mtcro-economic
input-output models.

Session 6. Fundamentals in Management Education.
Session 7. Production and Inventory Management: a model of financial

control. of inventory in a complex organi.acion; determining cost
factors for an inventory model; marginal analysis of lost salen;
plant production management; control of finished goods inventory;
economic aspects of inventory conLrol.

Session 8. Measurements in Management.
Session 9. Behavioral Sciences.
Session 10. OrganizAtional Theory and Management Convmunications.
SessioA 11. R::search and DevelopmentL Management.
Sessi,'n 12. Long-Range Planning: a quasi-analytic method for long-

range planning; the staLe of the art in using long-range plans; on
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tho long-range study of the investmento in the Frenoh Power Industryi
forecasting at the level of a fitm or a group of firms.

Session 13, Cost Histories.
SBssion 14. Kethodologyt management economics and operations restarchl

spplie6 management sciences research in a decentrelised Induktrial
firm; inragemaent decision making with research informationj m"rketivig
estrteagtr operstions research approaches to sales incentives aaid
distributio• cost anslysisl an operational &pproach to tha design of
work; problems of inventory under limited capecityl i tiethod for
Management.

Su•nuation.
Appendix. The Inetitute of M/anagement Sciences.
Indexeso author, subject (French), subject (Knglish).
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lHsnag'ria). ILaonomicn

Sponcer, Milton H.

Homswood, Richard D. Inwint third edition, L96I1, 515 p.

I. Introduction: Risk end Uncertaintyi classification of decition
making8 the conoept of certaintyl the ooncept of risk; tae concept
of uncert~aintyl a modern analytical concept of ma~gemenetj
conclusion.

I1. Approachma to Minagvenent Dec.wion Kaking and Theories of the
Fi-rmi microscononics; D~near proa•'enningu statistical decision
makingl b4havioral sciuncel theory of •Amesi conulumions.

111, Forecauting: mochanical extrapolation&; bamoaetric techniqueas
opinion pollLog; econometric modelo.

IV, Profitt profit theoriesa unresolved cvnsidoration# in profit
theoryl profit measurement; profit planning and control.

V. Demva•dt analytical framovorkI• pricel constructingl tlement~ary

demand modelsi prices of substitutes and complement&l incomal
elasticity interrelatioas,

VI. Productioni theoretical proditction funntionsl analytical frame.
work; techniques of optimum Input analymia; theory of returns to
scale of plant.

VII, Cowti nature ai'd typoa; Inz.rmentall cost-output functionsl
cost msesursmsnt; statlstical cost tunctiono.

VIII. Advertisingt
IX. Prictin.
X* Antitrust.
XI. Capital Budgeting.
X1i. Capital Measurement and Financial Policy.
1II1. Simulation: symbolic modelsl enma simulation ptocesses.

XIV. Linear Progremming end Economic Analysism elemeMAta7 geomety
of linear programmingi elementary algebra of linear programwing;
the dual problenal the &entraliued linear programming problem and
methods.

Appendix. Discount Tables And Charttl Common Logarithmso
Index.
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MathemaLical Analysis for business Decisions

Howell, James Edwin and Daniel Teichroew

Homewood, Richard D. Irwin, 1963, 320 p.

This book it wricten for the student or the butinesm precLitiorer who
"410d4 to learn enoug.h about the literaturP and undersLand r.cent
developments in the several fields of business os well as to under-
stand and be able to work with the ever-grcwing number of ape'.aiistg
who are becoming increasingly importa.it in buslneasn Jndustry, and
the government.

I. Elementhry Mathematical Relations: functions; graphs ol functions
ard eqtiations.

11. t-tes of Change: alopa of a line and rate of change; limits andI
cuntinuity; instantaneous rate of change.

111, Differentiation of Functions: elementary differentiation
theorenisa composite functions; higher-order dnrivattives; implicit
functional inverse functions.

IV. Optimizing Functions of One Variablei Maxima and miminal solving
equations,

V. Applications of thu Derivative: cases; break-even analysmis,
optimization, and the marginal analysis.

VI, Algebraic and Transcendental Funccionst exponents and
exponentials; logarithmic ýuoct.(ir6,s al.Aebrric functions.

VII. Multivariete Functions: functions of siveral variables; partial
differentiationi theory of extrema for mlItivariate functions,
lograngian multipliers.

VIII. Summation and Integration: the defnite integral aa a iumi the
fundamental theorem of the calculus; integrationj area.

IX. ProbabiliAtic Models: random variablet and distribution functions;
discrete distribution functLonal an application of probability
theory.

X. The Mathematics of Finance ani Acý:ounttng: typeq of intertetl
uniform periodic payments; pvaerent valuel camss.

XI. Applications to Business, Docislonu: casqL.
XII. Linear Systems and Matrices: matrlceal int.rix solutions of

linear systqmsl subscript notation; existence of an inverse;
linear regression analyusio.

X)1,. Linear Programmingi the linear pv.ogramming mod' 1 .; a three-
product probloml addItional information from LP solutionsi
applications of linear prograniiing.

XLV. Management Science Models: the management scionce approick;
limitations and extensions of the management science approach;
the present status of managoment sci ence.

Appendix I. Differentiation Formulas.
Appendix 2. Integration Formulas.
Appendix 3. Notes on Probability.
Appendix 4. Properties of Exponents and Logarith•u.
Appendix 5. Tables.
Index.

.116.- ....



Mathematical Optimization Techniques
Bellman, Richard

Santa Monica, The Rand Corporation, 1963, 346 p.
Rand No. R-396-PR.

"The papers collected in this volume were presented at the Symposium
on Mathematical Optimization Techniques held in Santa Monica, California,
18-20 Octobcr, 1960. The techniques discussed included recent develop-
mnents in linear, Integer, convex, and dynamic prograrmiiing as weli es
the variational p-roce.ses aurrounding optimal guidance, flight
traject;orieL, statistical dei:isions, structural configurations and
adaptive control systoms." Part 1: aircraft, rockets, and guidance
(chapters 1-4); Part 2t communication, prediction, and d6,cision
(chapters 5-9); Part 3t progranuliing, combinatorics, and design
(chapters 10-14); Part 4: modils, automation, and control (chaptetsS~ 15-17).

Introduction (Richard Bellman).
1. A Survey of the Problem of Optimnizing Flight Paths of Aircraft and

Missiles (Angelo Mlele).
ii. Estimating Performance Capabilities of Boost Rockets (P.

Dergarabedian and R.P. Tan Dyke).
1i1. The Optimum Spacing of Corrective Thrusts in Interplanetary

Navigation (W.V. Breakwell).
IV. The Analysis and Solution of Optimum Trajectory Problems (Stuart

E. Dreyfus).
V. A New Approach to the Synthesis of Optimal SmoothlnM and Prediction

Systems (Emanuel Parzen).
VI. Adaptive Matched Filters (Thomas Kailath).
VII. Optimization Problems in Statistical Communication Theory (David

Middleton).
VIII. Estimators with Minimum Bias (William Jackson Hall).
IX, On the Optimal Replacement Rules When Changes of State Are

Markovian (C. Derman).
X. Simplex Method and Theory (A.W. Tucker).
XI. The Present Status of Nonlinear Programming (P. Wolfe).
XII. The Number of Simnplices in a Complex (Joseph B. Kruskal).
XIII. Optimization in Structural Design (William Prager).
XIV. Geometric and Game-Theoretical. Methods in Experimental Design

(G. Elfving).
XV. Automation and Control in the Soviet Union (J.P. LaSalle).
XVI. The Theory of Optimal Control and the Calculus of Variations

"(R.E. Kalman).
"XVII. Mathematical Model Making as an Adaptive Process (Richard

Bellman).
Index.
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Mathematical Statistics
Wilks, Samuel Stanley

Princeton, Princeton University Press, 1943, 284 p.

I. Introduction.
II. Distribution Functions: cumulative distribution functions;

marginal distributions; statistical independen.,e; conditional
probability; the Stieltjes integral; transformation of variables;
mean value; moment generating functions; regressions.

III, Some Special Distributions: discrete distributions; the normal
distribution; Pearson system of clitribution functions; the
Gram-Charlier series.

iV. Sampling Theory: application of theorems on mean values to
sampling theory; sampling from a finite population; representative
sampling; sampling theory of order statistic!; mean valhes of
sample moments when sample values are grouped, Sheppard corrections,
appendix on Lagrange's multipliers.

V. Sampl ng from a Normal Population: distribution of sample menn;
the x -disuributiont the student t-distribution; Snedecor's
P-distribution; distribution of second order sample moments in
samples from a bivariate normal distribution; independence of
second order moments and means in samples from a normal multi-
variate distribution.

VI. On the Theory of Statistical Estimation: confidence intervals
and confidence regions; point estination, maximumtlikelihood
statistics; tolerance interval estimation; the fitting of
distribution functions.

VII. Tests of Statistical Hypothesest statistical tests related to
confidence intervals; likelihood ratio tests; the Nayman-
Pearson theory of testing hypotheses,

VIII. Normal Regression Theory. case of one fixed variate; c~se of k
fixed varlates; a general normal regression significance test;
the minimum of a sum of squares of deviations with respect to
regression coefficients which are subject to linear restrictions.

IX. Applications of Normal Regression Theory to Analysis ti Variance
Problems: testing for the equality of means of nornml populations
with the same variance; randomixed blocks or two-way layouts;
three-way and higher order layouts, interaction; latin squares;
graco-latin squares; analysis of variance of incomplete layouts;
analysis of cavariance.

X. On Combinatorial Statistical Theory: the theory of runs; applics-
tion of run theory to ordering within samples; matching theory;
independence in contingency tables; sampling inspection.

XI. An Introduction to Multivariate Statistical Analysis: The Wishart
distribution; reproductive property of same; independence of means
and second order moments in samples from a normal multivariate
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population; Hotelling's generalized student test; the hypothesis
of equality of means in multivariate normal populations; the,
hypothesis of independence of sets of voriables in a normal
multivariate population; linear regression theory in normal
multivariate populations; remarks on multivariate analysis of
variance theory; principle components of total variance;
canonical correlation theory; the sampling theory of the roots of
certain determtnantal equations.

Literature for Supplementary Reading.
I dex.

18
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Mathemati6s and Statistics for Economists
Tintner, Gerhard

New York, Rinehart and Company, 1954, 363 p.

This book includes some applications of elemenltary mathematics to
economics, as well as topics in calculus, probability, and elementary
statist ics.

Preface.
Sources of Numerical Examples.
1.1 Some Applications of Elementary Mathematics to Economics: functions

and graphs; linepr equations In one unknown; systems of linear
equations; quadratic equations in one unknown; logarithms;
progressions; determinants; linear difference equations with
constant coefficients.

I. CaIculuts: functions, liits, and derivatives; rules of
differentiation; derivatives of logarithmic and exponential
functions; economic applications of the derivatives; additional
applications of derivativeki higher derivativebi maxima and minima
in ote variable, inflection points; derivatives of function of
several variables; homogeneity; higher partial derivatives and
applications; elementa of integration.

Ill. Probability and Statisticsi probability; random variables;
moments; binomial and normal dtstributions; elements of sampling;
tests of hypotheses; fitting of distributions; regression antd
correlation; index numbers.

Postscript. Suggestions for Further Reading.
Answers to Odd..Numbercd Problems.
Tables: four-plare common logarithms of numbers; natural trigonometric

functionls for dtcimal fractions of a degree; four-place natural
logarithms; areas of thei normal probability curve; studentsI
t-(dsLribution; x2 probability scale.

Llldexe,.': names; mathematical and statist icA terms; economic termns.
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I
Mathematics of the Decision Sciences
Lecture notes

Stanford, Stanford University, 1967, 906 p.
AD 658 894.

Lecture notes prepared in connection with the suimmer seminar on
mathematics of decision sciences, held at Stanford University July 10
to August 11, 1967.

Survey of Mathematical Programning (R.M. Thrall).
Necessary Conditions of Optimacity in Control and Programming (E. Polak).
Mathematical Programming (George B. Dantzig).
Survey of Mathematical Programming (Michel L. Balinski).
Nonlinear Programming (Terry Rockafellar).
Mathematical Economics (Kenneth Arrow).
Mathematical Economics (David Gale).
Computational Aspects of Control Theory (J.B. Rosen).
Mathematical Programming (A.W. Tucker).
Mathematical Programming (Richard Cottle).
Networks and Graphs (D.R. Fulkerson).
Combinatorial Methods (Jack Edmonds).
Integer Programming (Ralph E. Gomory).
Mathematical Programming (Carlton Lemke).
Optimal Inventory Control (Arthur F. Veinott, Jr.).
Diffusion Approximations in Applied Probability (Donald L. inglehart).
Optimal Stochastic Control (Herman Chernoff).
Reliability Theory (Richard E. BaLlow).
Markovian Decision Processes (Cyrus Derman).
Learning Theory (M. Frank Norman).
Measurement and Psychophysics (David Krantz).
Computer Science (Abraham Taub).
Perception Problems (Andrae J. Ehrenfeucht).
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A Method for Deriving Confidence Estimates in Cost Analysis
Yates, E.H.1 H.M. Stanfield; D.K. Nance

Santa Barbara. Defense Research Corporation, 1,966, 19 p.
Technical Memorandum 231. AD 811 034.

Abstract: "Predictive cost estimates often contain large uncertainties.
Bias errors arise from unforeseen requirements, and are difficult to
predict. However, a substantial part of the uncertainty is dta to
incomplete definition of the system elements, and can be treated as a
random error, which can be quantified. Large-system cost estimates
are made up of many cost elements. If their probability distributions
are known, the diuribution of the system cost can be obtained.
Element cost distztbutions can be found by applying cost estimating

relationships to data on similar elements of known costs, and treating
the results as a frequency distribution. In the absence of sufficient
datA, distributions can be crudely estimated by conmon-sense procedures.
Because the element distributions are generally difficult to define,
the system cost distribution has only limited validity. However)
predictions of the form tSystem, cost will lie between A and B with
probability p? can be made with considerable confidence if they are
restricted to fairly broad intervals, and will bound the estimate much
more closely than merely estimating the maximum aid minimum possible

COStS.11

I. Introduction.
Ii. Foundations: kinds of uncertainty; statistical background.
I11. Estimating Distributions of Cost Elements: basic approachl

other techniques.
IV. Estimating the Distribution of Total Cost.
V, Validity of the Overall Method.
Appendix. Distribution of Total Cost When There Are Few Elements.
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Methodology Notebook for Action Officers
Operations Research/Systems Analysis Executive Course

Fort Belvoir, US Army Management School, 143 p.
GT-501-N.

Abstract: ,'This document presents descriptions, illustrations, and
applications of various tools and techniques used in military operations
research. Topics covered include the role of operations research in
the United States Army Combat Developments Command; the nature of
models and their development; simulation; research warjyming; field
experimentation in USACDC; troop testing and field evaluation; cost/
effectiveness analysis; computer utilization, capabilities, and
limitations; human behavioral systems, models, and data collection
techniques; human factors analysis; systems analysis, its planning,
scheduling, and synthesis of results; and computer applications. A
glossary and bibliography are included.ri

Part One: Command

I. Introduction.
II. The Research Problem.
III. Models.

IV. Simulation.
V. Research War Games.
VI. Field Experimentation.
VII. Troop Testing.
VIII. Cost/Effectiveness Analysis.
IX. Human Factors Analysis.
X. Systems Analysis.
YI. Computer Applications.
Glossary.
Bibliography.
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Methods and Procedures for Economic Analysis of Proponed Government
Investments
Palmour, Vernon E.; Stephen K. Dietz; Paul H. Earl; Robert R.V.

Wiederkehr

Westat Research, Inc., 1969, 89 p.
WK PO-21. AD 855 605.

"The primary purpose of this investigation is, first, to consider the
present value (discounLted present value) method of aggregating cnstH
and/or benefits over time and, second, the use of this approach in
oconomic analysis of proposed investments in weapon systems. The
concept of present value, or discounting as it is sometimes called,
will be discussed especially as applied in the comparison of weapon
systems. Also analyzed in this report will be the associated problems
of choosing a discount rate, the length of planning period and the
estimation of residual values, and the treatment of risk and inflation.
This investigation is concerned only vith the problem of selection
between alternative systems in order to accomplish a specified objective.
The problem of choosing a set of projicts to exhaust a given budget
is not treated."

I. Introduction: general problem of economic choice; scope of present
study; major conclusions and recommendations.II. The Presont-Value Criterion in the Analysis of Proposed Government

Investments: the present-value criterion; discount rate (schools
of thought, sunmnon errors and misconceptions); planning period
and residual value; use for selecting alternatives (performance
level, alternative system, effect of benefit and cost constraints,
the more general case); risk and uncertainty (definitions, other
interpretations, when benefits not in dollars, government
recklessness, treatment of risk); treatment of inflation in
discounting analysis (inclusion and exclusion approaches, con-
clusions and recommendations).

ILI. !'conomic Analysis of' Proposed Investments in Weapon Systems:
cost-effectiveness analysis; criteria for selecting betwcen
alternative weapon systems; discount rate, inflation, and risk;
planning period and residual value; effect of expenditure
profile, planning period and interest rate on present value of
systems costs.

Appendix. Derivation of an Zxpression for the Discount Reduction
Factcr, F.

Reforereces.
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Methods for Evaluating the Cost/Eff'ctiveness of Alternative Support
Plant for Major Weapon Systems

LMI

Washington, Logistics Management Institute, 1965, 64 p.
LMI Project 6P. AD 476 471.

Summary: tiThe purpose of the study was to develop and demonstrate
certain quantitative techniques or methods as the first steps toward
equipping the DOD with improved methods for measuring and evaluating
the rejative cost/effectiveness of alternative logistics/suppoit
programs for such weapon systems. This report contains a description
of the measurement methods which we have developed and some examples
of how they could be used in logistics/support planning. Some of the
methods could be used now in the planning and management )f individual
weapon systems,.r The report also deals with the gops left for study
and their relationship to cost/effectivenesss measurement.

Preface.
Summary of Report.
I. Introductiont background; study assignments (study methods,

davelopments affecting the conduct of the study).
II. Findings and Discussion: logistics/support planning and manage-

ment (scope of logistics/support for a weapon system, the F-4
system and the evolution of logistics/support concepts); require-
ments for improved concepts of cost/effectiveness logistics/
support (general, simulations and models).

III. Model for Measuring Integrated Logistics/Support System Cost/
Effectiveness: objectives and criteria; uses of common measures
and rules; measurement techniques (definitions, symbology,
concepts, measures of total system logistics/cost/effectiveness,
cost of a weapon per unit of time).

IV. Conclusions and Recommendations.
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Methods of Operations Research
Morse, Philip M. and George I. Kimball

Hew York, John Wiloy and Sons, 1951, 158 p.

I. introduction: definition of operations research; examples;
methods; personnel and organisation.

II. Probability: fundamental concepts (probability, distribution
functions, compound probability, expected values); sf.mple

distribution laws (binomial, normal, Poisson); sampting (chi-
squared test, examples).

III. The Use of Measures of Ef1fectiveness: sweep ratest exchange
ratet; comparative effecfivenesso evaluation of equipment
performance.

IV. Strategical Kinematics: forue requirements; Lanchester's
equational probability analysis of Lanchestar's equational
generalised Lanchestegrs equations; reaction rate problems.

V. Tactical Analysis: statistical solutionsl analytical solutions
involving search theory; measure and counter measure; theoretical
analysis of counter measure action.

VI. Gunnery and Bombardment Problems.
VII. Operational Experiment% with Equipment and Tactics.
VIII. Organisational and Procedural Problems.
Tables.
Bibliography.
Index.
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Military Analysis
Quads, E.S.

Santa Monica (California), The Rand Corporation, 1965, 36 p.
Rand Memorandum RM-408-PR. AD 624 463.

This memorandum points out the need for the application of analytic
techniques to military problems and for an understanding of these
techniques by military officers. It defines systems analysis,
describes its essential fdatures, illustrates the process of analysis
with examples, points out its virtues and limitations, and concludes
with some remarks about its future.

Introduction.
Def init lons.
The Essence of the Methodi the objective, the alLernatives, the costs,

a model, a criterion.
A Narrow Examplet Selection of a new aircraft engine.
A Broader Example Defenne of a Missle Force.
The Process of Analysis.
The Virtues.
The Limitations.
The Future.
Concluding Remarks.
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Military Coat Analysis
Gross*, Robert N. and Arnold Proschan

McLean, Restarch Analysti Corporation, 1965, 8 p.
RAC Paper RAC-P-6. AD 622 113.

This paper was prepared for presentation at the NATO Conference on
Applications of Operations Research to Military Resource Allocation
and Planning, Sandefjord, Norway, August 1965.
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Military Systems Analysis
quide, H.6,

Santa Monick, The Rand Corporation, 1963, 29 p.
Rand Memorandum RN-3452-PR. AD 292 026.

Thiz memorandum was sponsored by the US Air Force under Project Rand
and prepared for publication as a chapter in a book, dil1try
Operations Research, Bernard 0. Koopman, Editor, to be pubtlished by
the Operations Research Society of America in its series, Publications
Ian Operations Research. "Systems analysie is an apprnoa.h to complex
problems of choice under uncertainty by systematically examining the
costs, effectiveness, and risk8 of the various alternatives. This
Memorandum attempts to murvey the problems and procedures of such an
analysis when applied to a military c,'ntext.'l

lntroducL ion.
Formnulation of the Problem: context; objocttves, criferia; hypotheses.
Searcht factsl probabilities; alrernativen; cobte.
Explanationt model building; approximation; computations; results.
lnterpretatiot:: nonquatitifiablesl inrommensurables; uncertainties;

conclusions.
Concluding Comments.
Reference.
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Military Systems Cost Analysis (A Summary lecture for the AlSO Coat
Analysis Course)

Fishar, G.H.

Santa Montca, The Rand Corporation, 1962, 22 p.
Rand Memor:andum KM-2973-PR.

Sunwmary: ,tIn the context of thic memorandum, cost analysis ret•ir to
the determitntion of the probabit economic resource impact of future
Air Force weapon and support systems. Five major aspects of cost
analysis arte stressedt underatanding the problem or context in which
cost estimates are to be used) assemnbling the basic date, deriving
cost-estimating relationships, usitgl theae relationships to make an
estimate, and preaenting the results. Both hardware and nonhardware
system cost components are discussed, and the sensitivity of total
system cost to variations in the cost and characteristics of these
componento is considrud.,,

Preface.
Summary.
General Remarks.
The Cost Analysis Proc.sm.
Further Csmtents on Cost-Estimating Relationships.
Hardware Coat Analysis.
kaeearch and Developkant.
Non-Hardware System Cost Components.
Pulling Together the Total System Cost Estimate.
Weapon System Cost Sensitivity Analysis.
Concluding RemarkMs.
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M4odels in Cost-Effectiveness Analysis. An Example
Ihryk, Oliver

MfcLean~, Research Analysis Corporation, 1965, 29 p.
RAC Paper RAC-P-2. AD 622 109.

This paper describes some ap~proaches to modeling for systems
analysis or cost-effectiven-asms tudieni.

Introductioni elements of cost-effectiveness analysis; role of models;
objective; conceptual design of the modetls deiscription of models
(effectiveness, systems, oost, cost-effectiveness models).

References.
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A Modern Design for Defense Decisioni A Mc€amra-Hitch-Enthoven
Anthology

McNamara, Robert S.; Charles J. Hitch; Alain C. Enthoven

Washington, D.C., Industrial College of the Armed Forces, 1966, 259 p.

A compilation of the thinking of the three principal architects of the
contemporary approach to decision msking. Part 1: the budget as a
management tool for irtegrating national and defense policy (chapters
1-5)1 Part 2: the organizational framework and agency responsibilities
(chapters 6-8); Part 3: the programming system (chapters 9-12); Part 4:
systems analysis (chapters 13-17); Part 5: US defense policy for the
19601s (chapter 18).

Foreword (LTG August Shomburg).
Introduction (A. Enthoven).
I. Managing the Department of Defense (R. McNamara).
II. Decision-Making in the Department of Defense (R. McNamara).
IllI. The Formulation of Political Objectives and their Impact on the

Budget (R. McNamara).
IV. The Foundation for Defense Planning and Budgeting (R. McNamara).
V. The Department of Defense Budget and the National Economy (C. Hitch).
VI. Evolution of the Department of Defense (C. Hitch).
VII. Agency Responsibility for Planning and Budgeting (R. McNamara).
VIII. The Joint Chiefs of Staff and the Defense Budget (R. McNamara

& General Maxwell Taylor).
IX. Development and Salient Features of the Programming System

(C. Hitch).
X. Programming and Budgeting in the Department of Defense (A.

Enthoven).
XI. Program Packages (C. Hitch).
X1I. Retrospect and Prospect. (C. Hitch).
XIII. Cost Effectiveness (C. Hitch).
XIV. Choosing Strategies and Selecting Weapon Systems (A. Enthoven).
XV. Operating Research at the National Policy Level (A. Enthoven).
XVI. Systems Analysis and the Navy (A. Enthoven).

XVII. Cost-Effectiveness Analysis of Army Divisions (A. Enthoven).
XVIII. US Defense Policy for the 1960's (A. Enthoven).
Appendix 1. Introduction of New Government-Wide Planning and

Budgeting System (President Lyndon Johnson).
Appendix 2. An Illustrative Example of Systems Analysis (MAJ William

Snyder).
Suggestions for Further Reading.
Index.
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Modern Research for Administrative Decisions\
Hough, Louis

Englewood Cliffs, Prentice-Hall, 9790, 609 p.

This book attempts to meet the need for broad familiarity with
methods, suggestive theory, and practical guidance in modern decision
theory.

I. Scientific Tech•iiques in Administration: controlled quantitative
investigation; the scientific pursuit of knowledge; the need for
administrative research.

II. -Procedural Concepts in Scientific Research: rationalism versus
the analysis of data; system of explanation; scientific mqthods
and truth; the development of the r search problem; discovering
working hypotheses; statistical des gn in experiments.

III. The Structure of Administrative Research: adaptation and
control; a new administrative technology; the operations research
movement; the managerial applications; difficulties in the
research; pure research in administration; the phases in an
investigation.

IV. The Elements of Decition Theory: microeconomic decisions and the
research requirements; an illustration; and algebraic model of the
decision criterta! appraising the theory.

V. Objectives and Criteria for Decisions: suboptimization; the
objecti.ves4 of business decisions; maximisin& ttility; contentment
levels.

VI. Research Problems and Adiinistrative Diagnosis: methods as a
guide to research; the dominance of the problem; utilising
existing data; the identification of problems; Ftating.the
problem.

VII. Predictive Models and Simulations: decisions and predictions;
assumptions and validity; the model-building sequencel the
elassical model of gravitation; the rent or buy model.

VIII. The Various Forms 9f Administrative Models.
IX. Selecting the Variables.
X. The Model Building Process.
XI. Standard Theoretical Modela.
Xi. Estimating Parameters and Applying the Model: the parameters

i and the datae verification; rovision; manipulation; making the
choice.

XIII. Management by Multistage Models.
XIV. Computerisation in Administrative Research,.
XV. Research for inventory Decisions.
XVI. An Introduct Ion to queue Then-y.
X'FII. The PERT Network for Scheduling.
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XVII1. The Elements of Linear Programming.
XIX. The Assignment Vroblem.
XX. The Transportation Method.
XUI. The Simplex Method.
XXII. Linear Programming Research.
XXIII. Monte Carlo Research Techniques.
XXIV. The Analytic Study of Total Systems.
XXV. Information for System Administration.
Appendix A. Developing the Fundamental Data.
Appendix B. Mathematica) Rates of Change.
Appendix C. Bayesian Probability Theory.

3T
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A Monte Carlo Simulation Approach to Cost Uncertainty Analysis
Schaefer, Donald F.; Frank J. Huuic; Michael F. Outowrki

McLean, Research Analysis Corporation, 1968, 82 p.
Economics and Costing Department Study 009.135. AD 850 054.

Abstract, "tAn important aspect of cost rcsearch is the measurement
of the uncertainty inherent in the projection of system cost.
Approaches to th is problem have in the past centered on intuition
of the decision maker or in sensitivity analysiq. Only recently
have approaches utilizing such tools as statistical decision theory
and probability theory been formulated. This study focuses on the
Monte Carlo simulation approach to uncertainty in cost analysis.
This approach requires: (a) expression of input estimates as
probability distributions reflectng uncertainty, and (b) cost
equations pertinent to a particular model. The Monte Carlo
simulation approach then generates: (a) the frequency distribution
for system cost, and (b) statistical measures that illustrate the
nAture and magnitude of system cost uncertainty. Two models are
developed, the Beta model and the Weibull modelp each of which
reflects a particular distribution form for the inputs. The
relative costs and advantages of each model are compar4d. A user's
guide to the program and complete program listings are presented in the
appendix." .

Foreward.
Abstract.
Introduction.
Cost Undertainty Analysist An Overview: cost uncertainty in

decision making (value of probability information); methodology
(overview of logic, beta variant, Weibull variant); model input
requirements (beta model, Welboll model); output format; computer
time requirementu; conclusions.

Appendix. Userts Gttide to Beta and Weibull Programsa Weibull input
requirements; beta input requirements; error messages; computer
hardware and softwnre requirements; program logic; Weibull program
listing; beta program listing; computer program fIlw charts.

References.
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Multivariate Logarithmic and Exponential Regression Models
Graver, C.A. and H.E. Bloren, Jr.

Santa Monica, The Rand Corporation, 1967, 138 p.
Rand Memorandum RM-4879-PR. AD 655 768.

Summary: ttThisi memorandum presents a st ii tical study of a
regression function of the form.Y = ePOXltX 2 . . • XjP. The study
Is concerned primarily with (1) how to pick the best values for the
unknown parameters (HO01,,2 ' • .Mp) giveii a set of hLstorical data
(Yi, X 1 , X2 1 -. XXp i i, 2, . . u), and (2) he,: to describe
the predictive capabjilty of the choice in ([).t

Preface.
Sutrans ry.
I. Introduction.
II. The Multiplicative Model: assumptions and implications of the

case (median case, mean case); estimators of the parameters;
distribution of the estimators; prediction interval,.

I11. The Additive Model: general model; estimationsl distribution
of the esaimatorn; prediction interval.

IV. Comparison of the Models.
V. Computer Program: introduction; restrictions; sequence of

operations; input procedures (title card, order card, format
card, data cards, blank card, sunmary of input cards); outputs;
future studies.

Appendix A. Matrix Definitions and Operations: matrix; equality
of matricas; matrix operations (addition, scalar multiplication,
matrix multiplication); special matrices (square matrix, identity
matrix, transpose matrix, symmetric matrix, inverse matrix, positive
definite nwaLrix).

Appendix B. Statistical Facts and Relationships: measures of central
ten~dency (the expectod value or mean of X, median of X); percentiles
of a continuouu random 1,ariabln; measures of variability (variance,
covarlance, co-ariance ina~rix) linear combinations of random
variubles; distributiins related to the normal (chi-square distri-
bution, the t-distribution),

Appendix C. Conversion of a"' toMO.
Appendix D. Absolute Minimum and Positive Definiteness of the Matrices
Appendix E. Variance-Covariance Matrix.

Appendix F. FORTRAN IV Symbolic Program.
References.
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New Decision-Making Tools for Managers
Bursk, Edward C. and John F. Chapman, Editors

Cambridge, Harvard University Press, 1963, 413 p.

A collection of articles on a variety of decision-making tools that
are still valid today, in the areas of finance (chapters 6,7),
marketing (chapters 8.41), product strategy (chapters 12-14), and
production (chapters 15-17).

I. Operations Research for Management (Cyril C. Hermann and John F.
Magee).

11. Mathematical Progratmiing: Better Information for Better Decision
Making (Alexander Henderson and Robert Schlalfer).

III. How to Plan and Control with PERT (Robert W. Miller).
IV. Meaningful Costs for Management Action (Robert Beyer).
V. Econometrics for Maiiagement (Edward G. Bennion).
VI. How to Evaluate New Capital Investments (John G. McLean).
VII. Mathematical Models in Capital Budgeting (James C. Hetrick).
VIl. Simulationt Tool for Better Distribution (Harvey N. Shycon and

Richard M. Maffei).
IX. Marketing Costs and Mathematical Programming (William J. Baumol

and Charles H. Sevin).
X. Tests for Test Marketing (Benjamin Lipstein).
XI. Less Risk in Inventory Estimates (Robert G. brown).
XII. Prudent Manager Forecasting (Gerald A. Busch:.
XIII. Strategies for Diversification (H. Igor Ansoff).
XIV. Selecting Profitable Products (John T. OlMeara, Jr.).
XV. Mathematics for Production Scheduling (Melvin Anshen, Charles C.

Holt, Franco Modigliani, John F. Muth, and Herbert A. Simon).
XVI. The Statistically Designed Experiment (Dorian Shainin),
XVII. Quality Control (Theodore H. Brown).
List of Contributors.
Index.
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Now Te•s' fair Planners and Prograilnrs

Novick, David

Santa Monica, The Rand Corporation, 1961, 21 p.

Rand No. P-2222.

"It is the purpose of this paper to discuss (1) some of the conditions

which make the current decision-making machinery inadequate, and (2)

new tools which can meet the needs of the planners and decision makers."

II
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The Normative Interest Rate
Berman, E.B.

Santa Monica, The Rand Corporation, 1959, 39 p.
Rand No. P-1796. AD 663 408.

"The normative interest rate is defined as the discount rate the
government ought to use in making its investment decisions. In this
paper, various alternative ways of setting the level of the normative
interest rate are examined . . . . The appropriate normative interest
rate is thin determined as a rate that is consistent with itself
through the rate of growth of national product and the rate of decline
in the marginal utility of national product that it implies.,,

Introduction.
I. Welfare Return and Investor's Return: incremental taxation; risk

premium; direct gains.
Ii. Three Traditional Devices for Setting the Level of the Normative

Interest Rate: rate of return on marginal private investment;
national time preference; long-term government bond rate.

III. Should the Normative Interest Rate be Zero?
IV. The Rate of Growth of National Product Implied by an Arbitrarily

Determined Interest Rate.
V. The Normative Interest Rate as a Function, of the Rate of Growth

of National Product.
VI. The Normative Interest Rate and the Equilibrium Rate of Growth:

removing the investment opportunity; the accelerator; the
endogenous generation of investment opportunities.

VII. Note on the Normative Interest Rate and the Level of Employment.
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Notes on Parametric Linear Programming
Manna, Alan S.

Santa Monies, The Rand Corporation, 1953, 7 p.
Rand No. P-468.

1. The General Linear Programming Problem.
Ti. P (

IV. Extension of the Technique.
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On the Choice of Objectives in Systems Studies
Hitch, Charles J.

Santa Monica, The Rand Corporation, 1960, 13 p.
Rand No. P-1955.

An essay on the choice of objectives. There are three difficulties
in determining the right objectives,

(1) 'tit is impossible to define appropriate objectives without
knowing a great deal about the feasib ility and cost of
achieving them. And this knowledge niust be derived from the
analysis.-

(2) There frequently is no national or other high level objective
that can be taken as "given,.

(3) "Objectives are multiple and conflicting, and alternative
means of satisfying any one are likely to produce substantial
and differential 'spillover' effects on otherset"

"I'Learning about objectives it one of the chief objects of aystems
analysis. We must learn to look at objectives as critically and as
professionally as we look at our models and our other inputs. We may,
of course, begin with tentative objectives, but we must expect to
modify them or replace them as we learn about the systems we are
studying - and related systems, The feedback on objectives may in
some cases be the most important result of our study.i"
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On the Gonstructirn of a M thamattiva' Theory of the Identitication of
Systems
fle11man~, Richard

Santa Maonle, Tfhe Rand Corporatinn, 1966, 13 p.
Rand Memorandum RH-4769-PR. AD h42 671.

This memorandum discusses some of the problems involved in the
formulation of a mathematical theory for system identificatioti. By
system identificatiort is meant the task of dererminitg the structural
parameters on the bastb of observatiot•i over tme and position of the
inputs and outputs.

I. Introduction.
11. A Yundamental Problem.
III. Search Techniques,
IV, QuasilineariaaLion.
V. Use of Transform Techniques.
Vi. Bmsic Uncertaintiae of On-Line Idenrification and Control.
V11. Decomposition into Subsystems.
V111. Pattern Recognition.
1X. Concluding Remarks.

References.
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On Discounting and Risk in Military InvesLmont Decisions
brousialian, V.L.

W-ashington, D.C., The Fi.*nkltn Institute (Systeos Evaluaation Groupo
Center for Naval Analyses), 1966, 12 p,

BC Resaarch Contribution No. 10. AD 641 170.

A revised versio. of an earlier paper 1ntitled nisteoýingý, Bias and
fisk in Military lnvestmnint Decisionot A Theoretical Discussion."
Abstractt "The term, discout"6in14, is often ipplied indiecriminately to
two distinct operations. One operation, which attempts to simulate thm
capital nkarkeLlo evaluatioll of an investment, represevits a conc.epcual
oi.change between current and future income retulLing in a 'preuent
valWeI, The other refers to an essentially subjective revision,
normally downward. of an expectad future benefit or cost, for any of
a number of reasons. It ts pointed out that in the came of a military
effectivueuss stream (a typical example of a non-nusrketsble benefit
stream), It is meattingfu to discount in the frirt sense. On the
other hand, whereas disco'Attting iti Lhe daiend aInat could be meanins-
fully applied, there it no Autaje rate which the analyst. eatlnj on
behalf of the decision-t•aker can apply. The practits of raising the
discount rate by a premium to take care of risk and uncertainti, may be
appropriate when d1.scounttnr in the sevond sense.,l

Abstract.
The Two Sanssa of Discounting,
D'iscountting, on AccoUn* of RH10.
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On the Role of the Cost Analyst In a Weapon System Study
Kermisch, JOJ and AJ. Tenser

ganta Monica, The Rand Oorpuraticn, 19I66, 22 p.
Rand No. P-3360. AD 636 497.

Thi, astudy nukes the Eollowtn# two pointst (1) that the role of the
coat aiialyst in jt to appear after decisions are made and previde
some kind of estilAtc which jusrifies the decisions, and (G) that
cost analysis is not an arttvity which is carried out by Itself, but
is an important part of a larger analytic activity wh,'ch is somnetimes
called systems tnalysin, ssotetivies cost-effectiveness analysis, and
sometimes coot-utility analysas,
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On the Theory of Dynamic Prooramming
Bellman, Richard

Santa M1un'ca, The Rand Oortporation, 1932, 48 p.
Rand No. P-300.

Summaryt ttSome general problems are formulated and tifi exietence
and uniqueness of the analytic equivalents are proved. A discuesion
and solution of a number of simple examples are given."

I. Introduct ion.
II. general Mathematical Formulation.
III# Existence and Uniqueness.
IV. A Particular Functional. Equation.
V. Oellera liaatlong.
VI. A Simple Testing Pro¢blem.
'.'t. Another Testing Problem.
VIII. The ?,nnt~ont l Equations f(x) - axgg(y) + h(xiy) + f(ay +

b(x-y))J.
1X. The Hquctions E(x) - Max &(x) + L(ax), h(x) + f(bx)J.
X. I£ and h both convex.
XI. A • lar Solution.
XII, A iroblem in Optimal Perfoi-mance.
Bibliogr*phy.
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Operations Research - Methods and Problems
Sasieni, Maurice; Athur Yaspen; Lawrence Friedman

New York, John Wiley & Sons, 1959, 316 p.

This book deals with a selection of the mathematical techniques that
have been found useful in operations research. The appruach is
mainly through the medium of worked examples, againpt a background
furnished by some discussion of the relevant problam area.

1. Introduction.
II. Probability: simple events; composite and related events; discrete

distributions; continuous distributions.
III. Sampling: types; estimates from samples; curve fitting;

simulated sampling.
IV. Inventory: known demand; probabilistic demand; probabilistic

demand with production lead time.
V. Replacement: capital equipment that deteriorates with timel

items that fail completely; staffing problems.
VI. Waiting Lines: Poisson arrivals and exponential service times;

Poisson arrivals ani Erlang service times; Monte Carlo solutions.
VII. Competitive Strategius.
VIII. Allocation: the assignment problem; the transportation problem;

the linear programming problem; the simplex method; applications
of linear programming.

IX, Sequencingi processing each of n jobs through n machine.; the
traveling 4alesman problem.

X. Dynamic Programming: problems with a finite number of consecutive
decisions; problems with an indefinite number of consecutive
decisions.

Appendix 1. Finite Differences.
Appendix 2. Differentiation of Integrals.
Appendix 3. Row Operations.
Index.

144



Operations Research/Systems Analysis Glossary
Operations Research/Systems Analysis Executive Course

Fort Belvoir, dS Army Xanagenent School, 28 p.
AM-605-N. I.

Short vocabulary reference to aid the student In familiar'izing
himself with the specialized vocabulary of operations research and

systems ar~alysiL.
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l'anning, Programming, Budgeting: a Systems Approach to Management
Lydtn, Fremont and Ernest O. Miller

Chicago, Markham Publishing Company, 1967, 443 p.

The readings in this book have been assembled to provide the' con-
temporary public maiiager or student of public administration with
information on what the PPB approach to budgeting is, how it has
developed to this point in time, how it relates to other kinds of
budgeting approaches, how it i1 related to and underpinned by systems
analysis generally, how it may be applied, and what its limitations
and deficiencies may be. Part l PPB in perspective (chapters 1,2);
Part 2: budgeting and political process (chapters 3,4); Part 3:
approaches to planning and program budgeting (chapters 5-7); Part 4:
the PPB approach to budgeting (chapters 8-12); Part 5: the system base
of PPB (chapters 13-16); Part 6: applicatiois and critique of PPB
(chapters 17-19).

I. PPBS Comes to Washington (Virginia Held).
II. The Road to PPB - the Stages of Budget Reform (Allen Schick).
II1. Budgeting in a Political Framework (Jesse Burkhe~d).
IV. Public Attitudes Toward Fiscal Programs (Eva Mueller).
V. The Planning Process - a Facet Design (Y heskel Dror).
VI. 'Toward a Theory of Budgeting (Verne B. Lewis).
VII. Comprehensive vs. Incremental Budgeting in the ODpartment of

Agriculture (Aaron Wildavaky and Arthur Hammann).
VIII. Program Budgeting - Applying Economic Analysis to Government

Expidenturý Decisions (Murray L. Weidenbaum).
IX. The Role of Cost-Utility Analysis in Program Budgeting (Gene H.

Fisher)
X. Costs and Benefits from Different Viewpoints (Roland N. McKean).
XI. Benefit-Cost Analysis - Its Relevance to Public Investment

Decisions (Arthur Massa).
XII. Quality of Government Services (Werner Z. Hirsich).
XIII. Systems Analysis and the Navy (Alain C. Enthuven).
XIV. Systems Analysis Techniques for Planning-Prograntning-Budgeting

(E.S. Quade).
XV. CuArantesd Income Maintenance - a Public Welfar4 Systems Model

(Nelan 0. Nicol).
XVI. Cybernetics (Magoroh Maruyama).
XVII. Limitations, Risks, and Problems (Roland N. McKean and Melvin

Anshen).
XVIII. Planning-Programming-Budgeting Systems and Project PRIME

(Steven Laaarus).
XIX. The Political Economy of Efficiency - Cost-Benefit Analysis,

Systems Analysis, and Program Budgeting (Aaron Wildavsky).
Appendix. Planning-Programming-Budgeting Bulletin No. 66-3,

Supplement to Same, Bulletin No. 68-2.
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The Planning, Programming, and Budgeting System
Office of the Amisitant Secretary of Defense (Comptroller)

Washington, Department of Defense, 1969, 37 p.
DODI 7045.7

Reforences.
I. Purpose.
II. Applicabili.ty and Scope.
II. Definitions.
IV. Cancollations.
V. Program/Budget Review Schedule.
VI. Strategic Objectives.
VII. Fiscal Guidance.
VIII. Program Objective.
IX. Component Comments.
X. Decision Implementation.
XI. Budget Estimates.
X1I. Approved Program Changeo.
XIII. Limitations.
XIV. FVDP Handbook.
XV. Implementatioa and Effective Date.
Enclosure 1. Preparation and Processing of Program Objective

Memorandum.
Enclosure 2. Preparation and Processing of Program Change Request:

gnnerall processingi specific information; DD Forms 15'u, 1570-1,
1570-2, 1570-3, a-d 1570-4.

Enclosure 3. Use and Preparation of Program Change Decisions and
Prograta/Budget Decisionst general; specific untriea; PBD forrnt
SD Forms 428, 428-1, 428-1c, 428-3, 428-4, 428.5, 428-6.

I.!
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Potentials of Economic Analysis in the Department of Defense
Defense Economic Analysis Council

Washington, Office of the Assistant Secretary of Defense (Comptroller))
1970, 92 p,

Proceedings of the DOD one-day meeting on implementation of tvcoiomic
aralynis, 30 October 1970.

Foreward.

Keynote Address: EuonomiL Analysis in Today's Managemla•L Environuuent
in the Pentagon (Hon. Robert C. Moot).

Office of the Assistant Secretary of Defense Addresses:
Instigators of Analysis (Edward E. Winchester).
Output Makes the Difference (COL Vincent J. Klaus).
Economic Analysis for Food Service (Herbert M. McCarthy).

Office ei Management and Budget Addross: Development of Etfective
Hfthodfilogy for Economic Analysis (Dr. William Niskanen).

Army Addresst Implementation of Economic Analysis in the Department of
the Army (T. Arthur Smith).

Navy AdIressi Economic Analysis - Where do We Go from Here? (CPT

Lloyd Yeich).
Air Force Address: Implementation of Economic Analysis in the

Department of the Air Force (MAJ Stephen J. Opitz, Jr.).
Paniel Discussiont ImplIcations oL the Blue Ribbon Deferse Panal

Recommendation to Strengthen Analytic Capability throughout WOD.
Appendix 1. biographies.
Appendix 2. Blue Ribbon Defeneu Panel Recommendation 1l1-7.
Appendix 3. Points of Contact on Economic Analysis.

140I



PRO Capabilities in Resource and Gost Analysis
Cost AnaLysie DepArtment, System Economics Division

Washington, Planning 14scarch Corporation, 1966, 99 p.
PRC G-127,

"'This document serves to introduce potential clients to the cost
analymis activities conducted by Planning Research Corporation. The
body of the report includes the techniques and methods mnployed and
a discusaion of the costing concepts and procedures applied to
problems of resource allocation; also a brief history of PRC and a
description of its areas of service, facilitiem, and managemet,.
Finally. experience gained during the last decadu related to cost
atislysis is presented in the form of briefs,"

I. Introduction.
11. PRC Corporate Backgrouodt general backgrotindl project management

and approach; service areas; corporate facilities; security
clearanceii.

111. Costing for Reauurc.j Al1ocationt general; cost synthesis
(general, major considerations, alternative co4t-synthesising
approa•hes)l Lost estimation (major tonsideritions, alternative
cost estimating approaches)l cost relevancy considerations
(general, sunk versus incremental costs, remakning values,
inherited assets, apillover costs, relevanit prices, joint costs,
intangibles); summary.

IV. Related PRC Experience: cost-effectiveness a'ialysios development
of cost effectiveness methodologyl coih/t:anseament control syscernl
cost analysis.

V. Solected Personnel Ruoumes.

14Y
LI



A Preliminary Coat-Effectiveiiesm Handbook
Barfoot, Charles B.

Technical Operations, 1963, 34 p.
CORG Report CORG..R-180. AD 446 700.

Abstracti "This prel t minary handbook was developed for use by Army
Combat Development Gommand field agencies and ad hoc study groups in
the preparation of cost-effectiveness studies. The handbook discusses
the purpose of cost-effec'iveness Analysis, general methods for
comparing alf rnative systems, and the major elements of the nnalysis.
Two examples of cost-effe.ctiveness evaluations are presented. General
references and a hibl.togr:aphy of published sources for cost data and
of publications no systems and Yorce structure cotiHng are included.tt

Abstract.
Purpose and Scope of Handbook.
Purpose of Cost-Effectiveness Analysis.
General Methods for Evaluating Materiel Systems.
Elements of the Analysis: general; objoctives; alternatives; costs;

models; criteria,
Sources for Cost Data.
Examples of Cost-Effoctivenegs Evaluations.
Appendix A. Examples of Cost Effectiveness Evaluations.
Apiiendix B. Reference and Bibliograpby.
Appendix C. Study Directive,
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Preparation and Submission of Annual Budget Estimates
Bureau of the Budget

Washington, Executive Office of the President, 1969, 201 p.
BOB Circular A-11.

General Information and Policies: general requirements; general
policies; format of material.

Information Required for Budget Examination Generally: concepts,
classifications, and sequence of material; summary statements;
analysis and justification of programs; justification of particular
requirements.

Information Required for the Budget Appendix: language sheets and
explanations; programming and financing schedules; object classifi-
cation and personnel summary; schedules on detail of permanent
positions; narrative statements on program and performarcel business
type budget statements; special statements.

Additional Data Required for Analysis: supplementary source document;
data on Federal credit program:;; summary information on construction
of Federal civil public works; data on research and development;
data on health programs; data on education and related programs;
data on agency borrowing and investment; data on programs for
reduction of crime; data on Federal income security programs; data
on Federal manpower programs.

Appendix A. Chapter and Organization Codes.
Appendix B. Character Classification Definitions and Codes.
Appendix C. Coverage of Federal Credit Programs.
Appendix D. Receipt Categories.
Index.
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A Primer of Cost.Effectiveness
Sutherland, William H.

McLean, Research Corporation, 1967, 95 p.
Technical Paper RAC-TP-250. AD 816 751.

I. The General Purpose of Studies: why this primer? what goeu into
studies; responsibility for decisions and responsibility In
studies; measurablea and unmeasurables; co.,ensurables and
incommensurables.

I1. the Five Essentials of a Cost-Effectiveness Study: objectives
and effectiveness; problems in devising measures of effectivenesel
broad and narrow measures; costs as one of the ersentials; models;
a model for an artillery study; criteria.

III, Costing Procedures: costs as measures of resources; opportunity
Loss; what goes into the costs of forces and equipment; cost-
estimating relationsa learning curve.; sunk costas discounting
and amortization.

IV. Analysis Techniques: the place of techniques in systematic
quantitative analyssl; ways of showing cost effectiveness of
alternatives; more about cost-effectiveness curves; analysing
mixes of alternatives; sensitivity analysis.

V. Summary and Concludiing Remarks.
References.
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Problems in the Use of Discounting
Cownle, John

Washington, DC, Office of the Assistant Secret•ary of Defense (9A)
Economics, 1967, I1 p.

"This paper describes arid bri.-fly evalubtes some of the obiections
which have been raiged against the use of discounting in DOn cost
analysis. Some objections may be nntirkily misconceived, btit many
have a sort Df' pirtial. validityl Arguments from the lattert- 1roup
often serve the function of delimiting the areas within wWhch thi
discounting procedure is properly applicabLe. Tite fonctlon of
tanswerst to such objections is not to rationali*. tham away, bul;

rather to specify clearly the restrictions which they impose upon
the use of discounting."

Introduction,
The "Borrowing Rate"y Argument.
Indefinite Cost Streams.
Juggled Cost Streams.
Unequal Effectiveness.
R isk and the Discount Rate.
"Future Oeneratl$ns' Arguments.
Uncertainty about the D)iscount Rate,
Relative Factor Prices,
t1namployment and Discountit.i,
Conclusion.
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Procoodingra -.f the F1 vat ktinual US Arity Hatkat tot Com~nvtd Sy, tems
Analysis Sy.mposium

Pollard# Robertt

Washington, US Army Hatertul Comiumsrtd, 1969, 210 p.
Technical Report 69-1,i U~l c~~'

Welcome Rr'nwrku, (COL Leonard b., Mitchell).
A View of Systeiv. Analysis (LORN William 8. Bunker).
The R'yiocm Aia tyal a Effort Within A.HC (Wi.li jam J. Tropt.
Org in sition atid I'unct ioits of the Army Mit~irlei Syst~emnnAlyl

Agency (Dr. Josoph Sperrassa).
Pr.) 1miiavy Concepts for v Tactical Logistic. Vehicle IEvaluatiun

Methodology (CPT Martin Wacha).
A Conceptual Framework for Tactical Logistic Vehicie Evaluation

(A.L. Smith).
tn!rormaI Remarks to A.MC systews Analysis Sympoetum (Iloit. Alain G.

Cosit. Analysis Technical Manuel (CAT".)9 (LT Harry E, Fol~rAan),
A New 0-aphic Probabillltic Appr-joch to t~ItIK (Dr. llotnAld T. Barsky).
THOMOD - A CuaL 4tueentattun Model (LT James Wormle'y).
A Panol front the Aooosvch Analysis Uorporation.
Ooerat innN Hnsearch in AIR; - Piast avid Puture (Abraham Glolub),
A Time Ib.ponda'it Art i llery Ivatuat tovi Modu) (Alan S. Thomav).
14MI114ibmngM NthIwdlola7 tor llynaill1c Thuflat bosiurlllt ion (At und I1. Ruid),
Sytitem. Analysis UsalIIsat the US Arvin lKl ioronic. u8Hnit4nd
(Dinkel salvitno).
E.f~ettiotnous Anslymip of Commion User Ctwiunitttion Hyatotmn 4ichael

Týi Orltottiaai onsl &c uvIurv of theo US Ariay Av~ariooi !ýymtem Co~wamno
'dtavatd M. Ilsuer.



Proceedings of the W1SE Systems Porfrmiahace 9ftectivene's Corifat'ence

Weahingtono US Naval Applied $cianco L~aboratory, 1965, 223 p,
AD3 629 145.

This riolnument conita ins nitineteen pap~ers preaspited at the NMSF. i4ystwont
Performance Etfectiven~ss ConIferencit hold in Washington, D)C, an
Apri 1 27 And 211, 1965, Theme papers ubwm~arite 1Iýe strltus of the
rapidly 8X emdihlR NAVYWdde eifott III SysteM1 PffeCtfVOIVIRR, Some Of
tho t.opicq cokoered h,. therip poprsr {nc lutOi re) lAbilitY, Intkilttaiwl-
111i I I tyt logi qt fm.: alld 1.4chiliC13 S0111)011L , atid stilbiý-utomu Ipetf--miicit~e
of both t he mall a'id th 114ht1c

Welcomte (KAIJM CA. Curtis).
Int~teductot'v Rtnn:ts (VAfl4 14. 3alani;'tl).
Systems Effe tivenlibs in the Butcau of Naval, Weapons (HAI' E.E. Fawk~a).

IWNSE Program Lot System Effectiveness (Johii 14' Stone).
System P~erformrance Refectivgiicss Program slid Pi~ogram for &vancod

Concept I in Elec~tvottc Vesign (Paul J. Giordano),
System Effec:tiveniisss Attalypiss 1.1 )vstrative Exuample of Neth.,)dotg.,'

(Sol seltser).
belgti1~ing for Integratud Maititta tnalibi!tyi Contlilpt mid Approaches

Naveal Av ut iun Naitit~eatiaie alid NutearIAl MA1 Hi~u#1111111t 81Y91 (CO~i T.W.
Tua I)

1ntiogvgLod Hairil~itantice Miliageomori. I WA-.*J Alpli) till rn Pea: I hit) lt1idso
(J, r* WittaLI 411d .James '1111MV6eae) .

R*ei*WLtitv cid i'aimtaiuueihtlity Ttvadtoffut (Sidtiv.% iOrbiuch).
I)ON(itu (Critutrts for throWAW.~y Voenue Iteopair HoNa~lntnua'iwi uAE Rupp).
Oulligen 01siomiurua I'oriuuiL I)ovolojinp,'t (Kcalph UvioaulY.

NaoautIts~nte(or Ii eouated Shipbouard Uystems (Tom NLIH(Vlli).
K,,h,~ .d aitcltuau luid tty Thinoupu .imLomakil-t I'vi (ort'n..nw Mott~i tul qi Ali' a'
Fault I otil a% oin kCDN C.W, os Itu~~LIAMiuto~).

Toclilltrat (u,,tas flaij fol- Igit ego'stipt' OILI Spu L. Kals ).

The A Il 4410ce Lill, duu a FUn141 1011 (A AValltil PI I r O Iteu~ tkA1 R, Nhcwd
doI~uia FatIkor aoi4 Tialio IntnJ Apew of tit41F (WL. 11pifiadgu)



R Prroccditnts Of the 616LOid AYMP06UMu iii Linear :'rogramilng

Office of Scientific Reavarch

Washinl~ton Department of the Air lPcrc.,, 1955, 2 vol., 685 p.

P&4tt It applications (chaptor" 1412)1 Part 2: economice theory
chapters 13-1.01) Poet .3t computation (chapters 09-201; Part: 41
thenry of linear intequalities (chapters 27-32)1 Part 51 developmients
oti Linear progranmming (clutpte,, 33).

1, Hilttj~rv Applications ot Linear Programmwiing (Walter Jacahob).
I1, 1.Linear Pregrantmdng Ili Bid 'vva luat: ons ( v i; ux.6w0

1.1. I:,la: It~et~titn~tg i~ hef~.ceof U:(:el':t0a4 IL' (A.H ?'. Dalsk~ii).
I Y, the Assembly line BAianci:18 Problemn (1'I. I>siovesoll
V. A Conuwrcial Use o~f Linear Programm~ing (James H. Batchelor).
V1. A Model for Optimising, Prodluction by ReiUre:'ce to V.ost iuvrogrttae

(A. Charnes,, WW,W Cooper, R. Mellon).
VII. A Product ion Smoothing Problem (George IDnnttig a~itc Solmer Johnsuio).
"41111, A tinear ProgrAtmwi:g skidi Structurat Dti~ipi kJ, Poul.ke0s
IX. Aprliiiatton of Linuar Programmning to Jptlicad Filter Lienigni

(Alex Ordein).
X. Progrtewnitig undev Clotditions of tlweortninty (1).F. Votaiw, Jr.).
X1. Stochaittic Littrar Prog rammng~i Wlth Appli cat ions to Ag: ic~u tura I

IEcontomics (a. liutlleX)
X11. Vytijaaic Programm:ing anid NulLL-Stage Dectmion Pruceslses of

Stochastic Typo (Riclhard Bollman).
X111. Lineav ProgramtAaitig and 1 Irc:uH:ic TIoot-y (Paul A. Samiue Ioui).
XIV. On a Theorem of Wald (IIW. K~uhn).
XV. Competitive Rqui I.brl'um with Ihcpoeudci:; C0114111110% PLC eorovllS

(LIonel W. NcKanxim).
01 Ltui1ltattltialIity , Limttol tvonousu, wid Rvtonomlt. Eyuli ibriumi

(Nicholam ueorgescu-kOeGou).
XV1i * At% Activity Atial ys s Appreac h Lo Loentlov. Th:ooh y (M, flackmnial

slid T, IMaruchak).
XViII . The L1:noar Toom (koy Radnor).
:(lfx, Horw tu Rulvo, it 1-111Q01 Prugr-alttuntg h-oblum (A.,' . ilultmtai,) I
XX. P1,410v~t-%l Ma H thods ill (:alcliliat full (C. Tolllpk illn).

X'XI. ýOuuvt tiln of SIY140I o,. of 'linear K0v141 Ionf4 (lii1111(p wol le).
XI.Opt inmieti a Niiii C lui ot Additivo~ly flopat ikwd Val iWatlens ubjuc.L

to a 11hoIIII 14..t tn tioti (Andrew V1a11INLlyI ).
XXIII flonl kasult.N (t i Non: f.i iioa r Progronll inin ( H. . Thrd I I
XX lY. A t11r FM eao~Ith .lo Hlut jo,: tu tho L, nvA r ProPaw rt'' uh it

XXV * (Ionf ept Mild Caloilktil t i n l ' oktudtiro ro Cu r I 'ta In f)( I'roo mwii: ilpj
Pnribl"4114 0141-1-Y Hr~w~

XXVI , ILolno'. 11ugrattwiltip Al.t ivil.iasm ill toMiijattd (N. Vul 010)
XXVH. , Lties' I 11iUA IO 41114 (:aiivomn 11' yhoied Noto~ (A.W. Ttwke,).
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XXVIII. Conhistency Conditions for rinite and Inftnite Systems of
Linear Inequalitiem (Ky Pan),

XXIX, The Probability of Solvability of Linear Inequalities
(T.A. Notakih).

X.XX. Optimal Rays for Linear Programs (A.J. Goldman).
XXXI. W tptribution of a Product by Beveral Properties (Emil D. Schell).
XXXII. On the Travelling FSaleemantu Problem (I. Heller).
XXXIII. Dlevelopments in Linear Prograimming (George B. Dantmig).
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rKoWNB- A krobabilisctc Uoiit Letimating System Simulator
Durrwachter, Hsnry W.; C. Richard Conler; D,W, Lucsakj R.D. Sheederl
J,4. Zrno.

Science Park, IIRB-Singer, 1967, 58 p.
Singer Report 8-160. AD 813 331

Abstract: "This report presents one method of evaluating uncertainties,
The cost analyst estimates for each significant system cost or require-
neent a high and low value. In addition, he selects one of nine Beta
distributions which he feels best describes the uncertainties associated
with the cost or requirement. Each distribution and its associated
data are then inserted into a total life cycle system cost model and
combined through a series of computer routines using a Monte Carlo
sampling technique, to establish a single distribution. This
distribution is plotted as a histogram which represents the
uncertainties associated with probable total system cost.n

I. Introduction.
ii. Technical Approach: discussion of problem; problem solution

alternatives.
Ill. Discussion ok PROCESSi assumptionsl programming approach.
IV. Program Usage and Case Studies: general program usage; case

studies (operating costs, life cycle system cost, equipment design
project).

Appendix A. Definition of Terma, Flow Charts, and Program.
Appendix B. Input Data Format.Appendix C. PROCESS Computer Program.
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Program BuIdgeting
Novick, David, Editor

Santa Monica, 'the Rand Corporation, 1965, 236 p..

Preface: This book concentrates on the program aspects of the budget.
It avoids problems of fiscal policy, revenue, and related issues.
Part 1: government decision making and the program budget. (chapters
1,2); Part 2: actual and potential applications of the program
budget idea (chapters 3-8); Part 3: implementation and operation
(chapter 9).

1. Conceptual Framework for the Program Budget (Arthur Smithies).
II. The Rote of Cost-Utility Analysis in Program Budgeting (Gene.

H. Fisher).
III. The Department of Defense (Davi8 Novick).

Appendix. Illustrative Exampleof Cost-Utility Considerations
in a Military Context (Gene H. Fisher).

1V. The Space Program (Milton A. Margolis andiStephen M. Barro).
V. Transportation in the Program Budget (John R. Meyer).
VI. Education in the Program Budget (Werner Z. Hirsch).
VI1. Federal Health Expenditures in a Program Budget (Marvin Frankel).
VIII. Program Budget foe Naturdl Resources Activ~ties (Werner Z.

Hirsch).
IX. Probloms, Limitations, and Risks (Roland N. McKean and Melvin

Ans~ner).
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Project Modellingz A Technique for Estimating Time-Cost-Performanc a
Trade-offs in System Development Projects

Zschau, E.V.W.

Santa MoniLa, The Rand Corporation, 1969, 94 p.
Rand Memorandum RM-5304-PR. AD 691 810.

Summary: "This memorandum outlines a preliminary methodology for
estimating time-cost-performance trade-offs to help with the planni-n;;
of system development projeicti. In addition to describing how the
models might be curstructed, this study discusses how the informatior,
derived from them could be used in the system planning process, end
focuses on some important methodological problems that must be solved
in order to make the project modelling approach operational.f,

Preface.

Summary.
I. Introdtictlon: the structure of system development decisionsi

four reasons why project trade-offs are difficult to measure;
an outline of the project modelling approach.

II. Formulating Project Modelst introduction; the system design
model; the project schedule model; gathering activity cost
function estimates; synthesizing the system model and the
schedule model.

III. Using Project Models: the project model as| a trade-off
function; replanning projects using feedback inFormation;
analyzing and reducing the effect of uncertainty with project
modelling; using project modelling within the framework of
current DOD and AF management practices.

IV. Extensions and Neede Research: developing efficient computa-
tional methods; developing extensions to the basic approach;
conducting field studies.

References.
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The Quantity versus the quality for the Data Used in the birivation
ot a Cost Estimating Relationship

Zun'nan, Morris

Arlington, Institute for Defense Analyses (Cost Analysis Group),
1969, 29 p., Reseatch Paper P-481. IDA Log No. HQ 69-1070:..

AD 699 131.

Presented at the JoinL National Meeting of the Operations Vesearch
Society of America and the American Astronomical Society, 18 June
1969. Summary: ttOne of the most important, time crinsumi,,ig, and
expensive steps necessary in the development of a cost midel Is the
collection and anelysis of data that will be ised to dorive the
model's cost estimating reletionships. Tradeoffs on how a cost analyst
might best allocate his time between collecting the data on
additional programs and analysing in further detail tha data already
in his possession are presented. The measure of the cost analyst's
productivity is the reduction in the confidence bandwidth about the
cost estimate. These trade-off curves indicate that the cost analyst
rapidly runs into the lsw of diminishing returns for effort expended
gathering additional data and/or refining the data in his possession
when his productivity in measured as the reduction in the confidence
bandwidth about the cost estimate. Curves and equations showing the
ratio of confidence bandwidth for an estimate derived from a data
base of size n, to the confidence bindwidth fc. an eitimate derived
,from an Infinite data base are presonted for both the cases wherc
the costs are assumed :o have a normal distributiun and a log normal
distribution. The analyses presented are only applicable to
confidence statements that are made about estimates Zor a single
future occurencv and not for estimates about a population mean. It is
arguad that the unca)'tainty about an esti~nate is caused by essentially
three factors, the randomntess of the actual :osut distribution, the
randomness of the cost estimator's distribution, and the bias of the
estiMator. Fov most practical problemi only tho eutimatorls variance
can be reduced by increasing the data base size and refining the data.
The cost randomness and estimator bias are eusentially independent
ot the data base size and degree of refinement."

Foreward.
Sun-ary.
A. Bas 4 c Assumptioneu measure of productivity (cost randomness,

estimator bias, rsndomness of the eatimator)l preparation of CERk.
B. The ftQuantity.t versus "Quality" Trade-Off.
Appendix. Confidence Bandwidths for the Log Normal Distribution.
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Quasilineariaation and Nonlinear Boundary-Value Problemii
Bellman, Richard E. and Robert K. Kalaba

3tinta Maonic&, The Rand Corporations 1965, 208 p.
Rand No. R-4JA-PR, AD) 470 684.

"HThix volume is intended as an Introduction to quasilineasriestioti,
aimed bath at those who are solely interested In the analysis, alid
t'nose who are primarily busied with applications . . . . The
objectives of the theory of quasilinearization are easily stated.
Firnt * we desire a uniform approach to the study of the existence
and unt~quenoea of the solutions of ordinary and partial differe~tital
equations subject to initial and boundary-value coniditions,
rurthermore, we vanit representation theorems for these solutions in
terms of the solutions of linear equations. Finally, we want a
uniform approach to the numerical solution of both descriptive and
variational problems which posamasoem various properties and rapidity
of convergence." Bibliography follows each chapter.

Introduction.
1, The ftLcoati Equationt Ne4Eton-Raphsan methodl multidimensional

veraiolnl square roetal quatilinearieationg Kiticati equationgl
first order linear .'tuationl solution of Rictiati equation; upper
and lower bounds; aucecusive approximaitions; taonotonicityl a
a fundamental lemmis,

11. Two-Point boundary-Value P'robluem for Becand-'3rder Differential
Equational inhontogmneoul equation; vae or-.Wahrim approach;
Clreshill futictions; convexity$ quasilinoarisationl existenice
andi bouridedieass convergence; gentral. iecond-order nonlinear
differential equationai calculus of variations; solution of
tninnr probloml dynamica prograneinSI invarian~t imhoddino.

111. Honotones Behavior and Ilifferential loequalitiosi paostival~y
result; ch araLurltaic values; variational apprcaeih.

IV. Systems of l)ifferatit ial. Kqvations, St~iorne si~d lDifterential
Approxmt~i~torti qliautlinalntrsatiiin appLisel to ayatemsa; moluttun~
of Jltiuar mylitem, multipo~nt bouniry-v*lue pruisiemo; ahaui-
ýAlloki&a*~ loou Iii .101%o tit Niwt os 6acit and iorth hintookroon";
a toiiaWol equaitioll,

V . Pag'.W OL ht(Or"111 ILo R4401 isiosti ;iatrAhOIG, #1 11pti .~ , Hop( -Lt
VI. Aippietv lotin lit IllycitoalI keluuii'a-i1i;5 a,*.l hliulgt,
VII, l'y:atiaitc Pr'oA tamiliiti gilo d QJusa ciA s I sll arat tlln 1 44 .11 V Wilk t. (I one

AIqust1011 dyitamic pruilransntn1 gold diitol-silti a appro intel ioes.
Appwi~dix 1. Mitt imum Tims e 'ograiii
Appundix 2. Vosigtn anid (.ont ',ol Proprikm.
Appandtis 3. i'rogratin for býadiative Transfer -Inverse Panobiem for itwo

Slabsl, Three Constants.
Appendix 4. Vail I)er Pol quat ion Prvogram.
Appentdix i$. orbit bet erniilnat ion Program.
Appendix 6. Cardiology Program.
In~dex~.
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Readings in Command Management: Modern Analytical Methods
US Army Command and General Staff College

Fort Leavenworth, USACGSC, 1967, 386 p.
Reference Book RB 20-5, Volume II.

I. Military Technology and the Policy Process (Tarr).
II. Systems Analysis (Hayes).
III. Systems Engineering Barney).
IV. Decision Theory and Systems Analysis (Enthoven).
V. The Army and Cost/Effective (von Kann).
VI. Cost-Effectiveness: an Introduction and Overview (Quade).
VII. Cost-Effectiveness - Fact and Fancy (Tucker).
VIII. Guide for Reviewers of Studies Containing Cost-Effectiveness

Analysis.
IX. Operations Research - A New Science? (Hoag).
X. Operations Analysis in the Department of Defense (Hitch).
Xi. Operations Research (Hazelwood).
XII. Military Systems Analysis (Quade).
XIII. Some Facets of Systems Analysis (Murray).
XIV. Firepower - Tool for Systems Analysis? (Rice and Hatch).
XV. The Myth of Decision by Computer (Seigle).
XVI. ,rOn Liner! in t!Real Timet (Burck).
XVII. Illustrated Problems.
XVIII. An Over-all View of PERT (Getz).
XIX. Project Management and PERT (AMETA).
XX. Program Evaluation and Review Technique (PERT) (ASD, USAF).
XXI. Co-mon Problems Associated with Implementation of the PERT Cost

System (PERT Coordination Group, BuWeps, Department of Navy).
XXII. How to Plan and Control with PERT (Miller,.
XXIII. PERT (Armed Forces Management, Jan 1963).
XXIV. Panel. Network Techniques (Army OR Symposium 1964).
XXV. Practical Advice for the Use of PERT (Frmncs).
XXVI. The Critical Path Method and Military Pl•nntnk (Match).
Appendix N. Glossary.
Appendix B. Bibliography.

162



Research and Development - Program/Budget Costs Definitions
Office of the Assistant Secretary of Defense (Compt-coillr)

Washington, Department of Defense, 1968, 18 p.
DOW 7220.5.

References.
1. Purpose.
II. Applicability and Scopo,
111, fliancel lations.•

IV. Policy and Definitions.
V. Uniform Program/Budslt and Accounting Classification for R&D

Resources.
VI. Effective Date and Implementation.
Enclosure 1. R&D and RDT&S Program/Budget Aggregates Definitions.
Enclosure 2, References (continued).
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Resource Analysis and Long-Range Planning
Novick, David

Santa Monica, The Rand Corpor,ýtion, 1963, 22 p.
Rend Memorandum RM-3658-PR. AD 406 844.

Summary: "Program budgeting, cost effectiveness, and cost analysis
are terms used with increasing frequency in our military establishment.
This memorandum discusses each of the terms, with emphasis or cost
analysis, and shows how the concepts that they represent are Important
for Air Force lJong-range'planning. Sinm: this memorandum is intended
primarily for persons who must provide inputs to, as well as upe
the results of, cost analyses, examples are given of the kind of
detailed information required..

Preface.
Summary.
Text.
Bibliography.
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Resource Analysis in Military Long-Ranging Planning
Novick, D.

Santa Monica, The Rand Corporation, 1.964, 13 p.
Rand No. P-2861. AD 431 524.

dtMilitary planning in the Department of Defense is now administered
through the program budget procedure. This arrays the national
security objectives in terms of major missicns and the major systems
for accomplishing them. In this process a wide range of alternative
equipments are considered as well as varying possibilities for
deploymnent or operation of them. Each possibi.lity -is translated in
terms not only of military effectiveness but also of the cost of
obtaining and operating that capability. This papear discusses the
tlementa of the new decisionmaking process introd.:ced by Robert
McNamara in 1961.1t

Program Budgeting.
Cost Effectiveness.
Cost Analysis.
Conclusion.
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Tht% Role of Cost Analysis
Yates, Edward H.

Santa Barbara, Dofonom Research Corpo'eation, 1964, 11 p.
IMR-183. AIAA Paper No. 64-408M

"11A discussion of the general procedures Involved in coat analysis and
the derivation of coott for inclusion in the overall procedure. Specific
applications of cost analysis are presented, Collowed by a discussion
of accuracy and future developments in cost analysl.s."

Introduct ion,
General Procedures.
Derivation of Costs.
Cost Tanks as Related to Prograrr Bgases,
Applications of Cost Analysis.
Accuracy of Cost Estimates.
Future Developments in Cost Analysis.
List of References.
Appendix. Independent Variablea Used in Estimating Various Cost

Categories.
Table 1. Typical Cost Elemients for Misuile or Spacs Systems.
Table 2. Form* of Estimating Equations,
Table 3. Examples cf Estimating Equations.
Table 4. Applications of Cust Estimating Relationkhipe,
Figure 1. Development of U.ERs.
Figure 2. Progress Curves Resulting from the Assumption of a Linear

Cumulative Average Curve on Logarithmic Grids.
Figure 4. flumulative Total Costs of Alternate Comnmunication Systems

as a Function of Cumulative Years.
Figure 3. Effectiveness Versus Budget for Alternative Weapon Systems,
Figure 6. Force Plan #1 - Total Cost Analysis.
Figure 7. Illustration of Sansitivity Analysis.
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The Kr'le of Cost-Utility Anatysis in Program Hudlating
Fisher, G.H.

Santa MonicaI, The Rand Cotporation, 1'ý64, 39 p.
Rand Metnarstudun RN-4279-KC, AD 608 035.

"This memjorandum outlines the main charactitriltics of r..ost-urtllity
analysis ond somei of the ma~jor con,~rleratiortg Itwolvad in carrying
OUt 9suchI an lly.Jq

Preface.
Summiary.
Introduction.
What is CoBL-Utility An~alysis?
This Primary Purpose of Cost-Utility Analysis.
Some of the Wajcr Considerattotis Involved in D~oing Cost-Utilit~'
Analyhisi proper sructuring4 of the problem Andc designs of the

atialysals the conceptual framewourk; building the modall trat-ine
of usioirtafintyj Lreatment of problem associated with timul vahltty
cho~ktingl qualitative supplomstitations awunaury coswaents,

A Hilitary Illumtrative, lExarptui paneral stateiment or the prubiltm,
further considerat ton of tho probleml some conesideral lstis itn thte
strategic bmnbrdment arealsuni.ury analysis of coot atid tiL iiit~yl
a pitral;ý qualftrtivea nalygi~a a sUb-system tilufutrativo oitistpieo.

A Non-Military Examiplot Lthe proJ oct I esitirdated uttitylv cooat
colaid~atoltst aUMviary of kittliity colsisderatiunist Vasslti l of

projects.
Sunmmary of the Chnptar.
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LThe Simple 149themattes of M~imisathiot
Rnt~vei.kl~dt 0.

Santa Moni ca, The P-and Corporation~, 1959, 10 p.
Rand No. P-1833.

"Fomtae ir aca:nomic termsi, a problem of choine can often be
rodIuved to that. of de~termtining the m&a~mtu"A or mitrdnium of a funifo ln
of vartablen Lhat are constraintid to lie whithin a lfinited r,!gion.
111 0) tuIct i 'mI Ic UAn iti (IQx (ift 110he xte:01 I t( wh 101 amnf obI evp I vkI4 or
st't. ofI object t'rog I.'AA betiii ~h bitwveJ It. Provideq 41 kroo1k il of AllI
osil combinations ofthe varlables oti which It. depends, at

ets W hlbreliat o ineret. hevartolovt ropeeaunt the extent
to vhkch vat-tot raft~ atfi Writ 0ployei) IM the Abievettlent of 010u
objective, Their valuem arto %:anatratod to lik within a limited
reRiun rcorre,%ponding to the roaourteu availatile biwauso the rooo~ticee

1.Inroduct ion.
C~nera~aJ Naisaiia

WV. Oanora itat ions - onlineor Pcvigrtmninp
It. Now tu Find tits. NAximum - Th. Utradiant. Method.
VA. t~St~IAihand ft hubptimijll~faii,

WAeetno t 19LPes.tit itOP~~i
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at"e AppIiiastione of thc, 1Theory uf Dynomie, lvgrammittis - A Review
oellmon, Richard

Satnits onics, The Rand Corporation, 1954, 23 p'.
Rand No. P-490.

Suimmaryt i 1he purpoae of this paper in to providi, sn expoaitory
account of the theory of dynambL programming, To illustrate the
Reroral. principles, twn particular problems, one of det r'minltit'
type and o01e of .ttochastic type, are treabte.n

1, 1ltroduct ton.

It, Optimal Ailocretio' - classical Permtaultion,
U11. OptilmI A) Icbak.ton - Functionel quation Approach.
IV. Computatfoaal Tschniq-ja,,
V. Some Typical Reaults.
Vt. told ititns.
VII. Furnctionalt Nquation Approach.
VIII, The Solution,
MK. Diecussion of the solution.

X, A General Deertiptiot of the oyreoic rolvo•mmtnf Probl~em.
XI. Soma Typical Problems.
tiefesrances,

II
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Some Intermst kate Aspercs of Weapon 8ysteria Investment Policy
Sabin, H.

ArlinRton, In•titute for Defense Analyses (Weapons Systems Evaluation
Division), 1965, 70 p.

Resnarch Paper P-111.

"This paper presents a formal examinacion of the theoretical basisq
for the usa of interest rates in weapons systems evaluations and an
analysis of economic data that yield a nuer'ical estimate Jf a
suggetetod rat~e of interest. The mode1l on which the interest rate
concept is based use% techniques that economists have used in
analysis of consumer behavior and in some monetary theory. The
novel aspects of the model are the kindq of data used and the
emphasis placed on Department of Defense problems.t?

Introduction.
Conc lus ions,
Definit ion&.
Discussions the place of interest in a simple optimiuing model; the

place of interest in DOD planningi rates of return applicable to
DOD investment decisions.

Appendix, C~urrunt Gqvarnment Interest Rates Outside the Depi,.rtmentt
of Defense,
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Some Curve-Fitting Fundamentals
Petruschell, R.L.

Santa Monica, The Rand Corporation, 1968, 134 p.
Rand Memorandum RM-5766-SA. AD 680 613.

Prepared for the Office of the Assistant Secretary of Defense
(Systems Analysis). Summary: ttMuch of the difficulty cost analysts
have with curve fitting results from an inadequate Srotoding in the
analytic geometry of the empirical equations with which they work.
Ihis Memorandum attempts to provir',e a concise but relat roly thorough
discussion of this subject while at the same time demonstrating
selected methods for doing mechatical curve fitting. The material is
presented in three parts. Secti,,n I discusres the properties of the
straight line, the exponential, the power function, and the parabola.
Included in the discussion of the exponential are the laws for
exponents and hence logarithms, Emphasis is on providing insights
into the impact of the parameter values on the form of the resultant
curves. Graphical illustrations are used estensively. Section II
presents different methods of using these curves to describe the
relationship between two variables. It discusses the method of
selected points, the method of averages, and the method ot least
squares, making considerable use of scatter diagrams. It describes
a number of measures of goodness of fit including the standard
deviation, the coefficient of variation, and an average percent
deviation. Throughout this section, computational procedures are
carried out in cmplete detail. The discussion of curve fitting is
continued in Section II, where cases with more than two variables
are considered. By using the method of successive approxJmations,
the initial discussion attempts to Lonvey the idea of a net
relationship between two variables, eliminating influence of any
others, and thus to clarify the meaning of the coefficient in the
multivariate linear equation. The method of least squares is shown
to produce the same results as did the method of successive
approximations and with significantly less computational effort.
The discussion turns next to the nonlinear case. Each of the
functional forms described earlier - the exponential, the power
function, and the parabola - is used to describe a nonlinear
relalooiship between three variables, Although the method of
successive approximations may be used for fitting curves to nonlinear
relationships, only the method of least squares is described. The
decision to discuss the analytics and the curve-fitting methods in
separate sections of the Memorandum was purely arbitrary. For many
purposes, the user ot this material will want to combine his readings
in the first section with his readings in subsequent sections. The
parallel nature of the presentations In each setion was designed to
facilitate this.!?
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Prelface.

Bumiary.
I. Curve Fitting and Empirical Equationst introduction; some basic

analytic geimetry (straight line, parabola, exponential, power
function).

II. Fitting Curves to Two-Variable Relationshipat straight line
(selected points, a.verages, least squares); parabola (form 1I
form 2)1 eiqpnnential; power function.

III. Three-Varihble Gttr",, Fitting: linear case; nonlinear case.
Appendix A. Derivation of the Normal Equations for a Leaat-Squares

Fit of a Straight line, a laraboia. and a Three,.V•rI.able Linear
Equat ion.

Appendix B. Derivation of the Formula for (,lculating Lie Constant.
B i bl iography.
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Atandard Rates for Coating Military Personnel Services
Office of the Assistant Secretary of Defense (Comptroller)

Washington, Department of Defense, 1970, 7 p.
DODI 7220.25.

This instruction prescribes the standard rates to be used in computing

costs of military personnel services as an element of operating
expenses.

I. Purpose.
11. Cancellation.
III. Applicability.
IV. Standard Rates.
V, Elements of the Standard Rates: basic pay; basic allowance for

quarters! miscellaneous expensel incentive and w-ctial pay
(aircrew and submarine pay, other hasardouo duty, physicians and
dentists, rea and duty at certain locations, proficiency pay,
hostile fire pay); retiren'.nt entitlement accrual.

VI. Effective Date and Implementation.
Enclosure I. Elements of the Anniial StandArd Rates - FY 1971.

1
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Statistical Cost Estimating RrAationships - Some basic Issues
(Aircraft Example#)

Hetry, Harry P.

Washington, Office of the Assistant Secretary of Defense (Syotems
Analymsi), 1966, 2J p.

TP 66-3. AD 659 321.

This paper discusses some of the basic issues of statistical cost
estimating relationjhips and describes biiefly some of the reLent
studies which have attempted to develop such CERs on aircraft programs.

It Purpose.
1I. The Major CharacteristiLS of Statistical CEl Techniques.
III. The Cost Zetimating Task Addressed Here.
IV, Why CERs?
V. Major Problems in the Development of Statistical CER1s.
VI. 8pecific 0CD Aircraft Studies.
VII. Summsry of Advantages and Disadvantages of Statistical CERs.
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Statistical Inference
Walker, Helen M. and Joseph Lev

New York, Holt, Rinehart and Winston, 1953, 510 p.

I. Inferences Based on Simple Experiments.
II. Probability Distributions.
I11. Inferences Concerning Proportions.
IV, Chi-Square.
V. Populations and Samples on a Continuous Variable.
VI. Sampling Distributions.
VII, Inferences Concerning the Mean or the Difference Between Two

Means,
VIII. Inferences Concerning Variances and Standard Deviations of

Normal Populations.
IX. Analysts of Variance.
K. Linear kegression and Correlation.
XI. Other Measures of Relationship.
XII. The Statistics of Measurement.
XIII. Multiple Regression and Correlation.
XIV. Analysis of Variance with Two or More Variables of Classification.
XV. Analysis of Covariance.
XVI. Percentiles.
XVII. Transformation ot Scales.
XVIII. Non-Parametric Nethod4.
Appendtx. Tables and Charts.

Glossary and Symbols.
Answers to Prnblems.
Index to Subject Matter,
Index of Authors.
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Statistical Manualt Methods of Making Experimental Inferences
Churchman, C.W.

Philadelphia, Pitman-Dunn Laboratory, 1951, 214 p.

",This manual attempts to emphasize clarity in the method of applying
statistical tests, together with the logic of their application. The
manual minimizes to the greatest possible extent the mAthematical and
technical foundations of the methods; it presents only those terms
that are presumably essent al in understanding the logic of stat istiual
methods and the steps in their application."

Introduction,
Glossary.
I. Some Standard Procedures: test of a mean, variance knoWn; test

of a mean, variance unknown; test equality of two moans, variance
known; test equality of two meann, variance unknownl test of equality
of means of paired differences; test ot equality of a set of meants,
variance knowni test of equality of a set of means, variance
unknown; test of a 'imple variancel test of equality of two
variancesl test of equality of a set of variances; test of equality
of two probabilities; factorially designed experimentsl test of
equality of a set of means and variancesl test of correlation;
tests of normality; tost for erratic observational test for
tndependencr of observational test for proportion of a universe
in the tail.

I1. Estimation: common point estimates; confidence intervalsl
estimate cf slope and intercept, both variables subject to error;
estimate of mean and variance for sensitivity data,

III. Sequential Analysis: test of a probability; test of equality
of two probabilities; test of a mean, variance kniown; teot of a
variance.

IV. Simpleiid Procedures, statistical sign test& ranking tests for
differencesl test of runs of some property of the observational
test of differinces among a set of universes.

Tables and F1igures.
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Statlotlcal Methods for Decision Making
Chance, William A.

Homewood, R~chard D. Irwin, 1969, 442 p.

This b.oA is intended to serve as an introduction to the wide range
of statistical mechods which are available to the modern decision
maker. This range includes the traditional statistical methods
which have served so well for many years, as well as techniques of
Bayesian caalysis which have regained major impetus in the last decade.
Attontion to also given to the category of statistical inference
commonly designated as Inonparametric statistics.'

I. Probability and Uncertaintyi ur.certainty and risk; probability
and uncertainty; basic properties of uncertaintyl experiment,
sample apace, eventsl rules for calculating probabilities;
conditional probabilityl rules for counting; comparison of the
binomial and the hypergeomstric distribution, probability and
experience.

11. Teats of Hypotheses, Part Is flow diagraml the Wilcoxon test;
r.ole of informatio'ni the null hypotehois and its altornativesi
logarithms.

Ill. Random Variables and Probability Distributionsi expected values;
mean and variance; standard deviation; Tchebycheff's inequalityl
graphs of discrete probability distributional the median and the
modal cumulative probability distributional skewness and kurtosis.

IV. The Binomial Distribution and the Normal Distribution: charac-
teristical tableal approptiatanessl the Bernoulli model;
approximating hypergeometric probabilities with binomial
prubobilitias; large samples- the standardised normal distribu-
tion.

V. Samples, Frrquency Distributions, and 11ampling Distributionsi
populations and samples; purpose ot randomnessl sample
statisticsl linite And infinite populations,

VI. Tests of Hypotheses, Part 2: decision arrorsl students' t-
distributionr types of tevas.

VII. Estimation Procedures -regression and correlation analysisl
terminology and notation; the modell the scatter diagram; the
regression equationj the problem of prediction; the coefficient
of determination; a test for the significance of the relation-
ship.

VIII. Fittinq a Probability Dietributton to a Got of Data.
IX. Simulation, Monte Carlo Methods.
X. Some Elements of Statistical Decision Theory, dtsermination of

the costs associated with the state of the proceasl determination
of the conditional costs resulting from the testing procedure;
procedure fer ti'nimising expected cost; Bayes' theoreml the rolu
of sample information.
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Appendix. Stttittceal Analysis and the Computer
Tablubs selected values of Wilcoxontm distribution; binomial

dilstributional Press under the normal curvel random digista
critical value. of studentls t for specified degrees of freedoml
critical values of xa for specified degrees of fredvdom' Tour-
place logarithm.; logarithms of factorials.

Index.
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Ststistical Theory
Lindgren# D.W.

Now York, MacMillan 'Aompany, 1962, 427 p.

This book expounds clearly and objectively some modern statistical
theory, together with the elements of the more classical theory of
statistics, in a mathematical setting that can be completed and

amplified at a later stage.

I. Probability Modelsa 'model spacesl probability spacesl dependence
and independence.

II. Univartate Distributionst distrlbvtion of probability in the
space of values; expectstionj momints and generating functionsa
some useful discrete modelsl continuous casts,

III. Soevtal Random Variablesi vibartate distributional multi.
vartate distributiotia.

IV. Sums of Random Varitblest distribation of a auni; distrihubunt
of a sum of indepetident variablesl limit theorems.

V. Statistical Problems and Proceduresi utility, loss And regroat
the no.data decitsoin ptobleml san•plingi using data in deceisions;
sufficient 4tatil.tics! sonic properties of procodureai tutolotonu
problems and prvcedures; sample aise and ciso, of sampling.

VI. gottimationa some properties of ustiniAturg detarimaitation of
estilmators.

VIX. Testing Hyptheses: simple Ho avid H11 compodite hypotheoesi
sequential tests.

VIII. Some Distributitut Thenryt order atatlsttr'a Aum.d related
distributiorni di•atributions reldted to normal populations.

IX. Some One-Umplin: Frobteman soodn:a& of fill Pmt spectl one-
parameter modele# normal populationsa a large.-ampoe tes. for
the cleatvl locat:ion as ma•suroed by the moadiani Yavadorineas.

X. Comparisonsi based oro mample distribution functionml lAr#ge
mompla (.'ompartson el ,goarns bw-nottlil populational rv•rowl
popularteonis; nonlparomtl~ric: comparison ol Ic-,cations.

-X1. Linear Models aitd analysis of vaý-ittnuet ro•i'.o*,t/Onl ai,'rlysi1O of

aReierence am
Appendix - Tabiem.
Answers to Prololesma.
Index.
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Btatistiel in Cost Prediction problrnts and voteutill
piecarisllo, Harr~y

Washington, afftPt of the Ass~istant Secretary of Defense (Systems
Analysis), 1 9 6 6 l 10 p.

TP 66-5. AD) 659 322.

ttA discussion of' the applic~t~or o~f statiiitical techniques for
determining cost eatimites (pvedictors), in particulart a) w~hy the
UUe Of Stfi~t~iztC6 b) ptoblenmI nasodiated With their use, lout c) Some
poofisihi approaches whi ch iwo id the. prottlrn or imay leAd to a iio1~t -
of thien* pob1emns,

Intreoduct Lon.
Why the Use of Saiiio

Poblamssm thilkiral retesui.eon snalyaie iaAprataL ouLftwtjton of

other Appromehcemi hitstorical, simuelatotij diroet ,oati-maton of teitel
cost~s$ malet~tlot of runctional fornmt.
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8tructuring Coot Effectiveness Analyses
Abarto t1aimes G.

Logistics Review and M41itary Logistics Journal, Vol. II, No. 1,
19661 pp. 19-34.

"The objective of this paper is to 4At forth in relatively simple
terms an analytical framework for structuring cost-effecttveness
studies and to point. out some ol tohe pitfall.s involved in framing
thase studies. rhe main emphasis is on the problem associated wiLh
time phasing in the design of cost-effectiveness studies and the
evaluation of what are called, in the paper, time-phased cost arid
qffectiveness profiles."

I. Introduction.
I1. Types of Cost Etffcttveness Analysist equal costi equal

Qff'w~tivenens3 unequal cot/*fFOctiveneSS,
Ill. Evaluating the Economic Effects of Timct-Phaped Costs.
IV. Discounting an a Moans of Evaluating Alternative Resource

Allocationa.
Appendix, Tho Use of Discounting in Computing Program Costal

Galculating the Resource Impact vf Investment Expenditures; Calcu-
lating the impact of Oporattng Costas,
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"A Suggested Truatment of Time-Distributed Expenditures in Defense
Systems Analysis"

Hiskanen, W.A.

Arlington, Institute for Defense Analyses (Economic and Political
Studies Division), 17 October 1966, 17 p.

Itternal Note N-39g(R). Lop No, IDA/HQ 66-5423.

A paper presented at the 30th national meeting of the Operations
Research Society of America aL Durham, North Carolina, on 17
October 1966.

This paper argues athat the maximisation conditions for either the
government or the economy suggest the use of a consistent set of
rules for the a&gregation of costs for all systems analyses. These
rules 4pply to the three primary problems of aggregating systems
costes (a) selaction of the planning period, (b) estimation of the
value of resources 4t the beginning and end of the planning period,
and (o) aelactlon of the rste of interest for present value
computations, In several cases, a roughly accurate rule-of-thumb
is suliasted as a substitute for the conceptually precise rule,
Special attention is focused on the rationale for the use of
intseeat in systems analyses and on the selection of the appropriate
rate."

Introduction,
Presentation of the Basic Cost Estimateot fixed; investment; operating.
Selecting the Planning Period.
gstimatina the Residual Values.
Selecting the Interest Rate.
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A Survey of Army Automated Cost Models
Curd, Paul and Ogden Allbtrook, CompileLs

Washington, Department of the Army, 1968, 178 p.
AD 829 321.

This curvey io designed to catalog and describe all cost :nodeli which
arie either operational or under development for the benei t of personnel.
in cost research and cost mnalysis.

Abstractsz
Resource and Capabilities Model (RECAP).
Modular Force Planning System (MFPS).
Cost Factoring System for Force Readiness Projection.
Selected Analysis of intratheater Transportation Systems.
Revaluation of the Army Tactical Vehicie Program (REVAL - Wheels).
Individual System/Orkanization Cost Model (180C).
The Army Division Cost Model.
Army Depot Materiel Maint;enance and Support Activities Cost Model.
Combat Vehicle Production Cost Model.
Forewon Cost Model.
Army Aviation Cost Model.
Production Costs US Army Weapon Systems.
Army Air Defense Weapon System Cost Model.
Army Aircraft Flying Hour Cost Model (AAFCOM).
The MICOM Cost Model.
Penetration Aids Cost Effectiveness Model.
Army Aircraft Cost Model.
Tank, Anti-Tank, and Assault Weapons Study (TATAWS - Phase I1,

Part 1).
An Automated CoRt Methodology and Data for the Small Arms Weapons

System (SAWS) Study.
Main Battle Tank 70 (MBT-70) Secondary Armament Study.
Analytical Estimation of System Cost Uncertainty.
A Model for the Determination of Intra-Theater Logistic Suppcrt

Fdnding.
Cost Modols for AAFSS, Phase II.
Army Division Cost Model/TATAWS Modification.
A Bacic Cost Model for Amaunition.
The Role of Cost Effectiveness in the PreJiminary Design of Vertical

Lift Military Aircraft.
Cost Effectiveness Study of Heavy Lift Aerial Vehicles.

Model Descriptions:
Army Depot Materiel Maintenance and Support Activities Cost Model.
The Army Division Coat Model.
Combat Vehicle Production Cost Model.
Analytical Estimation of System Cost Uncertainty.
Selected Analysis of Intratheater Transportation SystemL..
Army Aircraft CosL Model.
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Survey of Use by Federal Agencies of the Discounting Technique in
Eval'sting Future Programs

The Comptroller General of the United States

Report to the Joint Ecnnomic Committee, Congress of the United
States• 28 January 1968, 32 p.

"ttThe General Accounting Office has made a survey of the use by 23
selected Federal Agencies of the techniqne of discounting in making
evaluations cf future programs. The natur• of the discounting
technique is described in Uhe background section of this report.
The survey was made pursuant to the Budget and Accounting Act, 1921
(31 U.S.C. 53), and the Accounting and Auditing Act oa 1950 (31 U.S.C.
67). The survey was performed in Washington, DC, and was completed
in December 1967 # . . . The survey was directed primarily toward
determinins the extent to which the 0dincounting tehhidque is presently
employed by Federal agencies and th( extent to which those agencies
not employing this technique plan to do so and toward identifying the
discount rates currently in use by the agencies. We did not evaluatc
the appropriateness of the agencies, stated policies and practices as
they were revealed to us, neither did we examine into the actual
discounting techniques and practiies followed by the agencies or into
othet policies and practices used by them when evaluating Federal
programs, rr

Letter to the Committee from the Comptroller General.
Introduct io,..
Back 4round: explicit and implicit d#scount rates; effect of changes

in discount rates on benefit-cost ritioal det rwination of discount
rate.

Results of Survey: summary of agen.y practices; divergent agency
views; significance of differing practices.

Appendix I. Discount Rates used by Federal Agencies in the Analysis
of Individual Programs in Fiscal Year 1969.

Appendix II. Federal Agencies Not Using Discounting it the AnaIsis
of Individual Programs in Fiscal Year 1969.

Appendix III. Illustration of CalculaLion of Total Cost to the
Government of Borrowed Funds.

Appendix IV. Illustrative Copy of a Request for Information C-%-icening
Discounting sent to Selected Agencies.

Appendix V. Letter Dated 19 December 1967, to the Comptroller General
of the United States from the Chairman of the Joint Economic Conmittee.

182



System and Coat Effectiveness Manual for System Developers
Chop, Allen

Sunnyvale,,Lockheed Missiles and Space Company, 1970, 269 p.
RADC-TR-69-358. AD 867 397.

Abstract: "The manual defined and describes the system and cost
effectiveness management implementation process which will provide
both Air Force and ¢ontrai~tor management with the necessity mission
responsive criteria, authoritative perspective, and visibility for
critical system development decisions. Technical activities,
procedures, guidelines, and objectives for the efficient and meaning-
ful formulation of affectiveiess criteria, and for the evaluation
and assurance of effectiveness, are detailed on a step-by-step
and time-phased, action basis for each of the systems management
phases of concept formulation, eontract definition, and acquisition.
Further, the integration of the effectiveness implementation procedures
with the system program manugement procedures and systems engineering
management procedures is outlined for each major effectiveness
activity and polarised with information flow networks., Air Force
oriented.

1. Introduction. generall purpose of manual; use of manual;

abbreviation and definition of terms uaed.
I1, Implementation Overview of the Lystam and Cost 21factiveness

Technnlogys general; integrated system and cost effectiveotess
and systems management notworks; system and cost effectiveness
measures.

III. System and Coat-Effectiveness Implementation for Concept
Formulation Phasea general; mission analysis; apecifying
preliminary figures of meritl performance requirements analysisl
operational requirements analysis; effectiveness parameter
sulectinnI model structuring; system and cost. effectiveness
analysiol report.

IV, System and Cost Effectiveness Implementation for Contract
Definition Phaisei generalt etfoctivwiiess analysis refinementl

apportionment an lystel effectivsnes3 progress monitoring and
demonstration planning; report.

V. System and Cost Effectiveness Implementation for Acquisition
Phase: generall detail effectiveness analysis; effectiveness
progress mouitoring uemonstration; final report.

VI. System and 3ost Effectiveness Technical Managaementi general;
Air Force management; contractnr anaskgemnt.

VII. Application Guidelines for Specific Major Classes of Air Force
Systems.

Appendix A. Example of Implementation Procedures.
Appendix B. Synthesis and Analysis Methods for Determining Transter

Functione, Outputs, and Inpuc:s.
Appendix C. Combination of Sensitivity FYnctiorns.
Appendix D. Apportionment Procedures.
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System and Total Force Cost Analysts
Novick, David

Santa Monica, The~ Rand Got;,oration, 1961., 141 p.
Rand Memoranduml RMN4695-PR.

S unsrary t "This memorandum describes the aimsa, cotev4 and mtethods
of milttary cost analysis as devcloped by the~ Cost Analyst. Departmenti
of the Rand Corporation. It is coiicerned basically with the i'timatton
of cotats for proposed mitlitary awt :iv: 1es qo that Informed ( hol ce-4 c411
be m~de among thein."

1. Aims and Concepts of Analysts.
11, Cost Analysis of Itndividual gya-teaie investment costs (installa-

Lions, equipment, stocks, initi~al training, tTlszce~llneouPl Ovnvt-
ment)l operation costs (eqUip)Ment atid Installntions replaceffietit:I
mantt~en~ricet trafitingi PAY Qn1J UILOvanUOeIJ W61l8, lUbht:iants.
and propellantal services anti 4itscettaneausl intermediate and
support major commeand operations)l R&D contrt (ayitfton development.,
Nystem test and evailuatioii, other syst~em R&D conts).

111, Gust Aiialya;Iu of Tol-ni Fort-0 StrucLuvvv- force cooonil iori.r and
a *r"Uttpt iont Lincroemnte cost ing Awl longr- term progranuitngi cost S
anu expendidttrot and ns program requi.vomots AtAin sflon and other
lowel -leVel cost allolysoal sensItivity', tintel~inegg, and clarityl
cost rategorfie roconsidered (fiwrestmnie'ts, operatiuns, U1W))
electronnic: dAta proceossngi summruy.

IV. Gost Sonsitivity Analy~siai sxtmplesi uses en~d adynotamos.
V. 1resentit ion of Remults,

*Appendix. Analysis, of Manpower Requiroment,.
B01iblography.
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A System for bevelopmnst of Mathatntical Hodols
Hendricks, J,W,

San Ftancimco, US Naval RAdiolotceIl Defenso Laboratory, 1964, 53 p,
USNkPL-TR-749, AD 602 733.

Abstracti "'This paper presents a general quentitative system for
association ok theoi.? and observation. The system, in formulation
and presentation, is directed t.oward the nieeds of the user investigator.
It is well organisdid for use w•th automatic machines in the computing
and information processing. A taultivariare discribution appcoach to
model construction in umtod 1i aovcountin& for errors and other wourcet
of variation, As usual, hypothusied tathematical descriptions are
modifie4 in accordance with the observational data. The requirement
ot u state of conto)', is rkgarded &s futtdamental. The question of
ontiidonti.l,dbility ti siven prominent. nonuiderationj and in this
oonne'.tionr thN general nce'essity of calibration is estabtished and
amphaonfad. The principl, of maximum litkelihood ia suggested as the
moot acceptable ranking criterion for the systea;n but modifications
or dteceion-therotic, axtenaions are rotr precluded. In short. the
ordinary restrictive coiditions are not imposed in this system,
The fundamental ideas are discutsed within the contextual framework
of the system. 'th gehieeril prinLiples for applying tho system are
pxesented and discussed, The most important classes of modela are
dealt wi.th nwithwtically in Jetail.tt

Abstracts,

Dlser iptors.

Introdur. tioll.
Tho basic Prinotple of the Systom.
Aseoc1atiot% of Theory and Observation,
De.Jgnation of the Phenomenon DesIcribed by the Model.
Distributions M, ay Roesult from either Paltdom or Systematic Selection,
HMtheniatical Theory and Discuslitonr initial hypothesesl the error

traneformution; surface density functional t'oncordant hypothssoml
vu~liable techniquesl purposeful dtstributiooa0

A4odoa Typoo sIAple me1,surement with error; al) object variables
distributedl strtuottral relatiotashtili regroso.lon on observable
variablesa diecrote distribution; conatrainud distributionsl
voriform or discontinuous model.; othar typo models.

1'toblwms in Computation.
Urmi dent ifiability.

In':erpretstion of Itesultat surface of vnident•fiabli y; calibrAtionl
considtrations in ranking mdolsl st*at# of control.

k•on- ludin& Remarks.
Rf taf •tnc *1,
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Sy#s;om/Cvmt IEffectiveneami Nrt~etook
Harkins, Jamea A. and Paul C. Sheman0AI.

Griffiso Air F'orce Blane, Rome Air tleveLopment Center, 1969, 2 Volt-mes,
6623 p. 1V.Dt,-TR-68-3S2. AD) 8514 651 and AD) 854 652.

Abstract i "Thiis notebook deser ibeil Lechntqum'i by -,44cli the cn~t and
nf!'ec~tveteaa of modern-day weapoii systeene may be evaluated. It is
the purpose of the notebook to pri-ent cokrieutt totate-of-the-arL of
SySteM/cost; effe'rt lVO1e94, to deve lop proper foundittiong; for Hystemn/
c ostI effio2t(.ivoienes s corite opt. a~iki to wirb r~eonirietiun tions poet in ent.
to the futtirt, te~inologiOM(Il Pr(?[I5 o[ Chu effrt Ivvel I t scLLI e
Thes t.echiflqites offeried nro haged o(0 t.he roioi Is of gencIOI i t~dies

1. n the areas of technical, cort and auinapetaieit disciplines, The Be
studieus are now comripetd. Thi basic foundations for syatom/cost
effect: varess anl~sem have been established, validity aiid Practica-
bil(Ly proven and Overall fsansoillty demonstrated. An new And
improvnd methods are developed oad refined, the notebook will be
updated."

1. Introduction.

type.; c~tifterka rtak and uncertaiity; limtitations. and cautions.
111. flanageae~at and the Acquisition Procassi phauses origanisation;

planning; programmiI'i~g hurgetingl procure~tent planning and
impiomentat ion; reportitig and cont rol.

IV.. System Effactivenesa Arialyp~i. oteps; apecial tojaies.
V. Thee Availability Atiributet factors; computer progran-m; logiutich

models; data resource and information.
VI. The IDepandabilit~. Attributai repair of failed equipmont;

transition matrix; computttr progratns; device lavol programa;
ayatom level programii.

V11. The Capability Attribute: trangrer fuliction; copasility
rationala; computer' programa.

VIII., Cost Arialysis: rcft as a parainuliterl eyotetoi vosLtinj.
IX. SystO111 Ef fOet. v401161 MdAngOMnen;. MOVUr ill g dyfttmul e~ffCt iVeneas a

deflimit tonj ati eluIanj contra'2t duftnit ioni a notneer rg dovolop-
ianettl product to:: oie-al loins.

X. Topicsa iti A00yuaia ducialomi miodalml risk t~nd Uncertaitatyi
uLility-valUat opti~ntisstiuoti alloc.ation.

X1. 4MatheenaaLiu of Amee'ypisi ;ix'ohAb~ityl NtatilitleS1 AnalyNis of
va *rtamue demsg ola at xpu-Limoantamat watri a vaIgbral cal criu o t
var taL to as dl ffurvitce uqua~lupial aIltstiat.lyeo nmasttudrlogies.

1(11. 't'uchjniques iaa Atnialysti a 1a mt hvwmminal Ie proniasahlmlifig;i (tUV ing
thCLmyl OAmot Lbhuory' rupaptcc sine L.Iheor y aitivolitili-Y thol baa: y
OlAury.

Appuindix A. kpplif abu tMatlismiuatical 'achtiiaquos.
Appendtix 11. (Jluamuiy of Niafintinlo:..
Appem'.dN C' n 0 11h I I oiltraphy.



Systems Analysis: a Computer Approach to Decision Models
HcHillan, Claude and Richard F. Guonsale

Homewood (Illinois), Richard 1. Irwin, 1968, 520 p.

A computer and business oriented text, but showing adaptations of
techniques to computers, usinug FORTRAN.

I Systems and Hodels: syst.em classil icnatilo, Aystems Alalysia;
modeoI..

II, Simulationi definitions why systems simulation?l methodology;
simualution and decision making.

Ili, Introduction to Programming.
IV. Value Analysis and Iterative Processes: difference equations;

present value1 annuitiesl chain of machine probkim and optimum
"tW~ful life.

V. The Inventory Systom under Certainty.
VI. Probability Conceptts; probabiliLyl events; randoni vatiablees

Harkov Chain procesuehl random numbqrs.
VI. Tithe Inventory System under Uncertainty - Discrete Distribution.
VIII, the Inventory Syprem under 'hicertainty - Continuous

Distribut ions.
IX, Binomial and Poisson Processeit binomial; poissoni nhe ,t:-

exponential distributions gamma distribution.
X. Basic queuing Concepts.
XI. Procecs Gonerator.
Xl. Simuletton of quoultls Systems.
Xl11. Management Planning Modeln: the moving avetagal exponantial

amoothingi impuse resmonsel stop responses trcking signals
double smoothitig.

XIV. MlatrIx Hltthoda input tm-,tput anailysnisl matliAX inVertorl pAtt ---
rsquiremontl linear ptograiiitinyt.

XV. Iarge-Scalo Simulation Models and Mathodologleti.
XV. Indusitrial rDynamico.
XVII. A Study in "Total" Systems Wtmulotioii.
XVIII, Expeoritiontat ion.
Appendix A. Tables, prosent value~s approximativin of the first

integral of the standard normal density funcirtl .I approxinAtton of
the second intor*al of' @amoe areas of the Ntandard normal distribution,

Appendix B. Kxpected BtocK-out during Load Times A Polynomial
hpproximatiun, of Cumulhtive probabilities of tho Standard Normal
Probability DIaniity Functioo.

Appendix 0. Matrix Orerations.
Indae.
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Systems Analysis and Cost lffectivenl•so
Letters from the Office of the Adjutant Getteral

Washington, Department of the Armyt 19640 98 p.
AD 450 411.

"This letter is intended to provide to all Army agencies guidance and'
information gn the subjects of systems analysis and cost effectiveness.
These procedures and techniques, if properly and thoughtfully used.
can materidlly assist the deciton maker."

1. Systews Analysis as a 'nri ol Lihe 'ruLal Mlagagemelit. e tPocess.
It. Pystems Analysis - An Informal Summary.
111, Soms Thoughts on Cost Effectiveness from the Armty Viewpoint.
IV. An Example of a Cost-Effectiveness Analauis - The Analyst's

Thoughts.
V. Summary of a Recent Military Operations Research Symposlum,
VI. Operations Analysis in the Depiartment of Defense.
VII. Limited Warfarei Some Possibilities and Pitfalls.
VIII, Systems Analysis and Decision Making.,
IX. Costing StratoCy.
X. Coat/Effectiveness Tool ot Club?
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Systems Atielysis and Policy Planningit Applications ini Defense
Quade, E.S. and W.I1. Boucher, editors.

Santa Monica, The Rand Corporation, 1968, 456 p.
Raoid No. lt-439-PU (Abridged). AD 695 765.

Prepared for the United States Air Force Project: R~'nd, this volume
"?attempts to demonstrate that systems analysits can ord does provide
knowledge that decision-makers need; that it can serve to 9harpon
intuitton; that tt usefulnear. Is not fimited solely to questions of

plc y and p1Iaimnn g thait. can he qunntifl iC ane d 5, most. lirpor t ri t, t:hot
whatevt-1 I tA weaknose~iqs, it, produceR more fruit ful results, of fiar
greater consequence and reliability, than any ot its aolternatives. Itt
is initendmd move as a sophisticated guide to users of analysis than as
a ma~nual for those to prepare such iaterial."1

1. Introductions deffinition; forigins; typeos; essence; elamant's;
current status.

11. An tntroductory Example of Syittams Analygis (M.G. Weinter).
111. Principles and Procedures of Systems Analysis (E.S. Quade)i

essenice; alteritatives; process (forniutation, search, evaluation,

IV, Criteria and the Measurement oif Effectiveness (L.D. Attaway)t
elements; threo uexamples (ovorspecltfication of eviteria,
maximiming effect ivenessi/cost, dominance, intereeptors, scale of
effect ivenessa, subopt imlisation, aggregation, criteria).

V. Unecrtainty (Albert Madanpk') t probabilities; utilitieas modols;
treatment (time, iniform~ation, flexib'ility, u fortiori analysis,
Roelsitivity ainalysis).

V!, 'lachnologica 1 Catisicleratinns (11. Hosenswel.11)t types of decisionsi
tachnical foatijbilityl selection of best technical Apprvoach;
contparisutn with competing systems.

11"1. Haemnirce Analysis ((G.If. Fisher)t dhfiinitionn and concepta;
contoext (time liartslin, type of deci1sion, scope of ,-ho problett).

IX. T1,aHe B-.4 a Hypothet ical Biombero Cost Study (14. E Mnoos).
X. 'Thu Nature uf Not's Is (ItD. IRpecbt-)i duoign and use; types.
XI. HetheunatcaL Models of Conflict (Melvini Dresher)i Same theory.
XI1. Himulattion (Normnan C. llalkey)i basmitu choice of techriquits,

pros nod costs.
X111. SANSOMi a Logtistics Stioulatio~n (ChattlcaY r. DOll)
Ai IV. Gaminig (MAIJ. Weitter)i types, roqu tremtint-tit hArActeriptics;

conditionnsl phlistia; Oeiomplow.
XV, The Anialymis t' of Fire Pol icy and Posture Interact bum (Hugor

Lov ieii ) i role of' anatlysiful the .11AVK Maine.
XI . fic cewri t s it S y n ems Ana Iys is (111oyon' Irowt).

XV1I. ()H 9paco Pojlicy, an Emamplo of P'oliticial Analysis (Alto,, rrye).
XVi II. Wheni Quoit. Iýat.i',e Nodolm are liniuquato (l(.S. Qnjadel)i role of'

judgu out;t ut ill Attug expert a ( runitioxtue n asp, opotrati tonal w,4a110



a

L XIX. Pitfalls and Limitations (E.S. Quade)t cotwon fallficies,
limitations.

XX. The Changing Envirotiment for Systems Analysis (James R. Schlosinger).
MI. The Trade-Off Study Revisited (L.H. Wagner).

KXII. By Way of Summarys precepts for the analystt principles of good

analysis; the decision-maker; dangers of analysis; iuture of

analysis.
Selected Dliblio3raphy.
Bibliographic Note.
Index,
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Systems Analysis for Effective Vl~atninlgi Principles and Cases
Rudwick, Bernard H.

New York, John Wiley & Sons, 1969, 469 p.

"Although much has been writ ten on the philosophical and in'ellcctuail
level regarding tile naed for systems analysts or CoHL-etf~fectilVenleas
analysis as part of tihe slystems plainning process, there ha~i been a
lack oif u::classlf ted :aethodologti'ni mnntqria1 which. sluwed eypltcitly

systil li: lt eriuat lw's. Thisi look Is aHvin. the Lapplic.ation of uyV~ematt ic,
quantitative mnethods and techniques to the task of planning., Part 1:
systems planning and the decision litaking prccess (chapterv 1-3)1
Part 2: foundations of sysitems analys' J (ch,'Io otr 4)1 Part 3: an
iliot'trative exanmplu: mnissixi oriented syAcem. analys~is (Chapters 5-8)1
Pert: 4t printciptefs if recoarce analysis (chag~er 9)1 Fort S:
Pubuys4trem planning (ch,ývters 101 13): ý'aýt 6: the role of analysist in1
j~oticay sel out Joti (rchnulr":, 14, 1 1') Part 1: corclusions (chapter 16),

1. ,Introduction and O~vervtew.
11, Tile Work Proce~.' Ur Systtims Planining: b3ack~ground; tho work

procos4; reqdaed sktills: sunviasry.
I111. Sysjjtetus A:a lyslts as Part of the Hatnagenwnt Process: uyntemns

oaianitg I-wni budget ing in DOVl; the IsprOVeci DOD mnkagementlti
Informattion siystem.

7..Devairsping the Systemsn Analystis Procudluret basic terminkologyi
factors inivolved; olbjectives; ints~revlationahip of modelst; cost
model; criteria fokr system selection,

V. The Strat~egic Fuv~rts l'lanninig Case: Qualitative Aiipec ta.
V1. Developin~g qulant it-Alye RelaIonsh111ips.
V I I. Model Kxercise,
V II 1.. ('0o iig w it nt )I':(o t a I1t i es,
IX. * o uanice Ann ys Ji probtm 1inv Ioal ved hin ut imat ing Cstst tip

iep:1qured rsonotiru(1A; tinit s or cort. s; deveclopmui: t ofI key prtiinciplaev
or cost, arsy:] ,sl.4 copinga With lilrfri.-A Inlt y; "oustiiigi GaRtn; test N

A.y0tivn Pfc~i tion: Holilet Cne
.M i H I i y ilg an' (InC or ta 11n bliotnd! Npare 1"a: t a Maniagentur-1 t Pt an::%j

Chie lstomhrni~the C44pAc it.y, o! il Ai-dge.

tinI I . 1,1 arena iuto Ilystosn: Plan,' i j~l aThe Ftae~ oice Nn::1agealent

KUI)I I rti'r~l Iraduotfsri (.'uIitancei and Control 'Systeml RuMetalion

X IV. D04a Lt, OgWit: lot .1011) t 11Vk-titt IA I s eR ctronitc Datu l'oVCUflik::M
'ýY*; eflnn Mel out ion: (;40y.

".V . lDod1ifill With IDevckopma:t, Ullil-CerA1liii £55
XV1I Colictidiicia Atamerks.(t
Ap' :,lk - I.t I, Nirt u ol' PrbiNbillty Wind 'iLAi-1tVics,
A pp .: i ,. , Nu roili Select: lon: Evaluatu ion Yr itkir' Is to be 1Eaplood
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Thr,, Systems App!oavh and Public Policy
quadt, 9,8.

Santa Mlontiu, The Ratnd Corporation, 1969, 29 p.
Rand No. P-4053. AD 685 126.

Ant essay on the tieod for enlatin& thb ctnhe =pt of what conetiLutes
acceptiab).e analysis aud uneking wayn to adApt it to a vnew decision-
making einvitoimaent, and the need for p-blito officials to providei
s~at••s and support for the systems approach,

The Nature of the Cyatemi Approach,
An Rnlarged Concept of Model.
Adapttcion of the Anajysht to the Environment.
Anulysis must Le Given aecognitioti.
A Stong Analytic Capability Must be ,Svpperted.
In C{onrlusaion.
Rae~trencos.
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Systems Effectiveness
Systems Effectivenmss Branch

Washington, Office of Naval Material, 1965, 165 p.

A collection of papers reflecting the attitude and philosophy of the
Chief of Naval Material towards various aspects ot systems effective-
ness. (tlt also provides a discussion ef the planning, design and
cost cons drations in system development, as wall as some techniques
now being utilized ini order ro reolize the development of effecrive
SY sterns,"v

Future Navy Weapun• and Support Systems (VADM W.A. Schoech).
Analytical Techniq, es in System Design (Leroy Plosen).
Reliab~lity ntid Mlaintainability Goruiderat'ons in Sy.atem Design

(Paul J. Giordano).
Eiilneering Integration in System Design (William D. Rohe).
Planning Integration in System Design (LUDR Gordon H. Jayne).
Cot Vactorg in 8ystem Design (John W, Stone).
NEt% Parameters in System Support (CDK Keith N. Sargent).
The Fay to Vevelopment Pay-Off (RADII E.A. Ruckuer).
System Effec.tiveness Assurance Managemntai (Dr. Leslie W. qall),
Systems Effuctiveness - A Tool for Appraisal (C:DR Keith N. Sargent).
Systems Effectiveness - Navy tDR K'ith N, argsent).
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Ter'hniques of Systenms Analysin
Kahn, Horman and Irwin Mann

Santa Monica, The Rand Corporation, 1957, 161 p.
Rand Memorandum RM-1829-l,. AD 133 012.

Preliminary draft of Part. I of a book (Military Planning in an Uncertain
World), this memorandtim in,_ludes the firft five chapters and coverrs
some of the contributions that systems analysis and operations~ researchi
can make to military planning,

Introduction.
The Problem: design of~ the offense; probabilistic considerations-, design

of the defense; the two-sided war.
1. Designing cbe Offense: models; area defense modals; local defense

model; airfield model; tactics; specializing and simplifying the model;
expected-value models; nemerical calculation of an allocation; Omnst-
sitivity by design; optimal allocation and performance; the central
problem, elonmntavy economics.

11. Probabil'istiti Considerations: qualitative q~iscusdion of accuracy; pro-

babilistic wodel; the monte carlo technique; simttlating the airea defense,
the monte carlo calculation; anialysis of a fixed budget~; results or
probabilistic Calculations; defurred decisien operition; modelism; pro-
babilistic ob~jectives; detertence vs. win the war; requirements for
these objectIves; SaMPIC CaIlculation; performance under deterrence objec-

? ~tive; performance utider other objectives; high and low confidence mea-
sures; ezpected-value vs. probabilistic cAlculationg.

11.1. Designing the De'fense: bias for the offense; general consideru~tions;,
the parametric defense model; optimal allocation of a fixed budget,
mnaximiizing procedures in general; contingency planning; uncertainty
J,, objectives; uncertainty In costs; context uncertainties; somse inpor-
tant contingeaidies (magnitud~e and type of attack; degradation of our
performance; iariation in enemny's performance; chance factora; htlratep.II

¶ and- political changes; technological. progress); simulating different
contingencies; non-contingency planning; co~nt ingency analydis; cont ingoincy
design; soft ý,pots and time phasing.

IV. The Two-Sided War: asymmeLrics (technological ni4l11; military skill;
allies; geography; resources; intelligence); abjesot~ves - two kindo of
det~errence; bo':h sides with fixced military budgets; the approximations;
the Lv-o-sided calculation.

V. Evaluation an(' Criticism: analysis omits (research, development, procurenmont.,
operat~ions; scale and detail; mixed forces; ýinconventional tactics:. (Lftu
phasing; re-enamination stage; unsettled questions; convincing~ comparl-
son of alternatives).

Appendix 1. Graphs of Paktial Sums of the Binomial. Dtatribution.
Appendix 2. The M1athematical Mudel.
Appendix 3. Siumnary of ideas,
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Ten Common Pitfalls
Kahn, Herman and Irwin Mann

Santa Nonlca, The Rand Corporation, 1957, 55 p.
Rand Memorandum RM-1937.

A preliminary draft of a report ty be included -n a book (Milir-v Plaifn
in an Uncertain World), this memotandum identifies and discussZs some of
the common mistakes made in operations and systems analyses.

Introduction.
1. Model ism.

11. Statistical Uncertainty.
111. Real Uncertainty.
IV. Enemy Reaction.
V. Over-Concentration.
VI. Phasing.
VII. Over-Ambition. I
VIII, Fanaticism.
IX. Hermitism.
X. Butch.

\I
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Theory of Games and Economic Behavior
Von Neumann, John and Oskar Morgenstern

Princeton, Princeton University Press, 1953, 641 p.

I. Formnulation of the %conomic Problem- the mathematical method in
economics; qualitative discussion of the problem of rational
behavior; the notion of utility; structure of the theory.

II. General Formnal Descrilpt on of (Gawt. - of SLiategy: introducL ion;
the simplified concept of a game; tCb complete concept of a
game) sets and partitions; the set-theeretical description of
a game; axiomatic formulation; strategies and the final
slimpliiIcation of the description of a game.

III, Zero-2um Two-Person Games . Theory: preliminary survey;
functional calculus; strictly determined games; games with
perfect information; linearity and convexity; mixed strategies
the solution for all games.

IV. Zero-Sum Two-Person Games - Examples.
V. Zero-Sum Three-Person Gamest preliminary surveyt the simple

majority game of three persons; the general case; discussion of
an objection.

VI. For•rulation of the Geteoral Theory - Zero-Sum mm-Person Gamest
the characteristic function; construction of a game with a given
characteristic function; strategic equivalence, inessential and
essential games; groups, symmetry and fairness; the exact form

of the general definitions; first consequences; determination of
all solutions of the essential mero-sum three-person game.

VII. Zero-Sin Four-Person Games: discussion of some special points
in time cube Q; discussion of the main diagonals; the center and
its environs; a family of solutions for a neighborhood of the
center.

VIII. Some Remarks Concerning n -- 5 partictpants: the number of
parameters in various classes of games; the symmetric five
person game.

IX. Composition and Decomposition of Games: modification of the
theory; the decomposition partition; decomposable games;
limitation& of the excess; determination of all solutions of a
decomposable game; the essential three-person game in the new
theory.

X. Simple Games: winnlng and losing coalitions anmd aames where they
occur; characterization; majority games; methods for enumeration;
Ample games for small n; determination of all solutions in
suitable gaines.

XI. General Non-Zero-Sum Gaines: extension of th'2 theory- the
characteristic function and related topics; interpretation of
the characteristic function; the solutions of all general games
with n •- 3; economic interpretation of the restilts for n - 1, 2;
eccnomic interprotation of the resulLs for n 3; economic
interpretation of the results for n 3; the general market.
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XII. Extension of the Concepts of Domitnetlto and 8olutiont the
extension, spccial caaes!•e neralisatioa of the concept of
utilityl diucugslon of an example,

Appendix. The Ayiomatic Treatment of Utility.
Index of Pigurevý.
Index of Namer.
Index of Subjects.

13
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The Use of Classical ,tstatitics in Deriving and EvaluatinR C0R0
Graver, Charles

Washington, Office of the Assistant Secretary of l)efence (Systems
AnalysiN), 1966, 34 p.

TP 66-8. AD 659 323.

A discussion of "some of the commonly used statistics and the
differences between common itittirvAl estimates" and of the "applicn.
bility of the usual intrevprvtat ion of these statitttic.s and interval
estimates in cost; a,,alysis and of the possible meanings that 'iight
be attached to thent even if sLatistical assumipLiuins are not. fully
satisfied."t Specific topicni (1) assumptions of the multiple linear
regression model and hew welt they are fulfilled in the cost analysis
application; (2) least-squares estimators as "best" estitatorsI
(3) properties of some commonly used statistics from a Seomettical
point of viewl (4) differences in commonly used interval estimates.

Introduction.
The %,del.
The S3election of a Criterion of "Best",
Commonly Used Statistics,
Interval Estimates,
Conclusion.
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The Utilisation of Military Resources
8mith, T. Arthur and Ogden 0. Allubrook

Washington, Department of the Army, 1967, 243 p.
AD 824 660.

The purpose of this book is Uito promote au-esa to information
generated at Department of the Army and at Army installations
everywhere .... rake note especially of the two categories into
which these art icegs might fall. These ar, th, categories of idea
awd action, Alth ough the sel,.irat Io. of ouie f rom uanot her catnhet
a lwaypt be based an t:he cri teti .ut of Iin the pt4,oisit Ir li N t.hI
future.' thin separation should be uutiful as a first, personnel
orientation in the Army cort research program.r

Introductlon ('. Arthur Smith & Ogden 0. Asllroouk).
The Utilimation of Military Resources (T. krthtir Smith).
krmy Operating Costs (Saul Hoch).
Via Resource Mantagamont System and Operating Cost Data (John Wallace).
The Army Cost Handbook (Donald Gillies).
'rThe Impact of Electronic Maintbnance Costs un Life Cycle Costs (Joseph

L. Towntsend 6 Amelip C. Yetman).
Analysis of combat Vehicle Operating and MaintenanCe Costs (Anne Rhodel
& William T. Towles).

Army Equipment OperaLi•tis Costs (John O'Flahert.y &l Richard O'Horke).
United States Army Field Operiting Cost Agency (Leslie R. Sears, Jr.).
Airmobile and Infantry Vivisnio Cost. of Opirations in Vietnam

(Joseph W, Noah),
Criteria, Analysis, and Techniques for Ratimation of OperaLitig antd

Maintenance Resources (John (G. Phillipm),
The Army Division Cost Model (Paul Curd).
The Military Manpower Cost Model (Sidney Kaplan).
Nlilt.r) Pel'ersonlcl Program and lludgott Costfiqa (George II. Fnml ly),
Irhe Couts of Army Trrtinlng (DIonald I1t. trops).
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Wuapon/support Systems CostA Categories and Elements
SHeadquarters, Departmeait of the Army

Washington, Department of the Amty, 1968, 20 p.
AR 37-18,

This regulation establishes a met of cost categories and elementL. to
be used by weapontsupport systems' cost analysis activities of the
Department of the Army staff agencies and commands.

1. Purpose.
I1. Objective.
111. References.
IV. Definitions.
V. General.
VI, Programminvn, hudgettng, and Accounting Systents.

I VII. Functionol Work Areas.
VIII. Exceptions.
IX. Weapon/Support Systemm Cost Categories and Elements.
X. Cost Elematit beritnii~ions.
Appendix. Work rlieakdown Btructure.

1
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Weapon System cost AnalysisUieher) 03,11,

Santa Monica, The Rand Corporat~on, 1956, 20 p.
Rand No. P-823.

I . Introduction,

11,. Esti.matirg Weapon System costs the total activity cost concepti
distinect.kn between investment and annual operating coati
incremental investment costing; time phasing of expenditures;
system cost componental consistency in costing method&

Ill. Application to Long Range Military Planning.
Appendix. Figures.

V
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weapon System Caot Nethodolosy
Novick, David

Santa hi' ica, Tie Rand Corporation, 1956, 52 p.
Rand No. R-281,

Summaryt "A method is described for estimatiug the costs of existing
and hypothetical weapcn kystems of the Uninted States Air Force. It is
intended to be a quick and fl~xible means of establtshing approximate
resource and coIlt riequirtlentq, nnd it provides a basis for evaluating
AlLern-ative syst.enis 11, termni of both cost of !I given capability and
capability obtainable f.J1 a fixed cost. The 1ethod is also useful for
military planning, programming, and budgeting activities."

Summary,
I. Introd'jctiont weapon system cost analysis; the role of cost

estimAtes in ryntems, analysis,
II, hand Techniques for Computing Air Force Weapon System Costat

objectives (Identifying system cost elemental accumulating total
cowti the distinction between investment and annual oporating
expenditures)i present application.

1II. Dtscription of Rand Methodologyi investment cost categories
(installations, equipmernt, stacks, tratioportation, personnel,
iniermediate comaland Lost and support major coninand cost);
annual operating cost categories (Installations m~aintetnancel
Yquipment - annual replacementi tranapartationi persineal;

maintanancel petroleum, oil., and lubricants; services and
miscallaneousi intermediate command cost; support major comrnand
cost).

Appendix. Worksheetes manpower requirements sunvitaryl instalhtions;
primary mission equipment summaryl organisational equipment twuimary;
stocks - initial stcik level; stocks - readiness reserve; atoacks -

aircraft spares and spare partel transportwioni personnel training;
personinl pay and allowansces; pernonnel travel; maintenancu - mission
aircraft; maintenance .. support aircafLt; POL - mission aircraft;
POL - support, aircraft.t POL - miscellanetul; servicuo and 'nai-
cellaneousl intermaidiato conuiiandal support major command comt.

References.
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The Weapons Acquisition Process: An Economic Analysis
Peck, Merton J.; Frederic M. Scherer

Boston, Harvard University Graduate School of Business Administration,
1962, 736 p.

Government/business relationships of weapons acquisition activities
and their effects of quality, time, cost, and value outcomes of
weapons programs. Research based on case histories of 12 weapon,
system developments. Part 1: the nature of the process (chapters
1-3); Part 2: the structure and dynamics of the weapons industry
(chapters 4-7); Part 3: the execution of weapons program (chapters
8-20).

I. Introduction.
11. The Unique Environment of Uncertainty in Weapons Acquisition:

the predictability of time, quality, and cost; internal
uncertainties and technological character; external uncertainties;
risk, lead time, and project cost.

III. The Nonmarket Character of the Weapons Acquisition Process.
IV. The 0overnxnent as Buyer.
V. The American Weapons Makers: over-all statistics; categories;

small businesses as prime contractors; interbusiness transactions.
VI. The Factors of Production: importance; supply of capital and

facilities; supply of technical personnel;- economies of scale.
VII. Entry into and Exit from the Weapons Industry: record; barriers;

incentives.
VIII. Innovation and the Choice of Weapons: program decision,

innovation, institutional framework.
IX. The Structure of Weapon System Program Decisions: basic elements;

possibilities of choice; problem of choice.
X. Buyer Preferences in Weapons Programs.
XI. Uncertainty and Time in Program Decisions.
XII. Competition for Weapons Program Participation.
XIII. The Criteria for Contractor Selection.
XIV. The Selection of Subcontractors.
XV. Contractor Efforts in the Competition for New Programs.
XVI. The Conduct of Weapons Development Programs: time, quality,

and cost effectiveness; time, cost, and quality variances.
XVII. The Optimal Conduct of Weapons Programs: end product; R&D

approach; allocation of contractor talent.
XVIII. The Efficient Conduct of Weapons Programs,
XIX. The Evaluation of Weapons Program Performance.
XX. In Conclusion.
Appendix 5. Statistical Appendix.
Appendix 7. Small Business in Weapons Research and Development
AppendiAx 9A. The Construction of Military Value Functions.
Appendix 9B. Numerical Data - Defender Nation Assumption.

199



Appendiw 12, Llat,-- ont the 99 Programs.
R ~Appeondtia 0. TechtAILtAl Notes on the Kveluetion tnpediment,

Appendix 19H. The Program 6ivlitustdi PAxpsrlment, Questiotinatre
Seslected flibltogtapby.
Index.

199-1



What is Reautrct Ananesi,?
Piteher, 1,4-

Stnta Montlao The. Rand Corpntrat-ion, 1.963, 14 p.
Rtnd No. P-2088, AD 214 994.

1, Introduct ion.
I1. Context: tote hotuiaon) decivion cotitextj &cope of the problem.
1.11. Tmpact of. Context on Concepts, Methods and Techniques Used in

Resoeecer ta.ii e.

IV. ,iumw•ry Remrnarks,

N00



INDEX

IM. 4, 6, 19, 24, 23, 27, ?3, 34, 35, 39, 41, 42, 45, 52, 33, 54.
59, 64+, 66, 73), 81, 90, 91, •99o 100, 129) I,.32, 160, 166, .173, 178,

190, 194

Camrputrse 2, 3, q, 1N, 22, 24, 30, 3.', 40, 41, 46, 67, 82, 95, 96,
97, 114, 11.7, 120, 122, 133, 134, 157, I6V, 176, 184, 186g 187

Co'relation Ana Ly a.a 21, 43, 64, 66, 1.74. 176

Gogt/Ei.ec.ivenoon 6, 7, 12, 23, 28, 29, 30, 31, 32, 33, 36, J9,

4U, 41, 43, 48, 4q) 50, 57, 64, 65, 67, 69, 70, 72, 74, 80, 82,
83o 09, 90, 93, 98, 103, •O4, 109, 122, 13, 124, 127, 130, 131,
136, 139, 142, i.tý., 148, 1,49, 150, 152, 1M,3 156, 1.55, 157, 162,
164, 1 , 166, 167, 179, 183, 186) 188, 189, 191, 192, 195, 200,
31a, 77,a

Cost E1vmtntn 2, 5, 13, t5, 18, 19, 20, 27., 2J, 34, 35, 3•,/ 51, 53,
88, 91, U2, 94, 99, )Ott 108, 115, 17., 129, 149, 152, 176, 184,
192, 195, 196, 197, 198, 9a

Criteriat 2, 9, 33, 48, 50, 64, 77, 78, 80, 89, 103, 1.04, 126, 128,
132, 150, 152, 155, 1f, 189, 190, 194

I)elphi 30, 43, 59, 64, 113, 189

Dynamic •Yrogrenming 7, 8, 60, 61, 62, 63, 90, 110, 113, 117, 143,
114 , 156, 1.61, 1.69

Games , 17, 64, 85, 86, 90, 101, 111, 111, 1,13, 114, 115, 11Y, 122,
i06, 189, 19-. 54a

'1111! 1rt Oi O 43, 59, 08, 71, 75, 94. 123

lecrning Curve 25, 36, 39, 40, 42, 46, 99, 100,, 105, 106, 152, 171

Linear Prograzm~ing 1, 2, 8, 44, 59, 64, 90, 97, 101, 110, 1.11, I12,
113, 1l4, 115, 116, 117, 132, ý38, 144, 136, 161

Marginal Coniderationf 10, 59, 64, Wt/:, 114, 116

Markov 8, 60, 90, 1.20, 187

Hattix 21, 104, 111, 116, 134, 186, 187

201. Preceding page blank



Models 1, 2, 4, 5, b, 10, 11, 15, 19, 27, 33, 35, 36, 39, 40, 41,
42, 43, 53, 64, 65, 66, 76, 77, 82, 83, 84, 87, 89, 90, 95, 9,,,
97, 101, 102, 103, 104, 105, 107, 109, 114, 117, 122, 126, 128, 130,
132, 134, 150, 152, 154, 159, 167, 177, 181, 183, 185, 166, 187,
189, 190, 191, 194, 195, 31a, 192a

Honte Carlo 2, 64, 66, 82, 132, 133, 144, 157, 176, 192a

Parameters 2, 18, 43, 59, 79, 90, 104, 132, 134, 13e, 177, 183, 186,
192

PPBS 14, 16, 24, 49, 73, 146, 147, 48a

Presen4 Value (Discounting) 10, 20, '3, 27, 43, 55 56, 57, 58, 59,
64, 68, 71, 73, 75, 80, 94, 104, 115, 123, 137, 141, 152, 153, 170,
179, 180, 182

Pr'babiliity 19, 64, 66, 79, 82, 90, 102, 116, 118, 119., 125, 132,

133, 140, 144, 174, 175, 176, 177, 186, 187, 190

queuing 646'66, 90, 101, 113, 132, 186, 187

Regression Analysis 19ý. 21, 34, 4J, 52, 64, 66, 76, 79, 97, 99, 100,
105, 116, 118, 134, 174, 176, 177, 178, 185

Risk and Uncertainty 1, 3, 5, 9, It, 19, 23, 27, 33, 39, 42, 43, 47,
40, 55, 56, 57, 59, 64, 66, 68, 71, 75, 77, 78, 80, 82, 86, 91, 92,
97, 100, 102, 1b0, 111, 112, 114, 115, 121, 123, 128, 1.33, 135, 140,
141, 153, 15b, U57, 167, 176, 186, 187, 189, 190, 199

Sensitivity Analyst& 8, 19, 2"5, 26, 33, 43, 55, 59, 64, 90, 91, 92,
97, 107,.-129, 154, 1275, 183, 184, 199, 190

Simple) flethod 1, 11, 59, 111, 113, 117, 132, 144

Sinvilation. 1, 8, 43, 64, 66, 82, 90, 97, 102, 113, 114, 115, 122,
132, 133, 135, 176, 187, 1.89

Time Phasing 10, 19, 20, 23, 24, 25, 27, 29, 43, 80, 104, 107, 179,I 1.80

*Bib1:Logtraphies 4, 5, 6, 13, 14, 22, 61, 110

*01lossuries 145

*:ROgulations and Directives 16, 26, 37, 51, 56, 59, 68, 69, 70, it,

72, 90, 147, 151, 163, 172

202


