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ABSTRACT (U)

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 éountries' relative military balance than me?e 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

“eclaims and objectives in the South China Sea.
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of military balance in a comprehensive and easily understood manner.

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
ﬁrimary means of comparing military balances and usually serves as a
basis upon which other techniques are formulated.r The MAU approach
taken here relies heavily on order of battle comparison but improves
upon this simple technique. _

(U) In order of battle comparisons totaI; for various military
1‘a=sets are tabulated and the country with the greatest number of assets
'-is:considered to have the advantage. This technique has serious sho;t-'

. commings., :Since qualitative differences exist among individual weapons
“and among countriesf capabilities to use the weapons the%e‘differencés
‘cannot be_guaged by order of battle comparisons alomne. fﬁef. 2] Eval-

”riﬁétioné about "soft" variables that are critical to oﬁerail capability
. €§mparison such as operator competence; the tactical situation, military

.:;mpfalé;_1§éis£ics,iaﬁd maintenance and iﬁtelligence pfoficiénc} ﬁre also
:ﬁ;ﬁ feflec#ed;in'order of battle tables. Multiattribute Utility theory

allows for these qualitative differences and variables to be quantified
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ously developéd methodology these expert generated data can be aggregated

to compute overall utility scores.

£11%Y Tha

scores of two countries is a more accurate and complete measure of their

relative military balance than mere order of battle comparisons. While

assessing the quality of the MAU methodology presented here against more

complex techniques is beyond the scope of this thesis it 1is 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 th&ge
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. Chapter V presents conclusions and recommendations

for future studies.
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II. MULTIATTRIBUTE UTILITY THEORY (U)

Ao (UF BACKGROUND

(U) Classical utility theory has been recognized since the eighteenth
century and hgs 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 oﬁly 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 judgménts.

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 expresséd 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 intuitivelyrdeal with
the myriad offdgtails in a complex decision siﬁuation. Ddcision analysis
is a general techmology for imposing logical structure onfthe reasoning
that underlies any specific decision, It {is comprised.of‘several methods
many of which use quantitative expressions of the squecEive judgments
of experts. [Ref. 4] Multiattribute Utility theory has enhanced decision

4

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

values of the alternatives' characteristics.

{UT INE PriIncCIpLe CONCEpt Of MAU theory 1s 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 pileces. 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 sepéfate 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. .Evén with this limitation many of
the significanﬁ topics concerning MAU theory will be addressed.
B. (U) ATTRIBUTE SELECTION o |

(U} The initial step in any MAU theory application is Lo décompose
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

ra

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

;1

Ly e =

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 defineéd to be utility
independent of the other attributes if the preference order for lotteries
on X1 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 0,

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

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

difference to the ultimate number of attributes and éven Hess difference

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

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

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

° ' . r
that the set of attributes be complete, so that it covers all the important
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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

deuble—covnting—oi—impaers—is—aveidedr—ard—mimima iSO THIT—CIC PropLem -

. dimension is kept as small as possible. [Ref. 10] Overall, the best

rule of thumb is to stop the selection of more attributes and thus the
hiearchial decomposition when the attributes can no longer be operational-

ized 1i.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 uncerta;nty. If the
decision maker 1s able to specify with complete certainty the outcome
associated with each alternative, then the decision is said to be riskless. by
A decision is said to be risky if the decision maker is uncertain as to

the consequences associlated 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 function provides ﬁ
T
a complete ‘description of the decision maker's attitude toward risk over %

the range of all the possible consequences of the problem under analysis,
[(Ref. 12] A value function describes a decision maker's tradeoffs between

alternatives when the outcomes are known. Value functions will be discussed

-
1Y
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- o first.

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

cértainty the theory of conjoint measurement additivity 1s 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,

tivity means th;t 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 alone iIs 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) 1is not preferred to V(Y). [Ref. 1l4]

(U) Another assumption, monotonicity, 1s related to the concept of
mutuai utility independence and 1s necessary when three or more attributes
are involved. For this assumption, let (xl, x2,..., xn) be the attribute

vector describing the outcome X. Let Y be any subset of these attributes

- ad 3TF AL

and let Z be the vector of the remaining attributes, sothat X = (Y,2).

DRty AN T AIDNTATRILISY A SN | M SY O

If Y1 and Y] 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,Z1i) 1f and omly if (Y1,2j) is not preferred to (Yj,Zj). [Ref. 15]
While this assumption may appear to be quite involved, it essentially
states that preference iﬁcreases with any increase in qua?tity. [Ref. i6])
This is a very intuitive assumption and the literature reﬁeatedly states
that it is difficult to imagine situations where this assumption does

‘nmot hold. |

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

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

13




or equal to V(Xj), where

V(X) = V1(xl) + V2(x2) + . . . + Vn(xn)

Thus

of an interval scéle additive function. [Ref. 171 This function can
be rewritten in the form,
V(X)) = V(xl, x2,..., xi,...,xn) = ; vi{xi)
where xi denotes tﬁe value of outcome X = (%1, ;;i..., xi,..., xn) in
the i-th attribute and vi is the function over the different states (values)
of the 1-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 outcomes
(pli,Xl; p24i,X2;..., pni,Xn). Given that alternative Xi is selected,
outcome Xl will occur with probability pli, and so on.

(U) A number of procedures for choosing between probability distri-
butions of outcomes have been proposed, but the expected utility principle
haé dominated normative discussions of the risky choice problem. Accor&ing
to this principle there exists a utility function U definﬁd on outcomes
such fhat: (a) for any two outcomes Xi and Xj, Xi is not!preferred to
Xj 1f and only if U(X1i) 1is less than or equal to U(Xj) and, (b) for any
two alternatives Ai and Aj, Al is not prefgrred to Aj if and only if EU(A1L)

is than or equal to (EA(Aj). U(X1) denotes the utility of outcome Xi and

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

- 14




however, 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

e TOL Lleoe PDrODADIIICIEE
have to be ﬁade to ensure the existence of any type of utility function.
But if these assumptions can be met, then the additive utility fumction

is represented by,

U(xl,x2,.009X]y000,xm) = ? pj 3 ui(x1ij)
j=1 1=

where X = (xl, x2,...,%j,...,xm) is a risky alternative for wﬁich the
outcome xj is received if event Ej occurs, pj is the probability of this
event, xij 1is 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 rahge 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 asse;sment of a multi-
dimensionai 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 cértain alternative, and thus the worth of the

+

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

for each attribute.
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than the additive form. Multiplicative and quasi-additive functions are
the two most popular representations in this regard. Since only additive

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

. .
e LRITTTTY

a;sumption is satisfied, additive evaluation will provide an excellent

approximation to overall value and implies that the distinction 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 attribute to overall

value or the specification of weighting factors for the attributes. [Ref. 21]

) Siﬁce different values or amounts of the attributes can influen;e
the outcome of the alternatives and thus the worth of the alternatives
fﬁf 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 funption, the inclusion of this scalling factor gives the
form

!

‘ n
Vixl, x2,..., %xn) = V(X) = .fAivi(xi) S
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 sectiom. .
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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

S — ., i B B ., 1 £ kL
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 decisiOn 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 MAﬁ appli-
cation a discussion of MAU theory 1s not complete without consideration
of this topic. There are two general approaches to importance weight
estimation: indirect holistic estimation and direc; subjective estima-
tion and direct subjective estimation. [Ref. 24] |

fU) The common defining characteristic of indirect hoiistic procedures
to weighting is their reliance on hﬁlistic eva}uations 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
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the relative desirability of acts or objects are inherently subjective
[Ref. 26], direct subjective procedures will be used to obtain the weights

of the attributes relative to each other and the weights of each attribute

e T e T T T T T
(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 yill not be discussed further.
(U) The logic of fractionation is based on the assumption that a
decision maker (judge) is capable of ﬁirectly,perceiving and reporting
the ratio between two subjective magnitudes. Here, magnitude means the
amount of an attribute possessed by an alternative. In one form of
fractionation, the judge is presented with two alternativeg and instructed
to report the subjective ratioc between them with respect to the designated
attribute. Methods which use this approach are referred fo as direct-
estimate methods, [Ref. 28] The two direct-estimate méthbds used in

Chapter III are the additive rating sc¢ale method and the constant sum method.




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 JUdpe A551gns NUMerical values to all outcomes 1ncermediate in vailue
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 betwéen
0 and 100 which reflects the subjective value (ratio) of the outcome in
question relative to the worst and best outcomes on that attrﬁbute.
{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 éttribute 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]
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III. MILITARY CAPABILITY COMPARISON METHODOLOGY (U)

{U) The MAU methodology developed in this chapter is adapted from

procequres described Py Edwards |Ret. 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
éonvéntion. These results or utilities reflect the worth of an attribute
to mission success or the overall military worth of a weapon or platform
oﬁerating in certain conditions. The methodology consists of 10 steps
for an analyst to perform.
(U) Step 1. 1dentify 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 éir) relevant to hostilities that could occur. The analyst
then should identify the single most important strategic Tbjective a
country would have to obtain to determine success or faillire in the event
of hostilities.
,(U) Next, the analyst should identify the specific missions which
must be effectively accomplished to achieve the strategi;‘objeqtive.

‘

Thesé missions should be divided into three categories: (1) essential,
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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 crder 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 eor able to 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 that a separate
questionnaire be used for this step. Another.questionnaite can be used
for the remaining steps.

(U) Step 3. Weight the technical attributes. Once the attfi-
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




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-

hnrg T‘I’w i1:d g Ao+ Jo 14 Q-han gn 1%

important and assign it a number that reflects that ratio. The judges
continue on up the list, checking each set of implied ratios as sach 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 ones, and this 1s 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 (1) represenﬁ the various technical attri-

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

attribute, ' I
(U) Step 4. Scale the technical attributes for e;ch weapon system

or platform. This step involves using the additive ra;ing 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

exactly what is expected of them.

LI11N T Al

A

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 1s 40 knots then, for this judge, 0 knots is assigned
a valﬁe of O and 40 knots is assigned a value of 100. ‘If a frigate under
considerétion 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
notationaliy by Ui(X1).

(U) Step 5; Calculate techniéal attribute utilities. This step
is purely computational for the analyst and invelves 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 soieyfon its technical
attributes. Thus, | |

UK = 4 [RL x UL(XD)]
i=]

(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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rankings and ratios are determined separately tor the two countries. So,
two sets of weights are needed, one with respect to one country and ancther

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

nontechnical attributes and let (KJ) represent the normalized importance

ratio for each aétribute.

(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 ratig. 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 functiom to find the "utility"
of nontechnical attributes for enhancing the military capabilities of a

country, This utility score (Vc) 1is calculated by the expressioﬁ,
n

(Ve) = <

' v
4 [kj x Vil

(U) Step 9. Integrate technical and nontechnical attributes.
The purpose of this step is for the judges to assess the relative impor-
tance of the technical attributes versus the nontechnicalfattributes for
each country; ‘Unlike Step 7, the two countries are not cgmpared in this
regard.
| (U) The analyst instructs the judges to first split 100 points

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

v




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

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

Ko{cl) = weioht of nonte

Kt(c2) = weight of technical attributes_for country 2

Kn(c2) = weight of nontechnical attributes for country 2

(U) Step 10. Calculate overall MAU scores. For each weapon or
platform, the analyst combines its technical attribute utility score,
U(X), with the noutechnical attribute utility score, V(c), of the country
possessing that wéapon 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) = (Re(cl)) x UGX)) + (kn(el)) x (V(el))
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 pfatform is meag-
ured in terms of its contribution to the performanﬁe of missions essential
.for achieving the strategic objective of the situation being éonsidered,
aggregate numbers of diverse weapons and platforms can be -compared to
assess the're;ative 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

[T R ¥ )
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IV. APPLICATION OF THE METHODOLOGY (U)

A. (U) SPECIFIC APPROACH AND ASSUMPTIONS

Ytheiess

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. Naturaliy, analysts would like to have the best judges
poosible to become involved in theilr study and just as naturally this

is not usually the case. Accessability of the judges to the onalyst
effects the smooth running of a research effort. To avoid poor response
rates or untimely responses to questionnaires an analyst should select
Jjudges 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 oen 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, ton, was arbitrarily chosen. There is no
"required" number of judges for conducting a MAU study. Previous studies
have used as few as three judges and more than fifty with betweeh eight
through fifteen beinglcommon for most studies.' Thus, ten ﬂudges is an
adequate number to ensure variability to the questionnairé responses.

The judges wero selected based on their éxperience, 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 technical
attributes for some of the classes of ships under consideration. The

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

merical judoment Eailure

to respond did not effect the calculations for utility scores since the
welghted averages for the particular attribute was found by dividing the

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

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 Socialist Republic
of Vietnam (SRV), the Republic of the Philippines, and Malaysia. Though
thelislaﬁds consist of less than one square mile of ocean, the possibility
of important oil and gas reserves prbvides significant reason for these
persistent claims. [Ref. 35] States exercising sovereignty over the
islands may claim sovereign rights to vast resources undef the exclusive
economic zone legal regime or continental shelf concept. " [Ref. 36] Also,

the islands’ proximity to 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 reviéwingrprevious 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.

(v) Aggregating the results of the Attribute Selection questionnaire
determined the aftributes 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 li;ts were prepared
with the objective of determining the commonality of all Ehe responses.

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

I

some attributes were redefined to better fit the scenario or they were
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Table 4

(U) The Attributes

(UNCLASSTIFIED)Y

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
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(U) Once the attributes were determined a weights and scaling

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

agf _the

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. Normalization 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 one.

(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. In Table 6 the low scale values
given to many ship classes for the air search radar attribute is due to
some jﬁdges assigning values based on the assumption that most surface

search radars do have a limited air search capability. LiFewise, the
!
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due to their mine countermeasures capability. Table 8 lists the (Kj)
weights which were multiplied by the relative (Vj) scale values shown

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

for each country s .

(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 I
PRC SRV PRC SRV ﬂ

MANEUVERABILITY 539 557 .0707  .0710 «
DISPLACEMENT 400 404 .0525  .0515 b
COMMUNICATIONS 600 626 0787  .0798 N
SURVIVABILITY 570 538 .0748  ,0798 3
QUIETNESS 214 _ 267 .0281  .0340 “
TYPE OF ARMAMENT 815 772 .1069  .0984 «
WEAPON RANCE 712 662 .0934  ,0844 .
WEAPON ACCURACY 666 657 .0873  .0837 z
NO. LAUNCHERS 441 431 .0578  .0549 >
RELOAD/MAG CAP - 384 356 L0504  .0454 "
AS RADAR 336 277 L0441  ,0353 .
SS RADAR 715 683 .0938  ,0871 "
FC SYSTEM 503 635 .0660  .0809 2
ESM/ECM 499 441 0654  .0562 m
SONAR 231 540 .0303  .0688 ﬁ

Totals 7625 7846 1.002 1.000

#




Table 6

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

(UNCLASSIFIED)

SHIP CLASS

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

P-6 PT
HUZHOU PC
HAIKOU PC
SHANGHAIL 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 ¥T PC
PGM 83 PB
PO-2 PB
POLUCHAT PB

Attribute (see key next page)

1

51
17
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

48

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
356
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
33
33
32
30
29
38
39
25
26
29
29
20
30

39
35
54
49
33
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
53
47
52
48
39
40
29
29
24
20
21
22

71
66
60
47
52
36
21
45
44
3l
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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40
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38
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39
41
42

30
53
60
43
49
37
36
36
43
34
40

26
36

13

39
53
530
41
55
23
47
51
28
18
19
22
23
17
16
17
14
14
13
12

50
38
47
58
35
41
15
16
15
15
26
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(U) Average Scale Values of the Technical Attributes
For Each Ship Class [Ui(¥Xi)]

19

(continued)

(UNCLASSIFIED)
SWIET M2 DR ALY SN S T N Y- 2
ZHUK PB 74 36 44 29 32 18
§.0. 1 PCS 67 32 46 32 31 34 30
YURKA MSF 50 45 47 -38 36 28 21
K-8 MSF 35 15 28 20 33 15 1s
ADMIRABLE PCS 47 56 45 42 28 27 26
LST 1 36 57 46 50 26 21 23
POLNOCHNY LSM 53 43 58 44 25 33 28
LCU 501 37 30 25 31 27 20 20
LCU 1466 32 32 37 30 28 25 20
Key to Attribute Description
1. Maneuverability
2. Displacement
3. Communications
4. Survivability
5. Quietness
6. Type of Armament

7.

8.
9.
10.
11.
12.
13.
14.

15,

Weapon Range

Weapon Accuracy

No. of Launchers, Mounts, Barrels
Reload or Magazine Capability
Air Search Radar

Surface Search Radar

Fir Control System

ESM/ECM

Sonar

21

23
23
26
39
26
32
21
22

22

31
21
14
30
17
22
25
30

N
15 0 22 5 0 0
3 3 35 12 0 0
19 0 39 25 4 0
11 0 5 6 1 0
28 2 37 12 0 0
21 1 9 14 0 0
28 1 34 19 0 O
23 1 9 4 0 0
25 1 24 15 0 0




Table 7

(U) Technical Attribute Utilities For Each Ship Class

(U]

(IINCTASSTIFIED)

Ship Class

PRC Ships
ROMEO SS
LUDA DD
JIANGHU 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
PGM-59 PC
SHANGHI PC
173 FT PC

- PCM 83 PB
PO~2 PB
POLUCHAT PB

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

(.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)

1 (.022)

(.028)
(.034)



(U) Technical Attribute Utilities For Each Ship Class

(U(X) ]
(continued)
' (UNCLASSIFIED)
QWT‘F"T‘ m 232 GQ 4" n':l)
- 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 1466 21.99 (.031)
Total SRV 701.98 (1.004)
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Table 8§
’ . (U) Nontechnical Attribute Weights (KJ)

FITNCY A SSIEIEDY
. Ed

Attribute Total Weilght Points Normalized Weight
. PRC SRV PRC SRV
MORALE 247 345 .1293 1591
MAINTENANCE 324 272 . 1695 .1255
POLITICAL RESOLVE 450 570 .2355 .2629
TACTICS EMPLOYMENT 479 575 . 2507 .2652
INTELLIGENCE 411 406 . .2151 .1873
Totals 1911 2168 1.000 1.000
Table 9

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

(UNCLASSIFTED)

Attribute Scale Value
: PRC SRV

MORALE 47 (.19) 53 (.21)
MAINTENANCE 55 (.23) 45 (.18)
POLITICAL RESOLVE 45 (.19) 55 (.21)
TACTICS EMPLOYMENT . 45 (.19) 55 (.21)
INTELLIGENCE 51 (.21) | 49 (.19)
Totals 243(1.01) '257(1.00)
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Table 10

(U) Nontechnical Attribute Utilities For Each Country

(VO]
(INCLASSIFIED) _
Attribute Utility
' PRC SRV
MORALE - 11609 (.025) 18285 (.033)
MAINTENANCE 17820 (.038) 12240 (.023)
POLITICAL RESOLVE 20250 (.045) 31350 (.055)
TACTICS EMPLOYMENT 21555 (.048) 31625 (.056)
INTELLIGENCE 20961 (.050) 19894 (.036)
Totals : 92195 (.206) 113094  (.203)
Table 11

(U) Attribute Relative Importance Values

(UNCLASSIFIED)
Country Attribute Importance Value
Technical ~ Nontechnical
PRC 50 50
[Re(cl)] [Kn(cl)]
SRV 49 . 51
[Kt(c2)] {Kn(cl)]
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dAalLllT L

(U) MAU Score For Each Ship Class MAU(X)

(UNCLASSIFIED)
Ship Llass U(x) X K_ +  vic) X Kn = MAU(X)
PRC Ships :
ROMEQ SS .065 .5 .206 .5 .136
LUDA DD .077 .5 .206 .5 L142
JIANGHU FF 069 .5 .206 .5 .138
JIANGNAN FF .056 .5 .206 .5 .131
RIGA FF 072 .5 .206 .5 .139
ETORUFU PGF .050 .5 .206 .5 .128
HOUKU PTG .051 .5 .206 .5 129
0SA I PTG .062 .5 .206 .5 134
HAINAN PCS .051 .5 .206 .5 .129
KRONSHTADT PCS .041 .5 .206 .5 124
HUCHUAN PTH 043 .5 .206 .5 125
P-4 PTL .036 .5 206 .5 121
P-6 PTL 044 .5 .206 .5 125
HUZHOU PC 043 .5 .206 .5 .125
. HAIKOU PC 034 .5 .206 .5 .120
SHANGHAI PC 044 .5 .206 .5 .125
LST 511 .040 .5 .206 .5 123
. LsM 1 041 .5 .206 .5 L124
YULIANG LSM .035 .5 .206 .5 .121 3
T-43 MSF 044 .5 .206 .5 .125 -
SRV_Ships
PETYA FFL .062 .49 .203 .51 134
SAVAGE PG .063 .49 .203 .51 134
BARNEGAT PGF 065 .49 .203 .51 .135
KOMAR PTG 057 .49 .203 .51 131
0SA II PTG .061 .49 .203 .51 .133
SHERSHEN PT .053 .49 .203 .51 .130
P-4 PT 042 .49 .203 .51 124
P~6 PT .039 .49 .203 .51 .123
PGM-59 041 .49 .203 .51 .124
SHANGHAI PC 041 .49 .203 J51 124
173 FT PC 042 .49 .203 i51 124
PGM 83 PB 022 49 .203 .51 114
PO-2 PB .028 49 .203 .51 117
. POLUCHAT PB 034 49 .203 .51 .120
SWIFT MK2 PB 034 W49 1,203 .51 .120
ZHUK PB .033 .49 .203 .51 120
S.0. 1 PCS .49 .203 “.51 127

A i L R T

048

46




(U} MAU Score For Each Ship Class MAU(X)

{continued)
(UNCLASSIFIED)
' PURICE=MST rpep g2 0y ¥t g wan y
————— raa iyl 03 yuik il
ADMIRABLE PCS .046 .49 .203 .51 .126
LST 1} .033 .49 .203 .51 .120
POLNOCHNY LSM 042 .49 .203 .51 124
LCU 501 .026 .49 .203 .51 .116
.031 .49 .203 .51 .119

LCU 1466




V. CCNCLUSION AND RECOMMENDATIONS (U)

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

intelligence assessments about the outcome of the proposed scenario,

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 their 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
reﬁiewing order of battle information.

(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. For
the selection of attributes, it was felt‘that, if possiﬁle, a group dis-
cussion among the judges would have led to a better defined list of
attributes. The lacklof interaction between the judges piaced a greater
responsibility on the researcher to sort out interdependeﬁcies and
discrepancies of the individual responses to the Attribute Selection
Questionnaire. This introduced an additional subjectiviey that may have

had substantial effect of the final results. To reduce this possible

Sad M
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responses of other judges. Therefore, group discussions, or possibly

the use of delphi techniques, should be used to make the attribute

Ejudices O € analysts,

(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
easler and just as adequate. But this would cause extrapclation from
the results by the researcher to specific ship classes. This p%ocedure
would alsc 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“efficieht and édequate ﬁethod 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 countries, this procedure

requires some refinement so more accurate numerical assessments .can be
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capabilities 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 represenration of their dnflugnca on tha ghilicy of 5 countm
-

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 qualit& of the judges. Another solution is to develop# scenarios
that succinctly and comprehensively define the forces to bé studied.
Efforts should be made to keep the total number of forces to be conéidered
as small as possible. Probably the best solution is to limit comparison

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

for each country were arbitrarily presented in a manner where the l:

L s

and usually more capable, classes 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 E. 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 questionnaire 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 aQtributes.

] * [ [} » . . I [3
3. Your participation in this research’gf;ort is m9§%7apprec1ated.
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MULTIATTIBUTE UTILITY THEORY AND MILITARY CAPABRILITIES

COMPARISON QUEST I ONNATRE

TaRr—one

ATTRIBUTE SELECTION QUESTIONMNAIRE

Geritlemen,

The hypothesis of my thesis is that comparison of
the Multiattribute Utility (MalU)> scores of two countriesz
ig a more accurate and complete measure of their
retative military balance than mere order of battle
comparisons., The purpose of this questionnaire iz ta
collect raw d#ta to test this hypothesis. An engagement
be tween selected nauai unite of the PRC and the SRV in &
dispute gver the sovereignty of the Spratiy Islands
serves ras the case situation. I am attempting t=o
evajuate fhe overall military worth of thesze ships bazsd
on judgments about the value of tangible and intangikie
characteristics of the forces,

Three basic steps will be used in the Mal
application. First, the decision prob!ew will  be
decomposed along natural Iine§ according to U R R=IT)
value characteristics called attributes. Second,
separate Jjudgments will be made about each of the
attribut9§; Finally, these separate judgments wjll be

agaregated using a formal algebraic rule and {his i=

used as an aid for the comparison. These steps will
. 57
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gerve asz the basis of a methodclagy for comparing

retative military balances.

done due primarily to assumpticons necessary  for
gpeciticatiaen of the situaticn and forces involved and
for preparation of the questionnaire. Since the
situation to be tested involwes PRC and SRV naval wunits
in a dispute near the Spratly Islands, a limited at-sesz
engagement with Tittle or no submarine activity and no
land based air participatidn 3 enuisioned.. After
reviewing intelligence estimates on the operaticnal
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.

Alsc, the attributes have already been separated
into tangible and intangible categories. The tangible
attributes are classified as technical attributes and
have been divided into categories reflecting the basic
tvpe of attribute to be considered. The intangiblie
attributes are classified as nontechnical ’attrjbutes
with some explanatory remarks added for claLificatia65
For purposes here, an attribute is defined as any
characteristic of a ship which has relevance to adesquacy
of performance of the ship in the conduct 5% migsions.

Your responses to this part of the questionnaire will ke
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compared with others to select a .camplete list of
attributes,

Lists o
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attributes you think are necessary to corsider to
determine the military worth of naval forces operating
under the given scenario. Please feel free to write in
any attribute you may wish to include, For guidance,

the set of attributes wou chose should be com fete,

1m
O

that it covers all important aspects of the situation;:
cperational, so that individual characteristice of the
cet can be easily quantified or judgmentally scaled;

nonredundant, so that double counting of impacts can be

avoided; and minimal, so that the dimensicns of the
situation are Kept as small as possible for practical
and meaningful analysis. Judoments about the relative
importance of the attributes are n&t necessary &t this

time.

Thank you,

p
I
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ECHNICAL ATTRIBUTES

CIRCLE YOUR PREFERENCES OR WRITE IM CHZICES OF YOUR CliM,

ghig Eharacteristics

Speed

Range or endurance

Command, control, and communications
Seaworthiness

Survivability (Damage Control)

Unique Submarine Characteriztics

Submerged erdurance
Quietness

Maximum Depth

Armament Characteristics

Trpe of armament (missiles, guns, asw weapons, etc)

.

Weapon range ' ‘

Warhead size

:38&[3:!33 TMANMNHILOD I O30 vad JTAM



ACCuracy or praobabiltity of & kit
Humber of taunchers, mounts,-and barrels

Reload or magazine capability

Sensor Capabilitiss

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

Sonar

Qther Characteristics or Capabilitiss

I Qe oo
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NONTECHNICAL ATTRIBUTES

CIRCLE YOUR PREFEREMCES OR LIST OTHER CATEGORIES OF

INTanMEIRLE aTTRIBNUTES Db THE ME<T PACE

Intelligence Capability

The capabitity to collect, analwze, and diszeminats
intelligence information.

Tactics Employment Capability

The capability to successfully emplor devsloped tactics
in hostile conditions. Includes quality of previous
missicon training exercises and command initiative,

Logistics Capability

The capabillity to replenish or replace items necessary
to sustain the operational tempo.

Operator Competance

The abitity of personnel te maximize the use of
equipment and machinery that iz functioning properly.

Maintenance Proficiency

The ability of personnel to maintain and repair missicon
essential systems.
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Appendix B (U)

NAVAL POSTGRADUATE SCHOOL
MONTEREY, CALIFORNIA 93943

NC4(38)
24 January 1985

e e

| (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 '

Encl: (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 SRY. 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 SRY ship character-
istics. Please safeguard this enclosure appropriately, ;

3. Your participation in this research e is most appﬁeciated.
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MULTIATTRIBUTE UTILITY THEORY AND MILITARY CAFABILITIES

COMPARISON QUESTIONNAIRE

_ S42LTu0 —
WEIGHTS AND SCALING QUESTIOMMNALRE
Gentiemen,
In this questionnaire w»ou will be asked to make
~several different subjective judoments, Generaliy,
there will be two types of judgments to make, numerical
Judgments about the importance of each attributs
relative t& each other and numerical judgments about the
worth of each attribute in determing the capability of
the naval forces to successfully complete aszsigned
missionz. These numerical judgments are vital for the -
application of any Multiattribute Utility el %

~me thodalogy. Before discussing the attibutes to L=
considered, & quick review of the scenaric is necesssary,

An important naval objective of the PRC and the SRU

ig to cobtain and maintain contrael of the South China

Sea., The snuefeignty of the Spratly Islandf has been

contésted by ‘both countries’ for severdl decades

primarily due to the island group’s strategic
" geographical location. Because other nations have
expressed a military interest in some of the islands and
the possibility of there being targe ail depoéits;in the

area, the dispute between the two countries has recently
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become marse intense. Bath the FRC and the SRV uisw
contral over the Spratlw’'=s as a significant indicator of

prestige and as a stepping stome far  future

F-1-1.7-1.% JI1. WK B2 Lo tha I=F.TIR .Y [l L= Thus gl ]

hostilities over the saovereignty of the Spratly.lslanda
e a realistic likelihood.

The tactical scenario is a quick and small scale
at-sea engagement between selelcted naval forces of the
two countries. Mo third party interventicon should be
anticipated. Baced on intelligence estimates only thosze
ctlasses of ships which can realistically be expescted to
participate in such an engagement are toc be considered,
The ships are assumed to be on station near the island
chain_ at the start of hostilities, Submarine
participation will consist of only Romeo class diesel
submarines of the PRC’s South Sea Fleet. Land based air
actiuit? will be limited with surveillancs and
reconnaissance the only assigned missions. Aircratt will
not béeome involved in actual engagementse. Therefors,
any assumed aircraft participation shaﬁld be taken into

account when considering the intelligence lcaltection

[
“capability of the two countries. Success ori%aiIure of
the operation will be determined by the cutcome cf these
two naval forces engaging one another with_.the wvictor

able to land troops on . several of the islands In the

absence of any hostite oppdsition.
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There was no mention of the number of each class of
ships tnh the scenario. The scenaric is used only to add

meaning to the results of the basic comparison to ke

made. The objective here iz to ggfld 32 situation whers

the military interaction is strictly naval ehips wversusz
naval ships. In your judgments, do not werry about the
number of unitz there are of a certain class of =hip.
Just consider the “worth" of that class of ship in =
hypothgtical engagement between LA "wor-ths" af
oppossing classes ships.

The lists of attributes presented in the following
gsections were selected ua{ng the results of the first
part of the questionnaire. Since some of the technical
attributes listed in Part One were ambiguous, the less
clear technical attributes for this part will Ee briefly

defined. Manewverabilit» is based on spsed and

endurance and refeérs to the capability of & ship to be
quitkly and adequately repositioned,. Displacement is

easy to measure and, while not normally congidersd to

11

contribute to the combat worth of a ship by itsel+f, i

an indicator of seaworthiness. Commuynicaticnsz
|

capability refers to the general type and sophistication

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

J

measure, but for weighting and scaling purposes it
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refers to the vulnerabiility of a ship and itz weapons or
radar systems to withstand damage inflicted by oppossing

forces. Quietness iz alse difficult to measure., It naor

only refers to gound propagated by submarines but alsco

to the capability of ships and submarines to auvoid
detection from passive sonar.
The nontechnical attributes identified from Fart

One are listed below:

Potitical will/resolue

The determination of a country to carry out plans
or initiatives, to back up threats, or to squarsly mset

aggreszors,

Intelligence capability

The capability to collect, analyze, and disseminate
technical, tactical, and pb]itical intelligencs

information.

Tactice employment capability

The capability to successfully emplc%‘deueluped

I
tactics in hostiie conditions. Includes_quality of a
country’s naval doctrine, quatity of command perscnnel,

and operator training lewel.

Maintenance proficiency ' . .
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The ability of pergonnel to maintain and repair

mission eszential equipment and the capzability of zupply
organizaticns to ensure repaic and replacement jtems are —

readilty available.

The weighting and scaling methods used as a basisz
for developing this questionnaire are simplistic, more
rigorous methods are available, but simplicity and eaze
of obtaining Judgmentz are important for the Mal
methodology I use in my» thecis. The instructions for
each gection are straitforward, Some ship
characteristic data (Encleosure 2) has been provided faor
vou to dse as a quick reference. Even though the data
may not be complete it is your judagment that is wvalued
over a compilation of data, particularly when the
measure is difficult to gquantify. FPleaze feel Ffres to

give me feedback about the guestionnaire.

Thank you,

L TR
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The technical attributes identifisd from an agoregation

of the results of Part One are:

MaNEUWWERABILITY

CTSPLACENENT
COMMUNMICATIONS

SURVIVABILITY

QUIETNESS

TYPE OF ARMAMENT

WEAPOMN RANGE

WEAPON ACCURALCY

NUMBER OF LAUNCHERS, MOUNT, BARRELS
RELOAD OR MAGAZINE CAPABILITY

AIR SEARCH RADAR

SURFACE SEARCH RADAR

FIRE CONTROL SYSTEM

ESM/ECM

SONAR

The nentechnical attributes identified from an
agaregation of the results of Part One are:

POLITICAL WILL/RESOLVE
MORALE )
INTELLIGENCE CAPABILITY

TACTICS EMPLOYMENT CAPABILITY

MAIMNTENSNCE CAPABILITY

JENTAYT INTFWMEHIAND (¥ 130
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BE. Ranking the technical attribytas

Rank the'tgchnical attributes in order of impartance for

mlillllllll"--l l\:l! II!I'.I ; :-gl K \-m \-"l‘ !l‘f;,—'! l-'.'[ b T _'_‘
= = AT — N N R - TN N N N R N ey e
list of the most important attribute (1) to the least

important attribute (13>, Write in your responses in

the spaces below. You will be asked to judge the

relative importance ratio (weight? in the next section.

PRC WT SRV WT

1. I L[ ]

2. 2.

3. 3!

4. 4!

5- 5]

6. 6-

P | 7.

8. 8. ;
"r!
kb

?. &, -

| «

ta. _ 10. B

' X

11. . 11. ps

: or

t2. 12. &
. L=

13, _ 13. E
| a z

14- - 14' ; E
. ) e

15. 13. -
: m
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C. Determining the weight of the aktributes

In thie gsection »ou will he rating the attributss in
importance— precervlnq ratios or weights, To do this,

| start by - ;
' identified in the previgus zact] l__J“;JL“__“:Lf o 0
Now consider the next*least-:mpartant attribute. Haow

much more impartant (if at all1) ts it than the least?
Assign it a number that reflects that ratio. Continue
on up the tist, checking each set of implied ratics 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
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. . Yau
may want to revise previous judgments tc make them
consistent with later ones and this is acceptable.

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

- ' . D. Scaling the attributss
In this section you will be determining the worth of an
. attribute for a particular ship based upon how much of

the attribute you think that ship has, The method ussd
here is adapted from the additive rating scale method.
First, you specify to yourself what the least desirable
and most desirable valuss of each attribute should %e.
These values will then arbitrarily be assigned vatuss of
Q0 and 100, respectively. Then for each attribute and
each platform you assign a number from Q to 100 which
reflects the amount of the attribute wou think a
particular ship has. For example, if you think that
the least desirable maximum speed of a frigate iz O
Knots and the most desirable maximum speed of a frigate
is 40 knots, then O Kkts is assigned a value of Q0 and 40
knets is assigned a value of 100. Thus, if & Jparticular
frigate has a speed of 20 knots then you should assign
the speed attribute for this ship a value of 50

On the following pages are the classes of PRC and SRV
. : ships to consider given the scenario. Listed under each
ship class are the technical attributes. In the zpace
provided beside each attribute please write the number
from 0 to 100 which represents the amount of the
attribute you think a ship has according to the end
points you have established for each attribute.
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ROMEQ _SS
MAMEUMVERSBILITY

COMMUMTI CATIOME

TYFE OF ARMaMENT

DISPLACEMEMT

SURVIVABILITY

i i
FIRE COMTROL SYSTEM

AIR SEARCH RADAR

i e 5

WEAPON ACCURACY

ESM/ECM

SURF SEARCH RADAR

RELORD/MAGAZ INE

SOMNAR

MO OF LAUNCHER

CRFRBILITY

LUDs DD
MANEUWERABILITY

MOUNT S/ BARRRELS
TYPE OF ARMAMENT

DISPLACEMENT

COMMUNT CATIONS

SURMIVABILITY

QUIETNESS

WEAFOMN RANGE

FIRE CONTROL SYSTEM

WEAPON ACCURACY

AIR SEARCH RADAR

ESM/ECM

SURF SEARCH RADAR

SONAR

RELQOAD/MAGAZ INE

NO OF LAUNCHER

CAPABILITY

JIANGHU FF

MANEUVERABILITY

MOUNT S/BARRELS
TYFE QOF ARMASMENT

DISPLACEMENT

COMMUNICATICONS

QUIETNESS.

SURVIVABILITY
| l

WEAPON RANGE .|

WEAFON ACCURACY

FIRE CONTROL SYSTEM

AIR SEARCH RADAR

ESM/ECM

SURF SERRCH RADAR

SOMAR -

RELOAD/MAGAZ INE

MO QF LAUNCHER

CAPABILITY

MOUNT S/B&RRELS
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JIANGNAN FF

MANMELVERSEILITY

COMMUMNI CATIOMS

TYPE OF ARMAMENT

DISPLACEMENT

SURVIVABILITY

ASplio i

FIRE COMNTROL SYSTEM
AIR SEARCH RADAR

SURF SEARCH RADAR

e

WEAPON ACCURALCY

ESM/ECHM

SOMAR

RELOAD/MAGAZ INE
CAPABILITY

RIGA FF

MANEUVERABILITY

NO OF LAUNCHER

MOUNT S BARRELS
TYPE OF ARMAMENT

DISPLACEMENT

COMMUNI CAT I ONS

QUIETNESS

SURVIVABILITY

WEAPOMN RAMNGE -

FIRE CONTROL SYSTEM

WEAPON ACCURACY

' AIR SEARCH RADAR

ESM/ECHM

SURF SERRCH RADAR

SONaR

'RELOAD/MAGAZ INE

NG DF LAUNGHER

CAPABILITY

ORUFY PGF
MANEUVERABILITY

MCOUNT S/ BEARRELS
TYPE OF ARMAMENT

DISPLACEMENT

COMMUNICATIONS

SURVIVABRILITY

QUIETNESS

WESFON RANGE

WEAPON ACCURACY

FIRE CONTROL SYSTEM

ESMAECM

AlR SEARCH RADAR

SURF SEARCH RADAR

SONAR -

RELOAD/MAGAZ INE

NO OF LAUNCHER

CAPABILITY

MOUNTS/BARRELS
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HOUKU PTG
MANEUVERABILITY

COMMUNICATIONS

TYFE OF aRMAMENT

DISPL&CEMENT

SURVIVABILITY

ooTETNESS
FIRE CONTRQOL SYSTEM

AIR SEARCH RADAR

L == i 5 i S =G

HEAPOM ACCURALCY

ESM/ECHM

SURF SERRCH RaDAR

RELOAD- MAGAZ INE

SOMAR

NO OF LAUMCHER

CAFABILITY
0S8A ! PTG
MANEUWERABILITY

COMMUNICATIONS

MOLNT S/ BARRELS
TYPE OF ARMAMEMNT

DISPLACEMENT

SURVIVABILITY

QUIETNESS

FIRE CONTROL SYSTEM

WEAFPON RANGE

WEAPON ALCURALCY

AIR SEARCH RADAR

SURF SEARCH RADAR

ESM/ECM

SONAR

RELOAD/MAGAZ INE
CAPABILITY

HAINAN PCS
MANEUWERABILITY

NO OF LAUNCHER

MOUNT 5/BARREL S
TYPE OF ARMAMENT

DISPLALCEMENT

COMMUNICATI ONS

SURVIVABILITY

QUIETNESS

WEAPON RaNGE f

FIRE CONTROL SYSTEM
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E. RanKing and weighting the nontechrical attribuytes

In this section you are to rank and weight the
nontechnical attributes by the same proceguyre that was

used for the technical attributez, Two sets of weights

ST needed, one tor the PRC ang one for the SRY. After —

a simple listing of the attributes from most important

(1> to least important (S) iz made you then determine

the relative importance ratio or weight of the

individual attributes. Again, assgign your least

important nontechnical attribute a value of 10 and then

compare that attribute with the next-least-important

attribute and so0 on., The nontechnical attributes zre

listed below in no particular order for your referonce.

PRC WT SRV ) WT

1. 1.

2, 2.

3-7 3l -
:

4- 4! -
(
i

5- 5. !

MORALE, MAINTENANCE CAPABILITY, POLITICAL RES%UEwaLL,

TACTICS EMPLOYMENT CAPABILITY, INTELLIGENCE CAPARBILITY
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F. Scaling the nontechnical sttributes

The procedure used to scale the nontechnical attributes
wWwill be the constant sum method of paired comparisons.

gt T IrENGINE &Nd WeaFRFEecScSes oF Ihe —
L L i o s o ) A e S L =

nontechnical attributes. This is a simple procedurs,
Sptit 100 points between the two countries ensuring that
this point spread reflects the degree to which cne
country has the advantage ouer the other in each of the
areas described by the attribute. For example, if »ou
think the PRC has four times the political rezolue than
the SRY, assign the PRC 20 points and the SR 20 points,

POLITICAL WILL/RESOLVE
PRC

SRV

MORALE

"PRC

SRV

INTELLIGENCE CAPABILITY
FRC

SRV

TACTICS EMPOLYMENT CAPABILITY

PRC

SRV

MAINTENANCE CAPABILITY - | I
PRC

SRY

SEMT AN T mecer




G. Integrate technical and nontechnical attributes

H H a2 e - L1 -
Lo th et e i P e g aha

imroee

technical attributes for each country., This step is
similar to previous section except the two countriss are
not compared to each other. Simply split 100 points
between the two categories of attributes for one
country, again ensuring that the point spread reflects
the categories relative importance, and then do the same
for the other country,

PRC

Technical attributes

Nohtechnical attributes

SRV

Technical attributes

Montechnical attributes

THIS COMPLETES THE QUESTIOMMAIRE. THANKS FDR}YGUR HELF.
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