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Preface

The purpose of this study was to investigate the effect
that different aggregation methods have on the group priority
vector determined by the Analytical Hierarchy Process (AHP).
Three aggregation methods were applied to a previously
accomplished study to determine the rank order correlation
for the respective priority vectors and consistency measures.

The previous study was the Battelle Columbus
Laboratories® 1983 Trans Atmospheric Vehicle (TAV)
feasibility analysis for the Aeronautical Systems Division of
USAF Systems Command. The "revised" Battelle study provided a
hierarchy of 32 criteria to evaluate 14 TAV design proposals.
The judges were 11 of the original 13 TAV steering committee
members who responded to Battelle’s questionnaire to provide
the top level objective weights.

The first aggregation technique determined the geometric
mean of the 12 input comparisons prior to the calculation of
eigenvector (priority vector). The second method determined
the arithmetic mean of the judqe’s priority vectaors. The
third method converted the AHP input ratios to ordinal
preferences and determined the group priority vector bv the
percentage of "votes” for each abjective. The examination of
the geometric mean of the priority vectors was not examined

in this research.
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The results showed that the three aggregation techniques

produced correlated priority vectors. Also, the consistency
measures for the ordinal matrices and the AHP matrices were
highly correlated. Graphical analysis indicated that ratio
"distance" may be preserved between preferences when ratio
scale inputs are converted to ordinal preferences. However,
this interpretation must consider the bias caused by creating
the "voting” matrix directly from the AHP inputs, rather than
rather than from an independent survey. Further study will be
necessary to determine the number of judges and the number of
criteria necessary for this preservation of distance.

In performing the surveys and writing this thesis I have
bhad a great deal of help from others. I am indebted to my
faculty advisor, LtCol Mark Mekaru, and my reader, Ma;or Ken
Feldman for their insight and lifting spirits. I alsao wish to
thank members of the TAV steering committee for their
expeditious assistance in this endeavor. with particular
thanks to Dr. Eric Rice and Dr. Jerrv Arnett for their
invaluable information and advice. Finally, I wish to thank
my wife Gerry for maintaining an even keel during these

stormy six monthes.

Stalker E. Reed. I11
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Abstract

This study showed that Analytical Hierarchy Process
(AHP) group priority vector was independent af the three
aggregation technigques examined. Also, the (AHP) consistency
index was correlated with Kendall’s Coefficient of
Consistence. The study applied the AHF to Battelle Columbus
Laboratories 1983 TAV study using 11 of the original members
of the 1983 TAV steerina committee.

The first aggregation technigue used the geometric mean
of the 12 input comparisons to calculate the group priority
vector. The second method used the arithmetic mean of the
judges” priority vectors to calculate the group priority
vector. The third method converted the AHF 1nput ratios to
ardinal preferences and used the percentage of preferences
for each abjective to determine the group prioritvy vector.

The analvysis used Apple Fascal computer code for
manipulating the AHF 1nput files. Kendall’s correlation
coefficient, tau. showed significant rank order caorrelation
between the three group vectors. Also. araphical analvsis
tndicated that strength of preference was preserved when
converting from a ratio to ordinal scale. Minor
dissatisfaction with the priority vectors suggests that when
administering the AHFP bv survey, the comparison scale should

be displaved tao reflect the logarithmic nature of the input

ratios.
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diffarent aggregation methods. The examination of the
statistical properties of the Kemeny and Snell carrelation is
outside the realm of this study. However, the Kemeny and
Snell correlation’s similarity to tau supports the use of tau
as a statistical evaluation in this thesis. The discussion on
tau as a correlation measure between two rank orders will be
in chapter IV, Methodology.

Opinion_ Elicitation. Robert Fallon showed in
"Subjective Assessment of Urcertainty” that biases in a
person’s background affect his prediction of future events.
He showed how current availability, anchoring, and
representativeness distort one’s assessment of uncertainty in
probabilistic terms (Quade, 1970:287). Although there is
little one can do to diminish this bias, the analyst must be
aware that despite perfect consensus among undisputed
experts, there are inherent biases that may distort the
entire prediction. An example would be the error in
predicting the cost of 1982 petroleum during the 1973 oil
embargo.

Saakman criticizes the entire process of eliciting
expert opinions. Directed at the Delphi technique, the
criticisms apply equally well to any of the elicitation
methods discussed in this thesis. Saakman points out the

following weaknesses in soliciting opinions from experts:

The questionnaires should be administered under
rigorously controlled conditions.

14
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chapter.

Distance Functions. In 1942 Kemeny and Snell began a
research thrust in priority vectors achieved by ranking. They

proposad that committee rankings be viewad in terms of a
"distance" measure. Such a measure relative to a pair of
rankings would be an indicator of the degree of correlation
between rankings. They established a set of axioms whach any
such measure should satisfy, and proved its existence and
uniqueness. Their set of axioms is similar to Arrow’s axioms,
except the former does not require the “irrelevant
alternatives” condition (Kemeny and Snell, 1962).

Kemeny and Snell used their distance function to propose
the median and mean rankings as acceptable forms of
consensus. Bogart, however, showed that in the general
setting Kemeny and Snell’s means and medians were not
necessarily unique. 1t would be necessary to restrict the
orderings to an odd number to achieve unigueness (Bogart,
1973:465).

Bogart showed that in the case of linear orderings, the
Kemeny and Snell correlation measure was the same as
Kendall’s tau (Baogart 1973:44). However, for partial
orderings (indifference) 1ts value diverges from tau. Bogart
suggests further study of the properties of this statistic in
the cases in which it differs from tau.

This research does not address Bogart’s suggested study

because the focus is on comparing priority vectors derived by
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decision maker, be she the group itself through an
interactive process, or a benevolent dictator, to weight the
inputs of the individuals. That is, the supra may give twice
the weight to Joa’s opinions over Fred’s opinions because Joe
has 30 more years of axperience. This process to combine
individual values into a group value is more fully discussed
under Value Theary, this chapter. This research will attempt
to apply interpersonal value comparisons to achieve "more
rational” (transitive) group decisions, as explained in
Chapter 1V, Methodology.

Arraw showed that group decisions may be intransitive
and Keeney showed that the intransitivity may be reduced by
interpersonal value comparisons. The critical issue is the
degree of intransitivity of the'group decision. The more
intransitive the group decision is, the less it reflects the
individual opinions which leads to a lack of confidence in
the results.

This thesis will apply interpersonal value comparisons
to reduce the intransitivity of the group decision. In
addition, this thesis will apply two aggregation techniques
that measure the intransitivity in a series of pairwise
comparisons. Saaty®s Analytical Hierarchic Frocess (AHP)
measures the consistency in the strength of preferences by
the consistency index (Cl). Kendall’s coefficient of
consistence, zeta., measures the intransitivity of voting

matrices. Both of these methads are explored in the next

12




inpossible. Arrow’s conditions are summarized by Blin:

1) Any amalgamation nethod must define a unique

order (rationality).

2) 1f one alternative rises or remains stationary

in order of every individual, then it must not fall

in the joint order (positive association).

S) The addition or removal of an alternative, which

results in no change in any individual order of the

remaining alternatives, must not cause a change in
the order of the remaining alternatives of the

joint order (independence of irrelevant

alternatives).

4) Tha joint order is a function of the individual

orders and must not be imposed by some outside

influence (citizen’s sovereignty, or pareto
optimality).

S) The joint order must not be arbitrarily defined

by the order of one individual without

consideration of the other individual orders

(non—dictatorship). )

{Blin and Satterthwaite, 1978:232)

Arrow proved that there is no rule for combining the
individual’s rankings that is consistent with the seemingly
innocuous conditions. That is, there is no procedure that can
combine several individuals® rankings of alternatives that
will satisfy the five conditions above.

Arrow’s Impossibility Theorem implies there is no
procedure for combining individual rankings into a personal
comparison of preferences (Keeney and Raiffa, 1976:524).
Keeney, however, reports that group decisions can be
transitive if there is an additional condition: interpersonal

value comparisons are allowed (Keeney and Raiffa, 1976:145).

Interpersonal value comparisons allow the “"supra"

11
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introduction

A survey of recent literature reveals numerous methods
for soliciting individual opinion and aggregating it into a
group consensus. This review will divide the studies in three
broad categories: 1) General: includes Arrow’s impossiblity
theorem and the mechanics of elicitation - rankings, ratings,
and pairwise comparisons, 2) Value Theory: includes an
explanation of the AHP and fuzzy set theory, and 3) Group
aspects: includes dynamics of groups, individual emphasis,
and an explanation of Delphi and variations.

Arrow, Kenneth Arrow first axiomized majority rule
group decisions in 1951 (Arrow, 1963:12). He proved that the
aggregation of rational judges results in an irrational group
decision. Arrow’s “Impossibility Theorem” showed that when
the rational conditions of economic social choice were
defined, they gave inconsistent group priority rankings. That
is, the aggregate choice of transitive judges would be
intransitive (Blin and Satterthwaite, 197B:260).

Many theoretical writers responded to Arrow’s rinditions
first published in 1951. Responding to their criticisms,
Arrow strengthened three of the five conditions (1.2, and 9),

but still showed that a rational group decision was

10
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the literature review of pertinent articles and texts that

reference the topics under evaluation, with particular

emphasis on Delphi, Value Theory, and the AHP. Chapter Three

relates the aspects of soliciting and aggregating opinions in

the AHP. Chapter Four discusses the methodology used in this

thesis and chapter Six interprets the results and dicusses

the insights gained, along with a few follaw on research

ideas.
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priority vectors and consistency measures. Related side
issues will be explored, such as discovering the effect that
applying Delphi has on the AHP weights and determining the
relationship between Saaty’s measure of ratio consistency and
Kendall’s measure of ordinal consistency (transitivity).

The framework used in this study was the Battelle
hierarchy. The number of criteria in the Battelle heirarchy
was reduced from 47 to 32 as a result of insight gained from
the Battelle study and to eliminate redundant criteria. The
following elements were changed in the “revised hierarchy,”
as seen in Figure 2:

Goals and Requirements were combined because of the
similar attributes and weighting.

Environmental Impact was deleted because af the low
weighting.

Manned Flight was dropped because it failed to
distinguish between any alternative (All TAV designs were
capable).

S Minute Launch and 2 Missions per Day were dropped
because it failed to distinguish between any alternative (All
TAV designs were capable).

Global Range and Number of Expendables were dropped
because its attributes were the same as single stage.

few Orbits was dropped because its attributes were
redundant with Loiter capability.

Multiple Dispersal Sites was dropped because its

attributes were redundant with Mobile Launch (runway length
required).

Overview

This thesis is divided into six chapters. Chapter Two is
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faw studies on how to aggregate multiple decision makers
using the AHP. Several questions surface, such as: How
effective are aggregation methods that use feadback, such as
Delphi, when they are applied with the AHP? How does the
priority vector change if the mean is taken of the pairwise
comparisons, rather than the mean of the priority vectors?
How do these "before" and “"after" aggregated AHP vectors

compare with established aggregation techniques, such as

majority rule?

A related question is to determine the relationship
between the different measures of consistency. The ordinal
consistency, that is the degree of intransitivity, of voting
matrices may be measured by Kendall’s coefficient of
consistence (zeta). Zeta is a count of the number of circular
triads. The interval or ratio consistency is measured by the
AHP consistency index (Cl). The CI measures the divergence of
the individual comparison ratios from the corresponding
priority vector ratios. This study will examine the
relationship between zeta and CI; their correlation as a
function of matrix size, judge identifier, and varianca
between judges.

Research Objectives

This thesis will make a critical examination of the AMP
applied to group decision making using the 1983 Batelle study
of the TAV feasibility. The main objective is to measure the

effect that different aggregation techniques have on the




is likely the decision makers would make different ratings if
thay knew the attributes that Battelle defined for the study.
For example, Battelle determined that “runway length
required” would be the driving attribute for “survivability,"”
but the author doubts that the experts used this attribute
when making their assessment of "survivability."®

The source of the variance between objective ratings is
obscured as a result of the judges not using the same
attributes. That is, it is difficult to determine if the
variance between the judges’ ratings came "artificially” from
different assumed attributes, or "honestly”" from different
evaluations of the same attributes. The resulting priority
vectors cannot be summed and averaged because the judges may
not have used the same attribute definition.

Dne method to insure the judges are using the same
attributes is to ask them to evaluate the lower objectives
prior to comparing the next higher level aobjectives. This
will insure that each judge is aware of the subab;ectives
that make up the next higher level aobjective. The analytical
hierarchy process, applied from the bottom level up,
accomplishes this goal. Each judge is asked to compare
clusters of objectives regarding their importance to the next
level objective.

Despite the fact that the AHP is gaining widespread

acceptance as a method to solicit priorities, there has been
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Battelle usad squal weights for all but three criterias
propallant logistics, and structural risk, and payload
performance. These criteria were weighted by a factor of two.

Battelle sent their questionnairs to the 18 nember TAV
steering committee to elicit their ratings of the eight top
level objectives (on a scale from 1 to 10). They received 13
responses as shown in Table 1. The poll was administered once
and the arithmetic mean for each objective rating was

normalized to obtain the weighting factors. The judges gave
their ratings before Battelle had determined the attributes

to measure these objectives.

TABLE 1

Top Level Complete Battelle Ratings

Judge
Ob; 1 2 3 4 [ 7 8 9 10 11 12 13 14 Ave
1 (t0 10 10 10 10 10 10 7 10 10 10 10 10 9.7
2 6 8 7 &6 6 ? 5 3 10 7 a8 7 9 7.2
3 (Y 8 8 10 8 8 10 9 &6 8 7 7 10 8.1
4 8 9 10 10 7 S5 8 9 4 & 10 8 7 7.8
S 6 5 10 7 S 7 6 9 &6 &6 8 8 8 7.0
& 8 = & 7 7 & 10 B8 8 7 9 8 ? 7.5
7 8 S 9 8 8 10 8 7 7 é6 4 9 8 7.5
8 S 1 S S 2 S S 4 3 2 3 3 I 3.7
({Battelle, 1983:6-2)
Note:

Judge #13 and 14 not used for subsequent surveys.

The problem with this approach was that the judges did
not know the ranges of attributes that made up the criteria
(Keeney, 1977:286). Decision makers must not only know the
ranges of the attributes, but also they must use the same

attributes before comparable assessments can be elicited. It
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criteria from their in-house experts. As seen in Figure 1,

o

Figure 1
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determine the expert’s priority vector. Despite the strengths
of the AHP, it is a difficult tool to aggregate judges’
assessments because of the encormous effort required to
achieve a group consensus of the numerous comparisons. This
effort is even more cumbersome when applied by mailed survey,
as in this study.

This study will examine different techniques to

aggregate the preferences derived from the AHP, including
versions of Delphi to reduce spurious variance between

judges, self expertise evaluations for individual weightings,
and various mathmatical aggregation methods to derive the
"means. " The vehicle used to compare these di fferent methods
will be the 1983 Battelle study.

Battelle sought to determine the feasibility of the
TAV concept and to identify which designs were worth
pursuing. They evaluated the ef fectiveness of 14 TAV designs
using the following weighted objectives: Requirements, Goals.
Per formance, Costs, Technalogical Risks, Survivability,
Logistics, and Environmental Impact.

These “"top level" objectives were broken into 49
criteria as seen in Figure 1. The entire hierarchy was
established by Battelle except the criteria that made up
requirements and goals. The requirements and goals criteria
were established by Mission Area Analysis at Wright Patterson

AFB (ASD/XRS). Battelle determined the attributes for these
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Various authors have studied the problem ufféonbining
individual preferences into a group choice UrﬁeﬂﬂIQHIUI-
Problems of this nature arise fraquently in a variety of
areas: marketing of new products, allocation of priorities to
R & D projects, etc. In mast of thesu’éasns, an individual’s
praferance is axpressed in terms q(ﬁranking available
alternatives. The objective inveéch case is to combine the
individual preferences intalafgraup consensus (Cook and
Seiford, 1978:1721).

There are two funQé;ental problems with gathering group
opinions: 1) How dagsﬁone elicit the true individual opinion?
and 2) How does qné aggregate them to accurately represent
the group? Eve;J”analysis which uses expert opinions must
confront and‘;nsuer these problems.

In 1983 Battelle Corporation confronted these problems
in a feasibility study of the Trans —- Atmospheric Vehicle
(TAV) for the Aeronautical Systems Division (ASD) of the
United States Air Force. They elicited expert ratings to
establish the weights for the top level criteria. They asked
each respondent to rate each criterion on a scale of 1 to 10.
Battelle aggregated the ratings by taking the arithmetic
average for each criterion.

This thesis will explore the methods used to solicit and
aggregate expert opinions. The focus will be on the

Analytical Hierarchy Process (AHP) to solicit expert weights.

The AHP uses pairwise comparisons between the objectives to




AGGREGATING INDIVIDUAL PREFERENCES IN THE
ANALYTIC HIERARCHY PROCESS
APPLIED TO THE 1983 BATTELLE TAV STUDY

223 4 93 LTSI g4 .3 LIR30
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Expert judgment must often be used to choose among
several alternate courses of action. An expert’s presumed
intuitive insight provides answéers to complex Questions that
today’s quantitative approaches are often unable to answer.

There are several methods to elicit the expert’s
opionions. Ranking and rating are often used in situations
which da not allow a structured decision approach. Such
probiems are usually characterized by lack of measurable
objectives and reliable informatian (Baas, 1977:47). The
decision maker®s insight. based on background knowledge and
sensitivity to its relevance, is substituted for the
“"structured decision approach."

Often many experts are consulted because the problems
are too broad for one individual. Even in narrow problems,
the investment may be tao large to rely on a single decision
maker to derive all the priorities (Brown, 1968:13). A
consensus of these experts is needed to present a unified

"group” judgement.
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How the test itess were derived should be
explained.

What pilot procedures were used for item analysis
to prune down the original pool to the final set

used for the study.

What psychometric scaling approach was selected?

How were the experts choosen - selective or random?

Are the experts related to objectively defined
populations with measureable parameters?

What are expected statistics regarding the

precision of results for the sample size and
dispersion results?

(Saakman, 19752 59)

Saakman’®s point was that many methods for eliciting
expert weights were unsystematic opinion surveys. Opinion
surveys should follow the American Psychology Association
(APA) standards of rigorous test development and validation
(Saakman, 1975:48). 1f needed, analysts should seek
pyschologist consultants to develop the tests they require to
elicit these opinions. Otherwise, the "objective" surveys
they apply may, in fact, bias the results more than the
interacting group they are trying to avoid.

Experimental Comparisgn. Analysts however, can
increase the validity of their findings by reducing the bias
that originates in the actual salicitation. Eckenrode studied
variations of three basic mechanics of soliciting weights
from individual decision makers: ranking, rating. and
pairwise comparison. His study provides an excellent overview

to these three general methods. He used Kendall’s Coefficient

15

R R P o T T O W U W w W v s v



of Concordance to measure agresement among the sets of weights
produced by the various methods, as well as the agreement
among the decision makers. He found that the methods
established very similar weights for the three experiments
using factual data, general data, and predictive data. That
is, he found that ranking, rating, and pairwise comparison
produced essentially the same ordering of weights over a wide
range of data types (Eckenraode, 1965:1835).

Eckenrode found that rating the objectives produced the
greatest variance and the narrowest range between weights.
Eckenrode considered small ranges and wide variance to be
undesirable characteristics for a method to be used in
weighting multiple criteria because of lessoned
discrimination. As expected, he found that the degree of
agreement appeared to decrease as one moved from a relatively
specific system to a more general problem (Eckenrode,
1945:187).

Saaty reported about an experimental test of the AHP by
Schoemaker and Waid in 1978 to compare AHP with the multiple
regression approach, the multi ~ attribute utility approach
of Keeney and Raifa and simple direct assessment. These four
methods differ in several ways: (1) They require different
types of judgements, (2) They require different response
measures (ordinal, interval, and ratio), and finally. (3),
each method can be applied in areas in which the aothers would

be limited (Saaty, 1980:246).

16
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In the experimssnt, sub jects (33) were asked to svaluate
hypothetical admissions candidates (20 pairs), in pairwise
comparisons, using four attributes only:s guantitative SAT,
verbal SAT, high school cumulative average, and an index of
extra~curricular activity. Their choices between these 20
pairs aof candidates was considered the “correct® list to
compare four different methods of "automated" decision making
functions: the AHP, Regression, Multi Attribute Utility, and
Direct Assessment.

To deri1ve these functions the subjects were asked for
further judgements (such as comparing the attributes
directly) and four linear additive representations were
constructed. Below are the correct predictions and Pearson
product-moment correlations between the predicted and

observed strengths of preference:

Correct Correlation

AHP. o« ¢ = = o o = = = = = » - B54% 72
Regression « o« o« « o =« = « - « 574 .19
Multi-Attribute Utility. . . . 86% .73
Direct Assessment. . . - . . . B84% .77

(Saaty, 1980:246)

The advantages of each method determine its
appropriateness for a given application. Eckenrode found that
direct assessment required the least amount of time
(Eckenrode, 1965:1B6). Subjects are just asked to rank or
rate a single column of criteria. So when time is a critical
element and there are simple relationships between the

criteria, direct assessment may be the appropriate
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methodolgy. While it is also likely that an expert can
estimate the situation directly and may not do better with
the AHP approach, the AHP gives a measure of consistency
which is not available in direct methods (Saaty, 1980:44)
Consistency (transitivity) is not required among
preferences in the AHP, while the construction of a utility
function by multi-attribute utility theory (MAUT) requires a
transitive preference relation. Both of these methods deal

with the subjective bias of expert judgement. The judgement
in terms of a single subcriterion affects the measures of
ather "independent" criteria. This results in a vector that
has bias between its components, sometimes double counting
the importance of a subcriterion (Saaty, 1980:237).

One of MAUT’s strongest advantages is that it has a well
developed methodology for handling situations with risk and
encompasses utility functions that are not linear (Keeney and
Raiffa, 1976:34). The main disadvantage of MAUT is that the
elicitation process is laborious. For repetitious decision
making, MAUT, with its "standard” utility function would be
more advantageous. However, in practice the utility function
changes often and requires constant revisions. Coty explained
that:

MAUT gives a complete orderings of

alternatives but at some cost in time spent

establishing the functional relationhips among

performance i1ndices. The temporal nature of some

state vector elements may also cause some

difficulty.
(Coty, 1980:AA-13)

18
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Thus, operationally, MAUT looses its advantage over AHF
because of its "detailed elicitation to establish form and
constituents of scaler social choice function" (DeWispleare
and Sage, 1981:16). AHP, on the other hand, can perturb
judgments within the hierarchy to get a new set of priorites,
without reconstructing the utility function for each period
of time. (Saaty, 1980:2464).

The regression techniques are strongest in well defined
situations that have precise measures. However, in such areas
as technology forecasting, these measures are often elusive,
and the application of regression is inappropriate and gives
distorted results. Saaty was critical of regression

| techniques (and equal weighting) because they either ignore
relevance by using arbitrary statistical objectives, or focus
on other subcriteria rather than the glaobal criterion (Saaty,

i 1980:237). MAUT and AHP are better tools for these "fuzzy"
applications.

These results apply directly to this thesis. The
original Battelle survey used direct ratings to elicit the
experts’ opinions. Eckenrode criticized ratings as a poor
discrimating tool because of the resulting small range and
wide variance between judges. This thesis uses pairwise
comparisons to elicit the aopinions. Eckenrode found this
method more satisfactory because of the smaller variance

between judges and wider range af the priority vector.
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Value_Theory. The overall scores in the AHP can be
considersed as the valuations of an additive value function
(Kamenetzky, 1982:705). Because the AHP’s foundation is
elicitation of additive value functions, more discussion is
nacessary on the concepts invalved.

Value theory establishes the fundamental conditions for
construction of aorder preserving reprasentation of values on
a set of alternatives. There is a distinct line between value
functions and utility functions. Preference representation
under certainty is referred to as a value function, and
preference representation under uncertainty is referred to as
a utility function (Keeney and Raiffa, 1976). This research
focuses on value functions because decision under certainty
is the underlying assumption in the application of the AHP.

A value function relates the value of given attributes.
It says that if attribute b is preferred to attribute c then
the value of b is greater than the value of c, and vice
versa. This relationship can be represented functionally:

bPc <=> Vib) > Vi)

Value functions are classified in two general forms:
multiplicative and additive. The additive form of a value
function has more restrictive conditions and is the type of
value function assumed in the AHP. It allows the value of a
given objective to be the sum of the values of 1ts

attributes. For the single decision maker the additive form
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can be expressad:

VIX1,X2,.00,Xn) = & Vi(Xi)
(Keenky and Raiffa, 1976:116)

It can be shown that if the V is bounded, this equation
can be rewritten:

VIX1,X2, 000, Xn) = S WiVi(Xi)
¢
Where:

Vi, i = 1,...,n is scaled from zZero to one

Suwi =1

(Kamenetzky, 1982:703)

An additive value function for a group is comparable to
the additive value function for an individual. The difference
is that the attributes for the group decision maker are the
values the individual members ascribe to a given set of
attributes. The group decision maker will be referred to as
the supra decision maker., and she may be benevolent dictator
or the group itself through interaction. The additive group

value function, Vg, may be expressed:

VQ(X1,X2....0Xn) = $ VgilVi(Xi)]
[
Where:
Vg = Supra’s Value Function
Vgi = Supra’s Value of Individual i’s Values
(Keeney and Raiffa, 1976:525)
A necessary and sufficient condition for an additive
value function is mutual preferential independence (MFI). MFI
is implied if every pair of attributes i1s preferentially

independent of its complement (FPI). For a group value

function, the attributes {(Vi,.V;j}) are preferentially
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independent of their complement Vij , for all i = ;, n > 3
{(Keeney and Raiffa, 1976:524).

Preferential independence implies for any two
individuals, i and j, i=j, if all other n-2 individuals are
indifferent between a pair of consequences, then the group
preference depends only on the preferences of individuals i
and j. In particular, the group value function should not
depend on the level of preferences of the other individuals
(Keeney and Raiffa., 1976:525).

For example, consider a three person group and start
with the consequences, X° and X". Now suppose V(X?) = V(X")
by individual 3. FPreferential independence implies that the
group preference of X’ relative to X" should not depend on
whether individual 3 considers X’ and X“ good or bad. The
group ranking of X° and X" should depend anly on the opinions
of individuals 1 and 2.

If the values of the attributes are not independent,
then they cannot be added together. Their representation is
limited to the ordinal: >, <, =, scale:

1) Utilities experienced on the set aof alternatives

allow for numerical representations on the ordinal

scale.

2) Additive representation implies independence of

the utilities involved.

(Baas and Kwakernaak, 1977:47)

Therefore. attributes must be MPI to have an additive

value function., otherwise the preference representation is

22
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aordinal. This requirement is not made clear in derivation of
the AHP. One of the reasons may be that establishing MPI
would eliminate the advantage that the AHP has over MAUT and
MAVT - the burdensome elicitation process.

Critigue/Comparison. Saaty noted that the scores are
independent, but the requirement for preferential
independence has not received a "passing mention" in most
applications of the AHP (Kamenetzky., 1982:705). Kamenetzky
compared the AHP with two other methods that more rigorously
establish MPI: the midvalue splitting technique and the
lock—-step procedure.

In the lock step procedure, the decision maker is asked
to identify points in the consequence space among which he is
indifferent. By equating the value of these points and
arbitrarily assigning the unit of measurement, the
unidimensional value functions and the overall value
functions are assessed simultaneocusly. The resulting value
function is measured on an ardinal scale.

In the midvalue splitting technique, as in the AHP, the
single attribute value functions are assessed independently.
Also, like the AHP, this technique consists of two separate
steps: (1) assessment of the unidimensional value functions
and (2) assessment of the weighting constants (Kamenetzky,
1982:706).

In each of these two steps, there are some perceived

advantages and disadvantages of the midvalue splitting
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technique compared to the AHP. The midvalue method assumes
that the decision maker can order the differences in the
strength of preference among alternatives. In contrast, the
AHP assumes that the decision maker’s preferences can be

measured on a ratio scale.

Kamenetzky favors the AHP when there are a small number
of alternatives for the estimation of the value functions,

Wj/i or Vi(Xji), for the following reasons:

1) Pairwise comparison judgments are easy to
elicit.

2) The weights W;/i synthesize the information
contained in all possible pairwise comparisons
among the m alternative actions with respect to the
criterion Ki. The redundancy of the information
contained in these m(m—1)/2 pairwise comparisons
contributes to the robustness of the estimates.

3) The AHF allows for inconsistency of the
pairwise ;udgments and provides a measure of such
inconsistency.

(Kamenetzky, 1982:706)
Kamenetzky favors the midvalue splitting technique with
regard to assessing the weights of the criteria for the
following reasons:
1) The assumption of mutually independent
attributes is made explicit and its validity is
tested.

2) The question asked in the AHP for the
elicitation of the scaling constants is too vague:

"What is the relative importance aof criterion Ki
with respect to criterion Kk?"
(Kamenetzky, 1982:707)
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The ratio Wi/Wk is the marginal rate of substitution of
Wj/i for Wj/k, which depends on the scale on which the WN;/i
and Wj/k are measured. As a result, a better question would
be:

"Considering that the W;j/i are scaled such that the

sum of all W;/i = 1, what is the ratio of the

increase in W;/i that would be necessary to

compensate for a given decrease in Wj/k to the
given decrease in W;/k?"

(Kamenetzky, 1982:709)

Kamenetzky found contradictory opinions asserting
whether decision makers will provide the same answers to
either of the above questions. For example, Garielli and Von
Winterfeldt’s results showed the weight estimates were
insensitive to changes in the range of the attributes
(Kamenetzky, 1982:710).

They hypothesized that people can assign importance to
attributes without specified alternatives and ranges because
they have some plausible set of alternatives and ranges in
mind, when judging importance. FPerhaps. Kamenetzky argues,
this is why another study found no difference among seven
different methods of collecting attribute weights, with five
of the methods assessing weights for linear additive models
with no reference to individual attribute ranges (Kamenetzky,
1982:707).

Keeney, however, warns that questions need to have
attribute ranges. "A common error made in many studies is to

ask which of several attributes is most important,
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independent of their ranges" (Keeney, 1977:286).

Saaty believes the phrasing should reflect the proper
relationship between elenents in one level with the property
in the next higher level. He gave the following example:

If the elements are dominated by the property

rather than vice versa, ask how much more strongly

the element is dominated, affected by, and so on ,

this property. In projecting an outcome, ask which

element is more likely to be decisive or to result
in the outcome.

(Saaty, 1982:77)

Kamenetzky inclines toward Keeney’s view. He feels
Saaty’s question is so vague that the weights Wi obtained by
asking this guestion may not reflect the decision maker’s
preferences accurately. This is not true in the midvalue
splitting method because the way in which the weights are
estimated insures that the resulting value function will be
cansistent with at least some of the decision maker’s
preferences, i.e., those involving the carefully chosen n-1
pairs of alternatives (Kamenetzky, 1982:708).

AHP-Midvalue Combinatign. Kamenetzky suggests
combining the best of the midvalue splitting technique and

the best of the AHP in four steps:

1) Check whether attributes are mutually
preferentially independent and if there are
sufficient conditions satisfied for the existence
of a measurable value functiaon. The attributes must
be mutually preferentially independent in order to
apply any of these techniques. 1f there 1s not a
measurable value function, it cannot be asserted
that the preferences of the decision maker can be
represented by an i1nterval scaled additive value
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function. Consequently, neither can it be asserted
that they can be represented by ratio scaled units.

2) Dbtain the relative standing of each action
with respect to each criterion Wj/i by the midvalue
splitting technique.

3) Obtain a new set of weights S§;/i, by
scaling the W;/i so that max(;)S;/7i = 1, and
nin(;)Sj/1 = 0 by using the transformation:

SjZi = (W3/1 - mint;dW;/Zi) /7 (max(;)W;/i -
min(;j)W;/i)

3T lyacagMy 1 = 140aenpPe
(Kamenetzky, 1982:709)

If the denominator above equals zero, attribute Ki
should not be considered because it does not discriminate
among the alternatives being considered. The S5;/1 abtained
from this transformation will not be expressed on a ratio
scale anymore, but they will still constitute the valuations
of p unidimensional value functions. Since a ratio scale has
all the properties of an interval scale and an interval scale
is unique up to a linear transformation, these value
functions can be given a strength of preference
interpretation.

The transfarmed weights for the actions are then used to
define the value function, Vi(X;) = S5/1 which 1s weighted
and summed over all the criteria. The criterion weights are
determined by making pairwise comparisons between these value
functions using the AHP. The normalized eigenvector
establishes the weights. Kamenetzky covers an alternative

method to establishing the weights by "restricting the use of

the additive form to a smaller region of the consequence
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space, " that is, he reduces the number of comparisons to be
evaluated.

Kamenatzky does not claim that the overall measure of
preference obtained by this hybrid method is ratio-scaled. as
it is in the AHP. This measure is intended to be used as an
ordinal measure of preference in order to facilitate the
process of eliciting single attribute preferences and scaling
constants. It is assumed that the decision maker can provide
judoments of preference on a ratio scale. Consequently, to be
rigorous, it should be checked that it meets the sufficient
conditions for a ratio scaled additive value function.
Although the conditions for an interval scaled additive value
function have been listed (Dyer and Sarin, 1979:810), no one
has determined the sufficient conditions for the existence of
a ratio scaled additive value function (Kamenetzky,
1982:712).

Kamenetzky summarizes the differences in his hybrid AHP
from the standard AHP:

1. The assumption of mutual preferential

independence of the attributes is made explicit and

its validity is tested. Also, it is tested whether

the sufficient conditions for the existence of an

interval scaled additive value function are

satisfied.

2. The question "What is the relative importance of

criterion Kk with respect to criterion Kh?" is

replaced by a more specific question concerning the

relative preferability of two well defined

alternatives.

Z. The Wj/i are scaled from zero to one [used as

alue functions of i
valu of actionsl (Kamenetzky, 1982:712)
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requiring the outliers to do extra work (Saakman, 1975:45).
Helmer explains that requiring respondents to justify
“outlier" opinions helps to solidify the multi-peaked
characteristic of Delphi rather than force an artificial

consensus:

The effect of placing the onus of justifying
relatively extreme responses on the respondents had

the effect of causing those without strong

conviction to move their estimate closer to the

median, while those who felt they had good argument

for a deviationist opinion tended to retain their

original estimate and defend it.

{Wheelwright, 1980:282)

Saakman also critiqued the insufficient reliability, the
sensitivity to the ambiguity i1n qQuestions, and the difficulty
in assessing the degree of expertise to determine the
"decision makers." Although these caomplaints are valid
criticisms, they are relative to the entire field - the
Delphi method should be judged 1n terms of the available
alternatives. The same aobjections apply even more critically
to the less systematic methods of forecasting (Wheelwright,
1980: 280) .

The author shares E.S. (Quade’s biggest criticism. Delphi
is cumbersaome. It requires several weeks to receive responses
and the iterative questionnaires can be tedious (Guade,
1968:324). This may be one of the reasons the feedback
results were very difficult to ascertain in this research;

the subjects were all high level defense experts who were

impatient to repetitive surveys.
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Saaty compared the Delphi approach to the AHP and found

the following differences:

1) Anonymous versus operating group discussion.

2) Adjustment 1n a series of rounds versus dynamic
discussion.

%) Guestionnaire versus hierarchy structure as a
basis for judgments.

4) Statistical and quantitative analysis versus

qualitative analysais.

(Saaty, 1980:69)

Both processes improve the guality of judgments, but
Saaty says the AHP better fits the human cognitive style
because it breaks the judgment into its elements. Saaty
turther claims that the group has better confidence in the
relevance of their judgments because the group determines the
important set of variables (S5aaty, 1980:70).

Delphi_Criticism. Not all the research has been
positive regarding feedback. bustafson found that written
feaedback appeared to lead to a reduction 1n the quality of
estimates in his experiment about estimating population
heights. He speculated that written feedback without
clarification may lead to distortion and recommended further
experimentation on the effects of unelaborated feedback on
judgemental tasks (Gustafson and others. 1973:280).

Saakman has criticized the Delphi method on several

accounts, particularly for what he considers the artificial

consensus brought about by the "bandwagon appeal” and
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iteration, including the first. The group is then "fed back"
the reasons but not the statistics (median, etc). The process
is repeated until the individual judgments stabilize.

OFC is particularly appropriate to the AHP questionnaire
because the reasons for the individual’s priority vector can
be collected beginning on the second iteration (after the
vectors have been computed from the comparison matrix). The
number of reasons would be well within reason and could be
assimilated into the decision maker’s thought processes as he
revises his comparison matrix.

Press explained the responses of the group members as a
function of the feedback. The student-t distribution was used
to show the systematic convergence of the reasons (Press,
1979c:3). He found that the GFC judgements were more
systematic and stable than the control group which received
no feedback. Since the feedback is "qualitative," Press
claims the procedure does not induce an artificial consensus
on the group (Press, 1979b:1).

AHF-Delphi. Saaty mentions that it is possible to
elicit the hierarchy and judgements by questionnaire (Saaty,
1980:35). 1f he were to do this using anonymity, controlled
feedback, and statistical group responses, he would he
appiying the Delphi technique to the AHF. The Delphi
technique is a well established methodology to collect
gpinions remotely, such as mailed questionnaires. Many

researchers consider 1t better than interacting groups.
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is multi-peaked, rather than single-peaked. Most
cases Delphi methods have been applied to in the
past are these single-peaked straight forwardly
factual issues, a prospect more than likely in many
spheres aof the value area.

(Rescher, 19469:8)

Feedback. There are many variations of the Delphi
approach, primarily varying the type of feedback given to the
respondents. As long as the feedback i1nvolves some relatively
precise summary of the previous round, the form of feedback
does not have much affect on the variance between judges
{Dalkey and others, 1970:28).

One version of Delphi returns only the percentile score
to each participant. Thus. the respondent only knows the
general direction of the group consensus., rather than the
actual mean or median. Dalkey’s experiments showed, however,
that percentile feedback appeared to be slightly less
effective with respect to average error,., than medians and
quartiles (Dalkey and others, 1970:28,3).

Quality Feedback Control. James Press proposed a
Delphi variant which he called GQuality Feedback Control (GFC)
to help elicit the value judgements and recommended decisions
of groups (Press, 1979b:1). The method shares two
distinctions of Delphi: anonymity and controlled feedback.
GFC differs from Delphi in that 1t does not return
statistical group responses. While Delphi collects reasons

for deviant responses on the second and subsequent

iterations, GFC collects reasons for each answer on every
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Delphi avoids the dysfunctional group interactions. The
separatiaon of the participants helps to insure that their
judgements will not be influenced by social pressure towards
conformity or other aspects of small group behavior, such as
dominant individuals or irrelevant communication (Dalkey,
1969b:5). The approach is broken into the following phases:
1. The experts are asked for their judgements on a series of
mailed questions.

2. The median and quartile scores for each question are
returned to the respondents. On those items on which there

is no general agreement,the experts are asked to state their
reasons for their divergent estimates.

3. Process 2 is repeated 1-3 times with the explanations for
the outliers. This reduces the quartile range without
pressuring the respondents.

Delphi’s focus is the methodology to collect these
opinions. Unlike many forecasting methods, Delphi does not
have to produce a single answer as its output. Instead of
reaching a consensus, the Delphi approach can leave a spread
of opinions, since there is no particular attempt to get
unanimity. Rescher reports this feature makes Delphi more
appropriate for exploring group examination of values., rather
than Delphi’s traditional role to assess expert opinion about
factual gquestions:

Rather than serving as a tool for discovering

or forging a group consensus, Delphi can provide a

technique for discovering subgroups of variant
opiNion 1n a group — when the pattern of responses

34




PR WG VUl WAl el VLAY VLU Sl SO SRR Yol Yol Wy WL L'L“_'__._'L‘;_'."".:A‘-‘ Sa o

surveys are also becnhing more responsive. It is foreseeable
that in the not so distant future, a national /worldwide
canputér network will link everyone, and surveys will have
the same response time as interactive groups.

There have been few studies on applying the AHF by
survey. This study will apply the AHP via mailed
questionnaires to examine this aspect of the AHP. The process
used to solicit the opinions will be a version of the Delphi
technique first developed by Rand Corparation in the 1950s.

Discussion. The Delphi approach is among the most
common methods for qualitative forecasting (Wheelwright,
1980:298). It is a saolicitation method that iteratively uses
surveys and statistical feedback to achieve a group decision.

Both Delphi and the AHF i1mprove the quality of
judgments, but Saaty claims thatthe AHP better fits the human
cognitive style because it breaks the judgment into its
elements. Saaty also claims that the group has better
confidence in the relevance of their judgments because the
group determines the 1mportant set of variables (Saaty,
1980:70).

Saaty sees the Delphi approach as the end product. 1t 1s
not. It is a technique identified by the following three
aspects which would be an excellent tool to apely the AHP by
survey:

1) Anonymous response.
2) Iterative and controlled feedback.

J) Statistical group response.
{Dalkey. 1969b:v)
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amount (Rowse. 1974:280). This was the result that Battelle
found when they performed a sensitivity analysis on the top
level weights. The weights could change by a factor of four
and still have negligible effect on the results (Rice,
1983:2-84) .

With regard to weights on individual opinions, one is
not necessarily seeking a change in the results, only that
the results are more representative of the group. Keeney
insists that weights are necessary to avoid intransitive
results and Rowse found that personal weights resulted in
more accurate group responses than interacting groups.
Therefore, this study will pursue weighting individuals to
achieve a more valid representation of the group opinion.

Delphi. Saaty maintains that in "seeking consensus,”
it is preferable that the judges interact" (Saaty, 1780:68).
He considers the single input of interacting judges
preferable over deriving a mathematical mean input (Saaty,
1980:32). The aggregation methods that require all the
decision makers to be physically collocated are common for
small sample sizes or homaogeneous groups. However, the
decision makers whao have the diverse backgrounds necessary
for research and development questions are often dispersed
across wide regions. Requiring them to interact physically
would restrict the sample size and the caliber of "expert
decision maker" solicited.

Besides allowing a wider dispersion of participants,
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individual inputs (Saaty, 1980:68).

Rowse performed an experiment where he svaluated the
accuracy of group decisions as a function of different
weighting schemes. Interacting group responsas werse compared
to five weighting schemes. The five schemes were equal
weights, peer assigned weights, self assigned weights, group
assigned weights (a combination of peer and self weights),
and average peer and self weights. All his methods used the
mean response after weighting. He measured the accuracy of
the group answers by the least squared error from the real
answer and the group reliability by the variance aof the
estimates across methods and averaged over five questions.

He found no differences between the five weighting
methods, but all the weighting methods did better than
interacting groups. FPerhaps the fact that all the techniques
were reliable across similar questions may mean that it is
possible to effectively predict the optimal range of
expertise. This would be a very difficult task for the supra
decision maker to determine the optimal range of expertise of
his staff. This estimate of the difficulty was pointed out by
Keeney when he was referring to interpersonal value
comparisons by either :he "benevolent dictator" or the group
itself evaluating the weights for its own members.

Another reason there were no differences between the
weighting methods may be that the weights do not have enough

affect on the estimates for changing the range a significant
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1968:342).

Dobbins reported that the quality of a rank-ordered
priority aggregation can be significantly influenced by the
variation in each judge’s knowledge of each alternative he
chooses to rank (Dobbins, 1980a:60). Dalkey also found these
self ratings statistically improved the accuracy of group
estimates of historical facts (Dalkey, 1969c:2). In Dobbin’s
research, he restricted the self-ratings between zero (waorse)
and one (best). Dobbins multiplied this self—expertise rating
by the alternative scores for the judge’s decision matrix as
if the self-rating were a multiplicative weight (Dabbins,
1980: 60).

There have been several applications of using
interpersonal weights to help accurately amalgamate group
decisions. The "soundness" may be measured by relative
intelligence. vears of experience, past record, personal
involvement in the issue at stake, personal evaluation. etc
(Saaty., 1980:68). Dobbins used selt assessments between O
and 1 which he directly applied to the individual’s inputs to
weight them (Dobbins., 1980a:65). Similarly, Horsky and Rao
caorrected for the judges”™ differential familiarity with
various alternatives by having the judge state his confidence
in his judgement for each pair of comparisons (Horsky and
Rao, 1984:808). Saaty gave more weight when he had high
confidence 1n the judgement of a particular individual

expert. When he had low confidence he used the mean of the
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that the dictator determine the best and worst value from
each individual. Then he must superimpose his own value
structure about the relative desirability of the change in
the value from O to 1 for individual A versus the change in
value from O to 1 for individual B, etc.
We make no pretense that interpersaonal utility
comparisons are easy, but they are often implicitly
made in group decisions...Not only does the
decision maker have to scale intensities of
preferences for each of the individuals. but the
process requires interlinking the scales aof the

individuals and hence it involves extraneous
interpersonal comparisons."

(Keeney, 1976:14%5)

The same type of thinking must be followed in the
participating group decision madel by each of the individuals
in the group. However, they must also arrive at a consensus
for the constant weighting factors. Sometimes this may not be
paossible and thus the model could not be used as intended.
There have been several experiments to investigate the
factors involved in interpersonal comparisons.

Experiments have shown that if the experts are asked to grade
themselves on competence, the estimates they give are fairly
reliable. On the basis aof this information, it may be
possible to abtain better results by using as the group
consensus. not the median of all responses to a question, but
the median of the fraction who declared themselves most

knowledgable with regard to that question (Guade and BRoucher.

u
d

APPSR PO I S

T

— T W

N |

T U Y Y PR VG R |




influences are at least partially overcome by mathmatically
aggregating individual estimates. Rowse stated that
mathmatical consensus should “"be chosen over behavioral
consensus for the entire range of likelihood ratios" (Rowse
and others, 1974:283). This is very beneficial for
salicitation by survaey, as in this study, but contrasts
sharply with Saaty’s emphasis on interacting groups to
achieve a consensus.

Emphasizing_Individuals. Keeney adds an additional

condition to Arrow’s five conditions to insure the group
value function is transitive. He requires interpersonal
comparisons of preferences (Keeney and Raiffa, 1976:526).
Keeney gives two sources that are able to make these
assessments: a benevolent dictator and the group itself - as
a participating model (Keeney, 1974:144). The group priority
vector is then a linear combination of the individual
priority vectors.

Saaty calls this linear combination a "synthesis" of the
individuals:

When each of several individuals does his own

evaluation, the separate results may be compared

from standpoints of individual utilities to obtain

a synthesis performed by an outside party of what

the individuals would do jointly.
(Saaty, 1980:9)

Assessing the interpersonal comparisons is a difficult

task. Keeney's system to determine scaling constants requires
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ptroduction. There have been several studies to show
the deleterious effects of interacting groups and the quality
of the final “group" decision. Huber found that although
there is less variability when there is some group discussion
prior to data collection, the move toward conformity was
temporary and the result of social pressures. He found the
rate and extent of convergence of expressed outlook would
vary considerably from one organization to another (Huber,
1968:488).

In another study, VandeVen looked at the different group
types and found the heteraogeneous groups (low correlations in
personality profiles) produced a higher proportion of high
quality - high acceptance solutions than the homageneous
groups (VandeVen, 1971:208B). The TAV steering committee used
in this research would be labeled as heterogeneous because of
the diverse specialties represented.

Perhaps most significant was Dalkey’s finding that more
often than not, face to face discussion tended to make the
group estimate less accurate; whereas more often than not,
the anonymously cantrolled feedback procedures made the group
estimate more accurate (Dalkey, 1949b:v).

One of the reasons for the inaccurate face to face group
decisions is that group influences are dysfunctional as an

aggregation tool (Rowse and others, 1974:283). These
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The AHP does not require linear value attributes, but it

does require that all the comparisons in a given matrix be
within an order of magnitude of value of sach other, so that
the input comparisons will remain representative of the
relative values. Any objective whose value exceeds the other

values in the matrix by mare than the scale allows (1..9),
should be removed from that matrix, otherwise, the AHP

assessment 1s inappropriate.
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9 This hybrid procedure relies on the AHP to build the
unidimensional value functions. It combines elements of both
the AHP and the midvalue splitting method to determine the

weighting constants. It uses the eigenvector from the AHP to

measure the preference function and the midvalue splitting

technique to compare hypothetical alternatives selected.

Worth_Assessment. Another elicitation technique that

requires additive value functions is worth assessment. It has
an additional restriction on top of that required by the AHP
in that it requires linear value attributes. The similarity
with the AHP requirements can be seen in the definition of

worth independence:

1) The relative importance of satisfying separate
performance criteria does not depend on the degree
to which each criterion has in fact been satisfied.

2) The rate at which increased satisfaction of any
given criterion contributes to the overall worth is
independent of the levels of satisfaction already
achieved on that and other criteria.

X) The rate at which decision makers would be
willing to trade off decreased satisfaction on one
criterion for increased satisfaction on other
criteria so as to preserve the same overall worth
is independent of the levels of satisfaction
already achieved by any and all of the criteria.
(Sage, 1977:359)

These three statements imply that the decision maker’s
value curves are linear. If, at the boundaries of decision

space, the curves lose their linearity, then worth assessment

would no longer be an appropriate method to elicit weights.

29

...............

R LI R R '_'w',"- CRET . .-.~ L e e, IR . o
AL T e e b el e PPN SR SR NC P E BT RE RIS OIS LN N RN



Summnary_broup_Interactions. The entire paint of
Delphi’s feedback and Saaty’s interacting groups, is to
derive a group decision free from spurious variance. Large
variances tend to cancel out individual inputs and that
objective receives less emphasis. As reported below, there is

less support for the group decision:

If an area is important to our needs, but there is
disagreement on implementation, we would have to
withhold action until people develop a better
appreciation for the need and can induce more
cohesive action...Where there is disagreement,
people will tend to be dissatisfied because they
don”t see realization of their judgments.
Otherwise, with agreement there is greater
satisfaction. (Saaty, 1980:30)

Throughout the discussion ot variance reduction and
achieving consensus, 1t is important to remember that group
consensus 1s not a goal in 1tself. Siegal emphasizes this
point in his statistics text when he explains the Kendall
coefficient of concordance, which is one measure of consensus

between rank orders:

It should be emphasized that a high or
significant value of concordance does not mean that
the orderings aobserved are correct. In fact, they
may all be incorrect with respect to some external
criterion.... It is possible that a variety of
judges can agree in ordering abjects because all
emplaoy the "wrong" criterion....A high degree of
agreement about an order does not necessarily mean
that the order which was agreed uwpon is the
"abjective" one. In the behavioral sciences.,
especially in psychology, "objective" orderings and
"consensual" orderings are often incorrectly
thought to be synonymous.

(Siegal. 1956:338)
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Saaty emphasizes that the top level weights are the most
important and require additional attention. The Delphi and

BFC examination in this thesis will be applied to the top

level.

One must prioritize very carefully the highest
level of the hierarchy because it is there that
consensus is most needed since these priorities
drive the rest of the hierarchy.

(Saaty, 1980:30)
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Introduction. When individual preferences are given
in terms of ordinal rankings, the simplest form of group
consensus is majority rule (Cook and Seifard, 1978:1722).
Majority rule (MR) determines the group ranking by the number
of "votes" received by each objective. This thesis will
extend the cancept and determine the cardinal rankings, that
is, the priority vector from the number of "votes" received
for each objective. A survey of the literature exhibits
several pertinent studies regarding majority rule.

Discussion. Kendall reported that the best method
associated with the least squares is to rank the sums of
ranks allotted to individuals. The sums of squares of
differences between what the totals are and what they shauld
be if all rankings were alike is a minimum when this method
is used to estimate ranks. Furthermore, if the ranking
arrived at by this method is correlated by Spearman’s rho
with the actual abserved rankings, the mean rho obtained is
larger than for any other estimated rankings (Kendall,
1955:100). Kendall broke tie scores by ordering the tied
scores by their variance. That is, if there were three tied
objective scores, the one with the smallest variance between
judges would be ranked ahead of the others (Kendall,
1955:100, Cook and Seiford, 1982:4621).

Fishburn explains the method to establish a priority




RS R W)

e

vector with this approach by using value theory. Instead of
votes he adds the continuum of values. Assuming that the
value of the whole equals the sum of the value of the parts,
one may write:
Uixij;) = Xij/(étXij)
where U(Xi;? is the group value of objective i
Xij is the individual value of objective i
(Saaty, 1980:238)
This thesis extends Fishburn’s technique to the voting
matrix to calculate an alternative aggregation method. The
inputs are preferences with no strengths (0,1,1/2). Dobbin’s
reports that the appealing advantage of this aggregation
method for voting matrices is that intransitive rank orders
appear only as indifferent alternatives (Dobbins, 1980a:43).
For example, one judge votes the objectives: AYB)C. and
another judge votes the objectives: B)A}C. Their aggregate
order will be A=B}C. The greater the number of judges, the
mare likely there will be no tie scores because of the finer
discrimination between elements. For each n—matrix the total
vates cast 1s equal to (number of judges) (n) (n-1)/2. The
priority vector derived from ordinal ranks becomes mare
continuous with more judges, or increasing n., and better
reflects the group priority vector.
This study begins with the AHP ratio comparisons and
converts them into ordinal preference relations in order to
apply majority rule. There are many majority rule methods

that use slightly different techniques to aggregate ordered
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ranks of preferences. Dabbins compared the following majority

rule techniques:

1
2)
3)
4)
1))
&)
7
8)

Borda’s Method of Marks

Ad justed Borda Method of Marks
Condorcet’s Criterion

Black’s Simple Majority Procedure
Daodgson®s Method of inversion
Copeland’s Majority Rule

Shannon
Black’s

and Svestka’s Majority Rule
Single Peaked Preference
(Dobbins, 1980a:Z23)

Dabbins found that the Shannon method allowed him to

complete the most of the following requirements for his

computer model.

Accepts
Accepts
Accepts
Accepts
Accepts

Ordinal or Cardinal Data
Intransitive Rank Orders
Partial orders

Weak rank orders

An odd or even number of judges

Majority winner is ranked in first place
Method will balance A>B in an individuals
preference ordering by B>A in some other
individuals ordering as long as there are no other
alternatives between A and B in either ordering.

(Dobbins, 1980a:28)

This study will also use the Shannon Majority Rule

method for the same reasons that Dobbins lists above. This

thesis will extend the Shannon Majority Rule method one step

and interpret the ordinal output ranks as cardinal ranks to

compare them to the vectors derived by the AHP.

Ellsburg noted that a transformation of value numbers to

the ordered rank would not, in general, "preserve the

equality or give inequalities among differences between
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utility numbers” (Ellsburg, 1954:272). This will be examined
in this thesis by comparing the priority vectors derived by
both the AHP ratio scale and the voting matrix ordinal scale.

Iransitivity. Many studies have been directed toward
determining the probability of achieving an intransitive
aggraegate rank order through a majority rule method, and what
conditions are required for a usable majority rule decision.
Dabbins describes two of the conditions which are actually
restatements of Arrow’s properties:

1) Scoring constants should logically be 1,0,-1,

have autonomy, be non-reversed, and have

non—~dictatorship.

2) The social welfare function [group priority

vectorl] should exhibit monotonicity and

faithfulness.

(Dabbins, 1980a:20)

An accepted limitation aof the unrestricted use of many
majority rule methods is that the aggregated results are
intransitive. Dobbins examined the efforts to develop
decision rules to avoid intransitive results. Generally he
found the authors had to restrict the characteristics of the
individual rank orders, such as not allawing tied ranks
(Dabbins, 1980a:20).

An example of one of these restricted inputs is Bowman
and Colantoni’s report. 1f the majority rule problem has
trangsitivity constraints on the input voting, then it can be

solved with integer programming models (Bowman and Colantoni,

1973).
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Besides the esase of application of the AHP, this thesis
chose to examine the AHP because it was a more appropriate
tool to provide discrimination. One of the goals of the
Battelle study was to discriminate between alternatives.
Although MAUT also discriminates well, it is not as easily
applied in survey form. nor does MAUT allow for intransitive
rankings. The AHP incorporates intransitive rankings in its
measure of consistency which can be used as a figure of merit
for the different aggregation methods. Finally. this thesis
saw the need for research on the effect different aggregation
methods have on the AHP results.

Principles

The analytical hierarchy process uses pairwise
camparisons between elements of the same level in a decision
hierarchy to arrive at a priority vectaor faor these elements
(Saaty, 1982:35). Saaty describes the three principles of the
AHP:

1) Hierarchic representation and decompasition

- breaking the problem down into separate elements.

2) Priority setting - ranking the elements by
relative importance.

2) Logical Consistency -~ i1nsuring that
elements are grouped logically and ranked

cansistently according to a logical criterion.
(Saaty. 1982:26)
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The elements of the hierarchy are clustered into
homogeneous groups of five to nine so they can be
meaningfully compared to elements in the next higher level.
The only restriction on the hierarchy is that any element in
the next higher level must serve as a criterion for assessing
the relative impact of elements in the level below (Saaty,
1982:36). A hierarchy can be divided into sub-nierarchies
sharing only a comman top most element. This is seen in this
thesis hierarchy, Figure 1. The clusters of subobjectives for
the third level are not related between clusters except
through the top goal: "TAV Effectiveness." Also, the
interrelationship within clusters is limited to the “parent”
objective in the level above them.

Kamenetzky breaks the AHFP into two phases. The first
phase of the AHP is to determine the relative importance of
the objectives. Every objective is assumed to have an unknown
measure of relative importance denoted Wi, i = 1,....p. If
these weights Wi, are known and a matrix C with elements Cij;
= Wi/W;j is constructed, this matrix satisfies the equation:

CWw = pW
Where: p = order of the matrix
C = matrix of relative importance
W= (Wl, W2, o.us WP
(Kamenetzky, 1982:700)

The decision maker is asked to provide an estimate of

the matrix C° by answering the following question: "What 1s

the relative importance of abjective i witih respect ta
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objective j?" Saaty has shown (1982) that an estimate, W,
of the true vector of weights W satisfies the equation:
C’W* = (lambda max)W’
where:[lambda max is the maximum e®igenvalue of C’1]

Weighting or setting the priorities requires the
objectives in each level be compared among themselves in
relation to the next aobjective "up the chain." These in turn
are prioritized with respect to the objective of the next
higher level, and so on. Finally, each of these priority
vectors is multiplied by the “parent” element in the next
higher level to abtain overall priorities. This is done by
coming down the hierarchy and weighting the priorities
measured in a level with respect to an objective in the next
higher level with the weight of that objective.

The second phase of the AHFP that Kamenetzky describes is
to determine the relative standing of each alternative with
respect to each objective. There may be as many as p pairwise
comparison matrices (one for each objective) for each level
of the hierarchy. The overall score of each alternative is
then determined by simply summing the weighted valuations of
the alternatives.

One of the weaknesses of AHP is that it has few axioms
for rigorous derivations of its validity. Saaty admits to not
making a "serious attempt"” to axiomatize the AHF, but lists
the following assumptions that must be made prior to applying

the AHF:
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1. A system can be decomposed into comparable
classes.

2. Elements in each class may be compared with
respect to some or all the slements in an adjacent
class.

3. Comparisons can be made in terms of an
absolute numerical scale to form ratios.

4. The pairwise comparisons utilize recipraocal
matrices (optional).

S. Intransitivity is allowed and its effect on
the consistency of the outcome measured.

6. The priarity of an element is derived
through a weighting principle.

7. Any element which appears in the hierarchy
is considered relevant, although its priority may
be low. It does not make sense to speak of
"irrelevant alternatives®” introduced into the
hierarchy to test for independence from them.

8. The expressed preferences are assumed to be
deterministic rather than probabalistic. Thus a
preference remains fixed and is not contingent upon
other factors not included in the problem.

(Saaty, 1980:9,248)

The assumptions that concern this thesis are 2 and B8:
individuals can make comparisons using the ratio scale and
the elements are deterministic.

Scale. The inputs to the AHP can be considered a type

=== s

of "score" for that particular objective. Kraweic lists the
follawing advantages of scoring methods:

-~ They are the only methods specifically designed
to incorporate nonecanomic criteria.

— They use input data in the form of subjective
estimates pravided by knowledgeable persons in the
form of point or interval statistical estimates.

- They use subjective "guesses" overtly, where
other methods generally require a more costly and
quantified form of the same guess.

- The subjective probability assessment can be the
conceptual and analytical framework of the scoring
method to produce an efficient portfolio of R&D
projects.

- The scoring methods produce results that are. on

an average, 90%Z rank order consistent with economic
and constrained models.
(Kraweic., 1984:22)
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AHP Pairwise Comparison Scale

INTENSITY OF

IMPORTANCE DEFINITION EXPLANATION
1 Equal importance in Two elements contribute
both elements. equally to the property
3 Weak importance of one Experience and judgement
element over another slightly favor one
element over another
S Strong importance of Experience and judgement
one element over strongly favor one
anather element over another
7 Demonstrated importance An element’s dominance
of one element is demonstrated in
practice
9 Absolute importance of The evidence favoring
aone element over another one element over another
is of the highest
order of affirmation
2,4,6,8 Intermediate values ba- Compromise is needed
tween two judgements between two judgements
Reciprocals: If activity i has one of the preceding numbers

in Table 1I1.

assigned to it when compared with activity j;,
then j has the reciprocal value when compared

to 1.

(Saaty. 1982:78)

The scoring function in the AHP has a unique scale shown

The -9 to +9 ratio scale used in the pairwise

comparisons is based on Saaty’s tests to maximize man’s

ability to discriminate between alternatives.

Judges range

their comparisons based from absolutely more important (9),

through equally important
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(-9). The scale, however, is surrounded with the controversy
betwaen ratio-interval-ordinal scales and the requirements to
establish these measures in value theory (see Value Theory in

Chapter 2).

The AHP scoring function and hierarchic representation
enables decision makers to represent the simultaneous
interaction of many factors in complex. unstructured
situations. It helps them to identify and set priorities on
the basis of their objectives and their knowledge and
experience of each prablem. Saaty suggests that one’s
feelings and intuitive judgments are probably more
representative of our thinking and behavior than are our
verbalizations of them (Saaty, 1982:12). Perhaps this is the
reason Gear found that managers readily accepted the AHP
(Gear. p18).

Saaty lists the following advantages of the AHP:

Unity: Provides a single, easily understood.
flexible model for a wide range of unstructured
problems.

Process Repetition: Enables people to refine
their definition of a problem and to improve their
judgment and understanding through repetition.

Complexity: integrates deductive and systems
approaches in solving complex problems.

Judgment and Consensus: Does not insist on
consensus but synthesizes a representative outcome
from diverse judgments.

Interdependence: Can deal with the inter-—
dependence of elements in a system and does not
insist on linear thinking.

Tradeoffs: Takes into consideration the
relative priorities of factors in a system and
enables people to select the best alternative based
on their goals.

Hierarchic Structuring: The AHP reflects the
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natural tendency of the mind tao sort slements of a
system into different levels and to group like
elements in sach level.

Synthesis: Leads to an overall estimate of the
desirability of each alternative.

Measurement: Provides a scale for measuring
intangibles and a method for establishing
priorities.

Consistency: Tracks the logical consistency of
judgments used in determining priorities.

(Saaty, 1982:23)

2472 1§ 2 3 353

Introduction. The last advantage Saaty lists is
consistency. The AHP measures the “consistency" in the
judgements. Humans are seldom perfectly consistent in making
camparative judgements, particularly when dealing with
intangibles where there are no scales to use. However,
consistency is an important criterion as a necessary
condition to valid scalings of reality (Saaty, 1980:228)
Rather than creating axioms requiring only consistent
comparisons, the AHP accepts inconsistency and measures the
amount. This ratio consistency is best illustrated with an
example. If car A costs 3 times more than car B, and that car
B costs 2 times more than car C, to be perfectly consistent
the decision maker must say that car A costs & times more
than car C. Note that the consistency will drop if he says
car A costs S times more than car C, even though his aordinal
ranking remains the same.

Groups also exhibit i1nconsistency. Several authors show
that groups in general cannot make decisions in the same

rational straight forward manner that an individual can. One
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way to look at group decisions is to compare it to a pairwise
comparison matrix. Each row would represent one member’s
inputs, whether they are ordinal ranks or direct assessment
ratings. There would inevitably be inconsistencies between
rows (judges) in the group. This would be an indication of
the group inconsistency.

Group decisions are neither rational nor straight
forward according to group decision properties that Arrow
postulated in 1951, as examined in the literature review
(Blin and Satterthwaite, 1978:257). The crux of Arrow’s
impossibility theorem is that intransitivity is generic to
group decisions that comply with his logical conditions.

The participants will have more confidence in the final
decision if they see their inputs reflected in the group
output vector. Because intransitve ranks between judges tend
to cancel each other, the fewer the "inconsistencies." the
more likely the participants will be satisfied with the group
priority vector. From this approach, one may consider the
minimum group intransitivity as a valid objective in
aggregating 1individual opinions.

AHP., The AHP derives a consistency index by taking the
ratio: (lambda max — n) / (n-1), where lambda max is the
trace of the comparison matrix and n 1s the number of
criteria. Saaty explains the reasoning behind CI in the
following manner. 1f the comparisons are estimated precisely,

then Xij = Wi/W; and each main diagonal element would be
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divided into two sections: a single page Battelle
questionnaire (Delphi iteration), and a 16 page instrument
applying the AHP.

The "Delphi” application included statistical group
feedback (mean and standard deviation) from Battelle’s first
questionaire along with the particular respondent’s original
rating. He was asked i1f he wished to update his ratings based
on his current knowledge (feedback + experience). In
particular, he was asked to explain his ratings that remained
outside one standard deviation of the initial group average.
The Delphi approach sometimes requires several iterations to
reduce the variance between respondents. Dalkey showed that
the variance between respondents has the most dramatic
reduction after the second Delphi iteration (Dalkey,
1970:10), s0 this effort will be limited to two iterations of
the survey.

The second section of the first survey solicited 132
pairwise comparisons for the criteria in the revised Battelle
study. The judges were also asked to rate their own
qualifications associated with the comparisons. The purpose
was to have a basis to weight the opinions of the more
knowl edgeable judges. Dalkey found these self ratings
statistically improved the accuracy of group estimates of
historical facts (Dalkey., 196%9c:2).

The second survey (Appendix B) returned the judges’

pairwise matrices and the corresponding priority vectors so
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Process. The process to achieve these objectives will
be twofald. First, the initial Battelle direct assessent
survey will be returned to the judges with the group results
to allow the judges to "update” their original inputs. The
returned AHP survey will also have the explanations that
individuals gave on the initial survey for exceeding one
standard deviation of the group mean. The final collected
surveys will be used for the determination of the priority
vectors.

The second part of the process is to calculate the AHP
priority vectors and the majority rule (MR) priority vector.
Kendall’s tau will measure the correlation between the
resultant priority vectors. The Kendall’s coefficient of
consistence (zeta) will be calculated for each of the MR
matrices and will be compared to ClI (AHF consistency index).

Fimally., as an ancillary thesis effort, these new
priority vector will be applied to the original Battelle
study to see the effect that the AHP has on the outcome. That
is, the weights will be applied to the attribute values used
by Battelle to achieve a scaler measure af the TAV
"feasibility” for each of the original proposals.

Appendix A shows the 18 page pamphlet that was sent to
each of the original 13 members of the TAV steering
committee. The cover page explained the purpose of the study

and explained how to complete the survey. The survey was
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Objectives. This thesis will apply the AHP to solicit
weights throughout the 1983 "Batelle" study of the TAV
feasibility. There are two main objectives: I) Measure the
effect that feedback has on the rank of the top level weights
between the AHP and direct assessment techniques. and 1I)
Measure the effect that different aggregation techniques have
on the pricrity vectors and consistency measures.

Alterpnative_ Approaches. The Delphi approach is an
iterative loop to achieve consensus through controlled
feedback. The Delphi approach (or versions) should be the
first step in all aggregation techniques applied to group
decision making through surveys. The three mathematical
approaches emphasized in this study of the AHP are: 1) taking
the geametric mean of the judge’s inputs before calculating
the eigenvector, 2) taking the arithmetic mean of the 12
judges’ eigenvectors, and 3) converting the pairwise
comparisons to a voting matrix and applying majority rule.

Measures_of Effectiveness. The effect of feedback will
be evaluated by the variance between elements of the judges’
priority vectors (criteria weights), before and after

feedback. The effect of different aggregation rules will be

evaluated by the change in consistency.
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comparison between the different methods. The majority rule
vector will be referred to as VoteM, for vote mean.
Aggregation_Summary. The vector mean is the most
widely used technique of all those available (Cook and
Seiford, 1978:1722). This average vector, when it is derived
from a voting matrix, is also the method recommended by
Kendall to minimize the mean square error (Kendall,
1955:100). The question is to determine the relationship
between these vectors in terms of their consistency and their

rank correlation.
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Note that the arithmetic mean input is inappropriate
with ratio inputs. This is clear with an example. If one were
to take the simple arithmetic mean, he would arrive at (a +
1/a)/2, rather than one, which is the correct ratio mean
between two opposite ratings.

Besides the priority vector derived fram the average
input, this study looked at the priority vector derived from
the average output. The arithmetic mean priority vector was
determined between judges, rather than the geometric mean
priority vector. The reason was that the arithmetic mean
preserves the restriction that the sum of the vector elements
equal one. The geometric mean vector would require an
additional normalization before it would satisfy this
restriction. A superficial examination showed that the
normalized geometric mean vector and the arithmetic mean
vector were related, but the extent of this relationship was
not examined in this study.

Majority Rule. The final aggregation technique
examined will be to convert the AHP inputs into ordinal
"votes" and sum across the rows of the comparison matrix.
These row totals will be summed across judges to arrive at
the Shannon Majority Rule priority rankings as explained in
the literature review. The interval between the resulting
ranks will be the difference in the number of votes. This

conversion to an interval scale priority vector will allow
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consistency index (Cl). The AHP consistency index provides a
caonvenient seasure of the consistency of pairwise
preferencaes, but it does not indicate the social intricacies
of group interactions, such as dominant individuals. Saaty
suggests that one of the most promising contributions of the
hierarchical analysis is to structure the prablem from the
start with interacting groups (Saaty, 1980:6%).

Aggregation Methods. The point of the aggregation
method is to accurately reflect the true "group” priority
vector. This thesis will look at two of the many methods for
aggregating individual opinions into one apinion:z 1) taking
the mean of the inputs/autputs for the AHFP., and 2) converting
the inputs into an ordinal scale and using majority rule. In
addition two techniques to reduce the variance and
intransitivity between priority vectors will be examined:
emphasizing inputs of certain individuals and using Delphi to
elicit the weights.

Mean. The inputs to the AHFP matrix are ratios
between the values of two objectives. The geometric mean is
the preferred input rating when determining the group average
input. This is the same as the arithmetic mean af the input
logarithms. That is. the nth roat of the product af n inputs
is equal to the sum of n input laogarithms divided by n. For
example, if one person assigns the value a and another
assigns the value 1/a., the mean would be:

L(l7a) (a)lexp(1/2) antilogl (lag(1/a) + logl(a)) /2]

1 =1




Introduction. Saaty described the AHP as providing a
new method to incorporate judgements of several people and
resolve conflicts among them (Saaty, 1982:25). The drawback

is how to accomplish this amalgamation:

How to represent group judgement in a satisfactory
way when people’s experiences and judgments differ,
and whose opinions should be taken more seriously
and why, is a major problem in social study and
conflict analysis.

(Saaty, 1980:69)

Unfortunately, this "major problem” does not have an
easy solution with the AHP. Saaty defines consensus as
improving confidence in the priority vector by using several
judges to bring the results in line with majority preferences
(Saaty, 1980:664). For large matrices. trying to achieve a
consensus via survey becomes intractable because of the
enarmous amount of feedback required for the n(n-1)/2
comparisons. The more direct approach would be to seek
consensus for the derived priority vectors. The judges would
then reexamine their comparisons in light of the feedback for
the n—-element priority vector.

Saaty assumes that the input comparisons to the AHP are
either individual inputs or the aggregated group inputs.
However, there has been no study examining the effect that
different aggregation methods have on the results of the AHF.

The AHP results include the priority vector and the
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zeta when the same matrix is converted to ordinal
comparisons. This is because the ratio may change between
equivalent comparisons but the ordinal relationship remains
the same. This research will examine the relationship between
CI and zeta as a function of the size of the matrix and the
judge making the comparisons to more fully understand the

interaction between them.




T

at n = 8, the calculated zeta must be lower than .60 to
reject that zeta=1 (Dobbins, 1980a:32-35). Another way to
loock at it is that the more objectives the judge is voting
on, the more circular triads he can have and still be
considered consistent.

The null hypothesis will be that there is perfect
disagreement between the judges (there is no concordance
between methads). Kendall developed methods and special small
N value (# judges) praobability tables to evaluate W between
zero and one (Appendix E). Kendall does not explain how he
calculated the distribution of d (or zeta), other than to say
that the "distributions are rather troublesome to obtain®
(Kendall, 1970:147).

Summary. For the single sudge, pairwise comparisons
provide an additional measure of consistency that is not
available in direct assessment (interval scale) or ranking
(ordinal scale). The consistency measure for the continuous
scale is the AHFP consistency i1ndex (CI) and for the ordinal
scale it is Kendall’s zeta.

Cl can be thought of as the amount of divergence each
comparison 1s from the equivalent "average" comparison
computed from the eigen vector. Zeta can be thought of as the
count of the number of circular triads over the maximum
number of circular triads possible.

It is believed that a matrix with ratio scale (AHP) may

show inconsistency with CI but remain transitive according to
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and the ranking is more inconsistent. The actual formulas for
zeta’s calculation are discussed in the next chapter,
Methodol ogy.

Note that it is possible to have circular polyads
greater than three. The circular three ranks (triad), however
is always present in a larger "n-ad." Kendall points out that
a circular n—ad must contain at least n-2 circular
triads(kKendall, 1970:14%5).

The fact that it contains circular triads does not imply
that it is itself circular. For example, suppose that ABCD is
circular. Then either A>C or C>A. In the first case ACD is
circular, in the second case ABC is circular. Similarly
either ABD or BCD is circular. Thus the tetrad must contain
at least two circular triads. Kendall ignored the more
ambiguous criteria based on larger polyads and based zeta on
circular triads which comprise the elementary inconsistencies
(Kendall, 1970:146).

Kendall 1nsists that the data can be ranked only if zeta
= 1, 1.e., there are no triads (Kendall, 1970:147). Kendall
determines statistically when zeta=1 by establishing a
distribution zeta would have 1f all the preferences were
allotted at random. The distribution 1s dependent on n. Faor a
given significance level., the calculated zeta value that
rejects the null hypothesis that zeta=1 slowly drops
(Appendix E). That i1s, at .05 significance, when n = 3, any

calculated zeta different from 1 will reject zeta=1: whereas
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scale (1 to 9 scale for the AHP) or by an ordinal scale
(-1,0,1 or 0,1/2,1) such as in ranking. This thought is more
clearly brought out by Klahr.

Klahr found that information about transitivity is lost
in rank ordering (single judge). He thought paired
comparisons were better than ranking 1n the sense that equal
preference in ranking may be the result of intransitivities
in pairwise comparisons. A distinction that may be important
(Klahr, 1969:319). That is, if A’B>C in one line of
comparisons and B>A>C in another line, then the end result
will be A=B>C. Ranking, an the other hand only has one line;
it 1s a single dimensional vector which assumes perfect
transitivity for the individual judge.

Voting Matrix. The index which determines the amount
of intransitivity in the ordinal pairwise comparison matrix,
or "voting matrix," is called Kendall®s coefficient of
consistence, or "Zeta." Three ranks would be intransitive
(inconsistent) if it circled back on itself: AX>B>C>A.
Kendall calls an intransitive order of 3 ranks a circular
triad, and it forms the basic unit in his coefficient of
consistence. zeta. Zeta first calculates the number of
"circular triads” (d) among n ordered criteria (Kendall,
1935:2147). The ratio of d to the maximum number of triads is
subtracted from one to form zeta. That 1s, 1f d=12 and the
max number of triads was equal to 20, zeta would be equal to:

1- 12720 = 0.4. 1f there are more circular triads, zeta drops
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decision maker is forced to compare alternatives which are
associated with extreme points in the consequence space
(Kamenetzky, 1982:711).

Ellsburg noted that inconsistency is to be expected,
particularly with respect to utility differences that are
almost equal. The most impartant information gained, he
states, "concerns choices which the subject finds easy to
make" (Ellsburg, 1954:274). Saaty tries to keep the
comparisons in a given matrix (cluster on the same level of
the hierarchy) within a factor of 10 of each other, to avoid
the extreme points. 1f one of the factors is outside this
range it should be removed and placed in another matrix
comparing more similar factors, otherwise, the AHF
comparisons are distorted and meaningless.

Saaty cautions users not to take "short cuts" with the
AHP, such as asking subjects to fill the cells of only one
row/column and then computing the other cells from these.
This short cut assumes the judge will be perfectly consistent
in completing the remainder of the matrix. In this case the
eigenvalue will be equal to n which represents perfect
consistency (Saaty, 1980:228).

Consistency can be measured for the single judge when he
has a number of equivalent judgements that can be compared.
Pairwise comparisons present different rows in the matrix
that represent equivalent comparisons, which can be related.

1t does not matter 1§ the preferences are measured by a ratio
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consistency needed to maintain coherence among the objects of
one’s experiences and the inconsistency necessary for human
intellectual growth (Saaty, 1982:82). 1f the CR is
considerably more than .10, say .20, then a reexamination of
the judgments may be in order (Saaty, 1982:9-1).

It is important to emphasize that the objective is to
make "good" decisions, not to minimize the CR. The intensity
of concern with consistency and inconsistency differs by an
order aof magnitude. That is, i1f @ unit amount of priorities
were divided among the two., consistency would be about .90
and inconsistency about .10. Good decisions are most often
based on consistent judgments but the converse is not
necessarily true. 1t 15 very possible to make perfectly
consistent judgments that are wrong.

To measure the inconsistency of all the judgments made
in the hierarchv, the CI for each cluster is multiplied by
the priority of the criterion with respect to which these
comparisons are made. This number is summed over all the
criteria which gives a single overall weighted number.

Kamenetzky notes that this consistency index measure may
be high even though the judgements are consistent because the
decision maker®s value function may not be linear. This
should not happen if the attributes are truly mutually
preferentially independent. It is not unusual. however, for
attributes that seem mutually preferentially i1ndependent on

the first evaluation, to turn out to be not so when the
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equal to 1. Therefore, the trace, or sum of the main diagonal
entries, would be equal to n, where n is the dimension of the
perfectly consistent matrix. The trace will always be equal
to, or greater than the dimension of the matrix. Saaty calls
this a "monotone increasing function" of Xi; (Saaty,
1974:57). Since the trace is equal to the maximum eigen
value, or lambda max, one may look at the difference (lambda
max — n) as a measure of the average ratio deviation.

The AHP consistency index can be thought of as a
measurement of the average amount each paired comparison
deviates from computed ratio (Wi/W; from the eigenvector).
Gear describes Saaty’s consistency index as a measure of the
"fuzziness" introduced by the answers to pairwise ratiao
comparison scales (Gear, pl3).

When the C1 is zero there is complete consistency. To
decide how acceptable this number was, Saaty determined what
the average CI was from a randomly generated comparison
matrix of different dimensions and called it the random index
(R1). Using a sample size of 500 he obtained the follawing
Rls:

Random Indexes
[ H RS 4 5 -] 7 8
cilri): .58 .70 1.12 1.24 1.32 1.41
(Saaty, 1980:21)

The ratio of CI to R1 for the same order matrix is

called the consistency ratio (CR). Saaty allows some

inconsistency in order to provide a balance between the
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the judges could verify that the derived vectors reflected

their "true" opinions. The priority vectors were drawn as
histograms to ease the interpretation. Their original inputs
were displayed to give them the opportunity to correct
potential errors in their pairwise comparisons.

To assist the judges in identifying possible errors
(reversed signs, etc), the comparisons that contributed the
most to the inconsistency of the matrix were circled. The
judge was then asked to verify that the circled comparisons
were what he had intended. This was accomplished only far
those matrices that exceeded 10% CR.

These comparisons were isolated because they had the
largest ratio of pairwise ratings (Xi;) divided by the ratio
of the priority vectar elements (Wi/Wj). This is the method
recommended by Saaty as being the most relevant (Saaty,

19802 66). The comparisons were isolated serially. That is,
after the first "faultvy" input was corrected with the nearest
integer rating. the eigenvector was recalculated. 1f the CR
remained abaove 10%Z. the comparison that caontributed the most
to the inconsistency of the revised matrix was isolated, and
s0 on — until the CR dropped to 104. Appen ‘- x Cl1 shows the
computer program to identify the potential errors. As seen in
SYppendix B, the judge was not given anv reason why the inputs
were circled nar the order of their importance. to prevent
biasing the results. He was simply asked to verify that the

circled rating was what he had intended.
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Statistical feedback was considered inappropriate for

the AHP portion because it would require an excessively
"busy"” survey. It would entail displaying both the group mean
vectors and the judge’s own vectors for nine matrices.
Instead, a type of Press’s Guality Feedback Control (QFC) was
used to improve the consensus of the AHF judgments.

The feedback, shown in Appendix B, consisted of three
pages of anonymaus reasons why individuals had deviated
outside one standard deviation of the group mean for the top
level criteria. Although only the top level was originally
solicited, many of the judges included reasons for their

ratings for subsequent criteria. All the written responses

were included in the second survey, Appendix E.
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Analysis
Introduction. As explained earlier, the purpose of
this analysis was ta examine the effect of applying three
| different aggregation methods on both the consistency and
final priority vectors using the AHP and to discaver the
critical parameters. The actual application of the AHF and
| majority rule was accomplished using three pascal programs
written on an Apple IIe computer, Appendix C. Saaty’s basic
interactive code was converted into pascal to interact with
) files (Saaty, 1982:167). The files contained each decision

maker’s ratings for the entire hierarchy (Sample file in

Appendix D).

These programs provided the tool to accomplish the two
major objectives: 1) measuring the effect of feedback, and 2)
measuring the effect of the aggregation technique. The two
i statistical measures used to evaluate the sianificance of the
correlation between the derived priority vectors were
Kendall’s tau for two vectors, and kendall’s concordance, W,
for n-vectors.

kendall Correlation_Tau., The Kendall rank correlation
coefficient 1s suitable as a measure of correlation with data
J that 1s at least ordinal. The tau will give a measure of the
; degree of association or correlation between the two sets of

ranks. The sampling distribution of tau under the null

hypothesis 1s known. and therefore tau, unlike Spearman’s rho
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(another correlation coefficient between ranks), is subject
to tests of significance.

One may think of tau as a function of the minimum number
aof inversions or interchanges between neighbors which is
required to transform one ranking into another. That is, tau
is a measure of the disarray of a series of pairwise
comparisons (Siegel, 1956:316). It is determined by
calculating the value of the "disarray” (5) by starting with
the first number on the left and counting the number of ranks
to its right which are larger. Then the number of ranks ta
its right which are smaller are subtracted. This number is
determined for all the ranks and summed to aobtain S.

It’s calculation is best shown in an example. Suppose
judge Y and X ranked the objectives a,b,c and d in the

following order:

Objectives
abecd
Judge X T 4 21
Judge Y 142

Rearranging the order, so that judge X°s appear in patural
order:

dcab
Judge X 123 4
Judge Y 24 21

Judges X°s revised rankings are in their natural order,
so their contribution to S is 0. One next proceeds to Y to
determine how many pairs of ranks in judge Y's set are in

their correct (natural) order with respect to each ather.
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First look at all possible pairs of ranks in which Y’s rank
2, the rank farthest to the left in the set, is one member of
the pair. The first pair, (2%4), has the correct order: 2
precedes 4, so a score of +1 is assigned to this pair. The
second pair of ranks (2&3) is also in the correct order so it
also earns a score of +1. The third pair (2%1) are not in
natural order so this pair has a score of —-1. The total score
for all pairs which include the rank 2 is:

(+1) + (+1) + (-1) = +1,

The pairs of ranks which include the secaond from the
left number (4) are: (4&%3) and (4%1), which get assigned (-1)
and (-1) respectively for a score of -2. When looking at rank
3 and succeeding ranks, there is only one pair (3%1) which is
scored as -!. The tatal of all the scores is then:

(+1) + (-2) + (-1) = -2 = §

Tau is then determined by dividing this number (S) by the
maximum amount of “disarray” possible. which is N(N-1)/2,
This wouid have been vyielded if the rankings of judges X and
Y had agreed perfectly. because everv pair of judge Y’s ranks
would be in the same (correct) order as judge X. and thus
every pair would receive a score of +1. The maximum possible
total would occur in the case of perfect agreement between X
and Y, which would be six (four things taken two at a time).

Tau is the degree of relation between the two sets of
ranks and is indicated by the ratio of the actual total of

+1°s and -1’s to the possible maximum total:
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tau = actual/possible total = -2/6 = ~-.33

The tau = -.33 is a measure of the agreement between the
ranks assigned to the objectives by judge X and those
assigaed by judge Y.

When two or more observations on either the X or the Y
variable are tied, the tied values are given the average of
the ranks they would have received if there were no ties. The
effect of ties is to change the denominator for tau. In the
case of ties, tau beconmes:

S
tau = [N(N-1)/2 ~ TxIAININ-1)/2 - Tyl™

where: Tx =Ztit-1) and t;is the number of tied
observations in each groupc

Ty = same as Tx for group vy
Example:
0Ob jectives
a b c d e f
Judge X (Eigen VM): ) S 3 1 2 4
Judge Y (vote mean): 5.5 5.5 3.5 1 2 3.5
rearranging on X:
d e c * b a
Judge X: 1 2 3 4 S 6
Judge Y: 1 2 3.5 3.5 5.5 5.5

calculating S in the usual way:

S = (430) + (+4) + (2) + (2) + (0O) = 13

There are two sets of tied ranks. Two objectives are
tied at rank 3.5 and two are tied at 5.5 (both by “Judge Y").
In each of these cases, t=2, the number of tied observations

- Thus Ty may be computed:

Ty =&titr1)/2
= [2(2-1) + 2(2-1)1/2
=2
tau = 13 . = 13 = .931
£15-017: c15-2172 13.96
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This example shows actual data and is a correlation
betwaen the eigenvector means (EigenVM) and the majority rule
mean (VoteM) shawn in Table III.

Kendall developaed a table to evaluate the significance
aof tau for N { 10. This is copied in Appendix E. For N > 8,
the sampling distribution of tau is practically
indistinguishable from the normal distribution (Siegel,
1956:220). Appendix E may be used to determine the exact
praobability associated with the occurrence (one-tailed) under
the null hypothesis (vectors are correlated) of any value as
extreme as an abserved S.

The sampling distributions of S and tau are identical,
in a probability sense. In as much as tau is a function of S.
either might be tabled, but Kendall found it more convenient
to tabulate S. For such small samples, the significance of an
abserved relation between two samples of ranks may be
determined by simply finding the value of S and then
referring to Appendix E to determine the one-tailea
probability associated with that value. 1f the F { alpha
{(probability of rejecting a true hypothesis), the null
hypothesis may be rejected. In the above example, entering
Appendix E with 5=13 and N=6., one reads .(0083 as the
probability of associated with values as large as 13,
Arbitrarily picking alpha = .05, one rejects that the vectors

are not correlated and accepts the alternate hypothesis that
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the vectors are correlated.

Kendall Concordance W. To examine the effect of
feedback, this thesis examined the overall agreement between
ranks derived by the Delphi praocess, the AHP, and majority
rule voting. to evaluate if one method resulted in more
"consensus” than the other. Also this evaluation was
necessary to evaluate the effect of feedback for the Delphi
process,

As a solution to the problem of ascertaining the overall
agreement among N sets of rankings, it might seem reasonable
to find all the tau’s between all possible pairs of the
rankings and then compute the averaye of these coefficients
to determine the overall association. Unless N is very small,
such a procedu-e would be extremely tedious. The variance
between judges for each objective would reflect this
agreement. However there is no statistical test for the
significance of this measure. This thesis chose to apply the
Kendall Coefficient of Concordance, which is a function of
the variance. The tables to test the significance of W are in
Appendix E.

The Kendall Coefficient of Concordance (W) was used to
statistically evaluate the independence of the N judges’
rankings. The 12 judges’ priority vectors for the top level
objectives were converted to ranks for the eigenvector and
direct assessment approaches. The concordance test evaluated

if the clusters of vectors for each approach were independent
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of each other.

There are six steps in the determination of W:

1. Let k = the number of entities to be ranked, and
let N = the number of judges assigning ranks. Cast
the observed ranks in a k X N table.

2. For each objective, determine Rj, the sum of the
ranks assigned to that objective by the N judges.
3. Determine the mean of the Rj. Express each R; as
a deviation from that mean. Square these
deviations, and sum the squares to obtain S.

4. 1§ the proportion of ties in the N sets of ranks
is large, add 'n the T factor below (This tie
correction is similar Kendall’®s correlation for two
vectors: taw).

S
W = 2 3
N tk - k)/12 - NS T
where Tixy
3
T = 3 (e - w12
t
where:
t = number of observations i1n a group tied for

a given rank and is summed over all group
of ties within any aone of the N rankings.

S The method for determining whether the observed
value of w is significantly different from zero
depends on the size of k:

a. I k is 7 or smaller, Appendix E gives
critical values of S associated with W's
significance at the .05 and .01 levels.
b. If k is larger than 7, the chi square
distribution = N(k-1)W whose significance, for
df = k-1, may be tested using chi square
tables.

(Siegel, 1956:237)

The following shows an example of the procedures in

calculating the concordance between the first five judges’

rankings of the top level objectives (Appendix F shows the
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orginal eigenvectors). The ranks are shaown belaw:

Judges® Ranks for the Top Level 0Objectives

Judge
1 2 4 ] Rj
Requirements 6 4 4.5 & 4 24.5
Performance 3 S 4.3 S S 22.5
Costs 4 3 & 1 6 18.0
Risk 1 1 3 4 1 10.0
Logistics S 2 2 2 2 13.0
Survivability 2 & 1 3 3 15.0

The mean of the Rj is 17.17. The sum of the squared
deviations from this mean is § = 53.8 + 28.4 + .7 + 51.3 +
17.F + 4.7 = 156.3. With k=6 and N=5, S must be at least
182.4 to be significant at the .05 level. Therefore. one
cannot reject the null hypothesis that the first five judges’
rankings are unrelated to each cther. The conclusion is that
the agreement among the 5 judges is no higher than it would
be by chance. The complete results will be discussed in the
results chapter.

Although the proportion of ties is small, for the sake
of this example, the correction factor T will be calculated.
Judge #X has one set of ties: requirements and performance is
tied at 4.5. Therefore, the number of tied abjectives (2) are

summed over the number of ties per judge (1):

T(judge 1-2) = 0O

2
Tljudge #3) = tit -1)/12 = 2(4-1)/12 = .5
T(j;udge 4-5) = 0

The sum of T = 0.5

5
W= kE(N3- NV /12 - k3T  (&525)/12 -.5 = 359.5= .435
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The effect of ties, if left uncorrected, is to slightly
depress the value of W and make the decision more
conservative. That is, one is slightly less likely to reject
the null hypothesis if he had ties and did not correct for
them. To determine the significance of the revised W one must
convert it in terms of S because Appendix E is designed
around s. The conversion is acgpmplished by multiplying the
original § (154.3) by the ratio of the old denominator (360)
to the corrected denominator (359.5). This corrected S is
then used to determine the significance at k=6 and N=5.

A high or significant value of W may be interpreted as
meaning that the observers or judges are applying essentially
the same standard in ranking the N objects under study. Often
their pooled ordering may serve as a “standard,” especially
when there is no relevant external criterion for ordering the
objects (Siegel, 1956:237).

Feedback Effect. Before evaluating different
aggregation techniques., it 1s important to discover the
effect that feedback has on AHP and compare it to the effect
feedback has on the direct assessment technigque (Battelle).
The variance among the 12 judges” criteria weights (top level
vector) derived by AHP before and after feedback will be
compared with the corresponding variance change for the
Battelle vectors. This variance will isolate those criteria

on which there was little aggreement. The agreement in the
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overall rankings of the vectors will be measured by the
Kendall Coefficient of Concordance, "W." Kendall™s W will
show if there is agreement amongst the judges for each
method: direct assessment and the AHP and it will discover if
the feedback significantly changed the rank order of either

method.

Aggregation_Effect. A separate issue from feedback is
how to most accurately aggregate the opinions of the group
into one group opinion. This study will examine three
mathematical methods to arrive at the "'"group opinion:z" 1)
calculate the arithmetic mean aof the eigenvectors of the 12
judges. 2) calculate the geametric mean of each pairwise
comparison for the 12 judges prior to computing an
eigenvector, and 3) convert each judge’s matrix into a voting
matrix and use majority rule to arrive at a weighted vector.
The remainder of the chapter discusses each of these methods
in more detail.

Arithmetic _Mean. The arithmetic mean of the weights is
the most straight forward of the four methods. Each judge’s
criterion weight (an element of the esigenvector) will be
summed across the 12 judges and divided by 12. The mean CI
will be the average of the 12 judges® matrix Cls. Note that
this thesis did not examine the geometric mean of the 12
judges® eigenvectors. This has been left for further

research.

Gegmetric_Input _Mean. Each judge’s criterion rating
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will be multiplied across the 12 judges and the 1Zth root
will be used as the input rating. Because the inputs are
averaged prior to the calculation of an eigenvector, the
resulting consistency index will reflect the “true" CI,
versus the mean arithmetic CI calculated above.

Majority Rule. Each matrix will be converted to a
“voting” matrix by converting the AHP ratio inputs into
“votes."” Each AHP rating greater than one will be assigned
one (vote) and each rating less than one will be assigned
zero. Each AHP rating equal to one will be assigned one half
of a vote. The priority vector will be the percentage of
total votes received by each criterion. The voting program
(Appendix C4) shows the pascal code to convert the AHF matrix
into a voting matrix.

Zeta. The consistency measure for the majority rule
matrices will be Kendall’s Coefficient of Consistence (zeta).
Zeta measures the degree of intransitivity among n ordinally
ranked elements determined by n(n-1)/2 paired comparisons.

In preference matrices of mare than three alternatives,
it is possible to have the majority preferences of three
alternatives aligned to be circular triads (Dobbins,
1980a:67). For example, an aggregate may have a rank order of
A=C » B=E=F > D which has five circular triads: ACDA, AEDA,
AEDA, AFDA, and BEFE. Kendall proved that the maximum and
minimum number of triads can be attained by arrangement of

preferences. Kendall®s equation for d. the number of circular




riads in a preference matrix, consisted of the number of
ilternatives and the sum of the votes in row i (Ai) of the
reference matrix:

d = ntn=) (n-2)/6 - (2 AL (Ai-1)1/2
'eta 1s 1 - d/(max number of tr:ads) where the maximum number
»¥ triads depends whether n is odd or even:

odd even

I I
max triads = (n -n)/24 (n -4n) /24

The derivation of zeta is based on Ai being integer
valued (no tied pairs). To resolve this problem the model for
this research brackets the possible values 1f fractional
pairs of Al’s exist. The steps ot the d bracketing are in the
computer procedure "CalcZeta" in Appendix C+ and are
described below (Dobbins, 1980a:2%9):

1) Arrange Ai row totals in order of their value.

2) Count the number of fractional Ai row totals.

I3) Round the upper one—-half of each of the fractional Ai
values upward to their next larger integer values.

4) Round the lower one-half of each fractional Ai values
downward to their next smaller integer.

S5) Verify that the sum of the rounded Ai’s = n(n-1) /2.
&) Use this rounded set of Ai’s tao calculate a lower d
(gives a "low" zeta even though 1t is a high d estimate)
7) Return to the ordered unrounded Ai’s and round the
upper one-half of each pair of the fractional Ai values
downward to their next smaller integer values.

8) Round the lower cne-—-half of each pair of the
fractional Ai’s upward to their next larger i1nteger
values.

?) Verify that the sum of the second rounded A1’s =
nin—-1>)/2.

19) Calculate an upper d based on this second rounded
set of Ai's.

11) Average the lower d and upper d to form an
approximate d for the matrix with the tied pairs.

84




AD-A153 838 RGGREGRTING INDIVIDUHL PREFERENCES IN THE RNHLVTIC
HIERARCHY PROCESS APPL.. (U> AIR FORCE INST OF TECH

. RIGHT PATTERSON RFB OH SCHOOL OF ENGI. S E REED

UNCLASSIFIED 15 MAR 85 AFIT/GST/0S/85M-13 F/G 972




[ R A T T T e 3
N ’ LA Rt Sy e R TN n——n—— g -
Bl P . P —— i ot o o |

s

=

B3

o

i |

DN it
rrrr
(o

o Ew e
lle= =

; 2 s e

1

L 4

: MICROCOPY RESOLUTION TEST UHARI
' NATIONAL RUREAD U8 = TANLARD S Dol

. - - <

T e e taalal - — . L s : - - o .
- N -~ o\ - . o AT - . . . . PR . S

i % PG G VISP I AP LA L PR WAL IV Y R R [\ .




The corrected zeta above (zeta(c)) will always show
improvement over the uncorrected zeta (zeta(u)) when
fractionized Ai’s exist. Therefore, there is less
discrimination with zeta(c) than with zeta(u) and any

reference to zeta will imply zeta(u). When the distinction is

———

necessary, it will be made clear to the reader.
It can readily be seen that zeta=1 when there are no
F; circular triads, which is the only time that the data can be

ranked. (Kendall, 1970:147). kendall determined the

distribution zeta would have if all the preferences were
allotted at random (Appendix E). The distribution is
dependent aoan n for a given significance level. As n
increases, the calculated zeta value that rejects the null
hypothesis (zeta=1) slowly drops. That 1s, at .05
significance, when n = 3, any calculated zeta other than one
will reject zeta=l; whereas at n = 8, the calculated zeta
must be lower than .60 to reject that zeta=1 (Dobbins,
1980a: 32~-39) .

Another way tao look at zeta®s significance i1s to compare
it to the AHP CI. Kendall changes his zeta limit for a aiven
significance depending on n, but the source zeta remains the
same. Saaty, on the other hand, changes the source Cl
depending on n (CI to CR), but not the cut off (.10). These
relative cutoffs do not concern this research because the
focus here is on zeta and CI as comparative measures of

effectiveness. These comparisons are between matrices of the

S R I TR A S LI VI L I AT U WA SN GIIP 0y G SO0 S A VU AU WPNE ST L 3 SIS L N L YR WAE. DAL N WL P PNE VIR SN YR DS Y ;_AJ




same dimensions (n), ‘and so the cutoff is irrelevant.

This thesis will determine the variance reduction
brought about by feedback of group information for both
direct assessment and the AHP. It will also compare the
aggregated priority vectors. both in rank order and the level
of consistency. There will be three types of aggregated
vectors: 1) The eigenvector calculated from the geametric
mean of individual comparisons (AHF), 2) The average vector
calculated from 12 judges’ eigenvectors (AHF), and 3) The

vectar calculated using the majority rule process.
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The analysis focussed on three aspects of aggregating
the results gained by the AHP. The first aspect was the
effect feedback had on increasing the agreement between the
judges. The Kendall Coefficient of Concordance (W) was used
to statistically evaluate this agreement. Several other
aspects of feedback were also examined.

The second aspect was an analysis of the aggregation
method: the AHFP geometric mean input, the AHP vector mean,
and majority rule vote mean.The effect on the consistency
measure and the resulting rank orders was examined.

The third aspect was a closer examination of the
consistency measures: CI and zeta. The equality of their
means was determined by analysis of variance varving the
judge, the matrix size. and whether the consistency measure
was CI or zeta. The Kendall Correlation Coefficient, tau.
indicated the extent the rank orders were the same between
consistency measures.

Finally. an ancillary effort was to apply the final
priority vectors ("bottom vector") to the original BEattelle
attribute values and examine the difference the AHP would
make to the original study. Battelle found the results were
insensitive to larga changes 1n the weights, but they did not

go beyond the top level. This thesis sought to discover i+
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Battelle’s results would change if the weights were elicited
throughout the hierarchy.

The effect of feedback was evaluated by the change in
Kendall’s concordance (W) between the original Battelle
survey (DelphiO) and the repeat Battelle survey (Delphil).
The original Battelle survey elicited direct assessment
ratings between 1 and 10 for the top level weights only. This
thesis returned the same questions on the Battelle survey
along with the group mean rating and standard deviation for
each objective in the top level. Each judge was asked to
reevaluate his original ratings (accomplished aone year
earlier) and to explain any of his new ratings that remained
outside of one standard deviation of the original mean.

Twelve of the original 13 judges on the TAV steering
committee who responded to the original Battelle survey were
located. Eleven completed the survey and justified their
ratings for the top level weights. An additional judge from
the TAV program office completed the AHP portions (judge #35),
but did not participate in the Delphi portion of the study.

The AHP portion of the survey was returned with "Quality
Feedback:" an additional three pages of reasaons that the
judges gave to justify their ratings of the top level, and
often subsequent levels of the hierarchy (Appendix B). Each
page of the repeat AHP survey displayed the resulting

priority histogram and the original responses aof each
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recipient’s comparison matrix. He was asked to rate (1-10)
how well the histogram reflected his “true” priorities. If he
rated the histogram poor, he was asked to review his original
AHP inputs.

Judges were asked to review certain comparisons of the
ariginal inputs to insure they were correct. These
potentially "erroneous" comparisons were located by computer
as the ones that contributed the most to an excess of a
consistency ratio equal to .10. They were circled on the
returned matrix.

Delphi. This thesis examined the overall agreement
between ranks derived by the Delphi process to evaluate the
effect of feedback for direct solicitation of weights. The
ratings are shown for both Delphi(O (Original Battelle) and
Delphil in Table 111. Table 1lla shows the weights converted
to ranks, and Table I1lb shows the statistical correlations.
The effect of feedback was measured by Kendall®s concordance,
W. and the variance of the judge’s priorities.

As seen in Table 111b, feedback reduced the variance and
increased the concordance (agreement) between the judges. The
significant W (sig. < .01) shows that there is statistically
significant agreement between both Delphi(0 and Delphil
priority ranks. The significant Tau shows the two average
vectors are also correlated. Feedback did not affect the rank

order of the priority vector. This can be seen graphically in

the histogram i1n Figure 3.
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TABLE III

-

Top Level Battelle Ratings
Battelle Original (DelphiO)

0b ; 1 2 3 4 - 7 8 9 10 311 12 Ave
1 10 10 10 10 10 10 10 7 10 10 10 9.7
2 (] a8 7 6 6 9 S S 10 7 8 7.2
3 6 8 8 10 8 8 10 9 é 8 7 8.1
4 a8 ? 10 10 7 S 8 9 4 6 10 7.8
] 6 S 10 7 S 7 () ? b6 6 g8 7.0
6 8 S 6 7 7 6 10 8 a8 7 ? 7.5
7 8 S 9 8 8 10 8 7 7 ) 4 7.5
8 S 1 S S 2 S S 4 I 2 X 3.7

(Battelle, 1983:6-2
Second Survey (Delphil)

Ob; 1 2 3 4 & 7 B 9 10 11 12 Ave
1 10 10 10 10 10 9 10 7 10 10 10 9.6
2 6 S 7 S 7 7 7 7 10 7 S 6.6
I 7 9 B 10 8 10 10 9 7 8 8 8.5
4 8 9 10 10 7 5 8 9 S 6 ? 7.8
S () 8 10 6 6 6 S 9 b6 6 8 6.9
6 8 S é6 8 8 7 10 8 10 8 ? 7.9
7 7 S 9 8 ? 10 7 7 8 7 S 7.4
8 4 1 S S S 3 4 4 3 2 I 3.5

Where:

Judge #5: Added after initial Battelle survey so was
not included for Delphi feedback data.
Objectives:
1: Requirements S5: Technology Risk
2: Goals 6: Logistics/Supportability
J: Ferformance 7: Survivability
4: Costs 8: Environmental Impact
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TABLE 11la

Kendall’s Tau Between AveDelphi® and AveDelphil = .837
(sig<.01)

Where:
Variance 1s equal to the average variance for the
ratings on the 8 top level abjectives.

Delphi0O and Delphil Ranks
Battelle Survey (DelphiQ)
JUDGE
oBJ 1 2 3 4 S_ 6 7 8 4 10 i1 ___AVE
1 8 8 7 7 8 7.5 7 3.5 7.5 8 7.5 8
2 3 S.5 3 2 3 é 1.5 2 7.9 5.5 4.5 I
3 K3 5.9 4 7 6.5 S 7 7 3.5 7 3 7
4 & 7 7 7 4.5 1.5 4.5 7 2 3 7.5 6
S 3 3 7 3.5 2 4 3 7 I.S I 4.5 2
& &6 3 S S 6.5 7.5 4.5 3.5 S K 2 4.5
7 é 3 2 3.5 4.5 I 7 S &6 5.5 é 4.5
8 i 1 1 1 1 1.5 1.5 i 1 1 1 1
Delphi-Battelle Survey (Delphil)
JUDGE
ORJ 1 2 I 4 S5 6 7 8 9 10 11 AVE
1 8 8 7 7 a8 & 7 X 7 8 8 8
2 2.5 X z 2 3.5 4.5 3.5 3 7 4.5 2.5 2
X 4.5 6.5 4 7 5.5 7.5 7 7 4 6.5 4.5 7
4 6.5 6.5 7 7 3.5 2 S 7 2 2.5 6.5 S
S 2.5 S 7 3 2 3 2 7 Z 2.5 4.5 3
& 4.5 I S 4.5 7 7.9 3.5 I S 4.5 2.5 4
7 6.5 z 2 4.5 5.5 4.5 7 S 7 6.5 6.3 &6
8 1 1 1 1 1 1 1 1 1 1 1 1
TABLE 111b
Concordance and Tau Between Delphi0 and Delphil
Delphi© Delphil
Kendall’s W -S516 - D64
Variance 1.44 1.22
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where:
DelphiQ:

B ¢ o

Delphil:

EigenGM:

feeee | (=

FIBURE 3

Top Level Priority Histogram
DelphiO, Delphil, and Eigen GM

— .95 —
- -.89-
Dot e 84 DO
ot . 81/.80" 7 .82 77
e Tirmool|o0e 77/ o 76

00 72/ 7204

pre———— -44 e _45-—"
L 39
— .37 —
_________________________ I S S
req pert cost risk logist survive

Rank is derived from
iterations, i.e.. 1t
Battelle received by
Rank is derived from

the Delphi approach with zero
is the priority vector

direct assessment.

the delphi approach with

one iteration, i.e.. it is the Battelle priority
vector after feedback (direct assessment).

Rank is derived from the eigen vector from the
aeametric mean of the 12 judges’ inputs.
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AHP_Feedback. 'Nine of the twelve judges returned the
second AHP survey. These nine judges had 56 pairwise
comparisons that caused a few of their matrices to exceed 10%
consistency ratio. This was 5S4 of the total number of
comparisons made. 0Of these 56 potential "errors”" that were
called to their attention, the judges changed 464 of them
(26). These changes included 17 rating changes for an average
of 3.0 units of change and ? sign changes.

The nonresponding judges’ (10,11,12) inputs were
carrected for major errors only. These "major" errors were
identified if they were the most "deviant" comparisons and 1+
a change made a substantial improvement in the consistency
(204). The effort was intended to make the resulting matrices
more representative of the nonresponding judges’ opinions. It
was not an effort to improve the consistency. Appendix J
shows the revised priorities calculated for both sets of
revised groups: the 9 judge revised (natural) group and the
12 judge revised group (three "computer-revised" judges). The
priorities between these groups caused only minor consistency
and rank changes. Table 1V shows the respective priorities
and 1IVa shows the priorities converted to ranks and the

statistical analysise.
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TABLE 1V

Original and Revised AHF Priorities (EigenGM)

Driglnal Survgy

— ‘K—VT'r‘]'V;':'.'.-.j

—————

Eifective Reguire Ferform Rigks Survive
1 0.312 0. 262 0.234 Q.202 0.059
2 0.241 0.170 0,382 0.161 0.150
2 0.110 0.064 0.384 0.638 0.154
4 0.091 0.119 0.135
S 0.127 0.116 0.079
6 0.120 0.045 0.1%7
7 0.106 0.284
8 0.117
cr Q.0F3 0.030 0.001 0.003 0.019
ci 0.027 0. 006 0.001 0.009 0.015
Progellants Maintainable Maneuver
1 0.376 0.127 Q.457
2 0,219 Q.265 0. X68
I 0.405 0.3Z3 0.176
4q 0.274
cr 0.014 0.003 0.008
ci 0.023 0.004 0.013

— Second Survey (12 Judges)

Effective Require Ferform Risks Logist Survive
1 .297 . 239 -478 « 240 « 224 - 065
2. 261 . 121 -.184 - 402 -147 .148
T 113 . 058 - 558 - 598 - 630 .149
4 .094 .156 . 125
S .120 .148 . 089
6 120 . 025 . 136
7 . 090 . 289
8 .154
ci .006 . 022 D00 000 =010
cr .00%5 016 - 000 - 001 . 008
Fropellants Maintainable Maneuver

1 . 69 . 106 . 457

2 -196 . 282 . k68

3 - 435 . 363 .176

4 . 248
1 003 . D01 - 008

Er - 005 . 0] £ 201

S L NS D T S S TS S
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TABLE

Iva

Ranks and Correlations Between Friority Vectors
First AHF, Second AHF,

and Vote Meank

Effectiveness Requirements
AHF1 AHFZ VoteM AHF1 AHFPZ2 VoteM
0 1 ) é 5.9 8 8 ‘
B 2 ] S 5.5 7 4 5.9
J I 3 z X 1.5 1.5 2
E 4 1 1 1 4.5 6 5.9
c S 2 I = 4.5 6 5.9
T 6 3 X z 1.5 1.5 1
1 7 4.5 3 K
v 8 4.5 /) 5.5
E
TARU
AHF1 ~ 1.0 .96 AHF1 - -¥4 .84
51093 - .02 0% 5193 - DS =02
AHF2 - - .21
s1Q¢8 - .01

Survivability

Maintainability

AHF1 _AHFZ VoteM AHF1  AHFZ  VoteM
oj]1 1.5 1 1.5 1 1 1
Bl=2 4.5 4.5 4.5 2.5 2.5 z
J]T 4.5 4.3 4.5 4 9 4
E]4 4.5 4.5 4.5 2.5 2.5 2
cClsS 2 2 1.5
TH6 4.5 4.5 4.5
1 +7 7 7 7
Y
E
TAU

AHF1: - 1.0 .96 - 1.0 .91

s1Q: .02 . 0% -08 . v8

|

L o

TAU (I Element Friorities): 1.0

Sig: .1&

%t Vote Mean derived from second AHF
Friorities considered tied within .03 of each other
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The affect of "quality" feedback on the AHP was not
measured because the judges changed inputs, not in response
to the quality feedback, but in response to the prompting to
review certain comparisons. Only two of the nine returned
surveys that had changes that were not prompted. These
changes were the result of the judges’ dissatisfaction with
the histogram of the orginal eigenvector. One judge did not
like the 7:1 ratio for one pair of the objectives reflected
in the histogram, so he changed the comparison to 5:1.
Another judge changed a comparison from 2:1 to 1.2:1 after he
saw the histogram.

Feedback_Conclusions. The AHF seems resilient teo
feedback. Even when directed to reexamine isolated pairwise
comparisaons, S44 of the returned comparisons were not
changed. Individuals expressed general satisfaction with the
AHF priorities. The few minor changes made had little impact
on the rank order of the priorities.

One surprise was that the taop level AHF weights
correlated more strongly with the original Battelle study
than to the second iteration (Table V and Figure ). The
original Battelle study was accomplished a year earlier than
the AHF and Delphi iteration.

One needs to exercise caution prior to saying this
supports Saaty’s contention that pairwise comparisons are
better able to elicit the underlying opiniaons. The reason for

the large shift in tau 1s that the direct assessment weights

6
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Comparison_Battelle Results

A L e s L Y

The final ancillary effart of this thesis was to examine
the difference that applying the AHF would make to the
outcome of the Battelle study. The original Battelle results
are "generic" in this study to avoid proprietary information
from defense contractors. The reader who has an official need
may contact ASD/XK.

To compare the Battelle final scores and the AHP final
scores, this study applied the original Battelle weights to
the revised 32 criterion hierarchy rather than the original
47 criteria hierarchy. The minor shifts in the TAV scores
between Battelle®s original hierarchy and the revised
hierarchy were mainly due to the "single" stage concepts
losing points without the environmental impact objective. The
largest shift was a drop from Sth to 8th place (TAV # 13).

The AHMP priority vector applied for the Rattelle
comparison was derived from the geometric mean of the nine
judges who revised their original inputs. As shown earlier in
this chapter, the difference with the 12 judge "revised"
priority vector was negligible so there was no significant
impact on this results.

Table XII shows the scores for the 14 TAV desians by
applying the bottom priority vectors to the Battelle
attribute scores. Figures 7 and 8 graphically protray the
scores. Table XIII shows the correlation between the scores

listed in Table XII. Since they are all significantly
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looking at the five matrices in this thesis that all have the
same dimension (3), the relationship breaks down between Cl
and variance. Table XI shows the tau for CI and the variance
between judges is insignificant (sig.=.804) for the five
matrices that have three objectives. Therefore, this research
has no conclusive information to show a stro:g relationship

between consistency and variance between judges.

TABLE X1

Correlation Between CI and Deviation for Matrix Size I

cCI Deviatiaon X 10

.0Z8 1.98
-.106 1.57
. 106 2.26
-188 1.75
. 230 2.15

tau = .1054 Significance = .804

Fasition_in_Hierarchy. It was thought that the general
or specific nature of the objectives may affect the
consistency. It was believed that the nature of the
abjectives was mainly determined if they were near the bottom
of the hierarchy or near the top. It was originally thought
that the more technical, lower level objectives would lead to
less consistency from the high level decision makers used in
this study. However., comparing the consistencies of the
matrices (size = I) with their scattered distribution. shows
no evidence that either the variance or the consistency of

the judgements was affected by level in the hierarchy.
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TABLE X
Correlation Between Consistency and Average Matrix Standard
Deviations (Between Judges’® Friaority Vector Elements)
Matrix Dimensian Voting Matrix AHP Matrix
Zeta Dev % 10 CI Dev x 10
8 .79 .94 .22 - 92
7 .81 .73 «16 .96
6 .83 1.0 -14 .92
4 .88 1.4 .12 1.52
3 .87 .73 -07 1.75
Tau (significance) . 738(.082) .8 (.051)

Before interpreting this relationship, however, one must
consider the strong relationship between the size of the
matrix and consistency. The strong correlation between
consistency and judge variance may be due to the correlation
between matrix size and judge variance. Figure &6 shows that
the larger the matrix, the greater the variance between

abjective weights.

FIGURE &

Deviation Between 0Objective Weights versus Matix Dimension

Vertical Axis: Standard Deviation Between 0Objective Weights

« 25
.194 CI . 20 LETA .21
.13 <15 .14
. Q9 .10 .10 .10
.07 .07

.05 .05 .05

Dimension of Matrix

One may 1ncorrectly interpret Figure 6 as showing that
consistent j;udges have less variance, and both consistency

and variance are a function of matrix size. However. when
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This is not to say that the dimension of the matrix is
irrelevant to zeta. Zeta counts the number of circular triads
and as such, it shows greater consistency with the smaller
matrices. This is reflected in Table VII, which shows a

strong correlation between the matrix dimension and the

consistency.

L)

udge. Another factor that contributes to the variance
of the consistency 1s the individual judge. The individual
yudges accounted for a significant (sig.=.073) portion of the
vari1ance of both cansistency measures (Apppendix H). The
yudge 1nfluence 1s significant because his inconsistent
yudgement will cross the “boundaries" between the other
tactors: Cl, zeta, and the matrix size.

Friority Vector Variance. After examining the strong
correlation between consistency with judges and matrix size
and the role of variance and matrix size, the next gquestion
emerges: Does the consistency of the i1ndividual affect the
actual variance between judges. 1In other words, does a group
of consistent 1ndividuals result in less variance between
prioraity vectors than a group of i1nconsistent individuals?
Table X shows the strong correlation between consistency and
vari1ance between judges (alpha=.05). This may lead one to say
that the more consistent the judges are, the greater the

variance between the judges.
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must be compared, whether one is examining ratio consistency

or ordinal transitivity.

Saaty developed a table and an adjustment to CI to
accaunt for the fact that consistency becomes better as a
function of increasing matrix size (Saaty, 1980:62). Saaty
divided CI by an adjustment for the matrix size, called the
ratio index, to arrive at the consistency ratio (CR). Kendall
adjusted the significance of zeta so that as the number of
objectives being compared decreased, the tolerances for zeta
narrowed. That is, zeta had to be closer to one with smaller
matrices, to be statistically equal to one (see the
statistical tables in Appendix E).

This relationship between consistency and matrix size is
shown by the significance of the proportion of variance
accounted for by the size of the matrix (Appendix H). For
zeta the significance is .677 and for CI the significance is
- 054.

The reason why matrix size (n) 1s not as important to
zeta is that zeta is based an an n—cubed factar divided by
another n-cubed factor to calculate the number of circular
triads and the maximum number poassible (see methodolagy,
chapter 5). The AHP’s CI, on the other hand, solves an nth
order equation to calculate the eigen values. Thus. the size
of the matrix has a larger i1nfluence in the determination of
CI. especially for the larger matrices, than it does in the

determination of zeta.

105

PSP DL IPaE |

—~—

— Y e ——y—




This test rejects the null hypothesis of equal means at a
significance = .078. One must accept that the CI and zeta are
not the same in magnitude. This is a reasonable conclusion as
the total mean CI = .06 and total mean zeta = .08.

Although they are not statistically the same size, CI
and zeta are highly correlated measures of consistency. Table
IX shows the strong (alpha=.001) relationship between zeta

and CI. This significance is stronger than originally

expected and illustrates that CI reflects the
intransitivities among the rankings and that zeta may also

reflect the "strength" of these intransitivities.

TABLE IX

Kendall’s Correlation Tau for Consistency

CcI Matrix Size
Zeta -. 4518 (.001) « 13520 (.006)
CI - «-1674 (.002)

Before too strong a conclusion can be drawn about the
Cl-zeta correlation, one must examine how the different
factors affect them both. One of these factors 1s the matrix
size.

Matrix _Size. The dimension of the comparison matrix
has a strong influence on the consistency of the judgements,
whether that measure is ClI or zeta. The consistency drops for
both CI and Zeta as the matrix size increases. This is

expected because the chances for finding a consistent

framewark are smaller the larger the number of objects that
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This examination sought to discover the similarity of
Saaty’s consistency index (Cl) and Kendall’s coefficient of
consistence (zeta). Their correlation with each other, the
number of objectives being compared, and the judge making the
comparison were determined through kKendall’s tau and analysis
of variance (anova).

The zeta value was subtracted from one to make it
conceptually equal to the CI. That is, both measures ranged
from zero for perfect consistency to one for random
consistency. This would have no effect on the statistical
evaluations made.

Cl_and _Zeta. The 126 pairs of consistency measures (9
clusters X (12 judges + geometric mean input + arithmetic
mean vectar)] were divided into two groups: CI and zeta
measures. Table VIII shows the summary of the anova results

between CI and zeta (Appendix H).

TABLE VIII

AT T T T e T

ANOVA: Consistency Measure by CI and Zeta

Source of Variation Sum Sqrs af Mean Sqr F Signi ¢
Measure(ci,zeta) . 090 1 - 090 .14 - 078
Residual 7.184 250 - 029
Total 7.274 251 - 029

This test shows that when ClI and Zeta are combined, that
the type (CI or zeta) of consistency measure contributes a

significant amount of the variation in the combined measures.
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TABLE V11

Correlation EBetween Eottom Level Priority Vectors
Kendall"s Tau (Spearman’s Rho in parens)

EigVM VoteM Battel EqWts

EigenGM -847 . 821 . 349 -« 399
(.9262) (.941) (.716) (.53

EigenVM - . 838 . 987 -394
- (. 960) (.743) (.522)

VoteV - - « 545 -404
- - (.689) (. 530

Battel - - - - 629
- - - (.750)

Where:

EigGM: Weights from geometric mean input comparison
EigVM: Weights from average of judges’ EigenVectors
VoteM: Weights from "Voting" comparison Matrix
Battel: Original Battelle Weights (Revised Hierarchy)
S1g: All significances ot TAU and rho ¢ .005
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' 10 4.7603 44,0542 3.8346 4,877 5.556
11 8. 6790 8.5744 8.6154 4,877 5.556
12 12.3000 12.8000 13.6000 14.823 16.667
13 3.0702 2.6220 1.988% .19 5.356
14 4.0902 J.3304 3.9770 6.39 5.556
i 15 I3.0296 T. 2568 3.7Z45 T.19 S5.5564
16 0.6572 1.2440 1.2977 2.26 1.852
N 17 0.6521 0. 6950 0.6714 1.13 1.852
- 18 1.2086 1.2376 1.7778 1.13 1.852
- 19 1.7440 1.9311 1.8753 S.52 5.556
- 20 0.5510 0.9051 0.5449 1.13 1.38%9
i 21 2.0711 1.9323 2.3099 1.13 1.289
22 2.4495 2.6075 2.8010 1.13 1.389
23 1.5666 1.7455 2.0182 1.13 1.389
24 0.7500 0.9694 0.9928 1.96 2.778
25 1.5750 2.2008 2.0944 1.96 2.778
26 1.7375 2.2139 2.1624 1.96 2.778
» 27 . 3500 1.5196 1.5448 1.96 2.778
28 1.1500 1.0611 1.3192 1.96 2.778
29 1.9873 1.8209 2.0672 1.96 2.778
20 1.7182Z 1.5206 1.3164 0. 8653 0.926
1 1.6195 1.1646 1.1986 0. 653 0.926
32 0.6123 0. 6422 0,3042 0. 653 0.926
» Where:
EigbM: Eigen vector calculated from the geometric mean input
EigVM: Eigen vector from the arithmetic average judges® vectors
VoteM: Friority vector from "votinag" pairwise comparison matrix
Battel: Original Eattelle weights applied to revised hierarchv
Equal: Each subob jective contributes an equal portion to
» the next higher objective 1n hierarchy.
; 101
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TABLE VI

Bottom Priority Vector x 100
EigenGM, EigenVM, VoteM., Battel, and Equal Weights

Obi EigenGM EigenVM VoteM Battel EqualWts

1 6.3940 &.41467 4.7310 .54 2.083
2 3.7252 . 4867 3.4113% .54 2.083
3 1. 6958 1.9631 1.7679 3.54 2.083
4 4.0310 4.45Z6 3.7591 3.54 2.083
=) 4.1700 4.32657 3.B593 3.35 2.083
- 0.88%946 0. 9962 0.7968 .25 2.083
7 2.3854 Z. 4281 2.3904 3.35 2.083
8 4.2812 4.1606 3.9591 I.54 2.083

9 12.8607 10.6714 12.4%500 4.877 5.556
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FIGURE S

Significance of Tau Between Friority Vectors
as a Function of N
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Where:

EigenGM: Rank is the eigenvector derived from the
geometric mean of the 12 judges® inputs.

EigenVM: Rank is the vector mean (arithmetic) of
the 12 judges® eigenvectors.

VoteVM: Rank is the vector mean (arithmetic) of the

12 judges® voting vectors. 1.e., it 1s the
proportion of votes received for each objective.

—h— 8 objectives (Requirements)

—C— 7 objectives (Survivability)

—O— 6 objectives (Tav Effectiveness)

—— 4 objectives (Maintainability)

-t I objectives (Performance,Fropellants,Maneuver)
—H 3 objectives (Risk. Logistics)

100

.............




FIGURE 4

Top Level Priority Histagram
EigenVM, VoteM, and EigenGM

1.0 1.0~ 1.0 7
-9
}
norm -8 - - 80-1
prior
vector .7
- b
00 « DS S53pcytecte 5470,
.5 for
1~ 44/.44-, | .42 _|.45/.45.
-4 e e 39—
SR kv
-3 ~—~.32--1
_.l_._ —t e e L e o
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where: .

EigenGM: Rank is derived from the eigenvector from
the geometric mean of the 12 judges® inputs.
EigenVM: Rank is derived from the mean (arithmetic)

—_——- af the 12 judges eigenvectors.
VoteM: Rank is the arithmetic mean of the 12 judges’
TLCCEE voting vectors, 1.e., the mean vector is

comprised of the proportions of votes
received by each objective.
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The general trend for the AHP vectors established in the
first level holds at the bottom level. The geometric mean
input is closer to the vector mean than the vote mean. The

importance of this correlation is in the closeness of the

vote mean to the geometric mean and vector mean. It shows
that a ratio scaled input converted to an ordinal input can

reflect the strength of preference. This will be further

B D

discussed in Chapter VI, Conclusions.
Besides the mathmatical aggregation techniques, this
thesis sought to apply interpersonal value comparisons in the

form of individual self evaluations. However. there was

. A“T‘T '". ,

neglible discrimination among the jduges so this examination

was discontinued. All but one of the 108 self evaluations
rated themselves "“good" or better. The single "poor" self
evaluation was judge #3 on the logistics criterion. Because
his comparisons were claose to the mean, there would be no

additional insight gained by deemphasizing his inputs.
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Aggregation

The aggregation analysis sho. 21 that the three different
aggregation methods: geometric mean input, eigen vector
arithmetic mean. and the vote mean, all resulted in
statistically identical priorities. Both the top level and
the bottom level priority vectors were examined.

The similarity between the three aggregation methods for
the top level is graphically seen in Figure 4, which displays
a histogram of the top level weights. The significance of
Kendall’s tau between these priority vectors is displayed as
a function of the size of the matrix in Figure 5. Note that
perfect aggreement for three ranks is only significant to
-118 because of the small dimension of the matrix.

The similarity for the bottom level priorities was
extended to include the priorities from equal weights
throughout the hierarchy and the original Battelle ranks (for
the reduced number of criteria in the revised hierarchy).
Table X shows the battom vectors and Table X1 shows the
correlation (tau) between the different vectors.

Table XI shows that all of the vectors statistically
correlated (sig.=.00S5). It can be seen that AHP and the
voting vectors have less correlation with equal weights
vector than Battelle. This is expected as the Battelle
hierarchy was closer to equal weights because it elicited

fewer weights.
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had a small range.

e ————

THe small changes in the ratings caused

*i the rank order tao shift in the Delphi iteration (Figure 3).
;ﬁ This supports Eckenrode’s findings that direct assessment

;2 ratings result in priority vectors that have small ranges and
i. large variances. It also helps explain why there is such a

wide correlation difference between the AHP priority vector

and two Delphi iterations.

TABLE V

EigGM
EigVvim
VoteM
DelphiC

Where:

Correlation
AHP Vectors and Direct Assessment

EigGM: Rank is the eigenvector derived from the
geometric mean of the 12 judges® inputs.
EigVM: Rank is the vector mean (arithmetic) of
the 12 judges”™ ei1genvectors.
VoteM: Rank is the vector mean (arithmetic) of the
12 judges® voting vectors, i.e., it is the
proportion of votes received for each objective.
DelphiO: Rank of the original Battelle Weights
Delphil: Rank of the first Delphi iteration of the
Battelle weights

(tau) Between Top Level Priorities

EigvMm VateM Pelphi©Q Delphi i
1.0 « 9231 - 733 « 600
- . 931 - 733 . 600
- - .788 « 645
- - - . 867

...... WPURPURIPR WAL IR A UUP AL I SR D D DA I IDE N )
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carrelated. what is important is the magnitude of the change
in correlation. Note that the final column shows the
hypothetical situation where there were equal weights given
to all the criterion. The lowest correlation is with the

geometric mean of the inputs. The highest correlation is with

the Battelle scores, which is expected because Battelle, had
E the fewest weights. They weighted the top level plus three of
!
F; the 32 revised hierarchy criterion.

The tau’s in the "NoWts" column are inversed from the
equal weights column. With no weights. the importance of a
ﬁ- given objective is directly proportional to the number of
subobjectives that constitute it (the larger the sum). It is

only by coincidence that the number of these subabjectives is

more closely aligned to the weights gained throughout the
heirarchy (AHF} than to weights applied to just the top level
(Battelle). The "NoWts" column 1s included for completeness

and its application is limited to the data in this survey.
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EigGM
488
S20
Sx7
705
&86
=87
703
741
616
S44
569
621
S97
686

TABLE X1I1

TAV Design Scores
By Weighting Schemes

EigVM
492
S29
539
696
&87
598
707
745
629
598
977
631
610
674

VoteM
499
532
551
699
&£88
399
708
740
623
548
S68
619
397
682

Battel
S04
S35
577
633
662
&20
692
729
606
995
S35
650
618
690

Equal
558
598
632
649
669
653
716
741
643
592
588
651
619
690

LESRE am cont camm o oaas Wr'—,,‘

NaWts
S8
541
a76
&97
=B6
S74
&36
&64
664
S96
572
&19
62T
66

Eigen vector calculated from the geometric mean input
Eigen vector from the arithmetic average judges’ vectors
Priority vector from "voting" pairwise comparison matrix
Original Battelle weights applied to revised hierarchy
Each subaobjective contributes an equal portion to

the next higher ob ;ective in hierarchy.
No weights applied to Revised Hierarchyv

111




TS e e

TS Bat S S e e st e sam o s e s e oo sae o

TABLE XIII
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EigenGM
EigeVM
VoteM
Battel

NoWts

Where:
EigGM:
EigVM:
VoteM:
Battel:
NoWts:
-Sig—=

Correlation Between Final
Kendall’s Tau (Spearman®s Rho

Eig¥vM

972
(. 993)

Weights

Weights from average of judges’

Scores
in parens)

VoteM Battel NoWts EqWts
- 706 . 790 .611 - 685
(.981) (.923) (. 804) (.841)
-?12 .818 =597 -714
(.982) (.942) (.799) (.864)
- .818 -S597 -714
- (.931) (. 799) (.886)
- - - 500-.014-~ .B862
- - (.691) (. 959)
- - - « 398-.049-
- - - (. 607)

from geometric mean input comparison

Weights from "Voting" comparison Matrix
Original Battelle Weights (Revised Hierarchy)

No weights applied:
1f the significance of TAU
is greater .01 then sig shown

Eigen Vectors

sScore was

(=
next to tau —xxx-—
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FIGURE 7

Final TAV Scores: AHFP vs Battelle
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where:

Battelle Original Weights Applied to Revised Hierarchy
O AHP (Geometric Mean)

113




FIGURE 8B
' Final TAV Scores: AHP (Geometric Mean)
n Equal Weights and No Weights
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The conclusion discussion will fall into three
categories. The first catagory are the formal conclusions
drawn from the research purpose, to analyze the three facets
of the AHP: feedback, aggregation methods, and consistency
measures. The second category of conclusions consist of
lessons learned applying AHP by survey. Finally, the last
division of conclusions are suggestions for follow—on
research.

Feedback

The feedback analysis was limited to the direct
assessment portion of the study (Battelle) because it could
not be determined that any of the changes in the AHF portion
of the survey were due to subjects reading the "Quality
Controlled Feedback." However, the top level priority vectors
derived from direct assessment showed both a variance
reduction and increase in concordance
after the judges had received the means from the first
survey. This reflected that there was more agreement after
the feedback than before the feedback.

There was one unexpected outcome. The paired comparison
results, both the voting vector and the eigenvector for the

top level objectives correlated closer to the original
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Battelle survey than to the secaond Delphi-Battelle survey.
This is remarkable considering the Delphi-Battelle survey was
accomplished simultaneocusly with the first AHP survey, while
the original Battelle survey was accomplished over one vear
earlier. Perhaps the explanation is that the feedback did
force an unnatural, "bandwagon.," variance reduction while the
AHP elicited the “true" opinions that came closer to matching
the original survey.

A word of caution is in order. Both the original and
second Delphi-Battelle priority vector values had very narrow
ranges and large variances between judges. These are the
characteristics that Eckenrode predicted for vectors derived
from direct assessment, which makes them poor techniques for
discrimination purposes. These same characteristics allow
very minor shifts to alter the rank order which reduces the
tau correlation between vectors. The graphical display in
Figure I shows much less of the correlation drop between the
iterations as is shown statistically in Table 111.

All three of the aggregation methods resulted in
graphically and statistically the same priority vectors.
Ellsburg mentioned that, in general, converting interval
comparisons to an ordinal scale does not preserve the
interval (Ellsburg, 1954:228). Graphically and with rank
ordered statistics, this research showed that the interval

was well preserved when converting AHF matrices into voting
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matrices. However, there may be untested boundaries in the
number of judges or size of the matrix that exist when this
relationship no longer exists.

There is another word of caution about the close
relationship between the ardinal (voting) and ratio (AHP)
priority vectors. The “voting” matrix was not elicited
separately from the AHFP inputs. The AHP ratio inputs were
converted tao votes (preference direction only). This
conversion assumes that the judge would state the same strict
preferences as he had with the ratio scale.

This assumption may not be valid. Further research may
show that when going from a continuous ritio scale (-9 to +9)
to a three level ordinal scale (0,1/2,1), the indifferent
ardinal point may absaorb many of the comparisons previously
judged "weakly" more important. That is, the judge would
rather rate a weak preference as indifferent when his only
options are strict preference or indifference.

The voting matrix should be elicited separately from the
AHF matrix to obtain a valid indication of the correlation
between these two methods. This thesis showed that when the
voting matrix is generated from the AHP matrix. there is a
strong correlation between the resultant priority vectors and
that the vectors were graphically very similar.

The ratio consistency measure, CI, is highly correlated

with the ordinal consistency measure, zeta. Both measures
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reflect the inconsistency in a matrix of pairwise
comparisons. The ordinal measure, zeta is not affected by the
matrix dimension (number of objectives being compared), as
much as ratio consistency is. One reason may be that the
matrix dimension determines the exponential factor for the
iterative solution to the eigenvalue solution while the zeta
solution is a ratio of two third order equations. That is, a
plot of the consistency index versus the matrix dimension
results in an exponential decay. When the dimension > 10
there is almost perfect consistency, less than .05 (Saaty,
1980:63).

Zeta. although its significance is solely dependent on
the dimension as seen in Appendix H, is not as influenced by
the matrix size. Zeta does not indicate ratio consistency,
but the close correlation (significance = .001) to the CI
shows that it is an equivalent measure.

Battelle Results

The fact that there were only minor shifts in the TAV
design rankings when the Battelle weights were applied to the
original and revised hierarchies shows that the discarded
elements had little impact on most of the TAV designs. The
actual differences between applyving Battelle’s weights for
the entire hierarchy or just for the revised hierarchy 1s
actually 1i1rrelevant for this thesis, because this scope is
limited to comparing techniques on a fixed hi1erarchy size.

One could have accomplished the study with any fixed size
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hierarchy.

Applying the weights through out the hierarchy (AHP)
shifted the following priorities from the Battelle
priorities. Consequently, the "value" to the designs
strong/weak in these objectives shifted:

Emphasis Increased:
%9z Payvyload Mass
#¥11: Trajectory Flexibility
#12: Rapid Response
De-emphasis:
#24: toiter
#20: # Jets (Maintainability)
#19: # Rockets {(Maintainability)

#6: Single Stage
#3: Horizontal Take 0Off/Land

Much insight was gained Dn'what should be included in a
survey application of the AHP. While Saaty promotes graoup
interactions with a knowledgeable monitor, this is aoften not
practical. The alternative 1s to mail the AHF solicitation to
the "experts." As such, the insight gained 1n this
application may be beneficial to others.

The matrix format used in this study to obtain the
pairwlise comparisons was selected aover the caontinuous line
suggestion by Saaty (1980:35). The plan was to reduce the
"business”" and the bulk of the survey. This approach should
be avoided. The small savings in display bulk was more than
compensated for by the additional instruction to insure the
comparisons were not i1nverted when making the judgement.

Although less than 14 of the returned comparisons had been
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inverted (sign errors), there would probably be far fewer
errars on the continuous line format.

Scale. The scale used in the solicitatiaon should be
displayed differently from the Saaty presentation (1980:54).
The scale proved sound and very workable but this thesis
found that there was an indication that some of the
respondents treated the scale as interval rather than ratio.
For example, suppose that a judge felt objective A was three
units more important than objective B and objective B was two
units maore important than € which had a value of one unit. I+f
the judge put these interval responses into the AHF matrix,
the AHF "ratio" priority vector would be different from his

"true" "interval® priority vector:

FPriority Vectors based on Judge’s Scale

Interval ve Ratio (AHF)
A=6 => 1.00 => 1.00
B=% => .50 => .35
C=1 => .17 => .19

This study also found that the respondents were
reluctant to use other than odd integers when given the Saaty
format (Saaty, 1980:54). Inaddition, no one responded with a
fraction of a number, although the scale is continuous
between one and nine. Thus, they were unable to achieve a
full range of weights.

The discontinuous jumps in the priority vector were
especially evident when there were less than five obj;ectives

being compared because the few comparisons resulted in




incremental jumps in the resulting priority vector elements.
This dissatisfied at least two judges who sought weights
between .5 and 1, but did not use a ratioc rating between one
and two. Only after one respondent was informed that "weak"
importance meant three times the importance of the other
criteria, did he realize he averrated the objective and so he
evaluated the comparison as 1.25 as important.

Saaty has described the derivation of the 1-9 ratio
scale (Saaty, 1980:53-66). The scale is excellent for large
matrices where the numerous comparisons wash out the
incremental ;umps (at some cost to consistency). However,
this research found that his interval portrayal of the scale
distorted the weights, especially for the smaller matrices.

The author believes few people judge less than "weakly"
more i1mportant as twice as i1mportant. or i1nterpret "weak to
absolute" comparisons on a ratio scale. In order to better
represent the subjective values of the expert, the

questionnaire should reflect the ratio nature of the scale:

Saaty Fresentation:

Ob; 1: 4 H H il I 0Ob; 2

Absa VeryStrg Strong Weak Equal Weak % VeryStrqg Abso

Revised Presentation:
Abso fAbso
VeryStrong VeryStrong
Strong Strong
Weak Equal Weak
Ob; 1 44 H H i ! : I

The revised presentation has two major advantages for
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eliciting weights by survey. First, it more accurately
represents the effect of the ratings - the logarithmic versus
additive effect that Saaty’s presentation implies. Secondly,
it graphically shows a continuous scale which is asymptotic
at either end. The asymptote (“absolute”) emphasizes that the
comparisons must be within the same order aof magnitude to
give valid weights.

The discrimination, or distance between objective
weights in the resulting priority vector is another area
requiring further research. The statistical evaluations used
in this research tested rank order concordance (W) and
correlation (tau). These tests fail to account for the
distance between the ranks, which may be substantially
dif ferent between aggregation methods.

This research appealed to graphical displays to show the
distance similarity (Figures I11I and IV). Graphs cannot prove
relationships or provide the sensitivity analysis necessarv
to establish the boundaries where the strength of preference
1s preserved. For example, the size of the matrix mav have to
be greater than six to to preserve the strength of preference
when converting the AHF to a "voting" matrix.

Further research 1s necessary to duetermine the effect
that the revised presentation would have on the consistency
and range of the priority vectors. The author suspects that

consistency would improve while the range, and thus the
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discriminating power, of the priority vector would diminish.
Consistency should improve, especially in smaller
matrices (n { 95) because "true" ratings between one and two
would nat require that the matrix be inconsistent, as what
happens with integer ratings. For example, if the respondent
limited himself to integer values and his "true" normalized
priorities for options A, B, and C were 1,.6, and .% his best

choices for the AHF matrix would be:

“"True"* A B C "AHP"

1.0 A - 2 1.00

.6 B - - 2 -SS

o3 c - - = « X0
The comparsions above would result in a CI = .005.
Worse, there is a divergence of (.6—-.595) = .05 from the

"true" normalized vector. However, if the judge made

continuous ratings from the revised scale he would have:

A B Cc "AHF"
A - 1.7 3.3 1.00
B - - 2.0 -S99
c - - - - 51
The matrix above gives a Cl = .0001 and a divergence
from the "true" vector = .01. The judge mavy still give

integer ratings with the revised presentation, but the author

feels the logarithmic intervals makes this less likely.
Another advantage of the logarithmic presentation 1s

that the judge may be more aware the 1mportance of all the

attributes being on the same order of magnitude. The clear




APPENDIX Az Initial Thesis Survey

The following comprises the criteria for survivability:

Loiter: Space - Rated lower if need to reduce payload (OMS Propellent)
Atmosphere - Rated lower if single stage

Mobile Launch: Rated lower if required long runways and/or. cryogenics

Rated lower if required large carrier aircraft
(Ability of TAV to quickly escape from the base once launch ordered)

les else given .8-.9 for 300-600 miles

Base Escape:
Dispersal Range: Rated 1.0 if greater than 1000 mi
Laser Hardness: Rated 1.0 if tile TPS and .5 if metal TPS

Maneuverability: Below
1 - Equal Importance

3 - Weak Importance
5 - Moderate Importance (Column -, row +)
7 - Strong Importance
9 - Absolute Importance
wWh 5
ich factor ceontribut )
(columa -, row +) utes more to TAV maneuverability? §: w&
<
el
§ g
N
O W
- F
MANEUVERABILITY §§
s §
~ &
SPACE (OMS + propellents) [
AERODYNAMIC (L/Drag + TPS)
L P
Which factor contributes more to TAV gurvivability? l
(column -, row +) § o &
S & IS) ~
)
- IS8 S N
w g2 T §
~ & e IS
ABILITY §55850 §
§§58¢9%5
g9 I« F

LOITER |

MOBILE LAUNCH _
BASE ESCAPE __ _ .
+  rseersaL RANGE _
LASER HARDNESS_

RCs
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APPENDIX A: Initial Thesis Survey

The following comprise the criteria for logistics (supportability ).

~ Equal Importance

- Weak Importance

Moderate lmportance {Column -, row +)
- Strong Importance

~ Absolute lImportance

W W-=
!

Facilities: Rated lower if large hangers and/or complex mate/demate apparatus

Which factor contributes more to logistics/supportability? &
(column -, row +) t?
LOGISTICS 5 &
A $
&

<

&,
PROPELLANTS ['
FACILITIES

Circle your level of knowledge/experience with logistics
Minimal Average Good
123 4567 8910

A-12
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APPENDIX A: Initial Thesis Survey

The following comprise the factors for measuring TAV technclogical -isk.

Equal Importance
Weak Importance
Moderate Importance
Strong Importance
Absolute [mportance

{Column -, row +)

O~ U W
]

Structure: Higher risk if hot structure, metal matrix, advanced ceramic TPS

Mass Fraction: Higher risk if. greater fraction than Shuttle (.87)
Propulsion: ABES - generally lower risk, except turbo r'amje;.
ROCKETS - disparity from shuttle engines increased risk

Which contributes more to §
technological risk? (column -, row +) & é?
RISKS - ¢.¢
£ &
PROPULSION E—-‘-7
+ STRUCTURE

Circle your level of knowledge/experience with these factors of Technological risk
Minimal Average Good

123 4567 8910

A-11
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APPENDIX A: Initial Thesis Survey

The following comprise the criteria for propellants and maintainai.iity.

- Equal Importance

- Weak Importance .
Moderate Importance (Column -, row +)

Strong Importance

Absolute Importance

WO~ U WD
(]

Which criterion is more important with P é§’
regard to propellant logistics (supportability)?i} T
& QO
o &
&
&,

PROPELLANTS ~ 4§

AMOUNT (to deliver equivalent mass) [7
NUMBER OF DIF TYPES +

Circle your level of knowledge/experience with propellants
Minimal Average Good
123 4567 8910

Which factor, as it decreases in number or complexity,
contributes more to TAV maintainability?
(column ~, row +)

MAINTAINABILITY -555
NUMBER OF JETS [e .
:::B::PEF ROCKETS _¥ —-J

Circle your level of knowledge/experience with maintenance
Minimal Average Good
123 4567 8910

A-10
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APPENDIX As Initial Thesis Survey

The following comprise the factors for measuring TAV performzrce.

Equal Importance

Weak Importance

Moderate Importance (Column -, row +)
Strong Importance

Absolute Importance

WO g U=
[ ]

Trajectory: Ability to alter mission after launch: Based on a baseline value plus a value

if powered reentry and minus a value if expendable equipment.

Payload: Mass deliverable on a 90° low (87m) orbit

Which factor is a better measure of TAV

~
performance? (column -, row +) &
&

IPERFORMANCE ~, ¢

&

S
£

PAYLOAD |

VOLUME

———

Circle your level of knowledge/experience with your knowledge of performance,
Minimal Average Good
123 4567 8910
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APPENDIX A: Initial Thesis Survey

The comparisons may seem rather obtuse at times: " Which is more
important, an apple or an orange with regard to taste?" - but this
series of comparisons can reliably determine the overall priorities,
or weights, of the decision maker. However, it is important for you,
as the "expert decision maker," to expeditiously accomplish these
comparisons without looking back to correct for consistency. The final
results will be returned to you to verify that the weights reflect what
you intended.

. Inorder to have a common denominator for the comparisons, the
scenerio fs arbitrarily set as a general world conflict. The TAV's
mission is multi-purpose: weapon delivery (space and ground) and recon-
naissance. Furthermore, the TAV is threatened by the same threats that
face our 21st century triad forces: preemptive strikes, terrorists,
ground and space-based lasers, nuclear - conventional weapons, particle
beams, etc. ‘

For the more technical criteria, a self-assessment question is
presented. Your answer will provide feedback about how confident you
feel in that particular area. Again, thank you for your cooperation.
Any comments you may have will be appreciated.




APPENDIX A3 Initial Thesis Survey

The opposite table shows the values you should assign the compar-
isons between elements. For example, with regard to TAV maneuverability,
if you feel that space maneuverability is weakly more important than
aerodynamic maneuverability, then you would give the first cell a '3',
(Note: space maneuverability is measured by whether the system has OMS
and the necessaary propellents, while aero maneuverability is measured
by the 1ift to drag ratio and the ability to withstand re-entry tempera-
tures). If you feel that the column, "powered re-entry," is “strongly"
more important than either of the row elements: Space or Aero Maneuvering,
you would put "-7" in the two remaining cells. Remember, the cell is
positive if the row titles are more important and negative if the column
titles are more important. The following figure illustrates the completed
matrix:

~
&
Which factor contributes more to TAV maneuverability? * é’
L (column -, row +) v &
1] -«
g 3
NS
Jh
§ &
-3
R
@&
§ &
MANEUVERABILITY §§
. woottant § ¢
pesihive shoyds fow wbre g ~
SPACE (OMS + propellents)  |3|T] "
AERODYNAMIC (L/Drag + TPS)  [3]] +*®
- mesphite Shaws clawa wore vmeortuat?
L
A-7
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APPENDIX Az Initial Thesis Survey

COMPARISON SCALE

INTENSITY
OF IMPORTANCE DEFINITION EXPLANATION
1 Equal importance in both Two elements contribute equally
elements to the property
3 Weak importance of row element Experience and judgment s)ightly
over column element favor row over column element
S Moderate importance of row Experience and judgment moderately
over column element favor row over column element
7 Strong or essential importance Experience and judgment strongly
of row over column element favor row over column element
9 Absolute or demonstrated impor- The evidence favoring the row
* tance of row over column element element is of the highest possible
order of affirmation
2,4,6,8 Intermediate values between Compromise is needed between

two judgements

two judgments

Negative: The inverse relationship holds. The column element is more important
than the row element with regard to the given property.
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APPENDIX A: Initial Thesis Survey

INSTRUCTIONS PART 11

Part II hierarchy is a subset of the original Battelle hierarchy.
1 combined Requirements and Goals (Feedback from the original Battelle
survey) and eliminated those criteria that failed to distinguish
between design proposals. These criteria were: manned flight, few
orbits, launch within 5 minutes, and two missions per day. Multiple
dispersal sites, a criterion under survivability, was eliminated because
1t was measured in a similar way that the criterion, mobile launch, was
measured (by the runway length required). Finally, environmental impact
was eliminated because of the insignificant weight given to it in the
1983 Battelle study.

The hierarchy on the opposite page shows the resulting relationships.

The circled clusters indicate the groups of paired comparisons that you
will be asked to make in the subsequent pages.
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APPENDIX Az Initial Thesis Survey

Part 1

The table below lists the group average weights (1983) for the criteria
used to measure the TAV feasibility/effectiveness. Also listed is your
1983 estimate of these weights. Please write in what you now feel the
weights should be based on the same subjective 1- 10 scale (least im-
portant to most important).

Note: The hierarchy on the opposite page shows the criteria that Battelle
used to measure these objectives. If your current estimate exceeds
one standard deviation of the group average (1983), please jot down
8 few words explaining your reasons. Thank you.

REQUIREMENTS GOALS PERFORMANCE COSTS RISKS SURVIVABILITY LOGISTICS ENVIRON
average : 9.77 7.15 8.08 7.771 7.00 7.46 7.54 3.69
standard dev .63 1.57 1.38 1.921 1.56 1.66 1.39 1.44

your 1983 input:

your 1984 input:

Reasons/comments:
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APPENDIX A: Initial Thesis Survey

Manned Flight
Global Range
Sartie Operations

Rapid Responsa REQUIREMENTS
Flexible Dasing [
Horizontal TO’Canding T
Adverse Weather Ups
Launch S Mipy
2 _Missions/Day
Fully Reusable
gingle Stage GOALS
20,000 1bs Orb:it’
Few Orbits .
Fayload Weight
Fayload Yolume
Eomer Reentry o PERFORHMCE |
dat Structyre Jrajectory Flexibility
Expendable
DDTE + Mardware + Ops  Life Cycle Costs costs |
Jets
Jockats i { Propul sion
Materials
Structures x2 - Physical Requirgments RISKS.
~PS J 0
Mass Fraction ™
KT
Atmosphaere/Space Loiter ~
Mobale launch -
Base Escape SURYIVABILIIY
Multiple Dispersal Site |
Pispersai Range |
Space
~ero 1 Maneuverability
Sower ed [
S Laser Hardness
RCS (TPS & Size)
Amount
¥ Types 1 _Fropellants Supgly
Tryogenic J ’
1angers
Sarry 1 Facilities
“ate/Demate B LOGISTICS
t.complex ,ets
¥, ccmplex _rockets
TFS type Magntainabilitse
W Elements
$ Expendables
Troposhere Qualaity
Upper Atmos Gual
Noi1se {(Launch/Sonic)
Debria/Spent Hardware ENVIROMENT
water Guality
~esource Use
50C1 0 _Economic
sggyldents
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DEPARTMENT OF THE AIR FORCE
« AIR FORCE INSTITUTE OF TECHNOLOGY (AU) .
WRIGHY-PATTERSON AIR FORCE BASE, OM 4542

Major Stalker Reed
2506 Cross Country RD
\ ' Fairborn, OH 45324

INTRODUCTION

Thank you for agreeing over the phone to assist me in my thesis
effort at the School of Engineering, Air Fdrce Institute of Technology.
The purpose of my thesis is to analyze an alternative method to evaluate
multiple objective problems. The method is called the Analytical Hierarchy
Process (AHP), and it establishes criteria weights by a series of pair-
wise comparisons between criteria. I am using the 1983 Battelle TAV study
as the source of data. To achieve comparable findings, I need as many of
the 13 original TAV steering committee members as possible. In addition,
to reach valid conclusions, I meed your "expert" knowledge and insight
regarding various aspects of the TAV. . . '

The first page shows the group weights for the top level of objectives
from the 1983 study and asks you to update your 1983 inputs. The subsequent
pages apply AHP to the entire hierarchy, which is altered from the origina?}
Battelle Hierarchy. Two abbreviations are used: OMS stands for Orbital
Maneuvering System, and TPS stands for the Thermal Protection System
(Ceramic tiles versus metal). .

The trial runs indicate the survey should take between 25 and 35 minutes.
I would be very grateful if you could return this questionaire, along with
any insights that you would like to share, within a week of receipt. Again,
thank you for your generous offer to assist my thesis effort.

Stalker E. Reed
Major, USAF




asymptote at "absolutely more important” emphasizes the
"extremity" of the comparisons. Again, this does not prevent
objectives outside of one magnitude from being compared; the
scale only serves to highlight that "absolute" is absolute.

The revised presentation may result 1n less
discrimination because there may be proportionally more
ratings in the one to two range because the proportion of
space on the scale may influence the number of ratings. Hal¥f
the logarithmic space is between the ratings, one and two. so
it is likely to pull some judgements i1into this range and
subsequently reduce the discrimination of the resulting
priority vector.

Concluding_Remarks

The findings in this research indicate that there is
very little differerence 1n the three aggregation methods
examined. Also, the AHF scale should be presented so the
interval between ratings reflects the ratio nature, 1.e., it
shoud be logarithmic.

However, one needs to exercise caution before applying
these results because they are empairical results that are
based on a sample size of twelve. A larger sample size ot
subjects who are not high level decision makers, should

provide 1ncreased validity.
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APPENDIX A: Initial Thesis Survey

The following matrices compare the criteria for measuring TAV
. prequirements/goals and the overall TAV feasibility/effectiveness,

Equal Importance

Weak Importance

Moderate Importance (Column -, row +)
Strong Ir:ortance

Absolute Importance

WS
[ T I |

Sortie Operations: Measures the complexity of mating operations
and the numbe¢ of different vehicle elements.

Which element 1is a more im
Ccotomy o es, 5 portant Tequirement/goal of the TAV?

REQUIREMENTS/GOALS

Q
§

GLOBAL RANGE ' [
RAPID RESPONSE
FLEXIBLE BASING

4  HORIZONTAL T.0. AND LAND_ _
ADVERSE '™ATHER
FULLY REJSABLE
SINGLE STAGE -

20,0001bs PAYLOAD
— if’

Costs: LCC based on 50 TAVs flying 100 flights/year for 20 years

- e -

Which element is more important to establish the
feasibility/effectiveness of the TAV concept?
(column -, row +)

TAV EFFECTIVENESS

REQUIREMENTS/GOALS
PERFORMANCE

+ COSTS
RISKS
LOGISTICS
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APPENDIX B: Follow-up Thesis Survey

Major Stalker Reed
Bax 4386

AFIT/ENA
WPAFB, CH 45433

TAV Steering Committee Menber, 4 Dec 84

Thank you for your speedy response to my thesis inquiry. As promised,
I am returning a few of my intermediate findings. I am very pleased with
{ the results. I have inclosed a few of the individual comments, in case you
' would like to consider them in your judgments. Note: the coments are for
' information only and do not reflect any results of this study.
}
!

The process used in this survey is called the Analytical Hierarchy
Process. It is being used extensively in DOD to elicit weighting factors
from experts. A recent exanple is HQ USAF's “"Air Foroe 20007 study. .
Generally, the results are valid reflections of decision makers opinions.

camparisons to insure they reflect your opinions. A simple "yes" or “"no”

is all that is necessary on the respective pages. The original comparison
r matrices are inclosed to allow you to make any changes you deem necessary.
3

&' I need you to review the weights this process derived fram your
(]

Please have a blessed and warm Christmas Holiday

FU_ R Q.

Stalker E.
Major, USAF

PS: I would be grateful if you ocould return this prior to the Christmas break.
If you would like an executive summary of my results, please circle below:
yes—send a summary (Mar-Apr 85)
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APPENDIX Bs: Follow-up Thesis Survey

Tha Ny AN CGYTWPVVGO’ oo

(‘0\*(’0 S:e (€ Virtmond s = S WAL w.\(Jé\*w)V

coeXs _ _
The (nvv{J\A‘h,\ CM(,YS {70‘\ erfnls b‘t CONPONINE Haase M‘k‘!cs

COMPARISON SCALE

INTENSITY
OF IMPORTANCE DEFINITION EXPLANATION
1 Equal importance in both Two elements contribute equally
elements to the property
() .
3 Weak importance of row element Experience and judgment slightly
over column element favor row over column element
S Moderate importance of row Experience and judgment moderately
over column element favor row over column element
7 Strong or essential importance Experience and judgment strongly
of row over column element favor row over column element
9 Absolute or demonstrated impor- The evidence favoring the row
tance of row over column element element is of the highest possible
order of affirmation
2,4,6,8 Intermediate values between Compromise is needed between

two judgements two judgments

- Negative: The inverse relationship holds. The column element is more important
than the row element with regard to the given property.

Lebied with FTha Asulbwe weights,

\& 5 . '
- \ﬁoo :\v\i \\:;W(Sh M (\—w\fv\'ﬁz\ Yoo 150 ql(d o Ot

Jimt VIOAMASL ek) (V\que
y RIS (Ob\l'w' MRS (%Y\ 6&‘(‘0.(', ) km\\d N W g-' 'O'YN/Y\.
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ds ot Yoe concerned

ey v v




1

S e e S e s s e e e cae Dl Shaimed and aal Sk ik asda_adh e asrk ) LIl amih e a4

APPENDIX B: Follow—-up Thesis Survey

Below are the priorities derived from the comparison matrix.

Pleagse circle how well these weights reflect your opinions.
Poor Adequate Good

(s 123 4567 8910

if "poor” - please draw in your "true" weights and revi,

matrix below) v * ~

-
Which factor contributes more to TAV maneuverability? &
(column -, row +) v T

&é
b
K
! - 5 )
v o
o &
MANEUVERABILITY §¢
§ 8
T &
SPACE (OMS + propellents)
AERODYNAMIC (L/Drag + TPS) | -

MANEUVERABILITY | §

AERODYNAMIC

SPACE
POWERED

Please verify the circled comparisons below. If there is no
mistake (inverted signs, etc), just check off the circle,
Otherwise, write in what you believe the judgment should be.

v




APPENDIX Bs Follow—up Thesis Survey

Below are the priorities derived from the comparison matrix.

Pleage circle how well these weights reflect your opinions.
Poor Adequate Good
123 4567 8910
(if "poor" - please draw in your "true” weights and review
matrix below)

MAINTAINABILiTY 59

o] ‘
w 2l |
] = !
B
o ¥ &
-
5= =}
|9
ssuO‘ |
mn‘& !
EEEa
o =®
EEEEZ

]
Please verify the circled comparisons below. If there is no
mistake (inverted signs, etc), just check off the circle,

Otherwise, write in what you believe the judgment should be.

———
Which factor, as it decreases in number or complexity,
contributes more to TAV maintainability? o &
(column -, row +) b g
&
£ & /
| 0 &
MAINTAINABILITY 585

NUMBER OF JETS { |

NUMBER OF ROCKETS _‘.
TPS TYPE

L

PR) L"LA'»';L;-'J




APPENDIX B: Follow-up Thasis Survey

Below are the priorities derived fram the camparison matrix.

Please circle how well these weights reflect your opinions.
Poor Adequate Good
123 4567 8910

{if "poor™ - please draw in your "true” weights and review
matrix below)

/
PROPELLANTS &

0

w
= .-:l
58 £
°c—é
TEE
w

[ 4%}
-
e C©
e O
(=
z
< B
W QO
&
>
£ s
3}

Pleaseverifyﬂecimledanparismsmlw. Ifﬁ:e;eisno
mistake (inverted signs, etc), just check off the circle,
otherwise, write in what you believe the judgment should be.

which criterion is more important with P ‘27?
regard to propellant logistics (suppor‘tability)?é é?
& 8
)

§ s
_ &8
PROPELLANTS ~#¢
£&
AMOUNT (to deliver equivalent mass) r
NUMBER OF DIF TYPES <+
B-5
T e e s

—— ———

A Sh




APPENDIX B: Follow-Up Thesis Sur vey

Below are the priorities derived from the comparisan matrix.

Please circle how well these weights reflect your opinions.
Poor Adequate Good
123 4567 8910
(if "poor” - please draw in your "true” weights and review
matrix below)

SURVIVABILITY 5

©

T
= v -
(%) SN -l
EEg =8
328 3
mﬁ 13
g HMEL B
o= o B R (2]
SE22233%

= X @A A W M

mistake (inverted signs, etc), just check off the circle,

Please verify the circled comparisons below. If there is no
Otherwise, write in what you believe the judgment should be.

Which factor contributes more to TAV survivability? l
(column -, row +) - & 5 &
S § & hei
S o & = A
S oo & S
- N O = &
w & T &
\ o885 &
SURVIVABILITY ' §8559 8
£ g J&F
LOITER o
1 ~ Equal Importance MOBILE LAUNCH _ _ _.
3 - Weak Importance B
5 ~ Moderate Importance 4 ASE ESCAPE .. ..
7 - Strong Importance DISPERSAL RANGE _ _ _
9 - Absolute Importance LASER HARDNESS
RCS el L

L T L - -
)

LY S . B AT 2 R I T AP AT o B A T
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APPENDIX B: Follow-Up Thesis Survey

Below are the priorities derived from the comparison matrix.

Please circle haw well these weights reflect your opinions,
Poor Adequate Good

] 123 4567 8910

(if "poor” - please draw in your "true" weights and review

matrix below)

1
LOGISTICS 5
°

[

-~

-

w -

£ 8 2

SEE

[ I ol

B

g8z

-

R
Please verify the circled comparisons below, If there is no
mistake (inverted signs, etc), just check off the circle,
Otherwise, write in what you believe the judgment should be.

| -
Which factor contributes more to logistics/supportability? &
(column -, row +) ,51'
<G
LOGISTICS _ §§
- -58
< §

PROPELLANTS r
+ FACILITIES

PP S LI TLir iy GHND TaON Bale G w |

L
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APPENDIX B: Follaw-Up Thesis Survey

_Below are the priorities derived fram the comparison matrix.

Plsass circls how well these weights reflect your opinions.
Poor Adequats Good
123 4567 8910
(if "poor” - pleass draw in your "trus" weights and review
matrix below)

RISKS St

MASS FRACTION

PROPULSION
STRUCTURE

mistake (inverted signs, etc), just check off the circle,

e~
‘ Please verify the circled comparisons below. If there is no
[ om,mumm:mmmmjmmmau_

.llIIllIlIlIIIIIIIIIIIIIIIIIIII....'.

Which contributes more to
technological risk? (column -, row +)

T

- . . L o Lot * . T e -t “. <. Te e e el tuTN . N . . . . YR 9 .
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APPENDIX B: Follow-Up Thesis Survey

Below are the priorities derived from the comparison matrix.

Please circle how well thege weights reflect your opinions.
Poor Adequate Good
123 4567 8910
(if "poor" - please draw in your "true® weights and review
matrix below)

PERFORMANCE g

[/

%
Ol
~ -
e § O
[ I B

EO
> >
~ N~ o
(=]
a g &=
R
£ 5 3

< <
R B

mistake (inverted signs, etc), just check off the circle,

Please verify the circled conparisons below. If there is no
Otherwise, write in what you believe the judgment should be.

Which factor is a better measure of TAV
performance? (column -, row +)

PERFORMANCE ~, ¢

.
&
Q

&
1 - Equal Importance
3 - Weak Importance PAYLOAD |
5 - Moderate Importance VOLUME
7 - Strong Importance
9 - Absolute Importance
B-9
e e e T e e .—i
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APPENDIX B: Follow-Up Thesis Survey

Below are the priorities derived fram the comparison matrix.

Please circle how well these weights reflect your opinions,
Poor Adequate Good
123 4567 8910
(if "poor" - please draw in your "true” weights and review
matrix below)

REQUIREMENTS/GOALS  $

]

% w
= 22
© - S ©
W Z O Wk M 1
woe s E A 5o
BN OZ 0 w<s

O O < (TR
Z & & 2 v o< A
5 7 < D H ® &
Bt R & O

2 oz W -
=3 B O w WO
< A H N >3 S
B 4 o MO o O O ke
o N B o > Z o/
© = < w & 0

Please verify the circled comparisons below. If there is no
mistake (inverted signs, etc), just check off the circle,
Otherwise, write in what you believe the judgment should be.

Which element is & more important requirement/goal of the TAV?

(column -, row +)

EQUIREMENTS/GOALS

GLOBAL RANGE

RAPID RESPONSE

- Equal Importance FLEXIBLE BASING
- Weak Importance o —-

- Moderate Importance + HORIZONTAL T.0. AND LAN’D_ -

- Strong Importance ADVERSE WEATHER |
- Absolute Importance cn -

O~ U=

FULLY REUSABLE
SINGLE STAGE
20,0001bs PAYLOAD

- o o e

B-10
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APPENDIX B: Follow—-up Thesis Survey

Below are the priorities derived from the camparison matrix.

Plaass circla how well these weights reflect your opinions.
Poor Adequats Good
123 4567 8310
(if "poor” - please draw in your "true" weights and review
matrix below)

TAV EFFECTIVENESS D

% =
%)
£ 8 5
23 ss

I~

= = >
= I, B B ]
D ke = M e >
g &8 35885
M A O % aa »n

Please verify the circled camparisons below., If there is no
mistake (inverted signs, etc), justi check off the circle,
Otherwise, write in what you believe the judgrent should be.

' Which element is more important to establish the
feasibility/effectiveness of the TAV concept? &
| _ & Ay
(column -, row +) ) 3
= :’) S’
§ N
TAV EFFECTIVENESS - §.,02 55
g 8 I8S
LG x99
1
REQUIREMENTS/GOALS r |
PERFORMAMNCE
+ 0STS
RISK3

LLGISTICS l

B-11
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APPENDIX B: Follow-up Thaesis Survey

Seedback (reasons whv people deviated from group mean)

General
11 In some cases your criteria for comparison tended to compare
an absplete (global range) with variables and 1n general categorv with
a sub—-element of that category.

11 In no cases were missions specified. which is a driver in
weighting crateria. 1 generally used the Space Command missions.

Reaguirements/Goals
< 14 it can’t meet valid recguirements/geals. 1t should not be
done (but they shouwld be revised).

Q9 Reaurrements rank behind performance and survivability, such
as: manned flight. global reach, sortie ops. and flexible basing.

11 Reauirements. goals. and performance are subsets of the same
element. The importance cof some factors under each heading drives the
weraghtina. Risks are a subset of costs. Survivability, logistics. and
envaronmental issues tend to group together also.

12 This is not a balanced set of requirements. Some. like rapid
response and flexible basing are aguite important. Some., like
horizontal TO and landing are not very i1mportant. If the vehicle is
capable of rapid response, flexible basing and etc. 1t does not matter
what the TO/landing mode is.

L Goals moves down because: S minute launch capability, 2
missions/day, and 20,.,000lbs payload take awav a 1ot of flexibility you
may need in funding later on (8TS isn’t to 20K vet. regardless what
NASA/DOD savs).

S Z missions/dav. single stage. few arbits are either not
possible or undesirable. For example. single stage is undesirable
because it increases weight and degrades performance.

Costs
4 It is simply unreasonable. and a frequent criticism of DOD,
that we do not adequatelv address costs. Today. as well as tomorrow,

the competition for resources should never be taken lightly and such a

prgam like TAV will be priced in the billion % range. Let's not plan
without this in mind. Scme mavy say a high ranking here is syponymous
with 1ts 1mportance.

& There is enough resistance throuahout the Air Force/DOD to
kill this unless it makes significant improvements in the payload to
orbit costs catagory.

9 Al though costs are important, I have prablems in my mind
viewing costs as a main driver. TAV will be verv expensive. It may
very well shelve TAV for a decade until the dollar figure representing
LCC isn"t so scary., but 1 believe that TAV will be and cost will not
stand in its wav.

B-12
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APPENDIX B: Follow—up Thesis Survey

Risks
& I know more about the technolcgies required than last vear.
The large size cof the 1ni1tial investment makes risk more important.

13 The items listed under risks are extremelv important since
they largely determine the feasibility of the vehicle concept.

Survivability
L) Survivability seems somewhat less an issue in the basic TAV
concept with its relatively short taskings. Dispersals should not
necessarily be a problem since launches from runway environments could
occur from a multitude of suitable launches (5 min or less).

& Simply cannot be done to same degree of a JP-4 fueled
BE-1.which appears to the standard. However. 1 do think some level of
survivability can be achieved by operational decisons (better
planning) versus svystem design.

7 Survivability is a subset of performance. If it can™t survive,
1t cant perform.

? Ferformance (pavload) and the abilitv of TAV to survive in
order to deliver a pavload are paramount. Without these. there would
be no TAV.

_ogistics
z LoQistics i1ncludes maintainabilitv which is a design element.
Logistice also 1s driver in LC costs, sortie generation capability,
reaction times, etc. It 1s a crucial element to be considered early:
e.g. proper consideration to maintainability aspect of design up front
can facilitate rapid low cost changes (mods) to survivability (threats
change). performance (propulsion technologv changes). ability to cope
with environ (tech changes). etc.

4 Don’t build if you can~t properly support! Support
capabilities often the ¢irst to be cut (funding wise) when programs
are 1n trouble. I4 we are agoing to hav TAV, let’s be able to support
1t so0 1t can do its mission up front and not let maintainabality
suffer in the laong run.

& Again. if the Tech/Req/Cost/Ferf categories can be solved.
logistics are a tail and can be solved.

7 Things such as environmental i1mpact and logistics are too far
down the rocad to worry about at this point. The real gquesiton at this
point should be: "Do the requirements justify the costs and risks
associ1ated to achieve the desired performance™"

[ 9]
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APPENDIX C3: AHP Summary Program

procedure DoOneFile(var filenus:integer):
(8 Finds the eigenvectors for each file and stores thes
in a large satrix °results® for output
$)
var
crit,i : integer;
begin
crit := O
reset(satrixl,infilelfilenusl);
readln(satrixl,last);
readln(satrixl,author);
cluster :=1;
readin(matrixi,diseniclusterl);
repeat
while disenlcluster) = 0 do readln(satrixi,disenlcluster])s
GetMatrix (dimen{cluster)): (8 returns inputs + criterionlil B
FindWeights (dimen(cluster)):
for 1 := 1 to diaenl{cluster] do begin
crit :=crit + 1;
Resultslcrit, filenual := wlil;
end; (8 for §)
if criterionlcluster] <> last then begin
cluster := cluster + [;
readln(eatrix!, disen{cluster]):
end; (3 1f 8)
until criterion{cluster] = last;
criterion{cluster] := ’bogus’: (8 prevents presature tersination for
subseguent file numsbers §)
writeln('File # ,filenus:2,’ done.’};
close(matrixi);
end; (8 DoOnefile §)

procedure DisplaySusmary (var Lisit:integer);

(¥ displays judges 1-13 priority vectors and also computes the
standard deviation 3 10 and the aritheetic sean of the prior:ity
vectors and outputs the results.

§)

var

filen,start,cease,crit,1,; : integer;

totci,meancy : real;

MeanWeight : colusn:

(8883828882838881188)

arocedure FindClusterWeights;

(8 subprocedure to compute the standard deviation and arithaetic mean
of the vectors. Could have been accomplished while displaying the
aain part of the cluster, but that would have exceeded the size
for an Apple Pascal orocedure.

1)

il

total,SusSer ¢ real:
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APPENDIX C3: AHP Summary Program

procedure FindMeights(nua : integer);
(¢ finds eigenvectors as in consistency check progam and follows
the logic and variables shown in Saaty’s Decision Making for Leaders 3)
var
c7,u2 ¢ colusn;
landa,d,s,t4, rowsus, wtrow : real;
k,i,j ¢ integer;
begia
1L RENH
for 1 := 1 to aua do begin
rowsus := 0:
for j := 1 to nus do
rowsus := rowsua + cli,;l;
w2{i} := rowsus;
t4 := t4 + rowsus;
end; (8 for 2 B}
for & := 1 to nua do
wWlil := w2lild/té
k :=0;
repeat
t4:= 0;
k 1= k1
for 1 := 1 to nua do begin
wtrow := 0;
for j := 1 to nua do
wtrow := wtrow + cli, ;] ¢ w2(;1;
ul1) := wtrow;
td := t4 + wtrow;
end: (8 for 1 %)
d:= 0
for i := 1 to nua do begin
w(il := wli1l/td;
d :=d + abs(wli] - w2(il);
end; (8 for i §)
tor i := 1 to nua do
1] = w1 ]y
until (k. 10000 ar (d71.0E-b);
far 1 := 1 *o nua 4o tegin
§ 1= M
bor ;1= 1 to num do
stz s+l ;) 8wl
SR ERY
end; (% for 1 8)
$ 22 0
for 1 := { to nua do
s 28+ c7il/ml1]
landa := s/num: (8 not used in this grogras 8)
cileluster,filenus) := (landa-num/ (nua-1):
cricluster, filenusl := cilcluster, f1lenunl rinual;
end: (4 FindWeights §)

£3-2
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APPENDIX C3: AHP Summary Program

progras eigenvector (input,output):

(3 reads raw data and cosputes eigenvectors, ci, and cr. and outputs
to file "eigout.® Eigout includes the means and variances
(10 $ Standard Deviations) of each elesent (subobjectivel of the
norsalized eigen vectors. That is, the viriance between judges’
priority vectors and the eean vector, Note: the data in this thesis
cosputed the msean and variance using judge 13, which was the geosean
1nput *judge.® This caused slight conservative bias that has since
been corrected in this prograa.

$)
uses

transcend; (8 necessary for Apple to do logarithas 3)
tyoe

satrix = array{0..9 ,0..9 ] of real;

coluen = array(1..13] of real:
var
¢ : satrix: (8 AHP input comparison matrices %)
results ¢ array(0..40,0..13) of real: (8 Suamary of Judges priorities 3)
ci,cr : array(0..10,0,.15] of real: (8 ci,cricluster, judgel 8}

disen ¢ array(1,.10) of integer: (8 dimension of [cluster] read in ¥}
w.r i colusn; (% weights §)

filenum,cluster,Linit: integer: (8 limit = user input ¥ ;udges files ¥}
outmatrix,satrixl : text; (% output, input files ¥)

author, last,title : string: (¥ last=flag criterion to stop 8)

infile,criterton ¢ arrav(l,.13) of string; (3 ;udges infile names, cluster criterions §)

orocedure GetMatrix (nua:integer):
(3 reads in half matrix of AHP coaparisons and converts negative nuambers
to the recriprocal ratio value while completing the aatrix
1§
var
14y & integer;
begin
for 1 := 1 to nus-1 do
for 5 := 1+1 to nua do
readlesatrixt.cli,,));
readln (matrix!):
readlnisatrixi,criterionicluster]):
for 1 := | to num-l do beqin
for , := 14| to num do beqia
1f cliy ;1 < 9 then
cliyyd o= -tselig) s
clyotd = 1/ehy 30
end; (8 for ; 8)
gl1,1] = 1
end; (8 for 1 ¥)
clnum,nual := 1;
end; (8 procedure GetMatrix 1)

c3-1
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APPENDIX C2: Geometric Mean Program

(9828880388838 8188)
procedure InitNew;

begin
infilel 1) 1= 485 judgels.text’; infilel 2] := ’#5: judge2s.text’;
infilel 31 := "#5: udgels.text’; infilel 41 := ’45: judgeds.text’;
infilel 3] := *#5:judgeS8.text’; infilel 6] := '#5:;udgeds. text’;
infilel 7] := *#3: judge7s.text’; infilel B := '#3: judge8s.text’;
infilel 91 := *#3: judge9s.text’; infileli0] := *#5;;udgeiOs.text’;
infilefit} = *89:judgel 8. text’; infilef12] := '#3: judgelis.text’;

infilel13) := *#5:geomeant. text’;
end; (8 InitQld 8)

begin (% initialize 8}
writeln(’This program will take raw data from a eax of 12');
writeln(’ judges’’ files and will cospute means and ');
witelni(’will output the results on file #5:qeomean’);
writeln;
wite('Do you want to use new (updated) or original data (nor o)’);
readln{answer);
1 answer = 0’ then [nitOld
else begin
writeln ("New Files being used’):
InitNew;
end; (3 else 8}
write(’How many files do you want to use? ’): readln{ans):
if ans = | then begin (¥ note: ans passed globally 8}
write('Which file nusber do you want to work? '}; readln{filenus);
infilel1) := infilelfilenum); (8 if | file, only infile(1] read 8}

end; (4 1f B} (8 note: filenua overwritten in main prograe §)
end; (% initialize $)

begin (% main gprogras §)
rewiteloutmatrix,’ #i:geomean.text’);
Initializes
filenum = 1;
GetFile(filenum):($ nus of crit=i, nua of P-N comp=j, in Surveyli.;l §)
CopyFilel(survey); (8 copies survey into bogusfi,jl, ie inits bogus 8)
while filenus < ans do begin (¥ go through files in order 3)
filenum := filenua +1;
getFile(filenun);
GatherBogus: (% Multiplies Bogus by Survey %)
end; ($ while §)
1f filenus 7 | then AverageBogusifilenus); (8 Takes “filenua” root Bogus 3)
DisplayBogus;
close foutmatrix,lock);
end. (8 progras 4]
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APPENDIX C2: Geometric Mean Program

procedure DisplayBogus;

{3 places the geosetric sean of the inputs back into a sisilar
file structure as was inputed. The difference is that the
output needs to have *0° put in the appropriate spots inorder

that subsequent prograss will be able to sequence the priority
vectors

%)
var
dimension,crit,count,i,; : integer;
begin
writeln(outsatrix,last);
writelntoutsatrix,’beosetric Mean for’,filenum:3,’ Judges’):
witeln(last);
witeln(’beosetric Mean for’,filenus:3,’ Judges’');
for crit := 1 to 9 do begin
disension := roundisurveylcrit,01); (8 use "disen.” for understanding §)
writeln(outmatrix,disension:3);
witeln(disension:3);
count := 03
for 1 := 1 to disension-1 do begin
faor j := i+l to disension do begin
count := count +;
if boguslcrit,count<1 then
boquslcrit.count) := -1/boguslcrit,countl;
write(outsatrix,bogusicrit,countJ:8:4);
wite(boguslcrit,countl:B:4);
end; (3 for j §)
writeln(outaatrix);
writeln;
end; (% for 1 §)
writeln(outsatris,criterionlcritl);
witelnlcriterionlcritl);
end; (8 for crit %)
end; (8 procedure DisplayBoqus §)

procedure Initialize;

{8 sets up files, note: apple specific nases, Need to lable files
ever system calls thes,

N

var
answer : string;

(srsansseatessseng)

grocedure InitOld;

begin
infilel 11 := "#5:judgel.text’s infilel 2) := '#3: judge2.text’:
infilel 11 := '#5: udgel.text’s infilel 4] := ’#5:;udged.text’;
infilel 5] := '#5:,udgeS.text’; infilel &) := ’#3:judgeb.text’:
infilel 7] := '#5:,udge’. text’; 1nfile{ 8] := ’#5:judgel. text’;
infilel 9] := *#5: judge9.text': infile(10} := ’'#5:judgel0.text’;
indilel11] 1= "85 udgell.text’; infilel12] := '#5:judgell.text’;
intilel13) := '#5:qecmean.text’;

end; (8 In1tdld ¢}

c2-3
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APPENDIX C2: Geometric Mean Proaram
procedure CopyFile(var survey : satrix);
var
disension,crit,count,i,j : integer;
begin
for crit := 1 to 9 do begin
disension := round{surveylcrit,01);
boguslcrit,0) := round(surveylcrit,01);
count := 0;
for i := 1 to disension-1 do begin
for j := i+l to disension dao begin
count := count +1;
boguslcrit,count] := surveylcrit,count];
end; (8 for ; §)
end; ($fori %)
end; (¥ for crit do not use criterion because need constants for aver §)
end; (8 procedure CopyFile 8)

procedure batherBogus;
(2 product of *n" factors and take nth root later #)
var
disension,crit,count.i,; : integer:
begin
for crit := 1 to 9 do begin
disension := round(surveylcrit,0J): (¥ just for ease of understanding §)
count 3= 93
tor 1 := 1 to disension-1 do begin
for ; := i+! to dieension do bequn
count := count +1;
pogus{crit,count] := boqus(crit,count] § surveylcrit,countl:
end; (8 for 4 8}
end; (3 for i )
end; (3 for crit 8)
end; (8 procedure batherboqus §)

function roat (base:real: n:integer) : real;
begin
root := exp{ Inlabs(base)) /n );
end; (3 rogt )

pracedure AverageBogus(n:integer);
(¢ "n" = nuetile §!
ar
dimension.crit,count,i,, : i1nteger;
begin
for crit := 1 to 9 do begin
dimension := roundlboguslcr1t,01); (8 disension for ease understanding ¥)
count := O:
for 1 := 1 to disension-1 do begin
for , t= i+] to disension do begin
count := count +1;
boguslerit,count) := root(boguslcrit,countl,n);
end; (8 for ; 1)
end; ‘0 for 1 8}
end: (8 for crait 8)
end: (3 procedure AverageBoqus &)
c2-2
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APPENDIX C2: Geometric Mean Program

an linput, output);
prc:g‘r::am ra :ud:p d:ta and coshines the judges’ imputs by
the geosetric mean and puts the output to tile *qeoaean’ -
note: to be read by pragrae “ConsistencyCheck,” the geosean
file needs to have sequencing 2eros as shown in the sasple
input file
]
uses
transcend;
type
aatrix = array(0..9,0..34] of real;
var
bogus, survey : satrix;
criterion: array[0..91 of string;
infile: arrayl0..13) of string;
filenus, nuafiles,ans,count : integer;
outsatrix,matrixl : text:
author,last : string;

procedure betFile(filenus : integer);
(¢ *filenua® is the file sequence nuamber. This procedure puts entire
file into a 9 X 3b array called survey. The i X 0 elesent is
the disension of the ith (of 9) criterion 8}
var
dimension,crit,count,i,; : integer;
begin
reset (matrix!,infilelfilenusl);
readin(matrixi,last); (4 last = subtitle of last matrix to enter #)
readln(matrixi,author);
readin{satrixl,disension);
for crit :=1 to 9 do begin
while disension = 0 do readln(matrixi,disension);
surveylerit,0] := disension;
count := 03
for 1 := 1 to disension~!{ do begin
tor ; := i+l to disension do begin
{8 i,j count variables to keep satrix forsat straight ¢)
count := count ¢1:
readimatrixl, surveylcrit,countl);
it surveylcrit.count] < O then
survey(crit,count] := -1/surveylcrit,countl;
ends (3 for ; V)
end; (¥ for 1 8)
readin :matrix{): (3 reset pointer to start of line $}
readin (eatrixt,critertonlcritly;
of criterionlcrit] <) last then readlnisatrix},disension):
end; (8 for crit do not use criterion because need constants for aver %)
close(satrixl);
end; (3 procedure GetFile %)
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APPENDIX Ci1: Consistency Check Progr.am

for i := 1 to nd do begin
count := count + 1; (8 count is total & in current generation §)
cosposicount) := blelea,il; (8 b needed for display 8)
end; (3 for 1 8}
totrandoa := totrandos ¢ prevcosplelea) $ rin3l;
totconsis := totconsis + prevcospleleal 8 ci;
md (3ifn3 010
else begin (8 only one element related §)
count := count ¢ I;
blelea,1) := prevcospleleal;
compos{count) := prevcosplelea);
end; (8 else f)
end; (% if last - allows putting last anywhere %)
end; (3 for eles 8)
end; (f NextLevel 1)

begin (8 progras saaty %)

reset (matrix),’$5:matrixi.text’); (8 first generation progras - see progras
eigenvector for better aethod to read

in tiles §)
rewrite(outsatrix,’ #5:outaatrix.text’);
InitR;
L= 2;
elem := 0;

totconsis := 0: tatrandom :=(;

readlnimatrixi,last): {t last = subtitle of last matrix to enter %)
readin(matriz,titlels

readln(matrizi.nli;
GetMatrixinl); (8 returns subtitle: flag to continue to next level 3)
Findleights(ni);
displayinl); (¥ sakes hard copy of orginal,since L=2, bL] not necessary #)
1# cr 7 0.10 then begin
cansistency(nll;
display(nt); (3 final hard copy after consistency revisions ¥)
end; (8 1f cr 8)
tor 1 := ] to nl do begin
prevwt(i} := wli}; (8 can’t resember what prevwt(] is used for 8!
prevcamp(il := prevmt{i];
end: (3 for 1 8)
while subtitle <> last do begin
L=l + 13
tor 1 :=1 ton{ do
for j :=1tynl do
bli, ;] := 03
Nextlevel: (8 returns count, coaposlil, and subtitle-for while loop 1)
far 1 := 1 to count do prevcoaplil := compas{il:
nl := count;
end; (8 while subtitle < last goto nest level 8)
witeln(outsatrix):
witeln(outmatrix,’The Consistency of this hierarchy = ’,totconsis/totrandos:b:4):
writeln('The Consistency of this hierarchy = ’,totconsis/totrandom:6:4);
closetoutsatrix,iock):
closetmatrixti;
end. (3 program saaty 3)

Ci-6
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APPENDIX C1: Consistency Check Program

for 1 := 1 to si do begin
for j := 1 to sl do
wite (cli,jl:6:2," ')}
wite(wlil:é:5,’ ’);
if L > 2 then write(blelen,il:7:4);
witeln;
end; (8 for i §)
wite(’lasdaleax): ’,landazb:d);
write(’ C.I.: ’,cii6:5);
witeln(’ C[.R.: 7,crs7:9);
end; (& display 8}

procedure InitR;
(¢ Randos Consistency Table ¥)

begin
r({] := 0.0s r{2] := 0.0 ; r{3] := 0.58;
r{4) := 0.9 rOS] := 1.12; r(6) :=1.24;
r{7) := 1,32; riB1 := 1.41; rI9] := 1.45;
r(103:= 1.49; r113:= 1,50 r{121:= 1,48
ri131:= 1.56; r{14):= {,57; rl15):= 1.59;

for i := | to 33 do factor{il := ’bogus’;
end; (% Initk §)

procedure Nextlevel:
(¥ nl is used as the nuaber of ’parents’ in the
current level, Variable nases from Saaty,
$)
var
1, j ¢ integer;
59 : real;
begin
count := Ot (3 left to right number af siblings )
for eles := 1 to nl do begin
if subtitle <> last then begin
readln(satrixl,n3): ($ n3 = ¥ of siblings of parent 'elem’ 8!
1f n3 1 then beqin
GetMatrix (n3);
Findwerghts (n3);
for 1 := 1 to nJ do (8 b necessary for display §)
blelem.il := wlil ¢ prevcoapleleal; (3 this does not work for
‘L“evel greater than 3. The fix would cost ae a day [
don't have, sorry. | orefer progras "eigenvector” as
a3 better progras to copy, anyway, This was ay first
prograe, and it is a little rough and hard to follow.
However, 1f vou are reading this, 1 am preaching to
the choar, §) '
Display (n3);
if cr . 0.10 then begin
zonsistency(n3): (3 unfortuately, pera copy of changes only 3!
for 1 := 1 to n3 da bleles,il := wlil & prevcompleleal:
Display(n3)s (8 final hard copy with revised b wts 8}
end;: (2 1f cr B
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APPENDIX Cil: Consistency Check Program

wite (' Coluan:’); read(bigcol);
writeln;
end; (3 if want to change location §)
wite (*Write value you want to insert: ')
readlniclbigrow,bigcoll};
witeln;
clbigcol,bigrow] := 1/c(bigrow,bigcal);
FindWeights(sl);
writeln (outeatrix,’ actual: [’,bigrow:2,”,”,bigcol:2,’] =7,
clbigrow,bigcoll:3:1," with C.R.=’,cr:7:3);
ScreenDisplay(sl):
1f cr > 0.10 then consistency(st):
end; (3 if ans §)
end; (8 procedure consistency §)

procedure display(sl:integer);
var
1,j ¢ integer;
beqin
oldbigeol := O; oldbigrow := 0; (¥ for consistency called in display 3)
writeln(outmatriz);
i1 L = 2 then writeln {outmatrix,title:20,’ RESULTS’):
writeln(outaatrix,subtitle:20,’, Factor #’,clea:2,’ tevel #,L:2):
witeln(outeatrix);
write(outmatrix,’1’:4,” *);
for 1 := 2 to sl do
writeloutmatrix,1:4," ’);
writeloutaatrix,”  Weight’);
if L2 then writeln(outmatrix,” Cosp-Wt') else
writelnioutsatrix):
for 1 := 1 to si do begin
for , := 1 to sl do
write loutmatrix,cli,;}:4:2," ")
wite(outmatrix,nlil:6:5," *);
1f Lo 2 then write(outeatrix,blelem,1]:7:4);
witelnfoutaatrix);
end; (¢ for 1 §)
write(outmatriz, 'lamda(max): ’,landa:é:4);
write(outeatrix,” C,I.: ’,cis:5);
witelnloutmatrix,” C.R.: ',ci/rlsi1:7:5);
1f L > 2 then begin
writeln;
witelnisubtitle:20,”, Factor ¥ .elem:2,” tLevel #’,L:2);
writeln:
end; (8 L <> 2 accosplished so that subtitles print out rights)
write(’1':4," ’);
for 1 := 2 to st do
write(izé,” ')
witel’  Neight’):
14 132 then writelnt” Comp-Wt’) else
writeln;

Ci-4

.. et et e e Tt B L VR T T
(PRI LP Nl YL Sl CEEPULIY YA GEN U YO0 T Gy SO G SIS ey Sy S 3




. LAl S S dicRl SN AN L s ik il iy

APPENDIX C1: Consistency Check Program

if L2 then witeln(’ Cosp-it') else
witeln;
for i := 1 to si do begin
for j :=1 to sl do
wite (cli, j):6:2," )}
witeinlil:é:5,’ ’);
if L )2 then wite(bleles,il:7:4);
{8 note; bC) gets overwrittes for L > J so not valid at L >3
witeln;
end; (8 for i §)
wite(’landaleax): " landazbsd);
write(’ C.l.t ’,cizéid);
writeln(’ C.R.: 7,cre7:id);
end: (¢ sudbprocedure ScreenDisplay 3)

procedure consistency(si:integer);
(¢ calculates matrix elesent{bigrow.bigcol] that sost
contributes to the inconsistency. Allows user the
option of changing the location and magnitude of

input.
5
var
difold.difnew : real:
begin

difold := 0:
for i := 1 to st do begin
for j := 1 to sl do begin
if (i{)> oldbigcol) or (j<roldbigrow ) then begin
difnew := cli, jlsnl;1/nli];
{difnew := abs(cli, j)-wlil/wl;jl)i}
it difnew > difold then begin
bigrow := i}
bigcol := j;
difold := difrew; (8 only updates if greater §)
end; (8 if difnew 3)
end; (§ 1f 1O 8)
end; {3 for ; %)
end; (F for i t)
zldbigrow := bigrow:
aldbigeal := higeal:
wite (‘Element(’,bigrow:2,’,’.higcol:2,') should be:’,
wlbigrowd/wibigeal1:5:2., Tvoe "’v*’ if vou want to ',
'reglace i1t:');
write (outsatrix,’(’.bigrow:2,”,",bigcol:2,') should be:’,
wlbigrowl/wibigcol J:5:2):
readin(ans);
witeln;
if (ans = 'y’) or tans = 'Y') then begin
write (’Do you want to put value :n another location (v or n)7'):
readln(ans);
1f tans = 'y') or (ans = 'Y") then beqin
write (' Row:’)iread (bigrow):

c1-3




APPENDIX C1:

begin
t4 ;= 0;
for i := | to nue do begin
rowsum := 0
for j := 1 to nua do

rowsus := rowsus + cli,;l;
w2[i) := rowsus;
t4 := t4 + rowsus;
end; (¢ for i §)
for 1 := | to nua do
w21l := w2[il/t4;
k:=0;
repeat
t4 :=

tor 1 := | to nus da begin
wtrow := 0;

for ; := 1 to nua do

ulil := wtrow;
t4 := t4 + wirow;
end; (8 for i ¥}
= 0;
for i := 1 to nua do begin
wli) ;= wlil/t4;
d :=d + absiul1] - w2liD;:
end; (8 for 1 )
for i := 1 to nus do
w20i) := wlidy
until (k>1000) or (d<1.0E-6):
for 1 := 1 to nus do begin
§ = O
for ; := 1 to nua do
s =5+ cliy;l 8 wlh
c?il} 2= s¢
end: (8 for 1 §)
5 := 0
for i := 1 to num do
s:=s +c7lil/ulild;
lamada := s/nua;
c1 := (lasda-nus}/(nus-1);
er 2= ci/rlnuml;
end; (3 FindWeights 1)

procedure ScreenDisplay(si:integer);
beqin
writeln(subtitlie: 20,7,
writeln;
wite(’1’:4,7 ")
for 1 := 2 to sl do
wite(ize,’ '3

write(’ Weight’);

Factor ¥ ,eles:2,’

R ——

Consistency Check

wtrow := wtrow + cli,;] § w2[;l;

{8 consistency too long %)

Level #,L:2);

Ci1-2

FProgram




MR T Haac e g G SRA MRS AR e L iait Anul Sas ditedine. VY

APPENDIX C1: Consistency Check Program

progras ConsistencyCheck(input,output};
(8 Reads inpet file *satrix1® of AHP pairwise cosparisans,
Cosputes the aatrix ci,cr, and eigenvectors after allowing
the user to input corrections to the sost *deviate® inputs. The
erroneous inputs are identified by the largest divergent ratio, as
explained in Saaty AHP, page 63. Note: this progris is rough and
non-eloquent. It cosputes a total hierarchy consistency - the only
addition over the *eigenvector® pragras listed next.
-4
type
aatrix = array[0..40,0..40] of real;

coluan = array[1..40] of real;
var

Cyb & matrix;

prevwt, w.prevcosp,cospos ; coluen;

r ¢ arrayll..131 of real;
totconsis,totrandos,ci,cr,landa : real;
oldbigrow,0ldbigcol ,count,n3, i, j,L,elea,nl : integer;
bigrow,bigcol : integer;

subnames, outcomp, outmatrix,satrixl : text;
last,title,subtitle : string;

factor : array [1..35) of string;

ans : char;

atend : boolean;

procedure betMatrixisi:integer);

{$ Reads 1n AHP cosparisons and inverts nusbers { 0 to cosplete satrix $)
var

i.j ¢ integer;
begin
for 1 := 1 to sl-1 do
for j := i+l to sl do
read(matrixi,cli.jl;
reaglnimatrixi);
readln(satrixl,subtitle);
for i := 1 ta sl-1 do begin
for j := 1¢| to sl do begin
if cli,y]1 4 0 then
cliyjl o= -1reliy i
cljytd := dreliavls
end; (8 for ; O)
clig1) = 4
end; (¢ for 1 ¢)
clsi,sll 2= 13
end; (8 procedure GetMatrix 8}

procedure FindWeights(num : 1nteger);

(3 variable names from Saaty’s text, little intuitive meaning §)
var

c7.w2 : arrav(l..10) of real;
d,s.t4, rowsus, wtrow : real;
k,1.y ¢ integer:

ci-1
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AFFENDIX B: Follow-up Thesis Survey

Optional Detailed Feedback (comparison matrices)

-

s Maintainatility 1s a design function which encompasses
accessability, reliability, modularity, etc. Earlvy concept formulation
absoultely must give great consideration to this critical design
element.

11 For maneuverability to be meamingful for mission applications.
maneuverability in space is the driver. Maneuverability for
launch/recovery provides flexibility and allowance for error. Orbital
injection/selection is a different issue from maneuverability.

11 Fayload mass and volume are determined by mission which drives
requirement for maneuverability (orbital change). A higher orbit can
be traded for payload. etc. Basically you want to maximize all three
factors. Trades are based on missions and cost.

')

Fropellants are a consumable resource (supply problem),

11 Cryogenic fits under the cateqory of amount and different
tvpes. Anather case of the total set being more important than the
subset. The terms cryo and storable both cover a multitude of sins.
Hydrozine 1s probably worse than LOX but LOF is probably worse than
both. The i1ssue of number of different types i1s that a failure to
provide one may be a cause for abort thus there 1s a potential for
lots of small cratical points vice one or two big ones.

2 Facilities, by vour definition, may be either "nice to have"
or “critical."

11 What is an element? Big rockets, little rockets. expendable
rockets?

[ Structure and Mass Fraction are not mutually exclusive.

& Without global range., forget mission.

11 The issue "global range" should be expendables (fully

reusable) or flexible basing as defined by Battelle, not global range.
A1l Phase 1 concepts achieved orbital velocity, even for "once around"
missions.

9 Base escape and mobile launch essential (regards to
survivability).

11 Invalid gquestions tend toward invalid analvsis. Analyzing "How
high 1s a duck?"” can lead to interesting conclusions but not
necessarily a MS degree. 1 wish you success in your endeavor.

-
-
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APPENDIX C3: AHP Summary Program

begin
A im0
- for crit := start to cease do beqin
IS I
SuaSqr := 0;
tatal := 0;
for filen := 1 to Liait do begin
total := total + Resultslcrit,filenl;
SusSqr := SumSqr + sqr(Resultslcrit,filenl);
end; (3 for {filen K)
k‘ Resultsicrit,14) := total/Liait;

v

MeanWeightfi) := Resultslcrit,14);
(8 Insures MeanVote in colusn foraat for Calcleta 8)

Resultslcrit,15] := sqrt (SuaSqr/Limit-sqr (Meankeight(il))310;

(8 Standard Deviation is a very small nusber so ¥ 10 §)
end; (8 for crit 3)

end; (% procedure FindClusterNeights §)

procedure DisplayMainPart;
(8 displays the eigenvalues for all the judges ¥
begin
witeloutmatrix,'{’:4);
for i := 2 to Lisit do write(outmatrix.izb): writeln(outsatrix);
write(’1’:4 };
tor i := 2 to Lisit do write(izb): writeln;
for crit := start to cease do begin
for filen := | to Limt do begin
write(outeatrix,Rescitslcrit,filenl:S:31;
write(Resultslcrit.filen):5:3);
end; (8 for filen §)
witeln; writeln{outmatrix);
end; (& for crit 3)
totei := 0;
for filen := | to Liamit do begin
totct := totci + cilcluster,filenl;
write(outmatrix,cilcluster,filen):3:3);
write(cilcluster,filenl:5:3);
end; (¥ for 3)
seancy := Yotai/Liait;
writeln: writeln{outmatrix):
for filen := 1 to Limit do begin
writeloutmatrix,cricluster,ilen):5:3);
wite(crfcluster,filen]:5:3);
end: (8 for 1)
witeln: writeln(outaatrix});
end; (8 DisplayMainPart 8!
(38888888581838)
grocedure DisplayCluster;
{$ Results{"crit®erion, 1..13) = ,udges,!4=eean,15=Dev § 10
calls DisplayMainPart and thea displays the vector mean
and Standard Deviations of the priorities

1)
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APPENDIX C3: AHP Summary Program

var
totci, toter : real;
begin
DisplayMainPart;
witeln(outaatrix,’Nean’:S,” Dev § 107:11);
witeln(’Mean’:5,’ Dev ¥ 10°:11);
for crit := start to cease do begin
write(outaatrix,Results(crit,141:5:3)
. witeln(outsatrix,Resultslcrit,15]:8:
i write (Resultslcrit, 141:5:3);
) witeln(Resultslcrit,151:8:2);
end; (3 for crit 3}
k; witeln(outaatrix,seancizb:3 );
witeln(seanci:6:3);
writeln(outmatrix,seanci/ridisentcluster}ls6:3);
L writeln (seanci/r{disenlclusterl):4:3);

writeln(’ ==--ccmmmee e 1430
p
k‘

i (¥ Vector Mean for judges §)
2): (8 Dev ¥ 10 for judges 8)

end; (% procedure DisplayCluster %)
(s838888888880082180)
begin (¥ DisplaySuseary 1)
if criterionlcluster) = *bogus® then criterionlcluster] := last;
{3 insures the previous file does not prematurely terminate this
prograa trom reading the last cluster (matrix=saneuverability 8)
writeln(outaatrix,limit:3,” Decision Makers’);
witeln(’Voting Suseary’:20,' for’,linit:3,’ Decision Makers'):
start := i (8 Begins new cluster in “for" loop 3
for cluster := 1 to 9 do begin
cease := start + disenlcluster] - {;
writeln(outmatrix,criterionlcluster));
writelnloutsatrix,disenlclusteri:3);
witelnlcriterionlcluster],dimenlclusterd:3);
FindClusterdeights: {8 returns aritheetic means & variances 1)
DisplayCluster;
start := cease + |; {¥ avoids printing sase line twice §)
end; (8 for cluster 3)
end; (§ procedure DisplaySumsary 3)

procedure Initialize;

(8 sets up files, note: apple specific names. Need to label files
what ever systea calls thea.

infilel 91
infitelll]

&l
var
answer : string;
(gseaasasasLLLLLY)
procedure InitOld;
begin
infilel 1) := "#3:,udgel.text’s 1nfile 2) := '#5: judgel.text’:
infilel 31 := ’#3:judgel.text’s infilel 41 := *#5:;udged.text’;
infilel 5) := *#5:;udge5.text’s infilel 6] := ’*#5:,udgeb. text’;
intilel 71 := *#5:judge’.text’: 1nfilel B8] := ’#5:;udge8, text’;

"85: judge9.text’: infile(10] := ’*#5:judgelO.text’:

83z judgell.text’; 1nfile(12] := *45:,udgell. text’;

c3-35
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APPENDIX C3: AHP Summary Program

infilel13] := ’#5:geosean.text’;
end; (8 Init0ld 8

{338838888883388018)
procedure InitNew;

begin
infilel 1] := *#5:judgels.text’; infilel 21 ;= *43: judge28. text’;
infilel 31 2= *#3: judgedt.text’; infilel 4) := '45: judgeds. text’;
infilel 51 := "#5: judged8.text’; infilel 6] := ’45:;udgest. text’;
infilel 7] := *#5:judge7t.text’; infilel 8] := ’45: judgeds. text’;
infilel 91 := "85:judge93.test’; infile(10] := '45: judgel108.text’;
infileC1t] = *#3: judgelid. text’; infile(12] := *45: judgel1s. text’;

infile(13) := '#5:qecseant. text’;
end;: (8 InitOld ©)

begin (8 initialize 8)

(¢ Randoa Consistency Table (reduced for probles ) 8)

ri3) := 0.58;
r(4) := 0.9; r(5) := 1.12; rlb) := 1.24;
rl7) := 1.32; r(8) := 1,415 r(9) := 1.45;

r{103:= 1.49;

writeln(’This progras will take raw dats fros a sax of 13');
witeln(’ judges’” files (13=geosean) and compute eigenvectors + means’):
witeln{’and will output the results on file #5:eigout’);

writeln;

wite('Do vou want to use new (updated) or original data (n or 0)’);

readin{ans);
if ans = 0’ then InitOld
else begin
writeln (’New Files being used’):
InitNew:
end; (8 else 8}

write("How many files do vou want to use? ’): readinl(lisit);

if limit = 1 then begin

wite({’¥hich file nusber do vou want to work? ’); readlnifilenus);

infile(1] := infile{filenual;
end; (8 if 3)
end; (% initialize 8)

begin (3 aain prograa §)
rewriteloutaatrix,’ #3:e1qout. text’);

(8 i 1 file, only infile[l] read %)

imtialize: (8 file titles set and user inputs "limit" 1)

for filenua := 1 to limit do
DoOneFile(f1lenua);
DisplaySussary (limt!;
close {outmatrix,lock);
end. (8 prograa eigenvector §)
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APPENDIX C4: Vote Conversion Praogram

arogras zeta (input,output);

(8 Reads in raw judges’ files sequentially and outputs the
converted weights and zeta coefficients to file indvotes. First
converts the AHP aatrix with 1-9 scale into a voting matrix (0,1/2,1).
Calculates the sax nusber of circular triads and subsequently
the Kendall coefticient of consistency (zetal, following the procedures
outlined by Kendall (1970:14b). Tied ranks are taken care of by
detersining a range of triads possible and using the average to
derive zeta - see Dobbins (1980:30),

)
uses
X transcend; (8 apple for square root function ¥)
ype
satrix = array(0..11,0..111 of real;
coluan = array[0,,12] of real;
var
copy, VoteCoust: array(0..40,0..15] of reals
: satrixg
letal), ZetaC : arrayl0..10,0..13) of real;
ordered,RowVotes,w : coluan;
results : array{0..10,0..10,0..13) of real;
sequence,disen : array[0..11] of integer;
lisit,crit,filenus,i, j,cluster : integer;
criterion,infile : array(l..14] of string;
1tes : array[1..41) of string;
Aveleta,Coaletal,first,maxw ¢ real;
author, last : string;
outsatrix,satrizl : text;
WantCopy : boolean;

procedure Naseit;

(¢ file of subobjective names 3}

var
names : text;
1.y ¢ 1nteger;

begin
reset (names,’#4:nases,text’):
for 1 := 1 to 41 do

readin(nases,itealil};

close(nases);

end; (8 procedure naseit 3)

function maxtriads(numsinteger) : real;

(3 detereines the max:isus nusber of triads passible for a
disension of a pairwise coaparison matrix
113222083833 883 0800

function nuseven (num:inteqer) : boolean;

begin
1 trunc(nue/2) = nua/2 then
nuseven := true
else
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APPENDIX C4: Vote Conversion Program

nuseven := false;
end; (8 function nuseven 8)
(33888832830338331388)
begin (8 function maxtriads 3)
if nuseven(nual then
saxtriads := (num 3 (sar(nue) -4))/24
else
saxtriads := (nus § (sqr(nus) -1))/24;
end; (3 function saxtriads 3)

procedure sort(var colus : colusn; nus : integer);
(3 deteraines sequence and saxisua elesent of vector 3)
var
1 ¢ integer;
sorted : boolean;
teap : real;
begin
(8 pass through colua until sorted §)
repeat
(8 assuse colum is sorted 8)
sorted := true;
(1 start new pass 3)
for 1 := 1 to nue-{ do
(3 start new pass §)
if colusli) < calusli+]]) then begin
{3 out of order - exchange and reset sorted 8)
teap := colus(itl];
coluali+i] := coluali J;
coluali ] := tesp;
sorted := false:
end; (3 if columl)
{3 test sorted at cospletion of pass #)
until sorted:
saxw 3= coluall);
end: (8 sort %)

procedure betMatrix (nus:integer):
(8 reads in raw AHP comparisons and converts ta *voting® matrix )
var
i,j ¢ iateger:
begin
for i =1 to nua-1 do
for ; := i+} to nus do
read(matrixl,cli, ;1)
readin(eatrisl);
readin(matrixi,criterion(cluster]);
for 1 := | to nus-1 do begin
for j :3 i+] to nus do begin
it cliyjd < 0 then begin
cli, ;] = 0:
cljyyid 3= 1
end (8 if b
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APPENDIX C4: Vote Conversion Program

else if cli,j] = | then begin
cli, ;1 := 0.5;
elj,i1 := 0.5
end (3 else if 3)
else if cli,jl > | then begin
cliyjl := 1
clj,il := 03
end; (§ else if §)
end; (8 for j §)
cli,id := 0;
end; (3 for i ¥)
clnua,nual := 0;
end; {8 procedure GetMatrix 8)

procedure FindWeights (nue:integer);

{8 returns wli] : percentage of RowVotes for elesent i
also returns first: *first® part of zeta calculation
and zeta: Kendall’s measure of consistence.

1§
var
D,leta,SumD, TotalVotes : real;
i,j ¢ integer;
begin

TotalVotes := 0;

for i := 1 to nums do begin
RowVotes[il := 0;
for j := 1 to nus do

RowVotes{i} := RowVotes(il + cli,,l:
TotalVotes := TotalVotes + RowVotes(il:
end; (§ for i &%}

Suad := 0;
for 1 := 1 to nua do begin
erit = crit ¢ 13
wli] := RowVates[il/TotalVotes;
Suad := SumD + RowVotes{ils (RowVotes(il-1);

VoteCountfcrit,filenual := RowVotes(il;
end;
first := nuatinus-1)$(num-2)/4; (8 first is used in Calcleta
D := first - SuaD/2; (% Actual # triads 3}
leta := | - D/saxtriads(nusl:
letaUlcluster,filenum) := zeta;
end; (8 procedure FindWeights §)

procedure DisplavVotes (num:integer):
{$ "cluster®,‘RowVotes®. and *criterion® are passed globally §)
var
1.5 ¢ 1nteger;
begin
writeln(criterion{cluster]):
write(’ ":3.717);
$or 1 := 2 to nue do
write(ial;

C4-3
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witeln(’ Total’:9,’ Weights');
for i := 1 to nua do begin
for j 1= 1 to nue do
writelcli,j1:6:2);
writeln(RowVotes[i):6:2,ulil:8:3);
end; (3 tor i %)
witeln(’Zetalu} = ', letalcluster, filenunl: b:4,’ letalc) = 7,
letallcluster, filenun]:b:4);
witeln{’ ==-s-v=m-—- ’130}:
writeln(outaatriz,criterionlclusterl);
writeloutmatrix,’ ’:3,°1')s
for i :=2 to nua do
writeloutaatrix,izél;
writeln{outmatrix,’ Total’:9,” Weights’};
for i := | to nus do begin
for ; := 1 to num do
witeloutsatrix,cli,jl:6:2)3
writeln (outmatrix,RowVotes{il:6:2,wli):8:3);
¢ (8 fori 8)
writeln(outsatrix,’Zetalu) = ’,letallcluster,filenun):b:4,” letalc) = *,
TetaClcluster, filenual: 6:4);
writeln(outaatrix,’=-=~=-=----- 1130
end; (8 procedure DisplayVotes 3)

procedure Calcleta(RowV:coluaninussinteger);

(3 Also need *First’ froa FindWeights to Find a corrected
leta for tied cases. Also verities totals are aporopriate
to the Kendall assusptions §)

var
hal fway,i,j,NusTies : integer;
Tielocate : array [0..11] of integer;
tesp : coluen;
ver ify,bogus,LowSuaD, HighSuaD, AveSusD : real:
(83883083888 8882033428)
procedure FindLowSumD;
var
LoSuaD : real:
begin
for i := 1 to nue do
teapl1] := ordered[il;
for t := 1 to halfway do
teap(Tietocatelil] := round(teap{TieLacatelill + 0.5};
{8 since 1n order of big to ssall, to obtain a large estisate
of the nuaber of triads need to round up larger values
ithe t1rst half) and round down the sealler values §)
for i := halfway+l to NuaTies do
temp(Tielocatelil] := rounditemp{Trelocatel1]] - 0.5);
verify 1= 0:
for 1 := | to nus do
verify := verify + tespln];
bogus := nual (nue~-1)/2;
tf verify <> bogus then writeln(’Sua of revised rowvotes (rounded high) = -

ca-4
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APPENDIX C4: Vote Conversion Program

verify:7:1,’ which should be = ’,bogus:7:1);
LoSuaD := 0; (3 Dobbins convention since high estisate gives
low zeta 8)
for i :=1 to nua do
LoSuaD := LoSuaD + temp(ils(tesplil-1);
LowSuaD := first - LoSuaD/2;
s (8 procedure FindLowSusd 8)
(SR388308838881038)
procedure FindHighSumD;
var
HiSusD : real;
begin
for i := 1 to nue do
tesp(1] := ordered(1];
for i := 1 to halfuay do
tespiTi1eLocatel1]] := round(teap(Tielocatelil) - 0.5):
for i := halfway+l to NueTies do
tesp(Tielocate(i)) := round{tesp{Tielocatelil] + 0.5);
verify := 0}
for it := 1 to nua do
verify := verify + tesplil;
boqus := nuad{num-1)/2;
if verify (> bogus then writeln(’Sum of revised raw votes (rounded ',
low) = ',verify:7:1.’ which should be = ’,bogus:7:l};
HiSuaD := 0;
for 1 :=1 to nus do
HiSusD := HiSusD + tesplils(tesp(i]-1!};
HighSusD := first - HiSueD/2;
end; (3 FindHighSuaD 1)
(33833338888881183)
begin (8 procedure Calcleta §)
for 1 := | to nue do
orderedli] := RowV[il;
sortlordered,.num); ($ causes 'i’ index to be from largest to seallest ¥}
NuaTies := 03
for t := 1 to nua do
1¥ trunclordered{il) <) ordered(il] then begin
(3 1/2 reflects tied ranks 3)
Numlies := NueTies ¢ 1}
TieLocate{NumTies] := i}
{8 TielLocatell..NumrTies] = row % of tied score §)
end; (3 1f & incidentally, for 1 8)
halfway := round (NuaTies/2);
FindLowSuaD:
FindHighSusD;
AveSuaD := (HighSumD + LcwSusD)/2;
Aveleta := 1 - AveSusD/sixtriadsinue’;
end; (3 orocedure Calcleta 3)

procedure DoOneFileiindax:irteger);
begin
crit := 08
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APPENDIX C4: Vote Conversion Program

reset (satrixl,infilelindex]);
readln(eatrixi,last); (8 last = criterion of last matrix 3
readln (satrixi, author);
readin(aatrix] disenl1]);
i+ NantCopy then begin
witeln(’Judge #:20,index:3,” Results (Voting Matrix)’);
writeln(outsatrix,’Judge ¥ ,index:3,” Results (Voting Matrix)');
end; (3 it §)
cluster := 13
criterion(9] := ’bogus’; (8 inits ‘last’ criterion to cosplete repeat 1)
repeat
while diesn[cluster) = 0 do readln(satrixi,disen(cluster]);
(3 the ’0° are for sequencing cosposite weights ~ something
this progas is not interested in doing 3)
GetMatrix (dimenlcluster]);
FindWeights(disenlcluster]); (8 out: wlil:percentage votes & Rowvotes )]
Calcleta(RowVotes,dimen{cluster1}: {8 autputs average zeta §8)
zetaCCcluster,filenus] := Aveleta:
i¢ WantCopy then DisplayVotes{disenfclusterd);
-f criterionfcluster)<>last then begin
clyster := cluster + 15
readln(satrix1,disenlcluster]);
end: 13 1f B
until criterion{cluster = last;
close(matrix1);
snd; ‘1 procedure DoOneFile 8)

procedure DisplaySuseary (JudgeNus:integer);
(3 write out individual votes, total priorities, and variance
between priorities for judges
1))
var
filen,start,cease,crit,i,; & integers
SusSgr, TotZeta,Sued ¢ real;
total,MeanVote : colusni
{SRERSHERRLL3R00418)
procedare FingClusterdeights;
Yar
1umpas ! real;
begin
R H
for crit ;= start to cease do begin
VoteCountfcrit,14) := 0; (% imt total to zera ¥}
SumSqr := 0
RowVotas(1] := 0%
2ab := 0; (3 sase as local variable in FindWeights ¥)
pumpos := disenfcluster] 8 (dimenfcluster]-1}/2;
{8 nuepos is nusber of possible votes tor single voter ¥)
for filer := | to JudgeNum do begin
ynteCount{crit, 141 := VoteCountlcrit, 141 + VoteCountlcrit.filenls
SumSqr := Sum3gr ¢ sar (VateCountlcrit f1lenl/nuapasis
end; (3 for filen B
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APPENDIX C4: Vote Conversion Program

MeanVote(il := VoteCount(crit,14}/liait;

(8 Insures MeanVote in colusn format for Calcleta $)
voteCount{crit,13] := sqrt(SuaSqr/limit - sqr{MeanVotelil/numpos))s10;
SusD := SuaD + MeanVotelilt(MeanVotelil-1);
ii=itly
total[cluster] := totallcluster] + VoteCountlcrit,i4];

end; (§ for crit %)
first := disenlcluster]8(disenlcluster }-1)&(dimenlcluster])-2}/b;
Comletall := (first-SumD/2)/maxtriads(disenlcluster]);
end; (3 procedure FindClusterWeights )
(SB332833228580232881358)
procedure DisplayCluster;
{# VoteCount(*criterion®, 1..13) = judges,i4=total,15=variance 3)
var
objective : integer:
begin
write(outsatrix,'Crit’,’17:4);
for i := 2 to JudgeNua do write(outmatrix,i:5);
witelntoutmatrix,’Totht’:7, ' Dev$i0’:7);
objective := 0; (8 to break crit into cluster criterion nusbers §)
for crit := start to cease do begin
chjective := objective + I}
witeloutmatrix,objective:3,” ")
for filen := | to JudgeNun do
arite{outsatrix,VoteCountlcrit, filenlsSef);
write(outmatrix,VoteCauntlcrit, 14]/total [clusterl:5:3);

writeln(outmatrix, VoteCountlcrit, 153:5:3); (8 Devdi0 between judges 1)
end; (3 for crit 8)

Totleta := 0:
write(outsatrix, Z(u)’);
for filen := 1 to JudgeNus do begin
writeloutmatrix,Zetallcluster filenlsd:2)
Tatieta := TotZeta + letallcluster,filen);
end: (! for 8)
writelnioutmatrix, TotZata/Liait:S:3);
Tatleta := O
aritefoutaatrix, l(c)’);
far ¢1len := | to JudgeNus do beqin
writeloutmatrix, ZetaClcluster,f1len}:4:2);
Totleta := Totleta + letallcluster,filenl:
end: (8 for §)
writeln(outaatriz, TatletasJudgeNuss5:3);
ands (8 procedure DisplayCluster §)
(ERga8ResasLRLLLIRLL]
Jegin (% DisplaySumaary 1)
rewrite (outmatrix, "85:SuaVotes, text’);
ariteln(outaatrix, 'Voting Sussary’:20,' for’,limt:3.” Decision Makers’):
start := 1 (¢ Beqins new cluster in “for" loop %!
sar cluster 1= | t2 9 do begin
totallcluster) := ¢ (¥ votes per cluster &
caase := start + claen(ciuster) -
writeiniautmatrix,critertanlclusterli;

C4-7
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writeln/c~iterionlclusterl);
FindClusterWeights; (8 returns MeanVotelil’ and ’first’ %)
Calcleta(MeanVote,disenlcluster));
DisplayCluster;
start := cease + |} {8 avoids printing sase line twice §)
end; (8 for cluster %)
closeloutmatrix,lock);
end; (3 procedure DisplaySuasary §)

procedure Init0ld;
begin
infilel 11 := *#5:arnettin.text’s infilel 2] :
infilel 1) := "#5:parringin.text’; infilel 41 :
infilel 51 := ’#5:rallin.text’: infilel &) :
infilel 71 ¢

= '#5:s0chelin, text’;

= "§5:perenicin. text’;
= = "#5:robackin. text’;
= "#5:ricein. text’; infilef 8] :=

infilel 9] := '#5:walbergin.text’; infilell0] :=

infilel11} := ’#5:hartin, text’; infilel12] :=

infilef13] := ’#5:geomean.text’;
ecc; (8 Init0ld 8

'#5:stanleyin. text’;
"#5:brownin. text’;
*§5:hauserin. text’s

procedure InitNew;
begin
infilel 1] := "#5:arnettint.text’;s infilel 2} := '#5:mochelind.text’;
infilel 31 := "#5:parringind.text’; infilel 41 := ’#5:perenicind.text’;
tndilel 53 := "#3:rallind. text’: infrlel 6) := "#5:robacking.text’;
infilel 7] := "#S:riceint. text’; infilel B8] := "#3:stanleyink.text’;

srocedure InitOld:

{8 sets up files, note: apple specific names. Need to lable fi}es
ever systes calls thes.t) l
begin

intilel 11 := *#3:judgef.text’; nfilel 21 :
infilel 31 := #5:;udgel.text’; infilel 4] :
infirlel 5] := *#5:judgeS.text’; infilel 6] :
infilel 7} := *#5:judgel. text’; infilel 81 :
:nfilel 91 := "#5: udge9.text’s 1nfilel1D] :
infrlelil] := *#5: judgeld.text’s infileli2] :
inf:lel13] 1= *#S:geomean.text’:
end; 3 ImitGid 8

'#3: judge2.text’
"43: judged. text’;
'#3: judges. text’:
"#3: judge8. text’;
432 judgelO. text’;
*#5: judgel {. text’;

(YRR T I L

" " " " [1) "
wow

srocedure initNew;
Legin
srfilel 1)
infilel J1:
infilel 31 :
infilel 7] :
infiiel 91

*#5:;udgels.text’; infilel 2] := '#5:;udgeZs.text’;

"#5: judge3t.text’; infilel 4] := "45: udgeds.text’;

"#5:judgeSt.text’; 1nfilel 6] := *45:judgest.text’:

“#3:judge?t. text’: infailel 8) := ’#3: judgeBs.text’:

"#5:,udge9s. text’s infile(10] := "#5:;udgelO8. text’;
infrielll] := *#5:judgells. text’; 1nfile(12] := "#3:judgelis. text’;
infile(13] := "#5:3eoseans. text’;

end; ‘% [nitNew 8)
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procedure SetUp;
{8 Makes Headings and asks user for his inputs (limits, wantcopy) 8)
var
ans,newfile : string;
begin
wite(’Do you want new or old files? (n or o) ’);readln(newfile);
if newfile = g’ then
Init0ld
else begin
InitNew;
writeln(’ Using New Files’);
end; {8 if §)
Naseirt; (8 puts criterion titles i1n an array for display 1)
wite(’How many $iles do you want to look at {13=geomean)? ’);
readin(limit);
1 limit = 1 then begin
write(’¥hich file nuaber do you want to work? '); readlnifilenun);

infilell) := infilelfilenum); (8 if 1 file, only infilell] read 1)
end; (3 if B

sriteln(’File VotesDut will contain :eta and average weights and votes’);
witet’Do vou want individual matrices - file zetaoutly or n)? 715
readln(ans);

if 'ans = ’y’) or fans = 'Y') or (ans = 'yes’) then
WantCopy := true
else
WantCopy := false;
end; (¥ SetUp 8)

begin {1 main prograa leta 1)
rewr1te(outmatrix,’ #5:zetaout.text’);
SetUp: (3 initializes files, user inputs lisit & WantCopy 8}
writeln(’Standby this takes awhile’);
for filenum := 1 to liait do
DoOnefFile(filenum);
closetoutmatriz,lock)s
lisplaySusmary(limtl: (8 writes to file VotesDut §)
end. (3 sain program leta §)

ca-9




APPENDIX D: Sample Computer Input-Output

Saaple Raw Input File
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- - Designates the Last Criterion Matrix to be read in (for shorter runs).
- - Designates the *Title" or Judge’s Nase (%= Revised Data).
- - Designates the Dismension of Matrix about to be read.

- - ANP Comparisons tor Halt Matrix

- - Designates Criterion of Matrix Just Read.

- -eros for Seguencing Cosposite #eights
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APPENDIX D: Sample Computer Input-Output

Sample Results for Consistency Check Progras

Judge # JeRESULTS
TAV Effectiveness, Factor ¢ 0 Level # 2

1 3 4 5 5 Weight

: 00 1.00 100 3.00 5.00 7.00 0,25874
- (.00 1,00 1.00 3.00 5.00 7.00 0.25874
[ 00 1.00 1,00 3.00 7.00 7.00 0.27401
‘k 031 033 033 LO0 5.00 .00 0.13252

0,20 0,20 0,18 0.20 1.00 .00 0.0479%
0.14  0.14 0,14 Q.14 0.2 1,00 0.02803
lamda{max}: 6.2805 C.I.: 0.03609 C.R.: 0.04524

fequiresents., Factor # 1 Level # I

.—Fv.vv

1 2 3 4 3 b 7 8 Weight Comp-Wt

LO0 7.00 .00 5,00 S5.00 9.0 0,33 100 0.23933 0.0619
o1 1000 2,00 0.3 0,20 5,00 0,20 0,20 0.04417 0.0114
023037 L0000 0,37 0014 300 0,200 0,37 0.03548 0.0092
0,200 3,000 3,00 1,00 0,20 S.00 9.20 0,33 0,06154 0,019
2200 500 7.0 S.00 1L, 7,00 0,37 00 0.17343 0.0449

2.4 0,20 320 0.200 0,13 100 0011 011 0.01810 0.0042
OO 50000 S.00 S.00 .00 9,90 1,00 3,00 0.30151 0.0780
1,000 5,90 L0 J.00 0,33 9.00 0 0.37 1,00 0,12B847 0.0372
lamgaimay): 9.2068 C.1.: 0.17281 C.R.o: 0,12207
[ 1, <) should be: {.38 actual: [ 1, S} = 1.0 with C,R.= 0,08457

Reguirements, Factor % ! Level # 3

1 z e 4 3 b 7 8 Wweight Como-Wt
L0000 T00 000 S.00 100 900 0,270 00 9,17577 0,045
SC L0 L0000 0,370 0,200 5,000 0,200 0,200 0004766 G,0027
GITO033 L0000 0.3 0014 L0000 .20 T 0.0Th42 0,0094
W20 T L0000 LO00 0,200 5,00 0,20 .13 0,06885 90,0172

e 500 7000 5,00 o0 70000 5,370 .00 0,20798 0,058
Goll 0200 0370 0,200 0018 Lec 010 0l 0L01TIL 0.0044
TS0 S.00 0 5,00 o0 06 LoD 3,00 0071420 0.0813
S0 500 o0 T,000 0,730 9,00 0.7 L.0v 0,12420 6,034

lznda aav): 8,847 [LI: 0.11919  L.FR.: 0,0B457

“grigraarce, Factor ¢ 2 (evel # 7

! N M Weignt Camo-at
GO G00 300 0,5586F L 1T
2200 L Lo 0.icelB .od0d
0,30 100 L0 GUIBSET G AT

LA A At P AR S T T

lamdamacis 2.9200 Coloe 0,00480 CR0y 002808
D-Z
3 _ " :\'4 S ) R
3 L o n - ~ o o NN o [ LSS
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APPENDIX D: Sample Computer Input-OCutput

Risks, Factor # 4 Level ¥ 3

1 2 3 Weight Como-Wt
1,00 0.20 0.14 0.07193 0.0093
5,00 1,00 0.33 0.27895 0.0370
7.00 3,00 100 0.64912 0.0860
lasda(sax): 3.064% C.I.: 0.03244 C.R.: 0.03594

Logistics, Factor # 5 Level # 3

t 2 3 Weight Comp-Wt
1,00 S5.00 0.33 0.27893 0,0134
20,20 1,00 O.14 0.07193 0.0034
00 7.00 1,00 0,54912 0.0318
landaimax}: 3.0649 C.1.: 0.03244 C.R.: 0,05594

Survivability, Factor ¢ & Level % 3

! 2 3 ) 3 b 7 weight Comp-wt

£L,00. 7.00 3,00 .00 0.3 5,00 0,20 ©.17845 0.0030

2,14 1,00 00330 T.000 0.200 1,00 0,20 0.04804 0.0012

0,33 I.00 LO0 Z.00 L0000 Z,00 0,20 Q.10080 90,0029

2,14 0,37 037 L0000 0,200 .00 0014 0,03947 0,001l

L0000 S5.00 L0000 1,06 500 0.13 0.19938 0.0056
- 0,20 LU0 0,33 033 0,20 L0000 0,14 0,02710 0.0009
- .00 500 5.000 7.00 3,00 T.00 0 1L00 0,39935 0.0112
-~ landa(sasi: 7.8842 C.l.: 0.14736 C.R: 0.11184

{ 5, 1! should be: 1.12 actual:s [ S5, 1) = 1.0 with C.R.= 0.08807

Survivability, Factor # & Llevel 87

i Z M 4 b ¢ 7 Weight Comp-#it
GO0 T T00 TL60 L S.00 0,20 0.20187 60087
G180 100 0T 30000 0,200 100 0,20 0.04975 0,0014
a7 100 Lo 3000 1,000 3000 9,20 0.10187 0.002%
G148 G.I3 0T L0902 I.00 0,14 0008048 0.0011
1,00 5,00 L0 S0 L0000 5,00 0,77 0,1SBES (.004%
.20 100 037 8.3 0,200 LoD 0,14 0.03410 0.0010
S 5.0 S0 LR 00 V00 L0 041307 0.01Ls
landamax): 7.4975  C.1.: 0.11626 C.R.: .08807




ﬁ APPENDIX_D: Sample Computer Input-Output

Propellants . Factor $17 Level # 4

-

1 2 3 Weight
.00 1,00 0,73 0.20000
1.00 1,00 0,33 0.20000
300 3,00 1.00 0.60000

lamdaimax): 2.0000 C.I.: 0.00000 C.R.: 0.00000
Maintainability, Factor #19 Level # 4

i i 3 4 ueight
1,00 0,37 0.20 1,00 0.10685
3,00 1,00 0.33  1.00 0.20979
S.00 300 1,00 3,00 0.32350
1,00 1,00 0.33 1.00 0,15784
lasdatmax): &4.1155 C.I.: 0.03849 C.R.: 0.0827%

Maneuverability, Factar # 1 Level # 3

! 2 v Height
1,00 5,00 7,09 0.7147)
9,20 1,00 S.00 0,21849
0.18  0.20 1,00 0.06680
lasdaimax): 7,188 C.I.: 0.09138 C.R.: 0,15736
{ 3. 11 shauld be: 0,09 actual: [ 1, I1 = 9.0 with C.R.= 0,10093
0 I, 1) should be: 0,08 actual: [ 1. 23 = 4,0 with C.R,= 0, 06144

[

LS JEn JER ah e sou
«

Maneuverability, Factar # 1 Level # 9

o i 2 z Weight
e .20 400 9,00 0,70852

' %25 teet 5.00 020118

ht S 0200 Lag 0.06033
lamda@a:y 2,071 Coloe 0,02863 LR 0.05184
Tne Consistency of this nierarchy = 0.064C

-

)
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APPENDIX E: Statistical Tests

Significance of tau, concordance (W), and 2eta

Ho:Measure is not significant. If P > a, accept Ho, else reject

APPENDIX E:1

Probabilities Associated with Values as Large as Observed
Values of S in the the Kendall Rank Correlation Coefficient

S Values of N S Values of N
4 S 8 & 7
(4)% (10)x (28)x% (15)% (21)%
Q .4625 .592 .548 1 .500 .S500
2 .375 .408 .452 I .360 .386
4 167 .242 .360 S .235 .281
X 6 .042 117 .138 7 136 .191
3 =] 042 199 ? .068 .119
- 10 .008 .138 11 .028 .068
12 .089 13 .008 .035
14 094 15 .001 .013
16 031 17 - 054
18 016 19 - 005
20 .007 21 - 001
xX{(a) - conversion factor: S = (a) (tau)

(Siegel, 1956:28%5)
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APPENDIX E:2

Critical Values of S in the Kendall Coefficient of Concordance

b jectives (k)
3 4 S [} 7

(.05 significance)

64.4 103.9 157.3

49.5 88.4 143. 3 217.0

&62.6 112.3 182.4 276.2

75.7 136.1 221.4 335.2

48. 1 101.7 183.7 299.0 433.1
{.01 significance)

75.6 122.8 185. 6

61.4 109.3 176.2 265.0

80.5 142.8 229.4 343.8

99.5 176.1 282.4 422. 64

66.8 137.4 242.7 388.3 579.%

(Siegel., 1954:286)
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APPENDIX E:3

Significance of Zeta, for N = 3 through 9

N=3J3 N =4 N =235 N =6 N =7
Zata P Zeta P Zeta P Zeta P Zeta P
0O 1.0 0 .4625 0 1.0 0 1.0 0 1.0

1.0 o .50 .375 .20 .703 <125 773 .072 .964
1.0 o .40 .469 .250 .S09 .143 .853

N =8 .60 .234 375 398 .214 .737
Zeta P .80 .117 .500 .208 .286 .553
0 1.0 1.0 o .625 .120 .357 .420
050 .949 .7%0 051 .429 .287
.100 .8%59 .875 .022 .500 .198
«.150 .768B 1.0 0 .572 .112
«200 .629 643 .069
.250 .520 .715 .033
.300 .390 .787 .017
.350 .299 .858 .006
.400 .208 «929 .002
.450 .133
.500 .094
.550 .063
.600 .037
<650 .023
.700 .011
.750 .006
.800 .003

(Dobbins. 1780b:32)
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.............




e s

AFPPENDIX F: AHP Summary of Priorities

AP Susmary for 13 Decision Makers
Judge #13 = Geometric Mean Input for the First 9 Judges
Mean = Aritheetic Mean of Individual Priority Vectors

TAV Effectiveness

Crit

A & e

b
ct
CR

1 2 3 4 S 6 7 8 ¢ 10 11 122 13
0.313 0.159 0.259 0.600 0.16b 0.181 0,411 0,241 0.040 0.345 0.395 0.211 0.278
0.141 0,203 0,259 0.127 0.234 0.278 0.149 0,269 0.323 0.100 0,326 0,386 0,263
0.167 0.142 0,274 0.040 0.268 0.044 0.026 0.212 0.074 0.084 0,022 0.188 0,123
0.051 0,049 0.133 0.104 0.101 0.073 0.083 0.033 0.270 0,066 0.074 0.051 0.102
0.244 0.151 0,048 0.047 0,114 0.031 0,037 0.184 0.190 0,164 0,132 0.125 0,109
0.083 0.275 0.028 0.083 0.117 0,393 0.094 0.061 0,103 0,239 0.05! 0.039 0.125
0.049 0.062 0.036 0.198 0.082 0.310 0.147 0,095 0.121 0.141 0.319 0.248 0.011
0.036 0,050 0,045 0.160 0.06b 0.250 0.119 0.077 0,097 0.114 0.258 0,200 0,009

Mean Dev 8 10
0,293 1.37
0.233 0.32
¢.128 0.77
0.092 0,31

0.12

I 0

0.131 0.9

0.14
0.11

Requi
Crit

0~ O LA 3 P e

Cl
Ck
Mean

3
3
resents
{ 2 3 4 5 b 1 B 9 10 i1 12 13
L1684 0,239 0.254 0,129 0.237 0.410 0.075 0.246 0.179 0.422 0.136 0.230
187 0,044 0,040 0,215 0,075 0,121 0,208 0.132 0.108 0.144 0.018 0.134
175 0,035 0,028 0.140 0.034 0.036 0.018 0,019 0,074 0.02¢ 0.069 0.041
183 0,062 0,332 0.058 0,044 0,174 0.129 0.150 0.234 0.242 0.063 0. 143
53 0.029 0.173 0,183 0.324 0,115 0.105 0.205 0.076 0.082 0,047 0.295 0.150
027 0.029 0.016 0,067 0.035 0.014 0,027 0,015 0,030 0,051 0.013 0.084 0.032
0,084 0.099 0,302 0.011 0.033 0.390 0.029 0,111 0.043 0.076 0,021 0.185 ¢.093
0,155 0,175 0,128 2,086 0,064 0,089 0,097 0,278 0.234 0,197 0.085 0.148 0,154
0.034 0,034 0,172 0.456 0.090 0,317 0.087 0.157 0.140 0,104 0,441 0,840 0,021
0.024 0.026 0,122 0.330 0.064 0,225 0.062 0.111 0.099 0.074 0,313 0.59 0.013
Dev 8 10

i)
4
35
95

g

oD

oo

0.1
0.1
0.1
0.1
0.1
0.

0.219  0.78

0.11

¥ 0%

0.067  0.49

0.13
0.14

2 0.89
9 0.7%

0,034 0.19

0.1
0.14
0.22

7 1.04
2 0.48
4

0.139

T
1
(S
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APPENDIX F: AHP Summary of Priorities

Perforaance
Crit 1 2 3 4 ] 5 1 B 9 10 1 12 13
1 0.429 0,429 0.659 0.191 0.443 0,564 0.400 0.485 0.158 0.097 0.733 0.487 0.489
2 0,429 0.143 0.156 0,048 0.169 0,172 0.200 0.234 0.076 0.202 0.184 0.078 0.181
3 9,143 0.429 0.185 0.761 0,387 0.264 0.200 0,080 0.766 0.701 0.063 0.435 0.330
CI 0.000 0.000 0,015 0.164 0.009 0.788 0.000 0.147 0,068 0,068 0.147 0.006 0,002
CR 0.000 0.000 0,025 0,282 0.016 1.359 0,000 0.254 0.117 0.117 0.234 0.011 0.004

Mean Dev § 10
0.458 1.31
0.174  0.76
0.38 2.14
0.109

0.188

Risks

Crit 1 2 3 4 3 b 7 8 9 0 1 12 13
1 0.091 0,088 0,072 0.722 0.550 0,778 0.333 0.132 0.308 0.200 0,067 0.078 0.301
2 0.455 0,669 0,279 0,227 0.210 0.111 0,333 0.694 0.308 0.400 0.218 0.435 0.401
3 0.455 0.243 0.649 0.051 0,240 0,111 0,333 0.174 0.385 0.400 0,715 0.487 0.298
I 0.000 0.004 0.032 0,104 0.009 0,000 0,000 0,040 0.000 0.G00 0,091 0.006 0.000
CR 0.000 0.006 0,056 0.180 0.015 0,000 0.000 0.06% 0.000 0.000 0.158 0.011 0.000

Mean Dev 8 10

0.288 227

0,362 1,12

0.35¢  1.60

0,022

0.038 .4
Logistics
Crit 1 2 3 4 3 4 7 B 9 10 11 12 13

1 0.143 0,258 0.279 0.048 0.163 0.203 0.455 0.124 0.600 0.130 0,633 0.055 0.231

2 0,429 0.105 0.072 0.191 0.297 0.055 0,091 0,119 0.200 0.062 0.063 0.203 0. 150 ‘

3 0.429 0,637 0.649 0.741 0.540 0.742 0.455 0.747 0.200 0,808 0,304 0.742 0.609 ]
€I 0.000 0,019 0.032 0,164 0.005 0,218 0,000 0.006 0.000 0,068 0,068 0.218 0.001

CR 0,000 0,033 0.056 0.282 0,008 0,376 0.000 0,011 0.000 0.117 0.117 0,374 0.001 ]
Mean Dev § 10

0.258 1.49

¢.157  0.95

0.584 0,84

0,061

0.106
Survivability

Crit 2 3 4 5 b li 8 9 10 11 12 13

0.060 0,033 0.179 0,020 0,053 0.023 0.063 0.039 0.048 0.033 0,016 0.295 0.060
0,144 0,078 0,048 0.019 0.295 0.095 0.128 0.364 0.093 0,041 0.449 0,261 0.126
0.168 0,066 0,102 0.250 0.039 0.074 0.569 0.022 0.194 0.406 0,073 0,065 0.139
0.144 0,092 0.039 0,055 0,107 0,046 0,045 0,238 0.194 0.191 0.149 0.093 0,108
0,049 0,056 0,200 0,084 0,094 0.138 0,054 0,075 0.038 2,103 0,035 0.042 0.0%2
0.219 0,214 0,033 0,280 0,051 0.294 0,063 0.060 0.252 0.121 0.036 0,043 0.159
0.219 0.450 0.399 0,293 0.360 0.328 0,077 0.204 0. 181 0.083 0.242 0.200 0.316
0.072 0,109 0.147 0,208 0.129 0.215 0,137 0.139 0,086 0.221 0,333 0,236 3,007
0,054 0,082 0,112 0,158 0,098 0,143 0.104 0,16 0,065 0.168 G.232 0.179 0,006

[
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APPENDIX F: AHP Summary of Priorities

Mean Dev it 10
0.074 0.72
0.168 1.20
0.169 1.4
0.116 0.52
0.081 0.39
0.139  0.88
0.254 0.83
0.157

0.119
Propellants

Crit 1 2 3 4 3 b 1 8 ¥ o0 1 12 43
1 0,143 0.287 0.200 0.070 0,297 0.765 0.091 0.591 0.111 0.64% 0.761 0.735 0.26{
2 0.429 0.078 0.200 0.672 0.163 0.076 0.435 0.261 0.111 0.072 0.048 0.058 0.259
30,429 0.833 0.600 0.257 0.540 0,158 0.455 0,148 0.778 0.279 0.191 0.207 0,480
CI 0.000 0.047 0.000 0.218 0.005 0.068 0.000 1.115 0.000 0,032 0,164 0,059 0.026
(R 0.000 0.081 0.000 0.376 0.008 0.117 0.000 1.923 0.000 0.036 0.282 0.101 0,046

Mean Dev 8§ 10
0.392 2.38
0,219 1.73
6.390 1,83
0.133

0,230
Maintainabilaty

Crit 1 2 3 ] ] b 1 8 9 10 1 12 13

1 0.094 0.091 0,107 0.039 0.136 0.075 0.063 0.047 0.045 0.445 0,034 0.119 0,083
2 0,176 0,117 0.210 0,342 0,340 0,234 0.313 0.536 0.511 0.192 0,204 0.047 0,312
3 0.483 0.396 0,926 0,121 0.287 0.613 0.313 0.298 0.292 0.044 0,483 0.298 0,349
4 0.247 0.396 0.158 0.478 0,237 0.078 0.313 0.119 0.153 0.119 0.086 Q.53 0.23%
CI 0.072 0.011 0,038 0,260 0.062 0,398 0.000 0.130 0,074 0.162 0.195 0.130 0.003

Lk 0.080 0.012 0,043 0,288 0,069 0.442 0,000 0.144 0,084 0.180 0.217 0.144 0.004

Mean Dev § 10

0,126  1.49

0,289 1.13

0.363 1.4

0.243 1.7
0.118
0,131
Maneuverability

trit 1 2 3 4 5 b 7 B 9 10 U 12 13
1 0.101 0.109 0,715 0.741 0.147 0.778 0.4535 0.701 0.188 0,114 0.742 0.649 0.435
2 0,678 0,163 0,218 0.191 0,867 0.111 0.455 0,240 0,731 0,481 0.203 0.072 0.810
3 0,226 0.729 0,067 0,048 0,147 0.111 0,091 0.059 0.081 0,405 0.055 0.279 0,155
CI Q.043 0,043 0.091 0.164 0.000 0.000 0,000 0.147 0.032 0,015 0,218 0.032 0.010
CkR 0.074 0.074 0,138 0.282 0.000 0.000 0.000 0,254 0.056 0,025 0.376 0.03% 0,017
Mean Dev 3 10

0.457 .M
o350 1,96
0.193 1.77
7,083
0,106
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APPENDIX G: Voting Summary of Priorities

Voting Sussary for 13 Decision Makers
Judge #13 = Converted AHP Geosetric Mean Input

TAV Effectiveness
Crit 1 2 3 & 5 & 7 8 9 10 11 12 13 Totht Devs10
4.5 40 5.0 2.5 3.0 5.0 3.5 0.0 5.0 5.0 3.3 5.0 0.249 0.948
2.5 L0 3.5 45 45 3.5 4.0 45 1.5 40 A3 4.0 0.249 0.564
3.0 40 0.5 4.5 1.0 0,0 3.5 1.0 1.0 0.0 3.5 1.0 0.128 t,011
0.0 2.0 3.0 1,0 1.5 2.5 0.0 4,0 0.5 2,0 1.0 0.0 0.092 0.808
£0 2.5 1.0 1.0 1.0 0.5 1.0 3.0 3.5 3.0 3.0 2.5 7.0 0.149 0.747

5 1.0 40 0.0 2.0 £.5 45 3.0 L0 2.0 &0 10 0.0 2.00.133 0,952
Ztw) 0.84 0,37 0.88 0.78 0.75 0.88 0.91 0,72 0.91 0.91 1.00 0.81 1.00 0,827
Z(c) 0.88 0.44 0,88 0.81 0.81 0.94 0.94 0,75 0.94 0,94 1,00 0.88 1.00 0.861

[% I W YR X R
PO NN
W Lh

Requiresents

nt 1 2 > 4 3 s 7 8 9 10 11 12 13 Totht Devild
1 40 4.5 5.5 6.0 45 5.5 7.0 2.5 6.0 5.5 7.0 4,0 7.0 0,190 0.447
2 40 5.0 20 2,0 40 3.5 45 55 4.5 3.5 50 0.5 3.00.135 0.54
3 43 3.0 1.0 2.0 40 1.5 1.5 0.5 0.0 2,0 L5 1.5 1.0 0.071 0,329
¢ 45 50 3.0 55 3.0 2.0 5.0 4.0 5.0 60 60 3.0 5.0 0,162 0.493
5 45 0.5 5.0 5.0 7.0 &0 4,0 6.0 3.0 2.5 3.0 7.0 5.0 0.135 0.628
6 0.0 0.3 0.0 .0 1,0 0.0 1.0 0.5 t.0 1.0 0.5 3.0 0.0 0,032 0.351
7 2.0 3.0 2.0 0.0 0.0 7.0 1.0 3.0 2.0 2.0 1.0 5.0 Z.00.0% 0.797
§ 45 45 45 3.5 2.5 &5 4.0 6.0 6.5 5.5 40 40 4.0 0.159 0.360

Ziw) 0.43 0.63 0,96 0.81 0.94 0.85 0.76 0.85 0.94 0,60 0.96 0.66 1.0 0,799
Jte) 0,45 0.65 0.98 0.83 0.95 0.88 0.78 0.88 0,95 0.63 0.98 0.68 1.00 0.B13

Per foreance

Crit 1 2 3 4 5 & 7 8 9 10 11 12 13 Totht Devsio
1S 1S 20 10 LS LS 2.0 2.0 1.0 00 2.0 1.3 2.0 0.500 1.849
2 L5 0.0 0.5 0.0 0.0 0.5 0.5 t.0 0.0 1.0 1.0 0.0 0.0 0,154 1.662
3000 1,5 0.5 290 1.5 L0 0.5 0.0 2.0 2.0 0.0 1.3 1.0 0.346 2.486

T 9,79 0,79 0,75 1,00 0,73 0,25 0,75 1,00 1.00 1.00 1.00 0.75 1,00 0.827

Ztch 4,00 1,00 £.00 1.00 1,00 0.50 1,00 1.00 1.00 1.00 1,00 1.90 1.00 0,962

Risks

it 1 ST % 3 48 7 8 % 10 11 12 13 TotWt Devtid
10,0 0.0 6,0 2.0 2,0 2.0 t.0 0.5 0.5 0.0 0.0 0,0 0.0 0,205 2.708
2L Lo L0 10 05 0.5 1.0 2.0 05 1,5 4.0 1.5 2.0 0,410 1,804
TS L0 0 0.0 0.5 0.5 10 0.5 200 1.5 2.0 1.3 1.0 0,385 2.107

i 0,79 100 1,00 5,00 6,75 0.7 0.00 0,79 0.75 0,75 1,00 0,73 1.00 9,788

Zic) 1,00 1,00 1,00 1,00 1,00 1,00 .00 1,90 1.00 1,00 1.00 1,90 1,00 0.925

Logistics
ot : 3 4= 2 N 8 9 10 11 12 13 Totwt Devslio

1 0.0 10 1.0 9.0 0.0 1.0 1.5 0.5 Z.0 1.0 2,0 6.0 1.00,282 2.301
209 0.0 0,0 1.0 1.0 0.0 0.0 0.5 0.5 0.0 0.0 L0 0,000,141 1,710
3 1.5 20 2.0 2.6 2,0 0 LS 2.0 0.9 2,0 Lo L0 2,00.577 1,349
2ig) 0,75 1,00 .00 1,00 1,00 1,90 0,75 0,75 0.79 1.00 1,00 1,00 1,00 0,927
26 1.00 1,00 1,00 1,90 o0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 L0090

1
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AFPENDIX G: Voting Summary of Priorities

Survivability
Cnt ¢t 2 3 4 35 & 7 8 9 10 11 12 13 Tott Devslo

1 1.0 0.5 4.0 0.5 2.0 0.5 2.5 1.5 1.0 1.0 0.0 5.5 0.0 0.073 0.744
2 35 3.0 L% 0.5 50 3.0 IS 5.9 2.0 0.3 60 5.0 3.0 0.154 0,823
I 40 2.5 3.5 5.0 0.0 2.5 6.0 0.0 4.5 6.0 3.0 2.5 5.0 0,143 0.893
3.5 2.5 1.0 2.0 &0 L3 LS 5.0 45 435 &0 3.0 3.0 0.147 0.597
S 0.0 1.5 49 3.0 30 35 2.0 2.5 0.0 3.5 1.3 0.5 1.0 0,097 0.457
& 45 5.0 0.5 5.0 L5 S0 2.5 2.0 5.0 3.3 LS 0.9 3.0 0.145 0.800
7 &3 6.0 6.0 5.0 5.5 5.0 3.0 4.5 4.0 2.0 5.0 4.0 6.0 0,222 0,548

Z(u) 0.48 0,79 0.89 0.91 0.84 0,41 0.46 0.89 0.84 0.82 0.98 0.86 0.93 0.808

2(c) 0,71 0,82 0.97 0.93 0.84 0,44 0.50 0.93 0.86 0.86 1.00 0.89 0.93 0.835

Propel lants

Crit 1 2 3 4 5 & 7 8 9 (0 11 12 13 Totht Devsl0
1 0.0 1.0 0,5 0.0 1.0 2.0 0.0 1.5 0.5 2.0 2.0 2.0 1.0 0.346 2.571
2 15 0.6 0.5 2.0 0.0 0,0 1.5 1.0 0.5 0.0 0.0 0.0 0,0 0.179 2.308
31,5 2.0 2.0 1.0 2,0 1.0 1.5 0.5 2.0 1.0 1.0 1.0 2.0 0.474 1.710

<(u) 0,75 1,00 0.75 1.00 1,00 1,00 0.75 0.25 0.75 1.00 1.00 1,00 1.00 0.865

Tic) 1,00 1,00 1,00 1.90 1,00 1,00 1.00 0.50 .00 1.00 1.00 1,00 1.00 0,962

Maintainability

it 1 2 2 4 5 b6 7 B 9 10 11 12 13 TotWt Deviio
1 0.0 0.5 &3 6.0 0.0 0.3 0.0 0.0 0.0 3.0 0.0 (.0 0.0 0.071 1.342
2L 0% LY 2,0 25 2.0 2.0 3.0 .0 2.0 2.0 0.0 2.0 0.301 1.407
IOL0 25 L0 10 2,0 3.0 2.0 2,0 2.0 0.0 3.0 2.0 3.0 0,365 1,443
4 2,0 2.5 LO 30 L5 0.5 2.0 1.0 1.0 1.0 1O 2.0 1.0 0,263 1.342

- 2
/

Z(y) 1.00 0,75 0.6 1,00 0.63 0.88 0,50 1,00 1,00 1,00 1.00 1.00 1.00 0.875
2(c) 1.00 1.00 0.73 1.00 0,75 1,00 0.50 1,00 1,00 1,00 1,00 1,00 1.00 0.923

Maneuverability

Irit | 2 2 4 5 & 7 8 9 10 1t 12 13 TotWt Devsio
{0 0.0 0.0 2,0 2.0 0.3 2.0 1.5 2.0 1.0 0,0 2,0 2.0 2.0 0.436 2.8{3
2 2.0 1,0 LO 10 2.0 0.9 LS 5.0 2.0 1.5 1.0 0.0 1,0 0.297 1.910
3L0 2.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 1.5 0.0 1.0 0.0 0.167 2.148

2w 1,00 1.00 1,00 1,00 0,75 0.75 0.75 1,00 1.00 0.75 1.00 1.00 1.00 0.923

Z{c) 1,00 1,00 1,00 1.00 1,00 1.00 1,00 1.00 1.00 1,00 1.00 1.00 1,00 1,000
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APFENDIX H: Anova Results

VAaRIANCE

CONSIST
EY JUDGE

5128

CINDEX
f 5 % K £ X % 5 F K K £ % XK ¥ F % 5 % XK X XX KX ¥E ¥ KX KX ¥ X ¥ K

ZUURCE OF ARIATION

MAIN EFFECTS
Jububk
L12
Clrivkex

I-Wemy LATERACTIONE
JUlsE 51Z€E

Junah CINDEX
510K CINDEX

TowmyY LNTZRACTIONS
MEITEL S SliIE

EnfFnmileD

REol Duml

TUTAc

UM adF MEAN
SEUAMRES DF SUURARE F

9IS la . 038 1.829
. Sue 11 1.448
L4440 3 2.4677
.uB89 1 2.790
.12 & 1,127
LT 44 « 48
1.13% 11 . 108 T.2318
IR T 3 .01l . 162
.B824 44 019 . SEY9
CINDEX L34 44 L0119 . 589
2.870 119 LOTT 1.024

1.050 RE>) LUT2

e P20 215 0T2

SIGNI
OF

PR
.16
L0

.09

£ X ¥ ¥ ¥ ¥ XK

=2
F

7
S
&
g

. 299

.74

=

NOURD

.87

S

974

.97

4

Where: Consist : Zeta and CI Measures of Consistency
Cindex =: C1 =1, Zeta = 2
Si1ze : Matrix Dimension (3,.4,.6.7.8)
Judge t Judge Identifier (1-12)
H-1
A‘...‘d;;.lllLl‘ 4 = LW k3 3 .

-




Survivability
! 2 3 4 3 b 7 FPrionity
1,000 0.143 0.143 1.000 0.143 0.143 0,147 0,021i2
7.000 1,000 1,000 S,000 5.000 0.147 0,143 0,12698
7.000 1,000 1,000 1,000 S5.000 C.143 0,143 90,1092
1,000 0.200 1.000 1.000 1.000 0.143 0.143 0.04127
7.000 0,200 0.200 1,000 {1,000 1,000 1,000 0,10087
7.000 7,000 7.000 7,000 1.000 1.000 1,000 0,30027
7,000 7.000 7,000 7,000 (.00 1,000 1,000 0.20027
langa(max): 9.2968 C.I.: 0.38280 C.R.: ©.29000
Propellants
1 2 3 Friority
1,000 7,000 7,000 0,747
7,047 4000 00337 D.07E90
£.147 3,000 1,000 0.15787
lamdatea): 2.1296 C.1.: 0.05781  C.R.: 0.1159%
Maintainagility
i . I 4 Priority
10000 0,142 0,777 1,000 0,08215
TU000 1,000 0,200 5,000 0, 297E0
20300 5000 1.0 3.0
1090 0,200 0,337 1,000
iamdaiear): 47296 C.I.: Cox Y. ITalz
Maneuverability
1 z N Priarit,
L300 700 ! 2,777
R T I LN o
DT M RV VS WA FO R 5 Y
Lamdaimax 000 Dol G000 DRl uddn
T=e lznsisterc, ¢ this hierarchy = 0,3378
I-12

APFPENDIX 1I:

Initial Survey Data
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APFENDIX 1I:

Judge # & AHP RESULTS (ORIGINAL SURVEY)

TAV Effectiveness

t 2 3
1.000 0,333 7.000
2,000 1,000 7.000

1,000
0.1

0.143
0.147

0,147
0.200

0,143 0,147 3.000
7.000 1,000 7,000
Jamda(max): B8.2378
Requireaents

{ 2 z
1,000 T.000 7.000
0,147 1000 5,000
0,142 0,200 1,009
0,143 0,200 S.000
0,147 5,000 1000
00010 0,143 0,200
0000 TO000 7,000
£.000 1,000 3.006¢
iandaleart: 10,3977
“griormance

’

LAl 1000 7000

10200 1,000 9,200
D047 9,000 1,009
;amdaceax): 4,872
Fl15kg
H - z

650 T 0000 7,000
VIR T MU I N
AT LMD 1000
iamdaimdx . T,0000

sqistics

1 z M
L0 TUn oo
TP C VI LS N T 4
TL00 TUH0 L 00

1amdaiea i 1,4257

4 3
7.000
3,000
7.000 €.333
1,000

. 200
7.000

1,000
7,000

C.I.: 044755
3 g
7.000 7,000 ©
5,000 0,200 7
0.200 000 S
1,000 0.200 S
5.000 (090 S
0,200 0,200 1
7,000 30000 9
2000 1,000 1

LI 8.4

Friorit,
L Shan!
G.17247
AL

LLes D.78879

) <

Friority
D.TTT08
ISR M
Mot

Cotel D000

Frocrit,
o

3,20277
§,0554)
2. TA184

iy

wedos e

0
1
0
£.000 0.
0
1

b Prior
143 0,181

4
000 0.27484
43 0,068%¢
47 0.05204
43 0.04642

1ty
95

34093

3

0,37382
C.R.: O
5 7
000 0,200

S0 0,143

00 0,143

000 0,143

L0000, 200

S0 0,111

00 1,000

L0000 0,142
LRy o0
LR
cfer g
1.[..

1,000
1,000

[(PRRS]

000
7000
i.300

24280

-

......

R R o e e o St R U

Initial Survey Data

-

Priority
0.22927
0.08157
(. 52759
0,04758
4, 10452
0,02127
B T

0, 08062
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Survivability

1 2 3

o

1,000 0.125 2,000
8.000 1,000 7.000
0.300 0.143 1.000
2,000 0,157 2.000
1,000 1,000 2,000
1,600 0.250 2,000
8.000 1.000 35.000
landa(max): 7.7748

Propel lants
1 2 3
1.000 2,000 0,500

0.500 (.000 0,233
2,000 2.000 1.000
lasda(aax): 7.0092

Maintainability

N - -~
I

1,300 0,300 6,500
2,000 1,000 2.000
20000 0,300 1,000
2,000 oo 0,300
lamcatmay): 41859

-

Maneu.erability
L300 0,250 1,000
4,200 L1000 4,000
NPUEL I CRACTVIS D4

iamdateax):  2.0000

APPENDIX I: Initial Survey Data

4 3 b 7 Priority
0.300 1.000 1.000 0,125 0,083706
5.000 1,000 4,000 1,000 0,29515
0.500 0,500 0.500 ©.200 0.03938
1.000 3,000 2.000 0.143 0.10457
0,333 1,000 2,000 0.200 0,09408
0.333 0.500 1.000 0,157 0,03140
7.000 5,000 6.000 1.000 0.34034
C.l.t 0.12913  C.R.: 0,00780

Priority
0.29494
0.16342
0.33961
C.loe 0.00480  C.R.: 0,00793

¥ Friority
9,300 ¢, 12367
1,000 0,33993
2,000 0,28774
L0000 0,23701
LIy 0.001B4  CLR.: 0,087

Priarity
0, 1h5e7
0.56407
0. 16867

Colvs 0.00000 IR0 0,00000

The Lonsistency of this hisrarchy = 0,400
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APPENDIX 1I:

Judge # 5 AHP RESULTS (ORIGINAL SURVEY)

TaV Effectiveness

1 2 i

1,000 0,500 0.500
2,000 1,000 1.000
2.000 1,000 1.000
0,333 0,500 0.333
0,500 0.500 0.500
1,300 2,500 0,373
lamda{eax): 6.4121

Fequiraments
{ 2 Z

1.000 0,327 Z.000
2,000 1,000 2.000
7,500 0.500 1.000
0333 0,200 0,200
4,900 3,000 2,000
00600 0,200 0,200
0,250 ¢.250 0,230
100G 0,250 0,500
lamdaimax): B.8323

Jeréarmance
t - g
- - -

1,000 2,000 1,000
9,730 1,000 0,900
L3000 2,000 1,000
lamdaimax): I,0082

Kisks

2 s
L2060 7,000 2,000
Gu270 1o 1,300

35300 1000 L
lamda(maxt: I.0!23

'.:gxstxcs

1 - *

& - -
LN 0800 0,327
2000 Lot .90
P LA (O WV

.amdacmaiis  D.o090

4 3
3.000 2.000
2,000 2,000
3,000 2.000
1,000 2,000
0,300 1,000
2,000 2.300
C.le 0,08242

4 3
1.000 0,230
3.000 0,333
3,000 ¢.S00
1,000 0,200
9,000 1,000
0,300 0,167
0,800 0,147
0,200 4,200

C.Loe 0.09947

Priority

4, 44747
0.16920
0.728777

.1 0.00919

Friority
0.54995
0,20984
o, 24078

Color 0.00815

Fricrity
G.16742
0,293
0,57951

IS SERER RN S

)
1,000
2,000
3,000
0.500
2.000
1,000

C.

5
009
<000
. 00
2,000
6,000
1,000
0.390
30300

"
Ce

]

noen cn

bd
<>

2

Priority
0.16626

nYYy
0.2337

0.26772

0.10131

0, 11420

0.11679
R.e 0.06648

7 ]
4,000 1.000
4,000 4,000
4,000 2,000
2,000 2,000
6,000 S.700
2.000 0,500
1.000  0.500
.000 1.000

Kot 9.08418

LR L0t

L
-

AN S hi
Jor 0ET

T W W T v

Initial Survey Data

Priority
¢.12937
6,21474
(. 14009
0.02847
0,72389
0,02649
0.03332

0.06374

e W

I




A At SV

LIPS L Py

Survivability

{ 2 3
1.000 1.000 0.1

1.000 1.000 0.143
7.000 7,000 1.0
7,000 7.000 0.1

5.000 7.000 0.143

9,000 9.000 1.000

7.000 9,000 1,000
lasda(max): 8,462

Fropellants
1 2 3
1,000 0.200 0,143
S.000 1,000 S.000
7000 0,200 1,000
landa(max): I.4757

Maintainapbility

i - it
L0000 0,111 9,200
9,900 L0000 0,217
S0M0 T,000 1,000

20000 Z.000 5,000
lamgaieax): 4,9787

Maneuverability

1 g -
- -

L0060 7000 9,000
S0 L0 7000
S S04 1,000

lamoadeant: 2.727%

“he Lznsistenc; 3¢ *

. R ML L
nlllene PP GAP Ry Bl Sl Tl Wiy Y P

APPENDIX I:

4 3 b

J143 0,200 0.111
143 0.143 0.111
7.000 7.000 1,000
1,000 5.000 0,143
0,200 1.000 0.111
7,060 9,000 1.000
9.000 9.00¢ 1,000

C.Le 019103 LR

Priority
2.07030
0.67247
06,2572

.10 021784 C.R,

) Priarity
0,227 0,95974
NITIO0.17%08
0,200 ¢, 24600
1,000 0,49898
olor G227

otdTs LB

Fricrity
0.7a078
0, 19112

7. (4805

S0l 0.16182 0 CLE,

Initial Survey Data

7 Priority
0.111 0.01979
0,111 0.01944
1.000 ¢,25279
0.111 0.08805
0,111 0.04928
1,000 0,27452
1,000 0.2914
0.14472

¢ 0,37538

53577

) nsac

tmeno

his rrerarchy = 9,7049
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APPENDIX 1I: Initial Survey Data

Judge # 4 AHP RESULTS (DRIGINAL SURVEY)
TAV Effectiveness
t 2 3 L]
1.000 9,000 9.000 9.000 9,
0.111 1,000 35.000 1.000 3,
0.
3

. Priority
00 9.000 0,60031
0 3.000 0.12456

[=J )

=S

0.411 0,200 1,000 1.000 3 0,133 0.07987
0.111 1.000 1.000 1.000 2000 0.1077%
0,111 0.333 3,000 0,332 1,000 5,000 0.08285
0. 411 0,333 3,000 0.333 0.200 1.790 0.08447
lamdataax): 6.9927 C.1.: 0.19846 C.R.: 0,16004

o
(]

g

Fequireaents
! 2 o ) 5 ) 7 § Priority
£A0C 9,000 9,000 1,000 {.00C 3.000 9.000 €,000 ,25751
S L0 1,000 0,200 1000 0,147 7,000 0,206 0,(1998
O 010 1,000 1000 0.147 0,147 0,147 3,000 1,000 9,02849
£.000 5,000 L0000 1000 TL000 S,000 9,000 9,000 9.73175
1000 1,000 7,000 9,143 Lyl 7,000 2,000 9,000 0.1829¢
S0 700000 TL000 Guiff 20147 1,000 9,000 00147 0.06652
.00 0,147 0,200 .11 CL1MY 0LMMD 10000 0111 0.01108
0,010 5,000 OGO .01 4.i80 70000 9,000 1.000  0.08570
iamda(max): 11.2389 C.l.: G.48352  CLR.: 0.33018
Ferformance
i 2 2 Friority
1,060 70000 0,043 004119
Co147 1,000 ¢t 0,04808
7,000 9,000 1,000 0.78076
iamda(max): 1.2276  (Ll.e 0,14282  CLR.: 9.2RIAS
A13Kks
i < 2 Friority
000 5,000 9,000 0.72197
G206 L0000 TL000 322706
S0 0,147 L0h0 0,058001
iamdalear): 7,I020 QL. 0,004207 CLRLy 04,1797
~IGistics
1 - p Fricrity
L0000 0,147 GLitn 0,54308
APV U T T M S A S 1
2000 O0G LG e
.andacea: i 1,10 LI FEDSI D -

[

'

{
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APPENDIX 1:

Initial Survey Data

W N TP ——— ?,

Survivability
{ 2 M 4 3 & 7 Priority
1,000 7,000 1.000 7.000 0.333 3,000 0,200 0.19764
0.143 1.000 0.333 3.000 0.200 1,000 0,200 0.05889
0,333 3.000 1.000 2,000 1.000 3,000 0,200 0.09939
0,183 0,333 0,333 1.000 35.000 3.000 0.143 0,10797
2000 5,000 1,000 0.200 1,000 §.000 0,333 00,1453
0,200 1,000 0,333 0,333 0.200 1.000 0.143 0.02839
5.000 3.000 §5.000 7.000 I.000 7.000 1.000 0,36239
lamdalmax): 9.7479 C.1.: 0.45799  C.R.: 9.748%%
Prooellants
! 2 I Priority
1,000 1,000 0,332 0,20000
1,000 1000 0.333 0.20000
3.000 3,000 1,000 0.60000
tamdafmax): 3.0000  C.l.: 0.00000  C.%: 0.00000
Maintainatility
{ : M 3 Friority
1000 2,000 S.000 1,000 O.4745E
0,377 1,000 2,000 1,000 4.Z3320
90.290 0,337 1,000 0,IIT 0,08004
1,000 LL000 Z,000 1,000 0,25198
lamda(max): 4,1185  C.L,: 0.0384%  (CLR.: 0.0427%
Maneuverability
! < z Priarity
1,300,200 T.000 0.71471
C.200 L1400 S.C00 ¢.21849
70087 0,000 1,000 0,08680
tamdatmax): I.1B2B  C.l.s 0009138 CLR.: 941579
The Consistency of this hierarchy = 0,7005
I-4
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ot
: APPENDIX 1I: Initial Survey Data
¢
. Judge # 3 AHP RESULTS (ORIGINAL SURVEY)
TAV Effectiveness
1 2 3 3 3 6 Priority
1.000 1.000 1.000 3.000 5.000 7.000 0.23874
“ 1,000 1,000 1,000 3.000 5,000 7.000 0.25874
. 1.000 1.000 1.000 3.000 7.000 7.000 0,27401
' 0,333 0.333 0.333 1,000 5,000 7,000 0.13252
0.200 0.200 0.143 0.200 1.000 3.000 0.04795
v 0,143 0.143 0.143 0.143 0.373 1.000 0,02803
X landa(max): 4.2805 C.l.: 0.03609 C.R.: 0.04524
A
; Regquiresents
f ! 2 3 4 3 b 7 8 Prionity
1,000 7.000 2,000 5.000 S.000 9.000 0,233 1.000 0.215335
. 0,143 1,000 Z.000 0,333 0.200 S5.000 0.200 0.200 0.06212
' 0,333 0.337 1.000 9,337 0,143 S5.000 0.200 ¢,200 0.03213
6.200 3,000 3,000 {1,000 0.200 5,000 0,200 0,333 0.07981
9,200 5,000 7.000 5,000 1,000 0,142 0,337 0,317 O.10977
0,118 0,200 9.200 0,200 7,000 100D 0,187 0,237 0,0799%)
7,000 5,000 5.000 5,000 .00 7.000 1,000 3,000 0,28519
1,000 5,000 S.000 Z.000 I.000 3,000 9,333 1.000 0, 14550
lamda(max): 12.9274 C.1.: 0.44821 C.R.: 0,428%0
Pertormance
: 2 3 Frigrity
L,000 S.000 Z.000 9,55844
G200 ool 1,000 5018418
2,337 4,900 1,000 D.18817
- temdalmax):  3.0290  C.l.e 0001457 CLR.: 0.02505
V-
!
t;. Risks
. : 2 p Friority
F' 90 0,290 0,147 0,06680
- S000 1200 3,200 4,21349
L 7000 S0 L0Y 2T
{ landataar): 11322 LI 00092 LR 0.57S
L —ogistics
L : : 3 Frigrity
b LC0 9.200 D200 0.07S8E
N S006 LG 0,147 0.19334
e SO0 TV000 L0ng RTLEY
ii lamgatmazi: 104357 C.1.r (LIiT84 CLR.r GL0I7ER
"o
e
L I-5
;l
T T R T . Lo ]




e N N R W T e . P A road iy 3 L T e—mwm———— “’

APPENDIX I: Initial Survey Data

Survivability
i 2 3 4 3 b 7 Priority
1.000 0,333 0.33F 0.200 1,000 0,200 0,143 0.03468
2.000 1,000 1.000 2,000 1, 0.200 ©.143 0,07781
2.000 1,000 1.000 1.000 1, 0.200 0.147 0.06384
5.000 0.500 1.000 £.000 0.333 0.200 0,09141

: 1.000 1.000 1.000 0.33% 0.333 0,200 0.03596
f 5.000 5.000 S5.000 3.000 1,000 0.200 0.21440
7.000 7.000 7.000 £.000 5,000 1,000 0.43970

landa(max): 7.8524 C.l.: 0.10874 C.R.: 0.08278

3 -

'l‘-‘v-:.«l»-o—-.—
o e R o R o e
EE88E88

Prooellants
: 2 z Priority
3 1,000 5,000 0,337 9.28720
1 0,200 1,900 0.147 0.0779%

3.000 6,000 1.000 0.63484
lamda(max): 2.0940 C.l.: 0.04701 C.R.: 0,0B105

Maintainability
t 2 bt {4 Friority
$.0000 1,000 0,200 0,200 0,90%082
L6000 L 000 0.337 0,337 L0l
5,000 Z2.000 1,000 1,000 0,39408
5,900 Z.000 1.000 1,000 0,29a08
lamdatmax): 4.0328 C.l.: 001097 C.Rk.: 0.01215

Maneuverability
1 2 - Priority
1,900 0,500 0,200 4.10864
2,000 1,000 0,167 0.16238
5.000 2,000 1.000 0.72838
lapdaimax)es 7.0838 C.l.: 0.04288 C.R.: 0.07794

“he Consistency cf this hierarchy = 10,0472
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APPENDIX I: Initial Survey Data

Judge # 2 AHP RESULTS (ORIGINAL SURVEY)

TAV Effectiveness

{ 2 z
1.000 1.000 1.000
1,000 1.000 Z2.009
1.000 0.500 1.000
0.333 0.333 1.000
1,000 1.000 1.000
2,000 1,000 1.000

laada(max): 4.3120

Reguiresents

! 2 z
1.000 1,000 1.009
1.900 1,000 1,000
1,000 1.000 1.000
2,000 1,000 1.000
0,147 0.147 0,142
0,147 0,147 0.:1483
£.300 0.237 ¢.50¢
1,000 1,000 1,000
lamda(max): B.2850

1,900 3.000 1,090
€, 337 L0000 93T

1,300 0000 LLC00
Jamgaimax):  Z.0000

S b  Priority
1,000 0,500 0,15838
1,000 1,000 0,2029
1.000 1,000 0,14235
0.323 0.200 0.06935
1.000 0.333 0.1513t
3,000 1,000 0.27345
0.06240 C.R.: 90.05032

nm-«-—-:—:a:.«
-— oD o o <> -
T888588

4 3 b 7 3 Priority
0,500 7,000 7.000 2,000 1,000 0,16379
1,000 7,000 7,000 T.000 1.000 0.1B699
1,000 7,000 7,000 2.060 1,000 0.1748¢
1,000 7,000 T.000 1.000 1,000 0,18263
0.147 1,000 1,000 0,333 0,127 0.02867
0,143 1,000 000 0,333 0,337 0.02867
1,000 2,000 1,000 1,000 1,000 0.09942
£,000 2,000 L0000 1,000 1,000 0.12503
L1 0,03647  C.R.: 0,02584

Parigrmance
- ! 2 I Priority

0,42857
0. 14286
0. 42857

gLy 0,00000  [LRe: o 0,00000

Risks
. Z I Friority
1,900 04T 0,137 0.08795
7000 oG T30 0.66%42
.3000 00337 L0000 0,247s4

lamdatmaxi: I.0370

Color 0002810 LLRar 0,00800

Lo9istics

1 : T Rriority
L4000 200 U.TI 0, CEBZ
6,337 Loood 12000 0,10477
T.0500 5,000 L0060 5,a085%
tamda‘man): 1.0785  C.l.r G.0¥2e LRy 0TI

1-3
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Survivability
{ 2 3 4 ] 4 7 Priority
1.000 0.333 0.333 0.333 3.000 0.200 0.200 0.04006
2.000 1,000 1,000 1,000 3.000 1.000 0.333 0,14434
3.000 1.000 1.000 1.000 3.000 1.000 1.000 0.14399
2.000 1,000 1.000 1.000 3J.000 0,333 1.000 0,14434
0.333 0.337 0,337 0.333 1.000 0,333 0.333 0.04927
3.000 1,000 1.000 3.000 32.000 1.000 1.000 0,21900
3.000 3,000 1.000 1.000 3.000 1.00¢ 1.000 0.21900
lamda(eax): 7.4316 C.l: 0.07193  C.R.: 0,05449
Prooellants
! 2 - Priority
1,900 0,237 0.3I7 0.14286
2,000 1,000 1.000 0.32857
S.000 1,000 1.000 0.42897
landa (max): 3J,0000 C.I.: 0.00000  C.R.:  0.00000
Maintainability
! 2 3 4 Prigrity
1000 0,237 6,377 0.333 0.09793
2.000 1,900 0,333 0.500 0.17414
2000 0000 1,000 3,000 0.48268
2000 2,000 0,377 1.000 0.2472%
landatmag): 4,213 C.lo: 0007179 CLR.r 0,07977
Maneuverability
1 2 it Priority
1990 0,200 0,333 0.10085
000 L0920 4,006 9.47381
000 W50 Lowo o 0,20954
lamda(wax): 77,0858 C.1.: 0.04288 C.R.: 0.07394
"he Consistency af “his hierarchy = 10,0209
I-2
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Initial Survey Data
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APPENDIX I: Initial Survey Data

Judge # 1 AHP RESULTS (ORIGINAL SURVEY:
TAV Ef fectiveness

! 2 3 4 5 5  Priority
1,000 3,000 2.000 §.000 1,000 3.000 0.31320
0,333 1,000 1.000 3,000 0.333 3.000 0.14129
0,333 1,000 1.000 3,000 1.000 3.000 0.166%
0.200 0,337 0,333 1.000 0.333 0.333 0.05124
1.000 3.000 1.000 2,000 1.000 3.000 0.24440
0,333 0,333 0.333 3000 0.333 1.000 0.08280
lamdalaax): 6.3437 C.l.: 0.06913 C.R.: 0.05575
Requiresents
| 2 3 4 3 ) 7 8§  Prigrity
b 1,000 1,000 1.000 1,000 1,000 S.000 1.000 1.000 0.13448
4 1,000 1,000 1,000 1,000 1,000 S.000 1.000 1,000 0,13448
‘. £.0000 1,000 1,000 1,000 1,000 S5.000 3.000 1.000 ©.1549¢
LOAGG LG L0 L0000 LLO30 G000 TLOOO 1,000 6.15464
LA 1000 LL00D LLB00 L0000 S.000 L0000 1.000 0.1549:
1 Gu2000 V200 0200 2,200 0,200 1,000 9,200 0,200 10,0749
- L0 1,000 0.3TT 02T 00333 S.000  L.000 0.7 0.08471
¢ LA00 1.200 1000 1,000 1,000 5,000 3,000 1.000 0,15494
h landa(max): 8.2359 C.1.: 003370 C.R.: 0.02390
" Performance
{ < 3z Priority
L.000 1,000 Z.000 0,42857

1,900 1,000 2.G00 0,42857
OFTO0.333 L000 0.14286
lamdaimax): 7.0000  C.I.: 0,00000 C.R.: 0.00000

H15Kks
: 2z v Fricrity

1,000 2,200 0,200 2,999
SOO000 L0000 1,000 4, 45453
5,000 1,000 1,000 0,45459
lamdalaax): 2,000  C.lor 0,00000  C.R.:  0,00000

cegistics

: < p Friority

OO0 0,233 G 33T 0,14266

2000 000 1000 0,42897

0 1,000 1.000 0,47857

lamgarmax):  IL00CC Lol 20000 TLR.r 2000000

.
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APFENDIX H: Anova Results
*.
el s X ¥ ¥ X X% ANALY SIS 0F VARIANCE & 85 8555 35 33
. ETA
kY JUDGE
SIZE
[ A A I A A A A R A A R A A A A A A S A A A A A AR B A B B ¢
I ) Sum OF MEAN SIGNIF
SOQURCE OF YARIATION SUURRES ot SUURARE F QF F
MAIN EFFECTS . 430 15 I 1,205 274
{UDGE L Y 11 .40 1.392 L1379
sle ErY-§ “ L1l L4138 . 773
S=UA G T DAl TIONS RNt - ol oo Siesy
JHOE LlTE T 3 AR P .9
EXFLAINED 1L202s S6 L0117 L6537 .67
RES IDURALL “4. 147 15 a7
TATAL C.167 =18 w24

* F X X ¥ F X ¥ ANALY SIS u F VARIANCE x ¥ xx % % x %
ZETA
BY SIZE

FE S ¥ ¥ K g K K E K KT K E LXK KSR E XKL EE KX LK KN

SUM OF MEAN SIGNIF
SOURCE JF VARIATION SUUARES LF SUUARE F QF F

Maln EFFECTS LOS0 3 L0132 L581 .&77
_ S1E LOS0 4 L0173 LS561 .877
j] ExFLAINED L 050 3 Loz .S81 0 .&77
- RES [ DUAL 5. 74g 247 Lo2n
ii TOTaL 5,795 08| S
s
= TR T T A T S O F VAR ILILHNUEE ¥ £ X ¥ ¥ 5 ¥
B
$ 3+ ¢ £ ¢ £ ¥ X X & X £ X x X ¥ ¥ ¥ VK K £ % . ¥ ¥ £ ¥ X X X X ¥ ¥ X K X

LM OF MEAN CSIONIF

SR D SARIATION ZQURRES jva SlUnmkE F OF F

Myl bFRLCTL N 1Y 11 AR IN} 1.70 L0

Jubok A 1Y .40 1.708 L0772

AR LAiNMED .26 11 L0040 1.708 LT
RECLDUAL 4.771 o4 JZT
TOT AL S.167 212 0zd

H~-Z
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APFENDIX H: Anova Results

VARIANCE

¥ 5 %5 % 55 53

$ % X % X 5 X 5K X K E XK S KK KX XK EF S XY XS ESE XS LR EG

30UKCE OF VARIATION
MAIN EFFECTE
JUDGE

SilZe

Z-wAY INTURACTIONS

SumM OF
SUUARES
. 344

. 297

. 149

. 221

-
. o=

. 367

I.08Y

.. 728

¥ ¥ X X 3+ X ¥ ANALYSIC 0 F v

JubeE SIZE
EXFLALINED
RES I DURC
TOTAL
ClI
BY SIIE

MEAN
DF SUUARE

18 L0026

.0le

L0037

44 L007

44 . 007

< LUlY

15¢ - 020
215 .018

K I ANCE

F
1.8356&6

1.840
1,900

749

SIGNIF
OF F

R
Ao

Tl Aal
- Uoe

2117

. 799
. 999

. 398

5 XX X ¥ X ¥ X

fF X K K X & X X ¥ X X % & X X € F LK X ¥ S XK X KX X LS LK S S s S

SGUURCE OF VARIATION

MAIN EFFECTE
S1UE

EXFLAINED

RESIDUAL

TOTA_

£ s £ 8 XX x ANAL
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f 5 F 5 £ % ¥ X XK K X ¥ KX ¥ FoF ¥ &0 EE K S S S
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GULGE

ErFLAtNED
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TOTr-

UM OF
SAURRES

. 1350

R -1

Yoz b8 U F LR

oM OF
SUUARE S
.29
LI97

MEAN

DF SQUARE

4 .07

4 L0I7

4 L0237

247 LV1le

2451 L0le
4 Do NOL B

Me AN

Dt SUURRE

il Lole

11 Wule

11 YR

S Lal7
213 O TS

2. 261
Z.Cel

2,261

SIGNIF
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. 054

-

. 054

LI S I I )
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$ 8 %5 %5 ¢ 0

SIuNir
QF F
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APPENDIX 1: Initial Survey Data

Judge # 7 AHP RESULTS (ORIGINAL SURVEY)

TAV Effectiveness

{ 2 3 4 3 b Friority
1,000 9,000 9.000 9.000 9.000 9.000 0.51070
0.111 1,000 7.000 3.000 7.000 1.000 0.14880
0.111 0,143 1,000 0.333 .335 0,200 0,02581
0111 0,333 3,000 1.000 95.000 1,000 0,08300
0,111 0,143 2,000 0.200 1.000 0,233 0.03740
0.111 1,000 5.000 1,000 3.000 1,000 0.09429
lamda(max): 6.7372 C.l.: 0.14744 C.R.: 0.11890

Fequireaents
1 2 2 ) N] 4 7 § Priority
1.000 5,000 9,000 5.000 5,000 9,000 9,000 3I.000 0,41013
0,200 1.000 5.000 1.000 }.000 35,000 5.000 1,000 9,12081
0,111 0,200 1,000 0.111 0,233 1,000 1.000 1,000 0,07842
0,200 1,000 9,000 1.000 Z.000 9,900 S5.000 1.000 0,:7448
0,200 1,000 3.000 0.33F L.000 7,090 S.000 1,000 0,10801

Ui 0200 1,000 0,110 CJ143 0 1L000 LLODO 0,733 0,02454
0110 0,200 1,000 0,200 C,200 Lo00 1,200 0,337 (.02904
. 0,327 4,000 1,000 1,000 1000 Z,000 3,009 1,000 0,09732
E lamdalaax): 8.607& C.l.: 0.08e80  C.R.: 0.0615¢
S
3
{ Derigrmance
t 1 z 3 Friority
} 100G 2,000 T.000 G.50000
G, I3 4000 1LO000 9, 2000¢
E G373 4,000 4000 0,20000
R tamda(mar): 20000 L.l 0,00000  CLR,:r 0.00000
- Risks
) 1 < 3 Priority
1000 L0000 D000 DI
L 00 000 0,77770
L0000 L0000 1,000 09,7337
vamgdaimax): L0000 LD.D.s D,3000 TUR,: o 0,00000

-0gistics
! N T Priority

200 S.0000 LLo0p 0,4245%
02000 LN 3,200 5,0309;
1,000 5,000 LL000  0,454E5
lamdaigdiis .o DULoroooad o loear Gl
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Survivability

i 2 3
1.000 1,000 0,118
1.000 1.000 0O.111
8.000 9,000 [.000
1.000 0,200 0.1}
1.000 0.143 0.t11
1.000 1,000 0,111
1,000 1,000 0,111
lasda(max): 7.9232

Propellants
1 2 7
1.000 0.200 9.200
5.000 1,000 1.000
S.000 1,000 1,000
lamda (maxi: Z.0000

Maintainabiiity

{ 2 z
1,006 ¢,147 0,147
700 1,000 1,000
7,000 1,000 1,000
7,000 1,000 1000
langaimaxi: 4,0000

Maneuverab:iity

1 A g

£.900 1,060 5,000
G000 L0000 5,000
G200 D200 1Lo00
iamdamax):

DI

APPENDIX 1I:

3
1,000
5.000
9.000
1.000
3,000
1,000
1,000
C.1.:

3
1,000
7.000
9.000
0,333
1,000
1.000
3,000
0,13721

Priority

.09091
0.45455
0. 43455

L.l

9.143
1.000
1,000
1,000
L.1.:

{.30600

&
1,000
1,000
.000
1,000
1,000
1.000
1,009

C.R.

C.F.

Priority

0.04543
0.31818
0.31818
¢.71818
0.40000

Friority

0. 45435
0.45455
0.09091

C.1.:

0, 00000

The Consistency of this hierarchy =

C.R.:

C.Res

0,951

p—

Initial Survey Data

7 Prioritv
1,000 0,08220
1.000 0.12804
9.000 0,54878
1.000 0,04548
0.333 0.05422
1.060 0.06320
1,000 0,07704
: 0,10394

¢ 0,00000

0,000

0, 0990¢

—
I

14

v w




v ——— TR TL—— P RN Al A S A A R SISt i i i A e g Bt e T R A I N hd

APPENDIX 1: Initial Survey Data

Judge & 8 AHP RESULTS (ORLGINAL SURVEY)

1AV Effectiveness

1 2 3 4 S 6  Priority
1.000 1,000 1.000 3,000 2,000 3.000 0.21393
1.000 1.000 1,000 95,000 3.000 S5.000 0,27328
1.000 1,000 1.000 5.000 1.000 3&.000 0.22128
0.333 0,200 0.200 1,000 0,200 0.200 0.03972
0.500 0.333 1.000 S5.000 1,000 S5.000 0.176%
0.323 0.200 0,200 S5.000 0.200 1,000 0,07283
lamda(max): 4.5540 C.l1.: 0.11080 C.R.: 0.08%13

N 4

Reguireaents
! : M 4 3 b 7 8  Priority
1,000 0,200 9.000 1,000 0.333 9.000 0.200 ©,200 0©.07520
5.000 1,000 9,000 T.000 L.000 9.000 3,000 0,333 0,20749
0,110 0111 1,000 0.143 0.147 L0000 0,143 0,143 0,0178%
1,000 0,337 7,000 1000 0,333 9,000 3.000 1.000 0,12949
3,000 1,000 7.000 I.000 1,000 9.000 3.000 1,000 0.2047t
9,410 20111 L000 0,111 00111 L0000 0,111 0,111 0.01547
50000 0,737 70000 0,73 003330 2,000 1,000 0.3 L1114
S.000 Z.000 L0000 L.000 1.000 9,000 T.900 1,000 0,27842

lamdateax): 9.0988 C.I.: 0.15897  CLR.: 001137

Per formance
! 3 z Priority

10000 5,000 3,000 0,88542
0,200 1000 5,000 6,27441
0,200 0,200 1,000 £,08087
tamdateax): 2.2948 (.l G 14719 CoROr 0.28410

F1sks
) 2 M Friority

L5000 38T Lo0o 0.131%1
TOM0 1om0 T G840
00 DLITT 000 0,174

tamdaleari: I,0807  LLl.r (L3800 CLF.r ),0s9ll
wag1stics
! 2 T Pricrity
L0 1500 0,200 0,1375e
Pole 100 4141 0,19
S0 TG 1,300 (L, TeTGS
tamdatmsrr TL0LZs Coler 00IOETT O TRV 0 M0E:




Survivability
1 2 3

1.000 0.143 3.000
7,000 1.000 7.000
0,333 0,143 1,000
7.000 1,000 7.000
3.000 0.133 7.000
£.000 0.200 7.000
7.000 0.200 7.000
lamda (max): 7.8349

Propellants

! 2 3

1.000 9,900 1,000
0,111 1,000 7,000
1.006 0,142 1.000
landataax): 5.2704

Maintainability

| : 3

1000 0143
7,000 1,000
5,000 0.332

Ve s

landa(max):

0,200

2.000

1,000
7. 0649

Maneuverability
{ 2 I
00 5000 TL000
L2000 1,000 7L000
G147 0,143 1,000
lasdaimax): 73,2948

e

The Consistency of this Rierarchy =

APPENDIX I:

Initial Survey Data

4 3 b 7 Priority
0.147 0.333 1.000 0,143 0.03843
1.000 7,000 5.000 35,000 0,346441
0.147 0.147 0.143 0.143 0,02132
1,000 3.000 7.000 1,000 0,23819
0.333 1,000 1,000 0,200 0.07296
0,143 1.000 1.000 0,200 0.03997
1,000 5,000 S.000 1,000 0.20431
C.los 0.13948  C.R.: 0.10567
Friority
0.59052
¢.25108
0.14841
C.loe L1519 LLRe: 1,92274
Friarity
0.07133
0.64912
0.2789¢
C.I.: 0.02244 LRy 0,05594
Priority
0.70149
0.2399¢
9. 05849
C.lus 0.14729 TR 0.25412

0, 1600
I-16
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APPENDIX I: Initial Survey Data

Judge # 9 AHP RESULTS (ORIGINAL SURVEY)

TAv Effectiveness

{ 2 3 4 5 &  Priority
1,000 0.143 0.333 0.200 0.333 0.I133 0.03973
7,000 1.000 3.000 2,000 1.000 2.000 0.32302
7,000 0.33F 1,000 0,333 0.333 0.73T 0.07399
5.000 0,333 2.000 1.000 3.000 4,000 0.26985
3 3.000 1,000 3.000 0,333 L00D 3,000 0,18997
I.000 0,333 3,000 0.250 0,333 1.000 0.10344
landa(max): 6.6031 C.l.: 0.12063 C.R.: 0.09728

Requireaents
1 2 kS 4 3 b 7 3 Priority
1,000 S.000 7.000 3,000 3.000 7.000 2,000 0,333 0,24421
k 0,200 1.000 7.000 1.000 3.000 7.000 I.000 0,333 0,13203
k 0.143 0.147 1,000 0,143 0.200 0.333 0,200 0,143 0.01924
0,333 1,000 7.000 1,000 3.000 35,000 3.000 1,000 0,15014
0,337 0,333 5.000 0,333 1,000 I.000 I.GO00 0,200 (,07408
0,143 0,143 2,000 0.200 0,337 1,000 0,200 0,200 0.02944
(6,333 0,333 5.000 0,337 0,332 S.000 1,009 0,200 0.06300

- 1
. 2.000 Z.000 7.000 1,000 5,000 5,000 5.000 1,000 0.283s4

landa(max): B8.9796 C.I.: 0.13994 C.E.: D,0002¢
Perfaraance
! 2 bt Friority
1,900 3.000 0,143 0,:5787
0,377 L0000 00147 0.07599
06 T.000  1L000 0.Ta823
lamdatmand: 1,17 C.I.: 0.04781  C.FR 0, 1169
S15K8
i Z M Friarity
1,900 L0000 4,313 0.20000
1,030 00 5.233 0.20000
7,000 Z.000 1000 0,80000
tamdamax)s  I.6000 Color 2.G0000 CLR.r 0,00000
b
l. Logistics
- i N > Frigrity
G000 U000 T.000  9,40000
0,737 Lo00 1LGn0 0.20000
. 0,377 10000 L0000 0,20000
L camdaimaxts  TLU000  CLl.ro ouoliwe DRy DL 00000
I-17
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APPENDIX I: Initial Survey Data

Survivability

1 2 3 4 3 b 7  Priority

1.000 0.333 0.200 0,200 32,000 0.200 0.200 0.04766

7,000 1,000 0,333 0,237 S5.000 0,333 0.333 0,09342

I 5,000 3.000 1.000 1.000 3.000 1.000 1.000 0.19333
5,000 3.000 1.000 1000 3.000 1.000 1.000 0,19333

0.333 0.200 0,333 0.333 1.000 0.200 0,200 0.03842

5,000 2,000 1.000 1.000 5.000 1,000 3.000 0.25204

5.000 3.000 1.000 1.000 S5.000 0.337 1,000 0.18140
lasda(sax): 7.5146 C.l.: 0.08574 C.R.: 0.06497

Propellants
1 2 y Friority
1000 1,000 0,147 0.11111
1,000 1,000 0,143 0,111
70000 7,000 1,000 0.7777
lamdafmax): 33,0000 C.l.p Q00000 LLR,t 2.00000

R

Maintainabilit,
! : z 4 Pricrity
1070 0,187 0,143 0,200 0.044%%
7,000 1,000 .00 I,000 0,21087
T 0,737 L0000 1,000 00,2919
2,000 0,733 00277 L.000 0.15251
lamdateax): 4.2281  C.l.: 007404 Z.R.: 0.03440

h Manayverability
{ 2 N Friarity
00 0,200 TL000 0.18839
0000 1,000 TLan 0,77064
0,377 LT Log0 0L 0BO9s
lamzaiear s I.0edF  C.lor GLITI44 CLRL: 0008294

ke Lonsistency of this hierarzhy = 3, 0%48




APFENDIX I: lnitial Survey Data

Judge # 10 AHP RESULTS (ORIGINAL SURVEY)
TAV Eftectiveness

{ 2 k! 4 3 & Priority
1,000 3.000 3.000 3.000 3.000 3.000 0,344a2
0.333 1.000 3.000 1.000 0.333 0.3 0.09981
0.333 0,333 1,000 3.000 0,333 0.333 0.08443
0.323 1,000 0.333 1.000 0.333 0.333 0.06622
0,333 3.000 1.000 32.000 1.000 0,333 0.16382
0.333 3.000 3,000 3.000 3.000 1.000 0.23906
laadaieax): 4.7049 C.1.: 0.14098 C.R.: O0.11370
Reguiresents
1 2 M 4 S b 7 8  FPriority

L0000 LO00 2,000 1.000 3.000 3.000 3.000 1.000 0.17917
000 1,000 1.000 0,233 1.000 3.000 1.000 1,000 0.1088
JI33O00000 1.000 0,337 1,000 3,000 0333 0,233 0.07379
£.000 7,000 3,000 1.000 5.000 S.000 3,000 1.000 0.27431
0,337 1,000 1.000 0,200 1,000 1,000 3.000 €.333 (.08174
6,333 0,333 0,333 0.200 1.000 1,000 1.000 0,337 9,03051
0,333 1,000 3,000 0,337 0 33T L0000 1,000 0,200 0.07564
1,000 1,000 3,000 £.000 3,000 I.000 5.000 1,000 0.19s52
lamdaimax): 8.7258 C.l.: 010388  C.R.: 0,075

P
-

Ferfaraance
1 z 3 Priority
G on T sman gt
2.000 L0000 0,290 ?.2 2l
&

S.000 S.000 L1000 0.70071
lamoateax): .175  C.1.r 0006781 CuRa: 0.ife¥!

Fisks

J ln

: < Proority
1,900 0,500 0.500 2. 20000
2,000 00 1,000 G, 40000
2000 1,000 1,000 0,40000
tamdaimax):  J.0000  C.i.r 0.00000 LR, 0,00000

L00.3t:cs

i < M Fricrit
$.000 0 10000 0,111 5.12982
COITT o L0nd gt 0.08227
2,000 9000 1,000 ).BOBL
lamdatmar's 01056 C.l.or LoeeTE 0 LR GuliER!
I-19
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Survivability
1 2 3

1.000 1.000 0.200
1.000 1.000 9,200
5.000 5.000 1.000
1,000 3.000 0.200
3.000 3,000 ¢.200
5.000 3.000 0.200
2,000 3,000 0.200

landa(max): 8.3272

Fropellants
1 2 3

£.000 7,000 7,000
0,143 1,000 0,200

0,333 5,000 1,000
landatmax): 2.0649
Maintainabality
1 z 3
1,000 7,000 7.000
7147 1,060 5,000
0,147 0,200 1,000

0.200 0,337 S.000
lamda(max): 4,4348

Maneyserabil:ty

N -

100 0,200 1,307

SLO00 1o 1,000
TG0 1000 L, 000
iamdaimax!:  I,129¢

The Dansistency cf this hierarche = o,

PP A

APPENDIX 1I:

4 5 ) 7 Priority
1,000 0.333 0.200 0.200 0.05304
0.333 0,337 0.33%3 0,333 0.04107
5.000 5,000 S5.000 S5.000 0.40361
1.000 5,000 3.000 3.000 0.19065
0.200 1,000 1,000 3.000 0,1053
0.333 1.000 1,000 3,000 0.12116
0,337 0,133 0.317 1.000 0.08%08
C.Ioe 0,22121  C.Re: 0.16758
Friority
0.649:2
0,07192
0.2789¢
Coloy 0,07244  CLR.: 0,05594

3 Priority
5.000 0,33484
3000 9,19210
0,200 §,0442¢9
1,000 0,11881
.10 0,1e228 C.R.r 0,180
Friarity
011397
0. 48044
2.40539
Gl 9001487 CTLR.: 0,02%504

-.' - " -
PRSI
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APPENDIX I: Initial Survey Data

Judge # 11 ARP RESULTS (DRIGINAL SURVEY)
TAY Effectiveness

"

{ 2 3 4 3 6 Priority
1,000 7.000 7.000 7.000 7.000 7.000 0,49290
0.143 1,000 7,000 7.000 7.000 7.000 0.25491
0.143 0,143 1.000 0.200 0.143 0.143 0.01970
0.143 0.143 5.000 1.000 0.143 0.143 0,03248
0,143 0.143 7,000 7.000 1,000 7.000 0,17183
0,143 0.143 7,000 7.000 0.143 1.000 0,06817
landa{max): 8.2015 C.I.: 0.44031 C.R.: 0.35507
Requireaents
1 2 M 4 S 5 7 8 Priority
1,000 7.000 9,000 7.000 9,000 9,000 & 900 7.000 0.32068
0,143 1,000 9.000 0.143 9.000 9,900 9.000 S5.000 0.14629
0410 G110 1000 9,000 7,000 {000 0,143 6,183 G.11793
0.143 7,000 0,111 1,000 7,000 9,000 7.000 7.000 0,17245
0010 00111 0,143 0,143 1,000 7.000 T,000 0,14 0,03957
0,011 0111 1,000 0,111 0147 1.000 0,143 0,143 0.01357
0. 011 0,111 T.000 0,147 0,143 7,000 1,000 0,147 0.06255
O,143 0,200 T.000 0,143 7,000 7,900 7,000 1,000 0.10883
lamda(eax): 17.2861 C.l.: 1.72639  CLR.: 0.94084
Periormance
1 2 b Priority
1,000 7,060 7,000 0,74186
G.147 1,000 7000 6,20277
3,043 0,047 1,000 0,035549
lamdafeax): I1.4757 (.l 0.21784  C.R.: 9.37339
Ri1sks
: . 3 Priority
GO0 L I00 0,143 0,00292
S.O0e 1000 0,141 ¢, 183197
T000 TLe0 Lol 0753
ramdamax): 3,298 C.I.: 0014779 CLR.r 0,25412
wogistics
: - z Friarity
1300 7,006 2,000 9,53099
0,147 L0 0 i4T 0,08270
0,337 7000 Lot 0, 7047
Tamda.maxte D,0T7SE 0 Colas o 0ATAL DLRLr CLItsRd
I-21




Survivability
1 2 3
1.000 0.111 0.143
9.000 1.000 7.000
7.000 0,143 1,000
7.000 0.200 7.000
7.000 0.147 0,200
7.000 0.143 0.200
7.000 0,143 7.000
landa(max): 8.9959
Propellants
1 2 p
1,000 9.000 7.000
0,111 1,000 0,143
0,147 7,000 1,000
lasda(max): I.227s
Maintainability
1 : I
1L.000 0,147 0.1l
P EED R VIR TS
9,000 7.000 1,000
5.000 0,200 O.11!
;anda(mar): 4.582C
Maneuverability
4 - -
L.600 70000 7L
0O LON T
5,147 00140 L 00
lamcateax)s 7.4757

“he Caonsistenc, cf tn:

APPENDIX 1I:

4 3 b 7 Priority
0.143 0.147 0.147 0.147 0.01580
5.000 7.000 7.000 7.000 0,44904
0.143 5.000 5,000 0,143 0,07343
1,000 7.000 S5.000 0,200 0,14879
0.147 1,000 1.000 0.1437 0.03519
0.200 1.000 1.000 0.143 0.03413
S.000 7.000 7,000 1.000 (.J4161
C.l.: 0.32265 C.R.: 0.25201
Priority
0.78076
0.04803
$.19119
C.l.: 0.18782  C.R.: 0.28243

4 Friority
3,200 9,0I272
<. PIGL gt
ST L ABITE
LG00 0.0798
L., 0.19311  C.R.: 0.21679

F
il

U]
,')
<

-]

riority
7418

AN
siVan g

LD

Jer 021784 Gkl 0.27339

herarchy = 0.4944
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Initial Survey Data
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{ 2 3 ) 3 b Priority
1,000 7,000 1.000 §.000 §,000 35.000 0,35841
0.143 1.000 1,000 5,000 3.000 3.000 0.1674
1.000 1.000 1,000 5.000 1.000 0.200 0.141%
0,200 0.200 0,200 1.000 32.000 3.000 0.10010
0.200 0,333 1.000 0,333 1.000 7,000 0.1261%
0,200 0,337 5.000 0.333 0,143 1,000 0,10457
lamda(max): 9,3079 C.I.: 0.66157 C.R.: 0.33357
Requiresents
{ 2 3 4 3 b 7 8 Priority
1.000 7.000 7.000 95.000 0,147 0,200 0.200 5,000 0.13131
0.143 1,000 1,000 0,200 0,143 0,200 0.200 5,000 0.05143
0.147 L0000 1,000 0.200 0,142 0,137 0.147 S.000 C.05147
0,200 5,000 S.000 1.000 0,143 3.000 0,147 S.000 0.09954
7,000 7,000 7,000 7,000 {000 5,000 S.000 I,000 0,285
5.000 5,000 Z,000 0,333 0,200 1.000 0.142 0,200 0,08947
3000 5,000 7,000 7.000 0,200 7,000 1,000 0,200 ©,18752
9,200 0,200 2,200 0.200 0,323 S.000 5.000 1,000 0,10813
landaf{max): 15,1192 C.I.r 01703 QLR 0.70139
Performanca
1 : J Pricrity
1,000 7,000 1,000 0.38692
0.147 0 L0000 0.200 0,07782
0000 50000 Lot 0,4752
lamda(maxts L0126 Col.e 0L004T0 CLR.r 0.01086
Fishs
{ 2 M Priarity
1,900 0,260 00147 0,07782
3.M0 L0 L0 5.43526
TL000 1000 L0009, 38592
iamda{mar):  2,002s  Colur 900830 I.F.: 0.0108%
~cqrstics
i . P friarity
G0 00187 14T 0,058
TOXD Lo 147 90,2007
LAY om0 1,000 07438
caddaraa.gs TLeTET O LDy 0,Itvdd f §,.7I39
1-23
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Judge # 12 ANP RESULTS (ORIGINAL SURVEY)

TaV Effectiveness
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APPEND}X I: Initial Survey Data
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Survivability

{ 2 3
1.000 3.00G 0.143
0.333 1.000 5.000
7.000 0,200 1.000
1.000 0.1 3 1. 000
0,333 0,33 333
7.000 0.333 0.333
(.332 0,337 5.000
landa(max): 10,8567

Propellants

{ z M
1,000 9,000 5,000
0.111 1,000 S.000
0,206 0.200 1,000

lamda (max): 3.5608
Maintajranilnt,

1 z s
L0 .00 2,200
0,200 1000 9,200
SA00 Soop0 1,009
000 TL000 3.90u

lamdatmax): 4,3897

vapeuverability
L0 TL0000 TL000
CL182 Lo G200
2IT3OS W0 LB00
lamga+aadat: T, 0849

"4e Consistency ot this hierarchy =

APPENDIX 1I:

Initial Survey Data

4 3 5 7 Priority
1,000 3.000 0.333 3.000 0.16849
7.000 3,000 3.000 3.000 0,25399
1,000 3.000 3,000 0,200 0,17498
1,000 2.000 3,000 0.200 0.07863

JI3T 1,000 1,000 D.147 0,03454
0.733 1.000 1,000 0.200 0.07788
5.000 7.000 5.000 1,000 0,21127

C.I.: 0.50946  C.R.: 0.48171
Prioraty
0,7524]
2 1741’

,‘1“!44
L.I.. 0.28042 C.E.: 0.48748

4 Sriority
4,200 0,11883
0,143 0.04719
G.337 0,29768
1000 9.57830
Color 001288 CLF.: 0.14409
Priority
0.54912
3.07193
n,2789¢
Coloy £.07244  CLR.: 0.05594

0,3036

laletaala ' maTaa aaaalataataia’alalalata

‘A e a e ol
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N
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APPENDIX I: Initial Survey Data

beosetric Mean for 12 Original Surveys
TAV Effectiveness
1 2 3
1.000 1.754 2,063
0.570 1,000 2,347
0.485 0.423 1.000
0.277 0.340 0.5619
0.382 0.467 1.492
0.455 0,433 1.474
lamada{nax): 6.1652

6 Priority
8 .19 0.31191
&0 2,205 0.24071
70 0.679 0.10957
1.178 0.689 0.09047
1,000 1,629 0,12673
0,614 1,000 0.12040
0.03308  C.R.: 0,02663

« e a
—
= RO S Lh LN LN

O — S e e PG
.

— $» D o -0 O

.Ln.bg <

Requirements
{ 2 Z 4 3 5 7 g Friority
1,000 2,234 4,620 2,815 [.894 4.457 Z2.225 1.83% (.26178
0.448 1,000 3,219 L7 L3182 3 1,725 2,016 017003
0,216 0,301 1,000 0,832 0.909 1,538 0,296 0,542 0.06429
¢.255 0.729 1.582 1,000 [.ZS2 I.e37 L.O37 L.009 4,11892
€.528 0,724 L1995 0,798 1.000 1,998 2,083 0.830 C.11ele
0,225 0,297 0,050 0.275 0,500 1900 0171 0,799 9,04549
0.449 0.380 2.926 9.965 0,480 2.8%2 1,000 (0,825 (10649
0.328 0,496 1.844 0,991 {.17p 2,504 1,212 1,000 (11664
lamdaleax): B, 2137 L.l 0,02047  C.R.:r 9002161

Perfarmance
1 z : Friority
1,000 2.799 1.lls 0.37897
0,297 1000 a0l 613827
7080 Loaéd L000 0,213533
iamdatmax): I.2087  C.l.p 000228 C.R.: 0,0057

sks

[ -
4

15
N M Friority
L0000 0SBE LT 0,23T86
o0 10N 0,538 5, 38278
B 1- DO W7 D ORAL i [ A DA L
samdavaax:  ToomE o Dol o 7T TR 0,00 ls

2

N N B Frigtity
RT3 VIO D M VIS Ba7 |

U382 LoMa (LI27 0w il
2,358 4,400 Looge o,8lme
amdamax’r Luled S NoIll LoRgr dori

I1-25
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APFENDIX I: Initial Survey Data

Survivability

1 2 3 3 S b 7 Priority
1,000 0.496 0,253 0.476 0.632 0.367 0.233 0.038%
017 1,000 0,959 1,678 1,733 0.855 0.590 0.14988
835 1,043 1.000 1,208 2,231 1,125 0.480 0,15592
100 0.596 0.828 1.000 2,779 1,168 0.373 0.13540
1.582 0.577 0.448 0.280 L.000 0.735 0.293 $.07887
2,722 1,172 0.888 0.836 .76 1,000 0.300 ¢, 13732
3,267 1,496 2,083 2.665 3411 1,999 1.G00 0.28764
lagdateax): 7.1164 L.l 0.01980  C.R.: 0.01470

[ IS o ]

Propellants
| : ! Priority
1100 2,035 0,786 0.37577

0,493 1000 0.834 0.21879
272 1,571 1,000 §.30544
lapda lmax): 00272 Culor GU01T82 LRy 0,02148

maintainability
1 2 z 4 Fricrity
00D 470 3 TTL 490 010024
2028 100 4.719 1L049 0,785827
o830 LT3 LUN0 L0ae B ITTIE
MU L SRS A D T DR L B ) 1=
NET EIY LU RTEE PRS- AN S RS FTCMS 1~ S U P U et |

Maneuveradility

. N Friarity
Coonn L RT O ZLIET 45870
RIS SR RN F S T Wi
LTS el Lo TSR

tamda:man': .08 DUl S.wTTg LUR.r 9aalilAl

Tse {ansistenc, It this hizrarchy = 0,154

I-26
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AFPPENDIX J:

Survivability

1 2 3
1,000 1.000 0.111
1,000 1.000 0.11}
9,000 9,000 1.000
1,000 0.200 0. it!
1.000 0.143 0,114
1.000 1,000 0,111
1.000 1,000 0.111
lapdaimax): 7.8272

Propellants
! 2 M

L0900 8,220 0.200
000 1,300 1.900
L0000 L0000 1.000
landataax): 2.000

LN rrn e~

maintainability

1 - -
Lano 206 0,200
S.000 LMD 1200
S.000 1,000 1,000
9,000 1000 1000

lamdataax): 4.0000

Manesverabil:t,

RPN LI P (V)
Lo0g o Loan §L000
T AL T

LR T MRV

$ 5

AHP Follow-Up Survey Data

b

1,000 1,000 1,000
5.000 7.000 1,000
9.000 9.000 9,000
LO00 0.333 1.000
3.000 1.000 1,000
1,000 1,000 1,000
1,000 2,000 1.000
C.R.: 0.10594

(59 PR RIS B

Priority
0.G909!
0.43435
0.454352
e 0,00000

Ca

4 “riority
0,200 0,08250

L0000 9.71250

L0010
L0000, 7128

5000

€9 e - =
—
.

Ve

Priarity
7, 45455
0,43432
7. 69091

Soler 0056000

Thg lirslstency ¢ this hiargrchy =

7 Friaority
1.000 0.06320
1.000 0.12804
9.000 90.56878
1,000 0,04548
0,337 0.05427
1.000 0,04320
1.000 0.077064

C.R. 0.00000
CRar 0,00000
I B O U

0,510

e

e ® L F W W




APPENDIX J: AHP Follow-Up Survey Data

Judge § 7 AWP RESILTS

TAV Effectiveness

1 2 3 4 5 6 Priority
1.000 9.000 9.000 9.000 9.000 9.000 0.61070
0.111 1,000 7.000 3.000 7.000 1,000 0.14880
0.111 0.143 1,000 0.333 0.333 0,200 0.02381
0.111 0,333 3.000 1.000 S.000 1,000 0.08300
0.111 0.143 3,000 0.200 1.00G 0,333 0.03740
0,111 1,000 5.000 1.000 3,000 1,000 0.09429
lamda(eax): 6.7372 C.1.: 0.14744 C.R.: 0.11890

Requiresents
i N M 4 S 4 7 3 Friarity
1,000 S.000 2,000 5,000 5,000 9,000 9,000 I.000 0,4103%
9,200 1000 S.000 1,000 1,000 5,000 5,000 1,000 0,12081
0,111 0,200 1,000 9111 0,320 L000 1.000 1,000 0.03%42
0,200 1,000 9,000 1,000 3.000 9,000 5.000 1,000 0,17448
0.200 1. 7.000 5,000 1.000 0.10901

2,110 0,200 1,000 0,111 0,143 1,000 1.000 0,33F 0.02656
S.110 0,200 1,000 0,200 0,200 1.000 1,000 0.32F 0.02904
0,233 1,000 1,000 1,000 1.000 3,000 2.000 1.000 0.09732

5
!
9
20 I.000 0,333 1,000
!
!
{
landa(max): B8.607¢ C.I.: 0.08680 C.R.: 0.06136

Pertormance
1 2 J Friority
1960 3000 I.000  0.50000
0,373 L0000 1,000 0.20000

R LA
(K

£.060 1,900 9, 20000
laadateax): 2,0000 C.I.: 0.00000 (C.R.: 0.00000

Risiks
i 2 p Pricrity
00 1000 o0 033337
1,000 1,90 1000 9,37737
SN0 L0 1,000 09,3373
lamgateax): 0000 C.l.: 0.00000  CLR.: 0.00000

2ag13tics
i l z Friority
L0 5,000 1000 D, 45455
L0 100 €200 6.09091
N0 5,000 1L000 0, 45438

lasgaimas): J,0000  Lol.:r 0000000 CLR.:r 0,00000
J-13
N S SIS B S "'!_'.a>‘)‘4“_, S

P R S L T S



APPENDIX J: AHP Follow-Up Survey Data

Survivability
{ 2 3 4 3 ) T Priority
0.143 0.143 0.02452

1,000 0.143 0.143 1,000 0.143
2,000 1.000 1.000 5.000 1.000 0,143 0.111 0.09498
7.000 1.000 1,000 1.000 1.000 0,143 0.143 0.07408

1.000 0.200 1.000 1,000 1.000 0,143 0.111 0.,045%0
7.000 1,000 1.000 1,000 1,006 1,000 1.000 0.13842
7.000 7,000 7.000 T.000 1,900 1,000 1,000 0,29405
7.000 9,000 7.000 9.000 {.000 1,000 1.000 0.3280%
lasda(sas): 8.2872 C.L.: 0.21457 C.K.: 0.14252

Fropellants
1 2 3 Priority

1.000 7,000 7.000 0.7623

0.143 1,000 0,333 0.07590

0.147 2,000 1.000 0.15787

lamdalmaxi: 3.1396  Culor 0.06781  CLF.: 0011491

Maintainahility
: z 7 4 Friority
1.000 6,143 0.377 L0000 0.0732¢
700 000 it S0 6, 07347
2000 90000 L a0 J, 00 0,50287

L9000 0,200 00373 1000 0.07778

lamdaisax): S.1944 C.I,: 0,39815 (.R.p 0.442%8
Maneusarability
{ . " Friarisy

L0006 7,000 L0 0.77T7

0,047 00 10000 0.t

DT L0 Loon 0l
landai(mari: 70000 Col.: L00000  C.E.: 59,0000

"he Consistenc. of this hierarchv = ¢, 7611

(3
|

12
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APPENDIX J:

Judge ¢ & AHP RESLLTE

TAV Effectiveness

{ 2 M 4 5
1,000 0.333 7.000 7.000 7.000
3,000 1,000 7,000 95,000 7.000
0.143 0.143 1.000 0.147 5,000
0.147 0.200 7.000 1,000 1.000
0,143 0,143 0,290 1,000 1,000
7.000 1,000 7,000 7.000 7,000
lamda(nax): 7.3476 C.I.: 0.3095t

Reguirssents
i 2 T 3 3
1,000 7,000 7,300 7.000 7.000
2,043 L0000 S.000 5,000 0,142
Co33 6,200 1,000 9,200 1,000
3,147 0,290 5,000 1000 2,200

0,147 7,000 1000 S.000 1000
O 014D 0,200 9,200 0,200

.10 T0000 TL000 5,000

L0 LG TG00 Iac0 1L000

AHF Follow-Up Survey Data

b Priority
0,14 0.18057
1.000 0,27843
0.143 0,04389
0.187 0,07269
0.143 0.03104
1,000 0,3933

C.Ro: 0,249

2 7 8 Friority
9,000 0,200 1,000 0.23684
7,000 0,143 1,000 0,075932
S.000 0,143 0,337 0,050
S.000 0,143 0,333 0.04417
SOO00 200 1,000 11454
1,200 0.1 0.143 o,018%2
2,000 1,000 T.000 0,713993
70060 0,147 1000 G,0B916

landatmax): 19,2227 Col.: 0031747 LR, 0022518

“prigraance
i z 3 Priaority

1000 1,000 7000 D,5630%
1007 L0k 0,200 0.17247
TLUAT O EUMg 1000 0,247%6
lamdaraax): 4,3768  C.I.r (,768%9

Priarity

LN TEY LY LTTTIR

L0 T D P N A S 9 3 1

ST DI S D O S
lamca mar o D000 L L 00

" 4 TEAAD
C.R.y 1.78979

r G000
LR 00

Z N roart,
...... AR DAL it
L D DA AL
ToE T I G 33
U RERY EY T . PO R LLTER

R AL G K W I, SOl WL S, Nl "L, "SR, L L

SRR
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o
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APPENDIX J: AHP Follaw-Up Survey Data

Survivability
{ : M 4 S [}
1,000 0,125 2.000 0.500 1.000 1,000
8,000 1.000 7.000 4.000 1.000 4,000
0.500 0.142 1.000 0,500 0,300 9,500
2,000 0157 TO000 LMD TL000 100
LA L0000 2,000 G.ITT LM Lot

Priarity
0.05308
0.29515
0.03938
9,007
¢, 09408

.
i
A
o
8,000 1020 S.000 7,000 I
)

L0000 G20 2,000 CLITTOL.S00 0 1,009 005140
" 2 soom oy A owi A
FUARE I 3 M - DRE.]
landa(max: 7.7748 C.lar G181 .50 o,o9797
Fronoeliants
me . 4 apege

CoAAN N EAL A Epp
el

IGO0 1,006 20900 L 5 TIES

S0 05000 1T 1,300 5, 23704
20900 1,006 0,500 L.o00 0 6,27700

lamdai@ax): 4,1855 C.l.p J.0élg8 o, 1, 05871

xt

Maneuverability

. - -
i - - riority

LA0G 0U250 1,000 9, 18887
4,900 1,000 4,090 0,46647
LOGG TVZEG 1000 0, 1ke07
lamdafaax:: J.0000  (ol.: Q.00090  CLR.: D000

Tne Cansistancy It this mlerarchy = 0,499
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AFPPENDIX J: AHP Follaw-Up Survey Data

Judge # 5 AHP RESWLTS
TAY Effectiveness

L)

0.500

S

4.300

4

3

&

Priorit

1.000 3.000 2,000 1.000 O0.16626
2,000 1,000 1,000 2,000 2,000 2,000 0.2I37t

2,000

0,732

0.500
1.000

1,000
0,500
0.300
0,500

lamda(may):

1.000
0,333
0,500

A Ty
D INAS

6.4121

rezuiresents

2.000
1,000
0.500
2,000
€.1.:

2,000
2,000
1,000
0,500

0.08243

3,600
0,500
2,000
1,000

C.R.:

0.26772
0.10131
0. 11420
011879
0.06

Y

648

! - i ) S 5 7 § Priority
£.000 AIIT 2,000 J.000 0,750 5,000 4,000 1,009 012937
00 L300 000 S.000 D,TIT S.00 40000 4,000 0001474
G.900 0.5 100G 5,000 0,500 5,020 4,000 2,000 (14009
0,727 0290 0,200 1,000 0,200 000 T.000 2,000 0,05843
5,000 7,000 2,000 5,500 1,000 6,000 4,000 S.000 0.32380
G000 5200 00T 0,500 9008 LD ZL000 G.E00 0 0.07849
3,280 0,250 0,280 0.50C 4tel 500 1000 GLS00 4
1O L DS . I0n Q.S00 0,100 1,000 2,200 1,000 &

Lamdarmaxi:

4
4

NN

D

e

Lo

>y
.

-

Parigraance

-
-

~ s
-t \'-”.’

L

LR
Sy
1

-

1,004

AN Y
RO

Coang
PP

~r o,
Uelas

briorit
0. 4747
wo14770

4 TRTTY

0,19047

3

LR

0.

41

- DA &
Capdaeaxty D,MET Colr o 0T LLR.r 0,0LETT
! - Fricrity
P LR $.54%95
KDASTEIN K L.oi984
LG Lo I 1O
Landaraar): oo LoE s Ry sonETT
Fricrity
astAl
RET 1S
RDEIN
U S T I
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APPENDIX J: AHP Follow-Up Survey Data

Survivability

1 2 3
1,000 1.000 0.143
1,000 1,000 0.143
7.000 7.000 1.000
7,000 7,000 0.143
5.000 7.000 0.143
9.000 9,000 1,000
9.000 9.000 1.000

lapda(max); 8.2309

Propel lants
{ 2 3

1.000 0,200 0,143
S.200 1.000 35,000
7,000 0,200 1.0
laada(max): I1.4357

Maintainapility

3 - -
L0000 0,111 0.200
%900 1,000 S.009
.00 (2000 1000
I.000 3,09 S,000

lamda(max): 4.77€7

Maneuverability

1 1 M

1,000 TL000 9.000
0,142 000 T
St 0 1dT Lo00

- vme
.7.

lamdaimasl: 2,130

4 3 6 7 Priority
0.143 0.200 0.111 0.111 0.01973
0.143 0.143 0.111 0,111 0.01915
7.000 7.000 1,000 1,000 0.25006
1,000 0.200 0.143 0.111 0.05476
$.000 1.000 0.11t o0.111 0.08336
7.000 9.000 1,000 1.000 0,27973
9,000 9.000 1,000 1,000 0,2930!
Lol 0.20848  CLR.: 0.15794

Prigrity
0.07030
0.57243
0.2572¢
C.l.s 0.21794 C.R.: 0.27359

4 Friority
0,337 0,058S
0,330 0.74204
0,209 0.12107
1,000 0,47827
C.I.: 0.239%6 C.R.:

<>

. 26840

Priority

74074

G.19110

0, 0480T

C.lI.o G.18382  CuR.e 0.20248

The Lorsistenc, Gf this hierarchy = (., 2999
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APPENDIX J: AHP Follow-Up Survey Data

Judge § 4 AHP RESULTS

TAV Effectiveness

{ 2 3
1.000 9.000 9.000
0.111 1,000 35,000
0.131 0,200 1.000
0.111 1,000 1,000
0.111 0,333 3.000
0111 0,337 3.000
landalmax): 6.9922

Requiresents
1 2 I

1.000 9.000 9,000
0,111 1.000 1.000
0.111 1,000 1.000
1.000 5.000 7.000
1.000 1,000 7.000
0,111 2,000 7,000
tLtr 00143 0,200
.01 50000 1,000
langa{max): 11,2589

“ertormance

! 2 3
000 TL000 9,143
14D L0 1
7000 9,000 000
lamdateax): 1.3276

-
=1

15ks

.
4 -

1000 S50
9,200 1,000
NP3 BERORY M
lamdaimgx!:

(W)

2,006
7,000
Lo

ML)

veqistics

- -
L0000 00047 D01t
000 o0t 0,143
@306 TLMG 1,000

~=n;

-
crea G

lamdaimax):

4 ] 6 Priority
9.000 9.000 9.000 0,5003!
1.000 3.000 31,000 0.12656
1,000 0,333 0.333 0.03987
1,000 3,000 3.000 0.10375
0.337 1.000 0.200 0,04647
0,333 5.000 1.000 0,08285
C.l.: 0.19886 C.R.: 0.16004
4 ! b 7 8 Priority
1,000 1,000 9,000 9.000 9,000 0.25351
0.200 1,000 0.143 7.000 0.200 0,01998
0.143 0,143 0,142 5.000 1,000 0.02849
1,000 7,000 9.000 9.000 9,000 0.2317
0.147 1,000 7,000 <9.000 9.060 ¢.1829¢
0.0 0,143 §,000 9.000 0,143 0.06652
9.1 0utit ol 1000 0.t O.21108
0,111 0.1 7,000 9,000 1,000 0.08579
C.I.: 0.46335 C.R.: 0.72018
Priority
0, 19119
9.04803
0.76078
.1.e 0.18382 C.R.: 0.28245
Frigrity
2. 7193
0, 22708
G.08101
Coler 010427 CLR.: 0017978
Priarit,
T 405
0,:1911%
2, 7607s
Color 0.ielel  CoR.e 0.28748

A i Saats A tnan o




APPENDIX Js AHP Follow-Up Survey Data

Survivability
1 2 3

£.000 7.000 3.000
0.143 1,000 0.333
0.333 3.000 1,000
0.143 0.333 0.333
3.000 5.000 1,000
0.200 1.000 0.333
5.000 5.000 5.000
lamda(max): 7.8842

Fropellants

" -
- -

1
1200 .00 6,323
000 1000 0,333
20000 Z.000 1,000
lamcaimax}: I.9000

#3irtarnabilit,

! z 3
L0 6,310 9,200
1060 1,000 0,333
.00 2,000 1000
LN 000 0,377

landa(max): 4,115%

Maneuverability

- -
ra

L0000 S,000 7,000
0,200 1,000 Z,000
00147 L1600 1,000
lamcaisax): 7,1828

4 3 6 7 Priority
7.000 0,333 5.000 0.200 0,17843
3.000 0.200 1,000 0.200 0,04804
3,000 1.000 3,000 0.200 0,10180
1,000 0,200 3,000 0.143 0.03947
3.000 1.000 5,000 0.333 0.19938
0.333 0.200 1.000 0.143 0.03310
7.000 3.000 7.000 1.000 0,39935
C.lue 0.14736  C.R.: 0,11164

Friority
0,20000
0.20000
9. 60000
SJIor 0.00000  CLR.: o 0.00000

4 Friority
1,000 0,1068S
1,000 0,20079
2.000  ¢,92353¢
1.000 0,15784
C.I.: 0.07849

)
x
-

0.0427¢

Priority

0,718

9.21849

0.06080

C.I.: b.09178  CLRe: 0.1573

"he Consistency of this nierarchy = 7,09:¢
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APPENDIX J: AHP Follow-Up Survey Data

Judge # J AHP RESULTS
TAV Effectiveness

1 2 k4 4 S 6 Priority

1,006 1.000 1.000 3.000 5,000 7,000 0.23874

I 1,000 1,000 1.000 3.000 3,000 7.000 0.25874
1.000 1,000 1.000 3.000 7,000 7,000 0.27401

3.000 7.000 9.13252
L.000 3.060 0,04793
0,333 1.000 0.02803
0.05609 C.R.: 0.04524

0.333 0,333 0.333
0.200 0,200 ¢.143

0.143 0,143 0.183
landa({nax): 5.2805

<

[ B =~ R R Y R
- -
mTeEER
S OO

Requiresents
l Z M [} ;] ) 7 3 FPriority
1L.000 7,000 3,000 S.000 5,000 9.000 0,333 {000 0,2793
0,143 1,000 3.000 0,333 0.200 5,000 0.200 0.200 D.04415
G.33 06,133 1,000 €.237 0,143 000 0,200 0,333 0,03548
’ 0,200 2,000 I.900 1,000 0.200 S5.000 0,200 0,327 0.0s1%4
0,200 5,000 7,000 S.000 1,000 7.000 0,333 3,000 0.17342
L 0,200 00333 0,200 0,143 100G 40111 0.1t 0.01810
2000 5,000 5.000 5,000 I,000 9,900 1,000 I,000 ¢,30151
1000 5,000 3,000 3,000 0.337 F.000 0,313 1,000 0.12847
landa(max): 9.2048 C.1.: 0.17241 C.Ro: 0012227

1

Perforaance
1 < z Priaority
£.000 5,000 T.000 0.85854
) 0,200 1,000 1.000 0.15618
R 0.333 1000 1.000 0.13517
landa(max): 0.8291 C.l.: 0.01450 C.R.: 0.0250%

Sisks
. 2z p Friority
b LO00 D0.200 0,147 0,07193

SO0 L0 0230 0,27895
7,000 Zo000 1000 90,5452
landaimax):  .0ed3  D.ler 0003244 CLR.: 0,05894

) Logistics
: - > Fricrity
. 1000 S.000 0,737 0.2789%
- 206 1,000 u.l4T 9.07197
: 20000 TLU00 000 0.a491C
' lamdalmax): T.0849  CL1.: G,0T044 DoR0 0005394
]
. Jos
' ~d
- ...o .-C.—:'."'.‘._ h;";";":"';";"d-; S b, '.‘L‘."' b "%- R PR P L R R LA L ST O

BN A aman e s




APPENDIX J: AHP Follow-Up Survey Data

Survivability

1 2 3 4 5 b 7 FPriarity
1,000 0.333 0.337 0.200 1.000 0,200 0.143 0.03368
7,000 1,000 1,000 2,000 1.000 0.200 0.143 0.0778%
3.000 1,000 1.000 1.000 1.000 0.200 0.143 0.06384
5.000 0.500 1.000 1.000 2,000 0.333 0.200 0.091é1
1,000 1,000 1.000 0.33F 1.000 0.333 2,200 0.0359
€.000 S5.000 5.000 3.000 Z.000 1.000 0.200 0.21440
2000 7,000 7,000 S5.000 5,000 3.000 1.000 0,43970

lasdatsax): 1.652¢ C.1.: 0.10874 C.R.: 0.082%

Propellants
i 2 3 Frionity
4 1,000 5,000 0.233 0.28720
{ 0.200 1,000 0.167 0.07796
2000 6,000 1.000 0.63484
%‘ tapdalmax): 2.0940 C.1,r 0.04701  C.R.r 0.08105
Maintainapility
! 2 2 } Priority

1,006 1,000 0,200 0,200 0.09082
1,000 1,000 00337 €37 0.11701
€.000 2,000 1,000 1,004 0,39408
£.000 1,000 1,000 1,000 0,39308
lamdaimaxis 4.0228 C.I.: 001097 C.R.r 0.Q12LE

Maneuverability
! 2 T Driority
L0000 9,500 0,200 0.10884
L0000 4,000 00147 G.14238
S.000 8,000 LoG0 0,72838
lamdaimax): 7.08S8  L.l.: 0,042BE C.R.: 0.0774

The Consistency of this nierarchv = 0,047

-t . - et w Ve e . et et .. M - - - ~
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APPENDIX J:

Judge ¢ 2 AHP RESULTS

TAV Effectiveness
1 2 3
1,000 1,000 1.000
1.000 1,000 2.000
1,000 0.500 1.000
0.333 0,333 1.000
1,000 1,000 1,000
2,000 1,000 1,000
landa(max): 46,7120

Fequirements
{ 2 7

1.000 1,000 1.000
£.000 1,000 1,000
£.000 1,000 1,000
2,000 1,000 1,000
0,147 0.147 0,143
0,147 0,143 0.143
0,300 0,737 6.300
L0000 1000 1000
lamda(|a>) 8.2550

Ferforaance

1 - ki

L0000 Z,o00 1,000
3L

0,222 0,333
1000 T.000

1,000
lamca(max): 7,0000

R1sks

) - :
L0000 00083 09,753
Toa0g o Le 7,000
2000 00777 100G
Lamdavaax): I,
~ag1stics

. - -
L LNV (R B!
Tenew 1000 C.2M
L0000 ,000  LL00O
lamdaaa): 7,325

AHP Follow-Up Survey Data

4 3 b Priority
3.000 1,000 0.500 0,15858
2,000 1.000 1.000 0.20296
1,000 1,000 1.000 0.14235
1,000 0,333 0.200 0,04935
I.000 1,000 0,337 0.15131
5.000 3,000 1.000 0,27545
C.I.: 0.04240 C.R.: 0.0303

4 3 5 7 8  Friority
0.300 7,000 7.000 2.000 1,000 O,16779
1,000 7,000 7,000 3.000 1.000 O.18690
1,000 7.000 7.000 2.000 1.000 0,1748¢
1,000 7,000 7,000 1.000 1.000 0.18263
0,143 1000 1,000 0,333 0.337 0.02867
6,147 1000 1,000 0.333 0,337 0.02867
1,000 2,000 I,000 1,000 1,000 0,09942
1000 2,060 Z.000 1,000 L.000 0,13503
C.loe 0.03643  C.R.: 90,0284
Friarity

0. 42857
0.1428¢
0.42857
.00 0.00000  CoR.: 0.00000

Friority
3,087935
0.06942
0, 24754
“ T

Leldad

Couelst

Fricr.t,
1,29828
VRNVZ St
0.al699

Oolur 00032 ILR.:

LR

URHE-N sl

......




APPEND1X J: AHP Follow-Up Survey Data

Survivability

1 2 3 4 3 5 7 Priority
1.000 0,33%7 0,233 0.337 2.000 0.200 0,200 0.046008
7.000 1.000 1,000 1.000 3.000 1.000 0,333 0.14434
3.000 1,000 1,000 1.000 3,000 (.000 1,000 0.16399
7.000 1,000 1,000 1.000 3.000 0.237 1.000 0.14434
0.327 0.333 0.233 0,333 L.000 0.333 0.333 0.04927
£.000 1,000 1,000 2,000 3.000 1.000 [.000 0,21900

S.000 3,000 1.000 1.000 3,000 1.000 1.000 ¢,21900
landa(max): 7.4316 C.l.e 0.07193  C.R.: 0.05449

Propellants
! 2 3 Priority
1.000 0,737 0,337 0.1428¢
2,000 1,000 L1.000 0.42857
2200 1,000 1,000 0.42857
anda(max): I

0000 Color 0.00000  C.Rer 9.00000

Maintainanility
1 2 M E Priority
1,900 0,337 IIT OL.ITIO0,09393

3000 1,000 .73 0.300 0.17614
00 I,000 1,000 1,000 0.48268
00 2,000 0,737 1.000 924718
lamdamax): 4,2137  L.loe 097178 CLR.: 0.07977

a 1oy

Maneurerabiiity
: < z Priority
eaul 002500 0,337 6.10085
L0000 L0000 40000 0,6738!

000 . I3C 1300 0,2258

lamgatagx/: 1,335 C.loe 0.08238  C.F.: G,07294

m

The Consistenc, 9f this hierarchy = 40,0200

a4




APPENDIX J: AHP Follow-Up Survey Data

Judge # | AHP RESULTS
TAV Effectiveness
| 2 M 3 S &  Priority
1,000 3,000 3.000 S5.000 1.000 Z,000 0.31320
0.333 1.000 1.000 J.000 0.333 I.000 0.14129
0,337 1,000 1,000 2.000 1.000 2,000 0.146%
3,200 0,373 4,077 000 0,777 4,777 4008174
1,000 3.000 1.000 I.000 1,000 T,000 9,2444¢
0,333 0,337 0,333 3000 0,333 1,000 0.08280
landatmax): 4.3457 C.l.: 0.06913 C.R.: 0.0537S

fequireaents
{ ? J

- ™

4 3 5 7 3 FPriority
] 1,000 1,000 (000 {.000 1,000 S.000 L.000 1,000 0.13348
L 1,000 {000 1,000 1,000 (.000 S,000 (.000 1,000 0.13448
L0 1000 1.000 1,000 1,000 35,000 000 1.000 0.[549¢
- 1,000 1,000 1,000 1,000 1.000 2,000 I.000 1,000 0,15494
- 1000 1,000 1,000 1,000 1,000 S.060 I,000 1,000 ©.1549¢
- 0,200 0,200 0,200 0,200 0,200 1,900 0,200 0,200 0,02690
1,090 1000 0,237 £.373 0.237 S.000 L0090 0,333 008471
1,000 1,000 1,000 1,000 L1.000 35,000 3,000 1,000 0,1549
landaisax): 8.2253¢ C.le: 0002370 LR, 9.0279%

Performance
1 : 2 Frigrity
0000 0,42857
ToEm 0,82387
5,000 0, 19086
lagdalmar?:  Z.0000  L.1.o 0000000 CLR.:  D,00002

f1cks
! z M friority
00 6,200 L2000 3,1809

! i

3 .00 L0 Lo o 45488

i . N .

; S.000 1,000 LU0 0, 45458

. tamdama.i:  I,0a00 Culon OG0 CLRLe 00000

r

@

r

» ..

. -5Gi3liCs

. { z N Srisrity
1,990 TTTO0.TTT N 182038

B}
200 L0 LLoo0 0,42287
000 Lo L0000 0,40857

tamdataaxts  7,0000  CoLor 0000000 CLR. 0000300

o - T . CLeT - - e - . I S Y
ol P Y ol - L. . .. R T
b S\ R R S A ) 1'.5._5';'_-'\'.3\'..51.1"_.4‘4. 2 ' @ " & “a' a =
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APPENDIX J: AHP Follow-Up Survey Data

Judge ¥ B AHP RESULTS

TAV Effectiveness

1 2 k4 4 3 5  Priority
1,000 1.000 1.000 7.000 {,000 7.000 ©.24097
1,000 1.000 1.000 35.000 3.000 5,000 0.26909
1,000 1,000 1,000 35,000 1,000 S.000 ©.21213
0.143 0.200 0.200 1.000 O..w 0,200 0.03282
1.000 0.333 1,000 5.000 (.G00 5.000 0,18442
0,183 0,200 9,200 5,000 0,200 1.000 0.06057
landatmax): 6.4751 C.l.: 0,09502 C.R.: 0.07463

Requirenents

1 2 I 4 3 b 7 8  Prioritv
1.000 0,200 9.000 {.000 0,333 9.000 0.200 0.200 0.07520
€.000 1,000 9,000 3.000 1.000 5,000 1,000 0.327 0.20749
A 0,111 1,000 0,143 0,143 1.000 0,143 0.147 0.01783
000 0,333 7,000 1,000 0,233 9.000 3,000 1.000 0.12949
N00 1,000 7,000 2.000 LO00 F.0DC 3,000 1,000 0.20471
oot 0 D LO00 Q.11 Guitl 5000 00110 0,111 0.01547
S.006 0.333 T.000 6,233 0.1I7 9,000 1,000 0L333 Gllfté
OO0 20000 TLO000 1.000 1,000 5,000 I.0060 1.000 0,23642
lamda(maxi: 9.0988 C.l.x C.15897 C.R.r O.U1132

[RF I o )

Garfgraance
. N z Priority
L0 50000 5,000 0.:8542
L2000 1,000 5,000 0.2344
2,200 0,200 1,000 0.080LT
lamoalmax): 2.2948 (.l 0014739 CLR.: 0025412

Higks
M 2 3 Priority
£.900 0,143 1000 0.13151

7,000 1,000 T.000 (.6940¢
GO 0T LG 5, T
lamdaleaxi: 32,0807 S.l.: 0004018 CLR.s 9,08720

-ogstics
i < 7 Priority

00 LD 2200 UL iITEh
NG 100 G147 0011936

i
S.000 0 TL0 1,000 0.74748

lamca.max's Z.iile  Cul,e So0eT0 DLREL uLolias
J—-195




APPENDIX J: AHP Follow—-Up Survey Data

Survivability
1 2 2 4 3 b 7 Priority
1,000 0.143 3.000 0.143 0.333 1.000 0.143 0.03843
7.000 1,000 7,000 1.000 7.000 5.000 3.000 0,36441
0.333 0,143 1.000 0.143 0.142 0.143 0,147 0,02152
7.000 1,000 7.000 1.060 3.000 7.000 1.000 0,23819

2.000 0,143 7.000 0.333 1,000 1.000 0.200 ¢ 0729%

1,000 0.200 7.000 0,143 1,000 1.000 0.Z00 0,05997
C7.000 0,200 7,000 1.000 5,000 5.000 1.000 0,20431
landa(max}: 7,836% C.l.: 0,13948 C.R.: 0.10587

<
<

Propellants
1 2 7 Priority
1,900 9.000 1.000 0.S59052
2.011 1,000 7,000 0.26108
1,000 0.147 1.000 0.14841
laaga(max): 35.2204 C.l1.: L1.11519  C.Res 192274

Maintainability
1 2 M 4 Priority
1.000 0,147 0.200 0.200 0.04719
7,000 1,000 T,200 5,000 0.57830
S.000 0,337 1,000 S.000 0,29748
S.000 0,200 ©.200 1.000 0,11883
lamdaimax): 4.3890 C.l.: 0.12968 C.R.: 0.14409

Maneuverability
i 2 I Priority
1,000,000 T.000 0.70149
5,200 1,020 T.000 90,2399t
G183 0,147 1200 0.09860
lamdaimax): 2.:948 C.I.: 0.14729 C.R.: 0.25412

The Consistency -f this merarchy = 10,1594




AFPENDIX J: AHP Follow—-Up Survey Data
Judge § 9 AHP RESULTS
TAY Effectiveness
t 2 3 4 3 6 Priority
1.000 0.143 0.333 0.200 0.333 0.333 0.03973
7.000 1,000 3.000 3,000 1.000 3.000 0.32302
3.000 0.337 1.000 0.333 0.333 0.333 0.07IR
5,000 0,333 3.000 1.000 32.000 4.000 0.24985
3.000 1,000 3.000 0,333 1.000 I.000 0.189%7
- 7,000 0,337 3.000 0.250 0.3337 1.000 0.10344
: lamdaimax): 64,6031 C.1.: 0.12083 C.R.: 0.09728
F Requiresents
- i 2 M 4 S b 7 8 Priority
; 1,000 5,000 7.000 1.000 3,000 7.000 3.000 0,333 0.24621
3 0,200 1,000 7.000 1,000 3I.000 7,000 Z.000 0,123 0.13202
" 0,147 0,147 1.000 0.143 0.200 0.333 0.200 0,147 0.0192¢
F. 0,333 L.000 7.000 1.000 I.000 S5.000 3.000 1,000 0.15014
S $.333 0.333 5.000 0,333 1.000 3,000 3.000 0.200 0.07608
] 0,143 0,143 3.000 0.200 0.233 1.000 0.200 0.200 0.02964
0,333 0,333 5.000 0.33T 0,237 5.000 1,000 0,200 0.06300
A 2,000 3,000 7.000 1,000 S.000 S.000 5.000 1,000 0.28364
E lamdataax): 8.9796 C.l.: 0.13994  C.R.: 0.0992%
: Yerfarmance
- ! 2 I Priority
b LO00 0 3,000 0,143 0.15787
€ 6,333 1000 G.143 0.07590
7000 7,000 1,000 0.78827
tamda(max): I.1336 C.I.: 0.06781 C.R.: 0.11491
Risks
i z T Friority
1A L0000 5,860 0.20749
1,000 1,000 0,800 6.30749
10250 1,280 1.0G0 0.7B442
lamoaimax): 72,3300  C.l.: 0,20000  C.R.: 0.00000
Lagistics
! 2 T Priority
L0 o000 7000 9,80000
0,737 10090 1,000 0,20090
GITT L0000 1,900 2,200600
lamda‘aan)s  I,0Q00  Col.e 0.00000  CJ.R.r 0,50000
J-17
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APPENDIX J: AHP Follaow-Up Survey Data

Survivability
i 2 3 4 3 b 7 Priority
1.000 0,333 0.200 0.200 3,000 0.200 0.200 0.04744
7,000 1.000 0.333 0,333 5.000 0.333 0.337 0.09342
5.000 3.000 1.000 1,000 3.000 1.000 1.000 0.19357
£.000 3.000 1.000 1,000 3Z.000 1.000 1,000 0.19353
0.333 0,200 0.333 0,333 1.000 0,200 0,200 0,03842

5,000 3.000 1,000 1,000 5. 1,000 3,000 (,25204
S.000 3.000 1.000 1,000 S5.000 0,333 1.000 ¢,18140
landalmax): 7.5146 C.1,: 0,08576 C.R.: 0.06497

on
<
<
<

Propellants
! 2 I Priority
1.000 1,000 0.143 6.1111
1,000 1000 0,143 0.1t1l1
7.000 7.000 1.000 0,77778
landa(gax): 32.0000 C.i.: 0.00000 C.R.,: 9.00000

Maintainability
{ . 3 4 Priority
1,000 0.143 0.133 0,200 0.0449%
700 1,000 000 2,000 0,51057
700 0,237 L0000 J.000 0,29196
2000 0,377 0.I37 L0000 0,182%¢
laadalmax): 4.228¢ C.I.: 0.07604 C.R.: 0.08449

| Maneuverab:iiity

. ! N M Friority

' L5000 0,200 T.000 0,1B839

A 5000 {000 7,000 0.73064

: WITT LA L000 L0809

b lamdaimax): I.00d45 C.I.: 0.02244 C.R.: 0.02594
The Consistenc, of this hierarchy = 0,0343

J

]
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1
1.000
0.333
0.333
0.323
0.333

APFPENDIX J:

Judge # 10 AHP RESLLTS
TAV Effectiveness

2 3

3.000
3.000
1.000
0.333
3.000

3.000
1,000
0.33
1,000
3.000

0,333 3000 Z.000
lamda(max): 6.7049

Reguirements

1 2 !
1,000 1.000 2,000
WL Mme LA
(FDAMEE D U S
1,006 000 7,000
0,737 L0001 000
0,333 0,333 0,233
0,337 1.000 3,000
1.000 1,000 7,000
lamdaimax): 8.7256
Feréoraance

: N M
LS00 213 0,200
2,000 1,000 9,200
000 5,000 1,000
laadaimaxi: 2.1738
S1sks

{ : Z
LD 2,500 G.500
2000 1,000 1.0
2000 L0000 1,000
lamda‘mar': 7. 0000

)
s

L0
oot
Cediw
<

300

Lamdaima:)

bR P ULEP YR Ty

LI WP Y

L2g1stics

-
. an
MLV A 9

L0 0,1l
2,000 1,000

s g47c
e :--Jb

5
3.000
0.333
0.332
0.333
1,000
3.000

- u
(=2 ]
<

(= =1

Ouu:-‘(.d'-'(.d
L E8ES8
ooo

—~g
- S

<

<

4 3

1,000 3.000
AITTOL
GLITT LA
12000 5,000
0.200 .00
0,200 1,000
WIITO0.33
1,000 21,000

.1

Friority

aviid,

0.70071
.l

Priority
n, 20000
0. 40000
0, 300

It
PEEYR

0,000

Friorits
0, 1298

ERTIP TR
¢ 06227
0.86822

RN s
wadan .

0.14098

(. 16368

0.06781

Vg

) Priorit
3.000 0.34463
0.333 0.09981
0,333 0.08445
0.333 0.06622
0,333 0.16382
1.000 0.23906

C.R: 0.1

$ 7

1000 3,000
TOTEY O L000

A wy~

%

000 7,000
L9500 T.000

1,000 1,000
10000 1,000
000 5,000

LRy 0007

LR

0.1

SR 000

Y

370

L0000
i Y
e
1,000
vy
NI
7y
0,233

1,000

prks

491

AHP Follow—Up Survey Data

Friority
0,17917
3.10828
t,2737¢
0.27478
¢80T
0,93051
0.07566
0.19652

SV R T R A




|
1.000
1,000
5.000
1.000
2.000
5.000
5.000

landa(sax}:

1
1.000
0.143

0.333

laada(max):

APPENDIX Js3

Survivability
2 3 4
1.000 0.200 1,000 0.
1,000 0.200 0,333 0.
5.000
3.000 0.200
3.000 0.200 0.200

b

AHP Follow-Up Survey Data

7 Priority

5

333 0,200 0.200 0.05306
IR 0,333 0.333 0,04107
1.000 5,000 5,000 35,000 S5.000 ¢,40561
1,000 5.000 3.000 3.000 0,19045
1,000 1.000 3,000 0.1053

3,000 0.200 0.3133 1,000 1.000 3.000 0.12114

3.000 0,200 0.333 0,333 0.333
8.3272 L.l

Propel lants

" 4
-

3 Priority
7.000 3.000 0.64912
1,900 0.200 0,07193
3,000 1.000 0,27893

I.us49  C.1.: (0324 LR,

Maintainability
! 2 Z 4 Priority
L0000 70000 7,000 5,000 0,64484
3,147 4,000 5,000 T.000 0.19219
0.187 0,200 1,000 0,200 0.0442%
2,200 0,337 5.000 1,000 0.11881
lamda(max): 4.4868 C.l1.: 0,16228 C.F.
Mareuverability
1 Z z Priority
S0, T0C GLITT 0,41797
000 1200 1,000 0,48044
SO0 1000 L0000 0,40579

lamcamait: 2.0291 C.1L

The Cznsistency 24 this nierarchy = 0, 1039

PYPRY SPUF Wl W W wr Y

0.22121  C.Ra:

01437 CLR.:

1.000 0,08308
0.1675

r 0.03594

¢ 0.18031

0.0250¢

PR T TR

PO St WP WAIIY SO Th U S T | Aﬁj
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APPENDIX J:

Judge # 11 AWP RESULTS

TRV Effectiveness

{ 2 3
1.000 2,000 7.000
0.500 1,000 7.000
0.143 0.143 1.000
0,143 0.143 5.000
0.143 0.143 7.000
0,143 0,143 7.000
lamda(max}: 7.3967

Requiresents
{ 2 3

1.000 7.000 9.000
G.147 1,000 9,000
.11 0 111 1.000
0,183 7.000 7.000
0.1 0.1t 5,000
.10 0,111 4000
adtl ottt 0,200
0,147 0,200 7,000
tamda(max): 11.0889

Ferfarmance
1,000 7.000 7.000
0.143 1,000 §.000
3147 0,760 1,000
lamda(max): I.2948

Risks

L) 0000 0,143
S.000 1,000 0,700
TN S.06G 1000
laada(max): I,1828

Logistics
] -~ -
-~ o

10000 TLC L0090
0147 L0 0,147
ITTOTVME 100
lamoal(max': T.173¢

i "
Ve dew

4 3 &  Priority
7.000 7.000 7.000 0.39494
7.000 7.000 7,000 0.32603
0.200 0,143 0.147 0.02182
1,000 0,143 5,000 0.07371
7.000 1,000 2,000 0.1324%
0.200 0.500 1.000 0,05104
C.I.. 0.3193% C.R.: 0.29754

4 3 6 7 8
7.000 9,000 9.000 9.000 7,000
0,183 9,000 9.000 9.000 5.000
0.147 0,200 1.000 5,000 0.143
1.000 7,000 9.000 7,000 7.000
0.147 1,000 7.000 7,000 0.143
0.11F 0,147 1.000 0,147 0,143
0.147 0,143 7.000 1,000 0,142
0,147 7,000 7,000 7,000 1,000

C.1.: 0.48127  T.R.: 0.31296
Priority
0,79311
0.18397
0, 06292
L.I.: 0.14739  C.R.: 0.23410
Priority
0, 06680
0,2184¢
D71t
C.loe 000178 CuR.r GLIE73E
Friority
(.52299
0.06270
0. 30471
C.I.: 0.6573r (. 1. 1169
J-21

AHP Follow-Up Survey Data

Priority
0.42194
0.14539
0,02372
0,24189
0.04877
0.01344
0.02174
0.083%2

o w - e e = -




AFFENDIX J: AHP Follow-Up Survey Data
Survivability
i 2 3 4 3 b 7 Priority
1,000 0.111 0.143 0.143 0.143 0.143 0.143 0.01580
9,000 1.000 7.000 5.000 7.000 7.000 7.000 0.44906
7,000 0.142 1.000 0,147 5.000 5.000 0,143 0,07343
7,000 0.200 7,000 1.000 7,000 S5.000 0.200 0.14879
7,000 0,143 0.200 0,143 1,000 1.000 0,143 0.03519
7,000 0,143 0.200 0,200 1.000 1.000 0,143 9,03613
7.000 0,143 7.000 5,000 7.000 7.000 1.000 0.24161
landatmax): 8.9939 C.I.: 0.23269 C.R.: 0,28201
Propeliants
t 2 3 Friority
1000 9,000 7,000 0.76078
O 11 1,000 0,143 0.04805
0,142 7,000 1,000 0.19119
lasdatmax): 33276 C.lo: 0.16382 CLR.: 0.78243
Maintainability
1 2 M 4  Priority
1000 0.147 Q.18 0,200 0,03372
TO00 1,000 0,143 5,000 £,20401
3.006 7,000 1,000 9,000 9,68270
000 0,200 0411 1,000 0.07957
tamda(max): 4,585 C.I.: 0.19311  C.R.: 0.21479
Maneuverability
: z 3 Pr1uritv
LEC 700G TL000  0.74186
0,182 1,00 Lm0 0.2‘:’3
0,147 .47 L300 6,09540
lamda.nax): 1,475 C.l.: 0.21784  C.R.r 0,37SS9
“ne Lorsistengy =t this Wierarchy = 0, 2829
J-22
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APPENDI1X J:

Judge # 12 AHP RESULTS
TAY Effectiveness

1 2 3
1.000 0.147 1.000
7,000 1,000 1.000
1.00¢ 1.000 1.000
0,200 0.200 0,200
0.200 0.333 1,000
5,200 0.733 0,200

landa(aax): 7,2422
Feaquirements

i 2 ot
1,000 7,000 7,000
0,142 1,000 1,000
0,147 1,000 1,000
7,200 S.000 3.000
7.000 7,000 7.000
€.000 S.000 1,000
S.000 5.000 7.000
a,200 0 5,000 0,200

lamdaimax): 17,8826
Performance

1 R s
1,000 70000 1,900
0,142 1,000 9,200
1900 0000 1,000
tamdateax): I.0lle

Gizhe

L0 0,500 0,14
2.000 1,920 1,000
SO0 1000 1L 000
iamdaimax:: I,0128
Lag3istiss

! : z
1360 30040 2
LNE L0000 0,142
TG0 TLM0 LBy

camdaimax!s

4 S & Priority
5.000 5,000 5.000 0.21111
3.000 3,000 2.000 0.38633
5.000 1.000 S5.000 0.18734
1.000 0,333 32,000 0.05058
3.000 1,000 7.000 0,12546
0,233 0.147 1,000 0.01898
C.l.: 0.2484% C.R.: 0.20035

3 S b 7 8
2.000 0.147 0.200 0,200 S.000
0,200 0,147 0.200 0,200 0.200
0.200 0.147 0.I33 0,143 S.000
1,000 0.143 3.000 0.143 0.200
7.000 1,000 35.000 S,000 3.000
0,377 0,200 1,000 9.141 0,200
7,000 0,200 7.000 1,000 0,200
000 20331 50000 5,000 1,000

C.1.: 0.84036 C.R.: 0.59600
Friority
0, 48092
9,07782
0,43828
ol 000830 CLR.: 0.0108s
Friority
2.07782
0.4352
2, 48692
C.loy Gogoelt  CuRer w,ul08e
Friority
2,05540
220177
APREIR:!
L.l J.2t784 R,y g,77csC

AHP Follow-Up Survey Data

Friority
0.13624
0.01740
0.06870
0.06332
¢,29307
0.08627
0.18320
0.14759

O T T ——— T
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AFPPEND1X J: AHP Follow-Up Survey Data

Survivability

1 2 3 4 3
1.000 2.000 7.000 1.000 3.0
0.333 1.000 5.000 7.000 3.
0,147 0.200 1.000 1.000 3.0 000 0.200 0.0651t
1.000 0,143 1.000 1.000 3,0 L000 0,200 0.09341
0,233 0,337 0.3 0.337 1,000 1.000 0.143 0.04181
0,333 0,333 0.337 00337 1,000 1,000 0.200 0,04317
0.333 0,337 5,000 5.000 7,000 S5.000 1.060 0,20049

landa(max): 8.4143 C.1.: 0.23872 C.R.: 0.178%8

b 7 Priority
000 3.000 0,29514
000 3.000 0.24087

<>
<

4 €4 o4

4

S8

S &

4 o4 8
L=
L4

Propellants
1 2 ¥ Priority
1.000 9.000 S5.000 0.73519
M1 1,000 0,200 0.05811
0,200 S.990¢ 1.000 0.20670
lamda (aax): J.1170 C.loe 0.038%%5  C.R.: 0.10099

Maintainability
] 2 I 4  Priority
D00 3,000 0200 0,200 0.11882
200 1,000 0,200 0,143 0.04719
L0000 5,000 1,800 0,333 0.29768
G000 70000 3,000 1,000 0.3363
lamdateax): 4.3890 C.I.: 0.12968 C.R.: 0.14409

LN oLn o e

Maneuverability
{ 2 z Priority
OO0 70000 T.000 G.649)2
9,180 L99 0.Z00 9.0719
0,76 1,000 0,2789%

iamdaleax): C7.0649 C.1.: 007249 C.F.: 0.033%

The lansistency af this hierarchy = 0,7074




e TNV T ——— T o .

APPENDIX J: AHP Follow-Up Survey Data

seometric Mean for 9 Returned Surveys
TAV Effectiveness

1
1,00 1.22
0.82 100 2
0.55 0.4 |
0,28 0I5 0.
0,43 .44 ¢
2,57 0,43 1
landa(maxl: 6,033

Reguirements
4 " -

1.0 .08 L9t
0.48 L0027
0,26 0,36 L.
0,48 0.84 Z.7¢
0,87 .20 1.5
0.13 0,25 0.98
0,70 ¢,5¢ 1,20

¢.%4 1.5 1.82
lamdainax): g,1489

Peréaormance

[} = hd

1,00 2,99 139
0,78 L0e o 0.SR
.70 LT L

iamdatmax): I.0047

~15¥§
LU Ty LG
LI L 7

00 97T L

Pamdalmax;: L6002

2I31s%ls

B - -

4 - .
LS DI - s -
Lant T Jes.
. - o -
Lot Lol el

- - - - .
. Al
- P ae U

H i e AET(E Iad
iapgalad o L, AU

. - P .". - - .'. . - A'V
malal s el adr et i s e

2 3 4

3,62
2.8¢4
1.09
1,00
0.77

1.32

{.Ie 001126

i
.10
1.20
0.3
1,00
0.98
.18
9,62

- m
0,33

Colet 0

3 &

L L
2235 A
L1 L
1.2 .

1.00 0,
02 !

5 5
.39 1.
0.34 4,
0.44 1.
1.2 &
1,00 4,
(P00 B
0.57 2,
.78 4
2128

Weight Como-Rt
0.48980 9,787
0,18062 1.047¢
4,72999 0.0(8s8

Weight
0,20091
0.40132
2,29775

~r
Leled

#2107

1
S 0.00243

Comp-Wt
),0308
3.0410

09,0308

¢, 00011

by

C.k.

Weight
0.27804
0.26297
012318
0.10227
0.1087¢
0. 12486

¢ 0.00908

-

8

47 L4 LW
02 1,88 0,54
B S I A
BRI TR W
gl L7 128
00 0.4 0,20
44 L0008
95 LT} L0
C.For 001509

SR 0.00768

LR

)
I

£,50019

P

¥eight
0,229
0.11445
0.06119
0.14341
0, 15042
0,038l
4,09281

0.15474

Cono-#t
0.0619
0.037

0,0170
0.0404
0.0418
1, 0088
¢,0298
4.0429

;"';;j




APPENDIX J: AHP Faollow-Up Survey Data

Survivability
i 2 3 L 3 b ) Neight Comp-Wt
1,00 0.44 0.46 0.46 0.67 0.44 0.19 0.05984 0.0073
2,26 1,00 0,76 1.52 1.40 0.45 0.39 0,12576 0.0137
218 1.3 L0 L34 1,51 0,72 0.47 0.13918 0.0174
247 066 075 100 f.t4 088 0.3 0.10829 0.0135
1.48 0.71 0.6 0.88 1,00 0.66 0.27 0,09187 0.0113
227 153 438 L2418 1,00 0.52 0.15863 0.0198
S.26 .58 214 3.00 .76 1.92 100 0,31448 0.0393
landateax): 7.0439  C.l.: 0,00732 CL.Re: 0.00355

Propellants
1 2 7 Weight
1,00 1.27  0.43 0.26101
0.79 1.00 (.48 0.25917
2271 1,47 1,00 0.47981
lasda(max): 3.0529 <C.I.: 0.02643 C.R.y 0.04557

Maintainability
1 2 ? 4 Weight
1,06 0.23 0.24 0.25 0.08285
403 100 0,20 117 0.312%8
419 1,12 L.00  1.76 G.34896
2,32 0.85 (.97 1.00 £.2758! lamdafmax): 40101 C.l.: 000236 LR 0.00373
Maneuverability

: 2 I Height
1,00 1.22  2.44 0.43531
0,82 .00 7,05 0,40992
0,41 0.3 1,00 0.15478
landateax): 32,0200 C.L.: 0.01000 C.R.: 0.01724

“ne Consistency of this hierarchv = 0,0097
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APPENDIX J: AHP Follow—-Up Survey Data

Geometric Mean for

TAV Effectiveness
{ 2 3

1,000 1,143 2,083
0.8735 1.000 Z2.367

(.485
0,258
.362

0,424

0,423
0.340
0.463
0.453

landa(mix):

1,000
0,85
1,139
1,127

5.0298

Reouirements
1 2 e 4 S 5 7 3 Weight Coap-wt
1,000 2,797 4.305 I2.744 1,807 5.200 1,509 1.412 0.23B31 0.0709
0417 1,000 2,975 0.775 0.893 1.28% 1,381 0,715 O0.12097 0,0340
027206788 LL000 0,317 0,499 1,498 0,731 0,366 0,03822 00177
0,427 1,189 TLi55 1.000 1.159 5,354 1L360 1,090 D.1E569 0.04b%
0,385 L1200 L.3TD 9.8eT 1000 4,770 20282 1.020 0, 14781 40,0440
QAT 0706 G.e0? 0180 3,229 1,000 00370 0,204 0,03474 95,0103
0,562 G.080 1.T7a3 0.edl 0,444 1,699 L0 0,418 ULOBYTE GL0ZaT
7708 1.3%9 LTy 918 0,979 4,391 2.285 1.4000 9,(1S323 90,0499
lamdaraax s B01STe DI G019 DURLr 00NMSSe
“eréiarmance
: N z wgight  Como-wt
LIG0 LTIE LTIy ATae gL ils
AIIT Lm0 534 18771 0440
CoTeh LTI L9 LLTITRE 00,0884
Lamzaomaty TLST o Duler guudAT 0 CoRes o D004
"L563
. - N weight Lomo-we
IORNE- 530 2395 4.022¢8
Tl ( .01
17 4 2.017%
avyaE: DO WL SRS O
ZaaiEtils
N N Weight  Comp-Nt
LD a, e L IITeT Laaly
P PR P - S
PURTE T SON SRR WL T S
in3a i R S R SO S o
J=-27

12 Revised Survevs (9 Returned,

4
3.869
2,945
1.148

1,188
1,079
C.l.:

5 8
2768 2,239 0
2160 2,208 0

Weight
. 29742
26184

0.840 0.
1.000 0,828 0.
1000 1.
0.391 L.

0.00396

887 0.11247
227 0.09372
122 0.119%
000 0.11517

LRt

0.00480

AR |




APPENDIX J:

Survivability

1 2 2
1,000 0.496 0,488
2,017 1,000 0.959

2,050 1.043 1.000
2,100 0.59 0.828
1.582 0.660 0.513
2,266 1172 0.888
4,263 1732 2.083
landalaas): 7.0608

Propellants
1 z 3
1.000 2.025 0.786
0,498 1,000 0,487
1,272 2,059 1.000
lamgalmax): 7.0057

Maintainability

1 z I
1,000 0.4020 0,293
2.485 L.000 0,783
A7 LI7T 000
2.468 0.837 0.482
lasda(nax): 4.9028

Maneuverability

1 2 :
1,000 1,407 2.297
G710 .00 1.274
0,405 0420 e

tamdataa 'y 10t

s Dongrgtarz, I MR

PRSI S S WL Sl L. .

Cagae Tai Ty

4 S b 7 Weight Comp-wt
0.476 0.632 0,441 0.235 0.06425 0.0074
1.678 1.514 0.853 0.577 0.14831 0.0171
1,208 1.95¢ 1.125 0.480 0,14879 0.017!
1,000 1.425 1,168 0.367 0.12467 0.0144
0.615 1,000 0,735 0.297 0.08863 0.0102
0.85 1.361 1.000 0.500 0.13593 0.0157
2,722 1.811 1,999 1,000 0.28942 0.0333
C.l.r 091013 C.R.r 0,00767

Neight
0. 34869
0.19631
0.43500
L0, 0.00285 L.R.: 0.00491

4 Weight
0,402 0.10645
1,200 0.28210
1.468 0.36282
1,000 2.24893
C.l.r 0.00094  C.R.: 0.00103

Weignt
0.45672
G.3677
23,4788
C,r.: 000778 .0 noilal
5 rprarzhy = 0, 3000
J~-28

AHFP Follow—Up Survey Data

NP
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Appendix K: Voting Data

Survivability
1 2 3 & 5 b 7 Total Weights

0.00 0.50 0.00 0.50 0.50 0.50 0.50 2.50 0.119
0.50 0.00 0.00 1.00 1,00 0.50 0.50 3.50 0.187
1.00 1,00 0.00 1.00 1.00 1.00 1.00 4.00 10.286
0.50 0.00 0.00 0.00 0.00 0,50 0.50 1.50 0.07!
0.5 0.00 0.00 1.00 0.00 0.50 0.00 2.00 0,093
0.50 0.50 0.00 0.50 0.50 0.00 0.50 2.50 0.119
0.50 0.50 0.00 0.50 1.00 0.50 0.00 3.00 0.143

letalw) = 0.4543 letalc) = 0.5000

rmee——eo -

Propellants
i 2 3 Total Weights
0.00 0.00 0.00 0.00 0,000
1,00 0.00 0.30 1.50 0.500
1.00 0.50 0.00 1.50 0,500
letatu) = 0.7500 Zetalc) = 1.0000
Maintainability
1 2 3 4  Total Weights
4,00 0.00 0.00 0.00 0,00 0.000
1,00 0.00 0.50 0.50 2.00 0,333
1.00 0.5 0.00 0.30 2,00 0.33
1.00 0.50 0.50 0.00 2.00 0.333
letaiu) = 9.5000 Zetaic) = 0.5000
Naneuverability
! 2 3 Total Weights
0.00 0.50 1.00 1.30 0.300
0.50 0.00 1.00 1,50 0,500
0.00 0.00 0,06 0,00 0.000
Zetatw = 0.7500 Zletatc) = 1.0000
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Appendix K: vVoting Data

Judge 8 7 Results (Voting Matrix)
TAv Etfectiveness
1 2 3 4 S b  Total Weights
0.00 1.00 1,00 1.00 1.00 1,00 S5.00 0.38
0.00 0.00 1,00 1,00 1.00 0,50 3.50 0.233
0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.000
0.00 0.00 1.00 0.00 100 0,50 2.50 0.167

0.00 0.00 1.00 0.00 0,00 0,00 1.00 0,067

0.00 0.50 1.00 0.50 1.00 0.00 3.00 0,200
letalu) = 0.9062 letalc) = 0.9375
Requireaents

1 2 3 4 3 b

0.00 1,00 1.00 1,00 1.00

0.00 0.00 (.00 0,50 0.50

0.00 0.00 0.00 0,00 0.00

0.00 0,50 1.00 0,00 1.00

0.00 0.50 1.00 0.00 0.00

0.00 0.00 0.50 0.00 0.00 0,

0,00 0.00 0.50 0,00 0.00 0.50

0.00 0.50 0.50 0.50 0.50 1.00
leta(u) = 0,7625 letalc) = 0,7730

P

~3
- -]

Total Weights
1,00 7.00 0,250

0.50 4.50 0.181
0.50 1.50 0.0%

0.50 5.00 0.179
0.50 4.00 0.143

0.00 1.00 0.03b
0.00 1.00 0.03%

0.00 4,00 0.143

- e -«

sg¥ggess

grrer
Sg8YESE

—oS e

Per¢oraance
1 2 3 Total Weights
0.00 .00 1.00 2.00 0.867
0.00 0,00 0.50 0.30 0.167
0,00 0,50 0.00 0,50 9.167
letatu) = 0,7500 letalc) = 11,0000
Risks
1 2 3 Total Weights
0.00 0.50 0.50 1.00 9,333
0.50 0.00 9.350 1,00 0,37
0.30 0.50 0.00 1.00 0,33}
Tetatu) = 0.0000 letalc) = 0.0000
Logistics
! 2 3 Total Weights
0.00 1,00 0.50 1.50 0,300
0.00 0.00 0,00 0.00 0,000
0.5 1,00 0.00 1,50 0.300
Zetatu) = 0.7500 letatc) = 11,0000

K-13

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




Survivability
1 2
0.00 0.00
1.00 0.00
1.00 0.30
0.50 0.00

1.00 0
1.00
1.00
letalu)

erPefPe
LESELES

o0

00

.00
0.

H o e
O e e
. e

607
Propellants
1 2 3
0.00 1.00 1.00
0.00 0.00 0.00
0.00 1.00 0.00
letatu) = 1.0000

Maintainability
1 2 3
0.00 0.00 0,00
1.00 0.00 0,00
1,00 1.00 0.00
0.50 0.00 0.00
letaly) = 0.8730

Maneuverability
1 2 3
0.00 1.00 1,00
0.00 0.00 0,50
2.00 0.30 0.00
ietatu) = 0.7500

Appendix K: Voting Data

4 3 [ 7 Total Weights
0.50 0.00 0.00 0.50 0,024

1.00 0.50 0.00 3.00 0.143
0.50 0.3 0.00 2.5 0.11%
0.00 0.50 0.00 1.50 0.071
0.50 0,00 0,50 0.50 3.50 0,147
1.00 0.50 0,00 0.50 95.00 0.238
1,00 0.50 0.50 0.00 5.00 0.238
letale) = 0.6429

—————— -

cCovC o
8&88

Total Weights
2,00 0.667
0.00 0.000
1,00 0,333
letalc) = 11,0000

4 Total Weights
0.50 0.30 0,083
1.00 2,00 0.333
1.00 3.00 0.500
0.00 0,50 0,083
letaic) = 1.0000

-

Total Weights
2,00 0,667
0.50 0.167
0.50  0.187
letaic) = 1,0000

K-12
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Judge # b Results
TAV Effectiveness

1 2 3
0.00 0.00 1,00
1.00 0.00 1.00
0.00 0.00 0.00
0.00 0.00 1.00
0.00 0.00 0.00
1.00 0.30 1.00

letalu) = 0.8750
Requiresents

1 2 3
0.00 1.00
0.00 0.00 1.00
0.00 0.00 0
0.00 0.00 1.
¢.00 1.00 0.
0,00 0,00 0
1.00 1,00 1,
0.30 0,50 1.

letalu) = 0,830
Perforaeance
1 2 3

L A ot i avuR e A ma S now S A S e ieii e W T ——

Appendix K: Voting Data

(Voting Matrix)

4 3 6  Total Weights
1,00 1.00 0.00 3.00 0,200
1,00 1,00 0.50 4.50 0.300
0.00 £.00 0.00 1.00 0.067
0.00 0.50 0.00 1.50 0.100
0.50 0.00 0.00 0.50 0.033

1.00 1,00 0.00 4.5 0.300
letalc) = 0.9375

4 5 b 7 8  Total Weights

.00 1,00 1.00 1,00 0.00 0.30 35.30 0.19%

1.00 0.00 1.00 0.00 0.50 3.50 0.129

.00 0.00 0.5 1.00 0.00 0.00 1,30 0,054

0.00 0.00 1.00 0.00 0.00 2.00 0,074
1,00 0,00 1.00 0.00 0.50 4.00 0,143

1,00 1,00 1.00 0.00 t.00 7,00 (.250

1,00 0.50 100 0.00 0.00 4.50 0.1b1
letalc) = 0.8750

00

30

.00 0,00 0.00 0.00 0.00 0.00 0.00 0,000
Y

00

0

Total Weights

0.00 0.50 1.00 1.30 0,200

0.50 0.00 9.00
0.00 1,00 0.00
letatu) = 09,2500

Risks

1 2 M

-

0.50 0.167
1,00 0.331
letale) = 0,5000

Total Weights

0.00 1.00 1.00 2,900 0,467

2.00 0.00 0.50

0.5 0.167

0.00 0.50 0.00 0.50 0.147

Zetatu) = 0.7500

Logistics

1 : 3

letalc) = 1.0000

Total Weights

0.00 100 0,00 1.00 0.333
0,00 0.00 0,90 0,00 0,000
1,06 .00 0,00 2.00 0,68)

letatul = 1.0000

A R I A e e e e s 5 -

«etafc) = 1.0000
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Survivability
i 2
0.00 0.00
1.00 0.00
0.00 0.00
1,00 0.00
0.5 0.3
0.50 0.00
1.00 0.50

letalu) = 0.

3

Grrc-rer-c
“888E888S8

Propellants
1 2

1.00
letaly)

Maintainability
1 2 M
0.00 0,00 0.00
1.00 0.00 1.00
1.00 0,00 0.00
1.00 6.50 0.00
letatu) = 0,4250

Appendix K:

4
0.00
1.00
0.00
0.00
0.00
0.00 0.00
1.00 1.00
letale) =

5
0.30
0.50
0.00
1,00
0.00

Tatal
2.00
5.00
0.00
4.00
3.00
1.0
5.50

0.8571

Total Weights
1.0 0.333
0.00 0.000

2,00 0.64)
letatc) = 1.0000

Total Weights
0.00  0.000
250 0,417
1.00 2,00 0.333
0.00 1.5 0.2%0
letalc) = 0.7500

0!00
0.30

Maneuverability

{ 2 M
0,00 0.00 0.50
1.00 0.00 1,00
0.30 0.00 0.00
Zetalu) = 9,7500

Total Weights
0.30  0.187
2,00 0,687
0.50 0.147
letalc) = 1.0000

cmecmc e ——-

Voting Data

Neights
0.095
0.238
0,000
0.190
0.143
0.01
0,262




Appendix K:

Judge # 5 Results (Voting Matrix)
TAV Effectiveness

vaoting Data

1 2 3 ] 3 &  Total Meights
0,00 0.00 0.00 1.00 1.00 0.50 2.50 0.1&7
1.00 0.00 0,50 1.00 1.00 1.00 4.50 0,300
1.00 0,50 0.00 1.00 1.00 1.00 4.50 0.300
0.00 0.00 0.00 0.00 1.00 0,00 1.00 0.067
0.00 0.00 0.00 0.00 0.00 (.00 1.00 0.047
0.50 0.00 0,00 1.00 0.00 0.00 1.50 0.100
letalu) = 0.7500 Ietalc) = 0.8123
Requiresents
{ 2 3 4 3 [ 7 8  Total Weights
0.00 0,00 (.00 1.00 0.00 1,00 1,00 0.50 4.50 .16l
1,00 0.00 1.00 1,00 0,00 1.00 1.00 1.00 5,00 0.214
0.00 0.00 0,00 1,00 0.00 1.00 1.00 1.00 4,00 0.143
0.00 0,00 0.00 0.00 0,00 1.00 1.00 1.00 3.00 0.107
1,00 1.00 1.00 1,00 0.00 1.00 1.00 1.00 7,00 0.250
0.00 0.00 0,00 0.00 0,00 0.00 (.00 0,00 1.00 0.036
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
0.50 0.00 0,00 0.00 0.00 1.00 1.00 0.00 2.50 0.089
letalu) = 0.9379 lIetalc) = 0.9500 .
Perforaance
! 2 3 Total Weights
0.00 1,00 0.50 1.50 0,500
0.00 ¢.00 0,00 0.00 0.000
0.5 1.00 0.00 1.30 0.500
leta{u) = 0,7500 Zetalc) = 1.0000
Risks
! 2 3 Total Meights
0.00 1.00 1,00 2,00 0.467
0.06 900 0,50 0.50 0,167
0.00 0.30 0.00 0.50 0.147
letaftu) = 0.7500 Zetalc) = 1.0000
Logistics

! 2 M
0.00 0.00 0.00
1,00 0.00 0.00
1,00 100 0,00

letafu} = 1,0000

Total Weights
0.00 0.000
1,00 0.333
2.00  0.66]
leta(c) = 1.0000




Appendix K:

Survivability
1 2 3 4 3 b 7
0.00 0.5 0.00 0.00 0,00 0.00 0.00 0.30
0.50 0,00 0.00 0.00 0.00 0.00 0.00 0.50
00 1,00 0.00 1.00 1,00 0.5 0.3 5.00
00 .00 0.00 0.00 0.00 0,00 0.00 2,00
00 1.00 0.00 1.00 0,00 0.00 0.00 3,00
00 1,00 0.50 1.00 1.00 0.00 0.50 5.00
60 1,00 0.50 (.00 1.00 0.50 0.00
=0

{
1
1
1
1

5.00

(13

leta(u) 9107  letale) = 0.9286
Propellants
! 2 3 Total Weights

0.00 0.00 0.00 0.00 0.060

1.00 0.00 1.00 2.00 0.b67

1,00 0.00 0.00 1.00 0.333
letalu) = 1,0000 Zetalc) = 1.0000

Maintainability

{ 2 M 4  Total Weights

0.00 0.00 0.00 0.00 0.00 0,000

1,00 0,00 1.00 0.00 2.00 0,333

1.00 0.00 0.00 0.00 1.00 0.187

1,00 1,00 1.00 0.00 3.00 0.300
letalu) = 1.0000 Zetalc) = 1.0000
Maneuverability

i 2 3  Total Weights

0.00 1.00 1.00 2.00 0,467

0,00 0.00 1.00 1.00 0,333

0,00 0.00 0.00 0,00 0,000
Zetalu) = 1.0000 letalc) = 1,0000

Voting Data

Total Meights

0.024
0.024
0.238
0.095
0.143
0.238
0.234

o ettty T a
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Appendix K: Voting Data

Judge ¢ 4 Results (Voting Matrix)
TRV Effectiveness

1 2 3 4 3 b  Total Weights
0.00 1.00 1.00 1,00 1,00 1.00 5.00 0.313
0.00 0.00 1.00 0,50 1.00 1,00 3.50 0.233
0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.0%
0.00 0.50 0.50 0.00 1.00 1.00 3.00 0.200
0.00 0.00 1.00 0,00 0,00 0.00 1,00 0,047
0.00 0.00 1.00 0,00 1,00 0.00 2.00 0,133
letau) = 0,7813 letafc) = 0.81%5
Requiresents
! 2 3 4 5 b 7 8 Total Weights
0.00 1.00 1.00 0.50 0.50 1.00 1.00 1.00 5.00 0.21%
0.00 0.00 0,50 0.00 0.50 0.00 1.00 0.00 2,00 0.07}
0.00 0.50 0.00 0.00 0.00 0.00 1.00 0.50 2,00 0.07t
0.50 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.50 0.232
0.50 0.50 1.00 0.00 0.00 1.00 1.00 1.00 5.00 0.179
0.00 100 1.00 0.00 0.00 0.00 1.00 0.00 3.00 0.107
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
0.00 100 0.50 0,00 0.00 1.00 1.00 0.00 3.50 0.12%
letalu) = 0.8125 Zetalc) = 0.8250
Perforaance
1 2 3 Total Weights
0.00 1,00 0.00 1.00 0.333
0.00 0.00 0.00 0.00 0,000
1,00 .00 0.00 2,00 0.4647
letalu) = 1,0000 Zetale) = 1.0000
Risks
1 2 3 Total Weights
0.00 1.00 1.00 2.00 0,487
0.00 0.00 3,00 1.00 0.333
0,00 0.00 0,00 0.00 0.000
Ietatul = L0000 letalc) = 1.0000
Logistics
1 2 3 Total Weights

0.00 0.00 0.00

1,00 0.00 0.00

1.00 1.00 0.00
letalu) = 1,0000

0.00  0.000
1,00 0.333
2,00 0,687
letalc) = 1.0000

[
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Survivability
1 2 3
0.00 1.00 1,00
0.00 0.00 0.00
0.00 1.00 0,00
0.00 0.00 0.00
1.00 100 0.50
0.00 0.50 0,00
1.00 1.00 1.00
Zetatu) = 0.8929

Appendix K: Voting Data

4 3 b 7
1.00 0.00 t
1.00 0.00 0
1.00 0.5¢ L.

i
l
0

Total Weights
00 0.00 4,00 0.190

50 0.00 1,50 0,07t

00 0.00 3, 0.167
0.00 0,00 1.00 0.00 1. 0.048
1,00 0.00 1.00 0.00 4, 0.214
00 0.
b,

LL8sy

0.00 0.00 0.00 0.024
1.00 1.00 1,00 0.00 0 0,284
letalc) = 0.9286

<>

————— - -

Propellants
1 2 M
0.060 0.50 0.00
0.50 0.00 0.00
1.00 1.00 0.00
Zetalu) = 0.7500

Total Weights
0.50 0.187
0.50 0.167
2,00 0.647
letalc) = 1.0000

Maintainability

1 2 3
0.00 0.00 0.00
1,00 0.00 0.00
1.00 1.00 0.00
0.50 0.30 0.90
letatu) = 0.4250

Maneuverability

{ 2 3
0.00 1.00 1.00
0,00 0.00 1.00
0.00 0.00 0,00

letalu) = 11,0000

4 Total Weights
0.50 0.50 0,083
0.50 1.50 0.250
1,00 3.00 0,500
0,00 1.00 0.167
letalc) = 0,7520

Total Weights
2,00 0.687
1.00  0.333
0.00 0,000
letalc) = 1.0000

- —-—--
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APPENDIX K: Vaoting Data

Judge § 3 Results (Votiag Matrix)
TAV Effectiveness
1 2 3 4 5 b Total Weights

0.00 0.50 0.30 1.00 1.00 4.00 0.267
0.50 0.00 0.30 1,00 1.00 4.00 0.267
0.50 0.50 0.00 1.00 1.00 1.00 4.00 0.267
0.00 0,00 0.00 0.00 £.00 1,00 2,00 0,133
0,00 0.00 0.00 0.00 0.00 1.00 1.00 0,067
0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.000

letalu) = 0.8750 lZetalc) = 0.8750

882

Requiresents
1 2
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.90
leta(u)

<4
F
wn
o
~
1>

Total Weights
S.90  0.1%
2.00 0.071
1.00  0.03%
3.00 0.107
5.00 0.179
0.00 0.000
7.00 0.250
4,50 0.181

—
.

o0 1.00
0.00 0.00
0.00 0.00
0.00 0.00
1.00 0.00
0.00 0.00
1,00 1.00
1.00 0.00 f.
letalc) = 0.9750

—
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[~
o .

-o82888288

—
-
-

—
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82888888¢%

28358828
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wn
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Per forsance
1 2 3 Total Weights
0.00 1.00 1.00 2,00 0,667
0.00 0,00 0.30 0.50 0,167
0.00 0.50 0.00 0.30 0.147
letatu) = 0.7300 letaic) = 1.0000

Risks

i 2 3
0.00 0.00 0.00
1.00 0.00 0.00
1,00 1.00 0.00

etatu) = 1.0000

Logistics
1 2
0.00 1.00 0.00
0.00 0,00 0,00
1,00 1,00 0.00
Zetatu) = 11,0000

(&)

..............

Total Weights
0.00 0,000
1.00  0.333
.00 0.68)
letalc) = 1.0000

Total Weights
1.00  0.333
0.00 90.000

2.00  0.667
letalc) = 1.0000

o

--------

......
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APPENDIX K: Voting Data

Survivability
1 2 3 4 5 b 7
0.00 0.00 0.00 0.00 0.50 0.00 0.00
1,00 0,00 0.50 1,00 0.50 0,00 0,00
1.00 0.5 0.00 0.50 0.50 0.00 0.00
1,00 0.00 0.50 0.00 1.00 0,00 0.00
0.50 0.50 0.50 0.00 0.00 0.00 0.00
1,00 1.00 1.00 1.00 1.00 0.00 0.00
1,00 1.00 1.00 1,00 1.00 1.00 0.00
Zeta(u) = 0.7857 letalc) = 0.8214
Propellants
! 2 3 Total Weights
0.00 1,00 0.00 1.00 0.333
0.00 0.00 0.00 0.00 0.000
1,00 1,00 0.00 2.00 0.667
letalu) = 1.0000 letalc) = 1.0000
Maintainability
1 2 M 4  Total Weights
0,00 0.50 0.00 0.00 0.50 0.083
0.50 0.00 0.00 0.00 0.30 0.083
1,00 1.00 0.00 0.50 2.30 0,417
1.00 £.00 0.50 0.00 2,50 0.417
letalu) = 0,7500 Zetalc) = 1.0000
Maneuverability
i 2 3 Total Weights
0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.00 1.00 0.333
1,00 1.00 0.00 2,00 0.647
letalu) = 1,0000 lZetatc) = 1.0000

Total Weights

0.024
0.143
0.11%9
0.119
0.071
0.238
0.286
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Judge # 2 Results

TAV Effectiveness
i 2 3
0.00 0.50 0.30
0.50 0.00 1.00
0.50 0.00 0.00
0.00 0.00 0.50
0.50 0.30 0.3
1.00 0.50 0.30

letatu) = 0.3750

APPENDIX K: Voting Data

{(Voting Matrix)

4 S &  Total Weights
1.00 0.50 0.00 2.50 0.167
1,00 0.50 0.50 3.50 0.233
0.5¢ 0.50 0.30 2.00 0.1
0.00 0,00 0.00 0.50 0.033
1.00 0.00 0.00 2.50 0.167
1,00 1.00 0,00 4,00 0,267
letalc) = 0.4373

Requiresents
1 2 3
0.00 0.30 ¢
0.50 0.00 0.
0.3 0.50 ¢
1.00 0.5 0.30
0.00 0.00 0.00
0.00 0,00 0.00
0.00 0.00 0.00
0.50 0.30 0.50
Jeta{u) = 0,6250

4 S b 7 8  Total Weights
0.00 1.00 1.00 1.00 0.50 4.50 0.1él
0.50 1,00 1.00 1.00 0.50 5.00 0.179
0.5 1.00 1.00 1.00 0.50 35.00 0.179
0.00 1.00 1.00 0.5 0.50 5.00 0.17%
0.00 0.00 0.50 0.00 0.00 0.50 0,018
0.00 0.50 0.00 0.00 0.00 0.50 0.018
0.5 1.00 1.00 0.00 0,50 3.00 0.107
0.50 1,00 100 0,50 0.00 4.50 0.161
letalc) = 0,6500

Par foraance
i 2 3
0.00 1,00 0.30
0.00 0,00 0.00
0.3¢ 1.00 0,00
Tpta{u) = 0,7500

Risks
i 2 3
0.00 0.00 0.00

1,00 0.00 1.00
1.00 0,00 0.00
Zetalu) = 1.0000

Total Weights
1.50 0,500
0.00 0,000
£.50 0,504
letalc) = 1.0000

——e— - ————

Total Weights
0.00  0.000
2,00 0.6867

1.00 0,33
letalc) = 1.0000

—————————

Logistics
1 2 M
0.00 1,00 0,00
0.00 0,00 0.00
1,00 1,09 0.0
leta(w) = 1.0000

Total Neights
1.00 0,333
0.00 9,000
2,00 0,647
letalc) = 1.0000

ol
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Survivability
] 2 3
0.00 0.00 0.00
1.00 0.00 0.50
1.00 0.50 0.00
1.00 0.50 0.50
0,00 0.00 0.00
1.00 0.50 0.50
1.00 1,00 0.30
letalu) = 0.4784

APPENDIX K: Voting Data

4 5 b 7 Total Weights

0.00 1,00 0.00 0.00 1.00 0.048
0.50 1.00 0.50 0.00 3.50 0,167
0.50 1.00 0.50 0.50 4.00 0.19¢
0.00 1.00 0,00 0.50 3.50 0.167
0.00 0.00 0,00 0.00 0.00 0.000
1,00 1.00 0.00 0.50 4.50 0.214
0.50 1.00 0.50 0.00 4.50 0.214

letalc) = 0.7143

Propellants
| 2 3
0.00 0.00 0.00
1.00 0.00 0,50
1,00 0.50 0,00
Jetalu) = 0,7500

Mantainability

1 ” M

0.00 0,00 0,00
1.00 0.00 0,00
1,00 1.00 0.00
1.00 1.00 0.00
leta(u) = 1.0000

Maneuverability
1 2 3
0.00 0.00 0.00
1.00 90.00 1.00
1,00 9.00 0.0

cetaiv) = 1.0000

Total Weights
0.00 0.000
1,50  0.%00
1.50  0.50¢
letalc) = 1.0000

4  Total Weights
0.00 0.00 0.000
0.00 1.00 0.147
1.00 3.00 0.500
0.00 2.00 0.333
letaf(c) = 1.0000

Total Weights
0.00 0.000
.00 0,467

1,00 0.233
letalc) = 1.0000

T W
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APPENDIX K:

Judge & 1 Results (Voting Matrix)

TAV Effectiveness

1 2 M
0.00 1.00 1.00
0.00 0.00 0.50
0.00 0.50 0.00
0.00 0.00 0.00
0.50 1.00 0.3
0,00 0.00 0.00
letalu) = 0.8437

Requiresents
{ 2 3
0.00 0.50 0.50
0.50 0.00 0.50
0.50 0.50 0.00
0.50 0.50 0.50
0.30 0,30 0.50
0.00 0.00 0.00
0.50 0.50 0.00
0.50 0.50 0.50
letalu) = .4250

Perforaance
{ 2 3
0.00 0.30 1.00

2,50 0.00 1.00
0.00 0.00 0.00
Zetalu) = 0.7500

Risks
{ 2 3
0,00 0.00 0.00
1,00 0,00 0.50
100 0,50 0.00

cetatu) = 0.7500

Logistics

P23

0.00 0.00 0.00
1,00 0,00 0.%0

4 5 b
1.00 0.50 1.00
1.00 0.00 1.00
1,00 0.30 1.00
0.00 0.00 0,00
1.00 0.00 1.00
1.00 0.00 0.00
letalc) = 0.8730

] 3 )
0.50 0.50 1.00
0.50 0.50 1.00
0.50 0.50 1.00
0.00 0.50 1.00
0.30 0.00 1.00
0.00 0.00 0,00
0.00 0.00 1.00
0.50 0.50 .00
letalc) = 0.4500

Total Weights
1,30 0,500
1,30 0.500
0.00 0.000
letalc) = 1.0000

Total Weights
0.00  0.000
1.50  0.500
1.50 0,500
letalc) = 1,0000

———————-——-——

Total Weights
0.00 0,000
1.5 0.500

1,00 0,50 0.00 (.50 0,504

letalw = 10,7500

ot e T LT e
atoa  aTa s . & m nt el

tetaic) = 1.0000

e ———————
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voting Data

Total Weights
4,50  0.300

2,50  0.167

3.00 0.200
0,00 0,000

7 8
0.30 0.50
0.50 0,50
1,00 0.30

1,00 0.50
£.00 0.30

0.00 0,00
0.00 0.00

1.00 0.00

00 0.247
00 0.067

Total Weights
4,00 0.143

§.00 0,143
4,50 0.18l

4,50 0.181
4,30 0.16t

0.00 0,000
2.00 0.0M

450 0.181
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Appendix K: Voting Data

Judge 4 B Results (Voting Matrix)
TAV Effectiveness
{ 2 3 4 3 b
0.00 0.50 0.50 1.00 0,50 1
0.50 0.00 0.50 1.00 1,00 |
0.3 0.50 0,00 1.00 0.50 1.
0.00 0,00 0.00 0.00 0.00 0
0.50 0.00 0.50 1.00 0.00 1.00
0.00 0.00 0,00 1.00 0,00 0,00
letalu} = 0.7188 ZIetafc) = 0.7500
Requireaents
1 2 3 4 b] b
0,00 0.00 1.00 0.50 0.00 1.00
i

1,00 0.00 1.00 1,00 0.50 1.00
0,00 0.00 0,00 0,00 0,00 0.50
0.50 0.00 1.00 0.00 0.00 1.00
1.00 0.0 (.00 1.00 0.00 (.00
0.00 0.00 0.50 0.00 0,00 0.00
£.00 0,00 1,00 0,00 0.00 1,00
1.00 1,00 1.00 0.30 0,30 1.00
letalu) = 0,8300 Zetafc) = 0.8750
Perfarsance
{ 2 3 Total Weights

0,00 1.00 1,00 2,00 0,667
0.00 0,00 1.00 100 0,333
0.00 0.00 9.00 0,00 2.000

Zetaiu) = 1.0000 letalc) = 1.0000

Fisks
1 2 3 Total Weights
0.00 0,00 0.50 0,50 0,187
1,00 GO0 1,00 2,00 0.667
0.50 0.0 4.00 0,350 0.187

Zetatw) = 9.7500  Ietalc) = 1.0000

Legistics
I : 3 Total Meights
6,00 0.50 0.00 0,50 0.187
0,50 ©.00 0.00 0.50  0.167
1.00 1,06 C.00 2,00 0,087

Tetafu) = 0.7509  letatc! = 1,000

-

A R R R IR S e

Total Weights
3.50 0.2
4.00 0,267
3.50 0.213
0.00 0,000
3.00 0,200
1.00 0,047

7 8  Total Weights
0.00 0,00 2.50 0.089
1,00 .00 5,30 0,196
0.00 0.00 0.50 0,018
1.00 0,30 4,00 0,143
1.00 0.30 6,00 0,214
0.00 0.00 0,30 0.018
0.00 0,00 Z.00 0,107
1,00 0,00 5,00 0,214

kK-13
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Appendi x

LR N PN AT

K: Voting Data

Survivability
1 2 3 § 3 b 7 Teotal Weights
0.00 0.00 1.00 0,00 0,00 0.50 0.00 1.50 0.7
.00 0.00 {.00 0,50 (.00 1.06 1,00 5.30 0.282
0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0,000
1.00 0.50 100 0,00 ).00 3.00 0.50 5,00 0.238
1,00 0.00 1.00 0.00 0.00 0.50 0.00 2,30 0.118
0.50 0.00 1.00 0,00 0.5¢ 0.00 0.00 2,00 0.0%3
1,06 0.00 1.00 0.50 1,00 1.00 0.00 4,30 0,214
Zetalu) = 0.8929 letalc) = 0.928%
Propel lants
| 2 3 TYotal weights
0.06 1,00 0.50 1.30 0.500
0.00 0.00 100 100 0.333
0.50 0.00 0,00 0.50 0,167
Tetalul = 0.2500 Zetalc) = 0.5000
Maintainability
{ 2 3 4 Total Weights
0.00 0.00 0.00 0.00 0.00 0,000
1,00 0,00 1.00 1.00 3,00 0,500
1,00 0,00 0.00 1.00 2,00 0,332
1,00 2,00 0,00 Q.00 (.00 0,187
Zetatu) = 10000 letalc) = {.0000
Maneuverability
{ Z 3 Total Weights
306 1,00 1,00 2,00 0,887
.00 0,00 .60 1.00 9.333
0.00 €.J30 0.00 (.00 0.000
Ietatu)l = 11,0000 Ietalc) = 11,0000
K~16
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Appendix K: Voting Data

Judge # 9 Results {Voting Matrix)
TAV Effectiveness

{ 2 3 4 S 6  Total Weights

0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.000
1,00 0.00 1.00 1.00 0.50 1,00 4.50 0.300
1.00 0,00 0.00 0.00 0.00 0,00 1.00 0,067
1,00 0,00 1.00 0,00 1,00 1.00 4,00 0.267
1.00 0.50 1.00 0,00 0.00 1.00 3.30 0,233
1.00 0.00 1,00 0,00 0,00 0.00 2,00 0.133
letafu) = 0.9062 letalc) = 0.9375
Requiresents
1 2 3 4 3 b 7 8  Total Weights
0.00 1,00 1.00 1.00 1.00 (.00 1.00 0.00 5,00 0.21%
0,00 0.00 .00 0,50 1.00 1.00 1.00 0.00 4.50 0.1s1
0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0.000
0.00 0.50 1,00 0.00 1.00 1.00 1.00 0.50 5.00 0.179
0.00 0.00 1.00 0.00 0.00 1,00 1.0¢ 0,00 3,00 0.107
0.00 0.00 1.00 0.00 0,00 0.00 0.00 0.00 1,00 0,03
0.00 0,00 (.00 0.00 0.00 1,00 0.00 0.00 2,00 0.97!
1.00 1.00 1,00 0.50 1.00 1,00 1.00 0.00 4.50 0.232
letafu) = 0.9379 letafc) = ¢.9500

Performance
! 2 5 Total Weights
0.00 1.00 0.0 1.00 0,332
0.00 0.060 0.00 0.00 0.000
1,00 1.00 0.00 2.00 0.667
letalu) = 1,0000 Zetalc) = 11,0000

Risks
1 2 3 Total Weights
0.00 0,30 0,00 0,30 0,187
0.50 0.00 0,00 0.30 0.187
1.00 1,00 0.00 2.00 0,467
Zetatul = 0,7300 Zetalc) = 1.0000

Logistics
{ 2 3 Total Weights
0.00 1.00 1,00 2.00 0.457

0.00 0.00 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0,187
letalu) = 0.7500 Zetalc! = 1,0000

At e diat B Sk Thads &

PR

L e e

Y

% YT T T Y.

BT .
B e

>




A e Jhnd Bedul Al i 3

Appendix Ks

Survivability
i 2 3 4 3 6
0.00 0,00 0.00 0.00 1.00 0.00
1.00 0.00 0.00 1.060 0.00
1.00 0.00 0.50 1.00 0.%0
1.00 1.00 0.50 0.00 1.00 0.50
0.00 0.00 0.00 0.00 0.00
1.00 0.5 0.30 1.00 0.00

1.00 0.50 0,30 1.00 0.00
letalu) .8393 Zetalc) = 0.85M1
Propellants

{ 2 3

0.00 0.50 0.00

0.50 0.00 0.00

1.00 1,00 0.00
Zetatu} = 0.7500

Total Neights
0.50 0.187
0.50 0.167
2,00 0,667
letalc) = 1.0000
Maintainability
1 2 3 4
0.00 0.00 0,00 0
1.00 0.00 1.00 | 3
1.00 0.00 0.00 1.00 2.
0 {
1 )

Total Weight
00 0.00 0.000
9.500

1,00 0.00 0.00

leta(u) = 1.0000

Maneuverability
1 2 3
0.00 0.00 1.00
1.00 0.00 1.00
0.00 0.00 0.00
letalu) = 1,0000

Total Weights
1.00 0,333
2,00 0.467
0.00 0,000
tetalte) = 1.0000

.« .m0

MR
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7
0.00
0.00
0.50
0.50
0.00
1.00
0.00

S

Voting Data

Total
1,00
2.00
4.30
4,50
0.00
5.00
4.00

Weights
0.048
0.095
0.2t4
0.214
0.000
0.23

0.190
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Judge # 10 Results
TAV Effectiveness
1 2 3
0.00 1.00 1
0.00 0.00 1,00
0.00 0.00 0.00
0.00 0.50 0,00
0.00 1,00 1
0.00 1.00 1.00
Zetatu) = 0.9082

Requireaents
{ 2 3
0.00 0.50 1.00
0.50 0.00 0.50
0.00 0.50 0.00
0.50 1.00 1.00
0.00 0.50 0.30
0.00 0.00 0.00
0.00 0.30 1.00
0.50 0.50 1.00

letalu) = 0.4000

Per foraance
1 2 3

Appendix K:

(Voting Matrix)

4 5 b
1.00 1,00 5.00 0.3
0.00 0.00 1,50 0.100
.00 0.00 0,00 1.00 0.047
0.00 0.00 0.50 0.033
1.00 0.00 0.00 3.00 0.200
1.00 1.00 0.00 4,00 287
letalc) = 0.9375

4 5 b 7 8
0.50 1,00 1.00 1.00 0.50
0.00 0.50 1.00 0.50 0.%0
0.00 0.30 1.00 0.00 0,00
0.00 1.00 1.00 1,00 0,50
0.00 0.00 0.30 1.00 0,00
0.00 0.50 0.00 0,50 0.00
0.00 0.00 0.50 0.00 0.00
0.50 1.00 1.00 1.00 0.00
letalc) = (.6250

............

Total Weights

0.00 0.00 0.00 0,00 0.000

1,00 0.00 0.00
1.00 1,00 0.00
letatu) = 1,0000

Risks
1 Z 3

1,00 0.333
2.00  0.647
setalc) = 1.0000

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

Total Meights

0.00 0.00 0.00 0,00 0.00¢

100 0.00 0.50

1.3 0.500

1.00 0.50 0.00 1.50 0.500

letalu) = 0.7500

Logistics
! 2 3

letalc) = 1.7000

Total Weights

0.00 1.00 0.00 1,00 0,333

0.00 0.00 0,00

0.00  0.000

100 1,00 0,00 2.00 0.647

Zetalu) = 1,0000

cetale) = 11,0000

B A A s e Mt B e v isre =T

vVoting Data

Total Weights

Total Weights
5.50 0.19%
3.50  0.125
2.00 o0.0n
6,00 0.214
2,30 0.089
1.00  0.038
2.00 o0.0N
5.50 0.194
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Survivability
! 2 3
0,00 0.350 0.00
0.50 0.00 0.00
1.00 1.00 0.00
0.50 1,00 0.00
1.00 1.00 0,00
1.00 1. 0.00
1.

8888

1.00 0.00
letalu) .8214

=4

4 3
0.50 0.00
0.00 0.00
1.00 1.00
0.00 1,00
0.00 0.00
0.00 0.50
0.00 0.00
letalc) =

Propellants
1 2 3
0.00 1,00 1.00
0.00 0,00 0.00
0.00 1,00 0.00
letalu) = 1.0000

Appendix K:

b 7
0.00 0.00
0.00 0.00
1.00 1.00
1.00 1.00

1.00
1.00
0.00

Total
1.00
0.50
6.00
4,50
3.50
3.50
2.00

0.50

0.00
0.00
0.8571

Total Weights
2,00 0.487
0.00 0,000

1.00
letalc) =

Maintainability

1 2 3
0.00 1,00 1.00
0.00 0.00 1.00
0,00 0.00 0.00
0.00 0.00 1.00
Zetalu) = 1.0000

0.333

1.0000

4  Total Weights

1.00
1.00

3.00
2.00
0.00 0,00
0.00 1.00
letalc) =

Maneuverability
1 2 3
G.00 0.00 0.00
1,00 0.00 0,50
1,00 0.50 0.30
Zetalu) = 0.7590

0.500
0.333
0,000
0.167
1.0000

Total Weights

0.00 0.0

00

1,30 0.500

1,50 0.3
etalc) =

00
1. 0000

Voting Data

Weights
0,048
0.024
0.286
0.214
0.167
0.167
0.095
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Appendix K: Voting Data

Judge # 11 Results (Voting Matrix)
TAV Effectiveness

1 2 3 § 3 &  Total Weights

0.00 1,00 1.00 1.00 {.00 1.00 S5.00 0,333
0.00 0.00 1.00 1,00 1.00 1.00 4.00 0.267
0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.000
0.00 0,00 1.00 0.00 0.00 1.00 2,00 0,133
0.00 0,00 1.00 1,00 0.00 1.00 3.00 0.200
0.00 0.00 1.00 0.00 0.00 0.00 1.00 0,067

letalu) = 1.0000 Zetalc) = 1.0000

Requireaents

1 2 3 L] 3 & 7 8  Total Weights
0.00 1.00 1.00 1,00 1.00 0 1.00 7.00 0,25

<

1.00 1,
0.00 0.00 1.00 0.00 1,00 1.00 1.00 1.00 5.00 0.179
0.00 0,00 0.00 0.00 0.00 0.50 1.00 0.00 1.50 0.054
0.00 1,00 1.00 0,00 1.00 1,00 1.00 1.00 6.C0 0.214
0.00 0,00 1.00 0.00 0.00 1.00 1.00 0.00 3.00 0.107
0

0,00 0.00 0.50 0,00 0.00 0.00 0.00 0.00 0.50 0.013
0.00 0,00 0,00 0.00 0.00 (.00 0.00 0.00 1.00 0.03%
0.00 0,00 1,00 0,00 1,00 1,00 1,00 0.00 4,00 0.143
letalu) = 0.9628  Zeta(c) = 9.9730
Per foraance
{ 2 5 Total Weights
0.00 1.00 1.00 2.00 0,687
0,00 0.00 1,00 1,00 0.333
0.00 0.00 0.00 0.00 0.000
Jetalu) = 1.0000 letalc) = 1.0000
Risks
1 2 3 Total Weights
0.00 0.00 0.060 0,00 0,000
1,00 0.00 0.00 1,00 0,333
1,00 100 0,00 2,00 0,687
letalu) = 1,0000 Zetalc) = 1.0000
Logistaics
1 : 3 Total Weights
0.00 1.00 1.00 2,00 0,487
0.00 0.00 9,00 0.00 90.000
0.00 1.00 0.00 1,00 0,331
wetalu) = 1,0000 Jetalc) = 1.0000
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Appendix K: Vaoting Data

Survivability
{ 2 3 4 3 b 7  Total Weights
0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.000
1.00 0,00 1.00 1,00 1,00 1,00 1.00 6.00 0.28%
1,00 0.00 0.00 0.00 (.00 0 0.00 3.00 0,14]
1.00 0.00 1.00 0.00 1.00 1,00 0.00 4,00 0.190
1.00 0.00 0.00 0.00 0.00 0.50 0.00 1.50 0,071
1,00 0.00 0.00 0,00 0.50 0.00 0.00 1.50 0.071
1,00 0.00 1,00 1.00 (.00 1,00 0.00 S5.00 0.238

letaiu) = 0.9821 letalc) = 1.0000

-——— o

Propellants
{ 2 J  Total Neights
0.00 1.00 1.00 2,00 0.467
0,00 0.00 0.00 0,00 0.000
0.00 1.00 0.00 1,00 0,333
letalu} = 1.0000 Jetalc) = 1.0000
Maintainability
1 2 3 4§  Total Weights
0.00 0.00 0.00 0,00 0.00 0,000
1.00 0,00 0,00 1,00 2,00 0,333
1,00 1.00 0,00 1,00 3.00 0,500
1.00 0,00 0,00 0,00 1.00 0.167
Zetalu) = 1.0000 Zetalc) = 1.0000
Naneuverability
1 2 5 Total Neights
0.00 1.00 1.00 2,00 0.687
0.00 0.00 1.00 1,00 0.333
0.00 0.00 0.00 0.00 0.000
Zetalu) = 1.0000 letalc) = 1.0000




Judge # 12 Results
TAV Effectiveness
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e

Appendix K: Voting Data

{(Voting Matrix)

1 2 3 4 5 &  Tatal Weights
0.00 0.00 0.5 1.00 1,00 1,00 3.30 0.2%
1.00 0.00 0.5 1.00 1,00 1.00 450 0.300
0.5 0.50 0.00 1.00 0,50 1.00 3.30 0.28
0.00 0,00 0,00 0.00 0.00 1.00 1.00 0.087
0.00 0,00 0.5 1.00 0.00 1.00 2.30 0.167
0.00 0.00 0.00 0.00 0,00 0.00 0,00 0.000
Jeta(u) = 0.8123 Zletalc) = 0.8750
Requiresents
1 2 3 4 5 L 7 8  Total Weights
0.00 1.00 1,00 1.00 0,00 0.00 0.00 1.00 4,00 0,14
0.00 0.00 0.50 0.00 0,00 0,00 0.00 0.00 0.30 0.018
0.00 0.50 0.00 0.00 0,00 0.00 0.00 1.00 1.50 0.05%
0.00 1.00 1.00 0.00 0,00 1,00 0.00 0.00 3.00 0,107
1,00 1,00 1.00 1.00 0,00 1.00 t.00 1.00 7.00 0.230
1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 3.00 0.107
1,00 1,00 1.00 1.00 0,00 1,00 0.00 0.00 5.00 0.179
0.00 1,00 0.00 1.00 0.00 1.00 1.00 0.00 400 0.143
Tetalu) = 0.6625 letalc) = 0.6730
Perforaance
I 2 3 Total Weights
0.00 1,00 0.50 1.30 0.300
0.00 0.00 0,00 0.00 0.000
0.50 1.00 0.00 1.50 0.304
letalu) = 0.7500 Zetalc) = 1.0000
Risks
1 2 3 Total Meights
0.00 0,00 0.00 0.00 0,000
1,00 5,00 0.50 1.50 0.500
1,00 0.50 90,00 1.5 0.500
letalu) = 0.7500 letalg) = 1.0000
Logistics
! 2 3 Total Weights
0,00 0.00 0.00 0,00 0,000
1,00 9,00 0.00 1,00 0.333
1,00 1,00 0,00 2.00 0.647
letaly) = 1.0000 Zetalc) = 1.0000
K—-23
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Survivability
1 2 3
0.00 1.00 1,00
0.00 0.00 .00
0.00 0.00 0.00
0.50 0.00 0.%0
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 1.00
Ietaiu) = 0.857

Propel lants
1 2 3
0.00 1.00 1.00
0.00 0.00 0.00
0.00 1.00 0.00
letatw) = 1.0000

Appendix K:

Voting Data

b 7 Total Weights

3.50

Total Weights
200 0,447
0.00 0.000

1.00

0.23

letalc) =

1.0000

Maintainability

1 2 3
0.00 1.00 0,00
0.00 0.00 0.00
1.00 1.00 0.00
1,00 1.00 1.00
letafu) = 1.0000

4  Total Weights
0.00 1.00 0,187
0.00 0.00 0.000
0.00 2.00 0,332
0.00 3.00 0.500

letaic) =

1.0000

Naneuverability
1 2 3
0.00 1.00 1.00
0.00 0.00 G.00
0.00 .00 0,00
letaiu) = {.0000

LAV W ST W AN WL

Tatal Weights

.90

0. 447

0.00 0.000

1,00

letalc) =

Ve an’

0,333

1,0000
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0.119
0.143
0.024
0.024
0.199
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Judge # 13 Results

TAV Effectiveness
1 2 3
0.00 1.00 1.00
0.00 0.00 1.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 1.00
0.00 0,00 1.00

letalu) = 1.0000

Requiresents
1 2
0.00 1.00
0.00 0.00
0.00 0.00
0.00 1.00
0.00 1.00
0.00 0.00
0.00
0.00
leta(u)

o 4

28888888

— e S . . O e

" —

00
00
1. 0000

Perforaance
1 2 3
0.00 1.00 1.00
0.00 0.00 0.00
0.00 1.00 0.00
Zetalu) = 1.0000

Risks
i

2

4 3

0.00 0,00 0.00
1,00 0.00 1.00
1.00 0.00 0.00

letalu) = 1.0000

Logistics
{
0.00
0.00 0.00 0.00
1.00

letatu) =

o
&

kd

b

1.0000

1.00 0.00

1,00 0,00
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Appendix K:

(Voting Matrix)

4
1.00
1.00
1.00
0.00
1,00

b
1.00
1.00
0.00
0.00
1.00
0.00

1.0000

b
1.00
1.00
1,00
.00
1.00
0.00
1.00
1.00
1.0000

0.00
0.00
0.00
0.00
0.00 0.00
letalc) =

e

Total Weights
2.00 0.487
0.00 0.000
1.00 0.333
letalc) = 1.0000

Total Weights
0.00  0.000
2.00 0.867
1.00 0,333
letale) = 1.0000

Total Weights
1.00  0.333
0.00 0.000
2,00 0,467
letaic) =

.

1.0000

Voting Data

Total Weights
5.0 0.3%3
4,00 0,267
1.00 0.067
0.00 0.000
3.00 0.200
2,00 0.133

7
1.00
1.00
0.00
1.00
1.00

0.00
0.00

1.00

Total
7.00
3.00
1.00
6.00
5.00
0.00
2.00
4,00

Weights
0.250
0.107
0.03
0.214
0.179
0.000
0.074
0.143

1.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00

. o

e
.
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Appendix K: Voting Data

Survivability
1 2 3 4 S b 7  Total Weights

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,000
1.00 0.00 0.00 1.00 1.00 0.00 0,00 3.00 0.143
1.00 1.00 0.00 1,00 1,00 1.00 0,00 5.00 0.238
1.00 0,00 0.00 0.00 1.00 1.00 0.00 J.00 0.143
1.00 0.00 0.00 0,00 0.00 0.00 0.00 1.00 0,048
1,00 1.00 0.00 0.00 1.00 0.00 0.00 3.00 0.143
1.00 1.00 1.00 1,00 1,00 1.00 0.00 .00 10.286
Zetalu) = 0.9286 letalc) = 0.9286

———— - ——

Propellants
! 2 3 Total Weights
0.00 1.00 0.00 1,00 0,333
0.00 0,00 0.00 0.00 0.000
1,00 1.00 0.00 2,00 0.441
letalw) = 1.0000 letalc) = 1.0000
Maintainability
! : M 4  Total Weights
0.00 0.00 0,00 0,00 0.00 0.000
1,00 0.00 0.00 1.00 2.00 0.333
1.00 1.00 0,00 1,00 3,00 0.500
1,00 0,00 0.00 0.00 1.00 0.167
letatu) = 1.0000 Zetalc) = 1.0000
Maneuverability
1 2 3 Total Weights
0.00 1.00 1.00 2,00 0.647
0.00 0,00 1,00 1.00 0.333
0.00 0.00 0.00 0.00 0.000
letalu) = 1,0000 letafc) = 1.0000
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