/ |

Other reguests
must be referred to Superlntendent, Naval Postgraduate School, Code (43,

Naval Postgraduate School; Monterey, California 93943, via Defense
Technical Information Center, Cameron Station, Alexandria, Virginia 22314

Using Multiattribute Utility Theory For Comparing
Military Capabilities of Two Countries (U)

by

Dale E. Hays
Lieutenant, United States Navy
B.A., University of Central Arkansas, 1976

Submitted iIn partial fulfillment of the
requirements for the degree of

MASTER OF ARTS IN NATIONAL SECURITY AFFAIRS
from the

NAVAL POSTGRADUATE SCHOOL
March 1985

wis ol ' Mg

Dale E. Hays

Approved by:

. Looney, T@?%ls Advisor

22t 2

Sherman W. Blandln, Chairman,
Department of National Security Affairs/Iptelligence

v 0~

Kneale T. Marshati,
Dean of Information and Poliey Science




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

forces of the People's Republic of China and the Socialist .Republic of

- Vietnam in a dispute over the sovereignty of the Spratly Islands serves

as the test situation for the methodology. The results of the question-
naire based study show that while the PRC navy maintained an advantage
over naval forces of the SRV, the SRV is just as capable and determined
as the PRC to initiate, support, and adequately conduct offensive naval
operations to back up claims and objectives in the South China Sea.

S/N 0102- LF- 014- 6601

_ UNCLASSIFIED
' SIFICATION OF THIS PAGE(When Dats Entered)




ABSTRACT (1)

(U) This thesis uses Multiattribute Utility theory for development
of a methodology to compare the military capabilities of two countries.
The hypothesis is that this method is a more accurate and complete measure
of the countries' relative military balance than mefe order of battle
comparisons. The use of expert judgment to assess the qualitative
differences that exist among military hardware and among "soft" varibles
such as political resolve, morale, and personnel proficiency allow for
these differences to be quantified.

(U) An engagement between selected naval forces of the People's
Republic of China and the Socialist Republic of Vietnam in a dispute
over the sovereignty of the Spratly Islands serves as the test situation
for the methodology. The results of the questionnaire based study show
that while the PRC navy maintained an advantage over naval forces of the
SRV, the SRV is just as capable and determined.as the PRC to initiate,
support, and adequately conduct offensive naval operations to back up

claims and objectives in the South China Sea.




TABLE OF CONTENTS (U)

I. INTRODUCTTON —mmmmm m e e s m e e 6
II. MULTIATTRIBUTE UTILITY THEORY ——=m==mm = s mmmmm e oo 9
A. BACKGROUND —-—mmmmmm e S e 9
B. ATTRIBUTE SELECTION ~r————mm=———ommm oo o mmm e e 10
C. PREFERENCE AND FUNCTIONS —--—- A - 12
D. PREFERENCE AND WEIGHTS _— 17
ITI. MILITARY CAPABILITY COMPARTSON METHODOLOGY —--mmmmmmmmmmmmmem 20
1V.  APPLICATION OF THE METHODOLOGY wesrsmsco oo oo oo oo 27
A. SPECIFIC APPROACH AND ASSUMPTIONS —————=———mmmmmmmm o 27
B. THE SITUATION AND FORCES INVOLVED =mw-- - mmmee 28
C. SELECTION OF THE ATTRIBUTES -- —————— 33
D. CALCULATION OF MAU SCORES =m=—memmmm oo e em e e e 38
E. ANALYSES OF RESULTS -mmmommmmmmommmmmeemomme 50
V. CONCLUSIONS AND RECOMMENDATIONS ————m—mmmmmmmm e e e 52
APPENDIX A - ATTRIBUTE SELECTION QUESTIONNAIRE ~———m—m=m=m S — 56
APPENDIX B - WEIGHTS AND SCALING QUESTIONNAIRE ~-—me—mmmm e 64
LIST OF REFERENCES ————————m———mmmmmmmmme e ' - 113
INITIAL DISTRIBUTION LIST =——————m——mmm—mmeem— e - —— 116
,
5




sjusuodwod A3Tiuenb 01 ITNOTIITP 394 JueorITuld(s I0J JUNOIDE 0] sanbruydaly
asyjo jo &oenbapeuf a1 jJo 3Insex ® ST L3TITqeded L1e3TITW S, 41]jUnocd

® jo suostaedwos aEm o3 K308yl NVW Bursn 103 ereuUcTILY BYl (N1)
*£{3oTopoylsm 2yl 3IS93I 03 UCTIEBNITS IEEBD Y3l SEB 9AIIS
ITI# spuelsI Af3eads syl jo LruByoi3so0s dYyl I9ao0 23ndsip e ur méu:aIA Jjo
of1qndsy 3ISITETID0S 243 pue PBUfy) Jo o11qndey s,dTdoag 94yl jJo s9010] TrRAEU
paioaTos usamiaq juswafedus uy ‘juswadedua afrisoy porIrveds e Jutanp
aaT393[qo pajeu8tsap e SBulasTyoR JO $5929NS TENPTATPUT iT2ylr Sururwasisp
UT PI® 03 19430 Yoea 03 8ATIET31 S9IIT[Tqedeo LIBIT[Tm ,SSTIIUNCY oMl
Sutaedwoo 103 Axo9y3l nvW uo paseq ASoJopoylsw premioylTerds & adolaadp o)
sT STsayl styl Jo osodand syl werqoad uaaT8 v 031 uoranyes Tewrado syz
SUTUTWAIIDP UBYQ I9UJEl *I2A3MOH °*SIATIBUIDITE TeIPADS JUOWE MOII IOITIS
03 UOT3JE® JO 9sinor wnuiido 2yl i=yem uoIsSTIPp ® Bulpracad jo poylsu
9TTIESADA AT9W2IIXd UE ST AI03Yyl (IVW IBYI UMOUS usaq Sey 3T S9TPNiIS SNOT
-IeA ésaq: wolJd *SUOTIBNITS TEOT308] JUTa2IITPp A9pun SUOTSSTW DTIToads
jonpuo2 03 AIBSS909U XTW JIIJBIDIATE Tearu wnuiido ayl Su;soo?o pue *©129A9J
STlewsnyl pue rOIYI da;zg 103 saffejeals Juswieaal puETnsen Tewtado
SuruTwiaiap ‘queTd Surjeasusd zemod ap2[ONU B I0J I35 UOTIONIISUOD
1s8q ay3 Surieooy ‘speau s,Auedumod ® §3INS 159q JBYI wWalsds Jaindwod e
8uT31o9T9S ST YONS SIIIIPW SPNTOUT ‘M2 B AJuo auweu 03 ‘ﬁé;pnns.so;dol
*131533123uT ;o.saaze L1e3TTTUW pue ‘{ea;pam.‘auamuzanoﬁ ‘sseuisﬁq ‘I;iaos Jo
a8uel1 9PIM B POI2A0D IAEY pUB PSIONPUCD UIIG JarY £1§§q3 {(QvK) £3TT1TFI0

9INqTa3IBTITNH Jo uofiedfrdde 3yl uiaduod YOFys SITPnIs LAuey (n)

(n) NOIIOAQOMINI I




of military balance in a comprehensive and easily understood manner.

Baugh [Ref. 1] lists three general measures for assessing strategic
balance which are also applicable to conventional armaments; simple
counts of weapons and their characteristics, composite measures or
figures of merit, and outcome or effects measures. The later two types
use complicated mathematical techniques like factor analysis or computer
simulations and tend to yield results which are not well understood by
the average analyst or results the derivation of which are quite con-
fusing. The first type of measure, listings of a country's weapons
inventory commonly referred to as order of battle, has long been the
primary means of comparing military balances and usually serves as a
basis upon which other techniques are formulated. The MAU approach
taken here relies heavily on order of battle comparison but improves
upon this simple technique.

{U) In order of battle comparisons total; for various military
assets are tabulated and the country with the greatest number of assets
'is:considered to have the advantage. This technique has serious short-

commings. Since qualitative differences exist among individual weapons
and among countries' capabilities to use the weapons theéeldifferences
"cannot be guaged by order of battle comparisons alone. tRef. 2] Eval-
uations about "soft" variables that are critical to overall capability
comparison such as operator competence, the tactical situation, military
_morale, logistics, and maintenance and intelligence proficienc% are also
not reflec;edoin'order of battle tables. Multiattribute Utility theory

allows for these qualitative differences and variables to be quantified




- - - - — - - AU)--The hypothesis of this thesis is-that cemparisons of the MAU

ously developed methodology these expert generated data can be aggregated

to compute overall utility scores.

scores of two countries is a more accurate and complete measure of their
relative military balance than mere order of battle comparisons. While
asgessing the quality of the MAU methodology presented here against more
complex techniques is beyond the scope of this thesis it is certainly

a simpler and more comprehensible measure. Also, the methodology is
flexible enough to be rapidly applied to a large number of pairs of
countries with a fraction of the cost and research effort required for
development of more detailed measures.

(U) Chapter II briefly explains utility theory and focuses on thoée
topics which are pertinent to the development of a MAU methodology.
Chapter II outlines the general methodology used to apply MAU fheory
to military capability comparisons. Chapter IV is the heart of this
thesis as it applies the methodology of Chapter III to a possible real
world situation in a step-by-step process and analyzes the results of
the methodology. Chaptef V presents conclusions and recommendations

for future studies.




IT. MULTIATTRIBUTE UTILITY THEORY (U)
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(U) Classical utility theory has been recognized since the eighteenth
century and has been used in one fashion or another by economists, mathe-
maticians, statisticians, and psychologists. The fundamental theorem
of utility has to do with axioms for preferences which guarantee, in a
formal mathematical sense, the ability to assign a number (utility) to
each alternative so that, for any two alternatives, one is preferred to
the other if and only if the utility of the first is greater than the
utility of the second. Thus, utility is simply a personal measure of
liking something and provides a means of quantifying subjective judgments.
Multiattribute Utility (MAU) theory is an extension of this fundamental
theorem in that each alternative is viewed as a multiple factor or multiple
attribute entity. The utility of a whole can then be expressed as the

-sum of utilities of its parts. {Ref. 3]

(U) . Utility theory has gained greater recognition and use since the
mid-fifties with the advent of decision analysis and its acceptance by
decision makers who could no longer singularly and intuitively deal with
the myriad of details in a complex decision sifuation. Décision analysis
is a general technology for imposing logical structure on{the reasoning
that underlies any specific decision. It is comprised oflseveral methods
many of which use quantitative expressions of the subjecgive judgments
of experts. [Ref. 4] WMultiattribute Utility theory has enhanced decision

2

analysis methods since most important decisions today involve choosing
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finally selected depends on the preferences that are attached to the

values of the alternatives' characteristics.

(U) The principle concept of MAU theory is simple and can be easily
explained by reviewing previously proposed models and procedures. Newman
[Ref. 5] has identified three basic steps necessary to apply MAU theory.
First, the decision problem is broken up into little pieces {attributes)
along natural lines depending on the nature of the task. Second, separate
judgments are made about each of the component pieces. Generally, there
are two such judgments, numerical judgments about the importance of each
attribute relative to each other and numerical judgements about the worth
or "utility" of each attribute to each of the competing decision alter-
natives. Finally, these separate judgments are aggregated using some
formal algebraic rule.

(U) Utility theory in its totality covers many‘sepérate topics and
can become quite involved. The objective here is to consider only those
theoretical topics pertinent to an understanding of the methodology
developed in Chapter III. This methodology is organized according to
the three basic steps listed above. Even with this limitation many of
the significant topics concerning MAU theory will be addressed.
B. (U) ATTRIBUTE SELECTION /

!

(U) The initial step in any MAU theory application is to decompose
the problem situation or object of evaluation into its relevant dimensions
by use of a hierarchial structure. The dimensions at the lowest hierarchial
level must be measurable attributes or indicators fpr intangible attributes

’

of the situation or object. Exactly how to construct this hierarchy is a
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ture, analytical study, and causual empiricism as approaches for constructing

a hierarchy. These approaches provide a decision maker with only a cursory

structure. To construct a complete hierarchy the decision maker will
usally seek the opinions of experts or other informed people.

(U) Much has been said in the literature about the degree of decompos-
ition and the independence assumptions necessary to identify a set of
attributes. In fact, most of the usefulness of MAU applications relies
on assumptions of independence between attributes. [Ref. 7] The primary
independence assumption required for selection of attributes is that of
value or utility independence. Attribute Xi is defined to be utility
independent of the other attributes if the preference order for lotteries
on Xi does nof depend on fixed levels of the other attributes. [Ref. 8]
And if preference orders for other attributes do not depend on a fixed

level of Xi then the set of attributes is said to have mutual independent

utility. These are strong assumptions ﬁhen one has to make judgments

about attributes of a complex structure knowing that there are in actuality

very few aspects of any situation that are not interdependent. Even so,

Edwards [Ref. 9] notes that these assumptions do not have to be strictly

adhered to since modest error in these judgments will still make little

difference to the ultimate number of attributes and even %ess difference

to later rank ordering of the attributes. {
(U) It is not practical or possible to establish a step-by-step

procedure that leads to a meaningful set of attributes. Excellent guidance

for selecting attributes is presented by Keeney and Raiffa., It is important

that the set of attributes be complete, so that it covers all the important

11
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in the analysis; decomposable, so that aspects of the evaluation process

can be simplified by breaking it down into parts; nonredundant, so that

dimension is kept as small as possible. [Ref. 10]) Overall, the best
rule of thumb 1is to stop the selection of more attributes and thus the
hiearchial decomposition when the attributes can no longer be operational-

ized i.e., reliably measured on any scale or subjectively considered.

C. (U) PREFERENCE AND FUNCTIONS

(U) Once the alternatives of a problem have been identified and a
total listing of the attributes has been selected the final outcome of
whichever alternative is chosen by a decision maker may or may not be
apparent. This forces a choice under certainty or uncertainty. If the
decision maker is able to specify with complete certainty the outcome
associated with each alternative, then the decision is said to be riskless.
A decision is said to be risky if the decision maker is uncertain as to
the consequences associated with each alternative but is able to express
this uncertainty in the form of probability distributions over the possible
consequences of each alternative. [Ref. 11] A utility functien provides
a complete‘description of the decision maker's attitude toward risk over
the range of all the possible consequences of the problem Lnder analysis.
[Ref. 12] A value function describes a decision maker's tradeoffs between
alternatives when the outcomes are known. Value functions will be discussed
first. -

(U) Because the value of the outcome is known under conditions of

certainty the theory of conjoint measurement additivity is applicable.

12




nectedness and transitivity. Connectedness requires for any two outcomes
Xi and Xj, either Xi is not preferred to Xj, Xj is not preferred to Xi,

or the decision maker is indifferent between the two outcomes. Transi-

tivity means thet for any three outcomes, Xi, Xj, and Xk, if Xi is not
preferred to Xj, and Xj is not preferred to Xk, then Xi is not preferred
to Xk. When both of these assumptions are satisfied, preferences are
said to be weakly ordered. [Ref. 14] For a finite set of outcomes, the
weak ordering property alene is sufficient to guarantee the existence

of some value function V such that, for any X and Y, X is not preferred
to Y if and only if V(X) is not preferred to V(Y). [Ref. 14]

(U) Another assumption, monotonicity, is related to the concept of
mutual utility independence and is ﬁecessary when three or more attributes
are inveolved. For this assumption, let (xl, x2,..., xn) be the attribute
vector describing the outcome ¥. Let Y be any subset of these attributes
and let Z be the vector of the remaining attributes, sothat X = (Y,Z).

If Yi and Yj are any two values of the Y attributes and Zi and Zj are

any two values of the Z attributes, then (Yi,Zi) is not preferred to
(Yj,Zi) 4if and only 1if (Yi,Zj) is not preferred to (¥j,2j). [Ref. 15]
While this assumption may appear to be quite involved, it essentially
states that preference increases with any increase in quaqtity. {Ref. 16]
This is a very intuitive assumption and the literature reﬁeatedly states
that it is difficult to imagine situations where this assumption does

not hold. |

(U) When weak ordering and monotonicity are satisfied then there will

exist constituent functions V1, V2,..., Vn such that, for any:two cutcomes

13




or equal to V(Xj), where
V(X) = V1(xl) + V2(x2) + . . . + Vn{(xn)

Thus s conjoint theories provide axiom systems guaranteeing the existence —————
of an interval scale additive function. [Ref. 17] This functicn can
be rewritten in the form,

V) = V{xl, x2,..., Xi,...,%0) = ;' vi{xi)
where xi denotes the value of outcome X = (x1, i;}..., Xi,..., xn) in
the i-th attribute and vi is the function over the different states (values)
of the i-th attribute. [Ref. 18]

(U) Recall in risky decision making the decision maker chooses not
between outcomes but between probability distributions of outcomes., Let
(Al, A2,..., Am) be a set of alternatives and let (X1, X2,..., Xn) be
the set of possible consequences of those alternatives. Then for each
alternative Al there is an associated probability distribution of ocutcomes
{pli,X1l; p2i,X2;..., pni,Xn). Given that alternative Xi is selected,
outcome Xl will occur with probability pli, and so on. ' t

(U) A number of procedures for choosing between probability distri-
butions of outcomes have been proposed, but the expected utility principle "
has dominated normative discussions of the risky choice problem. Accoréing N
to this principle there exists a utility function U defin7d on outcomes
such that: (a) for any two outcomes Xi and Xj, Xi is not!preferred to
Xj if and only if U(Xi) is less than or equal to U(Xj) and, (b) for any :
two alternatives Ai and Aj, Ai is not preferred to Aj if and only if EU(AL) It

is than or equal to (EA(Aj). U(Xi) denotes the utility of outcome Xi and

EU(Ai) denotes the expected utility associated with alternative Ai where,




hewever, the expected utility principle alone does not guarantee the
existence of an additive utility function. [Ref. 19]

~ (U) Strong assumptions about the joint probability distributions of

the outcomes and the decision maker's preference for these probabilities
have to be ﬁade to ensure the existence of any type of utility function.
But 1f these assumptions can be met, then the additive utility function
is represented by,

m n

U(xl,%x2,...4%340005xm) = & pj é ui(xij)

i=1 i=1 .
where X = (xl, x2,...,%Xj,...,xm) is a risky alternative for which the
outcome xj is received if event Ej occurs, pj is the probability of this
event, x1j is the state of the i-th attribute of outcome xj, ui is the
utility function over the i-th attribute, and U is the expected utility
for the risky alternative X. [Ref. 20]

(U) The value and utility functions above are one dimensional or single
attribute functions. Multidimensional functions assume a decision maker
can accurately, consistently, and simultaneously express his preferences
for many outcomes over the whole range of attributes. This is not a
reasonable assumption to make. But with the hierarcial decomposition
involved in MAU approaches an anaiyst can obtain a series of separate
preferences from the decision maker based on the one dimensional Functions.
Analyzing the results of these functions leads to an asseisment of 3 multi-
dimensional function and thus to an assessment of the decision problem
as a whole. From the single attribute functions above the worth of eéch
outcome associated with a certain alternative, and thus the worth of the

alternative, is determined by simply summing the results of each function

for each attribute.

15




than the additive form. Multiplicative and quasi-additive functions are
the two most popular representations in this regard. S$ince only additive

evaluations are used in this thesis there is no need to dwell on the

derivation of other representations. Besides, whenever the monotonicity
a;sumption is satisfied, additive evaluation will provide an excellent
approximation to overall value and implies that the distinection between
additive and non-additive evaluation is trivial from a practical stand-
point. As in the case of utility independence and attribute selection,
it has been argued that additive evaluation models do not sigﬁificantly
effect the assessment of the functions relating each attributé to overall
value or the specification of weighting factors for the attributes. [Ref. 21]

(U) Since different values or amounts of the attributes can influence
the outcome of the alternatives and thus the worth of the alternatives
for solving the decision problem there is a need to estimate the degree
of each attribute's influence on each alternative. No matter if a value
or utility function is being considered it is reasonable to assume that
both V and U are bounded by some limits. Thus, it is convenient to scale
V or U and eachof the single attribute, onedimensional functions. For an
additive value function, the inclusion of this scalling factor gives the
form

i

bs!
Vixl, x2,..., xn) = VX)) = .fAivi(xi) |
i=1
where V and vi are certain positions on an arbitray scale and the sum
of all Ai's equals the upperbound of the scale. {Ref. 22] These scale

values are called weights and the procedures for estimating these weights

will be discussed in the next section.




only the riskless case. As mentioned, there is a great deal of debate
in the literature about how best to assign probabilities to outcomes and

then how to determine a decision maker's preference for the different

probabilities. fhe discussion is still largely theoretical and what work
has been done under risky conditions is statistical in nature or involves
methods that generally lie outside the scope of utility theory. Even
though most decisions are of a risky nature with the outcomes not being
certain, the results of riskless studies have proved to be fairly repre-
sentative of reality. {[Ref. 23] For these reasons, only decisiqn under

certainity will be considered from this point.

D. (U) PREFERENCE AND WEIGHTS

(U) The previous sections have provided the theoretical basis for
using riskless, additive value functions wi;h linear single attribute
values. This section, which actually is not in the domain of utility
theory, concerns estimating importance weights of the attributes. Since
obtaining these estimates is the most difficult task of any MAU appli-
cation a discussion of MAU theory is not complete without consideration
of this topic. There are two general approaches to importance weight
estimation: indirect holistic estimation and direct subjective estima-
tion and direct subjective estimation. [Ref. 24] !

. |

(U) The common defining characteristic of indirect holistic procedures
to weighting is their reliance on hélistic evaluations of complex choice
alternatives. Such approaches often require numerous holistic judgments
and utilize specific statistical tools for analyzing covariance structure,

£

such as multiple regression and analysis of variance. The weights are

17




the relative desirability of acts or objects are inherently subjective

(Ref. 26], direct subjective procedures will be used to obtain the weights

in determining the overall worth of an alternative.

{U) The purpose of any direct subjective estimation strategy for
defining weights is to create a ratio scale for the importance of the
attributes that have been selected. There are numerous subjective pro-
cedures for obtaining importance weights that use well known techniques
prominent in the psychophysics and general psychological scaling literature,
However, there is no strong evidence about which procedure produces a
more accurate estimate of weights in additive, riskless multiattribute
functions. [Ref. 27] The two general types of direct subjective estima-
tions used in Chapter III are ranking and fractionation. As noted, one
procedure is just as useful as another for determining weights and this
is especially true for ranking techniques. The ranking techniques used
in Chapter III are self explanatory and viil not be discussed further.

(U) The logic of fractionation is based on the assumption that a
decision maker (judge) is capable of directly perceiving and reporting
the ratio between two subjective magnitudes. Here, magnitude means the
amount of an attribute possessed by an alternative. 1In one form of
fractionation, the judge is presented with two alternativeL and instructed
to report the subjective ratio between them with respect to the designated
attribute. Methods which use this approach are referred to as direct-
estimate methods. [Ref. 28] The two direct-estimate methods used in

Chapter IIJ are the additive rating scale method and the constant sum method.

18




and worst outcomes of the different values or amounts of a specific attri-
bute. Within each attribute a judge assigns arbitrary values of 100 and

0 to the best and worst outcomes respectively. Then for each attribute

the judge assigﬁs numerical values to all ocutcomes intermediate in value
to the best and worst. These numerical assessments should accurately
reflect the value differences within each attribute. For each possible
intermediate outcome on an attribute, the judge assess a number between
0 and 100 which reflects the subjective value (ratio) of the outcome in
question relative to the worst and best outcomes on that attribute.
[Ref. 29]

(U) In the constant sum method the alternatives are simply the two
objeqts of evaluation to be compared. Using procedures borrowed from
the method of paired comparison the judge independently assess the magni-

tude of each attribute with respect to the alternatives. In most appli-

cations of this method the judge divides 100 points between the alternatives

with respect to the magnitude of the attribute in question in terms of

absolute ratios. [Ref. 30]

19




III. MILITARY CAPABILITY COMPARISON METHODOLOGY (U)

e ___{U)_The MAU methodoleogy developed in this chapter is adapted from

procedures described by Edwards [Ref. 31], Fischer [Ref. 32], Sherwin
and Laurance [Ref. 33], and Bouchard [Ref. 34]. As mentioned, this meth-
odology assumes decision under certainty and uses an additive function
and weighted linear averages to aggregate subjective judgments. Even
though "true" utility functions properly refer to decisions made under
risky conditions, the term utility will be used throughout to‘refer to
the results of the value function simply for continuity purposes; despite
convention. These results or utilities reflect the worth of an attribute
to mission success or the overall military worth of a weapon or platform
operating in certain conditions. The methodology consists of 10 steps
for an analyst to perform.

(U) Step 1., Identify the situation and forces. The analyst,
for whatever purpose, first selects the two countries to be compared.
Care must be taken to completely define the political and military situa-
tion with emphasis placed on the selection of combat operations (ground,
naval, or air) relevant to hostilities that could occur. The analyst
then should identify the single most important strategic ?bjective a
country would have to obtain to determine success or failLre in the event

of hostilities.

,(U) Next, the analyst should identify the specific missions which

must be effectively accomplished to achieve the strategic objective.

These missions should be divided into three categories: (1) essential,

20




support, those missions which make a substantial contribution to the per-

formance of a country's combat forces, and (3) dependent, those missions

which cannot be performed without prior accomplishment of the essential ——
missions.

(U) The analyst then collects order of battle information on the
two countries. The primary weapons or platforms to consider are those
that perform the essential missions. Just because a country has a certain
number of assets does not mean they are all operational or able tc be
deployed. Reviewing appropriate intelligence estimates will érovide the
analyst with a more accurate list of the weapons that are likely to become
engaged in hostilities given the situation. Only these weapons and plat-
forms need be compared.

(U) Step 2. Identify the attributes. Now the analyst solicits
the judgments of informed persons to identify the technical (tangible)
and nontechnical (intangible) characteristics of the two countries' mili-
tary capabilities. Depending on real world constraints like time or geo-
graphic location the analyst can use one of several means to obtain these
judgments. Group discussions, delphi techniques, and questionnairs are
examples. Of.these, questionnaires may well be the most practical tech-

nique. If questionnaires are used, it is recommended tha? a separate

questionnaire be used for this step. Another questionnaire can be used

for the remaining steps.
(V) Step 3. Weight the technical attributes. Once the attri-
butes have been identified the judge's next task is to rank the attri-

butes in order of importance for each country. This rank ordering is

21




necessary so the attributes can be rated by importance preserving ratios.
To do this, the judges start by assigning the least important attribute

an importance of 10. Then they consider the next-least-important attri-

bute. The judges determine how much more important is it than the least
important and assign it a number that reflects that ratio., The judges
continue on up the list, checking each set of implied ratios as each new
judgment is made. Thus, if an attribute is assigned a weight of 20,
while another is assigned a weight of 80, it means that the attribute
with the 20 is one-fourth as important as the attribute assigned the 80.
The judges may want to revise previous judgments to make them consistent
with later omes, and this is acceptable,

(U) Once the results from all of the judges are collected the
analyst should normalize the ratio data. This is done by summing all
the importance weights and dividing the total for each attribute by the
sum. This converts the importance weights into numbers that, mathemat-
icaily, are rather like probabilities. Further normalization of results
can be done in later steps depending on the desired magnitude of the final
score. Notationally, let (X) represent the weapon systems or platforms
that are being compared, let (i) represent the various technical attri-

butes, and let (Ki) represent the normalized impdrtance ratio for each

!

attribute. |

(G) Step 4. Scale the technical attributes for eéch weapon system
or platform. This step involves using the additive rating scale method
and has as its basis a fairly strong assumption. The assumption is
that there is a linear relationship between the range of values for an

attribute and the worth of that attribute in the overall capability of
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the weapon or platform. The analyst must be extremely clear in the

instructions to the judges for completing this step so they will know

() Thelanalyst instructs the judges to specify to themselves
what the least desirable and most desirable values of each attribute
should be. These values are arbitrarily assigned values of 0 and 100,
respectively. Then, for each attribute and each weapon or platform a
judge assigns a number from O to 100 which reflects the amount of the
attribute he thinks the weapon or platform has. For example, if a judge
thinks that the least desirable speed of a frigate is 0 knots and the
most desirable speed is 40 knots then, for this judge, 0 knots is assigned
a value of 0 and 40 knots is assigned a value of 100. -If a frigate under
consideration has a speed of 20 knots then this judge would assign the
speed attribute a value of 50.

(U) For each weapon or platform the analyst simply averages the
vaiues assigned to each of the attributes. Let this value be represented
notationally by Ui(Xi).

(U) Step 5. Calculate technical attribute utilities. This step
is purely computational for the analyst and involves combining all the
factors from above with an additive fﬁnction to find the "utility" or

!

military worth, U(X), of a weapon or platform based soley;on its technical

attributes. Thus,

U(X) = 2 [Ki x Ui(Xi)]
i=1

(U) Step 6. Weight the nontechnical attributes. This step is
performed in the same manner as Step 3 except the nontechnical attributes

are considered. It should be emphasized to the judges that the importance
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Tankings and ratios are determined separately tor the two countries. 5O,

two sets of weights are needed, one with respect to ome country and another

with respect to the other country. Notationally, let (j) represent the

nontechnical attributes and let (Kj) represent the mormalized importance
ratio for each a£tribute.

(U) Step 7. Scale the nontechnical attributes. The judges scale
the strengths and weaknesses of the two countries relative to each other
for each of the nontechnical attributes. These judgments are obtained
by asking the judges to split 100 points between the two countries for
each of the attributes. Using a simple version of the constant sum method
the tbtal points for each attribute are then averaged by the analyst to
find the scaled ratio. Let this ratio be represented by (Vj).

(U) Step 8. Calculate nontechnical attribute utilities. This

step is similar to Step 5. The nontechnical attribute factors from Steps

6 and 7 are combined again using an additive function to find the "utility"

of nontechnical attributes for enhancing the military capabilities of a
country. This utility score (Vc) is calculated by the expression,

(Ve) = & (k3 x Vi
(U) Step 9. Integrate technicél and nontechnical attributes.

The purpose of this step is for the judges to assess the relative impor-

tance of the technical attributes versus the nontechnical!attributes for

|
each country. Unlike Step 7, the two countries are not compared in this

regard.
(U) The analyst instructs the judges to first split 100 points

between the two categories of attributes for one country and then likewise

¢
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for the other country. The averages of these comparisons result in four
relative importance values:

Kt(cl) = weight of technical attributes for country 1

Kn{cl) = weight of nontechnical attributes for country 1

.
=
[l

~—
2]
[ ]

e

[}

weight of technical attributes for country 2

weight of nontechnical attributes for country 2

~
[=]
~—
2]
[
~—r
1}

(U) Step 10. Calculate overall MAU scores. For each weapon or
platform, the analyst combines its technical attribute utility score,
U(X), with the nontechnical attribute utility score, V{c), of the country
possessing that weapon or platform. But first the analyst must multiply
U(X) and V{(c) by the respective relative importance weights found in Step
9. This results in a MAU score, MAU(X), for each weapon or platform.
Thus,

MAU(U) = (Kt{cl)) x UX})) + (kn(cl)) x (V(cl))
where the equation finds the MAU score of a weapon or platform owned by
country 1.

(U) Lastly, the analyst multiplies MAU{X) by the number of weapons
or platforms of each country likely to become engaged in hostilities.
Comparisons of similar weapons or platforms can be made at this point.

By summing these results an overall MAU score for each country is found.

{(U) Because the utility value of each weapon or piatform ig meas-
ured in terms of its contribution to the performance of missions essential
for achieving the strategic objective of the situation being considered,
aggregate numbers of diverse weapons and platforms can be -compared to
assess the relative military capabilities of the two countries. Since

the nontechnical attributes have been factored in to assess this balance
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a much more accurate and comprehensive comparison can be made. Also,
since these scores are derived with respect to a certain situation the

effects of siﬁply comparing numerical totals for each type of weapon or

platform, as used in order of battle comparisons, are reduced.

-
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IV, APPLICATION OF THE METHODOLCGY (U)

A. _(U) SPECIFIC APPROACH AND ASSUMPTIONS

(U} A procedure not mentioned in the previous chapter but nevertheless
vital for the application of any MAU methodology is the selection of experts
or judges. The quality of the results of a study relies on the quality
of the experts. Naturally, analysts would like to have the best judges
possible to become involved in their study and just as naturally this
is not usually the case. Accessability of the judges to the énalyst
effects the smooth running of a research effort. To avold poor response
rates or untimely responses to questionnaires an analyst should select
judges that are readily accessable but still knowledgeable about the topic
to be studied. For these reasons, the specific approach for applying
the military capabilities comparison methodology was to select fen judges
from the staff, faculty, and student body of the Naval Postgraduate School
who were very familiar with China and Vietnam.

(U) The number of judges, ten, was arbitrarily chosen. There is no
"required" aumber of judges for conducting a MAU study. Previous studies
have used as few as three judges and more than fifty with between eight
through fifteen being common for most studies.. Thus, ten judges is an
adequate number to ensure variability to the questionnairJ responses.

The judges were selected based on their experience, position, and knowledge.

The group of judges included two staff officers, four faculty members,

and four student naval officers.
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(U) Some judges expressed concern about their ability to rate technicai
attributes for some of the classes of ships under consideration. The

judges were instructed that if they were not certain about scme of their

responses they did not have to provide a numericéi judgment. Failure
to respond did not effect the calculations for utility scores since the
weighted averages for the particular attribute was found by dividing the

total number of importance points by the number of judges that did respend.

B. (U) THE SITUATION AND FORCES INVOLVED

(U) The vast expanse of reefs, shoals, sand bars, cays, and islands
south of MacClesfield Bank and west of Palawan Island in the South China
Sea is referred to by many names. English-speaking mariners often call
the entire area the Spratly Islands [Fig. 1] and this name has become
accepted for the area in the West. For more than twenty years, the
Spratly Islands have been the focus of competing claims by the People's
Republic of China (PRC), the Government on Taiwan, the Secialist Republic
of Vietnam (SRV), the Republic of the Philippines, and Malaysia. Though
the islands consist of less than one square mile of ocean, the possibility
of important oil and gas reserves provides significant reason for these
persistent claims. [Ref. 35] States exercising sovereignty over the
islands may claim sovereign rights to vast resources under the exclusive
economic zone legal regime or continental shelf concept. ;[Ref. 36] Also,
the islands' proximity td major sea lanes increases the strategic military

advantage of the contry that controls the area.
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C. (U) SELECTION OF ATTRIBUTES

(U) To identify the technical and nontechnical attributes of the PRC
and SRV naval forces involved in the situation an Attribute Selection
questionnaire, shown in Appendix A, was administered to the judges.

Lists of suggested attributes were provided for the judges to choose from
or thef could list attributes of their own choosing. The suggested lists
were prepared by reviewing‘previous MAU studies that compared naval
capabilities [Refs. 43 and 44) and by asking Operations Research specialists
what typical performance factors are considered when modeling naval engage-
ments.

(U) Aggregating the results of the Attribute Selection questionnaire
determined the aﬁtributes to be used for subsequent weighting and scaling.
The attributes finally selected are listed in Table 4. ngorts were made
to include the preferences of all judges but the final 1i;ts were prepared
with the objective of determining the commonality of all the responses.

An attribute from the sﬁggested list was dropped if none qf the judges
considered it to be important. Based on written feedback from the judges

¢

some attributes were redefined to better fit the scenario or they were




Table 4

(U) The Attributes

. (UNCLASSIFIED)

Technical Attributes

MANEUVERABILITY

DISPLACEMENT

COMMUNICATIONS

SURVIVABILITY

QUIETNESS

TYPE OF ARMAMENT

WEAPON RANGE

WEAPON ACCUARACY

NO. OF LAUNCHERS, MOUNTS, BARRELS
RELOAD OR MAGAZINE CAPABILITY
AIR SEARCH RADAR

SURFACE SEARCH RADAR

FIRE CONTROL SYSTEM

ESM/ECM

SONAR

Nontechnical Attributes

POLITICAL RESOLVE/WILL
MORALE

INTELLIGENCE CAPABILITY
TACTICS EMPLOYMENT
CAPABILITY

MAINTENANCE CAPABILITY

s Y X
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— = = —for-catculation of overall MAU scores for selected naval units of the
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(U) Once the attributes were determined a weights and scaling

questionnaire, Appendix B, was used to gather the necessary information

PRC and SRV. The questionnaire is quite lengthy but the format was
selected to ensure that a complete and comprehensive set of data was
obtained from the judges. Some ship characteristic data taken from
Reference 45 was included as a reference the judges could use to maintain
consistency in the scaling process. Normalizatien of the data by simply
dividing a given number by the sum of all such numbers was done at various
steps to provide a final MAU score that was a decimal fraction. Due to
round off error, a few totals for the normalized scores do not sum exactly
to oune.

(U) The tables presented in this section were prepared in the manner
described in Chapter III beginning with Step 3. Table 5 lists the (Ki)
weight values which were multiplied by the Ui(Xi) scale Qalues shown in
Table 6 and summed to find the U(X) technical attribute utilities for
each ship class as presented in Table 7. 1In Téble & the low scale values
given to many ship classes for the air search radar attribute is due to
some judges assigning values based on the assumption that most surface

search radars do have a limited air search capability. Likewise, the

ot ... .38




‘due to their mine countermeasures capability. Table 8 lists the (Kj)
weights which were multiplied by the relative (Vi) scale values shown

in Table 9 and summed to find the V{(c¢) nontechnical attribute utilities

for each country as presented in Table 10.

(U} Table 11 shows the relative importance of the technical versus
the nontechnical attributes for each county. These values were multiplied
by the respective utilities and summed to find the MAU score for each
ship class as shown in Table 12. Finally, the MAU score for a particular
ship class was multiplied by the number of ships in the order of battle.
Table 13 shows overall MAU scores which can then be used for capability
comparison purposes,

Table 5

(U) Technical Attribute Weights (Ki)

(UNCLASSIFIED)

Attribute Total Weight Points Normalized Weight

PRC SRV PRC SRV
MANEUVERABILITY 539 557 0707 .0710
DISPLACEMENT 400 404 .0525 .05315
COMMUNICATIONS 600 626 L0787 .0798
SURVIVABILITY 570 538 .0748 .0798
QUIETNESS 214 267 .0281 .0340
TYPE OF ARMAMENT 815 772 . 1069 .0984
WEAPON RANGE 712 662 .0934 .0844
WEAPON ACCURACY 666 657 .0873 .0837
NO. LAUNCHERS 441 431 : .0578 0549
RELOAD/MAG CAP 84 356 L0504 L0454
AS RADAR 336 277 0441 .0353
SS RADAR 715 683 .0938 .0871
FC SYSTEM 503 635 .0660 .0809
ESM/ECM 499 441 .0654 .0562
SONAR 231 540 0303 .0688

Totals 7625 7846 1.002 1.000
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Table &

(U) Average Scale Values of the Technical Attributes
' For Each Ship Class [Ui(Xi)]

SHIP CLASS

PRC SHIPS
ROMEO S8
LUDA DD
JIANGHU FF
JIANGNAN FF
RIGA FF
ETORUFU PGF
HOUKU PTG
0S4 I PTG
HAINAN PCS
KRONSHTADT
HUCHUAN PTH
P-4 PT

P-6 PT
HUZHOU PC
HAIKOU PC
SHANGHAI PC
LST 511

LsM 1
YULIANG LSM
T-43 MSF

SRV SHIPS
PETYA FFL
SAVAGE PG
BARNEGAT PGF
KOMAR PTG
0SA II PIG
SHERSHEN PT
P-4 PTL

P-6 PTL
PGM=-59 PC
SHANGHAI PC
173 FT PC
PGM 83 PB
PO~-2 PB
POLUCHAT PB

(UNCLASSIFIED)

Attribute (see key next page)

1

31
77
71
70
72
61
66
81
70
53
82
77
70
67
58
62
42
45
40
50

71
59
62
67
69
73
78
76
43
62
50
40
43
55

2

48
61
51
45
51
47
33
48
43
38
30
29
35
35
31
36
61
39
45
42

47
56
59
32
52
38
30
35
38
39
28
25
26
35

3

78
63
54
50
55
50
49
49
50
45
48
46
49
48
37
52
50
54
55
55

57
56
52
45
52
45
42
42
40
51
47
20
44
42

4

44
64
46
42
52
39
32
43
45
40
29
28
33
36
27
31
54
53
42
36

42
44
50
30
44
36
35
36
35
32
32
24
26
33

5

63
44
42
40
42
40
38
40
39
35
41
41
39
38
36
39
28
30
28
31

39
43
41

45

37
36
36
30
44
36
38
35
39
34

6

54
65
66
46
60
37
52
67
44
44
36

38

40
35
21
44
23
27
19
40

46
43
54
48
61
61
35
36
32
36
30
19
14
19

7

54
59
52
39
48
48
47
53
33
32
30
29
38
39
25
26
29
29
20
30

39
35
54
49
53
37
25
29
29
27
27
21
17
26

8

47
48
54
46
53
43
47
54
45
42
40
43
44
42
34
35
33
32
32
33

46
48
33
47
52
48
39
40
29
29
24
20
21
22

71
66
60
47
52
36
21
45
44
31
21
31
21
21
21
41
30
33
16
39

45
45
35
27
34
27
27
27
33
25
21
12
13
18

10

48

- 59

53
49
57
30
24
40
36
27
17
19
17
24
23
35
19
23
14
27

45
42
35
19
25
30
21
20
28
23
27
11
11
19
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26
36

13

39
53
50
41
35
23
47
51
28
18
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22
23
17
I6
17
14
14
13
12

50
38
47
58
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15
16
15
15
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(U) Average Scale Values of the Technical Attributes
For Each Ship Class [Ui(Xi)]

' SWIFT MK2 PB 56
ZHUK PB 74
§.0. 1 PCS 67
YURKA MSF 50
K-8 MSF 35
ADMIRABLE PCS 47
LST 1 36
POLNOCHNY LSM 533
LCU 501 37
LCU 1466 32

Key to Attribute Description

Maneuverability
Displacement
Communications
Survivability
Quietness

Type of Armament
Weapon Range
Weapon Accuracy

O 0O~ P N
. @ . & = - [ -

11. Air Search Radar

12, Surface Search Radar

29
36
32
45
15
56
57
43
30
32

13. Fir Control System

l4. ESM/ECM

15. Sonar

45
44
46
47
28
45
46
58
25
37

(continued)

(UNCLASSIFIED)

32
29
32
38
20
42
50
44
31
30

33
32
31
36
33
28
26
25
27
28

No. of Launchers, Mounts, Barreis
10. Reload or Magazine Capability

28
18
34
28
15
27
21
33
20
25

22
19
30
21
16
26
23
28
20
20

25
21
23
23
26
39
26
32
21
22

30
22
31
21
14
30
17
22
25
30

24
15
34
19
11
28
21
28
23
25

e OO WO o

34
22
35
39
37
34

24

16

12

25

12
14
19

15
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Ship Class

PRC Ships
ROMEO SS
LUDA DD
JTANGHU FF
JIANGNAN FF
RIGA FF
ETORUFU PGF
HOUKU PTG
0SA I PTG
HAINAN PCS
KRONSHADT PCS
HUCHUAN PTH
P-4 PT

P-6 PT
HUZHOU PC
HAIKOU PC
SHANGHAI I PC
LST 511

LSM 1
YULIANG LSM

Total PRC

SRV Ships
PETYA FFL

SAVAGE PG
BARNEGAT PGF
KOMAR PTG
0SA II PTG
SHERSHEN PT
P-4 PT

P-6 PT
PCM~59 PC
SHANGHI PC
173 FT PC
PGM 83 PB
PO-2 PB
POLUCHAT PB

Table 7

[U(X)]

(UNCLASSIFIED)

Y

Technical Attribute Utility

48.46
57.49
52.06
42.00
54.18
37.46

38.44

56.50
38.30
30.68
32.22
27.10
33.30
32.36
25.58
33.16
30.11
30.36
26.52

749.52

43.73
44,26
45.31
36.93
42.70
37.02
29.73
27.11
28.63
28.77
29.74
15.71
19.38
24.10

Technical Attribute Utilities For Each Ship Class

(.065)
(.077)
(.069)
(.056)
(.072)
(.050)
(.051)

(.062)

(.051)
(.041)
(.043)
(.036)
(.044)
(.043)
(.034)
(.044)
(.040)
(.041)
(.044)

(.988)

(.062)
(.063)
(.065)
(.057)
(.061)
(.057)
(.042)
(.039)
(.041)
(.041)
(.042)
(.022)
(.028)
(.034)



(U) Technical Attribute Utilities For Each Ship Class

(U]
(continued)
{UNCLASSIFIED)
SWIFT MK2 PB 23.63 (.034)
- ZHUK PB 23.04 (.033)
§.0. 1 PCS 33.75 (.048)
YURKA MSF 27.56 (.039)
K-8 MSF 15.23 (.022)
U.S. ADMIRABLE PCS 32.21 (.046)
LST-1 23.50 (.033)
POLNOCHNY LSM 29.77 (.042)
LCU 501 18.18 (.026)
LCU l466 21,99 (.031)

Total SRV 701.98 (1.004)
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Attribute

MORALE
MAINTENANCE
POLITICAL RESOLVE
TACTICS EMPLOYMENT
INTELLIGENCE

Totals

Table 8

Nontechnical Attribute Weights (KJ)

- (UNCLASSIFIED)

Total Weight Points
PRC SRV
247 345
324 272
450 570
479 575
411 406
1911 2168

Table 9

Normalized Weight

PRC SRV
.1293 .1591
.1695 .1255
.2355 .2629
.2507 +2652
.2151 .1873
1.000

1.000

(U) Average Scale Values Of The Nontechnical Attributes
For Each Country Relative To The Other (VJ)

Attribute

MORALE
MAINTENANCE
POLITICAL RESOLVE
TACTICS EMPLOYMENT
INTELLIGENCE

Totals

(UNCLASSIFIED)

44

Scale Value

PRC SRV
47 (.19) 53 (.21)
55 (.23) 45 (.18)
45 (.19) 55 (.21)
45 (.19) 55 (.21)
51 (.21) | 49 (.19)

243(1.01) ' 257(1.00)




Table 10

(U) Nontechnical Attribute Utilities For Each Country

I o el

(UNCLASSIFIED)
Attribute Utility

PRC SRV
MORALE 11609 (.025) 18285 (.033)
MAINTENAMNCE 17820 (.038) 12240  (.023)
POLITICAL RESOLVE 20250 (.045) 31350 (.055)
TACTICS EMPLOYMENT 21555 (.048) 31625 (.056)
INTELLIGENCE 20961 (.050Q) 19894 (.036)
Totals 92195 (.206) 113094 (.203)
Table 11

(U) Attribute Relative Impertance Values

{UNCLASSIFIED)
Country Attribute Importance Value
Technical Nontechnical
PRC 50 50
[Kt(cl)] [Kn(el)]
SRV 49 ;o 51
(Kt (c2)] | [Ko(eD)]

45
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Ship Class

PRC Ships
ROMEO S8
LubDA DD
JIANGHU FF
JIANGNAN FF
RIGA FF
ETORUFU PGF
HOUKU PTG
0SA I PTG
HAINAN PCS
KRONSHTADT PCS
HUCHUAN PTH
P-4 PTL

P-6 PTL
HUZHOU PC
HAIKOU PC
SHANGHAI PC
LST 511

LsSM 1
YULTANG LSM
T-43 MSF

SRV Ships
PETYA FFL

SAVAGE PG
BARNEGAT PGF
KOMAR PIG
0SA II PTG
SHERSHEN PT
P-4 PT

P-6 PT
PGM-59
SHANGHAI PC
173 FT PC
PGM 83 PB
PO-2 PB
POLUCHAT PB
SWIFT MK2 PB
ZHUK PB

S5.0. 1 PCsS

lable 1Z

{(UNCLASSIFIED)

U(x) x Kt +

.065 .5
077 .5
.069 .5
.056 .5
.072 .5
.050 .5
.051 .5
.062 .5
.051 .5
.041 .5
.043 .5
.036 .5
044 .5
.043 .5
.034 .5
044 .5
040 .5
041 .5
.035 .5
044 .5
.062 .49
.063 .49
.065 .49
.057 .49
.061 .49
.053 .49
L0642 49
.039 .49
.041 .49
.041 .49
042 .49
022 .49
.028 .49
034 .49
.034 49
.033 .49
.048 .49

46

MAU Score For Each Ship Class MAU(X)

Vic)

.206
.206
.206
.206
.206
.206
.206
.206
206
.206
.206
.206
.206
.206
.206
.206
.206
.206
.206
.206

.203
«203
.203
.203
.203
.203
.203
.203
.203
.203
.203
.203
.203
.203
.203
.203
.203

Kn

. .

- L I * * & & & =+ a4 & w2
UTU|U1U1U1U1U‘IU1U1LHUIU1U1U1U1U1U1U1U1UI

« & s e

.51
.51
.51
.51
.51
51
.51
.51
J51
i51
.51
.51
.51
.51
.51
".51

MAU(X)

.136
142
.138
131
.139
.128
.129
<134
.129
.124
.125
.121
.125
.125
.120
.125
.123
.124
.121
.125

.134
134
.135
.131
.133
.130
124
.123
124
124
.124
.114
117
.120
.120
.120
.127



"YURKA MSF

K-8 MSF
ADMIRABLE PCS
LsT 1
POLNOCHNY LSM
LCU 501

LCU 1466

(0

MAU Score For Each Ship Class MAU(X)

{(continued)

(UNCLASSIFIED)

- .039 W49
022 .49
046 .49
.033 .49
.042 49
.026 .49
.031 .49

- .203

.203
.203
.203
.203
.203
.203

.51

.51
.51
.51
.51
.51

.51




V. CONCLUSION AND RECOMMENDATIONS (U)

(U} The .05 increase over the order of battle ratio provided the

PRC in the MAU study is not significant enough to effect any previous
intelligence a;sessments about the ocutcome of the proposed scenaric.
Although the balance of forces remains in favor of the PRC, the MAU
comparison more accurately reflects the actual military balance of the
PRC and the SRV naval forces that were considered. Primarily the study
shows that intelligence estimates should not give the PRC any greater
advantage over the SRV in theilr mutual desire to control the Soﬁth China
Sea. It was shown that the SRV is just as capable and determined as
the PRC, if not more so, to initate, support, and adequately conduct

of fensive naval operations to back up their claims and objectives in
the South China Sea. These determinations can not be made simply by
reQiewing order of battle infermation.

(U) Several problems with the MAU methodology were encountered in
the applicétion to the test situation or were expressed by the judges
and are the basis for recommendations for future similar studies. TFor
the selection of attributes, it was felt that, if possiBle, a group dis-
cussion among the judges would have led to a better defined list of
attributes. The lack of interaction between the judges piaced a greater
responsibility on the researcher to sort out interdependencies and
discrepancies of the individual responses to the Attribute Selection
Questionnaire. This introduced an additional subjectivity that may have

had substantial effect of the final results. To reduce this possible
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clarity tnelr responses and deternine 1t they were conslstent with the
responses of other judges. Therefore, group discussions, or pessibly
the use of delphi techniques, should be used to make the attribute

(U) Use of a questionnaire for the individual weighting and scaling
of the attributes does not require any interaction between the judges
since the numerical responses can be aggregated without adding extra
subjectivity. However, feedback from the judges indicated that filling
out the questionnaire was quite demanding. It was suggested that a
questionnaire wherein the judges could rate types of ship classes rathef
than the many different classes that were considered would have been
easier and just as adequate. But this would cause extrapolation from
the results by the researcher to specific ship classes. This p;ocedure
would also inject analyst subjectivity into the problem. Also, the method
by which an analyst could make the extrapolations is not clear and the
literature does not provide any guidelines as to how this procedure might
be performed. Use of cluster analysis or other similar techniques for
the extrapolation of general responses to specific military platforms
and.weapons needs to be investigated. However, the format of the
questionnaire seems to be the most efficient and adequate method to obtain
the detailed information an analyst néeds to implement the!methodology.

(U) Since the procedure used in the methodology for inLegrating the
technical and nontechnical attributes resulted in an even importance
split between the two sets of attributes for both countrie;, this procedure

requires some refinement so more accurate numerical assessments .can be

53




capablliltles comparison is that the nontechnical attributes are considered
in the computation of utility scores. It was not clearly shown that

the intangible variables were included in a manner that ensured an
accurate represeﬁtation of their influence on the ability of a country

to use their military forces. Alternative methods for integrating
technical and nontechnical attributes should be tested. A statistical
method which does not involve the averaging of individual responses is

one consideration.

(U) Several judges expressed concern that the scope of the test study
was too large. It was suggested that if a smaller number of.ship classes
were considered then the judges' responses would have been more consistent
and meaningful, These doubts are probably based on the relative unfamil-
iarity of the judges with some of the smaller classes of ships. This
may be a valid point when other countries' military forces are being
compared under differing tactical situations. But when considering the
test scenario used in this thesis one can not ignore the PRC or SRV
resolve to use even the least capable of ships to support their naval
initiatives. One solution to these concerns, which has been previously
mentioned, is to get the most knowledgeable judges available to participate
in the MAU study since the quality of the results depends heavily on
the quality of the judges. Another solution is to develoP# scenarios
that sucecinctly and comprehensively define the forces to bé studied.
Efforts should be made to keep the total number of forces to be considered
as small as possible. Probably the best solution is to limit comparison

to only a few of the major essential combat forces but this approach

54

HERI M R Rraiki i A Sy | M



large number of different types of weapons and platforms.
{(U) One last possible problem, which is due to the format of the

Weights and Scaling Questionnaire, deserves mention. The ship classes

and usually more capable, clasges were listed first for consideration.

The results of the study showed a general declining trend in the utilities
of the ships as they were presented. Even though it was expected that

the larger classes of ships should receive a higher utility score than

the smaller classes it is possible that the presentation of the ships

in the questionnaire in a top down fashion did indeed help to reenforce
this general observation. Questionnaires should be constructed so that
formats can not influence results. Random order presentations of platforms

.

and weapons should alleviate any undue bias.
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Appendix A (U)

~ NAVAL POSTGRADUATE SCHOOL
MONTEREY, CALIFORNIA 93943

NC4(38)
2 January 1985

From: Curricular Officer, National Security and Intelligence Programs
(Code 38)
To:

Subj: DISTRIBUTION OF MULTIATTRIBUTE UTILITY THEORY AND MILITARY
CAPABILITIES QUESTIONNAIRE .

Encl: (1) Attribute Selection Questionnaire

1. This questionnaire is part of a student research project designed to
measure the military capabilities of two specified countries relative to
each other. The methodology to be used is derived from Multiattribute
Utility theory. The results of this questionnaire will be incorporated
into a thesis being prepared by LT Dale £. Hays to satisfy the degree
requirement in the Naval Intelligence curriculum. You have been asked
to respond to this questionnaire because of your position, experience,
and knowledge. Thus, each response to the questtonnalre becomes very
important to this research effort,

2. Enclosure (1) is the first section of a two part questionnaire. Part

Two will be separately provided once the results of Part One are aggregated. .

This first part addresses the initial step in applying Multiattribute
Utility Methodology; the identification and selection of attributes.

. . - i’ - , .
3. Your participation in this research,gj;ort is mog%7apprec1ated.




MULTIATTIBUTE UTILITY THEORY AND MILITARY CAPARILITIES

o

COMPART SON QUESTIONMAIRE

PART ONE

ATTRIBUTE SELECTION QUESTIONM&IRE

Gentlemen,

The hypothesis of my thesis | that comparison of

in

the Multiattribute Utility <MaU) scores of two countrie:

oF their

b

is & more accurate and complete measur
relative military balance than mere order of battls
comparisons., The purpeose of this questionmaire iz to
collect raw d#ta to test this hypothesis, An engagement
between selected naval units of the PRC and the SRV in a

dispute over the sovereiognty of the Spratly I=landsz

serves as the case situation. I am attempting to
evaluate fhe ocverall]l military worth of thesze Shipirbaiéd
on judgments about the value of tangible and intangikle
charactericstics of the forces.

Three basic steps will be used in the Mal
application, First, the decision prob?ew will b
decomposed along naturxl lines according 10 varicus
value characteristics «called attributes. Second,
separate Jjudgments will be made about each of the
attributes, Finally, these separate judgments wil) ke

aggregated wusing a formal algebraic rule and fhis iz

used as an aid for the compariscn. These steps will
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serve asz the basis of a methodolagyr for comparing

relative military balances.

M
i}

 Some decamposition of the praoblem has alreadr been
done due primarily to assumptions necessary f£or
epecification of the situation and forces involuwed and
for preparation of the questionnaire. Since the
situation to be tested invaluwes PRC and SRV naval units
in a dispute near the Spratly Islands, a limited at-zea
engagement with little or no submarine actiwity and ro
land based a&air participation is envisioned. Ffter
reviewing intelligence estimates on the operational
capabilities of PRC and SRV naval forces a list of thosze

ships likely to become engaged in such hostilities has

been prepared and will be provided if desired.

d

D

Also, the attributes have already been separat
into tangible and infangible cateqories. The tangible
attributes are classified as technical attributesz and
have bkeen divided into categories reflecting the basic
tvpe of attribute to be concsidered. The intangiblse
attributes are claszified as nontechnical Jattributei
with some explanatary remarks added for c?aLi%ication.
For purpoges here, an attribufe is defined as anx
charactaristic of a ship which has Eeievance te adequacyr

of performance of the ship in the conduct of missions,

Your respancses to this part of the guestionnaire wil) ke
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compared with others to select 2z complete lisgt of
attributes,
Liste of sugoested technical and nontzchnical

attributes are provided. You are asked to circle the

i

attributes wou think are necessary to consider  to
determine the military worth of naval forces opsrating

e Ffesl free to write in

[
[} 7]

a2

b1 (]

under the given <cenario. Fl
any attribute you may wish to include. For guidance,
the set of attributes »ou chose zhculd ke comg?ete, 2
that it covers all important aspects of the situationg

operational, so that individual characteristics of the

set can be easily quantified or Jjudgmentally scaled;

nonredundant, so that double counting of impacts can be

avoided; and minimal, so that the dimension:s of the
situation are kept as emall as possible for practical
znd meaningful analysis,. Judgments about the relatiuve

importance of the attributes are not necessary at this

time.

Thank you,




TJECHNICAL ATTRIBUTES

CIRCLE YOUR PREFERENCES OR WRITE IM CHDICES OF YOUR CliM.

Ship Characteristics

Speed

Range or endurance

Command, control, and communications
Seaworthiness

Survivakility (Damage Control)

Unique Submarine Characteristics

Submerged endurance
Guietness

Maximum Depth

. Aarmament Characteriztics

Trpe of armament {missiles, guns, asw weapons, etc)
Weapon range

Warhead size

HERFAMT ATt



Accuracy or probability of & hit
' MHumber of launchers, mounts, and barrst

Feload or magazine capability

Senzor Capabilitiss

Air search radar
Surface search radar
Fire control radar
ESM/ECM

Sonar

Other Characteristics or Capabilitiess

£




NONTECHNICAL ATTRIBUTES

CIRCLE ¥OUR FREFEREMCES OR LIST OTHER CATEGORIES OF

INTEMGIELE ATTRIBUTES O THE NEXT PAGE.

Intelligence Capability

The capability to collect, analyze, and diszeminats
intelligence information.

Tactic= Employment Capability

The capability to successfully 2mplor developed tactics
in hostile conditions., Includes quality of previous

mission training exercises and command initiative.

Logistice Capabilitw

The capabillity to replenish or replace items neceszary

to sustain the operational tempo.

Qperator Competance

The ability of personnel ta maximize the wusze of
equipment and machinery that is functiening properiw.

Maintenance FProficienscy

The ability of parsonnel to maintain and repair mission
essential systems.
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Appendix B (U)

NAVAL POSTGRADUATE SCHOOL
MONTEREY, CALIFORNIA 93943

NC4{38)
24 January 1985

(Unclassified upon removal of Enclosure (2))

From: Curricular Officer, National Security and Intelligence Programs,
(Code 38)
To:

Subj: DISTRIBUTION OF MULTIATTRIBUTE UTILITY THEORY AND MILITARY
CAPABILITIES COMPARISON QUESTIONNAIRE

Enct: (1) Weights and Scaling Questionnaire
(2) PRC and SRV Ship Characteristics Data Sheet

1. Enclosure (1) is the second part of a questionnaire being distributed
for thesis research purposes by LT Dale E. Hays. This part of the
questionnaire solicits your judgment about the relative capabilities of
the naval forces of the PRC and the SRV. Since mathematical analysis will
be applied to the results of this questionnaire each response becomes very
important to this research effort.

2. Enclosure (2) is a classified listing of PRC and SRV ship character-
istics. Please safeguard this enclosure appropriately. .
' j

3. Your participation in this research effq most appﬁeciated.
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MULTIATTRIBUTE UTILITY THEORY AND MILITARY CAFPABILITIES

COMPARISON GUESTIONMAIRE

PART TWQO

WETGHTS aND SCALING QUESTIOMMNAIRE

Gentlemen,

In this questiornnairs »ou will bBe asked to maks
several different subjective judoments. Generally,
there will be two types of judomentz to make, numerical
Judgments about the impor tance of each attribute
retative to each other and numerical judgments abcut the
worth of each attribute in determing the capability of
the naval forces to successfully complete assigned
missions, These numerical judgments are wvital for the
application of any Multiattribute LUtility R L
methodolagyr. Before discussing the attibutes +o L
considered, & quick review of the scenaric is necezsarw.

An important naval objective of the PRC and the SRU
is= to abtain and maintain control of the South China
Sex, The scvereignty of the Spratly IslandF has been
cantested by bath countrics for EEUEP;] decadss
primarily due to the island group’s strategic
geographical location, Bzcause other nations have
expressed a military interest in some of the—ialanda and
the passibility of there being large oil deposits in fhe

area, the dizpute between the two countries has recent!y
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become mores intense, Both the FRC and the SFEY wiew
control over the Spratly’'s as a significant indicator of

restige and &z a stepping stone faor future
P = } pp 2

opportunities in  the Souyth China Sea. Thuz, naval
hostilities over the sovereignty of the Spratly Izlands
is a reatistic likelihood.

The tactical scenario is a quick and small scale
at-sea engagement between selelcted naval forces of the
two countries. Mo third party intervention ehould te
anticipated., Based on intelligence estimates only those
classes of ships which can realistically be expecterd to
participate in such an engzagement are to be considered.
The ships are assumed to be on station near the istand
chain at the start of hostilities. Submarine
participation willt consist of only Romeo class diesegl
submarines of the PRC’s South Sea Fleet. Land bazed air
actiuit} will be limited with surveillance afd
reconnaissance the only assigned migsions, Aircraft will
not beﬁome involved in actual engagements, Therefore,
any assumed aircraft participation shoﬁld e taken into

account when considering the intelligence lcaltection

[
capability of the two countries. Success or failure of
the operation will be determined by the cutcome of thesze

two naval forces engaging one another with_ the wvictaor

able to land troops on several of the islands In the

absence of any hostile opposition.

. AA e —
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There was no mention of the number of sach clzas:z of

[}

zhips in the scenario. The scenaric iz used nly to add

9

af the basic compariscon to b

1fs

meaning to the result

made. The cobjective here iz to build a situaticn where
the military interaction is strictly» naval ships wverzuz
naval ships. In your judgments, do not worry about the

number of units there are of a certain class of =hip.

10

Just consider the "worth" of that class aof ship in
hivpothetical engagement hetween the "worths" ot
oppossing classes ships,

The lists of attributes presented in the faollowing
sections were selected us{ng the rezults of the first

part of the gquesticnnaire. Since some of the technical

m

attributes tisted in Part One were ambigucocus, the lezs
clear technical attributes for this part will be brigflys

defined. Maneyvarability is based on speesed and

endurancs and refers to the capability of a ship to be

quiﬁkly and adeguately repositioned. Displacement iz

easy to measure and, while not normally considersd to
contribute to the combat worth of = ship by itselsf, iz
an indicator of seaworthiness. Communications

i
capability refers to the general t¥pe and sophistication

of communications equipment and is fairly easr to
assess, .Here it also serves a basis to assess command
and control capability. Survivabkility is difficult to

’

measure, but +Ffor weighting and scaling purposss it

.. 67 . e




refers to the vulnerability of a ship and its weapons or
radar syetems to withstang damage tnflicted by opposzing

forces, Quietness is also difficult to measurs, It mor

ronlkrfefera to sound prapagatedréy éﬁbmarineérbut atso
to the capability of ships and submarines ta zuaidg
detection from passive sonar.

The nontechnical attributes identified from Fart

Orne are listed below:

Folitical will/resolue

The determination of a country to carry cut plans
or initiatives, to back up threats, or to squarely meet

agoressors.

Intellingence capability

—r
[

The capability to collect, analwze, and dizzemin

P

technical, tactical, and political intellige

information.

Tactics emplovment capability

The capability to successfully emploﬂ‘deue!oped

a
tactics in hostile conditions. Inzludes quality of =
country’s naval doctrine, quality of command personnel,

and operator training level.

Maintenance proficiency ’
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The abilits of perszonnel to maintain and repair

miszion essential equipment and the capability of supply

organizaticons to ensure repair and replacement jtems are

readily available.

The weighting and scaling methods uzed as a bazi
tor developing this questionnaire are simplistic, mors
rigorous methods are available, but simplicity and eaze
of obtaining Judoments are impertant +or  the Mal
methodology I use in m» thesis. The instructions far
each section are straitforward. Some ship
characteristic data (Enclosure 2) has been provided far
you to use as a quick reference. Even though the dzata
may not be complete it is wour Jjudgment that is valued
over a campilation of data, particularly when the
meacure is difficult to quantify. Fleaze fesl Free to

give me feedback about the questicnnaire.

Thank wou,
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A. The =zattributes

The technical attributes identified from an aggregation
of the resylts of Part Qne are:

— MNEUWERSBILITY . - .

DISPLACEMENT

COMMUNMICATIONS

SURVIVABILITY

QUIETNESS

TYPE OF ARMAMENT

WEAFOMN RANGE

WEAPON ACCURALY

NUMBER OF LAUNCHERS, MOUNT, BARRELS
RELOAD OR MAGAZINE CAPRBILITY
AIR SEARCH RADAR

SURFACE SEARCH RADAR

FIRE CONTROL SYSTEM

ESM~/ECM

SONAR

The nontechnical attributes identified from an
aggregation of the results of Part One are:

POLITICAL WILL/RESOLVE
MORALE ‘ f
INTELLIGENCE CAP&ABILITY

TACTICS EMPLOYMENT CAPARBILITY

MATINTENSNCE CARPABILITY
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B. Ranking the techpical attributes

Fank the technical attributes in order of importance for
determining the military capabiltities of ships $for each
of the countries. This rankK ordering should simply bs =
list of the most important attribute (13 to the JTeast
important attribute (13532, Write in your response=s in
the spaces below. You will be asked to judge ths
relative importance ratio (weight? in the next zsction,

PRC WT SR WT
1. 1.
2. 2.
3. 3.
4. 4,
S. s,
5. .
7. 7.
a. s.
. 2.
0. 10,
11, 11,
12. 12,
13. LY
14, 143. i!
15. ts.
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cC. Determinirng the weight of the attribuytes

In this section »ou will be rating the xttributes in
impor tance—preserving ratios or weights. To do this,
start by asszigning the least important atiritbute »ou
identified in the previous section an importancs of 10,
Mow consider the rnext—-least—-important attributs,. How
much more important Cif at all) is it tham the least?
Assign it a number that reflects that ratioc. Continus
on up the list, checking each set of implied ratics as
each new judgment iz made. Thus, if an attribute is
assigned a weight of 20, while another is assigned a
weight of 80, it means that the attribute with the
twenty is one-~fourth as important as the attribute with
the 80, By the time »you reach the most important
attribute, there will be many checks to perform. - You
may want to revice previousz judgments to make them
conzgiztent with later ones and this is acceptable,

In the space provided in the previocus section under the
heading of WT, please mark your weight assecements of
the technical attributes for each country,

0. Scaling the attributes

In this section you will be determining the worth of an
attribute for a particular ship based upon how much of
the attribute wou think that ship has. The method ussd

here is adapted from the additive rating scale method,

First, you specify to wourself what tha least desirable

and most desirable values of each atiribute szhouwld Ze,
1

These values will then arbitrarily be assigned values of
0 and 100, respectively, Then for each attribute ana
each platform you assign a number from 0 to 100 which
reflects the amount of the attribute you think a
particular ship has. For example, it »you think thasxt
the least desirable maximum speed of & frigate iz O
kKhote and the most desirable maximum speed of 3 frigate
is 40 Knots, then 0 kts is asszigned a valug of 0 and 40
knots i¢ assigned a value of 100. Thus, if alparticular
frigate has a speed of 20 kKnots then you shoulid assign
the speed attribute for this ship a value of 30,

On the following pages are the classes of FPRC and SRV
ships to consider given the scenario. Listed under each
ship class are the technical attributes. In the spa
provided beside each attribute pleacse write the number
fraom 0 to 100 which represents the amount of the
attribute you think a ¢hip has according to the endg
points you have establicshed for each attribute.

ow
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ROMEQ €5

MAMEUVERSBILITY

TYFE OF &RMAMENT

DISPLACEMEMNT

SURVIVABILITY

COMMUMNT CATIONS

QUIETNESS WEAFOM RAMNGE

FIRE COMTROL SYSTEM WESFON ACCURACY

AIR SEARCH RADAR ESMAECHM

SURF ZSERRCH RADAR SOMAFR
RELOAD-MAGAZ INE NO OF LAUNCHER
CaFARILITY MOUNT 5/BARREELS
LUDA DD TVYPE OF ARMAMENT
MaMNEUVERABILITY DISPLACEMENT
COMMUNICATIONS SURVIVABILITY
GUIETNESS WEAFOM RAMNGE

FIRE CONTROL SYSTEM

AIR SEARCH RADAR

SURF SEARCH RaDAR

RELOADMAGAZ INE
CaPABILITY

JIANGHU FF
MAMELVERABILITY
COMMUNMI CATI ONS

QUIETNESS

FIRE COMNTROL SYSTEM

AIR SEARCH RADAR

SURF SEARCH R&DAR

RELOADAMAGAZ INE
CAPABILITY

WESPON ACCURALY
ESMAELM
SONAR

NO OF LAUNMCHER
MOUNT S/ BRRRELS

TYPE QF ARMAMENT

DISPLACEMENT
SURVIVABILITY
WERPON RANGE /
WEAFPON STCURACTY
ESM-ECM

SOhAR

MO OF LAUNCHER
MOUNT S BARRELS

S e



JIANGNAN FF

MAMEUVERSBTILITY

QUIETMESS
FIRE CONTROL SYSTEM
AIR SEARCH RADAR

SURF SERRCH RADOR

TYRE OF ARMEMENT

DISFLACEMEMT

SURMINMAEBILITY

LIESPOMN RaMGE

WEAPON ACCURACY

EEMASECHM

SOMAR

RELOAD/MEGAE INE
CAPABILITY

RIGA FF

MAMEUVERABILITY

NO OF LALNCHER

MOUMT S/ BARRELS

TYPE OF ARMAMENT

DISPLACEMENT

COMMUNICATIONS

QUIETNESS

SURMIVABILITY

WEAPON RANGE

FIRE CONTROL SYSTEM

WEAFON ACCURALCY

"AIR SEARCH RADAR

ESMAECHM

SURF SEARCH RaDaAR

SOMNAR

REL QA0 MAGSZ IMNE

NG OF LAUMCHER

CAPGBILITY

ETORUFY PGF

MASMNEUVERAETILEITY

MOUNT S/ BARRELS
TYPE OF ARMSMENT

DISFLACEMENT

COMMUNI CATIOMS

SURVIVAEBILITY

QUIETNESS

FIRE CONTROL SYSTEM

WEARFON RAMGE |

WESFON ACCURACY

AIR SEARCH RADAR

SURF SEARCH RADAR

ESHASECH

SANAR -

RELOADAMAGAZ INE

NG OF LAUNCHER

CAPABILITY

MOUNT S BARRELS
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FIRE CONTROL SYSTEM

HOUKU PTG
MaANEUVERABILITY
COMMUNICATIONS
QUIETNESS

FIRE CONTROL SYSTEM

AIR SEARCH RADAR

TYFE OF ARM&MENT

DISPLACEMENT

SURVIVEEILITY

WESPOM RAMGE

WEAPON ACCURACY

ESM/ECM

SURF SEARCH RADAR

SOhR

RELOAD/MAGAZ INE

NO OF LAUMCHER

CAPABILITY
0SAa I PTG

MaANEWWERASBILITY

MOUMT S EsRREELS
TYPE OF ARMAMEMNT

DISFLACEMENT

COMMUNICATIONS

SURVIVABILITY

QUIETNESS

WEAFON RAMNGE

FIRE CONTROL SYSTEM

WESPON ACCURKCY

AIR SEARCH RADAR

ESMAECHM

SURF SEARCH RADAFR

SONAR

RELOAD/MAGAZ INE

NO OF LAUNCHER

CAPABILITY
HAINAN PCS

MAENEUWERABILITY

MOLINT S~/ EBARRELS

TYPE OF ARMAMENT

DISPLALZEMENT

COMMUNICATIONS

SURMVIVESEILITY

QUIETNESS

!
WEAPON RANGE |

WEAFOM ACCURSCY

AIR SEARCH RADAR

ESMA-ECM

SURF SEARCH RADAR

SONAR -

RELOAD/MAGAZ INE

NO OF LAUNCHER

CAPRBILITY

MOUNT S/ BARRELS




KRONSHTADT PCS

MANELUMERABILITY
COMMUMT Cf—‘;T LoME
QUIETNESS

FIRE CONTROL SYSTEM
AIR SEARCH RADAR
SURF SEARCH RADAR

RELOAD-MAGAZ INE
CaPABILITY

HUCHUAN PT

MANEUVERARILITY

TYPE OF ARMAMENT

DI SFLACEMEMNT

SURUVIVARILLITY

WEAFON FANGE

WERPON ACCURACY

ESM/ECM

SONSF

NGO OF LAUMCHER

MOUNT S/ B&RRELS
TYPE OF ARMAMENT

DISPLACEMEMNT

COMMUNTCATE ONS

SURVIVREBILITY

QUIETNESS

WEAPON RANGE

FIRE CONTROL SYSTEM

WEAFON ACCURACY

AIR SEARCH RADAR

ESMA/ECH

SURF SEARCH RADAR

SOMNAR

- RELOAD/MaGAZ INE

NO OF LAUNCHER

CAFABILITY

PRC P-4 PT

MANEUVERASBILITY

COMMUNICATIONS

MOUNT 2/ EARFELS

TYPE OF ARMAMEMT

DISPLACEMENT

SURVIVABILITY

GUIETNESS

!
WEAFPOM RANGE

FIRE COMTROL SYSTEM

WEAPON ACCURACY

ATR SEARCH RADAR

ESM/ELCM

SURF SEARCH RADAR

SONAR -

RELOAD/ MAGAZ INE
CAPABILITY

MO OF LAUNECHER

MOUNT S/ BARRELS
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PRC P-4 PT

MENEUVERAEILITY

7CGMMUNIEQTIDNS

QUIETNESS
FIRE CONTROL SYSTEM

AIR SEARCH RADAR

TYFE OF ARMAMENT

DISPLACEMEMNT

BURVIVAEILITY

WERFOM RANGE

WEAPON ACCURACY

ESMA/ECHM

SURF SEARCH RADAR

RELDAL MAGAZ IME

SOMAR:

MO OF LALUNCHER

CAPABILITY
HUZHOU PC

MAMNELMVERAETILITY

MOUNT S BARRELS
TYPE OF ARMAMENT

DISFLACEMENT

COMMUNICATIONS

SURVIVABILITY

QUIETNMESS

WESFUON RANMGE

FIRE CONTROL SYSTEM

WEAPOM ACCURALCY

AR SEARCH RADAR

ESMAECHM

SURF SEARCH RADAR

SOMNAR

RELOAD-MAGAZ IME

NGO OF LAUNCHER

CAPABILITY
HAalkKOoU PC

MANEUWVERABILITY

MOUNT S BARRELE
TYPE OF ARMAMENT

DISPLACEMENT

COMMUNICATIONS

SURVIVABILITY

QUIETNESS

!
WEAPON RANGE |

FIKE CONTROL SYSTEM

WEAPON ACCURACY

AIR SEARCH RADAR

ESM/ECM

SURF SEARCH RADAR

SONBR

RELOAD/MAGAZ TNE

NO OF LAUNCHER

CAFPREILITY

MOUNT S/ BARRELS
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SHANGHAT PC

MaNEUERSEILITY
COMMUNT CAT 10N
QUIETMESS

FIRE CONTROL SYSTEM
AIR SEARCH R&aDaR

SURF SEARCH RADAR

VPE OF ARMAMENT

DI SFLACEMENT

SURVTURBILITY

WESFON RAMGE

WEAPON ACCURSCY

ESMAECM

SONAR

RELOADAMAGAZ INE
CAPABILITY

LST St

MANEUVERABILITY

NG OF LALMCHER

MOUNT S~-BARRELS
TYPE OF ARMSMENT

DISPLACEMENT

COMMUNICAT I OMS

QUIETNESS

SURVIVABILITY

WEAPDN RAMGE

FIRE CONTROL SYSTEM

WEAPONM ACCURACY

AIR SEARCH RADAR

ESM/ECM

SURF SERRCH RADAR

SOMNAR

RELOAD MAGSZ INE

NG OF LAUNCHER

CAPABILITY
LSM-1

MANEUNERAEBILITY

MOUNT S/ BaRRELS
TYPE QF ARMaMENT

01 SFLACEMENT

COMMUNICATIONS

SURVIVAEBILITY

QUIETNESS

!
WEAPOMN RANGE |

FIRE CONTROL SYSTEM

WEAFON ACCURACY

AR SEARCH RAD&K

SURF SEARCH RADAR

ESM/ECM

SONAR -

RELOADAMAGAZ INE

MO OF LAUMCHER

CAPARILITY

MOUNTS/BARRELS
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YULIANG LSM

MAEMEUVERABILITY

COMMINI AT IONS

QUIETMNESE

TYFE OF ARMAMENT

DISPLACEMENT

SURVIVHEBILITY

WERPON RANGE

FIRE CONTROL SYSTEM

AR SEARCH RADAR

WEAPON ACCHREMACY

SURF SEARCH RADSR

RELOADAMAREAZ INE

SOMAR

ND OF LAUNCHER

CRFABILITY
T-43 MSF
MANEUWERSBILITY

COMMUNICATIONS

MOUNT S/ BAREELS
TYPE OF ARMAMENT

DISFLACEMENT

SURVIMVABRILITY

GQUIETNESS

WEAFPON RANGE

FIRE CONTROL 5YSTEM

WEAPON ACCURACY

AIR SEARCH RADAR

ESMAELCM

SURF SEARCH RACDAR

SONAR

RELOAD MAGRAZ TME

MO OF LAUMCHER

CarABILITY

MOUNT S BARRELS
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PETYA FFL
MANEUVERSBILITY
COMMUNT AT I ONE
GUIETNESS

FIRE CONTROL SYSTEM
AIR SEARCH RADAR
SURF SEARCH RADAR

RELOAD/MAGAZ INE
CAPaARILITY

SAVAGE PG
MSNEUVERABILITY
COMMUNICATIONS
QUIETNESS

FIRE CONTROL SYSTEM

TYFE OF ARMAMENT

DISFLACEMENT

SURVIVABRILITY

WEARPON RANGE

WEAFON &CCURACY

ESM/ECM

SONAR

NO QF LAUMCHER

MOUNT S/ BaRRELS
TYPE QF ARMAMENT

DISPLACEMENT

SURMIVARILITY

WEARON RANGE

WEAPON A&CCURALCY

AIR SEARCH RaDAR
SURF SEARCH RADAR

RELORD-MAGHZ INE

ESMECM

SONAR

NGO GF LAUMCHER

CAPRBILITY

BARNEGAT _PGF

MENEUMVERABILITY
COMMUNICATIONS

QUIETNESS

MOUNTS-BARRELS
TYFE OF ARMAGMENT

OISPLACEMENT

su&uzuﬁerLITYf

WEAPON RANGE

FIRE CONTROL SYSTEM

AlR SEARCH RADAR

WEAFOM ACCURALCY

ESEMECM -

SURF SEARCH RADAR

SONAR

RELOAD/MAGAZ INE

MO OF LAUNCHER

CAPAEBILITY

MOUNT S/ EARRELS
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KOMaR PTG
MaMELVERSEILITY
CDMMUNICATfDHS
QUIETHESS

FIRE COWNTROL SYSTEM
AIR SEARCH RaDAR

SURF 3SEARCH RADGR

TYPE OF ARMAMENT

DISFLACEMENT

SURMIVABILITY

WESFOMN RAMNGE

WEAFPON ACCURACY

E=M.7ECHM

SONAF

RELOAD/MAGAZ INE
CAPABILITY

gsAa 11 PTG

MANEUVERAEILITY

NO OF LAUMCHER

MOUNT 5/ BA&RRELS
TYPE OF &RMAMENT

LI SPLACEMENT

COMMUNICATIONS

SURVIVARILITY

QUIETNESS

WEAFON RAMGE

FIRE CONTROL SYSTEM

WEAFON ACCURALY

AIR SEARCH RADAR

ESMAECHM

SURF SEARCH RADAR

SonAR

RELOAD/MAGAZ INE

MO OF LAUNCHER

CAPABILITY

SHERSHEN PT

MANEUVERABILITY

MOUNTS/BESRRELS

TYFE 0OF ARMASMENT

OISPLACEMENT

COMMUNICATIONS

SURVIVEBILITY |
. P

QUIETNESS

WEAPON RAMGE

FIRE COMTROL SYSTEM

WEAPDN ACCURACY

AIR SEARCH RADAR

ESMECM

SURF SEARCH RADAR

SONAR

RELOAL/MAGAZ INE

NO OF LAUMCHER

CAPABILITY

MOUNT 3/ BARRELS
81
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,,,,,,,,,,,,,,, COMPUNT CATIONS

SRY P-4 PT

TYFE OF ARMAMENT

DI SPLACEMENT

MANEUVERSBILITY

SURVIVSETLITY

QUIETNEZS

WEAPON RAMGE

FIRE CONTROL SYSTEM

WESFON ACCURALCY

AIR SEARCH RADAR

ESM/ECHM

SURF SEARCH RADAR

SONAR

RELOADMAGAHZ INE

NQ OF L&UNCHER

CAPRRILITY

SRY P-4 PT

MANEUVERABILITY

MOUNTS BARRELS
TYFPE OF ARMAMENT

DISFLACEMENT

COMMUNICATIONS

SURVIVARILITY

GUIETNESS

WEAPON RANGE

FIRE CONTRCOL SYSTEM

WEAPON ACCURACY

AIR SEARCH RADAR

ESMAECM

SURF SEARCH RADAR

SONAR

REL O&D/MAGAZ IME

NGO OF LAUNCHER

CAPREILITY
PGM~59 PC

MaNEUVERABILITY

MOUNTS-BARRELS
TYPE QOF ARMAMENT

DISPLACEMENT

COMMUNI CATIONS

SURVIVABILITY

QUIETNESS

]

WEAPON RAMGE !

FIRE CONTROL SYSTEM

WEAFPON ACCURALY

AIR SEARCH RADAR

ESM/ECHM

SURF SEARCH RADAR

SONAR

RELOAD/MAGAZ INE

NO OF LAUNCHER

CAFPABILITY

MOUNT S/ BARRELS
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SHANGHAL PC

MSMNEUWERABTILITY
COMMUNI CAT I ONE
QUIETHESE

FIRE CONTROL SYSTEM
AIR SEARCH RADAR
SURF SEARCH RADAR

RELOSD - MAGEZ TMNE
CaPABILITY

173 FT PC

MANEUVERABILITY

TYPE OF ARMAMEMT

CISPLACEMENT

SBURWVIVAEBILITY

WESPON RAMGE

WEAPOMN ACCURALCY

ESMASELCM

SONAR

NG OF LAUMNCHER

MOUNT S B~RRELS
TYPE OF aRMAMENT

DISPLACEMENT

COMMUNICATIONMS

QAUIETNESS

SURVIVAEILITY

WEAPON RAMNGE

FIRE COMTROL SYSTEM

AR SEARCH RADAR

WEARPLCN ACCURALY

ESMA/ECM

SURF ZEARCH READAR

SOrMmF

RELOADAMAGHE INE

NO OF LAUNCHER

CaPaBILITY
PGM 83 PB
MEMNEUVERABILITY

COMMUNICATIONS

MOLIMT 2 EBSRREELS

TYFE OF ARMAEMENT

DISPLACEMENT

SURMIVGEBILITY

QUIETNESS

FIRE CONTROL SYSTEM

i

WESFOM RANGE I

WESPON ACCURACY

AlR SEARCH R&DAR

SURF SE&RCH RADAR

ESH7ELCM

SONaR

RELOAD/MAGAZ INE
CAPABILITY

MO OF LaUMCHER
MOLNTS/ESRRELS
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PO-2 PB
MAEMEULERASEILITY
COMMUNT CAT LOMS
QUIETHESS

FIRE COMTROL SYSTEM

AIR SEARCH R&DAR

TYFPE OF ARMAMENT

DISPLACEMENT

SURMIVABILITY

WEAPDON RAMGE

WERPOIN ACCURACY

ESM.ECM

SURF SERRCH RabDak

RELOADMAGAZ THNE

SONAF

NO OF LAUNCHER

CAPABILITY

POLUCHAT PB

MANMELMVERSBILITY

COMMUNMICATIONS

MOUNT S BxRRELS

TYPE OF ARMAMENT

DISPLACEMENT

SURVIVABILITY

QUIETNESS

WEAFON RAMGE

FIRE COMTROL SYSTEM

WEAPON ACCURALCY

‘AlR SEARCH RADAR

ESMSECM

SURF SERREH RADAR

SOMSR

RELCQADAMAGSZ INE

NO OF LAUNCHER

CaPABILITY

SWIFT MK 2 PB

MANEUVERABILITY

MOLUNTS/BARRELS
TYPE OF ARMAMENT

DISFLACEMENT

COMMUNICATIONS

SURVIVABRILITY

QUIETNESS

WEAPON RANGE

FIRE CONTROL SYSTEM

WEAFPON ACCURALCY

AlIR SEARCH RADAR

ESMAECM

SURF SEARCH R&DAR

SONAR

RELOAD MAGAZIMNE

NO OF LAUNCHER

CRPABILITY

MOUNTS/BARRRELS
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ZHUK PB
MENELVERAEILITY
LOMMUNIEATIONS
QUIETMESS

FIRE CONTROL SYSTEM
AIR SEARCH RADAR

SURF SEARCH RADAR

DI SPLACEMEMNT

SURMH VSETLITY

WESPOM R&MGE

WEAPOMN ACCURACY

ESMSECHM

SOrAE

RELOAD-MAGAZ TMNE
CAPABILITY

S. 0. | PCS

MANEWERABILITY

MO OF LAUMCHER

MOUNT S BARRELS
TYPE OF &SRMAMEMNT

DISFLACEMENT

COMMUNICATIONS

SURVIVAEBILITY

QUIETNESS

WEAPON RANGE

FIRE CONTROL SYSTEM

WERFON ACCURACY

AIR SEARCH RADAR

ESM/ECM

SURF SEARCH RADAR

SCNAR

RELQAD/MAGAZ INE

NO OF L&UNCHER

CAPABILITY
YURKA MSF

MANEUVERABILITY

MOUNT S/ BARRELS
TYPE OF ARMAMEMT

DI SPLACEMENT

COMMUNICATIONS

QUIETNESS

SURVIVABILITY j

WEAFOM R&MGE !

FIRE CONTROL SYSTEM

WEAPON ACCURALY

AIR SEARCH RADAR

ESM/ECM

SURF SEARCH RADAR

SOMNAR

RELOADAMAGAZ INE

NOQ OF LAUMCHER

CAPABILITY

MOUNT S/BSRRELS
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K-8 MSF
MAMNEUVERSBILITY
COMMINI CATIONS
QUIETMESS

FIRE COMTROL SYSTEM

AIR SEARCH RADAR

TYFE OF ARMAMENT

DI SPLACEMENT

SURVIVAREBRILITY

WERPOMN REMGE

WESFOM ACCURaCY

ESMAECM

SURF SEARCH RADAR

SONAR

RELOAD MAGAZ INE

MO OF LAUNCHER

CAPABILITY

U.S. ADMIRABLE PCS

MANEWERSBILITY

MOUNT S/ BARRELS
TYPE OF ARMAMENT

DISFLACEMENT

COMMUNICATIONS

SURVIVABILITY

QUIETNESS

WEAFON RAMGE

FIRE CONTRQOL SYSTEM

WEAPON ACCURACY

AIR SEARCH RADAR

ESM-ECM

SURF SERARCH RAD&R

SOMNAR

RELOADAMAGAZ INE

MO OF LAUNCHER

CAPABILITY
LsT-1

MaMNEUVERSBILITY

MOUNTS/BARRELS
TYPE OF ARMAMENT

DISPLACEMEMNT

COMMUNICATIONS

SURVIVABILITY

RUIETNEES

WEAPON R&NGE !

FIRE CONTROL SYSTEM

WEAFPON ACCURACY

AlR SEARCH RADAR

ESM./ECM

SURF SEARCH RADAR

SOMAR

RELOAD/MAGAZ INE

NO OF LAUNCHER

CAPABILITY

MOUNT S BARRELE
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RSN

"AIR SEARCH RADAR

POLNQCHNY LSM

MANEUWERABILITY

- LEMMUNT CATIONS-

QUIETNESS

FIRE COMTROL SYSTEM
AIR SERRCH RADAR
SURF SEARCH RADAR

RELCAD/MAGAZ INE
CAPRBILITY

LCY 501

MANEWERABILITY

TYPE OF &RMAMENT

DISPLACEMEMT

- - - SURUIUAEBILITY

WERFON RAMGE

WEAPOMN ACCURACY

ESM. ECM

SOMNAR

MO OF LALNCHER

MOUNT S BARRELS
TYPE OF ARMaMENT

DISPLACEMENT

COMMUNICATIONS

QUIETMESS

SURVIVAEBILITY

WEARPON RAMNGE

FIRE CONMTROL SYSTEM

WEAPON ACCURACY

ESMECM

SURF SEARCH RADAR

SOMAR

RELOAD/MAGAZ INE

NO OF LAUMNCHER

CAPABILITY
LCU 1464

MANELLERABILITY

MOUNTS/BSRRELS
TYPE OF ARMAMENT

DI SPLACEMENT

COMMUNICATIONS

SURVIVABILITY

QUIETNESS

i

FIRE CONTROL SYSTEM

WEAFON R&NGE !

WEAFOM ACCTURACY

AIR SEARCH RADAR

ESMA/ECM

SURF SEARCH RADAR

SONAR

RELOADAMAGAZ INE

MO OF LAUNCHER

CAPABILITY

MOUNTS/BARRELS
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E. RankKing and weighting the norntechrical attribogtass

In this section vou are to rank and weight the
nontechnical attributes by the same procedurs that was
used for the technical attributes. Two setz of weights
are? needed, one for the PRC and one for the SFEU,., Aftar
a simple listing of the attributes from most important
(1) to least important (S0 iz made vou then determine
the relative importance ratio or weight of the
individual attributes. Again, assign »our least
important nontechnical attribute a value of 10 arnd then
compare that attribute with the next-least—important
attribute and 30 on. The nontechnical attributes zre
listed below in no particular corder for your reference.

PRC WT SRV : WT
1. t.
2. 2.
3. 3.
4. 4
3. 3.

MORALE, MAINTENANCE CAPABILITY, POLITICAL RESOVE-WILL,
]
TRCTICS EMPLOYMENT CAPABILITY, INTELLIGEMCE CAFRBILITY




F. Scaling the montechnical!l attributes

The procedure used to =cale the nontechnical a
will be the constant sum method of paired unmpa

You are to determine the strengths and weaknes:
PRC and the SRY relative to sach ather for nach
nontechnical atiributes, This is a simple procs
Split 100 points between the two countries emzur

ing that

this point spread reflects the degrse to which cne

country has the advantage ocver the other in esach
areas described by the attribute. Foar example,

of the
if wiou

think the PRC has four times the political resalwe than

the SRV, aszign the FRC 20 points and the SRV 20

POLITICAL WILL/RESOLVE

FRC

SRU

MORALE

FRC

SRV

INTELLIGENCE CAPABILITY

PRC

SRV

TACTICS EMPCOLYMENT CAPABILITY

PRC

SRV

MAINTENANCE CAPABILITY X

PRC

points.,



G. Inteqrate technical arnd nontechnical attributes

77777777777 --dn-this last section you are to assess the relative

importance of the technical attributes versus the non

. technical attributes for each country., This step is
similar to previous section except the two countries ar
net compared to exch other. Simply split {00 points
between the two categoriszs of attributes for one
country, again ensuring that the point spread refisct
the categories relative importance, and then do the s
for the other country.

=
i ]

*me

PRC

Technical attributes

Nontechnical attributes

SRV

Technical attributes

NMontechnical attributes

THIS COMFLETES THE QUESTICMMAIRE. THANKS FOR YOUR HELF.

l

sl XM

AEMIEAMA IMIXMMHIAAER 3 O



10.

11.

12.

LIST OF REFERENCES (U)

Baugh, W. H., The Politics of Nuclear Balance, p. 125, Longman, 1984,

Sherwin, R. G. and Laurance, E. J., "Arms Transfers and Military Cap~-
bility, International Studies Quarterly, v. 23, p. 368, September 1979.

Fishburn, P. C. Utility Theory for Decision Making, pp. 2-3, Wiley, 1970,

Defense Advanced Research Projects Agency Technical Report TR-77-6-30,
Handbook for Decision Analysis, by S. Barclay and others, pp. vi-vii,
September 1977.

Social Science Research Institute Research Report 75-7, Assessing the
Reliability and Validity of Multiattribute Procedures: An Application

of the Theory of Generalizability, by J. R. Newman, p. 1, July 1975.

Rand Corporation Memorandum RM-568-DQT/RC, Improving the System Design
and Evaluation Process by Use of Trade-off Information: An Application
to Northeast Corridor Transportation Planning, by K. R. MacCrimmon,

pp. 21-22, June 1969.

Bell, D. E., Keeney, R. L., and Raiffa, H., ed., Conflicting Objectives
in Decisions, p. 425, Wiley, 1977.

Keeney, R. L, and Nair, K., "Selecting Nuclear Power Plant Sites in

the Pacific Northwest Using Decision Analysis", in Conflicting Objectives

in Decisions, p. 306, ed. by D. E. Bell, R. L, Keeney, and H. Raiffa,
WilEY, 1976.

Social Science Research Institute Research Report 76-3, Use of Multi-
attribute Utility Measurement for Social Decision Making, by W. Edwards,
p. 8, March 1976.

Keeney, R. L. and Raiffa, H., Decisions With Multiple Objectives:
Preference and Value Tradeoffs, p. 50, Willey, 1976.

Engineering Psychology Laboratory Technical Report 037230-2T,
HMulti-Dimensional Value Assessment for Decision Making, by G. W.
Fischer, p. 2, University of Michigan, June 1972.

Hax, A. C. and Wiig, K. M., "The Use of Decision Analysis in Capital
Investment Problems”, in Conflicting Objectives in Decisions, p. 289,
ed. by Bell, Keeney, and Raiffa.

113




e W - R &RwE TR ' TR

13,

14.
15.
16.
17.
18.

19.
20.
21.
22,
23.

24,

Engineeriﬁé Péychology Laboratory Technical Report 037230-6T, Four
Methods for Assessing Multi-Attribute Utilities: An Experimental
Validation, by G. W. Fischer, p. 6, University of Michigan,
September 1972,

Fischer, Multi-Dimensional Value Assessment for Decision Making, p. 6.

Fischer, Four Methods for Assessing Multi-Attribute Utilities, p. 7.

Fishburn, Utility Theory for Decision Making, p. 32.

Fischer, Four Methods for Assessing Multi-Attribute Utilities, p. 8.

Engineering Psychology Laboratory Technical Report 0011313-7T,
Multiattribute Utility Theory: Models and Assessment Procedures, by
D. V. Winterfeldt and G. W. Fischer, p. 1, University of Michigan,
November 1973,

Fischer, Four Methods for Assessing Multi-Attribute Utilities, pp. 9-11.

Winterfeldt and Fischer, Multiattribute Utility Theory, p. 2.

Fischer, Four Methods for Assessing Multi-Attribute Utilities, p. 15.

Keeney and Raiffa, Decisions With Multiple Objectives, pp. 116-117.

Bell, Keeney, and Raiffa, Conflicting Objectives in Decisions, p. 6.

Social Science Research Institute Research Report 78-5, Importance
Welght Assessment for Additive, Riskless Preference Functicns: A

" Review, by R. 8. John and W. Edwards, p. i, December 1978.

25.

26.

27.

28.

29.

30.

31.

Ibid., p. 18.

Social Science Research Institute Research Report 80-4, A Comparison
Of Importance Weights For Multiattribute Utility Analysis Derived
From Holistic, Indifference, Direct Subjective and Rank Order
Judgments, by R. §. John, W. Edwards, and L. Collins, p. 1.,
November 1980,

John and Edwards, Importance Weight Assessment for Additive, Riskless
Preference Functions, pp. 6, 29.

Torgerson, W. S., Theory and Methods of Scaling, p. 94, Wiley, 1958.

Fischer, Multi-Dimensional Value Assessment for Decision Making,
pp. 17-18.

Torgerson, Theory and Methods of Scaling, p. 105.

Edwards, Use of Multiattribute Utility Theory for Social Decision
Making.

117




Thvta & 70 0 0

Rl v e e A AW W L TLEINEYRRL IR 3 e SN e W ad b

33.

34.

44,

45.

46.

Wt

‘*uuugﬁ;hiJui nﬁLuuuS.UL'nbchSihg'Mﬁifi;ﬂttrlbute Ufilitieé;' a

Sherwin and Laurance, "Arms Transfers and Military Capability",

Bouchard, J. F., Application of Multiattribute Utility Theory to
Force Equivalency Measurement, paper presented to Prof, B. Huff,
Naval Postgraduate School, Monterey, California, 15 September 1981.

Jacoby, L. E., Quantitative Assessment of Third World Sea Denial
Capabilities, Master's Thesis, Naval Postgraduate School, 18977.

O'Connel, P. M., Measuring Arms Transfers with Multiattribute Utility
Theory, Master's Thesis, Naval Postgraduate School, 1§77.

115




