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.... useful product in the near term. This problem concerned the provision of an ade
quate support architecture in the Persian Gulf/Indian Ocean area for the deploy-
ment of the RDJTF. DDI constructed a hierarchical resource allocation model to
demonstrate the feasibility of optimizing the support architecture for deploy-
ment forces of different sizes, by making trade-offs within and between base

structure, prepositioned materiel, and airlift/sealift assets. To avoid clas-
sification problems, hypothetical values were assigned to the parameters of the
model. However, the base structure sub-model was built in close consultation
with members of RDJTF staff, and actual costs and effectiveness estimates were
produced. These costs and the effectiveness estimates will greatly facilitate
prioritization of support for military construction programs, permit rapid ex-
ploration of the usefulness of new proposed base options, and add to under-
standing whether and how decision-analytic techniques can be transferred to mil-
itary operational staffs.

The tasks performed on this project so far indicate that the models and tech-
niques developed by DDI are potentially very useful to the RDJTF. Analysis of
the models, especially the base structure model, has raised several provocative
issues of policy and priority. An account of these will be provided in the
classified annex to the final report.
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SUMMARY

Task Objectives

The primary task of this project was to demonstrate the

application of advanced decision-analytic technology to the
problems of an operational military staff, in this case the

Rapid Deployment Joint Task Force (RDJTF) staff. The RDJTF
was chosen because of the dynamic nature of the mission and

related requirements. A secondary task was to determine the
usefulness of advanced decision-analytic products to the RDJTF

staff, and to transfer, if possible, a decision-analytic

capability for a specific problem to them.

Technical Problem

The technical problem selected was that of resource
allocation in support of RDJTF deployment in a contingency

operation in the Persian Gulf/Indian Ocean area. Support

depends primarily on a mix of bases, prepositioned materiel,
and airlift/sealift assets. The RDJTF itself has varying

degrees of influence over these resources, from virtually
direct control, as in the case of the near-term prepositioned

ships (NTPS), to circumstances in which it has strong interest

but no real control, as in the case of USAF airlift force

improvement programs. An appropriate resource allocation
model will permit the RDJTF to determine its own priorities

for segments of the support architecture, and to formulate
appropriate strategies for using whatever influence or control

it has to bring about an optimal outcome. An important

example of this is the base structure, where there are redun-
dancies but also unique strategic, tactical and
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political aspects associated with different bases. Distrib-

uting scarce military construction (milcon) resources among

these base locations in an optimal manner is an enormously

complex problem. The model of the base structure produced by

Decisions and Designs, Inc. (DDI) and provided to the RDJTF is

a useful tool to build priority lists, explore potential

changes or assess the effect of budget cuts.

General Methodology

The methodology used by DDI to explore the RDJTF support

architecture problem is essentially cost/benefit analysis.

However, the general model used, called DESIGN, embodies

advanced decision-analytic techniques. A complete description

of the general model is found in Appendix A.

Technical Results

Cost/benefit models were constructed representing each of

the three main components of the support architecture: base

structure, prepositioned equipment, and airlift/sealift. A

hierarchical "super" DESIGN model was then constructed, per-

mitting trade-offs to be made between items in the three

categories as well as within the categories themselves. While

the cost and benefit values for the prepositioned equipment

and airlift/sealift models are assumed numbers used to demon-

strate the methodology only, the base structure parameters

were derived by using actual Department of Defense (DoD)

program and budget cost data effectiveness estimates obtained

from knowledgeable RDJTF staff members. Thus, the base struc-
ture model is immediately useful in determining which milcon

projects to emphasize, estimating the effects of political
changes at home and abroad, assessing the effects of
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political changes at home and abroad, assessing the

desirability of opening up new base locations, and the like.

(For the purposes of this report the base structure data have

been altered to permit publication in an unclassified form. A

classified annex will be provided with the final report giving

the actual data.)

Findings and Conclusions

The work so far indicates that the models and techniques

developed by DDI are potentially very useful to the RDJTF.

Analysis of the models, especially the base structure model,

has raised several provocative issues o± policy and priority.

An account of these will be provided in the classified annex

to the final report.

Implications for Further Research

There are at least four areas in which further explora-

tory work would appear useful:

o Derivation of real world cost and benefit data for

the prepositioned equipment and airlift/sealift

models.

o Exploration of alternative base locations and milcon

options beyond those contained in the DoD program.

o Assessment of the political dimensions of the base

structure model by knowledgeable people outside

DJTF staff (i.e., State or NSC personnel).
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o Tracking and assessing RDJTF staff use of the models

in exploring alternatives and adapting to real world

changes.
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APPLICATION OF ADVANCED DECISION-

ANALYTIC TECHNOLOGY TO

RAPID DEPLOYMENT JOINT TASK FORCE PROBLEMS

1.0 INTRODUCTION

Under DARPA Order No. 4090 Decisions and Designs, Inc.

(DDI) conducted an investigation of the possible application

of advanced decision-analytic techniques to problems of inter-

est to the Rapid Deployment Joint Task Force (RDJTF). The

RDJTF was chosen because of the dynamic nature of the mission

and related requirements. A secondary task was to determine

the usefulness of advanced decision-analytic products to the

RDJTF staff, and to transfer, if possible, a decision-analytic

capability for a specific problem to them.

As the result of discussions with RDJTF personnel, DDI

selected a problem that seemed most promising in terms of

applying advanced techniques and of providing the RDJTF with a

useful product in the near term. This problem concerns the

provision of an adequate support architecture in the Persian

Gulf/Indian Ocean area for the deployment of the RDJTF. DDI

constructed a hierarchical resource allocation model to demon-
strate the feasibility of optimizing the support architecture

for deployment forces of different sizes, by making trade-offs

within and between base structure, prepositioned materiel, and

airlift/sealift assets. To avoid classification problems,

hypothetical values were assigned to the parameters of the

model. However, the base structure sub-model was built in

close consultation with members of RDJTF staff, and actual

costs and effectiveness estimates were produced.
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This information (i.e., the actual costs and the effec-

tiveness estimates) will be used to brief the Commander,

RDJTF; software usable in IBM 5100 series mini-computers will

be provided to RDJTF staff. This will greatly facilitate

prioritization of support for military construction programs,

permit rapid exploration of the usefulness of new proposed

base options, and add to our understanding of whether and how

decision-analytic techniques can be transferred to military

operational staffs.

Section 2.0 summarizes the technical aspects of the RDJTF

project--the problem, the methodology, and the results. More

detailed information on the actual analytical process is

presented in Sections 3.0 (Model Structure), 4.0 (Model

Inputs), and 5.0 (Model Outputs). Finally, Section 6.0 dis-

cusses the findings and the implications for further research

on this and related RDJTF problems.
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2.0 TECHNICAL APPROACH

2.1 Problem

The primary task of this project was to demonstrate the

application of advanced decision-analytic technology to the

problems of an operational military staff, in this case the

RDJTF staff. The technical problem selected was that of

resource allocation in support of RDJTF deployment in a con-

tingency operation in the Persian Gulf/Indian Ocean area.

Support depends primarily on a mix of bases, propositioned

materiel, and airlift/sealift assets. The RDJTF itself has

varying degrees of influence over these resources, from vir-

tually direct control, as in the case of the near-term prepo-

sitioned ships (NTPS), to circumstances in which it has strong

interest but no real control, as in the case of airlift force

improvement programs of the United States Air Force (USAF).

An appropriate resource allocation model will permit the RDJTF

to determine its own priorities for segments of the support

architecture, and to formulate appropriate strategies for

using what influence or control it has to bring about an

optimal outcome. An important example of this is the base

structure, where there are redundancies but also unique stra-

tegic, tactical, and political aspects associated with dif-

ferent bases. Distributing scarce military construction

(milcon) resources among these base locations in an optimal

manner is an enormously complex problem. The model of the

base structure produced by DDI and provided to the RDJT' is a

useful tool to build priority lists, explore potential

changes, or assess the effect of budget cuts.
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2.2 General Methodology

The methodology used by DDI to explore the RDJTF support

architecture problem is essentially cost/benefit analysis.

However, the general model used, called DESIGN, embodies
advanced decision-analytic techniques. (A complete descrip-

tion of the general model is found in Appendix A).

2.3 Technical Results

Cost/benefit models were constructed representing each of

the three main components of the support architecture: base

structure, prepositioned equipment, and airlift/sealift. A

hierarchical "super" DESIGN model was then constructed, per-

mittiny trade-ofts to be made between items in the three

categories as well as within the categories themselves. While

the cost and benefit values for the prepositioned equipment

ana airlift/sealift models are assumed numbers used to demon-

strate the methodology only, the base structure parameters

were derived by using actual Department of Defense (DOD)

program and budget cost data and effectiveness estimates

obtained from knowledgeable RDJTF staff members. Thus, the

base structure model is immediately useful in determining

which milcon pro3ects to emphasize, estimating the effects of

political changes at home and abroad, assessing the desir-
ability of opening up new base locations, and the like. (For

the purposes of this report the base structure data have been

altered to permit publication in an unclassified form. A

classified annex will be provided with the final report giving

the actual data.)
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3.0 MODEL STRUCTURE

3.1 Base Structure

In the base structure model the variables are base loca-

tions, and the levels are increasing increments of military

construction, resulting in more and more capable bases. The

milcon packages were selected from projects programmed for

start in the next five fiscal years, but the groupings were

selected on the basis of function rather then fiscal year of

start or funding. Figure 3-1 shows the resultant structure.

3.2 Prepositionea Materiel

In this model the variables selected were classes of

materiel to be prepositionea. The levels consist of amounts

requirea to equip forces or increasing size, or amounts con-

sumed by a division-sized force for increasing periods of

time. Figure 3-2 shows the model structure.

3.3 Airlift/Sealift

The variables for this model are airlift and sealift, and

the levels consist of incremental improvements to the base

forces specifically assigned to increasing the responsiveness

of those forces to RDJTF requirements. Figure 3-3 illustrates

the structure of this model.

3.4 Support Architecture

The structure of the support architecture "super" DESIGN

models aiffers from those described previously in that the
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PILPO THURSDAY 5/28/1981 14:20

-A I - - - - --- -_ - -6

1 EQUIP INONE 13BDE I MAF+ (iMAF +I I MAF + 2 11 MAF + 4
II I ARMY DIV IDIV (DIV
I ------ I ----------- I------------- .. I....

2 AMMO INONE 10 DAYS 130 DAYS 160 DAYS 190 DAYS 1180 DAYS
II I I I I
I ---------- I ----------. .I ----------- I----------

3 SF'AES INONE (50SM + IlOOSM + ISM + 5OLG ISM + 75LG ISM + LG
I I0LG 125LG I I
I --------- I ---------..------------- --------. ......

4 CONSUMAELES INONE (10 DAYS (30 DAYS (60 DAYS 190 DAYS 1180 DAYS
III I I II&

I ---------- I----------I---------------------I........ I ..........------- I
5 FOL INONE 15 DAYS 15 DAYS (30 DAYS 145 DAYS 190 DAYS

I I I I
I -------- ----- I --- -- I----I---- I ..

6 WA1Ff: (NONE 15 DAYS 10 DAYS 15 DA)S 120 DAYS (30 DAYS
I II I II

- I- - ----------.---------- -..----------

MODEL STRUCTIJRE

Fiqcre 3-2

L7



LIFT THMFSDAY 5/26/196 14.20

-- -- -- -- I~L -- - -- - 2..-----------3. -- - -- - .. ,_5 7
i AIR-LIFT I NOWF IRECONrIG 14 CRAF 1+ 25 1+ iIIy 10 114UY 10 1+ 151 1

I CkAF PRGRAHIODS iKCIODS ILO MIX CX' IHIGH MIX rlKUiOX I

2 SEA-LIFT I NONE 11411Y I IfLlY 4 IIlquy s ICONVERT 4 IUI(NVF'RT k 1+ IkF
I IRORO'S ISL7'S ISL7'S, 1 1 iSL7'S Ik.7'S 1ENHANCEMr-Ni
I.----------- II-

MODEL STRIJCT(IRC



variables are the three sub-models (base structure, preposi-

tioned equipment, and lift). The levels are actually selected

by the model software to provide relatively evenly spaced
packages along the efficient curve (see Appendix A). Figures

3-4 through 3-10 show the levels selected, and Figure 3-11
summarizes their costs and assessed benefits. This last
figure is analogous to the structure figures of the sub-

models.
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SUPPORT ARCHITECTURE THURSDAY 5/28/1991 15 25

SUBMODEL i FRE-POS

SUSMODEL I FRE-FOS LEVEL i
VARIABLE BENEFIT COST SUBLEVEL

I EQUIP 0 0 NONE (i OF 6)
2 AMMO 0 0 NONE (1 OF 6)
3 SPARES 0 0 NONE (i OF 6)
4 CONSUMABLES 0 0 NONE (I OF 6)
5 POL 0 0 NONE (i OF 6)
6 WATER 0 0 NONE (I OF 6)

0 0

SUBMODEL I PRE-POS LEVEL 2
VARIAbLE BENEFIT COST SUBLEVEL

i EQUIP 0 0 NONE (i OF 6)2 AMMO 99 55 10 DAYS (2 OF 6)
3 SPARES 0 0 NONE (i OF 6)
4 CONSUMAbLES 85 50 30 DAYS (3 OF 6)
5 FOL 0 0 NONE (I OF 6)6 WATER 23 16 5 DAYS (2 OF 6)

20B 121

SUDMODEL I PRE-POS LEVEL 3
VARIADLE BENEFIT COST SUbLEVEL

I EQUIP 0 0 NONE (i OF 6)
2 AMMO 196 166 30 DAYS (3 OF 6)3 SPARES 0 0 NONE (i OF 6)
4 CONSUMABLES 85 50 30 DAYS (3 OF 6)
5 POL 54 55 5 DAYS (2 OF 6)6 WATER 66 67 20 DAYS (5 OF 6)

400 338

SUPMODEL I PRE-POS LEVEL 4
VARIABLE BENEFIT COST SUPLEVEL

I EQUIP 241 600 3BDE (2 OF 6)
2 AMMO 196 166 30 DAYS (3 OF 6)3 SF'ARES 0 0 NONE (f OF 6)
4 CONSUMABLES 85 50 30 DAYS (3 OF 6)
5 FOL 120 167 15 DAYS (3 OF 6)
6 WAILF 66 67 20 DAYS (5 OF 6)

707 i05i0

Figure 3-4
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SUVPORt ARCHI1ECTUkE THURSDAY 5/26/1981 15 2;

SUEAODE.L i PRE-FO$ LEVEL 5
VAkIAPLE BENEFIT COST SUIILEVL

I EIUIF 292 1000 t iAF* (3 OF 6)

Z AMMO 196 166 30 DAYS (3 OF 6)

3 SF-AkES 26 70 50SM * IOLC (2 OF 6)

4 CONSUMABLES 85 50 30 DAYS (3 OF 6)

5 FOL 164 333 30 D.')S (4 OF 6)

6 WATER 73 1(0 30 DAYS (6 OF 6)

835 1719

SUPMODEL i FRE-POS LEVEL 6
VARIAPLE BENEFIT COST SUKLJ.V.L

I EQUIP 292 i000 i MF+ (3 ,F 6)
2 AMMO 228 500 90 I),.YS (5 OF 61
3 SFARES 33 1o0 I00SM + 25LG (3 Or A)

4 CONSUMAPLES 93 150 90 DAYS (5 OF 6)

5 FOL 197 1000 90 DAYS (6 (F 6)

6 WATEFr 73 10:, 30 DAYS (6 OF 6)

916 2910

SUbMODEL I [RE-FOS LEVEL 7

VAkIA, 4LE BENEFIT COST SUDIL.EVEL

EQUIF 314 2000 IMIAF + I ARMY DIV (4 OF 6)

n 220 500 90 DAYS () OF 6)

3 L' 0E~LS 33 160 J0,)STh 4 25LG (3 01 6)

4 CONSUMAPLLS 93 1 0 90 DYS (5 or 6)

5 FOL 197 1000 90 DI"S (6 OF 6,

6 WATER 73 100 30 DAYS (6 OF 6)

938 3910

SUBIMODEL f F'E-F'OS LEVEL. 8
VARIAPLE 14ENEFI1 COST SUItLEVEL

I EQUIP 365 5000 J MAF + 4 DIV (6 or 6)

2 AMMO 228 500 90 DAYS (5 OF 6)

3 SFARES 33 160 OOSM + 25LG (3 OF 6)

4 CONSUMAPLES 93 150 90 DAYS (5 OF 6)

5 FOL 197 1000 90 DAYS (6 OF 6)

6 WATER 73 100 30 DAYS (6 OF 6)

989 6910

SUpMODEL I F'RE-FOS LEVEL 9
VARIAk'.L DENEFII LOST SUIALLVIL

i EQUIF 365 5000 1 NAF 4 4 DIV (6 f 6)

2 Ammu 234 1000 180 DAYS (6 OF 6)

3 SFARLS 36 500 SM + LG (6 U1" 6)

4 CUNSUMALES 95 300 180 DAYS (6 OF 6)

5 FOL 197 1000 90 DAYS (6 OF A)

6 WATER 73 100 30 DAYS (6 OF 6)

1000 7900

Figure 3-5
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SUPPORT ARCHITECTI'RE THURSDAI 5/28/1981 15:25

SUBMODEL 2: LIFT

SUBMODEL 2 LIFT LEVEL I
VARIABLE BENEFIT COST SUPLEVEL

I AIR-LIFT 0 0 NONE (i OF 7)
2 SEA-LIFT 0 0 NONE (I OF 7)

0 0

SUBMODEL 2 LIFT LEVEL 2
VARIABLE BENEFIT COSI SU1LEVEL

i AIR-LIFT 69 50 RECONFIG CRAF PRGRAM (2 OF 7)
2 SEA-LIFT 69 50 BUY 2 RORO'S (2 OF 7)

137 100

SUBMODEL 2 LIFT LEVEL 3
VARIABLE BENEFIT COST SUIILEVEL

I AIR-LIFT 337 300 + CRAF MODS (3 OF 7)
2 SEA-LIFT 69 50 BUY 2 RORD'S (2 OF 7)

406 350

SUbMUDEL 2 LIFT LEVEL 4
VAf:IABLE PENEF IT COSI SUILEVFL

i AIR-LIFT 625 16O. 4 25 KCIO'S (4 OF 7)
2 SLA--LIrT L9 50 BUY 2 RONO'S (2 OF 7)

694 1650

SUPMODEL 2 LIFT LEVEL 3
VARIAbLE BENEFIT COST SUBLEVEL

i AIR-LIFT 625 1600 + 25 KCIO'S (4 OF 7)
2 SEA-LIFT 166 900 BUY 8 $L7'$, i LASH (4 OF 7)

791 2500

SUMODEL 2 LIFT LEVEL 6
VF IA LE BENEFIT COST SUPLEVEL

i AIR-LIFT 669 2100 + BUY 10 LO MIX CX'S (5 OF 7)
2 SEA-LIFT 166 700 BUY 0 SL7'S, I LASH (4 OF 7)

834 3000

SUI'MJDEL 2 LIFT LEVEL 7
VWr.:IALE BENE 11 Cosi SLIIL.EVEL

I AIF-LIFT 669 2100 4 BUY 10 LO MIX CX'S (5 OF 7)
2 SEA-LIFT 245 210u CONVERT 8 SL7'S (6 OF 7)

914 4200

Figure 3-6
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SUPPORT ARCHITECTURE THURSDAY 5/28/198f 15.25

SUBMODEL 2 LIFT LEVEL 8
VARIABLE BENEFIT COST SUPLEVELI AIR-LIFT 750 3400 + 15 KCIOS (7 OF 72 SEA-LIFT 250 2200 + RF ENHANCEMENT (7 OF 7)

1000 5600

Fiit'e 3-7

13



SUFFORT ARCHITECTURE THURSDAY 5/28/1981 15.25

SUBMODEL 3 FAG III

SUBMODEL 3 FAC III LEVEL I
VARIAiLE BENEFIT COST SUPLE -Li MASIRAH /OM 0 23.6 SQ + m/C SHELTR/CAMP (i OF 9)

2 SEEP/OM 0 .0 S (i OF 5)3 THUhRAIT/OM 0 .0 SQ (I OF 5)4 MUSANDAM/OM 8 .0 SQ (1 OF 2)5 MOMDASA/K 0 .0 SQ (i OF 6)6 MALINDI/K 3 .0 SQ (i OF 3)7 DERDERA/S 0 .0 SQ (1 OF 5)8 MOGADISCIOiS 0 .0 SQ (i OF 3)
9 DIEGO GARCIA 0 .0 SQ (I OF 9)10 LAJES 0 .0 SQ (I OF 6)1i RAS PANAS,'E - ARMY 0 .0 SiATU.7 QUO (i OF 6)12 RAS bANAS/E -USAF 0 .0 S1ATUS QUO (i OF 5)

13 CAIRO EASI/E 0 .0 STATUS QUO (i OF 2)
11 23.6

SUBMODEL 3 FAG III LEVEL 2
VAFIAI,.E BENEFIT COST SULE VELI MASIRAH /O 0 23.6 SQ 4 A/C SHELTR/CAMP (i OF 9)2 SEE /OM 70 8.0 EXFAND APRON (2 OF 5)3 IHJMRAIT/Ori 0 .0 SQ (1 OF 5)

4 MUSANDAh/Om E .0 SQ (i OF 2)5 MOMPASA/K 20 2.6 AIRFIELD IMrS (2 OF A)
6 MALINDI/K 3 .0 so (i OF 3)7 DEPPERA/S 73 7.2 UTILITIES UPGRADE (3 OF 5)
8 MOGADISCIO/S 12 .6 PREFAP WAREHOUSE (3 OF 3)
9 DIEGO GARCIA 0 .0 SQ (i OF 9)10 LAJES 0 .0 SQ (i OF 6)11 RAS ANAWS/E - ARMY 0 .0 STATUS QUO (1 OF 6)12 RAS E'ANAS/E -USAF 0 .0 STATUS QUO (1 OF 5)

13 CAIRU EASI/E 19 5.5 FOL STORAGE (2 OF 2)
205 48.3

SU!MODEL A F A: III LEVEL 3
VAr'IAE4LE QENEFIT COST SUILEVI L

i MASIFiH /[)M 32 37.5 AIRFIELD IMFRVgITS (2 OF 9)
2 SULEI/U(i 00 17.4 POL/H20 IMFPROVEMENTS (3 OF 5)
3 TIUrIf:IT/Ofi 0 .0 SQ (I OF 5)
4 MUSAINDAM/OM 8 .0 SQ (i OF 2)
5 MOMIASA/K 20 2.6 AIRFIELD IMPS (2 OF 6)6 Mr, I .INI)I/K 3 .0 SQ I OF 3)7 PER!EFRA/S 73 7.2 UTILITIES UPGRADE (5 OF i)8 M,,,aISIo/Us 12 .6 F"F:rFAP WAf, LHOUSF (3 (IF 3)9 DIEGO GAI'CIA 156 84.6 AIRFIELD IMF'S+DRI/II (2 OF 9)

10 LAJES 0 .0 SO2 (I OF 6)11 RAS UNS/ll - ARMY 0 .0 STATUS QuO (i OF 6)
1"2 RAS 'AtJAS/E -USAF- , .0 STAIUS Q.10 (i OF 5)13 CAIRO EAST/E 19 5.5 POL STORAGE (2 OF 2)

410155.4

Figure 3-8
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SUPPORT ARCHITECTURE THURSDAY 5/28/1981 15:26

SUIMODEL 3 FAC III LEVEL. 4
VARIABLE BENEFIT COST SU.LEVEL

I MASIRAH /Oh 32 38 AIRFIELD IMFROVMTS (2 OF 9)
2 SEEK/OM 88 17 FOL/H20 IMPROVEMENTS (3 OF 5)
3 THUMRAIT/OM 0 0 SQ (i OF 5)
4 MUSANDAM/OM 8 0 SQ (i OF 2)
5 MOMASA/K 58 26 COMM/NAV AIDS (6 OF 6)
6 NALI rI,/K 3 0 SQ (I OF 3)
7 PERERA/S 73 7 UTILITIES UPGRADE (5 OF 5)
8 MOGADISCIO/S 12 1 PREFAB WAREHOUSE (3 OF 3)
9 DIEGO GARCIA 156 85 AIRFIELD IMPS+DRI/JI (2 OF 9)

10 LAJES 85 54 UP FOL STORAGE (2 OF 6)
ii RAS PANAS/E - ARMY 0 0 STATUS QUO (i OF 6)
12 RAS BANAS/E -USAF 0 0 STATUS QUO (i OF 5)
13 CAIRO EAST/E 1' 6 POL STORAGE (2 OF 2)

533 233

SUBMODEL 3 FAC III LEV-L S
VARIABLE BENEFIT COST SUBLEVEL

i MASIRAH /OM 41 45.7 UTILITY IMPROVMTS (3 OF 9)
2 SL hl)iit 104 29.2 6P' WAREHOLSE (5 OF 5)
3 THUMRAIT/OM 29 31.8 GENERAL STORAGE (5 OF 5)
4 MUSANDAM/OM 8 .0 SQ (i OF 2)
5 MOMPASA/K 58 26.1 COMM/NAV AIDS (6 OF 6)
6 MALIiLI/K 3 .0 SGI (i OF 3)
7 PERBERA/S 73 7.2 UTILITIES UPGRADE (5 OF 5)
8 MOGADISCIO/S 12 .6 PREFAD WAREHOUSE (3 OF 3)
9 DIEGO GARCIA 156 84.6 AIRFIELD IMPS+DRI/II (2 OF 9)

10 LAJLS 154100.8 BASE UPGRADE (4 OF 6)
ii RAS BANAS/E - ARMY 0 .0 STAIUS QIJO (i OF 6)
12 RAS BANAS/E -USAF 0 .0 STATUS QUO (i OF 5)
13 CAIRO EAST/E 19 5.5 POL STORAGE (2 OF 2)

657331 .5

SUBMODLL 3 FAC III LEVEL 6
VARIADLE BENEFIT COST SUPLEVEL

I MASI0H /OM 4 45.7 UTILITY IMPROVMTS (3 OF 9)
2 SIE{I/Ot 104 29.2 GP WAREHOUSE (5 OF 5)
3 THUhFAIT/OM 29 31.B GENERAL STORAGE (5 OF 5)
4 MUSANDAM/OM 8 .0 Sp (I OF 2)
5 M(jMPASA/K 50 26.1 COMM/NAV AIDS (6 OF 6)
6 MALI) D/K 3 .0 so (i OF 3)
7 BLRi'kr,/S 73 7.2 UTILITIES UPGRADE (5 oF s)
8 M06ADISCI,/S 12 .6 P'REFAP WAREHOUSE (3 OF 3)
9 DIEGO GARCIA 282223.6 UTILITY UPGRADE (6 OF 9)

10 LA, :2 154100.0 PASE UPGRADE (4 O'F 6)
11 RAS BAAS/E - ARMY 0 .0 STATUS QIO (I OF 6)
1' -AS VAIAS/E -USAF 0 .0 STATUS o1n (I OF 5)
13 CAIRO EAST/. 19 5.5 POL STORAGE (2 OF 2)

783470.5

Figure 3-9
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SUPPORT ARCHITECTURE THURSDAY 5/2e/1981 15:26

SUPMODEL 3 FAC III LEVEL 7
VARIABLE BENEFIT COST SUELEVEL

I MASIFRAl /OM 41 45.7 UTILITY IMFROVMTS (3 OF 9)
2 SEP/OM 104 29.2 GP WAREHOUSE (5 OF 5)
3 HUMRAIT/OM 29 31.8 GENERAL STORAGE (5 OF 5)
4 MUSANDAM/OM B .0 SQ (1 OF 2)
5 MOM0ASA/K 58 26.1 COMM/NAV AIDS (6 OF 6)
6 MALINDI/K 3 .0 SQ (i OF 3)
7 BEFLDERA/5 73 7.2 U1ILITIES UFGRADF (5 OF 5)
8 MOGADISCIO/S 12 .6 PREFAB WAREHOUSE (3 OF 3)
9 DIEGO GARCIA 307253.3 SlORAGE/SERVICES (8 OF 9)

10 LAJES 160109.6 UTILITIES IJFGRADFE (5 OF 6)
il RAS BANAS/E - ARMY 16 24.6 1 PIA ARMY STAGING (2 OF 6)

12 RAS PANAS/E -USAF 53 81.i AIRFIELD IMPROVE II (3 OF 5)
13 CAIRO EAST/C 19 5.5 FOL STORAGE (2 OF 2)

883614.7

SUMONJEi 3 FAC III LEVEL IJ
VARIAPLE BENEFIT COST SUFLEVEL

I MASIRAN /OM 41 45.7 UTILITY IMFROVMTS (3 OF 9)
2 SEEI(/OM0 104 29.2 Gf WAR HOLISE (5 OF 5)
3 THUMFAIT/OM 29 31.8 GENERAL STORAGE (5 OF 5)
4 MU1".'ANDAM/OM 8 .0 SO (i OF 2)
5 Milhi.A/K 50 26.1 COMM/NAV AIDS (6 OF 6)
6 MAI 1(4I)D/K 3 .0 5Q (i 01 3)
7 BF fF, A/S 73 7.2 UTILITIES UPGRADE (5 (11 5)
8 MOGADISCIO/S i1 .6 FREFAI WAREHOUSE (3 OF 3)
9 DIEGO GARCIA 307253.3 STORAC,E/SERVICES (0 OF 9)

10 LAJES 160109.6 UTILITIES UFGRADF (5 OF 6)
11 RAS BANAS/E - ARMY 5310.1 I BASE SUFFORT (5 OF A)
12 RAS 1ANASIE -USAF BBI78.0 AFRRN (5 OF 5)
13 CAIRO EASr/E 19 5.5 POL STORAGE (2 OF 2)

956794.1

SUPMODEL 3 FAC III LEVEL 9
VARIAILE PENEFS I COfl SUfIEFVF.i

1 MASIrC:,II /OM 63109.4 SECONDARY RUNWAY (9 O)F 9)
2 [ 1I/iM 104 29.2 (,F' WAREHOUSE (5 OF 5)
3 HURr, r/(h 29 31.S GENERAL STORAGE (5 (IF 5)
4 MUSANI¢M/OM 8 .0 SQ (i OF 2)
5 MOMI,,A/K 50 26.1 COMM/NAV AIDS (6 OF 6)
6 MALJNII/K 3 .0 SO (i OF 3)
7 8ER 0.RA/S 73 7.2 Urnl IrIES UPGRADE (5 OF 5)
8 MiGADIS{I:/S 12 .6 FREF AD WAREHOUSE (3 OF 3)
9 DIFGO GARCIA 313274.1 SIJFI'URi FAF. UPGRADE (9 OF 9)

10 LA.ILS 163126.2 I1(001 SERVICES (6 OF 6)
ii FAS BANAS/E - ARMY 66152.4 DIVISION STAGING 85 (6 OF 6)
12 Ff5 R AShS/C -USAF 801 78.0 AFRi.ON (5 OF 5)
13 CAIRO EAST/E 19 5.5 FOL STORAGE (2 OF 2)

1000940.5

Figure 3-10
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SUFORT ARCHITECTURE THURSDAY 5/28/1981 15 26

ASSESSED VALUES

LEVEL
VAkIA1,LE 1 2 3 4 5 6 7 8 9 WT

I PRE-FOS 0 21 40 71 84 92 94 99 I00 100
0 121 338 1050 1719 2910 3910 6910 7900

2 LIFT 0 14 41 69 79 83 91 100 50
0 100 350 1650 2500 3000 4200 5600

3 FAC III 1 20 41 53 66 70 8 96 100 70
24 48 M55 233 331 470 615 794 940

Fiqure 3-11

I.
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4.0 MODEL INPUTS

4.1 Base Structure

Figures 4-1 through 4-4 show the inputs to the base

structure model in terms of costs ($ million) and relative

benefits. They also show the relative importance of each

criterion ("across criteria weights") and the relative impor-

tance or making the full range of change in each variable

within the various criteria. For example, the "within crite-

rion" weight for variable 1, Masirah, under the "EFF" (mili-

tary effectiveness) criterion is 21. The same weight for

variable 9, Diego Garcia is 100. This indicates that building

all the nine levels of milcon at Diego Garcia contributes

about five times as much to the effectiveness of the RDJTF as

building the entire nine-level package at Masirah. The

columns headed "Host," "Israel," and "Domest" indicate the

relative political effect on making the change as it affects

the RDJTF. Here 100 represents maximum relative satisfaction

and 0 represents minimum relative satisfaction.

4.2 Prepositioned Materiel

Costs, benefits and importance weights are assigned to

prepositioned materiel as indicated in Figures 4-5 and 4-6.

Note that benefits are assessed against "small" and "large"

conflicts. These are totalled in proportion to their "across

criteria" weights. This mechanism allows various hedging

strategies to be built into the model. In this example the

weights are 100 tor a "small" conflict and 25 for a "large"

conflict, indicating that the likelihood and importance of

18



FAC III THURSDAY 5/28/1981 15 09

ASSESSED VALUES

VARIABLE i MASIRAH /OM
COST EFF HOSTISRAELDOMEST TOTAL

i SQ + A/C SHELTR/CAMF 23.6 0 0 100 100 0
2 AIRFIELD IMF'ROVMTS 37.5 30 60 80 80 50
3 UTILITY IMPROVMTS 45.7 40 90 60 60 64
4 FOL STORAGE 57.0 50 100 40 40 69
5 8ASE SUPPORT 74.0 65 100 20 20 74
6 AIRFIELD SUPPORT 82.5 75 100 0 0 74
7 TROOP SUPPORT 86.7 85 100 0 0 85
9 MAIN RUNWAY 101.2 95 100 0 0 95
9 SECONDARY RUNWAY 109.4 100 100 0 0 100

WIIHIN CFRITERION WEIGHTS 21 100 55 50
ACROSS CRITERIA WEIGHTS 100 10 10 10

VARIABLE 2. SEEB/OM
COST EFF HOSTISRAELDOMEST TOTAL

I SQ .0 0 20 100 100 0
.2 EXPAND AF'KON 8.8 60 80 80 80 66
3 POL/H20 IMPROVEMENTS 17.4 75 i00 70 70 85
4 MUNITIONS HANDLING 25.3 95 0 0 0 95
5 OP WAREHOUSE 29.2 100 0 0 0 100

WITHIN CRITERION WEIGHTS 36 25 10 10
ACROSS CRITERIA WEIGHTS 100 10 10 10

VARIABLE 3: THUMRAIT/OM
COST EFF HOSTISRAELDOMEST TOTAL

i S1 .0 0 100 100 100 0
2 POL/H20 IMPROVEMENTS 12.8 50 0 0 0 26
3 MUNITIONS STORAGE 20.5 75 0 0 0 63
4 BASE SUPPORT 27.9 90 0 0 0 85
5 GENERAL STORAGE 31.8 100 0 0 0 100

WITHIN CRITERION WEIGHTS 14 25 10 10
ACROSS CRITERIA WEIGHTS 100 10 10 10

VARIABLE 4: MUSANDAM/OM
COST EFF HOSTISRAELDOMEST TOTAL

i 5Q .0 0 100 100 100 100
2 AIRFIELD IMPVTS 2.4 100 0 0 0 0

WITHIN CRITERION WEIGHTS 1 20 7 10
ACROSS CRITERIA WEIGHTS i00 i0 10 10

Figure 4-1
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FAC III THURSDAY 5/28/1981 ?5 09

VARIABLE 5: MOMIBASA/K
COST EFF HOST ISRAELDOMEST TOTAL

SQ .0 0 100 0 100 0

2 AIRFIELD IMPS 2.6 35 50 i00 50 34

3 BASE SUPPORT 4.4 45 0 1o0 0 39

4 DREDGE PORT 22.3 90 0 1o0 0 89

5 UTILITIES UPGRADE 24.6 95 0 100 0 94

6 COMM/NAV AIDS 26.1 100 0 100 0 100

WITHIN CRITERION WEIGHTS 21 20 3 5

ACROSS CRITERIA WEIGHTS 100 10 10 1o

VARIABLE 6. MALINDI/R
COST EFF HOSTISRAELDOMEST TOTAL

1 SQ .0 0 t0 0 tO0 t0

2 LOX PLANT / HrLO PAD .7 25; 0 100 0 0
3 DREDGE/NAVAIDS 14.3 t00 0 100 0 79

WITHIN CRITERION WEIGH1S 1 10 3 5

ACROSS CRITERIA WEIGHTS to0 10 10 10

VARIAIBLE 7- BERUERA/S
COST EFF HOSTISRA.LDONEST TOlA

1 so .0 0 0 40 to0 0

2 CARGO TECM*A/F IMF'RV 2.4 40 100 60 0 30

3 IMFROVE PORT 4.0 70 100 100 0 69

4 AIFi IELD ElILDINGS 6.6 95 100 0 0 94

5 UILITIES UPGRADE 7.2 100 10 0 0 100

WIIIN CF:IIERION WEIGIMS "29 3 13 50
ACROSS CRITERIA WEIGHTS iO0 10 10 1O

VAF: ]ALl. 0 MGADISCIll/S
CusI EFF HOSI ISRA:LDOIEXT TOTAL

1 .0 0 0 0 10o 0

'.1 164MENT LfF.(,--lE .3 65 90 100 0 62
.3 F'K. AF WAREHOUSL' .6 1o0 1o0 100 0 100

WI1IHN CkIllEION WEIGHTS 4 5 3 1o

ACROSS CRITERIA WEIGHT.T 100 1o 10 10

Fi.ze 4-2
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FAC III THURSDAY 5/28/1981 15 09

VARIAEBLE 9. DIEGO GARCIA
COST EFF HOSTISRAELDOMEST TOTA.

I SQ 0 0 0 0 oo 0

2 AIRFIELD IMF'$+DR/II 84.6 50 100 20 0 50

3 FACILITIES EXPANSION 16r3.1 65 100 40 0 65

4 POL UFGRADE 184.5 75 100 60 0 75

5 WATERFRONT FACILITY 207.5 85 too 80 0 85

6 UTILITY UPGRADE 223.6 90 100 100 0 90

7 DREDGING III 244.3 95 100 too 0 95

8 S1OF<AGE/SRVIC
-
S 253.3 98 100 100 0 98

9 SUPPORT FAC UPGRADE 274.1 too too too 0 100

WIT1HIN CRITERION WEIGHiS 100 5 10 1

ACROSS CRITERIA WEIGHTS 100 10 10 1O

9dARIAOE L 10 L AJES
COST EFF HO5TISRAELDOMEST TOTAL

f SO .0 0 1 00 0 10.) 0

2 UP VOL STORAGE 54.1 55 0 40 0 52

3 IMPRV PFOL DISTRID 95.7 90 0 80 0 88

4 BASE UF RADE 100.8 93 0 too 0 94

5 UTILITIES UPGRADE 109.6 9B 0 100 0 96

6 TROOP SERVICES 126.2 100 0 100 0 100

WTrHI, CFITERION UNGHT- ,' 2 c0 I

AC.RJSS CRITEkIA WJIL, Hl 1 00 10 10

VARIADLE Ii RAS BANAS/E - M f
COST EFF HOSIISRAELDOME.ST TOTAL

I STATUS OUO .0 0 0 100 too 0

2 f, DE A(,'8 SIAGtJf, 24.6 30 1C0 0 0 25

3 PORT CArFG(j FACILITY 56.5 45 10o 0 0 50

4 2 ID[ ARMY SIAGINC, 87.9 70 50 0 0 68

5 fw,..E SUrFFF:T 107. i 0 40 0 0 nO

6 DIVISION STAFING I'S 152.4 100 to 0 0 100

WITHIN CI'.ITEIO WElGHITS 3e, 100 55 100

ACROSS CfIEfIA WEIGHTS too to 10 10

VARIAliLE 12 RAS BANAS/E -Usr
F

COST EFI HOST ISRA:L.DOMf:ST TOl At.

i SIATUS QUO .0 0 0 100 t00 0

.2 AIFILD IMI , OVL 1 47.2 40 90 0 0 31

3 AIRFIELD IM'ROVL II 81.i 60 100 0 0 60

4 AI:FIELD ItIFROVC IIl 137.2 75 90 0 0 75

5 APRON 178.0 100 70 0 0 too

WIlTIN CRITERION WEIGHTS 36 100 65 s0

ACROSS CRITERIA WEIGHTS 100 to to o

Figure 4-3
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PAC III THURSDAY 5/28/1981 15"09

VARIAPLE 13 CAIRO E(,Sl/[-
COST E'F HOSTISRAELDOMEST TOIAL1 STATUS QUO .0 0 0 100 100 02 FOL SIORAGE 5.5 10O 100 6 0 10o

WITHIN CRITERION WEIGHTS 7 I0 10 10ACROSS CRITERIA WEIGHTS i0o0 10 10 0

Figure 4--4
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_ _| - -- -. . .. w -. -

I',E'O THURSDAY 5/28/1981 14 26

ASSESSED VALUES

VARIAILE i EQUIF

COSI SMALL LARGE TOTALI NONE 0 0 0 02 3141F 600 80 10 663 f MAF+ 1000 93 20 80
4 iMAF + i ARMY DIV 2000 100 30 865 1 MAF + 2 DIV 3000 100 50 906 1 MAR + 4 DIV 5000 100 100 100

WITHIN CRITERION WEIGHTS 100 i00ACROSS CRITERIA WEIGHTS 100 25

VARIABLE 2. AMMO

COST SMALL LARGE TOTAL.1 NOHE 0 0 0 02 10 DAYS 55 50 20 42
3 30 DAYS 166 95 50 844 60 DAYS 333 100 70 925 90 DAYS 50)0 103 90 9?6 100 DAYS 1000 100 100 100

WITHIN CRITEFTIO1 WEIGHTS 60 80ACROSS CRITERIA WEIGHTS i00 25

VARIABLE 3. SPARFS
COST SMALL. LARGE TOTALiNONE 0 0 0 0

2 50hM + IOLG 70 80 30 70
3 IOOSM 4 25LG 160 i00 50 904 5M + 5OLG 270 10 70 945 SM' + 75LG 380 t00 ;o 98
6 SM + LG 500 i( 100 0 iO0o

WITHIN CR:ITER:ION WEIGHTS i0 10
ACROSS CRIIERIA WEIGHTS I00 25

VAF:IABLE 4. CONSUMAIPLES

COSI SMALL LARGE TOTAL.INONE 0 0 0 0
2 10 IDAtS 16 50 1 ) 473 30 DAYS 50 93 25 904 60 ;),,IS 100 99 50 95
5 90 DAYS 150 100 60 996 180 DAYS 300 100 100 100

WITHIN CRITERION WIIGHTS 30 i0ACROSS CRITERIA WEIGHTS 10o 25

Figure 4-5
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'RErO THURSDAY 5/28/1961 14:26

VARIABLE 5: POL
COSI SMALL LARGE TOTAL.

I NONE 0 0 0 0
2 5 DAYS 55 30 20 27
3 15 DAYS 167 70 35 61
4 30 DAYS 333 95 50 83
5 45 DAYS 500 99 80 94
6 90 DAYS 1000 100 100 100

WITHIN CRITERION WEIGHTS 50 70
ACROSS CRITERIA WEIGHiS i00 25

VARIABLE 6: WATER
COST SMALL LARGE' TOIAL

I NONE 0 0 0 0
2 5 DAYS 16 35 20 32
3 10 DAYS 33 60 50 50
4 15 DAYS 50 70 70 70
5 20 DAYS 67 90 90 90
6 30 DAYS 100 100 100 100)

WITHIN CRITERION WEIGHTS 20 20
ACROSS CRIIERIA WEIGHTS 100 25
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the former are rated about four times that of the latter.
However, even though the "large" war is substantially dis-

counted, it still has some weight in the composite total

benefit number.

4.3 Airlift/Sealift

Figure 4-7 shows the assessed cost and benefit numbers

tor incremental airlift and sealitt programs.
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LIFT THURSDAY 5/28/1981 14:33

ASSESSED VALUES

VARIABLE 1: AIR-LIFT
COST SMALL LARGE TOTAL.

i NONE 0 0 0 0
2 RECONFIG CRAF PRGRAM 50 10 5 9
3 + CRAF MODS 300 50 20 45
4 + 25 KCI0'S 1600 90 50 835 + BUY 10 LO MIX CX'S 2100 93 70 89
6 BUY 10 HIGH MIX CX'S 2600 96 80 93
7 + 15 KCiO'S 3400 100 100 100

WITHIN CRITERION WEIGHTS i0o i00
ACROSS CRITERIA WEIGHTS 100 20

VARIABLE 2' SEA-LIFT
COST SMALL LARGE TOTAL

i NONE 0 0 0 0
2 P'UY 2 RORO'S 50 30 20 27
3 PUY 4 SL7'S 450 50 30 45
4 PUY 8 $L7'S, I LASH 900 75 40 66
5 CONVERI 4 $L7'S 1500 85 70 81
6 CONVERT 8 SL7'S 2100 98 98 98
7 + RF ENHANCEMENT 2200 100 100 100

WITHIN CFRITERlON WEIGHIS 30 50
ACROSS CRITERIA WEIGHTS I00 20

~'icn~ure 4-7

26



5.0 MODEL OUTPUTS

5.1 Base Structure

As explained in Appendix A, the base structure model

searches among all possible combinations of location and

milcon alternatives (in this case several billion) and selects
Refficient" packages; that is, packages such that, for the

cost, no other combinations yield better effectiveness. The

list of such packages, in increasing order of benefit-to-cost

ratio, is shown in Figures 5-1 and 5-2. It can be seen that

this represents a priority list and provides an initial indi-

cation, at least, of how one might respond to program cuts or

increases.

Another very userul output of the model is a comparison

of the proposed package to more efficient packages in the same

region. For purposes of illustration a proposed package has

been selected, corresponding very roughly to the FY 1981

program. The model plots the efficient packages in a cost/

benefit space, shows where the proposed package falls in the

space, and selects for comparison packages that give about

equal benefit for less cost, and more benefit for the same

cost. This is shown in Figure 5-2. Finally, the model maps

the cheaper, better, and proposed packages in a space corre-

sponding to the basic model structure indicating potential

changes in the proposed packages to produce a more optimal

mix. This is sliown in Figure 5-3.
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FAC III THURSDAY 5/28/198 14:59

LIST OF EFFICIENT PACKAGES

CHANGE 8: MOGADISCIO/S
ALL VARIABLES SET AT LEVEL i FROM i: SQ

BENEFIT COST TO 2: PAVEMENT UPGRADE
11 24

BENEFIT COST
19 24

CHANGE 8 MOGADISCIO/S CHANGE 7: BERBERA/S
FROM 2: PAVEMENT UPGRADE FROM 1: SQ

TO 3: PREFAB WAREHOUSE TO 3: IMPROVE PORT

BENEFIT COST BENEFIT COST
23 24 74 28

CHANGE 2: SEEB/OM CHANGE 5: MOMPASA/K
FROM i SQ FROM i; SQ

TO 2 EXPAND APRON TO 2: AIRFIELD IMPS

BENEFIT COST BENEFIT COST
144 37 164 40

CHANGE 7 BERPEFA/S CHANGE 13: CAIRO EAST/E
FROM 3 IMPROVE FOR1 FROM i: STAILS QlO

TO 5 UTILITIES UPGRADE TO 2. POL STORAGE

BENEFIT COST BENEFIT COST
186 43 205 48

CHANGE I. MASIRAH /OM CHANGE 2: SEEI/OM
FROM i SQ + A/C SHELTR/CAMP FROM 2; EXPAND APRON

TO 2 AIRFIELD IMI'ROVMTS TO 3: POL/H20 IMPROVEMENTS

BENEFIT COST BENEFIT COST
236 62 254 71

CHANGE 9 DIEGO GARCIA CHANGE 5: MOMPANA/K
FROM I. SO FROM 2: AIRFIELD IMIS

TO 2 AIRFIELD IMPS+DRI/II TO 6: COMM/NAV AIDS

bENEF IT COET BENEFIT COFF
410 155 449 179

CHANGE 10 LAJE: CHANGE 10: LAJES
FROM I SQ FROM 2. UP POL STORAGE

TO 2 UF POL STORAGE TO 4: BASE UPGRADE

BENEFIT COST BENEFIT COST
533 233 602 280

CHANGE 2. SEES/OM CHANGE 1: MASIRAH /OM
FROM 3: POL/H20 IMFROVEMENTS FROM 2: AIRFIELD IMPROVMTS

TO 5: GP WAREHOUSE TO 3: UTILITY IMPROVMTS

BENEFIT COST BENEFIT C: T
618 292 627 300

Figure 5-1
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FAC III THURSDAY 5/28/1981 14 59

LIST OF EFFICIENT PACKAGES

CHANGE 3 THUMRAIT/OM CHANGE 9: DIEGO GARCIA
FROM 1. SQ FROM 2: AIRFIELD IMFS+DRI/II

TO 5 GENERAL STORAGE TO 6 UTILITY UPGRADE

BENEF I T COST BENEFIT COST
657 331 783 470

CHANGE 9 DIEGO GARCIA CHANGE 10 LAJES
FROM 6 UTILITY UFGRADE FROM 4. BASE UEGRAI)

TO 8 STORAGE/SERVICES TO 5: UTILITIES UFGRADE

KENEFIT COST BENEFIT COST
807 500 B14 509

CHANGE ii RAS DANAS/E - ARMY CHANGE 12 RAS BANAS/F -USAF

FROM i STAIUS QUO FROM i STATUS QUO
TO 2 1 BDE ARMY STAGING TO 3: AIRFIELD IMFROVE II

BENEFIT COST BENEFIT COST
830 534 883 615

CHA, NGE Ii RAS PANAS/E - ARMY CHANGE i i: RAE BANAS/E - ARMY
FROM 2 1 IlI,E ARMY 714AG tG FR~rl 3 F'C)kl CARGO FACII. IIY

TO 3 FORT CARGO FACILITY TO 5. BASE SUFORT

itENEf I1 CO5T ENEF IT COSI
900 647 920 697

CHANGE 12 RAS 8ANA,/E -L.':.AF CHANGE I: MASIRAH /OM
FROM 3 AIFFIELD IMFROVE ZI FROM 3 UTILITY IMF'OVMT.,

TO 5 AFkROf TO 9: SECONDARY RUNWAY

8ENLFIT COST BENLFIT COST
95e, 794 978 858

C ,ANGF 9 DIEGO GAR(:IA CHANGL" 11, RAN fANA,7/E - ARMY
FkUm 0 STURAE/SLRVILES FROM 5 tASESUfJOjT

TO 9 SU F'ORI FAC UF'GRADl TU 6: DIVISION STAGING PS

ENEF I I COST liLtEF I T COST
984 079 997 924

CHANGL 10 LAJES

FROM 5. UTILITIES UPGRADE
i 6 IRUOF SERVICES

PENEFIT COST
1000 940

Figure 5-2
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FAC III THURSDAY 5/28/1981 14:59

PRDFDSED PACKAGE

I F

F601
E I
N I C
E I f
F I

I I E

T 401

20f+

4 IC

24 2io 397 584 770 957
COST

LE Vi:l
VAR I AULE 1 2 3 4 5 6 7 8 9

i M.,Ikil /OmI ICL I F I I I IFP I
2 sf:EF',U M I I I I C IIF
3 THUlr,IT/OM I CF' I I I IF
4 HUSANPAfi/IM I CI P I
5 HMPASA/K P I CF
6 MlAL INNrf/K CFi'
7 PERF1 F r,/S I I II CFE. I
(3 MOG(ADISC1CI/S CFPrq
9 DIEGO GARCIA I I CEF I I I V
10 LAJES I ICF' I I P I I I
ii RAS BANAS/E -ARMY I EFII' I I I I I

Picoure 5-3
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5.2 Prepositioned Materiel

In a manner similar to that described for the base struc-

ture, the prepositioned materiel model also produces a list of

efficient packages, a cost/benefit curve, and a mapping of

proposed, better and cheaper packages on the model structure.

Figures 5-4 through 5-7 display these elements.

5.3 Airlift/Sealift

Figures 5-8 and 5-9 show output from the airlift/sealift

model similar to that previously described for the other two
basic models.

5.4 Support Architecture

Merging of the three basic or sub-models with a "super"

DESIGN model, as described in Section 3.4 produces outputs for

the entire support architecture similar to that for each

sub-model. Figures 5-10, 5-11, and 5-12 show the results of

this process. Note that the "proposed" package gives some

39.2% of the available total benefit for $1,218 billion, or
8.4% of the total cost. The model, directed to search in the

region of 70% of the total benefit, has selected a package

that gives 69.5%, at a cost of $2,015 billion, or 14% of the

total cost. Thus, a relatively small dollar increment secures

a relatively large increment of benefit. The cost/benefit

curve also suggests sharply diminishing marginal returns in

the region of $3-4 billion.
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FREFO THURSDAY 5/28/1981 14:26

LIST OF EFFICIENT PACKAGES

CHANGE 4! CONSUMAPLFS
ALL VARIADLES SET AT LEVEL i FROM I NONr

BENEFIT COST TO 2: 10 DAYS
0 0

BENEFIT COST
45 16

CHANGE 2 AMHO CHANGE 6: WATER
FROM I NONL FROM I: NONL

TO 2 10 DAYS TO 2 5 DAYS

PIENLFIT COST BENEFIT COST
144 ?1 167 87

CHANGE 4 CONSUMA[LES CHANGE 6. WATER
FROM 2 10 DAYS FROM 2: 5 DAYS

TO 3 30 DAYS TO 3: 10 DAYS

BENEFIT COST BENCEIT COST
200 121 227 130

CHANGF 5 F ul CHANGE 2. AMMO
FROM i . NCJN4[ FROM 2 i0 DAYS

TO 2. 5 DAY TO 3 30 DAYS

BEIIFFIT COST BFNFFIT COST
281 193 377 304

CHANGE 6. WAIER CHANGr 5: F1'1.
FROM 3: 10 DAYS FROM 2. 5 DAYS

TO 5. 20 DAYS TO 3- 15 DAYS

BENEFIT COST BENEFIT COST
400 338 466 450

CHAJG I EOUIF CHANGE 3. SFAF:ES
Fftt I NONE FROht 1 NONE

TO 2 2PLL. TO 2: 50SM + i _OLA,

llNEF Il COSI 1ENEF I T C OYT
707 1050 733 ii20

CH¢,tG, ; r 0L. CHANG" 6 WATE[N
FRUM 3 i'i DAYS FROM 5 20 DAYS

TO 4 30 DAIS TO 6: 30 DAYS

B4ENEFIT COST BENEFIT COST
777 1286 784 1319

CHANuE 1 EQU IP CHAIGF 5 F'OL
FF:iM 2 31tIL FROM 4 30 DAYS

TO 3 1 MAF. TO 5. 45 DAYS

PENi.F 1I COSI I.ENEFIT COST
835 1719 857 18H6

Fiucre 5-4
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I III

PRflO THURSDAY 5/28/1981 14.27

LIST OF EFFICIENT PACKAGES

CHANGE 2 AMMO CHANGE 4: CONSUMAPLES
FROM 3 30 DAYS FROM 3: 30 DAYS

TO 4 60 DAYS TO 4. 60 DAYS

BENEFI COST BENEFIT COSI
877 2053 882 2103

CHANGE 3 SFARES CHANGE 2 AMMO
FROM 2 50SM + iOLG FROM 4 60 DAYS

TO 3 iOOSM + 25LG TO 5: 90 DAYS

bENEFIT COST BENEFIT COST
890 2193 901 2360

CHANGE 4 CONSLIMADLES CHANGE 5 'OL.
FROM 4 60 DAYS FROM 5 45 DAYS

10 5 90 DAYS TO 6 90 DAYS

BENEFIT COST BEtEFIT COST
904 2410 916 2910

CHANGF I EQJIf CHANGE 1 : EQUIF
FROM 3 1 MriF-4 FRO'M 4 IhAF + 1 AFrMY DIV

TO 4 IMAF + i ARMY DIV TO 6 1 MAF + 4 DIV

BENEFIT COST BENEFIT COST
938 3910 989 6910

CHANGE 3 Sf Ai.:ES CHANCE 2 AMMO
FROM 3 IOOSM + 25LG FROM 5 90 DAIS'

TO 5 Sh + 75LG TO 6 180 DAYS

BENEFIT COST BENEFIT CnSl
992 7130 998 7630

CHANGE 4. CONSUMABLES CHANGE 3 SFARES
FkOM 5 90 DAYS FROM 5 SM + 75LG

TO 6 t8Q DAYS TO 6 SM + LG

PENFIl (LOST bENE-FIT COST
999 7780 1000 7900

Fgre 5-5
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FREPU THURSDAY 5/28/1981 14-27

PROPOSED PACKAGE
VAR IABLE b.ENEF IT WTr COST LEVEL.

I EQUIF 241 365 600 3FDC (2 O ,6
2 A(MOL 99 234 55 i0 DAYS (2 OF 6)
3 SrAF,,$S 0 36 0 NONE (i OF" A)
4 CONSUMAPLES 0 95 0 NONL (I OF 6)
5 FOL i20 197 167 15 DAYS (3 OF A)
6 WATER 42 73 33 10 DAYS (3 OF 6)

503 855

Figure 5-6
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PREPO THURSDAY 5/28/1981 4:27

PROPOSED PACKAGE

oo

I. I

20f.

5 636

CCOS

N
E 1 2

2 C

T 401

6I A .

0 1580 3160 4740 6320 7900

LEVELVARIABLE 1 2 3 4 5 "

------------ -------------------------------------

" AMMCi IF I
3 £t',I,:L.S I CF' I I
4 CON-VLJMAIiL E3 FI P IC:
5 F'L I I F'D
6 WfAI[.F:I F' I I

Figure 5-7
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LIFT THURSDAY 5/28/1981 14.33

LIST OF EFFICIENT PACKAGES

CHANGF 1: AIR-LIF7
ALL VARIABLES SET AT LEVEL I FROM 1: NONWBENEF11 COSl TO 2 RECONFIG CRAF PRGRAM

0 0
BENEFIT COST

69 50

CHANGE 2 SEA-LIFT CHANGE 1 : AIR-LIFTFROM Is NONE FROM 2: RECONFIG CRAF PRGRAMTO 2: BUY 2 RORO's TO 3: + CRAF MODS

BENEFIT COST BENEFIT COST
137 100 406 350

CHANGE i AIR-LIFT CHANGE 2: SEA-LIFT
FROM 3 + CRAF hODS FROM 2 BUY 2 RORO'STO 4 + 25 KCIOlS TO 4 BUY 8 SL7'S, i LASH

BENEFIT COST BENEFIT COST
694 1650 791 2500

CHANGE I AIR-LIFT CHANGE 2: SEA-LIFT
FkUM 4. + 2, KCI0S FROM 4: BUY 8 SL7'S, i LASHTO 5 + BUY 10 LO MIX CX'S TO 6: CONVERT 8 I. 7'5

PENLE II COS1 BENEFIT COST
834 3000 914 4200

CHANGE I Al:-L)FT CHANCE 2: SEA-L IFTFROM 5: + BUY 10 LO MIX CX'S FROM 6: CONVERT 8 SL7':,'
TO 7 + 15 KCIO'S TO 7: + RF ENHANFEFe.NT

BENEFIT COST BENEFIT COSF995 5500 10oo 5600

FiT.ne 5-8
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LiFr THURSDAY 5/29/1961 14:33

PROPOSED PACKAGE

oo

Bof

I 601
E
N
E
F
I

T 401

20I

I

0! 0-----------+------------------t--- f-------------------$f

0 120 2240 3360 4480 5600
COST

LEVEL
VAhIAbLE 1 2 3 4 5 6 7

I AIR-LIFT CF t I I I l
2 SEA-LIFT I C ii I I I I

Figure 5-9
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SUFFORT ARCHITECTURE THURSDAY 5/28/1981 15:26

LIST OF EFFICIENT PACKAGES

CHANGF VARIABLE 3: FAG 211ALL VARIABLES SET Al LEVEL I FROM LEVEL I TO LEVEL 2
BENEFIT COS1

4 24 BENEFIT COST
65 48

CHANGE VARIABLE 1: FRE-FOS CHANGE VARIABLE 3: FAC 1]FROM LEVEL I TO LEVEL 2 FROM LEVEL 2 TO LEVEL 3

BENEFIT COST BENEFIT COST
160 169 225 276

CHANGE VARIABLE 3 FAG III CHANGE VARIARLE i: PRE-FOSFROM LEVEL 3 TO LEVEL 4 FROM LEVEL 2 TO LEVEL 3

BENEFIT COST BENEFIT COST
264 354 352 571

CHANGE VARIABLE 3 FAC III CHANGE VARIABLE 2. LIFT
FROM LEVEL 4 TO LEVEL 5 FROM LEVEL TO LEVEL 2

BENEFIT COST BENEFIT COST
391 66? 422 7L9

CHANGE VARIALE 3 FAG III CHANGE VARIABLE 2: LIFT
FROM LEVEL 5 TO LEVEL 6 FROM LEVEL 2 TO LFVEL 3

BENEFIT COST BENEFIT COST
462 900 523 i15B

CHANGE VARIABLE 3 FAG III CHANCE VARIABLE 1: PRE-F'o.
FROM LEVEL 6 TO LEVEL 7 FROM LEVL 3 TO LEVEL 4

BENEFIT COST BENEFIT COST
555 1303 695 2015

CHANGE VARIABLE 3 FAC III CHANGE VARIABLE 3: FAC III
FROM LEVEL 7 TO LEVEL 8 FROM LEVEL B TO LEVEL 9

BENEFIT COST BENEFIT COST
718 2194 732 2340

CHANGE VARIABLE I FRE-FOS CHANGE VARIABLE 2: LIFT
FROM LEVEL 4 TO LEVEL 5 FROM LEVEL 3 TO LEVEL 4

BENEFIT COSt BENEFIT COST
790 3009 656 4309

CHANGE VARIABLE 1: FRE-FOS CHANGE VARIABLE 2: LIFT
FROM LEVEL 5 TO LEVEL 6 FROM LEVEL 4 TO LEVEL 5

BENEFIT COST BENEFIT C.ST
892 5500 914 6350

Figure 5-10
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SUPPORT ARCHITECTURE THURSDAY 5/28/1981 15:26

LIST OF EFFICIENT PACKAGES

CHANGE VARIABLE 2 LIFT CHANGE VARIABLE 2. LIFT
FROM LEVEL 5 TO LEVEL 6 FROM LEVEL 6 TO LEVEL 7

BENEFIT COST BENEFIT COST924 6850 942 8050

CHANGE VARIABLE 2 LIFT CHANGE VARIABLE I: PRE-FOS
FROM LEVEL 7 TO LEVEL 8 FROM LEVEL 6 10 LEVEL 7

BENEFIT COST BENEFIT COFT
962 9450 972 10450

CHANCE VARIAILE i PRE-POS CHANGF VARIABLE I : FRE-F'f
FkOM LEVEL 7 10 LEVEL 8 FROM LEVEL. 8 TO LEVEL 9

BE NEFIT CO.TT BEEF I T Co0r
995 13450 1000 14440

Ficre 5-11
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SUPPORT ARCHITECTURE THURSDAY 5/28/1981 15 26

1004'

iot

80

El 601
E I
N I

F I.
I I •

T 40 • F
I •

I +
I .

20f
I.

0 -----------1.----------i----------- --------- +-----------
24 2907 5790 8674 11557 14440

COST

SELECTED PROPOSED MAXIMUM

VARIAP4LE B4ENEFII COST BENEFIT COST BENEFIT COSI

I FFF-FOL 321 1030 22 81;5 455 7900
2 LIIT s 350 0 0 2.27 5600
3 FAC 11 281 615 164 363 318 940

695 2015 392 1218 1000 14440

figure 5-12
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6.0 CONCLUSION

6.1 Findings and Conclusions

The work so far indicates that the models and techniques

developed by DDI are potentially very useful to the RDJTF.

Analysis of the models, especially the base structure model,

has raised several provocative issues of policy and priority.

An account of these will be provided in the classified annex

to the final report.

6.2 Implications for Further Research.

There are at least four areas in which further explora-

tory work appears useful:

1. Derivation of real world cost and benefit data for

the prepositioned equipment and airlift/sealift

models.

2. Exploration of alternative base locations and milcon

options beyond those contained in the DoD program.

3. Assessment of the political dimensions of the base

structure model by knowledgeable people outside

RDJTF staff (i.e., State or NSC personnel).

4. Tracking and assessing RDJTF staff use of the models

in exploring alternatives and adapting to real world

changes.
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A. DESIGN

A.1 Resource Allocation

A.1.1 General approach - Decisions and Designs, Inc.

(DDI) has developed a methodological approach to resource

allocation based on benefit-cost analysis. The modeling

software used to implement this approach is called "DESIGN."

DESIGN's basic building block is a "variable"; a DESIGN vari-

able is one of the projects/programs competing for limited

resources. Each of the competing variables is itself defined

in terms of "levels" that describe increasingly costly options

for it; one level must be selected by the decision maker for

each variable. Finally, each level is described in terms of

its cost (resource use) and benefits relative to other levels.

A fully defined collection of DESIGN variables that compete

for the same resource is called a DESIGN "model." In addition

to the foregoing structure definitions, any resource alloca-

tion decision, that is, any choice of one level for each

variable in the model, is called a "package" or a "design"; it

is from this that the methodology gets its name.

In terms of these definitions, the DESIGN methodology and
software have these functions during the working meetings:

(1) To organize, display, and update the working group's

judgements about the relative costs and benefits of

each level of each variable in the model.

(2) To display the relative overall cost and benefit of

any one design compared to other designs.
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(3) To compute and display an approximation to the

"efficient frontier" of designs for the model, i.e.,

those key packages among all possible packages that

provide maximum benefit for the amount of resource

they use. These designs are the key options for the

group to consider, but they are difficult to f~nd

without the computer's assistance. Figure A-I shows

a hypothetical benefit-cost curve, which indicates

pictorially the benefit of efficient designs at

different levels of cost.

(4) To display the variable and levels that comprise the

best package for any given level of overall resource

expenditure.

(5) To compare different designs proposed by the deci-

sion makers with more efficient designs that either

cost less and provide the same overall benefit or

provide more benefit for the same cost.

(6) To perform sensitivity analysis showing the decision

makers how the overall results would change as a

result of modifying the zenefits and costs assigned

to the levels on the variables in the DESIGN model.

This technical approach to resource allocation problems

is designed to bring forth the decision makers' expertise and

priorities so as to influence their decision in an effective

and efficient manner. It captures the essence of the working

group's collective judgement about resource allocation oppor-

tunities, helping it to find the most attractive ones.
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This is not an approach that DDI uses unilaterally to study

and recommend decisions; rather, it is oriented towards the

collection and use of the high-level professional judgements

of the client.

A.1.2 Procedural steps - The implementation of DDI's

resource allocation approach using the DESIGN software has the

following seven steps:

(1) Identify variables over which resources can be

allocated - Variables over which resources can be

distributed are identified. An attempt is made to

characterize the problem using variables that can be

independently manipulated. That is differing levels

of resources can be allocated independently to each

of the variables.

(2) Identify levels of the variables that vary from

"baseline" to "gold-plated" - The "baseline" level

involves a minimal realistic resource allocation

with correspondingly minimal benefit. The "gold-

plated" level involves maximal resource allocation

with, hopefully, maximal benefit. The levels of the

variables from "baseline" to "gold" involve increas-

ing commitments of resources with resultant

increased level of capability and usually increased

level of benefit to the organization.

(3) Assess costs - In the DESIGN software, there is one

type of limited resource to be allocated to the

variables. This resource is called "cost." A cost

is assigned to each level of each variable such

A-5



that the first level is the least expensive level,

successive levels are increasingly more expensive,

and the last level is the most expensive level on

that variable.

(4) Assess benefits (intra-variable) - The levels of

each variable are assigned scores to reflect their

relative benefit. Since incremental benefit is

being considered, Level 1 is assigned a score of 0

and the highest level is assigned a score of 100.

Intermediate levels are assigned values by comparing

their improvement over Level 1 relative to the total

improvement from Level I to the highest level.

(5) Assess importance weights (inter-variable benefits)-

The variables are given importance weights by having

the decision maker(s) assess the relative improve-

ment or benefit of going from "baseline" to "gold"

on each of the variables. This step rescales the

100-point benefit ranges associated with each vari-

able onto a common benefit scale by direct compari-

son of the benefits associated with these 100-point
ranges. The procedure uses these comparisons to

allocate 1000 total points among the variables. For

example, one variable may be assessed to have 200

points associated with its baseline-to-gold range,
while another variable has 100 points associated

with its baseline-to-gold range. This indicates

that the former variable is twice as "important" as

the latter, thereby yielding twice the overall

benefit. The calculated benefit value for any level

of a variable equals the weight of the variable
multiplied by the score on that level.
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(6) Identify most cost-beneficial allocations of

resources - The set of most cost-beneficial alloca-

tions of resources is identified using the costs and

benefits already assessed. These allocations form a

set that has the property called "efficiency": any

allocation not in the set is inferior either in a

cost or benefit sense (or both) to at least one

allocation in the set.

(7) Exercise the model - Proposed allocations are com-

pared to the set of optimal allocations. Sensi-

tivity of allocations to model inputs are examined

until the experts involved are satisfied with the

model inputs and the resultant model allocations.

When there are too many variables to be considereu -he

model, the DESIGN software can be used to reduce the eff. ;ive

number of variables that the group must consider at onc-.

This is accomplished by creating a hierarchical design model

composed of independent submodels. This is done as

follows: (1) the variables are divided into submodels; (2)

each submodel is developed and analyzed separately to deter-

mine its set of efficient designs; (3) a new variable is

created to represent each submodel, choosing a representative

few of the submodel's efficient designs to be levels for the

new variable; and (4) the new variables representing the

submodels are analyzed together to determine a composite set

of efficient designs for the whole model. This four-step

process is too complex to describe in detail here; let it

suffice to say that it has the advantage in practice of

bringing the size of the allocation problem down to a

manageable level.
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A.2 Description of Computer Model and Outputs

In order to facilitate the numerical calculations and the

graphical display of assessed values, results, and rationale,

DDI uses a proprietary software package called "DESIGN." The

DESIGN software incorporates into a computer model all of the

elicited information concerning the specified variables and

their levels, the costs and benefits associated with each

level of each variable, and the verbal rationale underlying

the assessed scores, weights, and costs. DESIGN allows for

convenient calculation and display of these assessments and

results in a variety of formats. This section described the

DESIGN outputs available and acts as a guide to their inter-

pretation.

A.2.1 Model structure: variables and levels - The

first sort of output display available is simply on overall

summary of the design options being evaluated, the decision

variables, and the possible levels for each variable. Figure

A-2 shows an example of the model structure display, using a

hypothetical factory design problem for illustrative purposes.

The names of the decision variables are listed

in the left-hand column of the display. To the right of each

variable name, two or more boxes will appear, each containing

the name (possibly abbreviated) of a level for that variable.

As a general rule, the levels will appear in order of

increasing cost. Thus, for example, the most expensive level

of the three "waste removal" options would be "pneumatic

removal."
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A.2.2 Assessed values - The display of assessed

values (illustrated in Figure A-3) consists of one table for

each of the variables in the model. For each variable, the

heading identifies its name and number. The left-hand column

lists the possible levels associated with the name variable;

the column immediately to its right shows the cost associated

with that level (although the displayed costs may be rounded

off, the actual assessed costs are accurately retained in the

computer's internal representation). Usually, costs are

expressed in millions of dollars, unless otherwise noted in

the text.

To the right of the cost column will appear one

or more columns corresponding to the various components of

benefit associated with a given level. In the current illus-

tration, there are four components, DSPL, FLEX, OPS, and QUAL.
The numbers under each of these headings indicate the assessed

performance of each level with respect to the corresponding

component of benefit. (Frequently, benefit will be treated as

a single quantity and represented by a heading such as BENFT

or BEN.)

Beneath the assessed benefit scores for each

component there will be two rows entitled "within criterion

weights" and "across criteria weights." The "within criterion

weights" represents the relative contribution of the best-

rated level of that variable to the overall best possible

performance on the utility component corresponding to the

column indicated. For example, the "within criterion weight"

for Variable 2 (Storage and Display on the DSPL criterion is

10, which indicates that the value of Level 3 (Automatic

Stack/Retrieve) accounts

A-12











A.2.4 Efficient curve and list of efficient packages

Figures A-5 illustrates a graphic plot of those packages which

represent the maximally efficient combinations of levels. For

any point on the efficient curve, an increase in benefit can

be achieved only by increasing cost, and a decrease in cost

can be achieved only by sacrificing some benefit.

Figure A-6 contains a list of the specific

packages corresponding to the efficient curve. By setting all

of the variables at Level 1 (the cheapest option), a minimum

cost and a baseline benefit can be determined (in the illus-

trative example, the baseline benefit is 57 points, at a cost

of $10 million). The next-cheapest efficient package can be

reached by changing Variable 4 (Secondary Layout) from Level 1

to Level 2, thus raising the overall benefit score to 274 and

the cost to $11 million. Reading from right to left, the

successive changes indicate the increments corresponding to

adjacent points on the efficient curve.

A.2.5 Proposed packages - Figure A-7 illustrates a

specific package proposed for the illustrative problem. For

each variable, the normalized benefit associated with the

proposed level is displayed (with the sum of the benefits at

the bottom). For comparison, the maximum achievable benefit

on that variable is displayed in the WTS column. These are

followed by the cost associated with the proposed level, the
name of the proposed level, and its identifying number (e.g.,

for Variable 6, "Reclamation", the proposed level, "Manual
Unloading," is Level 1 of two possible levels).
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Figure A-8 reproduces the efficient curve shown

in Figure A-5, with three points highlighted (P) represents

the cost and benefit associated with the proposed package;

(C) represents a "cheaper" package on the efficient curve,

whereby cost savings can be achieved without significantly

lowering overall benefit levels; and (B) represents a "better"

package on the efficient curve, whereby greater benefits can

be achieved without significantly increasing costs. 'Beneath

the plot of the curve is a table indicating the levels corre-

sponding to the three illustrated packages. For example, on

Variable 1 ("Plant-wide Controls") both packages (C) and (P)

select Level 2, while the (B) package opts for the more expen-

sive Level 3.
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