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ABSTEACT

A research and develofpment pgrogram prioritization
process prcposed by the Marine Corps Develofpment and
Educaticn Ccemand 1is investigyated. ﬁelevant literature is
reviewed and the prccess classiried with the majority of
accepted industrial program selection models. Linear
programeing formulaticns of the process illustrate rescurce
allocaticn improvements suggested by the literature. Two
linear rrogramming approaches are demonstrated with avail~
abtle rrocess test data. The subjective research and devel-
cpment rrogram values proposed by the original process are
discussed in terms c¢f measurement scale properties, and
further research 1is suggested in the areas of alternative
model fcrms, subjective frogram evaluations, and model
implementation cost-ltenefit arnalysis. ,/< .
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. I. INIRODUCTION

et ol ket e

This thesis concentrates on the Marine Corps Develcpment 1
and Education Ccmmand, Researck and DevelopmelLt Prcjran

e

Frioritization Process. The proecess was originally gprorosei
to assist in develcping the Marine Corps' input to the
Navy's Research, Development, Test and Evaluation (FDTEZ,N)
Frogram Ckjective Memorandum (POY). The process colltires

subjective evaluaticns of the Marine Corps' identified
missicn deficiercies and rprcrosed RDTEE projrarms, ani
froduces a FKDTEE program rank ordering accordirng to missicn
deficiency accopplistment importance. The Department of
Cefense acquisition system is reviewed as it establishes the
kase for Marine Corps RDTEE srogram acquisition. Review of
current acquisition frocedures reveal that analytic mcdels
are used in suprort ¢f the Procurement Marine CoOrfps (P¥C)
FOM tut nct for Maripe Corps RITEE,N POM input.

The 1literature concernping research and develcgment
Frogram selection models is reviewed. The review shows that
a wide range of prcgram selection models are prorcsed and
accepted by industry. The literature lends credence tc the
MCDEC process oy allcwing rrccess classification with the
majority cf industry accepted models. Mathematical froegram-
ming enhancement to this classification 1is suggested bty the
literature and is illustrated in this investigation. Linear

frogramring formulations are used to duplicate the ¥YCLEC
Frocess and suggyest mathematical programming advanta:ces
urnder tudget reducticr conditicns. A MCDEC produced process
test data set is used to further illustrate the linear

e T
a

rrogrampming formulations. A second linear progranmming

approach is suggested which ccncentrates on the rumber of
missicn deficiencies accomplished rather than the EDI&TZ

a
- PR O W T Veweree

2

st e 2 Ea i R A U R G e M i e go I g i e 4
. . . s .

..........



Frograrcs and presents a faverable program selacticn mogdel

alterrative f~r the sample data set.

Furtter investigation is required to establish «cther
possitle alternatives suggested by the literature arnd for
the igplemertation of a Marine Corps RDT&E program selection
process. TFurther consideration of the costs associated with
software, data collection, and manpower reguirements will te
necessary as well as comparing these costs with the lenefits
received frcm a process implementation.

10
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A. INIECDUCTION

The EFlanning, Prcgramming, and 3udgeting System (FPES)
structures the defense systems acjuisition procedure withirn
the Lerartzent of Defense (DoD). This structure is a stegp-
wise review and decision process conducted at varicus levels
in the Lol hierarchy. The process translates validated
defense nmission needs 1into rudget allocations which fund
Frograms that are exrected to cvercome thne statel needs. 1In
this thesis the hierarchical level of concern descends froa
the Cffice c¢f the Secretary of Defense (0SD), through the
Department c¢f the ©Navy (DoN), to the Marine Corps and the
Navy. The analysis <concentrates on the irnitial PPRS steps
taker at this 1level, and specifically the Research,
Cevelcynent, Test, and Evaluation (EDTEE) acguisition
proyram pricritizaticr and fundiny profile process wused by
the Marire Corps.

E. SYSTEMS ACQUISITICR IN USHMC

1. Fesronsibilities

Itn

Specific responsibilities are assigned the Marine
Corps ky law.! Figure 2.1 depicts three levels 2f RILTSEE and
systems acguisition management that assist in accomplishing
these respcrnsibilities. The RDT&E and system acguisitiorn
respcnsitilities stated in MCO 5000.10A [Ref. 1] f£first

1The National Securltg_Act of 1947, as amended, and
subseguert DoD and SecNav directives assigr the Maripe Corps
eneral and specific responsibilities or develoring, . the
actics, techniques, and equipment_ used b{ anrhitious
landing forces. he Marine CoIfps 1is directed to cocrdirate
and reguest apg;cprlate assistance for this development with
the Navy and other military services.

11




oA JhutBna Ao Ak DA
-

B ol o amitanls o aliD ol

g R W WV P Wy vy e i T 7 % e
MG Ser etk sl Sl SA Wt MR P e e Rl I Al il g A PR -

desigrates the Assistant Commandant of the Marine Corps
(ACMC) as the acquisition executive and then assigns hinm the
responsikility for «cverall integration and unificaticpn of
the maragement process, The Deputy Chief of Staff (LC/9)
for Kesearch, Develcpment, and Studies (RDES) ascsists the
ACNC Ly acting as the coordinator of staff activities
involved in RDTEE and system acquisition from program initi-
ation to apgroval for service use. The Ccmmanding General,
Marine Ccrps Developrent and Education Command (CG, MCDEC)
is the field representative of the Commandant of the Marine
Corgs (CMC) in RDTEE efforts and is responsible for the
field execution and coordination of Marine Corps' RDIEE
activities to suppcrt the systems acquisition. This
includes cooriinating Marine Corps support needs with cther
gilitary services, as well as reporting on RDTEE efforts of
cther services, agencies, and governments.

ACMC
Acoulstiton
Executive

1

0C/s RDAS

Sponeors

Fiqure 2.1 RDTEE and System Acquisition levels.

The deputy <chiefs of staff or directors of major
staff offices at Headquarters Marine Corps (HQMC) are
assigned as program sponsors for specific Marine Corps
missicn ar€as and are intimately involved ip the acgquisition

P
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process. The fprogram sSpcnscrs are responsible for the
continuous analysis c¢f their mission areas arnd the overall
planning, <coordinaticn, and direction of reiated prcgran
acquisiticns. These responsibilities are accorplished in
coordinaticp with DC/S RDES and CG, MCDEC.

2. Apalysis of Needs

The directed continual analysis of missicr areas by
the frecgrar sponsors, with input from the Fleet Marine Fforce
{FMF) , initially identifies operatiornai aissicn needs.
These needs, or eguivalently 1umission deficiencies, are
formally refined, additional needs ilentified, and relateil
new concerts formulated by Mission Area Aralysis (MAA).
MAAs are assessnments of current or projected Marire Corrs
capakilities within the specific nmission areas and €lezents
listed in Table I and are conducted by HQAC or MCLCEC staff
secticns in coordination with the program spconsors and C3,
MCDEC. 1The MAA details the mission elements of Takle I irnto
general cperational rissions ard then further into sgpecific
cperational missions. These specific missions can thern te
matched against specific resources for their accoaplishrmert.
If nc resources are available then a deficiency is identi-
fied and recommendations for overcoming the deficiency are

fresented. SECNAVINST 5000.1A [Ref. 2] ard "A Guide fcr the

Ferfcrmance of USAC Mission Area Analysis" [Ref. 3] detail
- the regquirements and methodology of conducting MAAs. Each
f‘ identified deficiency is formulated into a Justif ication for
r’ Major System New Start (JMSNS) or a Required Operatioral
- Capability (ROC) according to the Acguisition Category
Ef' (ACAT) . This dccumentation then forms the basis for initi-
b ating RDT&E funding ard program acquisition.
L J
b
P
F
[
S
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TABLE I
Marine Corps Mission Areas and Elenments

AREA ELEMENT TITLE
210 Land Warfare
211 Close Ccmrat i
212 Fire Sugport R
213 Ground Air Defense K
214 Mine Warfare -4
215 land Combat Support 1
216 Land Ccmbat Service Support ‘
220 Air Warfare -
221 Coun ter Air [
222 Offensive Air , 5
224 Defense Suppression ;
22°¢ Air Warfare Support
230 Naval Warfare
235 Amphibious Warfare R
240 Tactical Nuclear Warfare &
243 Defensive Tactical N-Wariare 3
2250 Theater and Tactical C3I

Tactical Command Control

and Intellijence Systems
Surveillancé, Reconhaissance §
Targets_for Acguisition

256 Tactical Commuhications X
257 Electronic warfare & Counter C3I ﬂ
2€0 Mobility "
261 Airlift _
262 Sealift .
264 Refueling k
320 Defense Wide C3I Support >
321 Navigation & Position Fixing !
322 Suggort and Base Communication -
324 COASEC 4
430 Non-System Training Devicas R
431 Trainingj Devices/Simulators -
450 Test and Evaluation Support - §
453 Joint Test and ctvaluation |
454 Cther Test and Evalvation
460 International Cooperative RDTEE
461 Standardization & Interoperability
450 Managemernt Support
471 General Management Suprport
b sz20 Explcratory Development
v 521 Electreonic & _Physical Sciences
p 5272 Environmental & Life Sciernces
:: 523 Engineeringy Technology
V
2 -
¥
d
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3
d
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3
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C. REVIEW 2AND DECISICN PROCESS

1. PFilestones

—_— i e e ——

Four formal decision points are established withir
the r[rrograr acguisiticn process and are designated nmile-
stones 9, I, II, and III. Fositive approval is necessary at
€ach milestcne for [fassaye of a prograa from concepticn to
oreraticral deplcyment. Milestcne 9 signifies'prograu iriti-
ation ¢n approval of a JM¥SNS c¢r a ROC. A favoraltle rmile-
stone I decision jives the apjproval to demonstrate selected
alternatives. Then a milestone 1II approval authorizes fulil
scale development ard 1limited production for operational
testirg and evaluaticn. Finally, milestone III fpassage is
necessary fcr production release and approval for service
use. Marine Corps' input to the RDTEE,N Program Cljective
Memorandum (POM) is regyuired throughout this process until
milestcne III, after which acguisition funding comes under
the Frccurement Marine Corps (EMC) POM.

2. Ehases

The review steps of the acquisition process, shcwn
in Figure 2.2 , are described as phases separated Ly the
decision —rilestcnes. The initial reviews and analysis
Freviously discussed are included in the first, or research
phase. Studies and MAAs conducted in this phase identify
missicn deficiencies that, in turn, generate JMSNSs cr FOCs.
These Jccuments assess the [frojected threat, =state the
sissicn element deficiency, identify the existing DCD carpa-
tilities, assess the impact of not acguiring or maintaining
tLe caratilities, ard finally provide a program fplar to
identify and explore competitive alternatives.

Aprroval of the JMSNS or ROC at milestone O poves
the prccess from the research phase to the prograp initia-

tion rhase. The ob-ectives of this phase include further

il it
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EFlLase Okjective t Furding
Basic Sc1ence‘ 6.1
Research Technclogy Resear ch
Researc
MILESTONE O
Paper_Studies 6.2
Progran Technolcgy Base Explorator
Initiaticn Develcpiment Developmern
MI1ESTONE I
Feasitkility 6.3
Demcnstration and Valldltg Advanced
Validation of Apfproac Developmert
MILESTCNE I1I
Engineering 6.4
Fyll-Scale Evaluation Full-Scale
Levelopment and Testing Development
MILESTCNE III
. . 6.5
Eroduction Operational Production
Ceployment Hardware Deployment
Pigure 2.2 Marine Corps Acquisition Process Flow Chart.
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rrogram study and the develogment of a technological tase to
suppcrt the program through the remaining reviews ard deci-
sions. Tasks onecessary to accomrclish these objectives are
Frogram cost analysis, operational effectiveress studies,
alternative identification, technical and economical feasi-
rility studies, risk determination, and further corncefpt and
threat aralysis. The primary docuaments produced Juring this
rhase are the System Concept Faper (SCP) for major prcgrans
or the Decision Coordinating Fagper (DCP) for less-than-rajor
Frograns. These documents sumparize the program develcfrment
to date and address rpission element need, technology assess-
pent, frogram descrirtion, manayement plan, and acguisition
logistics ard manpower.

Aprroval of the SCP or DCP at milestone I starts the
demonstraticn and validation [phase. Viable alternative
systers ard critical subsystems are subjected to cornpetitive
demonstraticns during this rrhase. Tasks accomplished in
conjucticn with this phase include reviews of acguisition
strategies, logistics, nanpower and training planning, as
well as the preparation of the test and evaluatior master
Fian (TEMP). Major consideration is given to the thcrough
understarding of the cperational need and the evaluaticn of
all alternatives. Each alternative's unit cost goal, 1life
cycle cost, technical feasibility, and economic realism is
reviewed. Anen tle demonstration and validatior fhase
froduces sufficient evidence that the preferred syster carn
fulfill all necessary capabilities, and that technolegy
€exists tc produce the system, the program sponsor recomrernds
approval at milestone II.

A successfully passed milestone II initiates the
full scale developmert (FSD) phase. This phase ensures that
tue engineering and fproduction design, test and evaluatico,
rerscnnel arnd training, and the integrated logistic suppcert
Flanning are completed prior tc moving into production. Ufon
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completicn of all research acrd development tnrough this
Fhase, the apprcval for service use 1s given at rilestcre
III. This decision tc proceed starts the production ani
deployment phase and also designates the shifts of furding
from KDTIEE,N to PMC as well as the <coordination resgcnsi-
kility from the DC/S RDES to the Deputy Chief of Staff for
Installations and Logistics.

All] npission-essential acquisition programss if thae
Marine Corps are classified as either a major or less-than-
major frcgranm. These two categories imply the level at
which a milestone decision is amade. dajor programs are
designated according to their funding 1level and ctler
criteria, and may e assigned by the Secretary of Defense
{(SecDef) , Secretary of the Navy (SecNav), or the Commandant
of the Marine Corgs (CHC)Y. Department of Defense
Instruction 5000.2 [Eef. 4], SECNAVINST 5000.1A [Ref. 2],
and MCO %000.10A [Ref. 1] list major rrogranz criteria used
in these designations. less-than-major programs are simgly
all cther cission-essential acguisition programs not desig-
nated as major fprograss.

U. Eeview Councils

The level of hierarchy that designates a prcgram as
major also becomes the fipnal decision autnority fecr that
Frogram at gilestones I, 1I, and III. The decision makers
are <csugpported by recommendations developed by the argro-
Friate review councils which convene for these three rile-
stones. The Defense System Acguisition Review Ccuncil
(DSARC) and the Derartment of the Navy System Acquisition
Feview Ccuncil (DNSAERC) provide program recoarendations to
the SecDef and the SecNav, respectively. Similarly, the
Marine <Corps System Acquisition Review Council (MSARC)

18
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supfForts trhe CMC or all @pajor programs 1inclading tacse
subject to rhigjher review. The MSARC consists of a koarl ol
general cfficers, which is chaired by the ACYC and irncludes
the C€G, MCLCEC, DC/S EKILES, and other major HQMC staff chiefs
ard directors. This council receives a comprehensive review
cf the research and development concerning the acgqguisition
frogram and formulates recommendations for sukmissicn tc the
cxc.

Tte 1less-than-major [fprogjrans undergo a sirilar
review p1ocess by am In Process Review (IPR) Committee. TLis
comaittee is chaired ty the DC/S EDES and has representation
from all major HCMC staff and the CG, MCDEC. The ACMC is the
decisicn authority fcr less-than-major programs, and the IPE
committee suktmits reccmmerdaticns to the ACMC for the acqui-
siticn prcgram decisicn.

L. ©USMC RDTISE PROGRABMMING ANLC BUDGETING

All recsearch, develorment, testing, and analysis
descrited in this chapter depend critically on
Congressicnally-approved allccations. The westimaticn and
sukmissicn cf funding requests are coordinated ty the D2C/S
RD&S for each fiscal year, and this process 1invclves all
Chiefs «c¢f staff and Directors at HQMC. Iritially each
frograg spcpsor must submit a prioritized listing and accu-
rate funding estimate of his respective acguisitiorn
Frograms. The ffrograms are then combined and subiectively
prioritized and evaluated through a segquence o ccmrittees.
The prcgras spcnsors fresent each proposal before a Prcgran
Evaluaticn Group (PEG) and then a POM Working Sroup (E%G).
The groups' results are then reviewed and evaluated yricr to
submissicn to the CMC for apprcval. The approved acguisition
frograr fundiny profiles levels are inciuded in the Navy
portion cf the Five Year Defense Plan (FYDP) and become the
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Marine Ccrps' input tc the RDIGE,N POM. After DoN, I[CC, and
Congressional regotiations, ¥arine Corps EDTEZ funds are
apprcpriated by Congress as part of the EDTE&E,N budget.

A sigilar cyclic frocess is 1involved in the develcraent
and sukmission <¢f the PYC BCM for the allocation <c¢I £funds
for tre rproduction ard deployment phase after a [pcsitive
rilestone III decisicn. Cne difference betw2en the two
Frocesses is the existence of an analytic support model used
in the IMNC process and the current absence of a sugrpcrt
model for the RDIEE process. The model used during the ENMC
ECM process was developed under civilian contract and is
described in the final contract report, '"Decision-Analytic
Suppert c¢f the USMC Prugram Developaent: A Guide tc¢ the
kethcdolcgy" [Ref. 5. Independent of the PMC model, the
CG,MCLEC develored a frocess with the objective 2f combining
gany subjective judgements from headyuarters and operational
levels tc prioritize EDTEE acguisitioa programs and previde
suggesticns in program funding profiles, hLowever, this
process las not teen implemented.

E. TEE FROELEM

Pefense system research and development programs indi-
vidually dc not possess an obvious numerical gquantity ttat
allows mathematically straightforward program comparisons or
funding p[prcfile optimization. Inherent then tc EDI&E
progras and funding decisions are the personal judgments of
the decisicn maker. These subjective decisions rely on the
informaticn and analytic support available to the irdividual
and suprorting staff croup prior to the decision. Marime
Corps RDIEE acquisition programs are prioritized in upfer
hierarchical level «ccommittees and currently do not utilize
mathematical analytical decision support. The increasing
fiscal ccomitment associated with each new defense prcgran

20
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and the intense comgpetition for scarce resources ingply the
critical imgportance ci prioritizatios decisiors. Tc ernsure
Fresentaticn of the kest preograms for funding allocaticns or
to optimize the portfclio of rrojrams presented will recuire
assistance from analytical decision tools. 7The pricritiza-
tion fprocess prorosed by MCLEC utilizes a model composed of
linear ccmbiraticns of normalized subjective weigyhts., Ctter
methcds cf rpulti-attribute analysis and models are suggested
in the literature frco industrial apgplications and thecret-
ical technigques. Investigation into the EROTEE [prcgranz
Frioritization process 1is warranted and may provide opti-

mizing techniques which will assist the Marine Ccrps in

KRDTEE resource allocation and program selection.
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A. INTRCDUCTICN

The izpcrtance cf Research and Development (R&D) in the
Frivate and governmental sectors is evident from the guan-
tity cf infcrmation available in professional papers, Jjour-
nals, and books. This chapter reviews a portion of this
literature which concentrates c¢n RED project selecticn ani
resource allocation =gsodels, the suggested utilizaticn of
these mcdels, their limitaticns, and tneir acceptability.
The fpurpcse of this review is to investigate demonstrated or
proposed methods of sclving a fproblem similar to that previ-
cusly presented and should not be viewed as an exhaustive
study of RED literature.

Several published articles review a number of fproposed
methcdclcgies and mcéels in the RED project selecticr and
resource allocation area. These review articles tend to
classify ncdel forms into one of two general categories.
Baker [Ref. 6] titled the <categories as "benefit measure-
gent" and "project selecticon and resource allocation."
winkcfeky, et al. [Fef. 7] described similar <classifica-
tions as "value measurement" and "portfolio selection.”
Benefit or value measurement models rely on suljective
expert judgement for rroject evaluation combined into check-
lists, ccomparative [froject scores, or economic indices.
Eroject or portfolic selection and resource allocation
nodels ©norrmally use a mathematical programming cr ctler
cptimizing technigue tc maximize a benefit, such as profit,
subject to constraints, such as budget and manpower. Ctter
articles, Augood [Ref. 8], Gear, et al. [Ref. 9], Gear
[Ref. 10, VNewman [Fef. 11], arnd other authors review cr
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propcse nodels that can be classified 1into tnese Jeneral
categcries. Benefit measuremernt and portfolio selecticrn will
te used for model classificaticn in this review.

Scre authors, Winkofsky, et al. [Ref. 12], g
paker, et al. [Ref. 13], and Allen, et al. [Ref. 1473, '
fropcse rethodolcgies for iamplemerntingy series of zcdels for ]
hierarchical applications. In addition to the mcdel and #
methcdclcgy progosal and review articles, Brandenpury 3
[Ref. 15], Baker [Ref. 6], Souder [Ref. 16 and 17], and ]

other authcrs suggest RED model analysis criteria as well as

cbserved mcdel limitations and acceptability.

B. RESEARCH AND DEVEIOPMENT MODELS

In addition to tke general classifications of Lrereifit
reasurement and portfolio selection, models are furtkher
defined ty a common fcrm, such as an index model or a linear
Frogramaing model, a description of that form, and the

reconnended or observed use of the model.

1. Eenefit Measurement Hcdels

Eenefit measurement models typically usz sulbjective
evaluaticn cf a number of RED project attributes and ccobire
these <evaluations into a [froject value or worth. These

models are classified into the checklist, scoring and index
. model fcrams.

a. Checklist Models

These mcdels are the simplest type and use
subjective <compariscns of a project ayainst a list of
elements. The elegents describe project <criteria or
consideraticns, estaltlisked Ly the managjement, tkat have
some significance towards success. Augood [Ref. 8] suggests

five gereral criteria subdivided into 53 specific elements.
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ﬁ: Cooper [Fef. 18] surveyed 103 industrial product <£firrs ani
P' was akle tc analytically reduce hLis 48 siamilar elemernts into
a[ 13 meaningfvl factors. Augood [Ref. 8] also suggests ratirng

Frojects against the checklist elements by using descrirtcrs
such as very unfavoralrle, unfavorable, average, favcratle,
and very favorable. The worth of a project 1is provided by
cbserving the nurber c¢f criteria it meets or Low "favorakble"

tint I S lnedinctbnlonss o

the rroject looks by its overall element descriptor ratings.
This methcd then reguires judgemental evaluations ¢f£ the

checklist results fcr each project. Winkofsky, et al.
[Ref. 7] in their literature review, observed that checklist
models are most suitable for project evaluation in the
explcratcry R5D phase when only preliminary project infcrrma-
tion is available.

E. Scoring Models

Scoring mcdels are guantified extensicns of the
checklist mcdels and provide a numerical score or value fcr
€acn [roect. Using a similar criteria 1list as used in the
checklist models, tke project score is typically generated
from r[picducts of assigned criteria weights and rprcject
values associated with criteria accomplishment. These rreod-
ucts are then summed cver all criteria to provide the final
Froject score. Winkcfsky, et al. [Ref. 7] presented the

general sccring model form as

3 PVj = Sum/i [ (Wi) {Sij) ] (3.1
F’
3 where,
7 i = criterion nucter,
b j = froject number,
L. PVj = jth project value to organization,
;5 Wi = ith criteria cr element weight, and
g Sij = jth project accomplishment of the ith criterion.
@
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The weights such as %i or SiJ are normaily assigned Ly E&D
ranacers or ESD advisory groups tased on persoral c¢cr group
judjement. Coorer [Fef. 18] eazirically derives «criteria
weights thrcugh subjective survey data and a multivariarkle
regressicn. Augood [Ref. 8] suggested aprplyiny the weights

C, 2, 5, €, and 10 to his five increasing bern2fit elenent

:
J

descriptcrs and subjectively assijyninj relative izjcrtarce

weights tc each element. He then represented a prcject
score as
PVj = (100 Sumyi { (Wi) (Sij) ])/ (10 Sua/i [ Wi)) (3.2)

where the previous nrnctation of ejuation 3.1 1is used. Ttis
form ktcunds the sccre between 0 as failure to 100 as

success. Scoring models have teen used for project selection

"\ e

in a cumter ol organizations, accordinj to Winkofsky, et al.
[Ref. 7], with various «criteria and weighting schemes
utilizeld.

Cc. Index Models

. J

These mcdels directly involve grobtability of k

Froject success and costs. The Jeneral form of an index

-
PRSI

zodel is;

1
I = (P)(E) / C (3.3) ]
where,
I = prcject index value,

P
B

p(rcject probability of success,

prcject benefit, and

c Ccost.

The differerces in tke index wmodels proposed in the litera-

ture are determined ity what is included in the three model

PPy
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paragmeters. T he frobability of success a1ay include

subfactcr probabilities such as
ard market areas.

success in researcl, tech-

nology, prcduction, Benefits include
items such as savings,
from F&C investment tc total lifecycle expenditures,
corbined into other indices to
provide the measurement such Anscff
suggested by Winkof sky, et al. [Ref. 7] as typical
Ansoff's index prcvides a

(FM) such tkat

profits, or cash flow. Costs range

These

indices may te used alone or
final prcject as the
index,
cf REL project selection indices.
pumerical value called the Figure of Merit
(3.4)

FM = rdp (T + B YE / (Total investment)

where,
r = prokability cf research success,
d = froltability cf develofpment success,
[ = rrotability of market success,
T = index of technical merit,
8 = index of busiress merit, and
E = rresent value cf earnings from project.

the index models combine a nunter

cf prcject attributes into a single

like the scoring models,
value which may then be
in determining frcject

to rank projects and assist

More cost analysis is required for typical index

used

selection.
models tpnan is generally necessary for scoring models.

2. Ecrtfolio Selection Models

Ecrtfolio selection models are normally more compli-
however, they also

to the R€D deci-

cated than renefit measurement modjels;

provide additional flexibility and realisnm

sion maker, according to Souder [Ref. 17]. Typically these
models wutilize a rathematical programming tachnigue to
assist in project <celecticrn bty providing the rescurce

26
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allocaticn that will raximize tne benefit coantriputicn for a

set cf rcssible projects. The models are classified witkhin
the fpcertfclio selection category by tne mathematical
prograrzing form used. Llinear, non-linear, 1intecer, and
dynamic prcgramrming model forms have been propcsed in
literature. Winkofeky, et al. {Ref. 7] observed in their
review that these pcrtfolio selection models assure that an
€explicit benefit or ccntribution function can be determired.
They reviewed other authors, however, that utilize an inter-
active fprogramming mcdel form which assumes an implicit

tenefit function exists but is never formally defined.
a. linear Programaing

The general form cf the linear programmirg model

is
maximize cx (3.5)

sukject toc Ax £ b
1

0 < x <1,
where,
X = n-ccmgonent prcject resource allocation vector,
¢ = p~corronent prcject benefit vector,
A = pxn-ccmporent project resource utilization matrix, and
b = m-component available resource allocation vector.

linear fprogramming ccrputations provide an optimal rescuice
allocaticn for all prcjects provided that the values repre-
sented Ly ¢, b, and A can be explicitly obtained and the
assumed linear relaticnships tetween resources and lenefits
portray an accurate mcdel of the usingy organizaticn's situ-
ation. The project resource allocation vector x, grrovided
ky the ccmputations, takes values between and including zero
and <c¢ne. Zero represents no resource allccated cn that
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specific jroject ard a one represents full allccaticn.
Vaiues Letween zero and one provide the proportion cf full
resource allocation necessary for the optimal =scluticnh.
Asher [Ref. 19] ;ropcsed a linear progJramming model to allo-
cate pranpower teams irvolved in the testing operaticn of rew
chemical ccompounds urder develogment <Ly a pharmaceutical
compary. The project resource allocation vector rerresented
the number cf tests cf a specific compound each team would
conduct and was bounded by the total number ofi each chermical
compound available.? The expected return of the comrournd to
the firm was used as the tbhe project benefit vector and was
calculated as the prcduct of the probability of success ani
the estinated net market value of success for each ccmpcund.
The project resource utilization matrix was egual to the
number of hcurs necessary for each team to test a specific
compcurd and was based on the team's experience and skill
levels. The resource vector was the manhours availaktle for
each tearn. The comgutation results provided which manfpower
team should test which compound and the gquantity cf that
compcund they should test in order to maximize the exfpected
value oi return to tle company.

¥. Non-linear Programming

Non-linear programming models are very sirmilar
to the 1linear mcdels but attempt to represent reality as
non-linear relationships rather than strictly lirear.
Non-linecar models are formulated with similar notaticn as
€juations 3.5 and prcvide similar resource allocaticn infor-
mation. A non-linear benefit <function has the intuitive
appeal that as more units of resource are provided to a
froject less benefit 1is returned for each additioral ingput

~ 2The tound of_ one was freviously noted for_ th
linear grogram mcdel. Asher's ccmpu{@tlons founl t
allocaticn value enstead of a proportion.

o>
[0}
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unit. Chidambaram [Ref. 20] considered three segparate
concave nondecreasing functions; quadratic, exporential, and
logarithaic; which all approximated his U.S. Army data of
estimated future  military tenefits for a set of frojects.
Souder [Ref. 16] propcsed and analyzed four portfolio selec-
tion zodels based on similar @models in the literature using
thirty actual RED prcjects. For his model Souder used two
types ¢f ncn-linear tenefit functions which are represented
ty Figures 3.1 and 3.z. The exfonential type, Fijure 3.1, is
also similar to Chidambaram's benefit functions. Scuder
sugjests using this type of function when ircremental
resource exrenditures in the lovwer x domain are expected to
greatly increase the return, and the benefit diminishes at
some fpcint as resource levels are increased. The S-shared
tenefit function, Figure 3.2, was sugyested for fprcject
cases where success was related to a breakthrough in tech-
nology. In this case the return from the resource input was
initially expected to be lower until the breakthrough. Then,
small additional resource expenditures returned larger
tenefits until a dimipnishing return point is reached.

*
&
4
i &
X
[p
; .
b RESOURCES -
3 T
| © Figure 3.1 Expcnential Type of Benefit Functicn.
[
P, .
L J
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Figure 3.2 S-Shaped Tyre of Benefit Function.

Cc. Goal Programming

Goal programming 1is a mathematical programming
method which incorpcrates several objective functions as
organizational gcals and attempts to solve them simultare-
ously. The objective or goal functions beccme the
constraints of a linear or ncp-linear programming frcktlenm.
The fprctlem's overall objective function is a compcsite of
the goal functicns which are weighted in their relative
accomfplishment importance by the program user. The computa-
tion gsiripmizes the pfprioritized deviations from the gcal
constraints as descrited by the coamposite objective furction
Fi and defines a rance of feasible solutions between the
competing gcals. Gceal programming in RED models is norrally
< used with other mcdel forms such as in Taylor, et al.
[Ref. 21] and Winkofsky, et al. [Ref. 12].

d. 1Integer Frogramming Hodels

M SR SR A e id
.. .

_ Integer frogramming models are formulated in a
% similar manner to the linear and non-linear models, however
iﬂ the jroject resource allocation vector is constrained to be
-

)
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irtegers orly. Taylor, et al. [Ref. 21] utilized a=
irtegjer rrogram model incorgoratinyj goal progranmmirg methcds
to allocate thirty researchers among seven RPSD fprojects.
Non-linear constraints were used to relate the numkter of

researchers assigned to a project to probability of suczess,
monetary return, ard project time <completion. Linear

constraints were used to describe budget limitations and

computer caracity utilization. A linear composite olkjective
functicn was used that descrired prioritized deviaticns frcnm

€ach goal constraint and the integer program <comfputation i
ginimized these deviations to rrovide the optimal allccation i
soluticn. Other authors have proposed simpler 0-1 integer "
frojram models which frovide a go or no-go project decisior

dependirg cn the rescurce allocation vector values ¢f cne or g
zero respectively. é

€. Dynamic Frogramaming Models

The first three pcrtfolio selection model forms
descrited are closely related and differ only in the lenefit
and ccnstraint functional relationships and the dcmain oif
the rescurce allocation vector. A dynamic grogragming

AT

approach to R&ED project selection provides a different opti-
mizing techrijue with a sequential decision process. Hess a
[Ref. 227 rresents such an apfroach as more typical of the

EED rudgeting problem than a current-cycle-only optimizinj
soluticn. Hess suggests that most RED resource allocation .
wodels dc nct adejuately consider the periodic re-evaluation ]
cf REL fprojects wnich stem from the increase in infcrmation !
cbtained during the EED process as well as the cyclic tudg-

eting evclution. Hess prorosed using the mathematical -
4 recursive technique cf dynamic programming to develcp an
( citimal rescurce allccation policy, Po, for the series of !
P .
f subsecuent yroject resource decisions stages. The general {
[ recursive equaticns fcr Hess' model are a2
{ b
~ )
. 1
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£1{x) = rwax over P [ K1 (x,P) ] (3.6)

for tre last decisiorn, and

fn(x) = max over P { EBn(x,P) + £fn-1{xn-1(x,2)} ] (3.7)

for the nth prior decision where,

fn (x) = maximur benefit when n decisions r2main,

X = initial guantity of resource,

P = policy cr series of resource decisions used,
xn-1(x,P) = resource function of x and P at stage n-1, ani
Rn (x,P) = benefit returned in stage n using x and P.

Assuming Pn (x,p) 1s kpbown through some benefit measurezent
metncd, the «c¢ptimal policy, Po, is calculated Lty first
solving equation 3.6 for the last decision, stage 1. VNext,
eguation 3.7 is solved for 1n=2 witn the substitution of
equation 3.6 The value of n is increased and equation 3.7 is
solved again with the substitution of the n-1 results. Each
incremental increase in n represents the next prior decision
stage in the sequential RED resource allocation process. The
dynamic prcgramming model 1is dependernt on kncwing the
tenefit values of Ri(x,P) (i=n,n-1,...,2,1). This requires
froject information representing the entire project E&D
rhase and the number of cycles remaininj until project EKSD
completicn. This infcrmation is normally based on sukjective
evaluations and estimates which are used to derive the
resource to benefit relationships. Gear, et al. [Ref. 9]
analyzed several dyramic programming models similar tc and
including Hess' model. They olkserved that this form cf the
model has the advantage c¢f catering tc the multistage
learnirg and decisior nature of RED projects. Although this
aspect is referenced throughcut the literature, the model
forms presented above do not consider it as well as the

dynagzic frogramming fcrm.
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f. 1Interactive Programming Models

o as Bl

Winkofsky, et al. [Ref. 7] reviewed several

L

authors that proposed irteractive programming =models as

solution technijues for multiple criteria protlems. 1These

models can frovide helpful tocls in the RED pcrtfolic selec-

| NN

tion gprccess. Zoints and Wallenius [Ref. 23] progfosed a
ran-machine interactive prograaming method which allcws a
decisicr &maker to cptimize an implicit benefit furctiorn
irvolving multigle oljective or goal functions. TLhe Lteneziit
functicn is a composite objective function and is urnknewn to
the decisicn maker; however, it 1s assumed to pe a linear
function, c¢r in a mcre Jeneral form a corcave furcticr, of
several kncwn goal furnctions. The implicit composite oljec-
tive furction is raximized against a set ¢ ccrnvex
constraints through the decisicn maker's answers to yes-or-
no guesticrs involving trade ofis between possible goal
functicn sciutions. Zoints and Wallenius' method initially
cptimizes a computer generated composite objective function
including the goal function constraints and an arbitrary set
cf functicr multifpliers. The technique produces a

Paretc-optisal soluticn to the problean. Next a sutset ol

nonktasic variables is generated that, if introduced into the
tasis, would continve to yield a Pareto-optimal soluticn.
For these selected variables a series of trade offs are
defined which increase or decrease each of tae gcal func-
tions and the trade orffs are presented to the decisiorn
‘ maker. The decision maker's responses to the trade offs are
F used tc genecrate a new set of goal function multipliers. The
i new nultipliers develop a new composite objective functior
b closer tc¢ the implicit function. The authors state that
’, successive iterations of this frocess assures convergence to
the ¢rtigal soluticn. Their premise is that all

Fareto-ortiral scluticns form a subset of all extreme foint

\agh . . 2mn oo on g
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solutions ard with each 1iteration a Pareto-optimal solution
is elirirated from the set of possible optimal solutiors.
Since trere is a finite numker of extreme points there will
be a firite number of iterations reguired to oktain the

cptizal sclution.

C. TLCECISICN PROCESSES

The gajcrity of @nmodels presented in the literature are
propcsed for or wutilized in single level organizations.
Several authors have froposed extending these model forms
into mettcdclogies or decision processes for use by multi-
level crganizations. Baker, et al. [Ref. 13) and
Winkofsky, et al. [Bef. 12 ] presented such processes. 3Bcth
articles concentrated on budget allocation of R&D dcllars in
a @multilevel organization and relied on the interlevel
communicaticn and interaction to <complete the frccess.
Winkofsky, et al. [Ref. 12] proposed a decision Fprocess
model in which many subunits within a three level organiza-
tion are «considered. Each  upnit attempts to minimize the
deviaticrs from its 0-1 goal <constraints. The lowest level
formulates and solves its goal program and provides the
resulting sclution tc the middle 1level. The wniddle level
formulates a goal prcgram incorporating all subordinate unit
Frogram results and additioral constraints from the hLigter
level. 1In turn the higher level solves a composite goal
Frograr incorporating wmiddle level results. Conflicts
tetween the levels are resolved either through commurication
tetween levels or, if necessary, as directed ty higher
levels. 1he process iterates to an optimal solution.

L. ANALYTIC HIERARCHY PROCESS

Saaty [Ref. 247 proposes the ™Arnalytic liierarchy

Process" (AHP) as a decision tool for determiriny pricrities
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ard making trade-offs. Saaty provides 1any possible agrlica-
tions for this process of which ESD resource allocaticn is
cre. Ihrcugh structuring a hierarchy of «criteria stake-
hoiders and outcomes and ty developiny juigemental rased
Friorities the process contributes in complex frcblern
solvieg and predicticns of likly outcomes. AHP uses three
princifals of analytic thimnkipjg; structuring hierarcties,
setting priorities, anrd logical consistency. AHP enables
consideraticn of a [froblem as a whole and the study cf the
component interacticns within a aierarchical Frchlenm
description. Saaty describes an eigat step process which
€encornrasses a graphical breakdown of the [problem into a
decisicn tree hierarchy, involves pairwise criteria ccrypari-
sons, estatlishes decision priorities, and evaluates the
consistercy of the ccmparisons. Figure 3.3 shows his exaajle
hierarchy structure for choosing RED projects to ernsure
adequate future power and electricity. The figure lists six
levels cof hierarchy, one focus or central objective and the
remaining levels each with =<several elements. The fprocess
involves a pairwise ccmparison starting from the tof. A
higner level is used as the comparison fproperty for the next
lower level. The pairwise comparisons of the elexents under
a property kecome the rasis for the computatiorn of relative
€lement pricrities. Finally, the consistency of the ccmpari-
sons 1is irnvestigated.

E. MCLEI ACCEPTABILITY AND ANALYSIS

Tte acceptakility of RED project selection models by
industry and government has lcny been a protlenm. This is
evident frcnm statements in the 1majority of articles
reviewed. Baker [Ref. 6] lists seven limitations of projposed
EED prodels based on his and others' researchk. Baker's
summary cf FED model limitations is as follows:
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1) Iradeguate treatment c¢£ project _and arameter
interrelations with respect to tofa berefit confritution
and tc resource utilizaticn.

2) Inadeguate treatment of uncertainty as it impacts irn
benefit réasurement and parameter estimation.

3} Inadeguvate treatment of multiple, interrelated deci-
sicn criteria which have no underlyinj measure.

4% Inadequate treatment of the _time variant gro;ertg of
the raraméters and criteria and the associated frolblerx
of ccntinuity in tlte research program and staff.

5) B restricted view of the rroblea which (a) portrays a
once—a-year i1nvestment decision rather than an interbhit-

tent stream of investment alternatives, (L) does not
include such attributes as tiaing of the decisicr,
jeneraticn of additional alternatives, and recyclirg,

¢) dces not reccgnize the diversity of rrojects alchg
the spectrum from Fasic research to engineering, and (d?
views the problem as _a  decisiop event vrathér tkan a
hierarchical, diffuse decisicn frocess.

6) Nc ewplicit recognition and incorporation cf the
impcrtance of individual REC personnel.

7L The irnability to estalklish and maintain Lalance in
the REL rrogram; e.¢., balance between basic and arplied
research, between™ offensive and defensive reseéarch,
between rreakthrough and improvement  crientations,
between 1in-house &nd A contracted ©projects, between
prodtct and process oriented rrojects and between high
risk/bigh payoff and low risk/moderate payoff projects.

Baker ccntinues with the conclusion that this list cf liri-
tations rakes it <clear why few RE&ED models have been inzple-
mented fcr use bty FED managers and, in the cases where
models are utilized, the majority are the simpler scoring or
index form.

Scuder [Ref. 17] develofped a scoring mcdel to assess the
suitakility of RED mcdels. His criteria used for the mcdel,
tased on his 1interviews with management scientists and ES)D
adaninistratcrs, are fresented in Table II. Souder then used
his sccring model tc rate 26 mcdels for use in R&D prcject
selection decision sugpport. Index and scoring mcdel foras
were again found tc be 1in Jgreater use than other gzodel

forms.
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tl! TABLE II
3 Wi
- Five Model Criteria and Their Characteristics
Criteria Characteristics
’ REALISH model includes:

Jultiple Objectives

Multiple Constraints

Market Risk Parameter
Technical Risk Parameter
Janpower lLimits 2Parameterc
Fac111t¥,1;m1ts Paraneter
Sudget limits Parameter
Premlses Uncertainty Parameter

FIEXIRILITY model aprlicaple to:

Applied Projects

Basic Frojects.

Priority Decisions
Termination Decisions
Initiation Decisions _ . .
Budget Alliocation Applicatior
Project Fundirng Application

CRPAEILITY models perforas:

Jqultiple Time Period Analyses
Optipization Aralyses
Simulaticn Anaiyses
Scheduling Analyses

USE model is characterized by:

= Tamiliar Vvariables
e Discrete Variables

- Computer Not Needed

Special Persons Not Needegd

Special Interpretations Not Needed

; CCS1 model has:

Low Set-up Costs

low Persohnel Costs

Low Computer Tinme

Low Data Collection Costs

R

k’

2

g

5 F. SUMMARY

. * -

.- This chapter has reviewed several R&ED project selection
Z, nodel fcrms found througn ocut the literature. The acdels
j' fresented were typical of the literature and were€ the more
-
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general forzs which cculd have application in the fcllewing
aralysis. The commcnality orserved between moiel forus is
the use cf subjective project ‘Lerefit relationsiziys in scre
manner. Decisicn frocesses and the Arnalytic Hierarchy
Frocess were briefly rresented as nmethods for approaching
the R&D rrcject selection proklem. Table III summarizes the
nodels presented in this chapter. Other proposed prcject
selecticn mcdels are listed in the bibliographLy. The néXt
chapter descrites a R&ED program prioritization F[prccess
Froposed within the Marine Corps, and classifies the prccess
model fcrm according to the literature.
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TABLE III
Sunpary of Eeviewed Models and References

Authcr/Reference
Aster {1962)
(Ref. 19°

Augood (1973
;ng. 85 )

3aker é1s7u)

Chidamkaram (1970)
[Fef. 20

Cccper (1981

[Be%. 1éj )

Hess (1S€2)

[Ref. 22°

Scuder é1 973)
{Fef. 16

Taylor et al. (1982)
[kRef. 21

Winkofsky et al. (1980)
LRef. 73

Winkofsky et al. (1981)
LRGf. 12_

Zcints et al. (197¢€)
[Ref. 227

Model Eorm Descriptor Used

linear Progyramminy

Checklists
Simple .
uantified
rofile

Indices

Benerit deasurenent
Comparative

Scorin

Benefit Contribution

Eroject Selection/Allocation

Ranking

Linear 2rograaming
Non-linear Progjraflgiry
Dynamic Prograaming
Integer Programaing

Ncn-linear
Empirical (scoring)
Cynamic Programminjy

Profitability Index
linear

Non-linear

Zero-One

Integer Ncn-linear
Goal Programming

Value Measurement
Checklist
Scoring
Economic Iandex
Fortfolio Selection
Linear Programming
Integer Préogramaing
Nonllinear Pfogramming
Interactive Programoing

0-1 Goal Progranmming

Interactive Programmirg

49

.n‘ .

. L, Sy . MY P T PN WA T ST S VAL VAT AT S AT W AT S Wi, NN VDA, SN G hA U PV WS, SN Sl W SR YU S, . W

e T ey o




T

A. INIECDUCTION

The MCDEC Prioritization Process consists of £our tize-
dependent phases synchkronized with the Marine Corps rartici-
Fation in the DOD Planning Progranmaing and 3Budgeting Systen
and 1is crganized fcr implementation at the Marine Corps
Develcpment Center (levCtr), MCDEC. Figure 4.1 dericts ttis
synchronization and the p[process timetanle for a single
cycle. The four phases include determining deficiercies
and reguirements, fprioritizing deficiencies and reguire-
rents, rpricritizing research and development progrars, arnd
completicn cf funding¢ profiles. This process, as descriteil
bty dajor J. L. Creed, USNC, 1in "A Guide for the Perforrmarce
of the Development <¢f the MCDEC RED Program Prioritization
Frocess, Methodology Manual' [Ref. 25], is carried out under
the resronsibility of the Office of the Deputy Chief of
Staff (Lc/s), Developamental Coordination (dC), CevCtr,
MCDEC, and ty twc primary grougs, the Prioritization Wcrking
Group (ERWG) and tte Chief of Staff's (C/S's), DevCtr
Erioritization Committee (Pri Conm). Each Divisicn ari
Directorate of the CTevCtr  rovides a representative for
membership in the PRAG. The Division and Directorate Eeads
compcse the C/S's DevCtr Prioritization Committee. Appendix
A details tle phases arnd tasks of the process and lists the
LevCtr Divisions, Directorates, ~and Develcpmental
Coordinaticn Branches responsilkle for <completing each step.
This chafpter describes the frocess concepts and concerntrates
on the participants as shown in Figure 4.2 .
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TIME MCDEC Erocess HQMC EDTSE ECH
Phase 1

JAN Flans

F=B Urdate Survey

Ak MAA Analysis )

APR Urdate Previous Cycle

_ Phase 1I

MAY Prioritize,

Jyy MAA Deficiencies

JUlL
Phase III

ADG Prioritize

SEP RET Prcgrams bttt bbb e

CC1 Preliminary
Phase 1V Progranm

g%g funding Prcfiles Development

JAN e e PR

FEB C/S USMC Committee

MAR and BCM Forking

APR I Sroup

MAY Followirg Negotiations

JUN and

JUlL Cycle Budget

AUG

SEP

Figure 4.1 MCLEC Process and RDTEE POM Cycle.
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« Mart'ne Corps
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{ warinre (orps fleet Mar'ne
Deve'opre~: and faorce
faucatton
Commang

-

S S
Develcoment
Center

[

p———
£l/s
Deve onmenta)
Coorgination

l

Priorictzation Cnict of Staff
working Group vev(Ctr
Priortetzation
Commitice

Figure 4.2 MCDEC Frocess Participants.

E. FECCESS PHASES

The determination of deficiencies and raquirements,
Fhase I, 1involves tlree general tasks and serves to fprcvide
the FFWG with an infcrmation tase for the following suljec-
tive evaluations. First, the Marine Corps Midrarnge
Objectives Flan (MMROEF) and the Marine Corps long Range Plan
(MLEEF) are wupdated vtilizing Defense Guidance (DG), the
FYDP, rfprevious FIOM recoammendations, and other agppropriate
research and developrent information.
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Seccnd, Fieet Marine Fcrce (FNMF) input is sclicited

Ly survey analysis through <gquestionnaires, opinicnnaires,

- e

and perscnal 1interviews. This task provides the evertual

systen users wWwith an opportunity to input observaticns of

NTEPTEASY. R

pissicn deficiencies, ideas for new grograas, and their
rankings of ongoing jrcgrams.

Finally, MAAs are conducted which provide the fraame-
WwOrk necessary for phase II and serve to rormalize all defi-

MM A

ciencies that diminish the capability to perform the mission

area. The MAAs are classified according to the Missicn Area

i RN 3

Flements (MAEs) listed in Table I, and performed by prcject
cfficers under the direction of the Planninyg and Evaluation

Branch, DevCtr. The assigned project officer conducts Lis

analysis through a series ¢f mission categorizaticns which
are kased or the previously updated plans and other estab-
lished Marine Corps [Lcctrine. Three basic categorizatichs
cccur during the MAA. First, the mission area element is
defined intc 1its general and specific operational missica,
then the 1resources necessary to accomplish the oferational
missicns are identified, and finally each resource is
analyzed against each operational mission to identify if any
deficiencies exist. The ccllection of these identified
rissicn deficiencies [present the recoamended corrective
actions to cttain full Marine Corps capability in a mission
area.

Fhase II merces the identified mission element Jdefi-
E ciencies into a single prioritized list. To accomplish this
. ranking, the PRWG first receives briefings concerning the

. »
' MAAs and survey analyses from phase I. Next, the PAWS g

™

constructs a decision tree based on the presented infcruma-
tion to order deficiencies within wmission area elements.

—-

The tree development is represented by Figures 4.3 througk ' 1

v
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4.6. This develorment parallels the mission element categcr-
izatice prccess conducted during the MAAs and applies multi-
attriktvte utility analysis to the categories as explained by
Creed [Ref. 25]. The subsequent evaluations of the elements
and missicns, refresented by the decision tree branchs, also
rely heavily on the MAAs as [resented to the PRWG by the
froject cfficers, and by the Planning and Evaluaticn Branch.
Additicpal technical assistance for the decision tree
constructicn and analysis is provided by the Analysis
Support Eranch.

The decision tree is tased in the USMC missicn areas
and elements listed in Table I and is represented in Figure
4.3. The tree tranches through the doctrine based general
and specific missions for each element (see Figure 4.4), and
then these specific missions are shown supported Ly the

necessary resources, as presented in Figure 4.5.

USMC MISSION

Mission Land rMu-{are Atr V\Yar{ue Q:C-
Arcas (2190) (220
. L4
L] *
| | R l I 1 : :
Mission Close Fire Ground  Aline Land L.and
Area Combat Su:oort Ar Warfare Combat Combat
Elements (211) (212) Defense  (214) Suwinort  Service
(213) (215) Suoport
(216)

Note: See Table 1

Figure 4.3 Lecision Tree, Established Base.
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Element 710
(Grneral OFFFNSE DFFENSP ¢ RFTR(»].RADP
Misuan) o
{ v i 1

{Spec e Movement Expioitation HKecan  Purtuit Coordirnated Other  Area Motuie W/Drawal DNetav Retirement
Operstional) 0 n Atlack

Cantreet Foren
Figure 4.4 Decisicp Tree, General and Specific Missicnos,

- b
(Ceneral
Operational OFFENSE
Mission) .
R .
(Epecific Movenent Exploltation Reccon Purguit Cocrdinated Other
Opcrational to . in . Attack .
M'ssion) M rorce M .
. B [ I . .
. [ ]
* .
(Rescurces) . * .
R i
PRINZIPAL ANCILLARY ’ PRINCIPAL ANCILLARY

Figure 4.°%

The resource
defined into princira
resouvres ccrresgcnd t
used to accomplish
ancillary resources
suppcrt the mission.
accorplish the speci

Decisicn Tree, BResources.

¢ shown 1in Figure 4.5 are furtkher
1l and ancillary categories. Princigal
¢ equipment or weapon systems that are
the sgpecific mission directly, and

are necessary but only indirectly
A conmon list of resources necessary to

fic orerational wmission is initially

applied to all specific operational missions with scme

resources subsequently being determined not applicatle for

all missions. As an

Fossilkle resource 1list for

exanp le, Creed [Ref. 25] suggests a

the close combat missicn area
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Figure 4.6 Decision Tree, Deficiencies.

€lement to le direct fire, assault, and anti-armor weapcns
for the rrincipal rescurce category and communication eguip-
ment and target acguisition devices for the ancillary
resources. The resource deficiencies and, thus, the missioen
deficiencies shown in Figure 4.6 are identified by evalu-
ating €ach resource as it supports the accomplishment of the
specific operational rission.

The PRWG assigns subjective importance values3 (0.01
to 1.00), to each trranch of the decision +tree from the
missicn area through the deficiency level. These values are
tased on presented information and finalized through collec-
tive grouvr judgement. The Mission Area Values (MAV) repre-
sent the relative impcrtance of each mission area within the
USMC missicn and the Mission Area Element Values (MAEV)
represent the relative irportance of each missiocn area
€lement within the  wmission area. Similarly, General
Cperational Mission Values (GOMV), Specific Operatioral
Missicn Values (SOMV), and Deficiency Values (DV) represent

the relative impcrtance of each general operational mission

bt

alues,re{resent linear relative impgrtanc
ency is twice as critical as a .37 defica
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withir tle missicn area element, eacn specific operatiorail
pissicn within the ceneral oferational mission, arnd eacth
deficiency within tle specific operational nmissior respec-
tively. Tte initial value sets, 1AZV, GOMV, SOMV, and LV,
are ncrralized to a common rase for each set which allow
compariscns across all elements, missions, and deficiercies
in their respective decisicr tree 1level. <The Deficiercy
Relative Importance Weight (DERIW) <for each specific missicn
deficiency is defined as

DRIW = MAV e MAEV e GOMV e SCMV e DV (4.1)
wnere,

MAV = Mission Area Value,

MAEV = Mission Area Element Value,

GCMV = General Operational MiSsion Values,

SCMV = Sgecific Orerational Mission Values, and

DV = Deficiency Value.

The CEIVWs, in turn, determine a mission deficierncy rank
crdering.

3. Ehase III

Fhase III prioritizes ongoing RDTEE acguisition
Erograns through [presentatior of the prioritization group
and ccomittee with available information, assigning progranm
subjective values, deriving program effectiveness, ccmtininyg
previcus prcgram pricritizations, and presenting the results
for Cirectcr, DevCtr approval. First, the Prioritization
Workirg Grcup receives briefs by the Developmental Prcject
Cfficers (LPOs) to assist in determining the worth and
utility c¢f the gprogranm. Next, survey analysis triefings
provide the FMF evaluations of current RDTSE projrams. This
information presented in the ERWG briefs is alsc provided
separately to the DC/S DC Prioritization Committee.
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The next task of phase III is the subjective priori-

tizaticrn cf RDT&E pregyrams, Durinj this task, a sample of

Lo ol AR e

experts are solicited for their desired RDT&EZI program rank
crderings and relative worth values (J.01 to 1.00). This
opinicn sarple consists c¢f the DC/S DC Prioritizatior
Committee meabership, girnimally, and may include otker cual-
jfied individuals. 1The prioritization is performed usir3j a-n
analytic Delphi frocess wnere the independent ranx crdering
and wecrth values are combined and returned to the samjle
membership for study and resuktmission. After at least three
replications with relatively common consecutive listirgs,

tne [pricritization ccncludes with a program ranking ani
Frogram Subjective Evaluation Values (SEVs).

Following tte sutjective evaluation the FERDIEE N
frogrars are€ prioritized based on their mission deficiercy -
€ffectiveness. The EFWG identifies all deficiencies within ?
€ach missich element that are directly affected Lty a EDTEE ¥
Erogran, and it evaluates the proportion at whick the ?
Frogram acccmpliches the specific deficiency. This propcr- i

tion is defined as the ©?rogram's Propcrtion of Deficiercy
Acconmplishment (PPDR). The evaluation process relies
heavily cn the input from the L[POs concerninj each rrcgranm's
proposed operational characteristics. The product of the
specific DRIW, assigned in phase II, and the specific 2FDA
are sunmed, over all deficiencies, to obtain a prcgran
Ceficiency-Cerived Efficiency Value (DDEV) as

DCEV = Sum/d [ (DRIW) e (PPLA) ] (4.2)

bttt b et R

where, "4
. o b

Sum/d = Summation cver all deficiencies, q

4

DFRIW
PFLA

Leficiency Relative Tmportance Weight and

Frogram's Froportion of Deficiency Aczomplishment.

4
R
9
_1

Tae prc¢gjrams are then ranked according to the DDEV values.

Ls




The FRWG oltains a final RDTEEZ program rarking by
combining tre sutjective and deficiency-derived pricritiza-
tions. A Subjective Evaluation List Weight (SELW) and a
Ceficiency-rerived list V¥eight (DDLW) is assigned to the
approrriate rrogram 1list comkining them in a 1linear rela-
tionshi; kased on PhEWG consensus of each 1list's validity.
The suum, ty progranm, of the weighted prioritized 1lists
Frovides the Final RIT&6E Program Value (FPV) as

FPV = (SELW)e (SEV) + (DDLW)e (DDEV) (4.3)
wnere,
SEIW = Subjective Evaluation list Weight,
SEV = Subjective Evaluaticn Value,
DL1IW = Deficiency-Lerived list Weight, and
CDEV = Deficiency-Lerived Efficiency Value.

The final p[prioritized ranking is accomplished accordirg to
the FEV and this completes rhase III.

4. Ehase IV

Fhase IV comfpletes the annual process by sumrarizing
the three preceding rhases apd proposing funding prcfiles
which reflect the pricritized program ordering. The frccess
summary is used as a turnover file for the next pricritiza-
tion cycle and the funding fprcfiles are submitted to HZMC
for utilization in tle RDTEE ECM development process. Creed
[Ref. 25 suggested further development in this rhase whick
has nct yet taken place. Currently, these furnding prcfiles

are developed based c¢cn solely the judjement of the tasked

CevCtr tranch usirg no mathematical optiaizaticn or

algorithrs.
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C. TFCRM CF MODEL IN FECDEC EROCESS

Thrcughcut the literature, as reviewed in the frevicus
chapter, arnd in the following analysis tae Zorz of a cud:et
allocaticn anl [frogram selection model is important. ZIhe
MCDEZC 1clel as descriked is a Lenefit measurement, sccring
podel. As with typical models of this type, the MCLEC rodel
combines various attributes ipto a single wvalae. Withio
this rcdel form <classification Jdifferences in surjective
tenefit weight assignment schemes are observed. These
differences range between weight assignment by a sirjle
ranager to assignment rased on a multivariable regressicn cZ
subjective jrogram evaluations from aany solicited sources.
The MCCE process attempts to base its Ltenefit weight
assignmert on many inputs from operational and &ncn-
cperaticnal forces as well as agencies cutside of the Marine
Corps. The inputs are combined into benefit weights througn
a grcup ccnsensus prccedure. In general the MCDEC pricriti-
zaticn frocess is similar tc RED project selection mcdels
Fropcsed 1in the 1literature and is <classified with the

majority cf implemented models in industry.

C. SUMMARY

This <chapter has presented the MCDEC prioritization
Frocess as described by Creed [Ref. 25] and by infcrmation
cbtained through liaison with the process developing agency,
the Apalysis Support Eranch, [DC/S DC, DevCtr. The rrocess
€emphasizes synchronization with the Marine Corps particira-
tion irn the DoD PPBS, and utilization of K&D progjram evelua-
tion input from many organizational levels. The preccess
requires several sulkjective evaluations concerring the E5D

Frojrams and mission deficiencies which are then ccmlrined

into a Ltasis for R&L program ranking. Table IV suradarizes
the subjective rparameters necessary for the process. The
51
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chapter concludes with classifying the aodel form wused in

. RPN Y >

the MCLCEC r[rrocess as a benefit measureazeat scorirg zoiel,
according tc¢ similarities witi proposed aodels in the liter-
ature.The literature sujgests ctaer zodel form applications,
rodel lipitations, ard model evaluation criteria which will
assist furtter investigation c¢f possible improved alterna-

tives cr entancements to the MCDEC prioritization process.

TABLE IV
. . |
Subjective Model Parameters

PEASE IASK PARAMETER ASSIGNMENT RANGE ]
11 3 MAY EEWG 0.01-1.00 ~

11 3 MAEY PRHWG 0.01-1.00
11 3 GOMV PRYG 0.01-1.00 )
11 3 SONV ERWG 0.01-1.00 J
11 3 DV ERWG 0.01-1.00 -
R
11X 3 SEV Pri Com 0.01-1.00 1
II1I 4 PPLA ERWG 0.01-1.00 .
I1I 5 SELK. FRWG NS i

111 5 DDI% ERWG NS

NS = Mot Specified . . <
Tasks are detailed in Appendix a 1
b
1
g
| ]
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{ SO V. A MCDEC PORTFCLIO SELECTION MODEL

A. INTIECDUCTION

J
[
p.
b The MCLEC prccess presented in the previous chafpter was
E identified as a Dberefit measurezent scoring model with
T similar <characteristics as models currently used in
industry. The literature alsoc proposes portiolioc selection
; models which use benefit measurement relationships to cpti-
e’ rize resource allccation through various w@mathematical
Frogramczing technigues. The Y¥CDEC process, as prorpcsed,
does nct attempt to optimize [rogram resource allocation
and, thus, the obvious first process improvement tc be
investigated is the extensior of the current model intc a
portfclic selection mcdel. The simplest and most comprekLen-
< dable way This can e accomplished is by formulating the
[rocess as a linear rrogramming model. This mcdel fcra
h approxirates resource and benefit relationships with
straightfcrward linear functions that are easly understocd.
. . The 1linear programiping model is the basic structure for
cther gore complicated portfolio selection models and will
Fi] rrovide a rase for okserving advantages from a process modei
‘ change. The primary rurpose of the following linear grcjranm
develcrment is tc illustrate the feasibility, flexikility,
and rejuired assumpticns of a portfolio selection mcdel as

p

r’ applied to the MCDEC yprioritization process and dces not
: include all constraints and relationships reguired fcr a
3

complete RCDTSE funding allocation.

o E. FCRMULATION

The initial step of any linear programming formulation

-

} can te viewed as a thought exercise. In this exercise the
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N lirear rrogram is viewed as a tlack oox which provides an

4
|

s s

cutput when given the necessary data. The thoujht exercise

'4.:[.""""-‘-'

defines the desired output and the remaining forgmulation
structures the linear yrogram to obtain this outrput. The

PRGN

currently rroposed MCDEC process output provides a jpriori-

tized prcgram listirg based on relative prograa impcrtance

i

in acccrplishing mission deficiencies. A linear prograaming
cutput which represents the proportion of a grogram that is

selected or furded frovides [projraa prioritization ani,

| SR

additicnally, resource aliocation inforzation.

The next formulation step is to define 1index rcaencla-
ture for the element categories under consideration ir the
linear r[frogranm. Tke MCDEC rprocess concentrated on two
€elemerts, mission deficiencies and RDTSE programs. These two
are alsc used 1in the following linear programming model
fornpulaticns. The indexing letter i will represert a
prograr and the letter j will represent a mission defi-
ciency. Also, wren considering a resource allccatior
process several time periods are normally necesséry. The

letter k will be used to index a time period in the forrula-
tion. The total numter of prograas, deficiencies, and tinme
pericds will be represented &Ly the letters p, 4, and t

respectively. In the following discussion the series sumia-

tion c¢f any indexed values willi be derotel as Sua/index

[indexed values] such as Sum/i[Xi], which represents thne

P susmaticn cf the valves Xi over i = 1...p, where ; is the E
, total nuaber of prograss under coansideration. L |
F The benefit measurement output data provided ty the |
{ MCDEC frccess is defired in the previous chapter and is used 1
3 here for the linear grogram foramulation. Four value sets of ]

' interest are developed in the YCDEC process. The Deficiency q

Felative Imgortance Weight (DFIW) 1s established in fhase

-~

II. 1In phase III the Prioritization Working Group develops
the Frcgratn's Prorcrtion of Deficiency Accomplishment

- .t - . . ‘- - - - . . < - - ’.h S N . N . L. N . M . \- P
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{(PPCA), and the Sulkjective Evaluation Value (SEV). These

B i e o g g
. . '

three values are cchbbined 1rn eguations 4.2 and 4.3 to

R

provide the Final RDIEE Prograr Value (rPV). Eesource data
is rct defined 1in the current grocess but is considereil
during Prcject Develciment Cfficer briefs to the pricritiza-

tion grcur and ccmmittee. The resource data is also used in
phase IV tc provide suggested RDTEZ,Navy PCM input. Previcus
EOds that are indeperdent cf the process are used as proexy
resource estimators for illustration in the fcllcwing
formulaticns.

The decision variables for the foramulations are implied

from the desired outjiut. Trhe following <series of 1lirnear

frograms wili be formulated using the decision variatle Xi
which regresents the rproportion of the ith program that is

funded or Xik which represents the proportion of the itk

P | R

program that is funded in the kth time period. The values
Xi and Xik are defined between and including zero and orne.
A variakle, Yi, which represents the proportional deviation
from a fixed jth deficiency accomplisnment goal is used in
later linear progracring fcrmulations and is also defined
retween and including zero and one.

As in the 1literature, the okjective functions <Ior the

FURPRAPOUY T

follcwing fcrmulations are prcvided from the benefit reas-
urement nmodel. For the 1initial linear program formulation
the Final Program Value (FPV) vector from the MCDEC frccess
is used. This vector represents a combination of deficiercy
derived and subjectively assigned mission deficiency acccm-

Eiiskgent frogram values. The vector FPV contains a value

FPV1 for e€ach prograr, where i is an integer from 1 to p.
Formulation 5.1 provides an initial unccnstraired linear

"

progyramoing model that is equivalent to the MCDEC Lenefit

measurement model and can te solved by observation. This

—l

linear rrogram rpaxizizes the total relative prograrm imgcr-

tance as individvally defined ty each FPVi, reduced by the

-
. NI
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available zrograz funding propcrtion Xi, and sumaed cver ali
Erogranms. The optiral sclution for this formulaticr is
cbtained when Xi is set at one for all i. The initial fcraou-
laticn is

maximize Sam/i [ (FPVi) (Xi) ] (5.1)
suk ject to: 0 £ X1 <1
i= 1..p.

Formulaticn 5.1 may be trivial but it provides a 1linear
Frogram structure eguivalent tc the MCDEC process which can
re «ccnstrained by ftudget or Jdeficiency relaticnshigs.
Forrulation 5.2 provides a constrained versicn of formula-
tion S.1 as

maxirize Sum/i [ (FPV4i) (X1) ] (5.2)

sutject to

Sum/i [ (Aki) (Xi) ] € Bk

0 £ Xi <1
i= 1...p
= l...t

where,

FPVi = ith final fprcgranm value,

} -
le .
[.

-

§

I

b

Xi = proportion of ith fprogram funded,
- Bk = available budget resource in time period Kk,
2 Aki = full funding level c¢f ith program in time pericd k,
. P = number of prcgrams, and
{ t = nupber of tige pericds.
¢
i
P If Bk is greater than or wequal to Aki, summad cver all K
£ programs fcr each time period, the optimal soluticr to N
¢ ‘
’ 56
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formulaticn 5.2 1is also at Xi eyual one for all i. This

formulaticn, however, will F[frovide a tool to observe the
cptiral allocation change wkten the Ltudget level Bk is
reduced, thus ccnstraining the objective function. 1The new
optimal frogram priority listing will not necessarily be the
same as the ordering provided by FPV. After the linear
frograr computations, the vector (FPV) (X) reprecsents the
fropcrticnal reduction in the proyrams® Final Prograr Value
and frovides the revised priority listing wunder Ltudcet
constraints.

Fcroulation 5.2 is illustrated by an example. Tatle V
lists the kenefit measurement ocutput values from four ®DISE
programs considered during a partial HCDEC process test
conducted Ly the Develcrment Center. The respective budcet
allocaticn data fromr the RDIEE POM is also listed. A
constant is imbedded into the 1linear program formulation
which defines possible budget reductions and thus a tighting
cf the ccnstraints. The constant is added by replacircg the
rudget cconstraints of formulation 5.2 with

Sumyi [ (Aki) (Xi) ] + BR(Bk) £ Bk {(5.3)

where,

BR = Ltudget reducticn proportion.

Eight fprogressivly reduced tudget conditions are used in
this exanfple.

Table VI lists the resultiny optimal solutions and rank-
ings for each of the eight ftudget conditions. The propcrtion
cf full funding for each project changes but not as the
MCDEC prioritizing vector FPV imflies. Although the FEV of
Frogram C0020 is larcer than the FPV for both programs C0021
and CC082, the latter two programs are fully funded at each
tudget reduction. TLe values of FPV alone would not suggest

57
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TABLE V
MCDEC Portfolio Selection Model Example JData

Prcgran FPV Budget Data

yr 1 yr 2 yr 3 yr 4 yre
C1120 7.324¢64 4747 20874 9176 8937 8988
C0020 6.9616 21100 22200 30100 33700 7C50¢
€0021 4.79723 4172 4297 4369 4268 3927
coc82 4.21985 361. 370 380 442 443
Budget Sum =Bk= 20380 47741 44025 47397 £285¢

these funding reducticns. For this example, observaticn cf
the differerces in the programs' budget profiles as listed
in Talle V would imply that the optimal funding in a tudgjet
constrained rroblem wculd te cobtained by reducing the mcst
expensive prograpr first. Hcwever, in a larger exapmple the
cptizal sclution may rot be as evident.

Fcrmulation 5.2 can be expanded to include 3 time index
for the funding propcrtion variable X. This expansicr is
formulated as

maximize Sum/k [Sum/i (FPVi) (Xik) ] (5.4)

sulk ject tc

Sum/i [ (Aki) (Xik) ] + BR(3k) < Bk
0 < xik < 1

i=1...¢
= 1...t
where,
BR = tudget reducticn propcrtion, and

Xik Froportion of ith program funded in tne kth feriod.
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The data values or FIvi, Aik, and Bk remain th2 sarme as iL
formulaticn 5.2. Fermulation 5.4 provides greater <flexi-
rility in funding level Fossibilities and [frovides a
sequence of program rankings fcr each subsequent year. Talkle
VII frovides a summary of the fundingy proportion scluticns
and the ranking acccrding to the vector (FPV) (X) <£for each
year and tudget condition. The most expensive program C0220
is again the only frogram that reguires less than full
fundinc except in tle most extreme condition where grcgran
C1172 1is also less. Observing the proportional funding
profile ¢f rrogram C0020 implies that the first time feriod

is the nmest restrictive in each budget conditicn.
Considering funding levels in each time period allows a
greater utilization of resources available in the less
restrictive pericds. é

J

TABLE VI
[ Forsulation 5.2 Solution Results
F.
5 Progortion of Full Budget
A 1.0 .9S .95 -390 .85 .80 .75 .50
= Vector X
' C1120 X1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .92
cQQ0z0 Xz 1.0 ,97% .892 . 184 .677 .57 .462 0.0
. €c00z1 X3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
{ c0C82 x4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 J
{ _ BR .00 .01 .05 .10 .15 .20 .25 .59 .
[ - Ranking )
. C1120 1 1 1 1 1 1 1 1 R
CCC20 2 2 2 2 3 4 4 4 -
; €021 3 3 3 3 2 2 2 2 4
) cogea2 4 4 4 4 4 3 3 3 |
F’
. Nctes )
- '« X = Proporticn of rrcyram funded and is srpecific
- for each budcet reductlion case. -
8 <. BR = Proportion Qf tudget reduction. R
.- 3. Ranking 1s according té the vector (FPV) (X). B
[ B
1
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TABLE VII
Formulation 5.4 Solution Results
Prcgorticn ¢f Fall Budget
1.0 .99 .85 .90 .85 -80 .75 .50
Xix Matrix
c1120
yr1-5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .921
€0020
yr 1 1.0 .979 .892 . 764 «677 .57 .u462 0.0
2 1.0 .985 .927 - 854 .780 .707 .e34 .26¢
3 1.0 .986 .93 . 859 .789 719 .648 ,298
4 1.0 .988 .94 . 881 -821 .762 .702 .40°%
£ 1.0 .986 .928 - 856 .784  .712 .640 .280
c0021
yr1-5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
c0C82
yri-© 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
BR .00 .01 .05 .10 .15 <20 .25 .50
Ranking
Cc112)9 1 1 1 1 1 1 1 1
€0020 Z 2 2 2 2 2 3 4
€0021 k! 3 3 3 3 3 2 2
cocs2 4 4 4 4 4 4 4 2
Notes -
1« C1120 is funded at .52 for year one oniy and at
1.0 for the years two through five. ) o
2. Xik = Proportion of gro%ram funded and is srecific
for each year and rudget reduction case.
3. BE = Proportion_of Lkiadget reiuction.
4, Banklng is according to tbhe vector
(FEV) (Sum/yr (X)).

The Final Program Value (FPV) rrovided by the MCLEC
S. frocess as a benefit measurement 1is postulated to represent
fﬂ the relative prcgraz importance 1in accomplishing m@ission
3 deficiencies. The primary puryose of defense systems acgui-

MR

sition and Marine Ccrps RDTEE as presented previously in
‘ Chapter 1II, is the accomplishment or alleviaticn of
pissicn deficiencies. Concentration on a portifolic selec-
tion wmodel which considers only the FPV and Ludget

constraints may nct produce solutions refpresentinj tae
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greatest accomplishment of individual mission deficiencies.
The next two proposed formulations consider missicn defi-
ciency acccrplishment in terms of other MCDEC output values
under separate ccnstraining conditions. A third aiditioral
formulatior concentrates directly on the number of deficien-
cies alleviated.

Foruulation 5.5 optimizes at a level in the “CLEC
tenefit measurement nmodel where each deficiency is ccrsid-
ered individually. The FPV is constructed from the fprevi-
cusly presented values of SEV and DDEV. The D)EV directly
considers each deficiency where the SEV is the sulkiective
evaluaticn of the RDTEE programs only. Eguation 4.2 defires
the vectcr DDEV as the precduct of the Deficiency Eelative
Importance Weight (LCEIW) and the Program Proporticr of
Lefiiciency Accomplishment (FPDA) summed over all deficien-
cies. Lettiny the vector PPDA be linearly reduced by the
fundiny proportion c¢f the respective fprogram rrovides a
means tc¢ cptimize the missicn Jdeficiency accomplishment
directly. Tke linear jrrogram to maximize the EDTEE fprograzm's
CDEV is formulated as

maximize Sum/i [ (LLEVi) (Xi) (5.5)

or equivalertly,

maximize Sum/i [Sum/j [ (DRIWJj) (PPDAji) (Xi) j]

sukject tc

. 9.

) Sum/i [ (Aki) (Xi) ] + ER(Bk) < Bk
A 0 < Xi <1

t i=1...p

L. J = Taeead

t._ k = 1...t

jp where,

?‘ d = number of deficierncies,
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DDEVi
DRIW]
PPDAGi

Additicnal constraints
ciencies which
acconmrlishment
These lcwer bounds,
feasitle lirear

lower tounds are set too high. Adding a new variable, VY3,
which 1erresents the deviation from accomplishing the lower
round alleviates this possibility. With the variable 1Yj

included the lower bcund becomes a deficiency accomplishment

goal.

constrairts the formulation becomes

maximize

sutiect tc

where,
DA j
Yj
The

selecticn,

information.
accordirg tc the funding level.

Including the

Sumn/i
Sum/1i

sclution to
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ith program's deficiency derived effectiveress,
jth deficiency relative importance weignt, and

ith progranm's acconplishment of jth deficiercy.

concerning individual mission defi-

estakblish lower bounds on the deficiercy's
5.5.

hcwever, introduce the possibility cf no

level may te included 1in formulaticn

programming solutions existing because the

additional deficiency accomplishment

Sum/i [Sun/j [ (DEI®J) (PPDAji) (Xi) ]] (5.6)

[ (Aki) {Xi) ] + BR(Bk) < Bk
{(PPCAJi) (X1) J + (Y3) (DA]) 2
0 < Xi <1

0 <

i =

DAj

x> U
\

jth deficiency's accomplishment level, and
deviation from LCAJj achieved.

forsulation 5.6 will provide prcgran

prioritization, and deficiency accomplishmernt

ke definped
If the ith RDIEE program's

Program selection criteria can
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fundirg level, Xi, is zero it follows that the ith ERDTIEZ
Erograx shculd nct be selected under the constraints estab-
lished in the linear (rogyranm. RDTEZ programs that Lave low
froporticnal fanding levels, Xi, serve to identify EDIET
Erograms that may need to le reevaluated according tc their
econcmical accomplishment of pission deficiencies j;ricr to
continued investment.

Tc fpricritize tte RDTEE programs, two possiktilities
follcw frcm the present MCDEC process and foraulation 5.6.

The pcssible prioritization vectors are

{ (CLEV) (X) ] (5.7)
cr,

(X)[ (DCLW) (DDEV) + (SELW) (SEV) I = (X) (FPV) (5.3)
where,

SELW = suljective evaluation list weight,
SEV = sulkjective evaluation value,

DDIW = deficiency-derived list weight,

DDEV = deficiency-derived efficiency value,
FP?V = final progras value, and

)

prcgram propcrtion funded.

Equations S.7 and 5.f£ represent vectors that c¢ould ke used
deperdirg cn the impcrtance given to the vector SEV. The
listings weights represented Lty SELW and DDLW are assigned
ty the Prioritizatior Working Group (PRWG) to compute the
FPV in phase III of the MCLEC process. If full furdirg is
availarle, ranking prcgrams by eguation 5.8 is eguivalent to
the current MCDEC pricritization process.

Fermulation 5.6 also provides a jproportion of defi-
ciency accomplished according to the value
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Sumyi [ (PEDAJi)(Xi) o. (5.9)

Tois infcrmation would e valuable to a decision maker for

identifyirny deficiencies that are not fully acccrplished.

The additicpal variatle, Yj, proviles similar identification

informaticn concerning deficiencles Dot achieving taeir ”

pinimum acccmplishmert levels as set by the constant DAJ.

e

T¢ further illustrate the 1linear programming model
formulations presented in this section a larger set of

Cevelcraoent Center-prcduced MCLEC process test data is used.

Py

The cata involve 158 nmission deficiencies and 74 RDISE
Frograms. The proxy budget data 1is obtained by using the
csame year RLT&E,Navy EICM.

Table VIII shows the results of this larger data set
when sulkjected to fcrmulation 5.2. The table lists six

columns. The first two <c¢cluans from the 1left name anad
describe the budget <conditions used. The next three list
the numker cf RDTGE rrograms fully, partially, or not funded
respectively. The last column prrovides the number of charnges
to the original prcgram pricritization 1list when |using
formulaticn 5.2. The results depict the RDTEEZ program selec-
tion rroduced by the linear programming model soluticn for
raximgizirg the Final Program Value (FPV) subject to five !
proyressively restrictive budget cases. As shculd be

expected, fewer programs are funded <£fully as budget reduc-

PP

tions are imposed. However, 1if the FPV prioritization
listing is used to select the funded programs, the optizal !
selecticn cktained through the linear prrogram may not bLe
produced. The right hand column of Table VIII provides the

}f rumber of frograms whes priority position is lowered from
® the ccnstrained case. This ccluan contains the nuamber of i
progyrams which lost their priority rposition kecause '
(FPVi) (Xi) < (FPVb) (XL), where 1 represents the prcgran

PR S )

under consideration and b reyresents the program irnitially
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ranked immediatly belcw the ith rrogram. These nunkers are
an indication of tie the Jifierences 1in selectiny ERDIEZ
progjrams ty a linear programming solution rather than the
initial fricritized 1list produced in tne ACDEC process.

TABLE VIII
Results of Fcrmulation 5.2 with MCDEC Data

Case EE Program TFunding Priority Changes in
Full Part Nehe FPVY Fanking
A 0.00 74 0 0 0
E 0.10 72 1 1 2
C 0.15 71 1 2 2
L 0.25 69 2 3 5
E 0.50 61 2 1 13

The results of fc¢rmulation 5.5 with the set «cf MCLZEC

. Erocess cata is showr in Taltle IX. These results defpict the

linear rfrrograa solution fcr maximizing the prograa's
Deficiency-Lerived Efficiency Value (DDEV) when subjected to
Frogressively restricted budget constraints. The ncticatle
soluticn difference ‘tetween maximizing DDEV instead of FPV
is the larger guantity of ©&DT&EZ programs dropped durirg the
LDZV rudcet reducticn conditicns. The dJifferences Etetween
the twc formulation results 1is Jue to the 1lack of the
Subjective =Evaluaticn Value (SEV) in the DDEV soluticn.
Assuming that the [IEV is a more direct and oljective
measure cf FDTEE program acccoplishmernt of mission deficien-
cies thken in an actual application the partialiy funded and
non-funded progranms would ke ideatified for furtter
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€valuaticn prior to selection. The right harnd cclurn of
Table IX provides the number of [programs whose [pricrity

positicn lowered when comparing a ranking of (Xi) (DDEVi) to
a ranking accordingy tc the vector DDEV only.

TABLE IX
Results of ¥Fcrmulationm 5.5 with MCDEC Data

Case ER Erogram Funding Priority Changes ir
Full Part None JDEV Ranking
A 0.00 74 0 0 0
E 0.10 71 1 2 3
C 0.15 69 1 4 4
L 0.25 60 1 13 13
E 0.50 50 2 22 23

Fcrmulation 5.6 further restricted the &maximizaticr of
Sum/i [ (DDEVi) (Xi) ] by 4including constraints £for eack
missicn deficiency in addition to the Dbudget constraints.
Table X frovides fornulation 5.6 results when using the same
MCDEC data. In thkis 1i1llustration the jth Deficiency
Accomplishment (DAj) value is set equal to a single guartity
for all deficiencies. This value for DA represents a Jdefi-
ciency accomplishment goal which the model user would like
the pertfclio of selected RDIEE progjrams to achieve. As
previcusly stated, this goal may not be feasible with
currently ccnsidered frograms. The variable Yj in forrula-

r

| @ tion £.6 provides assurance that a feasible solution will be
»

:f obtained, and it provides identification of the cdeficiercies
| S

o that fail to aeet the user's gcal. If Yj is equal tc zero
-

b

L
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then tke jti deficiercy goal, TAj, Las been met. If the Yj
value is orne then no accomplishment of the jth deficiency is
provided under the specified set of constraints. The results
¢ four cases are shcwn in Tatle X. Four values of DA are
used and each DA case is further subjected to five Ludcet
reducticn conditions. For each case shown 1n Table X the
tudget reductions 1impose the same RDI&Z program selectior
portfclic as in formulation 5.5. The two priority change
columns preovide the number c¢f programs that lower their
priority standing as a result of the linear programming
zodel «reducing the funding groportion Xi to obtair an
cptiral sclution.

The deficiency accompiisnment colunns, of Table X, show
the numker of deficiencies that obtain the goal of [A in
each case and the numters of deficienciles partially and rnot
accomplished. In tke fully funded cases all RDTEE rrograms
are selected as in the current MCDEC process and all cefi-
ciencies are at least partially accomplished. Case I-A shgws
that 74 deficiencies are greater than or equal tc¢ 100
rercent acccmplished and 84 deficiencies are less than 100
Fercent alleviated. Case IV-D shows that at a 25 percent
tudget reduction 87 deficiencies are accomplishel at jreater
thana cr equal to 85 fercent while 63 dJeficiencies are less
than €5 fpercent alleviated and eight deficiencies are ot
accomrlished. For this data set, these results iaply that
even wher all programs are fully funded many deficiercies
are nct acccmplished at the set goal while others are using
resources in excess c¢f that reguired to meet the goal. for
the data usel in this illustration 25 deficiencies were
accorplished at 200 fpercent or greater and the largest
cveracccrplishment was 535 rpercent. ©Nurbers represernting
deficiencies move frcm the DA coluan to partial ani not
accomrlished colunns as Lbudget reductions were imposed that
reduce funding fer r[programs that support the srecific
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TABLE X
Results of Fcrmulation 5.6 with MCDEC Data
Case Prcgranm Priority Deficiercy
Funding Chan jes Accomgllshmext

LA EZR TFull Fart None DDEV TFPV art None
Case 1
A 1.C .CO 74 0 0 0 0 T4 84 ¢
B .10 71 1 2 3 3 T4 33 1
C .15 €9 1 4 4 5 73 ay 1
D «25 60 1 12 13 14 70 83 £
z .50 50 z 22 23 24 61 g7 10
Case 11
A .St .GO T4 0 0 0 0 77 81 0
3 .10 1 1 2 3 3 77 80 1
C .15 69 1 4 + 5 76 22 1
D «25 60 1 13 13 14 73 77 a
2 .50 50 2 22 23 24 ol gn 10
Case IIT
A «SC .00 74 0 0 0 0 89 69 0
8 .10 71 1 2 3 3 38 69 1
C .15 69 1 4 4 5 37 70 1
D «25 60 1 13 13 14 33 67 g
o) .50 50 < 22 23 24 76 72 10
Case 1V
A <88 .Q0 74 0 0 0] 0 93 65 C
3 .10 71 1 2 3 3 92 65 1
C «15 69 1 4 4 5 91 €6 1
D ez 60Q 1 13 13 14 87 63 g
) .50 50 i 22 23 24 30 63 1C

deficiency. In all DA goal cases, one mission deficiency was
not acccrplished at any percent when a budget reducticr of
.10 cr .15 was imposed. When the more extreme budget reduc-
tions were imposed mcre pregrams were not funded and aocre
deficiencies were not accomplished. The linear fprogranmming
soluticn prccedure ccrcentrates resources into programs that
accorplish deficiencies with the highest Deficierncy Felative
Importance Veighkt (DEIV) and does not prevent over accca-
plishmert in excess c¢f 100 percent. This allows an optirgal
formulaticn to occur with a pcrtfolio that Jdoes not select
RJDT&E prcyrams that cnly accomplish deficiencies with a low
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CXI¥. As shown in case I-E, 61 deficiencies were acccm-
Flished at cr greater than 100 fpercent while 10 leficiercies
were nct accomplishned. At <=some point nonaccomplishaent oI
the less important deficiencies will outweigh the lrereiit
from cveraccomplishment of the more important deficiencies.

Tte firal 1linear programing £foraulaticn propcsed her=
does nct duplicate tle MCDEC process in any obvious way tut
concentrates on maxirizing the gquantity of all deficiencies
accotrgflished. The fcllowing formulation uses thke previcusly
defined variable Yj as the deviation from the set deficiency
accomplishment goal. The formulation for a goal ¢f 100
rercent fcllows as

minirize Sum/j [Y3: (5. 10)

sulkject tc

Sum/i [ (Aki)(Xi) ] + ER (Bk) 3k
Sum/i [ (PPLAji)(Xi)] + ¥Yj 2 1.00
0 < Xi <1
0 £ Yi <1
i= 1...p
= 1...d
k = T...t.

A

Formulaticn 5.10 ofptimizes deficiency accomplishrent by
ginirizingy the deviation from fuil deficiency alleviaticn.
Programs are restricted 1y budjet constraints and are
selected according tc the preopertion of deficiency accca-
Flishmernt tktey impart to deficiencies still below the set
goal. Takle XI sumsarizes the results of Foraulaticn 5.10
with the MCLEC process data set. 1In jeneral, Zewer jrc¢granms
are rejuired to provide the same aission deficiency accem-
Fiishzent than when all frograsms are fully funded. YNct until
ai extreze rudjet reduction is imposed does the juartity ¢=

LIS

v 0 .+« <ent or greater accomplished Jdeiiciencies 3ol ...
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TABLF XI
Fesults c¢f Fcrmulation 5.10 with MCDEC Data

Caze€ 2roc¢ram SLlority T Jicrercy
DA 2 1.0¢C .fundiny CLanges sco-plishrént |
BF Fuii Part Nonme DIV "rPV 21.Y7 Part None

A .CO 61 < 8 13 13 74 34 o

B .10 6C € 8. 14 14 74 g4 9

c .15 58 1 9 16 13 74 34 Q

L .z¢5 53 € 15 221 29 14 34 0]

E .50 31 10 43 51 51 72 88 4

By ccncentrating on the numter of deficiencies acccm-
Flished, fcrmulation 5.10 identifies programs which may not
te regquired even when furndingy is available. The solutiorn
values ocf Yj prcvide an identification of the deificiercies
that re,uire more RITIEE program dedication to achieve full
accomplishment. Table XI case A shows that for the saae
deficiency accomgzlishment results as case I-A of TZTatle IX

cnly €1 prcgrams recuire full funding and five need ornlv
= partial funding. Case I-A of Table IX aliowed 74 fually
i funded pregrams. This reducticn in selected programs repre-
E!’ sents an 1€.7 percent total funding reduction over the five
tudjeted years and a 9.9 percent fundiny reducticr irn the
@most restrictive year. The FEJT&Z proyrams not funded in

Table XI represent those which should be reevaluated as to

PY thelir extent of deficiency accouplishment prior tc selec-
F tion. If these prcgrams are not selected this may lead to
if tne reccvery of rescvrces tc frovide jreater accomzlishment
f; cf the rartially alleviated Jdeficiencies.

“" Unless the values of DDEV and FPV are used, forauiation
i €.10 does rnot grovide a means to «completly rioritize a
b listiug c¢f EDTEE pregrams. Foreulation 5.1)0 Joes separate
&' the gfrograms 1into the three fundiny classificatiorns of
}
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fully, rartially, a-nd not funded. ZJf a jriorrtizaticn i
reguirel, fully <ZIuried projrans wouiii logically Zora: tis
highest pricrity and tne not furndled ro,rans woualid forr tihs
lowest rriorit; classificaticrn set. The parctially rfuniel
frogrars weuid form the middle [riority set 3Z rojrars ard
could te furtier vrarked withinr tiis set acccriing to tueir

Iespective fundin; fprcporticn %i.

C. TLISCUSSION

TwO0 gjern=ral agjroachs =: 1 U AR .rroritizaticon
Erocess using lirear frograon.i.; Lave -e.. Tfoircsed. .
first a,jroacu demornstrated L. formalatiocao 2.1, 5.2, S.e,
5.5, and 5.6 maximized the MCDEC process values cornceraing
ROTGEI program relaticnships to mission deficiency accca-
Elishrzent. Each of these fcraulations have a:. unconstraired
case where they dvuplicate the «currently croposed ¥CLEIC
Erocess. Formulaticn 5.10 represents a secord =methcd to
approach the MCDEC frocess throuygn concentraticn cr the
guantity of deficiencies accomglisied and selectiny frc.razs
as reeded to obtain ar accomgplishuent joal. Tihese azrrcaches
ard fcrmulations illustrate the <rfeasibility and flexicilitw
ol the lipear programming pcrtriolio selection =zcicl as
applied to the MCDEC ;rocess. The results listed in Iarles I
arnl ¥I sitow that for small tudget reductions both a, ;roz2cuaes
seluct programs that ;rovide similar juantities of le¢lica
c.e5  acccoplished Lyt formulation 5.10 gprovides 1 less
c.s5tly alternative tc achieve these deficierncies.

"¢ accegt the resclts of any linear prograamihy - . I JiaCh
a .a.oi assumption gmust be accepted. Linear pro,r:.uilj
assumes that the relationships of coefficlents and variables
used in the formulaticn are linear or, at least, that linear
functicns =satisfactcrily approximate the actual relaticn-

ships. Intuitively, and as gpresented in some ¢f the
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literature, these interrelaticnships between 3IDT¢E ;rograns,
resource exyenditures, ard tereiits may not Ze lirear L1t
instead ray be scme cther functional Zorm. The lirear func-
tions, however, do provide ar eapproximation to the actual
situaticr which is urderstarndatle. The proposeld fcrmulaticas
are rcseibilities which can serve as gprogyram selecticn tocls
and nct as decision makers in and of themselvss.

Tc further 1investigate the linearity assuamptiors, ‘the
relationshirs of the several ipdividual coefficients and the
two fprcpcrtional variables shculd be discussed. The vari-
ables Xi apd Yj which represent proportiornal values can toth
e readily accerted if their respective coefficierts are
propcrticnally divisitle. 1In the proposed formulaticns, the
fudget ccnstraints wused the guantity [ (Aki) (¥i) ] tc define
the rtudget allccaticn to the ith prrogram in the Kkth time
pericd. Tke lirear assumption maiatains that a rrcgranm
funded at a propcrticnal amcunt less than one will yieild the
same [frcpcrtional Lenefit. In actual applicaticrs the
linearity assumption may not ke appropriate throughcut the
entire range of Xi from zero to one. Some programgs ray
rejuire a proportional funding lower limit greater than zero
to remain a viable FLTEE program. For this conditior tae
ith program which reguires a minimum funding level <coulld
have the respective funding fproportioan variable Xi defired
at zero and over a rarge frcm the aminimum funding prcpertion
to one. Another ccndition may reguire either full c¢r rno
funding. This conditicn could be achnieved by defining the
variakle Xi at the intejer values of zero and one crly ard
utilizing integer programaming coaputations to £ind the
optimal frogram selection.

A similar discussion as preseated for the budget coefii-
cient, Aki, can lead to acceptance of the linear assurmpticns
concerning the ccefficients FFVi, DDEVi, and F2D3dji as ttrey

are progpcrtionally reduced by the variable Xi. First, these
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coetficients must Le accepted theaselves as values cafalle

¢ retainirg their tltenefit wmeasurement properties duriny
linear ;rogramaing ccrputations. Stevens [Ref. 26) frozcsed
the I{cur measurement scales of nominal, ordinal, 1irterval,
and ratic which are helpful to Jdiscuss the profperties of
these coefficients.

Briefliy, nominal scale mecasureaents represent rurerical
identification fc¢r ap item cr event such as an autc licernse
rlate nurrer and does not have arny 1athematical prcperties
associated with it. Ordinal scale values mneasuIle ranxk
crderirg only such as the pricrity numbers of 1 tarcugh 74
given tc the ELT&E programs as a result of the ¥
process. Interval ard ratio scales maintain a comparative
worth retween values. The interval scale has an estaktlisied
interval unit and each specific value is measured bDpv ti
number of these wunits that separate it Zrom other reasuare-
ment values above or ftelow it ¢n the scale. A natural oricin
is nct always established in an interval scale even 1if a
zero value exists. The zero values on interval scales are
assigned to arbitrary points such as on the Celsius or
Fahrenheit temperature scales. Ratio scales have a natural
crigin ir addition tc the properties of the interval scales.
katio scales are capakle of [fproportionai compariscns cf tiae
numerical values such as stating a program which ccsts two
millicn dcllars is twice as expensive as a one milliorn
dollar prcgram. 7o maintain the same measureunent progperties,
ratio scales can withstand multiplicative transformaticns
only. linear transfcrmations c¢an vresult in other ratio
scales, hcwever, the new values will be measures cf a
different attribute than the first.

In iinear eguaticns, values with at least interval scale
Froperties are necessary. In 1linear programning, Lowever,
the ccefficients require the additional properties of ratio

scale measurements tc withstand the ratio comparisons of
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coefficients and right hand side values. In Charpter IV,
FPDAJji is defined as a straightforward estinate Gf the itk
Frogran's proportion of the jth deficiency accocoplishrert.
If thece estimates are accurate, the coefificient PPLAJi1 can
re acceptatle as a measurement on a ratio scale. The IDZIVi
coeZficient is a surmation cf individual propocrtional trarns-
formaticos c¢f each FFLCAJji based on the Deficiency Felative
Importance ¥%eijht for the jth deficiency (DEI%j). The DDEVi
can te accepted as a different ratio scale measureament by
accepting as valid the multi-attribute wutility aralysis
which is used tc derive the DRIWJ. The FPVi is a lirear
functicn o©Z DDEVI and a Delphi process-based Suljective
Evaluaticn Value (SEVi). DDEVi and SEVi are both adjusted by
the ccnfidence factors of the Deficiency Derivei List Weight
{DDLW) and the 1ith program's Subjective EZvaluaticn List
Feight (SE1Wi), resrpectively. Althouga not specificallv
stated cy Creed, [Ref. 25], all DDEVi ir the sample MCIEC
Cata set were adjusted by a common DDLW while each SEVi was
adjusted Lty its specific SELWi. Accepting FpVi as a
different ratio me€asurement of RDTEE program bererit
rejuires accepting (SEVi) (SELWi) added to (DDEVi) (DLLw).
Althcuga bcth FPVi and DDEVi wmight be accepted as ratio
scale measurements cof EDTSE prcecgram benefit, Ltecause of the
functional change between them, they do not measure the same
attritutes cf the ith program. The vector (SEV) (SEL%) also
does not represent the same Jualities as the vector SEV
kecause cf the evident change of SELWi according tc each
Erogram.

The MCDEC prioritization process proposed only the TPVi
to rerresent the £firal relative worth of PRDTISE progrags i
the acccaplishment of mission deficiencies. If tais value is
accertaple then formulations 5.2 and 5.4% provide exanples of
linear frogramming pcrtfolio selection models which will
maintain an optimal ;rojram selection portfolio urnder budget
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resource recductions. If the subjective evaluaticn aldition
included in the ©TPV1 definition is not acceptatle thern the
pulti-attritute aralysis of individual deficiency importarce
can Yre included by gmaximiziny Sum/i { (DDEZVi) (Xi) ] as ik
formulations 5.5 arnd E£.é6. Trhese formulations allow fprcgjraz
selecticn scluticns under budget reductiorns whick may nct LCe
cbtained through pricrity listings only. The last forriia-
tion agjrrcach, wkich does not directly represent the
currently proposed MCLEC prcecess, appears to be a favoratie
ECTEE pregraa selecticn mcdel as shown from the exarple data
set. Fcroulatior 5.10 provides identification of rrograass
requirirg reevaluaticn, deficiencies requirirg dedicated
prograwms, and a selection of programs that accomglish the
raxizum deficiency alleviation. It should be noted that iz
all the prcposed linear prcgram formulations the solutichos
are crtimal computaticns of thke benefit and ccefficiert 3ata
rrovided and can ornly be given the confiicéence inkerert it
the data themselves.
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A. FESULIS

This thesis has investigated the MCDEC Pricritization
Process. This process was produced by the Develcgament
Center, FCLEC, to establish the relative importance cf EoIE€T
Frograms prior tc¢ Marine Corps input to the BRDTEE,N ECM. An
investigaticn of tlte literature showed that the MCLEC
[rocess can be classified with similar benefit reasuremernt
models currently accepted by industry. The literature also
identified cther proprcsed and accepted RDTEE prograr selec-
tion models, classified as fortfolio selectiorn models, which
showed pcssible advantages that could enhance the fprogposed
MCDEC frocess. Several MCDEC process linear prograrming
rodel modifications were presented and showed the pcrtfolio
selecticn model advartages of maximizing the benefit func-
tion wher subjected tc resource constraints.

The feasibility c¢f representing the MCDEC process as a
linear jrogramming fcrtfolio seliection wmodel was illus-
trated. These illustrations raised the possikility that the
Final Prcgram Value assigjned in the process mijht not ke tte
test measurement of KLTEE [frograa mission deficiency acccao-
Flishrent. Another linear programminj model apprcaclk to
selecting the RDT&E progranms, represented Ly the examfle
data, was also illustratad and provided an economical alter-
native fcr maximizing deficiency accomplishment.

Currently a mathematical analysis support model is used
as a tccl in the Procurement Marine Corps PCM [process tut
rot in the develorment of the Marine Corps portica of the
RDTSE,Navy FEOM. According to the literature, irdustry
accepts the use of sukjective input with analytic tcols fcr
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KRDTSE frcgrac selecticn agplications. The MCDEZ f[prccess as

it stande or with the portfolio selection enhancererts tas a
Lase to assist as an aralytic tool <for tke darine Corgps

respcnsitkilities in the RDTEE,N PCH process.

E. FUFTEER INVESTIGATIONS

Several areas of further study and research are evident
from this investigation. The variety of program selection
rodels proposed in the literature each have advarntages arni
disadvantages which rejuire further investigation as to
their pcesitle agpplication to the #Marine Corps R2LTSE frcgraa
selecticr fprocess. The data gathering and «coapiling tech-
rigues of these additional models reyuire study as well as a
complete apralysis of the data and process results froz a
complete trial MCDEC frocess run. The most difficult furtrer
research will be to estimate the model costs and fpericrm a
cost lenefit analysis of implementing a RDTEZ prograr selec-
tion mocdel frocess.

The literature review charter presented model evaluation
criteria ard limitations suggested for industrial RED
Frogram selecticn mcdels. Further research is reguired
into the applications of these or similar criteria and limi-
taticns in the context of Marine Corps applications specifi-
cally. The extent «c¢f industrial aodel applications tc¢ the
Marine Corps will te 1limited because of the non-fprofit
crientation of defencse. However, the other portfolic selec-
tion models reviewed in the literature may provide valuatle
alternatives to the presented MCDEC linear prograaming
model.

Subjective evaluvation cf RDTEE programs was seern
accepted as a necessity in the literature and was seern
rroposed for use in the MCDEC process. The manipulaticn of
the sukjective data by the MCDEC process was discussed here
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in ccrtest ¢f measurerent scale properties. Further investi-

gation irto the subjective values and their true neasure-
ments is needed. Saaty [Ref. 24] and Lindsay [Ref. 27] have
rropcsed different methods of <combining subjective Judge-
ments into cuantities that @®maintain measurement scale frcg-
erties. Further investigaticn into these or other surjective ‘
judgement methods rpay provide more acceptaple alternatives

than the Delphi and value manipulation methods currently ;
Froposed.

Fcroulation S.4 illustrated the possible resource allo-
cation advantages from assigning a G[proportional rrecgranm
funding variable to each year in the planning horizon. TIhe
Fenefit received from the programs, however, may alsc change
cver time. Further study is necessary to investigate the
frogram terefit measurement values used in the pcrtfolio
selecticn models and how these values change over tine.
Additional varialkles and benefit coefficients necessary to
descrire each time period will increase the computer stcrage
ard ccmputational recuirements and this increase will also
need investigaticn.

The costs and tYtenefits c¢f implementing tne [frorosei
Frocess alsc reguires further study. The «current rrccess
software was develored for a Tectronix 4054 minicomguater
and is nct compatible on other systems. Resources in terams
cf manhours and money will te reguired to upgrade or repro-

gram fprocess software to ensure compatibility with mircccm-
Futer systems currently at HQMC and the Development Center. .
The frresented linear programming computations utilized a

Ketrcr, Inc. MPSIII Dataform package as run on an IEM 3033 ]
computer. Further investigation into microcomputer linear
. Erogramirc software 1is necessary and represents alditional
& costs. If large linear programing packages are required to
enhance the process additioral mainframe wusaje will adi
costs. Gathering the subjective Jdata from operaticnal and
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ron-cyeraticnal units Juring the MCDEC process survey aral-
ysis represents marpcwer ani TAD costs not currently
fejuired. The total uwmoretary benefits are possitly the

hardest to classify cr estimate. The value o valid infcrma-
tion ccncerning new defense systems and programs as they :
affect tle nmissicn accomplishment of the Marine Corgs will N
;= -~
need further research to .uantify. [
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MCDEC PRIORITIZATION PROCESS

This aprendix displays the

orjanizaticrnal structure Zor
the TLevelciment Cernter, Deputy Chief of Staff ror
Develcrmental Coordiration, Prioritizatior Worxing Groug,
and Chief ¢f Staff's Prioritization <Committee in Figures
a.1, A.2, A.3, and A.4 respectively. The remainder c¢cf the
appendix details the phases ard tasks of the “CDEC prioriti-
zaticn [frocess and lists the specific Development Center

agency respcnsible fcr completing eacn step. The purroses

for each fcllowing tasks are guoted from Creed [Ref. 253
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Fhase I: Determine deficiencies and reguirements,

Tlask 1. Preparation of Fplans

Dates: 1 January to 28 February
Agency: Plannirg and Evaluation Branch

Purpgse: To prcvide an approved basis, via guidance
and direction set forth 1n Marine Corps plans, for
subsejquent Mission Area Analyses, by updating
and/cf revisicn of Ltasic_ Marine CorpsS planning
dccuments - i.e€., MMEKCP and MLRP.

Task 2. Survey Aralyses

Dates: 1 January to 30 March
Agency: Analysis Support Branch

Furpcse: T¢ gather opinion input froa FMF a
other appropriate ccammands/agenciles regardirng ¢t
ceffectiveress «c¢f_ _ongoing plfojects in thé EF
Frogram and tc solicit new program ideas.

;D
oo a

Task 3. Mission Area Analyses
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Dates: 1 Marct to 30 April
Agency: Plarring and Evaluation Branch
Purgpcse: To provide the basis Icr justification of

K€L rrojects " via specified Marine “Corps Jdeficier-
= A
cies'reSulting from Missicn Area Analysis.

B. Fhase II: Pricritize deficiencies and reguirements,

Task 1. Mission Area Analysis Results Brieiings

pates: 1 May tc 15 May

Agency: Plannirg and Evaluation Branch

Furpcse: Tc provide the Prioritization Wcrkin
Grougp, (PRWG) with Mission Area Element (s

deficiencies-criented triefings in reparaticn for
tLe ERWG MAA prioritizations [2hase II Task 2).

Task 2. Survey Aralysis EKesults Briefings

Dates: 1 May tc 15 May
Agency: Analysis Support Brarnch
Purgpcse: Tc provide _the Prioritization Working

Group _(PEWG) with FME/major coamand and agerc]

derived ipput cbtained during Phase I, concerning
deficiencies.

Task 3. Desiyn cf the Deficiency decision tree

Dates: 15 May tc 15 July

Agency: Prioritizaticn Wworking Group (PKW3)

Purpose: To_ . analytically derive,vis rulti-

attrikute utllltg,analy51s, a consoildated. rank-
i

crdering af all ssiod Area (element) deficiencies

ar.dh an associated relative importance weight of
€ach.

C. Fhase III: Prioritize F6D proyranms,

Task 1. Program Eroject triefings
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Dates: 15 July to 15 August

Agency: Division DFC's (scheduled by DJperaticrs -
Efanca)

purrose; To rrovide preparatory inforzaticn tc thre
pricritizaticn Working Sroup and Chief of Staff's
Ccomittee fcr considefation 1n subseguent pricriti-
zaticn deliberatiorns.

Task 2. Survey Analysis Results Briefing

Dates: 15 July to 15 August
3 Agency: Arnalysis Support Branch

E Eurpose: T¢ provide pregaratory inforzaticr

derived from FMF/majcr ccmmands _or agencies tc the
{ Pricritization Working Group and Chiéi of Staff's
Ccmpittee for considefation in subsegquent prioriti-
zation deliberations.

Task 3. Subjective Prioritization of £E&D rregrax

L

Froiects

ety

Py

Dates: 15 August to 1 October
Agency: Analysis Supfport Branch

J 1

1

Purpcse:  To cbtain a subjective prioritizaticn of
RED Projects with associated welghted values of
cach reflecting relative worth.

MRS -~ A

]
(4]
[®)

Task 4. Deficiency-Derived Prioritizatiocn cf

Erc-ects

TR

Dates: 15 Augtst to 1 Cctober

Agency: Prioritizaticn Working Group (PR#G)

A O

rurpose: To cktain a prioritization of RED rrogram
prcjects ranked and weighted according  to hat
EIOJGCt'S carability to overcoge MiSsion Area

lement deficierncies. |

PRl ASE s S Au da

Task £. Final ?Pricritization of R&D projects

Dates: 1 Cctoler to 15 Cctober
Agency: Prioritizaticn Working Group (PRWG)
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Purgcse: To cbtain a final prioritizatiorn cf &SLC
program projects frcin the subjective-derived list
and "cdeficCiehcy-derived list coambdined.

Task 6. Director Develcjiment Center, Decision Brief for
Action

Dates: 15 Octcker to 31 October
Agency: As Directed

Purpose: To  rresent _the recommended RED progranm
[roject priority for decision.

C. Ehase 1IV: Complete MCLEC R & D programs list in H{MC
EOM.

Task 1. Application of funding profilies

Dates: 1 Novemker to 31 December
Agency: Orerations Branch
Purpcse: To determine recommended fundirnj prcfiles

tc reflect the desired prioritization of R®REL
Frogram Projects.
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