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Pref ace

The purpose of this study warn to investigate the effect

that different aggregation methods have on the group priority

vector determined by the Analytical Hierarchy Process (AH-P).

Thrum aggregation methods wereu appl ied 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' 19833 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 TAY 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 judge's priority vectors. The

third method converted the AHP input ratios to ordinal

preferences and determined the group priority vector by the

percentage of "votes" for each objective. The examination of

the geometric mean of the priority vectors was not examined

in this research.



The results showed that the three aggregation techniques

produced correlated priority vectors. Also, the consistency

measures f or thu ordinal matrices and the AHP matrices were

highly correlated. Graphical analysis indicated that ratio

"distance" may be preserved between preferences when ratio

scale inputs arm 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

had a great deal of help from others. I am indebted to my

faculty advisor. LtCol Mark Mekaru, and my reader, Major Ken

Feldman for their insight and lifting spirits. I also 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. Jerry 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. III
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Abstract

This study showed that Analytical Hierarchy Process

(AHP) group priority vector was independent of the three

aggregation techniques examined. Also, the (AHP) consistency

index was correlated with Kendall's Coefficient of

Consistence. The study applied the AHP to Battelle Columbus

Laboratories 1983 TAV study using 11 of the original members

of the 1983 TAV steering committee.

The first aggregation technique 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 AHP input ratios to

ordinal preferences and used the percentage of preferences

for each obiective to determine the group priority vector.

The analysis used Apple Pascal computer code for

manipulating the AHP input files. Kendall's correlation

coefficient. tau. showed significant rank order correlation

between the three group vectors. Also. graphical analysis

indicated 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 AHP by survey, the comparison scale should

be displayed to reflect the logarithmic nature of the input

ratios.
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different aggregation methods. The examination of the

statistical properties of the Kemeny and Snell correlation is

outside the realm of thiu study. However, the Kemueny 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 correl at ion measure between two rank orders will1 be

in chapter IV, Methodology.

g321io~nElicitation. Robert Fallon showed in

"Subjective Assessment of Un'certainty" that biases in a

person's background affect his prediction of future events.

He showed how current availability.p anchoring, and

representativeness distort one's assessment of uncertainty in

probabilistic terms (Wuade. 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



~iu~iiu..E~~ig!± In 1962 Kemeny and Snell began a

research thrust in priority vectors achieved by ranking. They

proposed that committee rankings be viewed 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 which 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. It would be necessary to restrict the

orderings to an odd number to achieve uniqueness (Bogart,

1973: b5).

Bogart showed that in the case of linear orderings, the

Kemeny and Snell correlation measure was the same as

Kendall's tau (Bogart 1973:44). However, for partial

orderings (indifference) its 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



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 Joe's opinions over Fred's opinions because Joe

has 30 more years of experience. This process to combine

individual values into a group value is more fully discussed

under Value Theory, this chapter. This research will attempt

to apply interpersonal value comparisons to achieve "more

rational" (transitive) group decisions, as explained in

Chapter IV, Methodology.

Arrow 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 Process (AHP)

measures the consistency in the strength of preferences by

the consistency index (CD). Kendall's coefficient of

consistence, zeta, measures the intransitivity of voting

matrices. Both of these methods are explored in the next

12



impossible. Arrow's conditions are summarized by Blins

1) Any amalgamation method must define a uniquue
order (rationality).

2) If one alternative rise* or remains stationary
in order of every individual, then it must not fall
in the joint order (positive association).

3) The addition or removal of an alternative, whdich
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) The joint order is a function of the individual
orders and must not be imposed by some outside
influence (citizen's sovereignty, or pareto
optimality).

5) 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 Satturthwaite, 1978:252)

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 Raif 4a. 1976:524).

Keeney, however, reports that group decisions can be

transitive if there is an additional condition: interpersonal

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

Interpersonal value comparisons allow the "supra"



! IIt Liger ature..ivie

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

aspectss 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, 1978:260).

Many theoretical writers responded to Arrow's rl nditions

first published in 1951. Responding to their criticisms,

Arrow strengthened three of the five conditions (1,2, and 5),

but still showed that a rational group decision was

10



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 Thruw

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 follow on research

ideas.

FIGURE 2

Revised Hierarchy

I Rapid Response
2 Flexible Basing I
3 Horizontal TO/Landing4 Adverse Weather Ops REQUIREMENTS5 Fully Reusable
6 Single Stage
7 20,000 lbs Orbit
8 Sortie Operations

to Payload Volume PERFORMANCE
1I Trajectory Flexibility

12 - COSTS

13 Propulsion
14 Structure RISK
15 Mass Fraction

16 Amount
17 # Types Propellant Supply
18 Cyro or Store
19 Facilities LOISTICS
20 ' Jets
21 # Rockets
22 TPS Type Maintainability
23 # Elements

24 Ateosphere/Saace Loiter
25 Mobile Launch
26 Base Escape
27 Dispersal Range SURVIVABILITY28 Laser Hardness
29 Radar Cross Size
30 Space
31 Aero Maneuverability
32 Powered

9



priori ty vectors and consi stency measures. Rel ated si de

issues will be explored, such as discovering the affect 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 warn deleted because of the low
weighting.

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

5 Minute Launch and 2 Missions per Day were dropped
because it failed to distinguish between any alternative (All
TAY 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



fuw studies on how to aggregate multiple decision makers

using the AHP. Several questions surface, such asa How

effective are aggregation methods that use feedback, 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 (CI). 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 Cl; their correlation as a

function of matrix size, judge identifier, and variance

between judges.

gS ~v mch_[ kives

This thesis will make a critical examination of the AHP

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

7
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is likely the decision makers would make different ratings if

they know 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 honestlyn 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.

One 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 objectives. This

will insure that each judge is aware of the subobjectives

that make up the next higher level objective. 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.

Research Problem

Despite the fact that the AHP is gaining widespread

acceptance as a method to solicit priorities, there has been

6



Battelle used equal weights for all but three criteriat

propellant logistic., and structural risk, and payload

performance. These criteria Nero weighted by a factor of two.

Battelle sent their questionnaire to the 18 member 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 I

Top Level Complete Battelle Ratings

Judge
Obj 1 2 3 4 6 7 8 9 10 11 12 13 14 Ave
1 10 10 10 10 10 10 10 7 10 10 10 10 10 9.7
2 6 8 7 6 6 9 5 5 10 7 8 7 9 7.2
3 6 8 a 10 B 8 10 9 6 B 7 7 10 8.1
4 B 9 10 10 7 5 8 9 4 8 10 B 7 7.8
5 6 5 10 7 5 7 6 9 6 8 a 8 8 7.0
6 8 5 6 7 7 6 10 8 B 7 9 B 9 7.5
7 B 5 9 B 8 10 B 7 7 6 4 9 8 7.5
8 5 1 5 5 2 5 5 4 3 2 3 5 3 3.7

(Battelle, 1983:6-2)
Note-s

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

5



criteria from their in-houme experts. As sen in Figure 1,

Figure 1

Original Battelle Hierarchy

I Manned Flight

2 Sortie Operations
3 Global Range4 Rapid Response REQUIREMIENTS
5 Flexible lasinq

6 Horizontal TO/Landing
7 Adverse Weather Bps

8 Launch 5 Minutes
9 2 missions/Day
10 Fully Reusable 60ALS
11 Sinqle Staqe
tZ 20,000 lbs Orbit
13 Few Orbits

14 Payload Mass (X21 %
15 Payload Volume PERFORANCE
16 Trajectory Flexibility

17 - COSTS

18 Propulsion RS
19 Structure 12) 3- RISK
20 Mass Fraction

211 Amount (X2)
22 I Types Propellant Supply
23 Cyro or Store
24 Facilities LOGISTICS
25 1 Jets I
26 # Rockets J
27 TPS Type Maintainability
928 # Elements29 #I Expendables

30 AtmospherelSpace Loiter
31 Mobile Launch
32 Base Escape S
33 Dispersal Range SURVIVABIL1TY
34 Multiple Dispersal Sites
35 Laser Hardness
36 Radar Cross Size
37 Space
38 Aero Maneuverability
39 Powered

40 Troposhere Quality
41 Upper Ateos Dual
42 Noise (Launch Sonic)
43 Deoris/Spent Hardware ENVIRONMENT
44 Water Quality
45 Resource Use
46 Socto Economic
47 Accidents

4



determine the expert's priority vector. Despite the strengths

of the AHP, it is a difficult tool to aggregate judges'

assessments because of the enormous 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 different 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 effectiveness of 14 TAV designs

using the following weighted objectives: Requirements, Goals,

Performance, Costs, Technological Risks, Survivabilityf

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 of.combining

individual preferences into a group choice or..consensus.

Problems of this nature arise frequently i'n a variety of

areass marketing of now products, allocation of priorities to

R & D projects, etc. In most of these'cases, an individual's

preference is expressed in terms of ranking available

alternatives. The objective in each case is to combine the

individual preferences into a group consensus (Cook and

Seiford, 1978:1721).

There are two fundamental problems with gathering group

opinions: 1) How does one elicit the true individual opinion?

and 2) How does one aggregate them to accurately represent

the group? Every analysis which uses expert opinions must

confront and answer 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 .isked

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

2
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AGGREGATING INDIVIDUAL PREFERENCES IN THE
ANALYTIC HIERARCHY PROCESS

APPLIED TO THE 1983 BATTELLE TAV STUDY

baRtEr 1: Backqround

Introduction

Expert judgment must often be used to choose among

several alternate courses of action. An expert's presumed

intuitive insight provides answers 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 do not allow a structured decision approach. Such

problems are usually characterized by lack of measurable

objectives and reliable information (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 too 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 items 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 ware 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, 1975: 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). If 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.

gEeimental @CorMnanso. Analysts however, can

increase the validity of their findings by reducing the bias

that originates in the actual solicitation. 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
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of Concordance to measure agreement 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 (Eckenrode, 1965:185).

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,

1965:187).

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: 41) 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 others would

be limited (Saaty, 1980:246).
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In the experiment, subjects (33) wars asked to evaluate

hypothetical admissions candidates (20 pairs), in pairwise

comparisons, using four attributes onlys quantitative SAT,

verbal SAT, high school cumulative average, and an index of

extra-curricular activity. Their choices between these 20

pairs of 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 derive 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 ..-............ 84% .72
Regression ..-.-.-.-.-.-... 57% .19
Multi-Attribute Utility .... 86% .75
Direct Assessment ....... 84% .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, 1965:186). 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

17



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, 1960:64)

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

other "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 indices. The temporal nature of some
state vector elements may also cause some
difficulty.

(Coty, 1980:AA-15)
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Thus, operationally, MdAUT looses its advantage over AHP

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, 1980:246).

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 global criterion (Saaty,

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 opinions. Eckenrode found this

method more satisfactory because of the smaller variance

between judges and wider range of the priority vector.
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_iLVaI_TihE The overall scores in the AHP can be

considered 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

necessary on the concepts involved.

Value theory establishes the fundamental conditions for

construction of order preserving representation 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:

b c <=> V(b) > V(c)

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 o4

value function assumed in the AMP. It allows the value of a

given objective to be the sum of the values of its

attributes. For the single decision maker the additive form

20



can be expresseds

V(X1,X2,...,Xn) = Vi(Xi)
(Keenly and Raiffa, 1976:116)

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

V(X1,X2,...,Xn) = XhiVi(Xi)

Where:
Vi, i = 1,...,n is scaled from zero to one

XWi = 1
L (Kamenetzky, 1982:705)

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:

Vg(XI,X2....,Xn) = IVgi[Vi(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 (MPI). MPI

is implied if every pair of attributes is preferentially

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

function, the attributes tVi,Vj} are preferentially
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independent of their complement V * for all i j, 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. Preferential 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 only 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 of 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
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ordinal. 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.

Gi._Lt gi _ _aon. 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, 1982:7O5). 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 simultaneously. The resulting value

function is measured on an ordinal 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 AIP 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 Wj/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-l)/2 pairwise comparisons
contributes to the robustness of the estimates.

3) The AHP allows for inconsistency of the
pairwise judgments and provides a measure of such
i nconsi stency.

(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 of criterion Ki
with respect to criterion Kk?"

(Kamenetzkv, 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 Nj/i

and Wj/k are measured. As a result, a better question would

be:

"Considering that the Nj/i are scaled such that the
sum of all Wj/i = 1, what is the ratio of the
increase in Wj/i that would be necessary to
compensate for a given decrease in Wj/k to the
given decrease in Wjlk?"

(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. Perhaps, 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).

Baaty believes the phrasing should reflect the proper

relationship between elements in one level with the property

in the next higher level. He gave the following examples

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 question 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

consistent 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_Cg i nt _n. 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 function. The attributes must
be mutually preferentially independent in order to
apply any of these techniques. If there is not a
measurable value function, it cannot be asserted
that the preferences of the decision maker can be
represented by an interval scaled additive value
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function. Consequently, neither can it be asserted
that they can be represented by ratio scaled units.

2) Obtain 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 Sj/i, by
scaling the Wj/i so that max(j)Sj/i = 1, and
min(j)Sj/i = 0 by using the transformation:

Sj/i = (W,/i -mintj)Wj/i) / (max(j)Wj/i -
min(j)Wjfi)

= 1,...m, i = ... !p.
(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 Sj/i obtained

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 transformed weights for the actions are then used to

define the value function, Vi(Xj) = Sj/i which is 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.

Kamenetzky 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

judgments 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
al ternati yes.

3. The W#/i are scaled from zero to one [used as
value functions of actionsJ

(Kamenetzky 1962:712)
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requiring the outliers to do extra work (Saakman, 1975:45).

Helmenr 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 in questions, and the difficulty

in assessing the degree of expertise to determine the

"decision makers." Although these complaints are valid

criticisms, they are relative to the entire field - the

Delphi method should be judged in terms of the available

alternatives. The same objections 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 cumbersome. It requires several weeks to receive responses

and the iterative questionnaires can be tedious (Quade,

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 in a series of rounds versus dynamic
di scussi on.

3) Questionnaire versus hierarchy structure as a
basis for judgments.

4) Statistical and quantitative analysis versus
qualitative analysis.

(Saaty, 1980:69)

Both processes improve the quality of judgments, but

Saaty says the AHP better fits the human cognitive style

because it breaks the judgment into its elements. Saaty

further claims that the group has better confidence in the

relevance of their judgments because the group determines the

important set of variables (Saaty, 1980:70).

9e90A Criticism. Not all the research has been

positive regarding feedback. Gustaf son found that written

feedback appeared to lead to a reduction in 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 (Gustaf son 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.

QFC is particularly appropriate to the AMP 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 QFC 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).

AHP-Del Rhi. Saaty mentions that it is possible to

elicit the hierarchy and judgements by questionnaire (Saaty,

1980:35). If he were to do this using anonymity, controlled

feedback, and statistical group responses, he would be

applying the Delphi technique to the AMP. The Delphi

technique is a well established methodology to collect

opinions remotely, such as mailed questionnaires. Many

researchers consider it 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 mare than likely in many
spheres of the value area.

(Rescher, 1969-6)

Feedback. There are many variations of the Delphi

approach, primarily varying the type of feedback given to the

respondents. As long as the feedback involves 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).

Qualit_ Feedback Control. James Press proposed a

Delphi variant which he called Quality Feedback Control (QFC)

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.

QFC differs from Delphi in that it does not return

statistical group responses. While Delphi collects reasons

for deviant responses on the second and subsequent

iterations. QFC collects reasons for each answer on every
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Delphi avoids the dysfunctional group interactions. The

separation of the participants help. 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 (Dalkeyq

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 f or
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 questions:

Rather than serving as a tool for discovering
or forging a group consensus, Delphi can provide a
technique for discovering subgroups of variant
opinion in a group -when the pattern of responses
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surveys are also becoming more responsive. It is foreseeable

that in the not so distant future, a national/worldwide

computer network will link everyone, and surveys will have

the same response time as interactive groups.

There have been few studies on applying the AHP 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 Corporation in the 1950s.

Discussion. The Delphi approach is among the most

common methods for qualitative forecasting (Wheelwright,

1980:298). It is a solicitation method that iteratively uses

surveys and statistical feedback to achieve a group decision.

Both Delphi and the AHP improve 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 important set of variables tSaaty,

1980:70).

Saaty sees the Delphi approach as the end product. It is

not. It is a technique identified by the following three

aspects which would be an excellent tool to apply the AHP by

survey:

1) Anonymous response.
2) Iterative and controlled feedback.
3) Statistical group response.

(Dalkev. 1969b:v)
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amount (Rowse, 1974:280O). 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-e6).

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.

Delphji., Saaty maintains that in "seeking consensus,"

it is preferable that the judges interact" (Saaty, 1960:68).

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 f or

small sample sizes or homogeneous groups. However, the

decision makers who 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, 1980s68).

Rowse performed an experiment where he evaluated the

accuracy of group decisions am a function of different

weighting schemes. Interacting group responses were compared

to fivu weighting schemes. Thu 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 of 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. Perhaps 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 Lhe "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 (worse)

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 (Dobbins,

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, years of experience, past record, personal

involvement in the issue at stake, personal evaluation, etc

(Saaty. 1980:68). Dobbins used self assessments between 0

and 1 which he directly applied to the individual's inputs to

weight them (Dobbins, 1980a:65). Similarly, Horsky and Rao

corrected 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 in 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 0 to 1 for individual A versus the change in

value from 0 to 1 for individual B, etc.

We make no pretense that interpersonal 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 of the
individuals and hence it involves extraneous
interpersonal comparisons."

(Keeney, 1976: 145)

The same type of thinking must be followed in the

participating group decision model 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

possible and thus the model could not be used as intended.

There have been several experiments to investigate the

factors involved in interpersonal comparisons.

A2_!ications_of_Weighting_Individuals.

Experiments have shown that if the experts are asked to grade

themselves on competence, the estimates they give are fairly

reliable. On the basis of this information, it may be

possible to obtain 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 (Quade and Boucher,
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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 (Rowame

and others, 1974s283). This is very beneficial for

solicitation by survey, as in this study, but contrasts

sharply with Saaty's emphasis on interacting groups to

achieve a consensus.

E2RhaMkizIng_ndiyi.dMJ.IL 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, 1976:144). 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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i Intcd dtikgO. 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 heterogeneous groups (low correlations in

personality profiles) produced a higher proportion of high

quality - high acceptance solutions than the homogeneous

groups (VandeVen, 1971:208). 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 controlled feedback procedures made the group

estimate more accurate (Dalkey, 1969b: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 each 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 more than the scale allows (1..9),

should be removed from that matrix, otherwise, the AHP

assessment is inappropriate.
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Thiu 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 migenvector from the AHP to

measure the preference function and the midvalue splitting

technique to compare hypothetical alternatives selected.

Wort Asessmnt.Another elicitation technique that

requires additivu 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.

3) 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.
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~R1 ~~ QflIL The entire poi nt of

Delphi's feedback and Saaty's inter-acting 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 of variance reduction and

achieving consensus, it is important to remember that group

consensus is not a goal in itself. 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 observed 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 objects because all
employ the "wrong" criterion.... A higi, degree of
agreement about an order does not necessarily mean
that the order which was agreed upon is the
"objective" 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

QFC examination in this thesis will be applied to the top

l evel.

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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1!ltrodg~utigo. When individual preferences arm given

in terms of ordinal rankings, the simplest form of group

consensus is majority rule (Cook and Siford, 1978s1722).

Majority rule (MR) determines the group ranking by the number

of "votes" received by each objective. This thesis will

extend the concept 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.

_D si on. 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 should

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 observed 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. 1982:621).

Fishburn explains the method to establish a priority
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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:

U(Xij) = lij/l Xijl
where U(Xij) is the group value of objective ij

Xij is the individual value of objective ij
(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: A BC: and

another judge votes the objectives: BA)C. Their aggregate

order will be A=BC. The greater the number of judges, the

more likely there will be no tie scores because of the finer

discrimination between elements. For each n-matrix the total

votes cast is equal to (number of judges)(n)(n-1)/2. The

priority vector derived from ordinal ranks becomes more

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. Dobbins compared the following majority

rule techniques:

1) Borda's Method of Marks
2) Adjusted Borda Method of Marks
3) Condorcet's Criterion
4) Black's Simple Majority Procedure
5) Dodgson's Method of inversion
6) Copeland's Majority Rule
7) Shannon and Svestka's Majority Rule
8) Black's Single Peaked Preference

(Dobbins, 1980a:25)

Dobbins found that the Shannon method allowed him to

complete the most of the following requirements for his

computer model.

1. Accepts Ordinal or Cardinal Data
2. Accepts Intransitive Rank Orders
3. Accepts Partial orders
4. Accepts Weak rank orders
5. Accepts An odd or even number of judges
6. Majority winner is ranked in first place
7. 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.

TEransiti vit. Many studies have been directed toward

determining the probability of achieving an intransitive

aggregate rank order through a majority rule method, and what

conditions are required for a usable majority rule decision.

Dobbins describes two of the conditions which are actually

restatements of Arrow's properties:

1) Scoring constants should logically be 1,0,-i,
have autonomy, be non-reversed, and have
non-dictatorship.
2) The social welfare function [group priority
vector] should exhibit monotonicity and
fai thful ness.

(Dobbins, 1980a:20)

An accepted limitation of 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 allowing tied ranks

(Dobbins, 1980a:20).

An example of one of these restricted inputs is Bowman

and Colantoni's report. If the majority rule problem has

transitivity constraints on the input voting, then it can be

solved with integer programming models (Bowman and Colantoni,

1973).
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Besides the ease 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.

Princieles

The analytical hierarchy process uses pairwise

comparisons between elements of the same level in a decision

hierarchy to arrive at a priority vector for these elements

(Saaty, 1982:35). Saaty describes the three principles of the

AHP:

1) Hierarchic representation and decomposition
- breaking the problem down into separate elements.

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

3) Logical Consistency - insuring that
elements are grouped logically and ranked
consistently 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-aierarchies

sharing only a common 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 AHP 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,...9p. If

these weights Wi, are known and a matrix C with elements Cij

= Wi/Wj is constructed, this matrix satisfies the equation:

CW = pW

Where: p = order of the matrix
C = matrix of relative importance
W = (W1, W2, ... , Wp)

(Kamenetzky, 1982:700)

The decision maker is asked to provide an estimate of

the matrix C' by answering the following question: "What is

the relative importance of objective i wit;i respect to
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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)WI
where:[lambda max is the maximum eigenvalue of C13

Weighting or setting the priorities requires the

objectives in each level be compared among themselves in

relation to the next objective "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 obtain 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 AHP 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. Saatv admits to not

making a "serious attempt" to axiomatize the AHP. but lists

the following assumptions that must be made prior to applying

the AHP:
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1. A system can be decomposed into comparable
cl asses.

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

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

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

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

6. The priority 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 alternativesu introduced into the
hierarchy to test for independence from them.

B. 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 8:

individuals can make comparisons using the ratio scale and

the elements are deterministic.

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

of "score" for that particular objective. Kraweic lists the

following advantages of scoring methods:

- They are the only methods specifically designed
to incorporate noneconomic criteria.
- They use input data in the form of subjective
estimates provided 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 averaqe. 90% rank order consistent with economic
and constrained models.

fKraweic, 1984:22)

52



TABLE Il
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

5 Strong importance of Experience and judgement
one element over strongly favor one
another el ement over another

7 Demonstrated importance An element's dominance
of one element is demonstrated in

practice

9 Absolute importance of The evidence favoring
one element over another one el ement over another

is of the highest
order o* affirmation

2 ,4 ,i6 ,8 Intermediate values be- Compromise is needed
tween two judgements between two judgements

Reciprocals: If activity i has one of the preceding numbers
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

in Table II. 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 (1). to absolutely less important
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(-9). The scale, however, is surrounded with the controversy

between ratio-interval-ordinal scales and the requirements to

establish these measures in value theory (see Value Theory in

Chapter 2).

The AI4P 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 problem. 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, 1982s12). Perhaps this is the

reason Bear 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



natural tendency of the mi nd to sort elements of a
system into different levels and to group like
elements in each level.

Synthesiss Leads to an overall estimate of the
desirability of each alternative.

Masurement: 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)

Cons istency

Introduction. The last advantage Saaty lists is

consistency. The AHP measures the "consistency" in the

judgements. Humans are seldom perfectly consistent in making

comparative 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 6 times more

than car C. Note that the consistency will drop if he says

car A costs 5 times more than car C. even though his ordinal

ranking remains the same.

Groups also exhibit inconsistency. Several authors show

that groups in general cannot make decisions in the same

rational straight forward manner that an individual can. One



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.

6roup 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 individual opinions.

AHP. The AHP derives a consistency index by takinq the

ratio: (lambda max - n) / (n-1), where lambda max is the

trace of the comparison matrix and n is the number of

criteria. Saaty explains the reasoning behind CI in the

following manner. If the comparisons are estimated precisely,

then Xij Wi/Wj and each main diagonal element would be
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divided into two sectionsa 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 if 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), so 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

knowledgeable judges. Dalkey found these self ratings

statistically improved the accuracy of group estimates of

historical facts (Dalkey, 1969c:2).

The second survey (Appendix B) returned the judges'

pairwise matrices and the corresponding priority vectors so

70



Prgyfl,- The process to achieve these objectives will

be twofold. 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 CI (AHP consistency index).

Finally, 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 of the TAV

"feasibility" for each of the original proposals.

Sur ve

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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ChRt!_r-_ IV._ _._thodolg

OverviewN

gbiectives. 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 II)

Measure the effect that different aggregation techniques have

on the priority vectors and consistency measures.

Alternative ARREroaches. 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 geometric 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 o4 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.

agr!gagtion 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 from 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.

Ma1 9EitXRule. 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 (CI). The AHP consistency index provides a

convenient measure of the consistency of pairwise

pruferences, 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 problem from the

start with interacting groups (Saaty, 1980:69).

AgrCgatio_ 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 opinion: 1) taking

the mean of the inputs/outputs for the AHP, 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 o4 certain individuals and using Delphi to

elicit the weights.

Mean. The inputs to the AHP 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 of the input

logarithms. That is, the nth root of the product of n inputs

is equal to the sum of n input logarithms divided by n. For

example, if one person assigns the value a and another

assigns the value 1/a, the mean would be:

[(1/a) (a)]exp(1/2) = antilog[ log(1/a) + log(a))/2]
1=1



eggr!gAta
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, 1980:66). For large matrices, trying to achieve a

consensus via survey becomes intractable because of the

enormous amount of feedback required for the n(n-i)/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 AHP.

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.
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at n =8, the calculated zeta must be lower than .60 to

reject that zeta-i (Dobbins, 1980a:32-35). Another way to

look at it is that the more objectives the judge is voting

on, the more circular triads he can have and still be

consi dered consi stent.

The null hypothesis will be that therm is perfect

disagreement between the judges (there is no concordance

between methods). Kendall developed methods and special small

N value (*I judges) probability 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).

SuMMrgar. For the single judge, pairwise comparisons

provi de an addi ti onal measure of consi stency that i s not

available in direct assessment (interval scale) or ranking

(ordinal scale). rhe consistency measure for the continuous

scale is the AHP consistency index (CI) and for the ordinal

scale it is Kendall's zeta.

Cl can be thought of as the amount of divergence each

comparison is 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 Cl 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(Kendall, 1970: 145).

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 insists that the data can be ranked only if zeta

- 1, i.e., there are no triads (Kendall, 1970:147). Kendall

determines statistically when zeta=1 by establishing a

distribution zeta would have if all the preferences were

allotted at random. The distribution is dependent on n. For a

given significance level, the calculated zeta value that

rejects the null hypothesis that zeta=1 slowly drops

(Appendix E). That is. 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 in 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, on the other hand only has one line;

it is 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: A>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,

1955:147). The ratio of d to the maximum number of triads is

subtracted from one to form zeta. That is, if d=12 and the

max number of triads was equal to 20, zeta would be equal to:

1- 12/20 = 0.4. if 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 important information gainedg 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. If one of the factors is outside this

range it should be removed and placed in another matrix

comparing more similar factors, otherwise, the AHP

rcomparisons are distorted and meaningless.
A

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.

It does not matter if 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, 1982:2). if 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 of magnitude. That is, if a 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. It is very possible to make perfectly

consistent judgments that are wrong.

To measure the inconsistency of all the judgments made

in the hierarchy, the C1 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 independent 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 Xij (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/Wj from the eigenvector).

Gear describes Saaty's consistency index as a measure of the

"fuzziness" introduced by the answers to pairwise ratio

comparison scales (Gear, p13).

When the Cl 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

(R). Using a sample size of 500 he obtained the following

RIs:

Random Indexes
n: 3 4 5 6 7 8

ci(ri): .58 .90 1.12 1.24 1.32 1.41
(Saaty, 1980:21)

The ratio of CI to RI 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 for

those matrices that exceeded 10% CR.

These comparisons were isolated because they had the

largest ratio of pairwise ratings (Xij) divided by the ratio

of the priority vector elements (Wi/Wj). This is the method

recommended by Saaty as being the most relevant (Saaty,

1980:66). The comparisons were isolated serially. That is,

after the first "faulty" input was corrected with the nearest

integer rating. the eigenvector was recalculated. If the CR

remained above 10%., the comparison that contributed the most

to the inconsistency of the revised matrix was isolated, and

so on - until the CR dropped to 10%. Appe,' 'c C1 shows the

computer program to identify the potential errors. As seen in

)ppendix B. the judge was not given any reason why the inputs

were circled nor 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 Quality Feedback Control (QFC) was

used to improve the consensus of the AHP judgments.

rhe feedback, shown in Appendix B. consisted of three

pages of anonymous 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 S.
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Introduction. As explained earlier, the purpose of

this analysis was to examine the effect of applying three

different aggregation methods on both the consistency and

final priority vectors using the AHP and to discover the

critical parameters. The actual application of the AHP and

majority rule was accomplished using three pascal programs

written on an Apple lie 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

statistical measures used to evaluate the significance 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 is suitable as a measure of correlation with data

that is at least ordinal. The tau will give a measure of the

degree o4 association or correlation between the two sets of

ranks. The sampling distribution of tau under the null

hypothesis is known, and therefore tau, unlike Spearman's rho
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(another correlation coefficient between ranks), is subject

to tests of significance.

On. may think of tau as a function of the minimum number

of 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" (S) 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 to

its right which are smaller are subtracted. This number is

determined f or all the ranks and summed to obtain 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

Judge X 3 42 1
Judge Y 3 14 2

Rearranging the order, so that judge X's appear in natural
order:

Judge X 1 2 34
Judge Y 2 4 31

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 other.
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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&) 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 second 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 sAcceeding ranks, there is only one pair (3&1) which is

scored as -1. The total of all the scores is then:

(+1) + (-2) + (-1) = -2 = S

Tau is then determined by dividing this number (S) by the

maximum amount of "disarray" possible, which is N(N-1)/2.

This would have been yielded if the rankings of judges X and

Y had agreed perfectly, because every 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

+I's and -I'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

assiqied 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 becomes:

tau = EN(N-1)/2 - Tx]'&EN(N-i)/2 - Tyl'I1

where: Tx =It(t-1) and this the number of tied
i observations in each groupi

Ty= same as Tx for group y
Example:

Objecti yes
a b c d e f

Judge X (Eigen VM): 6 5 3 1 2 4
Judge Y (vote mean): 5.5 5.5 3.5 1 2 3.5

rearranging on X:
d e c f b a

Judge X: 1 2 3 4 5 6
Judge Y: 1 2 3.5 3.5 5.5 5.5

calculating S in the usual way:

S = (+5) + (+4) + (2) + (2) + (0) = 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 =Xt;(tr1)/2
= [2(2-1) + 2(2-1)3/2
=2

tau 13 = 13 =.931
E15-0/]I F 5-2] '/? 13.96
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This example shows actual data and is a correlation

between the migenvector means (EigenVl) and the majority rule

mean (Votei) shown in Table III1.

Kendall developed a table to evaluate the significance

of 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

probability associated with the occurrence (one-tailed) under

the null hypothesis (vectors are correlated) of any value as

extreme as an observed 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

observed 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. If the P <. alpha

(probability of rejecting a true hypothesis), the null

hypothesis may be rejected. In the above example, entering

Appendix E with S=13 and N=6. one reads .0083 as the

probability of associated with values as large as 13.

Arbitrarily picking alpha = .O5, one rejects that the vectors

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

Kendll gncrdace rJ.To examine the effect of

feedback, this thesis examined the overall agreement between

ranks derived by the Delphi process, the AHP, and majority

rule voting, to evaluate if one method resulted in more

"1consensus" 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 averagje 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 f or each objective would reflect this

agreement. However there is no statistical test f or 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.

Thure are six steps in the determination of Ws

1. Let k = the number of entities to be ranked, and
lot N = the number of judges assigning ranks. Cast
the observed ranks in a k X N table.
2. For each objective, determine R3 , the sumu of then
ranks assigned to that objective by the N judges.
3. Determine the mean of the R3 . Express each Rj as
a deviation from that mean. Square these
deviations, and sum the squares to obtain S.
4. If 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: tau).

S
W 2 3

N (k - k)1/12 -NT

where K

3
T = (t- - t)f112

I.

where:
t = number of observations in a group tied f or

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

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

a. If 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-i1, 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 shown belown

Judges' Ranks for the Top Level Objectives

Judge
1 2 3 4 5 Rj

Requi rements 6 4 4.5 6 4 24.5
Performance 3 5 4.5 5 5 22.5
Costs 4 3 6 1 6 16.0
Risk 1 1 3 4 1 10.0
Logistics 5 2 2 2 2 13.0
Survivability 2 6 1 3 3 15.0

The mean of the Rj is 17.17. The sum of the squared

deviations from this mean is S = 53.8 + 28.4 + .7 + 51.3 +

17.3 + 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 *3 has one set of tiei: requirements and performance is

tied at 4.5. Therefore, the number of tied objectives (2) are

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

T(judge 1-2) = 0
2

T(judge 03) = ttt -1)/12 = 2(4-1)/12 = .5
T(judge 4-5) = 0
The sum of Tj 0.5

W= ka(N3- N)/12 - kJT (6)(5-5)/12 -. 5 = 359.5= .435
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The e4fect 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 acqgmplished by multiplying the

original S (156.3) 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 is important to discover the

effect that feedback has on AHP and compare it to the effect

feedback has on the direct assessment technique (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:" 1)

calculate the arithmetic mean of the eigenvectors of the 12

judges, 2) calculate the geometric 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 eigenvector) will be

summed across the 12 judges and divided by 12. The mean CI

will be the average of the 12 judges' matrix Cis. Note that

this thesis did not examine the geometric mean of the 12

judges' eigenvectors. This has been left for further

research.

Geometric In~put Mean. Each judge's criterion rating
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will be multiplied across the 12 judges and the 12th 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 C! calculated above.

Mai9CitL_RM1L_ 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 AHP 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 more 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. ABDA.

AEDA, AFDA, and BEFB. 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
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,riads in a preference matrix, consisted of the number of

iternatives and the sum of the votes in row i (Ai) of the

oreference matrix:

d = n(n-) (n-2)/6 - [7-Ai(Ai-1)]/2
L

!eta is 1 - d/(max number of triads) where the maximum number

)f triads depends whether n is odd or even:

odd even
3 ZS

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 if fractional

pairs of Ai's exist. The steps of the d bracketing are in the

computer procedure "CalcZeta" in Appendix C4 and are

described below (Dobbins, 1980a:29):

1) Arrange Ai row totals in order of their value.
2) Count the number of fractional Ai row totals.
3) 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.
5) Verify that the sum of the rounded Ai's = n(n-1)/2.
8) Use this rounded set of At's to calculate a lower d
(gives a "low" zeta even though it 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 one-half of each pair of the
fractional Ai's upward to their next larger integer
values.
9) Verify that the sum of the second rounded Ax's
n tn-l)/2.
10) 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.
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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=l when there are no

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 on n for a given significance level. As n

increases, the calculated zeta value that rejects the null

hypothesis (zeta=l) slowly drops. That is, 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: 32-35).

Another way to look at zeta's significance is to compare

it to the AHP CI. Kendall changes his zeta limit for a given

significance depending on n., but the source zeta remains the

same. Saaty, on the other hand, changes the source CI

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

Summar

This thesis will determine the variance reduction

brought about by feedback of group information for both

direct assessment and the A-P. 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 geometric

mean of individual comparisons (AHP), 2) The average vector

calculated from 12 judges' eigenvectors (AHP), and 3) The

vector calculated using the majority rule process.

L8

. I. .



j ChAgt@EV. Results

Inutroducti on

The analysis focussed on three aspects of aggregating

the results gained by the AHP. The first aspect was the

effect feedback had an increasing the agreement between the

judges. The Kendall Coefficient of Concordance CW 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 AHP 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 varying 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

consi stency measures.

Finally, an ancillary effort was to apply the final

priority vectors ("bottom vector") to the original Battelle

attribute values and examine the difference the AHP would

make to the original study. Battelle found the results were

insensitive to large changes in the weights, but they did not

go beyond the top level. This thesis sought to discover if
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Battelle' s results would change if the weights were elicited

throughout the hierarchy.

The effect of feedback warn evaluated by the change in

Kendall's concordance WN between the original Battelle

survey (Delphi0) and the repeat Battelle survey (Deiphil).

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 one year

earlier) and to explain any of his new ratings that remained

j outside of one standard deviation of the original mean.

Twelve of the original 13 judges on the TAY 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 *5).,

9 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 reasons that the

* judges gave to justify their ratings of the top level, and

often subsequent levels of the hierarchy (Appendix 8). Each

page of the repeat AHP survey displayed the resulting

* priority histogram and the original responses of 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

original 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.

Delpbi. 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 DelphiO (Original Battelle) and

Delphil in Table III. Table IIIa shows the weights converted

to ranks, and Table IIlb 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 IlIb, 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 DelphiO 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 in Figure 3.
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TABLE III

Top Level Battelle Ratings

Battelle Original (DelphiO)
Obj 1 2 3 4 6 7 8 9 10 11 12 Ave
1 10 10 10 10 10 10 10 7 10 10 10 9.7
2 6 8 7 6 6 9 5 5 10 7 8 7.2
3 6 8 8 10 8 8 10 9 6 8 7 8.1
4 8 9 10 10 7 5 8 9 4 6 10 7.8
5 6 5 10 7 5 7 6 9 6 6 8 7.0
6 8 5 6 7 7 6 10 8 8 7 9 7.5
7 8 5 9 8 8 10 8 7 7 8 4 7.5
8 5 1 5 5 2 5 5 4 3 7 3 3.7

(Battelle, 19B3:6-2)

Second Survey (Delphil)
Obj 1 2 3 4 6 7 8 9 10 11 12 Ave
1 10 10 10 10 10 9 10 7 10 10 10 9.6
2 6 5 7 5 7 7 7 7 10 7 5 6.6
3 7 9 8 10 8 10 10 9 7 8 8 8.5
4 8 9 10 10 7 5 B 9 5 6 9 7.8
5 6 8 10 6 6 6 5 9 8 6 8 6.9
6 8 5 6 8 8 7 10 8 10 8 9 7.9
7 7 5 9 8 9 10 7 7 a 7 5 7.4
8 4 1 5 5 5 3 4 4 3 2 3 3.5

Where:
Judge *5: Added after initial Battelle survey so was

not included for Delphi feedback data.
Objecti ves:

1: Requirements 5: Technology Risk
2: Goals 6: Logistics/Supportability
3: Performance 7: Survivability
4: Costs 8: Environmental Impact
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TABLE IIIa

DelphiO and Delphil Ranks

Battelle Survey (DelphiO)

JUDGE
OBJ 1 2 3 4 5 6 7 8 9 10 11 AVE
1 8 8 7 7 8 7.5 7 3.5 7.5 8 7.5 8
2 3 5.5 3 2 3 6 1.5 2 7.5 5.5 4.5 3
3 3 5.5 4 7 6.5 5 7 7 3.5 7 3 7
4 6 7 7 7 4.5 1.5 4.5 7 2 3 7.5 6
5 3 3 7 3.5 2 4 3 7 3.5 3 4.5 2
6 6 3 5 5 6.5 7.5 4.5 3.5 5 3 2 4.5
7 6 3 2 3.5 4.5 3 7 5 6 5.5 6 4.5
8 1 1 1 1 1 1.5 1.5 1 1 1 1 1

Delphi-Battelle Survey (Delphil)

JUDGE
OBJ 1 2 3 4 5 6 7 8 9 10 11 AVE
1 8 8 7 7 8 6 7 3 7 8 8 8
2 2.5 3 3 2 3.5 4.5 3.5 3 7 4.5 2.5 2
3 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 5 7 2 2.5 6.5 5
5 2.5 5 7 3 2 3 2 7 3 2.5 4.5 3
6 4.5 3 5 4.5 7 7.5 3.5 3 5 4.5 2.5 4

7 6.5 3 2 4.5 5.5 4.5 7 5 7 6.5 6.5 6
8 1 1 1 1 1 1 1 1 1 1 1 1

TABLE ilb

Concordance and Tau Between Delphi0 and Delphil

DelphiO Delphil
Kendall's W .516 .564
Variance 1.44 1.22
Kendall's Tau Between AveDelphiO and AveDelphil = .837
(sig<.01)

Where:
Variance is equal to the average variance for the
ratings on the 8 top level objectives.
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FIGURE 3

Top Level Priority Histogram
DelphiO, Delphil and Eigen GM
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where:
DelphiO: Rank is derived from the Delphi approach with zero

iterations, i.e.. it is the priority vector

Battelle received by direct assessment.
Delphil: Rank is derived from the delphi approach with

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

EigenGM: Rank is derived from the eiqen vector from the
geometric mean of the 12 ,udges: 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 5% of the total number of

comparisons made. Of these 56 potential "errors" that were

called to their attention, the judges changed 46% of them

(26). These changes included 17 rating changes f or an average

of 3.0 units of change and 9 sign changes.

rhe nonresponding judges' (10,11.12) inputs were

corrected for major errors only. These "major" errors were

identified if they were the most "deviant" comparisons and if

a change made a substantial improvement in the consistency

(20%). 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 IVa shows the priorities converted to ranks and the

statistical analysis.
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TABLE I V

Original and Revised AHP Priorities (EigenGM)

Original Survey
Effective Require Perform RLs Logi Survive
1 0.312 0.262 0.479 0.234 0. 202 0.059
2 0.241 0.170 0.186 0. 382 0.161 0.150
3 0.110 0.064 0.335 0.364 0.638 0.156
4 0.091 0.119 0.135
5 0.127 0.116 0.079
6 0.120 0.045 0.137
7 0.106 0.284
8 0.117
cr 0.033 0.030 0.003 0.001 0.005 0.019
ci 0.027 0.006 0.006 0.001 0.009 0.015

Propel 1 ants Maintainable Maneuver
1 0.376 0.127 0.457
2 0.219 0.265 0.368
3 0.405 0.333 0.176
4 0.274
cr 0.014 0. 003 0. 008
ci 0.023 O.004 0.013

Second Survev (12 Judaes)
Ef fecti ve R~re Perform Risks Looist Survive
1 .297 .239 .478 .240 .224 .065
2. .261 .121 .184 .402 .147 .148

3 .113 .058 .338 .358 .630 .149
4 .094 .156 .125
5 .120 .148 .089
6 .120 .035 .136
7 .090 .289
8 .154
ci .006 .022 .003 .000 .000 .010
cr .005 .016 .005 .000 .001 .008
ropelI ants Maintainable Maneuver

1 .369 .106 .457
2 .196 .282 .3b6
3 .435 .363 .176
4 .248

2 .03 .001 .108
r .0o5 . Iu0 • U(I
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TABLE IVa

Ranks and Correlations Between Priority Vectors

First AHP, Second AHP, and Vote Mean*

Effectiveness Requirements
AHPI AHP2 VoteM AHPI AHP2 VoteM

0 1 6 6 5.5 8 8 8

B 2 5 5 5.5 7 4 5.5
J 3 3 3 3 1.5 1.5 2

E 4 1 1 1 4.5 6 5.5

C 5 3 3 3 4.5 6 5.5

T 6 3 .- 3 1.5 1.5 1

I 7 4.5 3 .
V -a 4.5 6 5.5

E
TAU

AHPI 1.0 .96 AHPI - .67 .84

sig: - .02 .13 si-g: .05 .02
I AHF2 - - .91

sig: .01

Survi vab1 i tv Mai ntainabL I i ty
AHP1 AHF2 VoteM AHP1 AHP2 VoteM

0 1 1.5 1 1.5 1 1 1

B 2 4.5 4.5 4.5 2.5 2.5 r

J 3 4.5 4.5 4.5 4 4 4

E 4 4.5 4.5 4.5 2.5 2. 5

C 5 2 2 1.5
T 6 4.5 4.5 4.5

1 7 7 7 7
V
E

TAU
iHF'I: - 1.0 .96 - 1.0 .91

s3L: .02 .03 .08 .08

TAU (3 Element Priorities): 1.0
Sig: .12

Vote Mean derived from second AHP

Priorities 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 AHP seems resilient to

feedback. Even when directed to reexamine isolated pairwise

comparisons. 54X of the returned comparisons were not

changed. Individuals expressed general satisfaction with the

AHP priorities. The few minor changes made had little impact

on the rank order of the priorities.

One surprise was that the top level AHP weights

correlated more strongly with the original Battelle study

than to the second iteration (Table V and Figure 3). The

original Battelle study was accomplished a year earlier than

the AHP 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 opinions. The reason for

the large shift in tau is that the direct assessment weights
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Corarison Battelle Results

The final ancillary effort of this thesis was to examine

the difference that applying the AHP 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 ASDIXR.

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 5th to 6th place (TAV # 13).

The AHP priority vector applied for the Battelle

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 designs 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 CI

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 strot,.g relationship

between consistency and variance between judges.

TABLE XI

Correlation Between CI and Deviation for Matrix Size 3

CI Deviation * 10
.038 1.98
.106 1.57
.106 2.26
.188 1.75
.230 2.15

tau = .1054 Significance = .804

Positionin_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

objectives 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 = 3) 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' Priority Vector Elemuents)

Matrix Dimension Voting Matrix AHP Matrix
Zeta Dev * 1 CI Dev *l1

8 .79 .54 .22 .52
7 .81 .73 .16 .96
8 .83 1.0 .14 .92
4 .86 1.4 .12 1.52
3 .87 .73 .07 1.75

Tau (significance) .7313(.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

objective weights.

FIGURE 6

Deviation Between Objective Weights versus Matix Dimension

Vertical Axis: Standard Deviation Between Objective Weights

.194 CI .20 ZETA .21
.15 .15 .14

.09 .10 .10 .10
.07 .07

.05 .05 .05

3 4 6 7 8 8 7 6 4 3
Dimension of Matrix

One may incorrectly interpret Figure 6 as showing that

consistent judges 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.

Jud4e. Another factor that contributes to the variance

of the consistency is the individual judge. The individual

judges accounted for a significant (sig.=.073) portion of the

variance of both consistency measures (Apppendix H). The

judge influence is significant because his inconsistent

judgement will cross the "boundaries" between the other

factors: Cl. zeta. and the matrix size.

PriorIty Vector Variance. After examining the strong

correlation between consistency with judges and matrix size

and the role of variance and matrix size, the next question

emerges: Does the consistency of the individual affect the

actual variance between judges. in other words, does a group

of consistent individuals result in less variance between

priority vectors than a group of inconsistent individuals?

Table X shows the strong correlation between consistency and

variance between judges (alpha=.05). This may lead one to say

that the more consistent the judges are, the greater the

variance between the iudges.
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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

account 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) is not as important to

zeta is that zeta is based on an n-cubed factor divided by

another n-cubed factor to calculate the number of circular

triads and the maximum number possible (see methodology,

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 influence in the determination of

CI., especially for the larger matrices, than it does in the

determination of zeta.
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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 Cl = .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

CI Matrix Size
Zeta -. 4518 (.001) .1520 (.006)
CI - .1674 (.002)

Before too strong a conclusion can be drawn about the

CI-zeta correlation, one must examine how the different

factors affect them both. One of these factors is 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 CI 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

framework 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 (C) 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 Kendall'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.

CI and Zeta. The 126 pairs of consistency measures [9

clusters X (12 judges + geometric mean input + arithmetic

mean vector)] 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

ANOVA: Consistency Measure by CI and Zeta

Source of Variation Sum Sqrs df Mean Sqr F Signif
Measure(cizeta) .090 1 .090 3.14 .078
Residual 7.184 250 .029
Total 7.274 251 .029

This test shows that when CI 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 VII

Correlation Between Bottom Level Priority Vectors
Kendall's Tau (Spearman's Rho in parens)

EigVM VoteM Battel EqWts
EigenGM .847 .821 .549 .399

(.962) (.941) (.716) (.530)
EigenVM - .858 .587 .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)
Sig: All significances a+ TAU and rho ( .005
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TABLE VI

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

Obj EigenGM EigenVM VoteM Battel EqualWts
1 6.3940 6.4167 4.7310 3.54 2.083
2 3.7252 3.4867 3.4113 3.54 2.083
3 1.6958 1.9631 1.7679 3.54 2.083
4 4.0310 4.4536 3.9591 3.54 2.063
5 4.1700 4.3657 3.8595 3.35 2.083
6 0.8896 0.9962 0.7968 3.35 2.083
7 2.5854 3.4281 2.3904 3.35 2.083
8 4.2812 4.1606 3.9591 3.54 2.083
9 12.8607 10.6714 12.4500 4.877 5.556

10 4.7603 4.0542 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 1.9885 3.19 5.556
14 4.0902 3.3304 3.9770 6.39 5.556
15 3.0396 3.2568 3.7345 3.19 5.556
16 0.6572 1.2440 1.2977 2.26 1.652
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 5.52 5.556
20 0.5510 0.9051 0.5449 1.13 1.389
21 2.0711 1.9323 2.3099 1.13 1.389
22 2.4495 2.6075 2.8010 1.13 1.389
23 1.5666 1.7455 2.0183 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 1.3500 1.5196 1.9448 1.96 2.778
26 1.1500 1.0611 1.3192 1.96 2.778
29 1.9875 1.8209 2.0672 1.96 2.778
30 1.7183 1.5206 1.3164 0.653 0.926
31 1.6195 1.1646 1.1986 0.653 0.926
32 0.6123 0.6422 0.5042 0.653 0.926

Where:
EigGM: Eigen vector calculated from the geometric mean input
EigVM: Eigen vector from the arithmetic average 1udoes' vectors
VoteM: Priority vector from "voting" Pairwise comparison matrix
Battel: Original Battelle weights applied to revised hierarchy
Equal: Each subobjective contributes an equal portion to

the next higher objective in hierarchy.
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FIGURE 5

Significance of Tau Between Priority 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.
EiqenVM: Rank is the vector mean (arithmetic) of

the 12 judges' eigenvectors.
VoteVM: Rank is the vector mean (arithmetic) of the

12 judges' voting vectors, i.e., it is the
proportion of votes received for each objective.

8 objectives (Requirements)
- - 7 objectives (SurvivabiIity)

6-- 6 objectives (Tav Effectiveness)
- 4 objectives (Maintainability)

3 objectives (PerformancePropel1antsManeuver)
-t 3 objectives (Risk, Logistics)
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FIU IRE 4

Top Level Priority Histogram
EigenVM, VoteM, and EigenGM
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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)

of the 12 judges eigenvectors.
VoteM: Rank is the arithmetic mean of the 12 judges'

,c c voting vectors, i.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

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

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 13 on the logistics criterion. Because

his comparisons were close to the mean, there would be no

additional insight gained by deemphasizing his inputs.
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The aggregation analysis shot ii 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 B~attelle ranks (for

the reduced number of criteria in the revised hierarchy).

Table X shows the bottom vectors and Table XI shows the

correlation (tau) between the different vectors.

Table XI shows that all of the vectors statistically

correlated (sic;.=.0O5). 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. The small changes in the ratings caused

the rank order to shift in the Delphi iteration (Figure 3).

This supports Eckenrode's findings that direct assessment

ratings result in priority vectors that have small ranges and

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

Correlation (tau) Between Top Level Priorities
AHP Vectors and Direct Assessment

EigVM VoteM Delphi0 Delphil
EigGM 1.0 .931 .733 .600
EigVM - .931 .733 .600
VoteM - - .788 .645
Delphi0 - - - .867

Where:
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' eigenvectors.
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
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correlated, what is i.mportant 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

the fewest weights. They weighted the top level plus three of

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

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 subobjectives is

more closely aligned to the weights gained throughout the

heirarchy (AHP) than to weights applied to just the top level

(Battelle). The "NoWts" column is included for completeness

and its application is limited to the data in this survey.
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TABLE XII

TAV Design Scores
By Weighting Schemes

TAV EigGM EigVM VoteM Battel Equal NoWts
1 486 492 499 504 558 583
2 520 525 532 553 598 541
3 537 539 551 577 632 576
4 705 696 699 633 649 697
5 686 687 688 662 669 586
6 587 598 599 620 653 574
7 703 707 708 692 716 636
8 741 745 740 729 741 664
9 616 629 623 606 643 664

10 544 558 548 555 592 556
11 569 577 568 555 588 572
12 621 631 619 650 651 619
13 597 610 597 618 619 623
14 686 694 682 690 690 666

Where:
EigGM: Eigen vector calculated from the geometric mean input
EiqVM: Eigen vector from the arithmetic average judges' vectors
VoteM: Priority vector irom "voting" pairwise comparison matrix
Battel: Original Battelle weights applied to revised hierarchy
Equal: Each subobjective contributes an equal portion to

the next higher objective in hierarchy.
NoWts: No weights applied to Revised Hierarchy
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TABLE XIII

Correlation Between Final Scores

Kendall's Tau (Spearmnan's Rho in parens)

EigYM VoteM Battel No~ts Equts

EigenGM .972 .906 .790 .611 .685
(.995) (.9131) (.923) (.804) (.8E41)

EigeVM -. 912 .618 .597 .714

0-(.982) (.942) (.799) (.864)
VoteM --. 818 .597 .714

-- (.931) (.799) (.886)
Battel ---. 500-. 014- .862

- - (.691) (.959)

No~ts .-- 398-. 049-
- - - -(.607)

Where:
EigGM: Weights from geometric mean input comparison
EigVM: Weights from average of judges' Eigen Vectors
VoteM: Weights from "Voting" comparison Matrix
Battel: Original Battelle Weights (Revised Hierarchy)
NoWts: No weights applied: score was sum of attribute values
-Sig-: If the significance of TAU (= Significance of rho)

is greater .01 then sig shown next to tau -xxx-
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FISURE 7

Final TAV Scores: AHP vs Battelle
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0 AHP (Geometric Mean)
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FIGURE 8

Final TAV Scores: AHP (Geometric Mean)
Equal Weights and No Weights
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Introduction,,

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 f or 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 IAHP 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 second Delphi-Battelle survey.

This is remarkable considering the Delphi-Battelle survey was

accomplished simultaneously with the first AHP survey, while

the original Battelle survey was accomplished over one year

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 3 shows much less of the correlation drop between the

iterations as is shown statistically in Table 1II.

ggggtion Methods

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 AHP matrices into voting
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matrices. Howevero 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 ordinal (voting) and ratio (AHP)

priority vectors. The "voting" matrix was not elicited

separately from the AHP inputs. The AHP ratio inputs were

converted to 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 (0,112,u1), the indifferent

ordinal point may absorb 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

AHP 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.

Consi stency

The ratio consistency measure. CI. is highly correlated

with the ordinal consistency measure, zeta. B~oth 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 consistenc, 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 applying Battelle:s weights for

the entire hierarchy or just for the revised hierarchy is

actually irrelevant for this thesis, because this scope is

limited to comparing techniques on a fixed hierarchy 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:
*9: Payload Mass
#11: Trajectory Flexibility
#12: Rapid Response

De-emphasi s:
#24: Loiter

#20: * Jets (Maintainability)
*19: # Rockets (Maintainability)

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

Sur-ve__ARRI cat ion

Much insight was gained on what should be included in a

survey application of the AHP. While Saaty promotes group

interactions with a knowledgeable monitor, this is often not

practical. The alternative is to mail the AHP solicitation to

the "experts." As such, the insight gained in this

application may be beneficial to others.

The matrix format used in this study to obtain the

pairwise comparisons was selected over the continuous 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 inverted when making the judgement.

Although less than 1% of the returned comparisons had been
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inverted (sign errors), there would probably be far fewer

errors on the continuous line format.

Scale. The scale used in the solicitation 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 more important than C which had a value of one unit. If

the judge put these interval responses into the AHP matrix,

the AHP "ratio" priority vector would be different from his

"true" " interval" priority vector:

Priority Vectors based on Judge's Scale

Interval vs Ratio (AHP)
A=6 => 1.00 => 1.00
B=3 => .50 => .35
C=1 => .17 => .19

This study also found that the respondents were

reluctant to use other than odd integers when given the Saatv

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 objectives

being compared because the few comparisons resulted in
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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 ratio 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 overrated 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 jumps (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 important as twice as important. or interpret "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 Presentation:

Abso VeryStrg Strong Weak Equal Weak , VeryStrg Abso
Obj 1: Obj 2

Revised Presentation:
Abso Abso

VeryStrong VeryStrong
Strong Strong

Weak Equal Weak
Obj I J ! 1 1: : 1.

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 of magnitude to

give valid weights.

Further Research

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

different between aggregation methods.

This research appealed to graphical displays to show the

distance similarity (Figures III and IV). Graphs cannot prove

relationships or provide the sensitivity analysis necessary

to establish the boundaries where the strength of preference

is preserved. For example. the size of the matrix may have to

be greater than six to to preserve the strength of preference

when converting the AHP to a "voting" matrix.

Further research is necessary to dt.termine the effect

that the revised presentation would have on the consistency

and range ot 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 < 5) because "true" ratings between one and two

would not 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 .3 his best

choices for the AHP matrix would be:

"True" A B C "AHP"
1.0 A - 2 3 1.00
.6 B - - 2 .55
.3 C - - - .30

The comparsions above would result in a CI = .005.

Worse, there is a divergence of (.6-.55) = .05 from the

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

continuous ratings from the revised scale he would have:

A B C "AHP"
A - 1.7 3.3 1.00

B - - 2.0 .59
C - - - .31

The matrix above gives a C1 = .0001 and a divergence

from the "true" vector = .01. The judge may 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 is

that the judge may be more aware the importance of all the

attributes being on the same order of magnitude. The clear
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APPENDIX As 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

Base Escape: Rated lower if required 
large carrier aircraft

(Ability of TAV to quickly escape from 
the base one launch ordered)

Dispersal Range: Rated 1.0 if greater 
than 1000 miles else given .8-.9 for 

300-600 miles

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

Which factor contributes more to TAV maneuverability?

(column -. row +)

MANEUVERABILITY

SPACE (OMS + propellents) "

+ AERODYNAMIC (L/Drag + TiS)

Which factor contributes more to TAV survivability?

(Column -, row +)

0 I
SURVIVABILITY

LOITER

MOBILE LAUNCH-- -

BASE ESCAPE
DISPERSAL RANGE- -.

LASER HARDNESS_ _.

RCS

A-13



APPENDIX A: Initial Thesis Survey

The following comprise the criteria for logistics 
(supportabilit.y,.).

1 - Equal Importance
3 - Weak Importance
5 - Moderate Importance (Column -, row +)

7 - Strong Importance
9 - Absolute Importance

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

Which factor contributes more to logistics/supportability?

(column-, row +)

LOGISTICS A

PROPELLANTS

4- FACILITIES

Circle your level of knowledge/experience with logistics

Minimal Average Good
123 4567 8910

A- 12



APPENDIX As Initial Thesis Survey

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

I - Equal Importance
3 - Weak Importance (Column -, rw +)
5 - Moderate Importance
7 - Strong Importance
9 - Absolute Importance

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 ramjet

ROCKES -disparity from shuttle engines increased risk

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

RISKS
PROPULSION

STRUCTURE

Circle your level of knowledge/experience with these factors of Technological risk
Minimal Average Good
123 4567 8910
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APPENDIX A: Initial Thesis Survey

The following comprise the criteria for propellants and maintainat-iity.

1 - Equal Importance
3 - Weak Importance (Column -, row +)
5 - Moderate Importance
7 - Strong Importance
9 - Absolute Importance

Which criterion is more important with

regard to propellant logistics (supportability)? V

PROPELLANTS

AMOUNT(to deliver equivalent mass)

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

NUMBER OF JETS
NUMBER OF ROCKETS
TPS TYPE

Circle your level of knowledge/experience with maintenance
Minimal Average Good
123 4567 8910
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APPENDIX As Initial Thesis Survey

The following comprise the factors for measuring TAV perform,,z.c-,

1 - Equal Importance
3 - Weak Importance
5 - Moderate Importance (Column -, row +)
7 - Strong Importance
9 - Absolute Importance

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 900 
low (87m) orbit

p Whp fracto sabte esueo A % '

performance? (Column -, row +).

EFRFORMANCE
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
scenerlo is arbitrarily set as a general world conflict. The TAV's
mission is multi-purpose: weapon delivery (space and ground) and recoil-

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.

A-8
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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 lift 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?
(column - row +)

MANEUVERABILITY

SPACE (OMS + propellents) 13 -PI
"+ AERODYNAIC (L/Drag + TPS) --- "'.

A-7
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APPENDIX Au Initial Themis 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 a)lightly
over column element favor row over column element

5 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
twice 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.

A-6



APPENDIX An Iiitial Thesis Survey

INSTRUCTIONS PART 11

Part II hierarchy is a subset of the original Battelle hierarchy.

I 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

It 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.

.A-5
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APPENDIX As Initial Thesis Survey

Part I

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
a 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 1.92 1.56 1.66 j 1.39 1.44

Your 1983 input: I ____

your 1984 input:_____

Reasons/comments:



APPENDIX A: Initial Thesis Survey

'~ockat5 operationso

-Fleibl ~aing
AdvserWeather Loisr

ML aunchMiue
Miase sions/Day~A11

10'stage GOAnge

Laser0 Hadnrbit
-FewIP Orbisi)

Paylad a-2h

Pm.g Rent .*yla .Vlm PEFRAC



APPENDIX A: Initial Thesis Survey

DEPARTMENT OF THE AIR FORCE
AIR FORCE INSTITUTE OF TECHNOLOGY (AU)

WRIGHT-PATlERSON AIR FORCE NASE. OH 45433

Major Stalker Reed
2506 Cross Country RD
Fairborn, OH 45324

INITRODUCTION

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 need 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 original
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

A-1



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 in 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. Half

the logarithmic space is between the ratings, one and two, so

it is likely to pull some judgements into this range and

* subsequently reduce the discrimination of the resulting

priority vector.

Concl udingRemarks

The findings in this research indicate that there is

very little differerence in the three aggregation methods

examined. Also, the AHP scale should be presented so the

interval between ratings reflects the ratio nature, i.e., it

shoud be logarithmic.

However, one needs to exercise caution before applying

these results because they are empirical results that are

based on a sample size of twelve. A larger sample size o+

subjects who are not high level decision makers, should

* provide increased validity.

12 4



APPENDIX A: Initial Thesis Survey

The following matrices compare the criteria for measuring TA';
requirements/goals and the overall TAV feasibility/effectiven~ess.

I - Equal Importance
3 - Weak Importance
5 - Moderate Importance (Column -. row +
7 - Strong Ir,.rtance
9 - Absolute Importance

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

Ir

[R00zREQUIREMENTS/GOALS

GLOBAL RANGE

RAPID RESPONSE

FLEXIBLE BASING

± HORIZONTAL T.O. AND LAN D

ADlVERSE '"ATHER

FULLY REUSABLE

SINGLE STAGE

2O,OO0lbs PAYLOAD

Costs: LCC based on 50 TAVs flying 10O flights/year for 20 years

Which element is more important to establish the
feasibility/effectivenless of the TAV concept?
(column -. row +

TAV EFFECTIVENESS-

'REQUIREMENTS/GOALS

PERFORMANCE

COSTS

RISKS

LOGISTICS



APPENDIX Ba Follow-up Thesis Survey

major Stalker Reed
Box 4386

wpAFB, OH 45433

TV Steering Committee lem r, 4 Dec 84

Thank you for your speedy response to my thesis inquiry. As prcmised,
I am returning a few of my intermediate findings. I a very pleased with.
the results. I have inclmsed a few of the individual caments, in case you
would like to omicir them in your judments. Note: the omnents 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 DM to elicit weighting factors
frun experts. A recent exanple is HQ tAF's "Air Force 2000" study.
Generally, te results are valid reflections of decision makers opinicms.

I need you to review the weights this proess derived frcm your
amar isns to insure they reflect your opinions. A simple "yes" or "no"

is all that is necessary on the respective pages. The original amparison
matrices are inclosed to allow you to make any changes you dean necessary.

Please have a blessed and warm Christmas Holiday

Stalker E. Reed

major, USAF

PS: I would be grateful if you could return this prior to the Christmas break.

If you would like an executive suzmary of my results, please circle belcw:

yes--send a summary (mar-Apr 85)

B-I



APPENDIX Bi Follow-up Thesis Survey

&K,~~ : 5_4,;r, -Y,
C 0k5

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.

~~c bf-~)~(
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Below amu the priorities drived f ru the axarison matrix.

Plase cicle how well these weights reflect your cinions.
Poo Aeqate Good

1 23 4 5 67 8 910I (if "poor" -. please draw in your 'Otrue" weights and review

marxblw

MANEUVERABILITY

Pe aco vriy th TicldcAV aic eo.I hr sn

Whchfco cntriute. more to TVmaneuverability/
(column -,row +)

-o.
.4 .

*MANEUVERABILITY IQP

SPACE (OMS +propellents)

+ AER~ODYNAMIC (L/Drag +TPS)



APPENDI X Bs Follow-up Theis Survey

Be1, are the Priorities derived frTm the oonparisoo matrix.

Please ci.rcle how well these weights reflect your opinions.
Poor A~fte Good

1" lP2 3 4 5 67 8 910
if t"Poorm 

-Please draw in your "true weights and =eview
matrix below)

MAINTAINABILAZY5

01

Whic fac r f ith crse innmberin or ow copeifty, in

contributes sore to TAV maintainability?
(column -,rov +)4

MAINTAINABILITY-NUBROFJT
NUMBER OF JOETS

TPS TYPE

B-4
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Below are the priorities derived f rom the ciparison matrix.

Pleas circle how well these wights ref lect. your opiri~a.
Poor Adequate Good

1 23 4 5 67 8 910

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

PROPELLANTS

0 09r

Which criterio ismr4morat7t

Fregard to propellant 
logistics 

(supportability)? 
-,

4k C)j

PROPELLANTS
AMOUNT(to deliver equivalent mass) FJZ
NUMBER OF DIF TYPES

B-5
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Below axe the prioritiem derived frmi the (oEip8rson mtrix.

EPlease circle how well these weights reflect your oinions.
Poor Aeqate Good
T 12 57810

(if "poor" - plems drawa in your "true" weights and review

SURVIVABILITY 5

0 0 -C .1

Which factor contributes more to TAV survivability?
(column -, row +)t

CA.

SURVIVABILITY toa v

LOITER-

1-Equal Importance MOBILE LAUNCH---
3 -Weak Importance BASE ESCAPE ---

5 - Moderate Importance +
7 - Strong Importance DISPERSAL RANGE--

9 - Absolute Importance LASER HARDNESS__

Bl-6



APPENDIX B: Follow-Up Thesis Survey

Below am~ the Pziorities derived from the comparismn matrix.

Please circle how, well them weights reflect your cipinc
Poor Aeuat Good

1 23 4 5 67 8 910
I(if 'poor" - pleage drw in your -trues weights and review,

matrix balmv)

LOGISTICS

01

.- I -

0 U -

Which factor contributes more to logistics/supportability?
(column rawro )

LOGISTICS
PROPELLANTS

4FACILITIES

8-7
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Be,~ axe theia ie deived f rm thre copaison matrix.

1a circle how well them wegt ref lect YOMr Winis.
powr Adequate Good

(if Opoe - pl*... draw in your Itrusa weights and revie
mtrix belcm)

IRISKS 5

0

4ON U

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

PROPULSION LZ
S.RUCTURE 1



APPENDIX B: Follow-Up Thesis Survey

Below are the priorities derived fzn the mpariso matrix.

Please circle how wel themse ights reflect your opinions.I oor Adsjuata Good
123 4567 89 10

(if p"oor" - please draw in yow "true" weight and zeview
matrix below)

PERFORMANCE

0

a~ 0

0

mistake (invrted signs, etc), just chek off the circle,|Othewis., writ i wha yo belev the j.g should.b

Which factor is a better weasure of TAV
performance? (colum -, row +)

. I-

1PERFORMANCE .
1 - Equal importance
3 - Weak Importance PAYLOAD
5 - Moderate Importance VOLUME

7 - Strong Importance
9 - Absolute Importance

B-9
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Belowj are the pF rioritierived f ran the carqarison matrix.

7 leas circle howl ths wights reflect your dpons
PorAdequate Good: i fpoor" piea draw in your "true" weights and reviwj

mtrix below)457 90

REQUIREMXNTS/COALS

W~ z 0 W~ W 0 0'

-4 13 z W W

Whih eemet i a or imortnt equremtgoa of the lW

(coum W. r>~

1 tewie wrt Equa whattnc FLEIBL bSivNG udmnhole

W'c elmeatei morne imotn eurmn H/RgON al of AND LAA:

(coluAbsot Imotne AVES ETE

FULLY RESABL

SGLEA SAGE

7 ~ ~ ~ ~ ~ ' 10tog motac

9 -" bsolte. Imotac ADES WEAHE
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akae the priorities derived fiun the comparisoni matrix.

Pow Aoqmt GoodL 123 4 56 7 89 10
(it "poar please draw in yvxw "truaw wights and review

TAV 
I'FECTIVENSS 

, L>

z U

mistake~ ~ ~ ~ (ivre sins etc) U, hckofte ice

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

TAV EFFECTIVENESS 4

REQUIPEMENTS/GOALS

FERFCWAACE

'OSTS

PILKS



APPENDIX Bs Follow-up Thesis Survey

eedback (reasons why people deviated from group mean)

General
11 In some cases your criteria for comparison tended to compare
an absolete (olobal ranoe) with variables and in general cateaorv with

a sub-element of that category.

11 In no cases were missions specified, which is a driver in

weiahting criteria. I oenerallv used the Space Command missions.

Reauirements/Goals

2 14 it can't meet valid requirements/goals, it should not be

done (but they should be revised).

9 Reauirements rank behind performance and survivability, such

as: manned flight, global reach, sortie ops. and flexible basing.

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

13 This is not a balanced set of requirements. Some, like rapid
response and flexible basing are ouite important. Some. like

horizontal TO and landing are not very important. If the vehicle is
capable of rapid response, flexible basing and etc. it does not matter
what the TO/landing mode is.

4 Goals moves down because: 5 minute launch capability, 2
missions/day, and 20.00lbs payload take away a lot of flexibility you
may need in funding later on (STS isn't to 20K yet, regardless what
NASA/DOD says).

5 2 missions/day, single stage, few orbits 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 adequately 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. Some may say a high ranking here is synonymous

with its importance.

6 There is enough resistance throughout the Air Force/DOD to

kill this unless it makes significant improvements in the payload to
orbit costs catagory.

9 Although costs are important, I have problems in my mind
viewing costs as a main driver. TAV will be very expensive. It may
very well shelve TAV for a decade until the dollar figure representing

LCC isn't so scary, but I believe that TAV will be and cost will not
stand in its way.

I

Bl- 12
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APPENDIX Bs Follow-up Thesis Survuy

Risks

6 I know more about the technologies required than last year.

The large size of the initial investment makes risk more important.

13 The items listed under risks are extremely important since

they largely determine the feasibility of the vehicle concept.

Survivability
4 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).

6 Simply cannot be done to same degree of a JP-4 fueled
B-l.which appears to the standard. However. I do think some level of
survivability can be achieved by operational decisons (better
planning) versus system design.

7 Survivability is a subset of performance. If it can't survive.
it can't perform.

9 Performance (payload) and the ability of TAV to survive in
order to deliver a payload are paramount. Without these, there would
be no TAV.

Logistics
Logistics includes maintainability which is a design element.

Logistics also is driver in LC costs, sortie generation capability.
reaction times. etc. It is 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 technology changes), ability to cope

with environ (tech changes). etc.

4 Don't build if you can't properly support! Support
capabilities often the first to be cut (funding wise) when programs

are in trouble. If we are golng to hay TAV. let's be able to support
it so it can do its mission up front and not let maintainability
suffer in the long run.

6 Again. if the Tech/Re/Cost/Ferf categories can be solved.

logistics are a tail and can be solved.

7 Things such as environmental impact and logistics are too far
down the road to worry about at this point. The real quesiton at this
point should be: "Do the reouirements justify the costs and risks
associated to achieve the desired performance?"

2

B- 13



APPENDIX C3& AHP Summary Program

procedure DoOneFile(var filenu:integer);
(I Finds the eigenvectors for each file and stores them

in a large matrix 'results' for output
$)

var
crit,i : integer-

begin
crit := 0;
reset imatrix 1, infileff ilenuml);
readln(matrixl,last);
readln (matrix 1,author);

cluster :=1;
readln(matrixl.dimencluster]);
repeat

while dim[clusterl = 0 do readln(atrixl dimen[cluster])*
GetMatrix(dimen[cluster])- (S returns inputs criterionti] $)
Findeights(dimen(cluster]):
for i :: I to dimenfcluster] do begin

crit crit + 1;
ResultsCcrit,filenue] := MCA];

end; (I for $)
if criterion[cluster] () last then begin

cluster := cluster + 1;
readln(matrixldimen[cluster]):

end- (I if $)
until criterion~cluster] = last:

criterion(cluster] := 'bogus': (I prevents premature termination for
subseauent file numbers $)

writeln('File #',filenum:2,' done.')-
close(matrixl );

end; (I DoOneFile 1)

procedure DisplaySusmary(var Lisit:inteqer);
(I displays judges 1-13 priority vectors and also computes the

standard deviation 1 10 and the arithmetic mean of the priority
vectors and outputs the results.

I)
var
filen,start,ceasecrit,ij : integer;
tatcimeanci : real;
Meankeight : column:

Procedure FindClusterWeights;
(I suborocedure to compute the standard deviation and arithmetic mean

of the vectors. Could have been accomolished while displaying the
main part of the cluster, but that would have exceeded the size

for an Apple Pascal orocedure.
I)
var
total,SumSor : real;

C3-3
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APPENDIX C3s AHP Summary Program

procedure Findleights(num : integer);
(I finds eigenvectors as in consistency check progam and follows

the logic and variables shown in Saaty's Decision Making for Leaders 1)
var

c7,u2 : column;
laada,d,st4, ronsue. trow : real;
k,i,i : integer;

begin
t4 :z 0;
for 1 := I to nue do begin

ronsu,, :: 0;

for j: 1 to fu. do
rowsum := rowsum + cli,j];

,21il := rousue;
t4 := t4 + rowsua;

end, (I for i 1)
for i := I to num do
w til := w2[i]/t4d.

k := 0;
repeat

t4 :: 0;
k k+l;
for i :: I to nun do begin
wtrow := 0:

for j :: I to num do
otrow := mtrow + clij] I w2[j];

whi] :: mtrow;
4 := t4 + wtrow;

end: (R for i 1)
d :2 0.
for i :I 1 to num do begin
w[i] : wlill/4;

d := d + abs(wli] - w2i]);
end; (I for i 1)
for i :z I to num do

until (. 1000' or d'1.0E-6):
4or 1 1 to nun Jo tegin
S "=

$Or t :o o nun do
s S * CcI,;] I w~j]:

c7[ij :z 5:
end: (I for I 3)
5 :2 0:
for 1 := I to num do

s :: s + c7[i]/N(J:
lada :: s/num; (I not used in this ororam Vi
ci(cluster.filenua] :: (lamda-num)/(nu&-1):
crfcluster,filenumi :cicluster,filenun1;r~numj;

end; 3i FindWeights $)

C3-2
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APPENpIX C3: AP Summary Pro-qraM

program eigenvector (input°output)
(I reads raw data and computes eigenvectors, ci. and cr' and outputs

to file "eigout." Eigout includes the means and variances
(10 1 Standard Deviations) of each element (subobjective) of the
normalized eigen vectors. That is, the variance between judges'
priority vectors and the mean vector. Note: the data in this thesis
computed the man and variance using judge 13, which was the geomean
input "judge.' This caused slight conservative bias that has since
been corrected in this program.

1)
uses

transcend; (I necessary for Apple to do logarithms 3)
type

matrix z array[O..9 ,0..9 ] of real;
column = array[l..15] of real:

var
c : matrix: (I AHP input comparison matrices 1)
results array(0..40,0..15] of real; (I Summary of Judges priorities S)
ci,cr array[O..10,O..15] of real; (I ci,cr[cluster,judge] $)
dimen array[l..l0] of integer; (I dimension of [cluster] read in 1)
ur : column; (I weights $)
filenum.cluster,Lisit: integer; (t limit = user input # judges files )
outaatrix,matrixl text; (I output, input files 1)
author.last.title string; (I last:flag criterion to stop 1)
infile,criterion arravIl..13] of string; (I judges infile names, cluster criterions 8)

orocedure Getflatrix (num: integer ):
(I reads in half matrix of AHP comparisons and converts negative numbers

to the recriprocal ratio value while completing the matrix
1)
var

i,j integer;
begin

for I := 1 to num-l do
for . := i+1 to num do
read (satrtx lc~i,j]);

readln(matrixl):
readln(matrix l,criter ion[cluster ])
for i I to num-l do begin
for := i+1 to num do begin

if c[i,j] < - then

Cc)_'] := I/ell,j]:

end; It for j 1)

cli] :: I;
end; (I for 1 5)
c[numnuml := 1;

end; (I procedure GetMatrix V

C3-1
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APENDI X C2: Geometri c Mean Program

procedure InitNew;,
begin

infilel 71 :'#'5:judge31.text'; infilet 4]: '45:judge88.text';

infile(l3] :1 '#5:geomean3.text':-
end; (t Init~ld V)

begin 38 initialize 1)
writeln('This program will take raw data from a max of 12');
writeln('judges'' files and mill compute means and '),
writeln('will output the results on file #5:geomean'):-
writein;
vrite('Do You want to use new (updated) or original data (n or a));
readin (answer);
if answer 'oW then InitOld

else begin
writeln ('Mew Files being used').
InitNew;

end; (1 else 8)
orite('How many files do you want to use? '): readln(ans);
if ans = I then begin Q8 note: ans passed globally S)

write('Which file number do you want to work? '); readln(filenum),
infilel) := infilelfilenum]: (I if I file, only infile~l] read U)

end; (I if 8) (1 note: filenum overwritten in main program 1)
end; RI initialize U)

begin 3S main program 8)
rewri te (outmatri x.15: geomean. text'):
Initialize:
fiienum :-- 1;
GetFile(filenum),(S num of critzi. num of P-N comp:3, in Surveyti, 3 ] 8)
CopyFile(survey); (I copies survey into bogusli.j], ie inits bogus V
while filenum < ins do begin (I go through files in order 8)

filenum :=filenum 41:
fetFile(filenum);.
GatherBogus; 38 Multiplies Bogus by Survey V)

end; RS while U)
if filenus I then AverageBoqus(filmnuml; (I Takes 'flenum' root Bogus U)
DisplayBoqus;
close (outmatrix~lock);

end. (I program 1)

C2-4



APPENDIX C2: Geometric Mean Program

procedure Oisplayfaqus;
(I places the gieeric mean of the inputs back inta a similar

file structure as was inputed. The difference is that the
output needs to have 606 out in the appropriate spots inorder
that subsequent programs will be able to sequence the priority
vectors

var
dimnion,c'it,cotti,j : integer;

beg ie
wri teln(outmatrix. last);
witelnfoutmatrix,'5eoeetric Mean for',filenum:3,' Judges');
writeln(last);
witeln('G@emetric Mean for',filenua:3. Judges');
for crit :z I to 9 do begin
disension := round(survey~crit,Ofl; (I use 'disen.' for understanding 1)
writeln(outmatrix ,dimension:3);,
witeln(dimension: 3);
count :0;
for :: 1 to dimension-l do begin

for j:z i~l to dimension do begin
count :Z count +1;
if bogus~crit,count](1 then

boqusfcri t~count] := -1/bogus~crit,count 1:

write (outmatrix, bogus (crit, count 1:8: 4);
wite~bogus(crit,count:B4).

end-, 3 for i1)
witein(outeatrix) ;
witelfl;

end; It for 18)
writeln(outmatrii,criterion(crit]);
witeln(criterioncrit]):,

end, (I for crit 2)
end; (I procedure DisplayBogus 1)

procedure Initialize;
S sets up files, note: apple specific names. Need to lable files

ever system calls thee.
1)
Yar

answer :string.,
(11111S1181h11011)
procedure InitOld.,
begin

infileC 3] '65:1udge3text'; infile( 41 ;2'#5:judge4.tegt';

mnfile[ 51 '#5:1udqe5.text'; infile[ 61 5:iudleb.text';

infilel 91 :z '#5:judqe9.text'; iniile[l1l : '55: judel.text';

end; (I Init~ld 1)
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APPENDIX C22 Geometric Moan Proaram

procedure CopyFile(var survey : matrix);
var

dimwnsion,crit,count,i,i : integer;
begin
for crit :z I to 9 do begin

dimension :- round (survey[cr it, o]);
boguslcrit,03 :a round(survey[crit.0]);
count := 0;
for i : 1 to dimension-I do begin

for j :- i+1 to dimension do begin
count := count +1;
bogus(crit,count] :2 survey(critcount];

end; (0 for j $)
end; (I for i $)

end; (U for crit do not use criterion because need constants for aver 1)
end; ( procedure CopyFile 1)

procedure 6atherBogus;
(S product of an' factors and take nth root later $)

var
dimension,crit,counti..i : inteker:

begin
for crit :: I to 9 do begin

dimension := round(surveyfcritO]): (I just for ease of understanding $)
count ::0;
for i := 1 to dimension-I do begin

for j :- i+ to dimension do begin
count := count +1;
nogustcritcount] := bogusfcrit,count] I survevtcrit,count):

end: (I for j 1)
end; (3 for i 1)

and; (S for crit 1)
end; (3 procedure 5atherbogus S)

function rootibase:real; n:integer) real;
begin

root :: exp( ln(absibase)) /n );
end; (I root S)

procedure AverageBogus (n: integer) ;
(t "n" z numfile 1)

ear
dimensioncrit,counto,j : integer;

begin
for crit := I to 9 do begin
dimension := round(bogus[crit,0);1S dimension for ease understanding 1)
count :: 0.
for i := I to dimension-I do begin

for j :: i+l to dimension do begin
count := count +1;
boguslcrit,countl :z root(bogus(crit,countl,n);

end; (0 for j I)
end; (I for 1 8)

end; (I for crit 1)
end: t procedure AverageBogus 1)
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APPENDIX C2u Geometric Mean Program

program geman (input,output);
(I reads in raw iudge data and combines the judges' inputs by

the geometric mean and puts the output to tile 'geomean' -

note: to be read by program 'ConsistencyCbeck, the geomea

file needs to have sequencing zeros as shown in 
the sample

input file
8)

uses
transcend;

type
matrix : array[0..9.0.36] of real;

var
bogus.survey - matrix;

criterion: array[O..9] of string;

infile: array(O..13] of string;
filenum,nusfiles,ans,count : integer;

outmatrix,matrixl : text;

author,last : string;

procedure 6etFile(filenum : integer);

(I Ofilenu@' is the file sequence number. This procedure puts entire

file into a 9 X 36 array called survey. The i X 0 element is

the dimension of the ith (of 9) criterion $)

var
dimensioncrit,count,i, i : integer;

begin
reset(matrix!. infilefilenum]);
readln(matrixl,last); (S last = subtitle of last matrix to enter I)

readln(matrixlauthor);
readln(matrixl.dimension);

for crit := 1 to 9 do begin
while dimension 0 do readln(matrixl,dimension);

survey[crit,O] dimension-
count :: 0;
for 1 := 1 to dimension-I do begin

for j :: i+l to dimension do begin

(I i,i count variables to keep matrix iormat straight S)

count := count +1;
readlmatrixl, survey4crit,count]):

if survey[crit,count] < 0 then
survey[crit.countl :: -l/survey[critcount;

end; (I for j I)
erd; (I for 1 1)
readin atrixl); (I reset pointer to start of line 1)

readin (atrixl,criterionfcrit]);

if criterion[crit] 0 last then readlnluatril,dimension);

end; (U for crit do not use criterion because need constants for aver $)

Close(matrixl;

end; (I procedure 6etrile $)
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APPENDIX Cl: Consistency Check Proar.am

for i := I to n3 do begin
count := count + 1; (1 count is total # in current generation 3)

composicount] :- bele,i]; (S b needed for display 3)
end; (U for i $)
tatrandom :: totrandom 4 prevcosplelee] I rfn3];
totconsis :z totconsis + prevcomp~elem] I ci;

end ( if n3 ) 1 )
else begin (I only one element related 1)

count := count + 1;
blele, l] := prevcoeplelal];
compostcount] := orevcomspelem];

end; (t else 1)
end; (3 if last - allows putting last anywhere 3)

end; (I for elem S)
end; ( NextLevel 1)

begin (S program saaty 3)
reset(mtrixl,'15:matrixl.text'); (I first generation program - see program

eigenvector for better method to read
in files 3)

rewrite(outmatrix,'#5:outmatrix.text');

InitR;
L := 2;
elem := 0:
totconsis := 0: totrandom :=0;
readln(matrixl.last): (I last = subtitle of last matrix to enter 3)
readlnteatrixt,title);

readln(&atrixl1.n1)
6etMatrix(nl); (I returns subtitle: flag to continue to next level 3)
Findleights(nl);
Jisplay(nl); (I makes hard copy of orginal,since Lz2, bf] not necessary 1)
if cr ; 0.10 then begin
consistency(il)
dislay(nt): I final hard copy after consistency revisions 3)

end; (S if cr 3)
for i :: I to nl do begin

arevwtlil := w[i]; (I can't remember what prevwt[] is used for 3)
orevcompoil := orevwtil];

end: (I for 1 $)
while subtitle 1 last do begin
L := L + 1,
for i := I to nl do

for j := I to nl do
biil := 0;

Nextlevel; (I returns count, compos[i], and subtitle-for while loop 3)
for i := I to count do prevcompfil := cosposfi]:
nl := count;

end: (I while subtitle C last goto next level 3)
writeln(outmatrix):
witeln(outiatrix,'The Consistency of this hierarchy= ',totconsis/totrandom:6:4):
writeln('The Consistency of this hierarchy ',totcansis,'totrandom:6:4);
closeoutmatrix.iock):
closelmatrkxl!;

end. I program saatv 1)
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APPENDIX C13 Consistuncy Chuck Program

for i :z I to sl do begin
for j := 1 tosl do

write (cji,j]:6:2 ,' ');
Wite(NUi]:6:5,' ');

if L > 2 then wite(blelm,i]:7:4);
Witeln;

end; ( for i 1)
write('lada(max): ',lada:6:4);
write(' C.I.: ',ci:6:5);
witeln(' C.R.: ',cr:7:5):

end; (3 display 81)

procedure lnitR:
(Q Random Consistency Table 1)

begin
rill :: 0.0: r[21 := 0.0 ; r[31 :1 0.58;
r(4] : 0.9: r[5] = 1.12; r16] 1.24;
r[7] :: 1.32; r8] := 1.41; r[E9 1.45;

rlO]:= 1.49; rill]:= 1.51; r[12]:= 1.48:
r[13]:: 1.56; r[14]:: 1.57; r[15]:= 1.59;
for i := I to 33 do factorlil := 'bogus';

end; (t lnitR $)

procedure NextLevel;
(C ni is used as the number of 'parents' in the

current level. Variable names from Saaty.
I)

var
i, j : integer:
s9 : real;

begin
count := 0; ( left to right number of siblings t)
for elee := I to ni do begin
if subtitle 0 last then begin
readln(matrixln3): (S n3 = # of siblings of parent 'elem' 1)
if n3 I I then begin

6et~atrix(n3):
Fir eights(n3);

for i := 1 to n do (I b necessary for display S)
b[elem.i] := w[] t prevcompteleml: (3 this does not work for

*L'evel greater than 3. The fix would cost me a day I

don't have, sorry. I prefer program "eigenvector" as
a better program to copy, anyway, This was my first
program, and it is a little rough and hard to follow.
However, if you are reading this, I am preaching to
the choir. 5)

Display (n3),
if cr 0.10 then begin
:onsistencv(n3)($ unfortuately, pert copy of changes only $)
for i := 1 to ni do bteleai - w[i] I arevcompletei]:
Displav(nZ); (I final hard copy with revised b wts I)

end; 3S if cr S1
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APPENDIX C13 Consistenfcy Chuck Program

write V' Column:'); read(biqcol);
writein;

end; 0S if want to change location 1)
write ('Write value you want to insert:')
readln c[biqgrow, bi col ]);
writeil;

c~bigcol,bigrowl := 1'cfbigroN,bigcolh,
FindWeiqhts(sl);
writein (outmatrix,' actual: V',bi grow:2.',', bi gcol: 2,'] '

c(bigrow~biqcoll:3:l,' with C.R.=',cr:7:5)-,
Screen~isplav(slhI
if cr > 0.10 then consistency(s));

end, (t if as 8)
end, (I procedure consistency S)

procedure dislay(sl:inteqer);
war

ij:integer;
begin
oldbigcol := 0; aidhigrow := 0; (1 for consistency called in display 1)
writeln(outeatrix);
if L z2 then writeln (outmatrix,title:20,' RESULTS');
writeln(outmatrix,subtitle:20,', Factor I',elem:2,' Level #'.L:&');
wri teln (Dutmatri x);
write(outaatrix,'l':4.'')
for i := A' to si do

write(outmitrix,i:6. ')
write~outeatrix.' Weight');
if L>2 then writeln(outmatrix,' Coop-Wt') else
writeln(outeatrix):

for i ::I to si do begin
for := I to si do
wite (outmatrix~c~i!j]:6:2,' )

write(outsatrix,wti3:6:5' ');
if L 2 4 then write(outoatrix~bfeleg,:]:7:4):.
witelnloutmatrix);

end: (3 for 1 )
write(outaatrix,'lamda(max): '.lamda:6:4);

writeln(outmatrix, ' C.R.: ' .ci/r~slJ:7:5),
if L ) 2 then begin
witel n;
w itelnisubtitle:20,', Factor I'.ele@:2.' Level *',L:2):
writeln:

end; I L t> 2 accomplished so that subtitles Print out right:)
write('l:4,' ');
for i := 2 to sl do

write(i:6.' ');
wite(' Weight'):
if L'2 then writeln( Co@P-Wt') else

wr itel n;
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APPENDIX Cl: Consistency Check 
Program

if L2 then witeln(' Comp-lt') else

Writeln;
for i :x I to st do begin

for j :: I to sl do
Write (C~i,ij:6:2,' )

wite(uei3:6:5,' ');
if L ) 2 then wite(b[eleN,i]:7:4);

(8 note: b[] gets overwitteo for L > 3 so not valid at L > 3 8)

Writeln;
end; (Q for i 1)
wite('lamda(sax): ' ,1aeda:b:4);

Nrite(' C..: ',ci:6:5):
witeln(' C.R.: ',cr:7:5);

end; ( subprocedure ScreenDisplay 8)

Procedure consistency(sM:integer);
(S calculates matrix element[bigrov,bigcol] that most

contributes to the inconsistency. Allows user the

option of changing the location and magnitude of

input.

Yar
difold.difnew : real.

begin
difold 0;
for i :I 1 to sl do begin

for := 1 to sl do begin

if (i<) oldbigcol) or (jooldbigroa) then begin

difnew :z c[ij]S[j]/w[i];
(difnef := abs(c[i,iJ-w~i]/N~j]);}

if difnew > difold then begin
bigrow :: i;
bigcol ::j;
difold difnew; (I only updates if greater 1)

end; (I if difneN I)
end; (I if i() S)

end; (I for 1 8)
er $; 3 fcr i 
:ldbigrow '= bigrow:
oIdbigcol -bigcol:
wite :'Element[',bigro'2.'.'. biqcol:2.'J] should be:',

w[bigrow)/w[biqcol]:5:2.'. Tvoe "v" if you want to ',

'replace it:');

write (outnatrix,'['.biqrow:2,',bigco1:2.'J should be:',
v[ba growl/w~bigcol ]:5:2):

readln(ans);
writeln;
if (ans '') or (ans 'Y) then begin

write ('Do you want to put value :n another location (v or n)?'):

readlnfans) :

if lans 'i') or (ans 'Y') then begin

write C' Row:');read (biqrow);
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APPENDIX Cl: Consistency Check Program

begin
t4 := 0;
for i := I to num do begin

rowus := 0;
for j : I to num do

rowsue := rowsui + c4itj];
w2[i] := rowsus;
t4 := t4 + rowsme;

end; (0 for i $)
for i := I to nus do
w2[i] :-- .2[i]1t

k :- 0:
repeat

t4 :0;
k := k+l;
for i :z I to nun do begin

wtrow := 0;
for j := I to nu- do

utrow := wtrow + Ci,j] I w2[j];
*(i] :: utrow;
t4 := t4 + wtrow;

end; (R for i )
d := 0;
for i :I 1 to num do begin

P,[i] :: .ilt4;

d := d + absW(i] - w2[i])D
end; (I for 1 $)
for i := I to nun do

#2[10 := sli]:

until (k>1000) or (d<l.OE-6):
for i :z I to nus do begin

S := 0:

for , := 1 to nun do
s :: s + ci,j] I wiJ];

c7[i) := S.

end: (t for i $)
:=0:

for i :: I to nu do
s := s + c7li]/w[i];

laeda :z s/nu;
ci := (laeda-nue)/(nus-l);
cr :z ci/r(nual];

end; IS FindWeiqhts 8)

procedure ScreenDisplay(sI:integer); (S consistency too long )
begin

writeln(subtitle:20,', Factor V',elea:2,' Level #'.L:2);
-riteln;
write('':4.' ');
for i := 2 to st do
write(i:6,' ')

write(' WeiOht');
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APPENDIX Cl: Cdhoitenfcy Check Program

progra ConsistelcyCheck(inlput, output)
(0 Reads input file lutrixirn of AI4P pairwise comparisons.

Computes the matrix ci,cr, and eigenvectori after allowing
the user to input corrections to the most 'deviate' inputs. The

erroneous inputs are identified by the largest divergent ratio, as
explained in Saaty AHP, page 65. Note: this program is rough and

nan1-eloquent. It computes a total hierarchy consistency - the only
addition over the 'eigenvectoO program listed next.

type
matrix array[O..40.O..40] of real;
column array~l..401 of real;

var
c,b :matrix;
prevwt~w,prevcomp,coMps : column;
r : arrayll..15] of real;
totconsis,totrandom,ci,cr,lamda : real-,
oldbigrow,oldbigcol,count,t3,i,,j,L,ele,ll integer;

bigrow,bigcol : integer;
subnames,outcomp,outmatrix,matrixI text;
last,title~subtitle :string;

factor : array [..-35] of string;
ans :char;
atend :boolean;

procedure 6etMatrix(sl:inteqer);
(I Reads in AMP comparisons and inverts numbers (0 to complete matrix 1)

var
ij:integer,

begin
for i:= 1 to si-I do

for j :=i+l to si do

readln(matrixt);
readin (matrix1, subtiti e) ;
for i :~I to si-I do begin

for := 1+1 to si do begin
if cdi,,] ( 0 then

c1 ilj :Z i/ci,1;

ci,i] :-1;ci~l

end; (I for 1 )

end; (S procedure GetMatrix 1)

Procedure Findweights(num : integer):
(I variable names from Saaty's text, little intuitive meaning S)
var

c7., : arravfl. 101 of real;
dl,sJt4. rovsum, totrow :real;

kl inteqer,
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APPENDIX B: Follow-up Thesis Survey

Optional Detailed Feedback (comparison matrices)

- Maintainatility is a design function which encompasses

accessability. reliability, modularity, etc. Early concept formulation
absoultelv must give great consideration to this critical design

element.

11 For maneuverability to be meaningful 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 Payload mass and volume are determined by mission which drives
reguirement 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.

2 Propellants are a consumable resource (supply problem).

11 Cryogenic fits under the category of amount and different
types. Another case of the total set being more important than the
subset. The terms cryo and storable both cover a multitude of sins.
Hvdrozine is probably worse than LOX but LOF is probably worse than

both. The issue of number of different types is that a failure to

provide one may be a cause for abort thus there is a potential for

lots of small critical points vice one or two big ones.

2 Facilities, by your definition, may be either *nice to have"

nr "critical."

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

6 Structure and Mass Fraction are not mutually exclusive.

6 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.
All Phase I concepts achieved orbital velocity, even for "once around"
missions.

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

11 Invalid auestions tend toward invalid analysis. Analyzing "How
high is a duck?" can lead to interesting conclusions but not
necessarily a MS degree. I wish you success in your endeavor.
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APPENDIX C3: AlP Summuary Program

begin
j :-- 0;
for crit ::start to cease do begin

i :r i + 1;
Swa~r z 0;
total ::0;
for Men := I to Limit do begin

total :total + Resultsfcritqfilen];
SumSqr :2Su&Sqr + sqr(Results[crit,filen]);

end; (R for 4ilen 1)
Resultslrrit,l4] := totallLisit;
NeanWeight(il := Results~crit,14];

(R Insures PlanVote in column format for CalcZeta 1)
Resultskcrit, 15] := sqrt(SumSqr/Limit-sqr(Mean~eighti) )S10;

(3 Standard Deviation is a very small number so S 10 1)
end, RS for crit 1)

end, RS Procedure FindClusterWeights 1)

procedure DispliyllainPart;
(t displays the eigenvalues for all the judges 1)
begin

wite(outmatrix,'1' :4);
for i := 2 to Limit do write(outmatrix.i:6): writeln(outmatrix);-
wite('I'-4 1
for i := 2 to Limit do write(i:6): writein;
for crit := start to cease do begin

for filen := I to Limit do begin
write (outmatriKReSIdtsf crit f ilen1: 5: 3);
&#ite(Resultsicrit.filenJ:5:3);

end; (I for filen 1)
writeln; writeln(outmatrix);

end; 3S for crit 1)

totci := 0;
for filen := Ito Limit do begin

totci := totci + cifcluster,filenl;
write (outmatrix ci~cluster ,f ilen) :5: 3);
write (citcluster,f ilen J:5: 3);

end: (t for 1)
seanci -: totci/Limit;
witein. witeln(outeatrix).;
for filen := 1 to Limit do begin

wri te (outsatrix ~crC cluster ,filenl: : 3);
write(crfcluster, filenJ:5:3);

end, (I for 1)
witeln. vriteln(outmatrix):

end: (I DisplayflainPart 1)
(S S 11S1805SHSI)

procedure DisplayCluster,
(t Results["crit'erion, 1..13J = udgesq14=mean,15=Dei 1 10

calls DisplayflainPart and then displavs the vector mean
and Standard Deviations of the priorities
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APPENDIX C3: AHP Summary Program

var
totri, totcr : real,

begin
Di apiay~ainPar t;
sritela(outmatrix, Mean' 5,1 Dew 1 101:11);
wri telo ('Mean': 5,' Dew 1 101:11);
for crit := start to cease do begin

wite(outmatrix,Results(crit,14):5:3); RS Vector Mean for judges 1)
witeln(outmatrix,Resultscrit,15:9:2);- (I Dew 1310 for judges 1)
wite(Resultskcrit. 141:5:3);
witeln(Results~crit, 151:9:2);

end; (U for crit 2)
,riteln(outoatrix,meanci:6:3 )
writela(meanci:6:3),
writeln(outmatrix,meanci/rldjmencluster1]:6:3);,
writeln(meancj/rtdjmentclusterfl:6:3):

end; (I procedure DisplayCluster 2)
UstststISSIS15335)

begin (Q DisplaySumary 1)
if criterion(cluster] 'bogus' then criterion~cluster] last;
(Q insures the previous file does not prematurely terminate this

program fro@ reading the last cluster (satrix~maneuverability S)
uriteln(outmatrix,limit:3, Decision Makers'),
writein('Yoting Sumry':2n,' for',liait:3,' Decision M~akers'),
start :=1; It Begins new cluster in "for" loop 3)
for cluster :=I to 9 do begin

cease :=start + dimen(clusterl - 1;
witeln(outmatrix~criterion[cluster 1);
writeln(outmatrix.dimen~cluster]:3);,
writeln(criterion~clusterl,dimen~clusterh3S);
FindClusterweiqhts; (U returns arithmetic means & variances 1)
DisplayCluster;
start := cease + 1; (S avoids Printing same line twice 1)

end, (U for cluster U)
end; (0 procedure DisplaySumary 2)

procedure Initialize;
(I sets up files, note: apple specific names. Need to label files

what ever system calls them.

var
answer :string;

procedure WONild;
beg in

infileC 31: '15:judgei.text'; infilet 4] :1'5:3udge4.text';

* .infile( 9]: '25:,udqe9.text'; infile[lO] ::'5: 1udqelO.text";

infiletIl] : '15:judgell-text';, infile(121 ::'15: udgell.text';
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APPENDIX C3: AHP Sumary Program

end., (I InitOld 1)

procedure InitNew;
begin

infile[ 11: 4I5: judgell. text'; infileC 2]: 405: udge2l. text';
infileE 31 1 #5::judge3l. text'; infile( 4]: '15: judge4. text';
infilet 5]: 155: judge5l. text'; infileC 6]: '15: iudge6l. text'.,
infileC 7]: #5: judge7). text'; infilef 8] ::'5:judgel.text';

infilet 91: '15:judgeli.text'; infile(lO] ::' 5:judge1O:.text';

infilell31 : '15:geoeean1.text';-
end; QS InitOld V)

begin (I initialize S)
3I Random Consistency Table (reduced for problem ) S)

rf~l)2 0.58;
r[41 ::0.9; r[5J 1.12; r16] 1.24;
r(7 : 1.32: r(91]2 1.41; r(9 2 1.45;
rElOJ:= 1.49;

writelni'Thjs program will take raw data from a max of 13');
witeln('1udges'' files (13geoeean) and Compute eigenvectors + means');
writelnl'and wtill output the results on file 05:eiqout');
writeln;,
write('Do you want to use new (updated) or original data (n or o);
readIn (ans);
if ans -- 'o' then Initfild

else begin
witeln ('New Files being used');
InitNew;

end; 3 else S)
write('How many files do you want to use? '): readln(limit);
if limit =: then begin
writel'Which file number do you wtant to work? '), readinlfilenum):,
infiletli := infilelfilenum]: (I if I file, only infile~l] read 1)

end, (U if 1)
end; (S initialize V

begin (I main program 1)
rewrite(outmatrix,'I5:eigout.text');
initialize: (I file titles set and user inputs 'limit' 1)
for Mienus := 1 to limit do
DoOneFile(filenue):

DisplaySummarv (limit);
close (outmatrix,lock);

end. (I program sigenvector V)
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oraB zeta (input,output);
(I Reads in raw judges' files sequentially and outputs the

converted weights and zeta coefficients to file indvotes. First
converts the ANP matrix with 1-9 scale into a voting matrix (0,1/2,1).
Calculates the max number of circular triads and subsequently
the Kendall coefficient of consistency (zeta), following the procedures
outlimed by Kendall (1970:146). Tied ranks are taken care of by
determining a range of triads possible and using the average to
derive zeta - see Dobbins (1980:30).

uses
transcend,- (U apple for square root function 8)

type
matrix arrayCO.. 11,0.. 11] of real;
columnz array(0..12] of real;

var
coply, YoteCount: arrayCO. .40,0.. 15] of real;
c : matrix;
ZetaU.ZetaC : arrayf0..10,0.. 15] of real;
ardered,Row~otes,w : column;
results : array[0..10,0..10,0..15] of real;
sequence~dimen : array[0..I1] of integer;
lisit,crit,filenum,ij,cluster : integer;
criterion,infile : arrayll.. 14] of string;
item : arrayfl. .41] of string;
Aveleta,CosZetaii,first,maxw : real;
author, last : string;
outmatrix~matrixl : text;
WaitCopy : boolean;

procedure amieit;
(I file of subobjective names 1)
var
names :text;

i :integer,
begin

reset (names.'14:names.text'),
for i :a I to 41 do
readln(naees, iteeti 1);

close(names);
end, (t procedure nameit 3)

function maxtriads(num:integer) :real;
(I determines the maximum number of triads possible for a

dimension of a pairwise comparison matrix

function numeveo (nus:integer) :boalean:
begin
if trunc(num/2) nusl2 then

flumeveni: true
else

C4 -1
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nom :-- false;
end; (0 function numven 8)

bgin (R function naxtriads 8)
if nunven(nue) then

mtriads := (nun I (sW(num) -4))124
else

naxtriads := (num I (sqr(nuai -11)124;
end; ( function maxtriads 3)

procedwe sort(var colum : column; nun : integer);
(3 determines sequence and maximum element of vector 8)
var

i : integer;
sorted : boolean;
temp : real;

-bn
(R pass through colum until sorted 1)
repeat

(I assume colu is sorted 1)
sorted := true;
(t start new pass 3)
for i := I to nue-i do
(3 start new pass $)
if colum(il < colum[i+lJ then begin

(S out of order - exchange and reset sorted 1)
temp := colue(i+ll;
columli+11 :: colui~i I;
columli I := tep;
sorted :: false;

end; ( if colum 1)
(U test sorted at completion of pass 8)

until sorted;
SaxN :: colus(l);

end. (I sort )

Procedure 6etRatrix (nun: integer);
(I reads in raw ANP comparisons and converts to 'voting" matrix 1)
var

i,j : integer:
begin

for i: I to nun-I do
for : il to nut do

read(matrixl,ci, ji]);
readln(eatri I ):
readln(natrixl,criterion(cluster]);
for i := I to nun-1 do begin

for j :z i+l to nun do begin
if cli,jl < 0 then begin

cli,j] :O

c[j,i] :1 ;
end (I if 8;
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else if c(i,,] a I then begin
cli,j] : 0.5;
c[j,i] : 0.5;

end (I else if $)
else if eli,j] > I then begin

c[i,i] :Z 1;
c[jli] :Z 0;

end; (I else if S)
end; (I for j 8)

cli.i] :: 0;
end; ( for i 1)
c(nuanul] : 0;

end; (3 procedure 6etHatrix S)

procedure Find~eights (nut: integer);
(8 returns w[i] : percentage of RowVotes for element i

also returns first: 'first" part of zeta calculation
and zeta: Kendall's measure of consistence.

8)

var
D,Zeta,SuaDTotalVotes : real;
i,i : integer-

begin
TotalVotes :: 0:
for i :z I to num do begin

RoWVotesci] :Z 0;
for j := I to num do

RowVotesli] := RowVotesfi] + cCi,j];
TotalVotes := TotalVotes + RoNVotesi];

end: (8 for i S)
SuO :: 0;
for i: 1 to num do begin

crit : crit + 1;
w[i] :: RoVNtes[i]/TotalVotes;
SueD :: SuaD + RowVotes(i]8(RowVotesti]-1);
VoteCount~crit.filenuu] := RowVotesi ];

end;
first :- nua$(nua-)1(nue-2)/6; (I first is used in CalcZeta S)
0 :: first -SueO/2: (3 Actual I triads 1)
Zeta := I - D/eaxtriads(num):
ZetaUclusterflenue] :: zeta;

end; (I procedure Findeights 8)

procedure DisplavVotes (num: integer);
(I cluster','RoVotes'. and "criterion" are passed globally $)

var
i,j : integer;

begin
writeln(criterion~cluster]):

write(' ':3.'1');
for i :z 2 to nua do

Crite(i :o)-
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writeln(' Total':9,' Weights');
for i :: I to num do begin

for j := I to nue do
writekc[i, j]:6:2);

w-iteln(RowYotesl[i ]:6:2,wiil:g:3);

end; (I for i 1)
writeln('Zeta(u) = ',ZetaUtcluster,filenua]:b*4,' Zeta(c)

ZetaC[cluster, fi Ienul] :6:4);

writeln(outmatriz,criteriontcluster]);

wite(outuatrix,' ':3,'1');

for i :: 2 to nun do
write(outuatrix,i:6);

writeln(outmatrix,' Total':9,' Weights');
for i :i 1 to nu' do begin

for j :a I to nun do
wri te (outeatri x, c I i, j 1: 6: 2);

witeln(outhatrix,RawYotes[i:6:2,W[i]:8:3);

end: It for i 8)
writeln(outmatrix,'Zeta(u) 

= ',ZetaU[cluster,filenul]:6:4,' Zeta(c)

ZetaC cluster, filenual:6:4);

writeln(outmatrix -'----------- :30);

end; (3 procedure DisplayVotes 8)

procedure CalcZeta(RowV:column;nus:integer);
(I Also need 'First' from FindWeights to Find a corrected

Zeta for tied cases. Also verifies totals are appropriate

to the Kendall assumptions t)

var

halfway,i,j,lumTies : integer;

TieLocate : array 10..l1l of integer;

temp : column;
verify,bogus,LowSuaD, HighSuaD, AveSuaD : real;

procedure FindLowSumf;
var
LoSueD : real;

begin
for i :I l to num do

temp(el :z ordered[l];

for i := I to halfway do
teep(TieLocite[i]] := round(temp[TieLocateli]] + 0.5);

(I since in order of big to small, to obtain a large estimate

of the number of triads need to round up larger values

(the first half) and round down the smaller values $)

for i := halfway+l to NumTies do
temp(TieLocateli 1] :- rounditeompTieLocateCll - 0.5);

verify :: 0;
for i: I to num do

verify :: verify + teepli);
bogus :: num8(nue-l)/2;

if verify 0 bogus then writeln('Sum of revised rowvotes (rounded high)
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APPENDIX C4x Vat. Conversion Program

verify:7:1,' which should be -- ',bogus:7:1);,
LoROaD := 0; (U Bobbins convention since high estimate gives

low zeta 8)
for i := I to nuado

LaSumD :2LoSu&D + temp[i]8(templi]-1);
LowWuD: first - LoSumD/2;

and; US procedure FindLowSumD 8)
(838881888881U)

procedure FindflighSWa;
var

HiSumD :real;
begin

for 1 I~ to nut do
teep~i] := ordered(:];

for 1 := I to halfway do
temp[TieLocate(i:= round(temp(Tietocatelil] 0.5):.

for i := halfway+l to Nu@Ties do
templTieLocateli]] := round(temp(TieLocatelil] + 0.5);

verify 0 ,
for i :~I to nut do

verify := verify + teaplil;
bogus := numt(num-l)/2;
if verify 0) bogus then wrztelnC'Sum of revised row votes (rounded '

'low) = '.verify:7:l.' which should be =',bogus:7:1).
Hi SuMD :0;
for :: I to nut do

HiSumD ::HiSusD + tespfi]8(tespliJ-l);
HighSu@D first - HiSuWD/2;

end; (I FindHighSuaD 1)
SM301011130S*)

begin (I procedure CaicZeta 1)
for i:= I to nut do

orderedliJ := RowV[:];
sort(ordered.num); CU causes Yi index to be from largest to smallest 1)
NueTies := 0;
for i:= I to nut do

if trunc~ordered(iJ) () orderedtl] then begin
(1 1/2 reflects tied ranks U)
N*Ties := NusTies + 1.
TieLocate(NuaTies] := ,
(t TieLocateli. .NuoTies] = row # of tied score U)

end; (I if & incidentally, for 1 1
halfway := round(NuaTies!2).
FindLo*SumD;.
FindHighSumD;
AveSumD (2HighSu*D + LowSu@D)/2;
Aveleta ::1 - AveSus~siariadslnus);

end, 01 orocedure Calcieta U)

orocedure OoOne~i le':ndex :irteqe'i;
becin

crit :z 0:
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reset (matrix1, inf ilelindex]);

readln(satrix1,last); (U lst = criterion of last matrix 8)

readln (matri x 1, author);
readln(utrix 1,di en[ 11);
if WatCopy then begin
witeln('Judge 1':20,index:3,' Results (Voting Matrix)');

witelo(outeatrix,'Judge *',index:3,' Results (Voting Matrix)')-,
endl (Is if 1)
cluster :: I;
criterion[9] := 'bogus'; (S inits 'last' criterion to complete repeat 8)
repeat

while dieak4[cluster] a 0 do readln(uatrixl,dilme(cluster]);
(I the '0' are for sequencing composite weights - something

this orogas is not interested in doing 1)
6etMatrix (dimclusterl);
FindWeights(dimn~cluster]);($ out: .ill:percentage votes & Rouvotes 8)

CalcZeta(RowVotes,dimen[cluster]), ( outputs average zeta 1)

ZetaC~cluster,filenuo] := Aveleta
if WantCopy then DisplayVotes(dimentclusterl);
J criterioncluster]<last then begin

cluster := cluster + 1;
readln (matrix l,dimen(clusterl);

end: f if 1)
,ntil criterion[cluster] = last;

close(matrixl);
end; I procedure DoOneFile 8)

procedure DisplaySummary (JudgeNum:integer);
(3 write out individual votes, total priorities, and variance

between priorities for judges
2)

Var
filen,start,cease,crit,i,j : integer,
SumSqr,TotZeta,Su D : real;
total,MeanVote : column;
(ll101l1l11111$$W

Procedure FindClusterWeights;
var

lumaos : real,
begin

i := 1;
for crit :: start to cease do begin

VoteCountfcrit,14] := 0; (1 init total to zero S)
ESur :: 0;
RouVotescil := 0;
SD :=- 0; (1 same as local variable in FindWeights 3)
numpos :- dimencluster] I (dimen~clusterl-t(/2;
I2 numpos is number of possible votes tor single voter 1)

for liter := I to JudgeNue do begin

VoteCount[crit,141 := VoteCount[crit,141 + VoteCount(crit,filen];

SumSqr := SuaSqr + sor(VoteCount(crit,filenl],fumpos;
end: (t ior filen 1)
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Mean~ote~i] :z VoteCountfcrit,14]/liait;
3 Insures ReanVote in column format f or Calcleta 1)

VoteCount~crit,151 := sqrt(SumSqr/limit - sqr(NhanVote~i]/nueposf)l0;
Suid := SueD + NeanVote~iiIReanVote[i]-1);
i := i$!;
total kiuster] := totallcluster] + VoteCount(crit, 14];

end; RS for crit 8)
first := dieen~clusterjS (di mn(cluster]-1)S(dimeifcluster]-2)/6;
Co@ZetaU :z (first-SusD/2)/aaxtriads(dimei~clusterfl)

end; (I procedure FindClusterWeights 1)

procedure DisplayCluster;
(I VoteCount(Icriterion, .131 = judges,14ztotal.15=variance 1)
var
objective : integer;

begin
write(outsatrix,'Crt','1':4);
for i := 2 to Judgetdum do wite(outmatrix,i:5);
witeln(autmatrix, 'TotWt' :7, DevllO' :7);
objective 0'; (1 to break crit into cluster criterion numbers 1)
for crit ::start to cease do begin

objective := objective + I,
orite(outsatrix,objective:V. )
for I ilen := I to JudgeNus do

wqriteioutuatr: x,VoteCountcrit,filen:5:.,;
write(outmatrix,VoteCount(crit, 141/total (clusterl:5:3);
writeln(outuatrix.VoteCount(crit.15]:5::');(S Dev~lO between judges 3)

end; (0 for crit 1)
TotZeta := 0;
writeoutmatrix,'Z(')
for filen 1= to JudgeNum do begin

write(outsatrix,ZLetaU(cluster,filenj:42');
Tatzeta := TotZeta + ZetaU[cluster,filenj;

end. 0I for U)

TjtZeti := 0;
mr ite (outeatrix, (cI '

far 4ilen := I to JudgeNum do begin
write(outmatrix. Z'etaC~cluster,filenj:4:2);
TotZeta := TotZeta 4ZetaC~cluster,filen];

end-, (I for 3)
oriteln(outaatrB .Totleta/JudgeNua::);,

end; (I Drocedure DISPlaiCluster 1)

*eii (S LisplaySummary U
rewrite(outaatrix,15:SuaVotes.te:ct'):
ariteln(autaatrix,'Votiig Susuary':A,' for' ,lisit:!3.7 Decision Makers');
start := 1: (1 Begins flew cluster in 'for" looo 1)
*or .-luster := i to 9 do beoin

totallcluster] l~ :~ votes per cluster 1)
cease = start + Cimenfcluster) - 1:
wtrite'inoutmatri,criterin icluster2l);
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FindCluster~eights; RI returns ReanVote~i]' and 'first' fl
CalcZeta(Nean~ote, diaen(cluster]);
DisplayCluster;
start := cease + 1; (S avoids printing same line twice 1)

end, (I for cluster 1)
closeloutmatrix,lock);

end; 0S procedure DisplaySusary 5)

procedure Init~ld;
begin

infile[ 1]: '15:arnettin.text'; infile[ 2]: '#5:mochelin.text';
infileE 341 ::'5:parrinqin.text'; infilel 4]: 'I5:perenicin.text';
infile( 51: '#5:rallin.text';. infilel 61 ::45:robackin.text';
infiler 73 : 'SS:ricein.text'. infile( 8): '15:stanleyin.text';

ew:, (t InitOld 1)

procedure InitNev:
begin

wn41le[ 11 :: M5arnettint.text', infile( 21: 'MSmochelint.text':
inf:ie( 3] : 15:parringint.text'; infilel 4] : '#5:perenicint.text';

~rocedure InitOld;
IS sets up files, note: apple specific names. Need to lable files

ever system calls them.S
beg in

iniilel 13: '#5:,udqel.text'; infilef 21: '#5: ,udge2.text';

infile[ 512 #5:judqe5.text'.* infilel 6) : '#5:judge6.text';.
infilef 73: '15:judge1.text'; infilef 81 ::15:judge8.text';

inf:le(13] :' *5:geonean.text';

end; .1 InitGid 1;

,rocedure initNew;

,rfilet 1) : '15:judqell.text'; infilef 2] 4~'5: judge2l.text';

infileC 5] :z '05:1udqe~ltext'; infilef 61 ::45:judge6l.text';

infilef 731 15:judge7I.text'; infilef 8] : j IS udge8l.text';

end; I InitNew 1)
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procedure SetUp;
(I Makes Headings and asks user for his inputs (limits, wantcopy) 8)
var
ais.newfile : string;

begin
write('Do you want new or old files? (n or a) ');readln(newfile);
if newfile = 'o' then

InitOld
else begin

InitNeN;
vritelni' Using New Files');

end; (0 if 8)
Naauit; (I puts criterion titles in an array for display 8)
write('How many files do you want to look at (13=geomean)? ');
readln (limit) ;

if limit = 1 then begin
write('Which file number do you want to work? '); readln(filenum);
infile[l] := infilefilenum); (I if I file, only infile[IJ read 8)

end; (I if 1)
writeln('File VotesOut will contain zeta and average weights and votes');
write('Do you want individual matrices - file zetaout(y or n)? ');
readl n (ans);

if 'ans 'y') or (ans = 'Y) or tans 'yes') then
WantCopy true

else
WantCopy false;

end; (I SetUp 8)

begin (I main program Zeta 1)
rewite(outmatrix, '15:zetaout.text');
SetUp: (I initializes files, user inputs limit & WantCopy 1)
writeln('Standby this takes awhile');

for filenum := I to limit do
DogneFile(filenum);

close(outmatrlxlock);
DisplavSusmary(lieit); (I writes to file VotesOut 8)

end. (I main program Zeta 9)
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3aaole Raw Inout File

Maneuverability - - - Designates the Last Criterion Matrix to be read in (for shorter runs).
Judge # 31 - - - Designates the 'Title" or Judge's Name (1: Revised Data).
6- - - Designates the Dimension of Matrix about to be read.
11357

:357
37 - - - AHP Comoarisons for Half Matrix
57

TAV Effectiveness - - Designates Criterion of Matrix Just Read.
B
7355 9 -1

-3-5 5 -5 -5

- 5 -5 -5

7-33
-9 -9

Reoui rements

Performance
- - :eros for Seauencing Coioosite Weights

- , .D I

D-1
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'1

(3
0
I)

0
0
0
0

0

:~e1~r.tS

-. ... I

C -

~neuSera~i.lt4
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Sample Results for Consistency Check Prograg

Judge # 3,RESULTS
TAV Effectiveness, Factor # 0 Level # 2

1 2 3 4 5 6 Weight
1.00 1.00 1.00 3.00 5.00 7.00 0.25874
1.00 1.00 1.00 3.00 5.00 7.00 0.25874
1.00 1.00 1.00 3.00 7.00 7.00 0.27401
0.33 0.33 0.-3 1.00 5.00 7.00 0.I11,52,

0.20 0.20 0.14 0.20 1.00 3.00 0.047K
0.14 0.14 0.14 0.14 0.33 1.00 0.02803

lamda(max): 6.2805 C.I.: 0.05609 C.R.: 0.04524

Reauirements. Factor # 1 Level 6 3

1 2 3 4 5 6 7 8 Weight Comp-Wt
1.00 ".00 3.00 5.00 5.00 9.00 0.33 1.00 0.23933 0.0619
,.14 1.00 3.00 0.3 0.20 5.00 0.20 0.20 0.04415 0.0114
L.3' 0.33 1.00 0.33 0.14 3.00 0.20 0.33 0.03548 0.0092
0.20 3.00 3.00 1.00 0.20 5.00 0.20 0.33 0.06154 0.0151

0.20 5.00 7.00 5.00 1.)0 7.00 0.33 3.00 0.17343 0.0449
.I1 0.20 0.33 0.20 0.14 1.00 0.11 0.11 0.01610 0.0042

3.00 5.00 5.00 5.00 3.00 9.00 1.00 3.00 0.30151 0.0780
1.00 5.00 3.00 3.00 0.33 9.00 0.3103 1.00 0.12847 0.033"1

lamaa(max): 9.2068 C.1.: 0.17241 C.R.: 0.122"
I. 5] should be: 1.38 actual: 1 1. 5] = 1.0 with C.R.= 0.08453

R:eauirements. Factor # 1 Level # ,

I 2 4 5 6 7 B Weight Como-Wt
1.00 -. 00 .00 5.00 1.0O 0.00 0.33 1.00 ...175 0.0455
.'4 1.00 .00 0.3 0.20 5.00 0.20 0.20 0.04766 1.0123

' .: 0 .3 1.00 0.3 . 01k 3.00 0.20 .33 003642 .0094
-' ' 3.00 1.00 0.:0 5.00 0.20 :3 0.0665 0.017-
. 5.00 '.00 5.00 1.00 7.00 4.3 :.00 0.:079 0.0538

0.11 C1.20 0.33 0.20 0.14 1.00 0.11 0.I1 0.01711 0.0044
.10 o.00 F.01) 5.00 7.0 )0 1.00 3.00 0.31420 0.,0813

o -. 00 _.00 . 9,'0 0.1-7420 0 334
da ia,:J: 9.8347 1.'.: 0.1119 .F.: 0.0845-

:'erf rrace. Fa:tor 6 2 Level #

2 eignt :mo-wt
.. !': 5.00 3.00 0).65864 .F':" 4

0.20 1.,)0 1.00 ().118 '.AC4
0..33 1.00 . ,).18f!7 0. )479

1. nd a,:l. " tl.9 1 . ..4.3 £.. ., (0, -5 C .2.t

D-3

, . .. . . . .. . .• . . , . .. . . . . . .. .



APPENDIX D: Sample Computer Input-Output

Risks, Factor # 4 Level # 3

1 2 3 Weight Coao-Wt
1.00 0.20 0.14 0.07193 0.0095
5.00 1.00 0.33 0.27895 0.0370
7.00 3.00 1.00 0.64912 0.0860

lamda(sax): 3.0649 C.I.: 0.03244 C.R.: 0.05594

Logistics. Factor # 5 Level # 3

1 2 3 Weiqht Coso-Wt
1.00 5.00 0.33 0.278M 0.0134

0.20 1.00 0.14 0.07193 0.0034
3.00 7.00 1.00 0.64912 0.0311

laada(max): 3.0649 C.I.: 0.03244 C.R.: 0.05594

Survivabilitv, Factor # 6 Level #3

,4 5 6 7 Weight Co-Wt

1.00 7.00 3.0i) 7.00 0.33 5.00 0.20 0.17865 0.0050

0.14 1.00 0.33 :.00 0.20 1.00 0.20 0.04804 0.0013
0,33 3.00 1.00 3.00 1.00 Z.00 0.20 .1.10180 0.0029
0.14 0.33 0.33 1.00 0.20 3.00 0.14 0.03947 0.0011
3.00 5.00 1.00 5.00 1.00 5.00 0.33 0.19958 0.0056
0.20 1.00 0.3 0.33 0.20 1.00 0.14 0.033'10 0.0009
5.00 5.00 5.0O) 7.00 3.00 7.00 1.00 0.Z9935 0.0112

lamda(ual?): 7.9842 C.I.: 0.14736 C.R.: 0.11164
C 5. 11 should be: 1.12 actual: ( 5, 1] 1.0 with C.R.= 0.08807

Survivability. Factor # 6 Level #3

72 3 4 5 6 7 Welaht Comg-Wt
00 .00 3.00 7.00 1.00 5.00 0.2:'01 6 0,.:o057

0.14 1.00 0.33 3.00 0.20 1.00 0.20 0.04976 0.0014
7 . 1.00 3.00 1.00 3.00 0.20 0.10187 0.0029

0.14 0.37 .. 1.00 0.20 .0 0.14 0. 04068 0.0011
1.00 5.00 .r) 5.)0 1.00 5.00 . . 5885 0.0045
0.20 1.00 0., .2 0.20 1.00 0.14 0.03410 0.0010

Y) 5.00 5., 0 7. .(0 7.00 C,.I0 0.41307 0.0116
laadamax): 1.6q5 C..: 0.,11626 C.R.: 0.08807

)- 4
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Propellants . Factor #17 Level # 4

1 2 3 Weight
1.00 1.00 0.,3 0.000
1.00 1.00 0.33 0.20000
3.00 3.00 1.00 0.60000

laada(sax): 3.0000 C.I.: 0.00000 C.R.: 0.00N0O

Maintainability. Factor 119 Level # 4

I 2 3 4 Neight
1.00 0.33 0.20 1.00 0.10685
3.00 1.00 0.33 1.00 0.20979
5.00 3.00 1.00 3.00 0.52550
1.00 1.00 0.33 1.00 0.15786

lasda(saxJ: 4.1155 C.I.: 0.03849 C.R.: 0.04276

%neuverability. Factor I I Level # 5

2 W Neight
1.00 5.00 7.00 0.71471
0.20) 1.00 5.0 0 0.271849
0.14 0.20 1.00 0.06680

laada(max): .1928 C.I.: 0.09138 C.R.: 0.15756
13. 1 should be: 0.0? actual: [1 3] = 9.0 with C.R.z 0.10095

r 11 should e: 0.08 actual: r 1. 21 = 4.0 with C.R.: 0,06144

Maneuverabilitv, Factor # I Level # 5

..Weight
!.;)0 4.00 .00 0. ",0852
_.5 1.0 5.00 02'0115

11.11 0. 20 :. 00 O. 060:3
larda(ma,: :.0713 C.I.: .0O. 44

The 'onsistenci of t?,is ierarch 0.066C
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APPNDIX E: Statistical Tests

Significance of tau, concordance II), and zeta

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 5 8 6 7

(6)* (10)* (28)$ (15)* (21)*
0 .625 .592 .548 1 .500 .500
2 .375 .408 .452 3 .360 .386
4 .167 .242 .360 5 .235 .281
6 .042 .117 .138 7 .136 .191
B .042 .199 9 .068 .119

10 .008 .138 11 .02e .068
12 .089 13 .008 .035
14 .054 15 .001 .015
16 .031 17 .054
18 .016 19 .005
20 .007 21 .001

*(a) - conversion factor: S = (a)(tau)

(Siegel, 1956:285)

E-1



APPENDIX Ez2

Critical Values of S in thu Kendall Coefficient of Concordance

Ob jacti ve k)
N 3 4 5 6 7

(.05 significance)
3 64.4 103.9 157.3
4 49.5 88.4 143.3 217.0
5 62.6 112.3 182.4 276.2
6 75.7 136.1 221.4 335.2
8 48.1 101.7 183.7 299.0 453.1

(.01 significance)
3 75.6 122.8 185.6
4 61.4 109.3 176.2 265.0
5 O. 5 142.9 229.4 343.8
6 99.5 176.1 282.4 422.6
8 66.8 137.4 242.7 388.3 579.9

(Siegel, 1956:286)

E-2
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APPENDIX Eg3

Significance of Zeta, for N - 3 through 9

N 3 N= 4 N 5 Ni 6 N 7

Zeta P Zeta P Zeta P Zeta P Zeta P

0 1.0 0 .625 0 1.0 0 1.0 0 1.0

1.0 0 .50 .375 .20 .703 .125 .773 .072 .964

1.0 0 .40 .469 .250 .509 .143 .853

N = 8 .60 .234 .375 .398 .214 .737

Zeta P .80 .117 .500 .208 .286 .553

0 1.0 1.0 0 .625 .120 .357 .420

.050 .949 .750 .051 .429 .287

.100 .859 .875 .022 .500 .198

.150 .768 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 .153

.500 .094

.550 .063

.600 .037

.650 .023

.700 .011

.750 .006

.800 .003

(Dobbins, 1980b:32)
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APPENDIX F: AHP Summary of Priorities

?JP Sumary for 13 Decision Makers
Judge 113 : Geometric Mean Input for the First 9 Judges
Mean s Arithmetic Mean of Individual Priority Vectors

TAV Effectiveness
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.313 0.159 0.259 0.600 0.166 0.181 0.611 0,241 0.040 0.345 0.395 0.211 0.278
2 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
3 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
4 0.051 0.069 0.133 0.104 0.101 0.073 0.083 0.033 0.270 0.066 0.074 0.051 0.102

5 0.244 0.151 0.048 0.047 0.114 0.031 0.037 0.184 0.190 0.166 0.132 0.125 0.109
6 0.083 0.275 0.029 0.083 0.117 0.393 0.094 0.061 0.103 0.239 0.051 0.039 0.125
CI 0.069 0.062 0.056 0.198 0.082 0.310 0.147 0.095 0.121 0.141 0.319 0.248 0.011
CR 0.056 0.050 0.045 0.160 0.066 Q.250 0.119 0.077 0.097 0.114 0.258 0.200 0.009
Mean 0ev 1 I0
0.293 1.37
0.233 0.52
0.128 0.77
0.092 0.51
0.123 0.54
0.131 0.97
0.143
0.115

Requirements
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.134 0.164 0.239 0.254 0.129 0.237 0.410 0.075 0.246 0.179 0.422 0.136 0.230
2 0.134 0.187 0.044 0.040 0.215 0.075 0.121 0.208 0.132 0.108 0.146 0.019 0.134
3 0.155 0.175 0.035 0.028 0.140 0.036 0.036 0.018 0.019 0.074 0.024 0.069 0.061
4 0.155 0.183 0.062 0.332 0.058 0.044 0.174 0.129 0.150 0.234 0.242 0.063 0.145
5 0.155 0.029 0.173 0.183 0.324 0.115 0.105 0.205 0.076 0.082 0.047 0.295 0.150
6 0.027 0.029 0.016 0.067 0.036 0.014 0.027 0.015 0.030 0.051 0.013 0.086 0.032

7 0.084 0.099 0.302 0.011 0.033 0.390 0.029 0.111 0.063 0.076 0.021 0.185 0.093
8 0.155 0.175 0.128 0.086 0.064 0.089 0.097 0.238 0.2S4 0.197 0.085 0.148 0.154
Cl 0.034 0.036 0.172 0.466 0.090 0.317 0.087 0.157 0.140 0.104 0.441 0.840 0.021
CR 0.024 0.026 0.122 0.330 0.064 0.225 0.062 0.111 0.099 0.074 0.313 0.596 0.015
Mean Dev I 10
0.219 0.78
0.119 0.50
0.067 0.49
0.152 0.69
0.149 0.75
0.034 0.19
0.117 1.04
0.142 0.48
0.224
0.159
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APPENDIX F: AHP Summary of Priorities

PerformKce
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0.429 0.429 0.659 0.191 0.443 0.564 0.600 0.685 0.158 0.097 0.753 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 ).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 0.254 0.011 0.004

Mean Dev 1 10
0.458 1.51
0.174 0.76
0.368 2.14
0.109
0.188

Risks
Crit 1 2 3 4 5 6 7 8 9 10 11 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

CI 0.000 0.004 0.032 0.104 0.009 0.000 0.000 0.040 0.000 0.000 0.091 0.006 0.000

CR 0.000 0.006 0.056 0.180 0.016 0.000 0.000 0.069 0.000 0.000 0.158 0.011 0.000

Mean Dev 8 10
0.285 2.27
0.1,62 1.32
0.354 1.60
0.022

0.038

Logistics
Crit 1 2 3 4 5 6 7 B 9 10 11 12 13

1 0.143 0.258 0.279 0.048 0.163 0.203 0.455 0.134 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 0.160
3 0.429 0.637 0.649 0.761 0.540 0.742 0.455 0.747 0.200 0.808 0.304 0.742 0.609

CI 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 0376 0.001
Mean Dev 1 10
0.2,58 1.69

0.157 0.95
0.584 0.84
). 061

0.106

Survi vibil tv
Crit I 2 3 4 5 6 7 8 9 10 II 12 13

1 0.060 0.035 0.179 0.020 0.053 0.025 0.063 0.039 0.048 0.053 0.01a 0.295 0.060
2 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
3 0.164 0.066 0.102 0.250 0.039 0.074 0.569 0.022 0.194 0.406 0.073 0.065 0.139
4 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
5 0.049 0.056 0.200 0.084 0.094 0.138 0.054 0.073 0.038 0.105 0.035 0.042 0.092
6 0.219 0.214 0.033 0.280 0.051 0.294 0.063 0.000 0.252 0.121 0.036 0.043 0.159
7 0.219 0.460 0.399 0.293 0.360 0.328 0.077 0.204 0.181 0.083 0.242 0.200 0.316

CI 0.072 0.109 0.147 0.208 0.129 0..'15 0.137 0.139 0.086 0.221 O.:33 0.236 0.007

CR 0.054 0.082 0.112 0.158 0.098 0.163 0.104 0.1)6 9.0.5 0.168 0.252 0.179 0.006
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APPENDIX F: AHP Summary of Priorities

Mean Dev 10
0.074 0.72
0.168 1.20
0.169 1.46
0.116 0.52
0.081 0.39
0.139 0.88
0.254 0.83
0.157
0.119

Propel 1 ants
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.143 0.287 0.200 0.070 0.297 0.766 0.091 0.591 0.111 0.649 0.761 0.735 0.261
2 0.429 0.078 0.200 0.672 0.163 0.076 0.455 0.261 0.111 0.072 0.048 0.058 0.259
3 0.429 0.635 0.600 0.257 0.540 0.158 0.455 0.148 0.778 0.279 0.191 0.207 0.480

Cl 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
CR 0.000 0.061 0.000 0.376 0.008 0.117 0.000 1.923 0.000 0.056 0.282 0.101 0.046
Mean Dev 8 10
0.392 2.38
0.219 1.73
0.390 1.63
0.133
0.230

Maintainability
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.094 0.091 0.107 0.059 0.136 0.075 0.063 0.047 0.045 0.645 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 0.526 0,121 0.287 0.613 0.313 0.298 0.292 0.044 0.683 0.298 0.369
4 0.247 0.396 0.158 0.478 0.237 0.078 0.313 0.119 0.153 0.119 0.080 0.536 0.236

CI 0.072 0.011 0.038 0.260 0.062 0.398 0.000 0.130 0.076 0.162 0.195 0.130 0.003
CR 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 Oev 8 10
0.126 1.49
0.269 1.13
0.V63 1.41
0.243 1.27
0.118
0.131

Maneuverability
Crit 1 2 3 4 5 6 7 B 9 10 11 12 13

1 0.101 0.109 0.715 0.761 0.167 0.778 0.455 0.701 0.188 0.114 0.742 0.649 0.435
2 0.674 0.163 0.218 0.191 0.667 0.111 0.455 u.240 0.10.481 0.203 0.072 0.410
3 0.226 0.729 0.067 0.048 0.167 0.111 0.091 0.059 0.081 0.405 0.055 0.279 0.155

Cl 0.043 0.)43 0.091 0.164 0.000 0.000 0.000 0.147 0.032 0.015 0.218 0.032 0.ulo
CR 0.074 0.074 0.158 0.282 0.000 0.000 0.000 0.254 0.056 0.025 0.376 0.056 0.017
Mean Dev 1 10
0.457 2.41

').350 1.96
0.193 1.77
0.061
0.106
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APPENDIX G: Voting Summary of Priorities

Votinq Su.mary for 13 Decision Iakers

Judge #13 z Converted Af Geometric Mean Input
TAY Effectiveness
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13 TotWt Devito

1 4.5 2.5 4.0 5.0 2.5 3.0 5.0 3.5 0.0 5.0 5.0 3.5 5.0 0.249 0.948

2 2.5 3.5 4.0 3.5 4.5 4.5 3.5 4.0 4.5 1.5 4.0 4.5 4.0 0.249 0.564

3 3.0 2.0 4.0 0.5 4.5 1.0 0.0 3.5 1.0 1.0 0.0 3.5 1.0 0.128 1.011

4 0.0 0.5 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

5 4.0 2.5 1.0 1.0 1.0 0.5 1.0 3.0 3.5 3.0 3.0 2.5 3.0 0.149 0.747

6 1.0 4.0 0.0 2.0 1.5 4.5 3.0 1.0 2.0 4.0 1.0 0.0 2.0 0.133 0.952
Z(u) 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 0.89 0.81 0.81 0.94 0.94 0.75 0.94 0.94 1.00 0.88 1.00 0.861

Requirements
Zrit 1 2 3 4 5 6 7 8 9 10 11 12 13 TotWt Dev~lO
1 4.0 4.5 5.5 6.0 4.5 5.5 7.0 2.5 6.0 5.5 7.0 4.0 7.0 0.190 0.467
2 4.0 5.0 2.0 2.0 6.0 3.5 4.5 5.5 4.5 3.5 5.0 0.5 3.0 0.135 0.541
3 4.5 5.0 1.0 2.0 4.0 1.5 1.5 0.5 0.0 2.0 1.5 1.5 1.0 0.071 0.529
4 4.5 5.0 3.0 6.5 3.0 2.0 5.0 4.0 5.0 6.0 6.0 3.0 6.0 0.162 0.493

5 4.5 0.5 5.0 5.0 7.0 4.0 4.0 6.0 3.0 2.5 3.0 7.0 5.0 0.155 0.628
6 0.0 0.5 0.0 ".0 1.0 0.0 1.0 0.5 1.0 1.0 0.5 3.0 0.0 0.032 0.351
7 2.0 3.0 7.0 0.0 0.0 7.0 1.0 3.0 2.0 2.0 1.0 5.0 2.0 0.096 0.797
9 4.5 4.5 4.5 3.5 2..5 4.5 4.0 6.0 6.5 5.5 4.0 4.0 4.0 0.159 0.360

Z(u) 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. W 0.799
'0c) 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 0.815

Performance
Crit 1 2 , 4 5 6 7 8 9 10 11 12 13 TotWt Dev~lO
1 1.5 1.5 2.0 1.0 1.5 1.5 2.0 2.0 1.0 0.0 2.0 1.5 2.0 0.500 1.849
2 1.5 0.0 0.5 0.0 0.0 0.5 0.5 1.0 0.0 1.0 1.0 0.0 0.0 0.154 1.662
. 0.0 1.5 0.5 2.0 1.5 1.0 0.5 0.0 2.0 2.0 0.0 1.5 1.0 0.346 2.486

l(ul 0.75 0.75 0.75 1.00 0.75 0.25 0.75 1.00 1.00 1.00 1.00 0.75 1.00 0.827
Zi) 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00. 0.962

Risks
"ht 1 2 4 5 6 7 8 9 10 11 12 1 TotWt DevilO
1 0.0 0.0 0.0 2.0 2.0 2.0 1.0 0.5 0.5 0.0 0.0 0.0 0.0 0.205 2.708
2 1.5 2.0 1.0 1.0 0.5 0.5 1.0 2.0 0.5 1.5 1.0 1.5 2.0 0.410 1.804

1.5 1.0 2.0 0.0 0.5 0.5 1.0 0.5 2.0 1.5 2.0 1.5 1.0 0.385 2.107
L u 0.75 1.00 1.00 1.00 0.7 5 0.75 0.00 0.75 0.75 0.75 1.00 0.75 1.00 0.788
Z (C) 1.00 1.00 1.00 1.0') !.')0 1.00 0.00 1.00 1.u0 1.00 1.00 1.00 1.00 0.92:

_r~t 1 2 3 5 o ' 8 910 112 1 TotWt DevIlO
1 0.0 1.0 1.0 0.0 0.0 1.0 1.5 0.5 2.0 1.0 2.0 0.0 1.0 0.282 2.301

1.5 0.0 0.0 1.0 1.0 0.0 0.0 0.5 0.5 0.0 0.0 1.0 0.0 0.141 1.710
1.5 2.0 2.0 2.0 2.0 2.v 1.5 2.0 0.5 2.0 1.0 2.0 2.0 0.571 1.549

2(u) 0.75 1.00 1.00 1.00 1.00 1.0 0.75 0.75 0.75 1.00 1.00 1.00 1.00 0.9:'
i(c) 1.00 1.,0 1.0O 1.;0 1.)' 1.,)( 1.00 l.t)) 1.00 1.1, 1.00 1.00 I.00 1.000
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APPENDIX G: Voting Summary of Priorities

Survivability
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13 Totut Devio
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 3.5 3.0 1.5 0.5 5.0 3.0 3.5 5.5 2.0 0.5 6.0 5.0 3.0 0.154 0.823
3 4.0 2.5 3.5 5.0 0.0 2.5 6.0 0.0 4.5 6.0 3.0 2.5 5.0 0.163 0.895
4 3.5 2.5 1.0 2.0 4.0 1.5 1.5 5.0 4.5 4.5 4.0 3.0 3.0 0.147 0.597
5 0.0 1.5 4.5 3.0 3.0 3.5 2.0 2.5 0.0 3.5 1.5 0.5 1.0 0.097 0.657
6 4.5 5.0 0.5 5.0 1.5 5.0 2.5 2.0 5.0 3.5 1.5 0.5 3.0 0.145 0.800
7 4.5 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) 0.68 0.79 0.89 0.91 0.84 0.61 0.46 0.89 0.84 0.82 0.98 0.86 0.93 0.808
Z(c) 0.71 0.82 0.93 0.93 0.86 0.64 0.50 0.93 0.86 0.86 1.00 0.89 0.93 0.835

Propel lants

Crit 1 2 3 4 5 6 7 8 9 10 11 12 13 ToNt Devil0

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 1.5 0.0 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
3 1.5 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
Zic) 1.00 1.00 1.00 1.uO 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 0.962

Maintainabilitv
Crit 1 2 3 4 5 6 7 8 9 10 11 12 13 TotWt Devil0

1 0.0 0.5 0.5 0.0 0.0 0.5 0.0 0.0 0.0 3.0 0.0 1.0 0.0 0.071 1.342
2 1.0 0.5 1.5 2.0 2.5 2.0 2.0 3.0 3.0 2.0 2.0 0.0 2.0 0.301 1.407
,' 3.0 2.5 3.0 1.0 2.0 3.0 2.0 2.0 2.0 0.0 3.0 2.0 3.0 0.365 1.445
4 2.0 2.5 1.0 3.0 1.5 0.5 2.0 1.0 1.0 1.0 1.0 3.0 1.0 0.263 1.342

Z(u) 1.00 0.75 0.63 1.00 0.63 0.88 0.50 1.00 1.00 1.00 1.00 1.00 1.00 0.875
'(c) 1.00 1.00 0.75 1.00 0.75 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 0.923

naneuverabilit
rirt 1 2 3 4 5 6 7 8 9 10 11 12 13 Ttlt Dev$10
1 0.0 0.0 2.0 2.0 0.5 2.0 1.5 2.0 1.0 0.0 2.0 2.0 2.0 0.436 2.815
2 2.0 1.0 1.0 1.0 2.0 0.5 1.5 1.0 2.0 1.5 1.0 0.0 1.0 0.397 1.910
3 1.0 2.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0 1.5 0.0 1.0 0.0 0,167 2.168

Z(u) 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 1.00
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APPENDIX H: Anova Results

I S A N A L i OF: V A R I A N CE S$

CONSIST
BY JUDGE

SIZE
CINDEX

UM OMEAN SIGNIF

-.IUhkCi OF '.,RIAT10N 3QUIRES DF S6UARE F OF F

M A I N EL-f E C .T ' .9 -15 1i b .0 5 8 1 1.? I L 7

JUDF .5U6 11 .046 1. 448 165
51 I E . -.4' 4 .05 2.67 .cz

:',FIL A .u89 1 .089 2.790 .098

2- , I EF ACION1 . 17 .!Y-6. 1. 12-7 99
-U:E SI ZE .S 44 . 2 Y8. 45

JU1 E CINDL 1. 15A 1I . 105 :.3.8 .0"1

-,IND . ,46 4 .12 .C/2 .325

:--' :-RfRACTIONS .24 44 .019 .5o9 .974

2,JL IZE CINDLx .J24 44 .019 .589 .974

E :il. U74) 119 .):7 1.'):-4 .455

i T . 9 2 21 .t:

Where: Consist : Zeta and CI Measures of Consistency
Cindex : CI = 1. Zeta = 2
Size : Matrix Dimension (3.4.6.7.8)
Judge : Judge Identifier (1-12)
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APPENDIX I: Initial Survey Data

Survivability
4 5 6 7 Priority

1.000 0.143 0.143 1.000 0.143 0.143 0.143 0.02112
7.000 1.000 1.000 5.000 5.000 0.143 0.143 0.12QB1.~~ 7 .1(lO~l
7.000 1.000 1.000 1.000 5.000 0.143 0.143 .10...
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 1.00) 0.30027
7.000 7.000 7.000 7.000 1.000 1.000 1.000 0.f0027
lawa(max): 9.2968 C.I.: O.38280 C.R.: 0.29000

Prooel lants
I 2 3 Priority

1,()0 7.000 7.0,0 0'. 2 6_
0.143 1.000 0.7" ).07590
u.14: 3.000 1. Oi 0.15787

lamdla(ax): ,71:56 C.!.: (0. 16791 C.R.: 0.11.691

Marnt aina-jl i t

4 2ririt
.)(0 C. 14: 0:3: 1.C000 }215
-00 1. 000 C.200 5 100 .27SQ
, -Yc , .000 1 " 0 C.
.00 0. : ,o I '"o C -

.amda(sax): 4.7'96 C I 0.2 24:19 C. :

laneuier abitv

Priorit,

.100 , , C . U 'O " .!'00 77 -

.143 1.)00 ' 0.1!11
1.amcatia a :. 0(0 . ": 1OO . C. )

--,e .ns:iste. , --4 this hierar:hv 0.-338

1-12



APPENDIX I: Initial Survey Data

Judge # 6 AHP RESULTS (ORIGINAL SURVEY)
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 0.333 7.000 7.000 7.000 0.143 0.18195
3.000 1.000 7.000 5.000 7.000 1.000 0.27484
0.143 0.143 1.000 7.000 0.737 0.143 0.068%
0.143 0.200 0.143 1.000 5.000 0.143 0.05204
0.143 0.143 3.000 0.200 1.000 0.143 0.0464:
7.000 1.000 7.000 7.000 7.000 1.000 0.37583
lamda(max): 8.2378 C.I.: 0.44755 C.R.: 0.36093

Reauirements
1 2 4 5 6 7 8 Priority

1.000 -. 000 7.000 7.000 7. 000 9.000 0.200 1.000 ;.2.9 "
I.1 .')00 5.000 5.000 0.200 7.000 0.143 1.000 0.0815:

0.14.' 0.200 1.00) 0.200 1.000 5.000 0. 13 ('. . 0,03759
0.143 0.200 5.000 1.000 0.200 5.000 0.143 0.,33 0.0476,
0.143,. 000 1.000 5.000 1.000 5.000 .,2100 .. 0 '2.10452
.111 0.143 0.200 0.200 0.2-0) 1.:)0 0.11 1.000 0.I-0:12
5.200 7.000 .000 7.000 5.000 7.00 1.00') 7.0.0 I'.. 875

000 :..000 3.' 3.0 1.000 100 0.147 :)00 ) .8062
adarmaaO: 10.2: C.,.: 0.424' C.A.: '.24. 289

=erf orimance
;r:orit,

.)00 I000 7.0 60 4)1
1.50 1060 0.20) 0. :7243

iamda'aaxi: 4,S'hE C.1.: ).'885 2.F:.: :....

* - ] Friorit,

.1.>!) ,00 ".000 0.7"'778
0.143 1.CO'' 1.2) C.. 1,1I

?} ~ st i, 3".i

.,,, U ,,'0' 1,000) 2. MIl
*anda (lax': .000)0 1. 2.: 2).20(00 2.E.: h. 2&Y4)

I Fr::rlt,
-..0 2 0 0.1*3 0.0)M7

14 1. 00 ) .14' 0.,.54"
i.faOO7 .00 0 2..CS'

:: Oa ~ .4:54. 2.1.: p.:'a ,. :.7=5

1-121



APPENDIX I: Initial Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 0.125 2.000 0.500 1.000 1.000 0.25 (.05306
8.000 1.000 7.000 6.000 1.000 4.000 1.000 0.29515
0.500 0.143 1.000 0.500 0.500 0.500 0.200 0.03938
2.000 0.167 2.000 1.000 3.000 3.000 0.143 0.10657
1.000 1.000 2.000 0.333 1.000 2.000 0.200 0.09408
1.000 0.250 2.000 0.333 0.500 1.000 0.167 0.05140
8.000 1.000 5.000 7.000 5.000 6.000 1.000 0.36036

Iauda(max): 7.7748 C.I.: 0.12913 C.R.: 0.09783

Prooel lants
1 2 3 Priority

1.000 2.000 0.500 0.29696
0.500 1.000 0.333 0.16342
2.000 3.000 1.000 0.53961

iamda(max): 3.0092 C.I.: 0.00460 C.R.: 0.00793

laintaznablit
4 Priority

1.J00 0.500 0.500 0.500 .1567
200 1.000 2.000 1.000 0.2 9"%
2.:)00 0.500 1.000 2.000 0.28734

.000 1.000 0.500 .)0 0.23701
1amcaa): 4.158 [.I.: 0.0o184 C.R.: .o,,8,

Mane,erabilitv
* .. Z Przarit,

..,)00 0.:50 1.000 O1bbC7
4.0,)0 1.000 4.000 0.566o7

..2 0(0 0 .16667
iamdatmaxi: 3.0000 C.1.: 0.00000 :.R.:

The Corsstenct o+ this hierarc:y ,.,.49

L. .:1. .-L. :. i ... -.- . :, 1 .:,,, . : -. : .- .-i :.L . .-: . ..- i, . .". -. -,- .. . . . 2 ,.A .. A. -, . . . . . . ,. . . ..



APPENDIX I: Initial Survey Data

Judge # 5 AHP RESULTS (ORIGINAL SURVEY)
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 0.500 0.500 3.000 2.000 1.000 0.16626
2.000 1.000 1.000 2.000 2.000 2.000 0.2"'31

2.000 1.000 1.000 3.000 2.000 3.000 0.26772
0.333 0.500 0.333 1.00 2.000 0.500 0.10131
0.500 0.500 0.500 0.500 1.000 2.000 0.11420
1.000 0.500 0.333 2.C00 0.500 1.000 0.11679

lasda(max): 6.4121 C.I.: 0.0824 C.R.: 0.06648

Reui remen ts
I 2 4 5 6 7 B Priority

1.000 0.3=1 2.000 3.000 0.250 5.000 4.000 1.000 0.12937
1.000 1.000 2.000 5.000 0.333 5.000 4.000 4.000 0.21474
(0.500 0.500 1.000 5.000 0.500 5.000 4.000 2.000 0.14009
0.3: 0.2 0.0.200 1.000 0.200 2.000 2.000 2.00 0.5843
4.900 3.000 2.000 5.000 1.000 6.000 6.000 5.3j00 0.32:8)

:.:00 o.200 0.200 0.500 0.167 1.000 2.000 0.500 0.03649
0.250 0.250 0.'50 0.5v0 0.167 0.500 1.000 0.500 0.03332

1.00 0.250 0.500 0... .v. 0. 2.')00 2. 000 1.000 0.06376
lamda ax): 8.63 C.1.: 0.c9"47 C.R.: 0.06416

Performance

1.000 3.000 1.000 0.44343
, 0.500 0. i0C'

..)00 2,000 1.000 0..87,,
lamla .aafl: C,18 .I.: 0.00915 C.R.: "=

Risks

2 3 Poritv

,00 7.000 2.000 0.54995
0,22 1.0'}0 l.03) 0.20784

:),o 0 1,00 0 .OO 4 K. 2402I
iamda(ax,: :.0-3 C ....

- 3 FPriIrt,
..i':c 0. 5:0 0.:: 0.!6:42

_,. }00 X, X' 0.,500 o,296.9±
CC':0 2. .'00. 1.O:" iC .5C 7

1-9



APPENDIX I: Initial Survey Data

Survivability
1 2 3 4 5 b 7 Priority

1.000 i.00 0.143 0.143 0.200 0.111 0.111 0.01979
1.000 1.000 0.143 0.143 0.143 0.111 0.111 0.01944

7.000 7.000 1.000 7.000 7.000 1.000 1.000 (.25279
7.000 7.000 0.143 1.000 5.000 0.143 0.111 0.08805
5.000 7.000 0.143 0.200 1.000 0.111 0.111 0.04926
9.000 9.000 1.000 7.000 9.000 1.000 1.000 0.27452
9.000 9.000 1.000 9.000 9.000 1.000 1.000 0.29614

lamda(maxi: 8.1462 C.I.: 0.19103 C.R.: 0.14472

Propel I ants
1 2 3, Piority
Q.000 0.200 0.143 0.07030

5.000 1.000 5.000 0.67243
7.000 0.200 1.000 '.2 5726 

laida(max): 3,.4357 C.I.: 0.21784 C.R.: 0.-7559

laintainabilit,

4 Prlorit,
1.000 0.111 0.2 00 3 0. !)tQ.4
.000 1.000 0.333 0. 3-. 0..8
. .00 0 1.00 0.200 (.:40t

:.000 :.900 5.00') 1.000 0.498Q8
lamcla(lax): 4.9=8 ,.:IF2 .<: . '

4aneuverab1iit,
S 2 : ;rlr

1.000 7.000 9.000 0.7t076
-0.14: 1.000 7.(0 0. 91.3

0II .147 . .10X ). 048"5
l*mdaimaQ: -272 :.1.: 0.16782 C.P,: .S2

7he : nsisten ci :Mis rierir:h 0.40 9

I-8



APPENDIX I: Initial Survey Data

Judge I 4 AHP RESULTS (ORI6INAL SURVEY)
TAV Effectiveness
1 3 4 5 6 Priority

1.000 9.000 9.000 9.000 9.000 9.000 0.60031
0.111 1.000 5.000 1.000 3.000 3.0)0 0.12656
0.111 0.200 1.000 1.000 0.333 0.333 0.03987
0.111 1.000 1.000 1.000 3.000 3.000 0.1075
0.111 0.333 3.000 0.333 1.000 5.000 0.08285
0.111 0.333 3.000 0."7 0.200 1.000 0.04667
lamda(eax): 6.9923 C.I.: 0.19846 C.R.: 0.16004

ReQuirements
1 2 4 5 b 7 8 Prioriti

1.000 9.000 9.000 1.000 1.000 9.o00 9.000 9.000 0.25.5 1
0.1! 1 1. 00 1.000 0.200 1.000 0.143 7.090 9.200 0,23998
0.111 1,000 1.000 0.143 0.143 0.147 5.000 1.000 0.02849
I.000 5.000 7.000 !,000 7.000 p.000 9.000 9.000 0.33175
1.000 1.000 7.000 0. 147 !.UC0 7.000 Q. 00) 9. 000 ).1829
,.11 7.00 7.000 0. .1 ,143 1.000 9.000 u.143 0.0665'
0.111 0.143; 0.20 0.111 0.111 0.111 1.000 0.111 0.01108
0.1H1 5.000 1.000 0.111 1.i1 7.000 9.000 1.000 0.08570
iamda(max): 11.2589 C.I.: 0.46555 C.R.: 0.'3018

;erformance
1 2 3 Priority

-.O 7.000 0.143 0.19119
0.14" 1.00C. V.111 0.04805
7.000 9.000 1.000 0.76076
.amda(aax): '.2276 1.!.: 0.16382 C.F.: 0.22245

Risks

I 3 Priorit,
1.000 5.!.00 %00 0.72193
0.200 1.000 '.000 X2Z706
.I 0.14-, !.0'70 15 101

iamda~ma : 7.2,0: 2.i.: 0,042T .. ,.. C.

1 Fricr:t,
'..300 0.143 r;.11 0.):4305
I.)00 ).00 .4, l l!

alaa ma; : -. . . ,. .

1-7



APPENDIX I: Initial Survey Data

Survivabili ty

1 24 5 6 Priority
1.000 7.000 3.000 7.000 0.333 5.000 0.200 0.19766
0.143 1.000 0.33 3.000 0.200 1.000 0.200 0.05889
0.333 3.000 1.000 3.000 1.000 3.000 0.200 0.09939
0.143 0.333 0.333 1.000 5.000 3.000 0.143 0.10797

:.000 5.000 1.000 0.200 1.000 5.000 0.333 0.14531
0.200 1.000 0.333 0.333 0.200 1.000 0.143 0.02839
5.000 5.000 5.000 7.000 3,000 7.000 1.000 0.36239

laa(siax): 9.7479 C.I.: 0.45799 C.R.: 0.,4b96

Prooellants

1 2 3 Priority
1.000 1.000 n.-3 0.40000
1.000 1.000 0.333 0.2000
3.000 3.000 1.000 0.60000
ada(max): 3.0000 C.1.: 0.00000 C.R.: 0.00000

uantainaO:lity
1 3 4 Pri:rty

!C.00 3.000 .. 000 ('100 0.4 24 -
).37 ,  1.000 3.00 00 ljO0 ",-.1, 2 0
0.200 0.'33 1.000 0.:3 0.08024
1.000 1.000 :.o00 I.(c.0 1:.26198

iamda 4ax): 4.1155 C.I.: 0.)364c C.R.: 0...47,

aneuverabilit,
. Prior:ty

1.000 .)00 7.000 0.71471
0.200 1.000 f.C00 0.21349
".143 0.200 1.000 0.06680
iamda(max): 3.1828 C.I.: 0.09138 C.R.: 0.1575b

The Consistency of this hierarchy = .. ,026

1-6
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APPENDIX 1: Initial Survey Data

Judge 1 3 AHP RESULTS (ORIGINAL SURVEY)
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 1.000 1.000 3.000 5.000 7.000 0.25874
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 0.33 1.000 5.000 7.000 0.13252
0.200 0.200 0.143 0.200 1.000 3.000 0.04795

0.143 0.143 0.143 0.143 0.333 1.000 0.02803
laida(max): 6.2805 C.I.: 0.05609 C.R.: 0.04524

Reouirenents
1 2 3 4 5 6 7 8 Priority

1.000 7.000 3.000 5.000 5.00( 9.000 0.Z33 1.000 0.21555
0.143 1.000 3.000 0.333 0.200 5.000 0.200 0.200 0.06215
0.333 0.333 1.000 0.333 0.143 5.000 0.200 0.200 0.05313
0.200 3.000 3.000 1.'H)0 0.200 5.000 0.200 0.333 0.07881
!.200 5.000 7.000 5.000 1.000 0.143 0.33. C).3:3 0.10977
0.111 0.200 0.200 0.200 7.000 ' 000 0.143 0.-33. 0.07951
3.00 5.00 5.000 5.000 3.000 7.000 1.000 3.000 0.25519
1.0)00 .,00 5.000 3.000 3.0% 3.000 0."33 1.000 0. 1455'0

Iamda(max): 2.5234 C.I.: 0.64621 C.R.: 0,45830

Performance

I Prioriti

1.000 5.000 3.000 0.5864
C. 2-00 1.010 1.000 ).1561
0.331 00 1.000 0.18517
:ada(max): 3.'291 :.1.: 0.0145. C.P.: 0.02505

Frior ,'
:.o':) 0.,)0 0. 13 0.06O60
5.000 I.00 IN.20 2.21240
7.I00 .:N I. 0 .1.471

lamdataax): :1222 ".1.: Z. :.F .: . 57f

Loistics

.00'0 0. Z2 :.2')': 0. 0752¢,

5.X LON001.1C 0.193.
5.,)(0: 7.00 .00') :'o .,:.,8

(W84 C.I.: . :

'-5
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APPENDIX I: Initial Survey Data

Survivability

1 2 3 4 5 6 7 Priority
1.000 0.333 0.333 0.200 1.000 0.200 0.143 0.03468
3.000 1.000 1.000 2.000 1.000 0.200 0.143 0.07781
3.000 1.000 1.000 1.000 1.000 0.200 0.143 0.06584
5.000 0.500 1.000 1.000 3.000 0.333 0.20 0.09161
L.OW 1.000 1.000 0.333 1.000 0.333 0.200 0.05596

5.000 5.000 5.000 3.000 3.000 1.000 0.200 0.21440
7.000 7.000 7.000 5.000 5.000 5.000 1.000 0.45970

landa(max): 7.6524 C.I.: 0.10874 C.R.: 0.08238

Prooel I ants
2 3 Priority

1.000 5.000 .:: 0.28720
0.200 1.000 0.167 0.077%
3.000 6.000 1.000 0.63484

laida(max): 3.0940 C.I.: 0.04701 C.R.: 0.08105

Mairntainabilitvi

1 2 3 4 Priority
,.:)00 ,.0)0 0.200 0.200 0.0.082
1.(;00 1.000 0_3, 0.733 0.11701

5.000 -.000 1.000 1.0.0 0.3608
5.000 3.VOO 1.000 1.000 0.39608

lamda(max): 4.0328 C.I.: 0.0109 C.R.: 0.01215

Maneuverability
1 2 3 Priority

I. NO 0.500 0..00 0.10884
2.000 1.000 0.167 0.16258
5.000 0.000 1.000 0.72858
laadatma): 3.0858 C.I.: 0.04288 C.R.: 0.07794

The 'ansistenc1 cf this hierarchv 0.0472

1-4
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APPENDIX I: Initial Survey Data

Judge # 2 AHP RESULTS (ORI6INAL SURVEY)
TAy Effecti veness
1 . 4 5 6 Priority

1.000 1.000 1.000 3.000 1.000 0.500 0.15858

1.000 1.000 2.000 3.000 1.000 1.000 0. 20296

1.000 0.500 1.000 1.000 1.000 1.000 0.14235

0.333 0.333 1.000 1.000 0.333 0.200 0.06935

1.000 1.000 1.000 3.000 1.000 0.433 0.15131

2.000 1.000 1.000 5.000 3.000 1.000 0.27545

laada(max): 6.3120 C.I.: 0.06240 C.R.: 0.05032

Reuirements
1 2 3 4 5 6 7 9 Priority

1.000 1.o)0 1.000 0.500 7.000 7.000 2.OvO 1.000 0.16379

1.000 1.000 1.000 1.000 7.000 7.000 3.000 1.000 0.18690

1.000 1.000 1.000 1.000 7.000 7.000 2.000 1.000 0.17486

2.000 1.000 1.000 1.000 7.000 7.000 1.000 1.000 0.18265

0.143 0.143 0.14 0.143 1.000 1.000 0..320 Q.,33 0.02867

0.143 0.143 043 0.143 1.000 1.000 0.Z33 0.3:3 (.,02.867

C.500 0.33 0.500 1. 000 3.000 3.000 1.000 1.000 0.09942
1.000 .000 1.000 1.'000 3.000 3.000 1.000 1.000 0.13,503
iamda(eax): E. 255C0 2.1.: 01.03643 C.R.: 0.0:24

Performance
1 2 3~ Pr:orit

1.000 3.000 1.000 0. 42857
0.3:3 :.000 .7' 0.14286

1.3)00 3. 00 1.00 0.42857
hamat(max): 3.0000 C.I.: 0.00000 C.R.: 0.00000

I - - Prioritv

1.300 5.4.. 0.33, .08795
'.'00 1.000 3.000 0.66q42

"1000.33. ".000 0,242b4
lamda(max): .70 C.1.: 0.00'51 £.P.: 0.v0 60

LOoitic

1 Pr'crlt

1.3)00 3.600 0.". 0.2826
0.",. 1.000 '.-,0 .10473
D.050 5.000 9 0,

! amda '.jiax,) . .." 9 2.1.; ", .9,-" ,"2" ),I] Z

"> 1-3



APPENDIX I: Initial Survey Data

Survivability
1 3 4 5 6 7 Priority

1.000 0.333 0.333 0.333 3.000 0.200 0.200 0.06006
3.000 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 0.16399
3.000 1.000 1.000 1.000 3.000 0.333 1.000 0.14434
0.333 0.333 0.33 0.333 1.000 0.333 0.333 0.04927
5.000 1.000 1.000 3.000 3.000 1.000 1.000 0.21900
5.000 3.000 1.000 1.000 3.000 1.000 1.000 0.21900

laada(max): 7.4316 C.I.: 0.07193 C.R.: 0.05449

Prooellants
2 3 Priority

1.000 0.33 0.33: 0.14286
3.000 1.000 1.000 0.42857
3.000 1.000 1.000 0.42857

lasda(max): 1.0000 C.1.: 0.00000 C.R.: 0.00000

Maintainabilztv
1 2 3 4 Priority

1.000 0.33 30."33 0.3:3 0.0K973
3.000 1.000 0.'33 0.5 00 ( 0.17614
3.000 7.000 1.000 ..000 0.48268
3,000 2.000 0.333 1.000 0.24725
lamda(imax): 4.215. C.I.: 0.07175 C.R.: .07973

Maneuverabi I ty
Prioritv

1.,)00 0.200 0.. 0.10065

t.000 1.00 4.000 0.6738I
.c 50 I "100 0.22554

lamda(tax): .0858 C.I.: 0.04288 C.R.: 0.07394

The Consistenc, of .hs ,',ierarclv i0.020,

1-2
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APPENDIX I: Initial Survey Data

Judge # I AHP RESULTS (ORIGINAL SURVEY:
TAV Effectiveness

4 5 6 Priority
1.000 3.000 3.000 5.000 1.000 3.000 0.31320
0.333 1.000 1.000 3.000 0. .3 3.000 0.14129
0.333 1.000 1.000 3.000 1.000 3.000 0.16696
0.200 0.333 0.333 1.000 0.33 0.333 0.05134
1.000 3.000 1.000 3.000 1.000 3.000 0.24440
0.333 0.3 0. .333 3.000 0. 333 1.000 0.08280

landa(max): 6.3457 C.I.: 0.06913 C.R.: 0.05575

Reaui rements
4 5 8 Priority

1.000 1.000 1.00) 1.000 1.000 5.000 1.000 1.000 0.13448
1.000 1.000 1.000 1.000 1.000 5.000 1.000 1.000 0.13448
1.000 1.000 1.000 1.000 1.000 5.000 3.000 1.000 0.15496
:~.cc 1.00 4.000 IJ OG 5, 00 3.000 1.000 0 1c54
LOGO{ 1.000 ,.03.0 1.000 1,,000 5000 3.000 1.000 (.154%£-00 -!. 00t i.0,0 0.,00 "
,.- .200 0.200 .. 200 0.200 1.000 0.200 0.200 0.02O0
1.'0 1.000 0.333 0..33 07 5.000 1.000 0.733 0.08431
!.')00 1.100 1.000 1.000 1.000 5.000 3.000 1.000 0.15496

lamda(max): 8.2359 C.I.: 0.03370 C.p..: 0.02390

Performance
7I Priority

1.000 1.000 3.000 0.42857
1.000 1.000 Z.000 0.42857
0.333 0.33 1.000 0.14286

lamda(max): :.0000 C.I.: 0.00000 C.R.: 0.00000

S 2 . Priorit,
1.000 M 0 0,200 0.99091
5900 1.'00 1.009 0.45455
5.000 1.000 1,.A0. 0.45455
lamda(aax): ..0000 C.!.: *XuOOK'0 C.R.: 0.00000

Lcq:,sti :s

Friorit,
:.000 j.:: 0-.7 46
:.oo :.ooc .01 0.42957
"100 1.000 1.,'0 4:65"
2 amda ,a )I: C. 0000 C.: : :® :: C.F.: :),00

I-'
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APPENDIX H: Anova Results

ss*S3 * ANAL Y SIZS 0F V A R I N C E S S S*
ZETA

B4Y JUDGE
SIZE

g,*$~,$* s8$*,,8 S * 4 8*;*S$*8 g

SUM OF MEAN SIGNIF

SOURCE OF VARIATION SQUARES DF SQUARE F OF F

MAIN LEFFEr TS .401) it .,072 1. Z0'5 .274
JUDGE .4.. I .)40 1. 49; .1:9

(3 "E .,.44 4 . l . 15 .71?8

ZEXF LA I NED 4.-2 5 .-,17 .,b5Z .969

RESI DU L -4. -4 . 1 ..."

TOTAL -. 1.7 " 5. ,.,Z4

s s * I ANALY SI S L F V A R I A N C E ;
ZETA

SY SIZE
I S. 8 S* *~ S s 4*s w S **Se;s~

St .M OF MEAN SIGNIF
SOU LL 'JF VARIATION )QUARES DF SQUARE F OF F

MIiN EFFEC"TS: . ,.)5(: 4 . , .501 .677
.,',5Q 4 .017 .561 .677

ExFLAIPNEL 1)5 4 . .511 .677

RES I DUAL 5.'.45 247

TOTL t. :95 25 .,021

S$$A 4 A L 5 O F V , NCE A f$ *I$ N
ZETA

JUDGE

iJ OF r'i(-,.N I GN I F
:OUF. 'Dr ,' h IAT ION UUIRE DF SOUHKE F OF F

lI N Li: f.LC r .4] 1t1 1 4 . 704:; . "/

JI~i~.JbL . 4:6 11 . -.40 1. 708 .

•E XI-'LH IrNEb L 1 1 .0-.4(0 1 . 7,:,; C)" Z

• -I DU L 4. 7:1 2:04 7

Cj T A. 167 21.0
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APPENDIX H: Anova Results

gs$$ **8I $ANALYSIS OF VARIANCE **S$*S6S
CI

BY JUDGE
SIZE

SUM OF MEAN SIGNIF
SOURCE OF VARIATION OUARES DF SOUARE F OF F

MAIN EFFECPr .546 1t .176 i.856 .)32
JUL)LE .:97 11 . oo 1.844) .052
siZ-- .149 4 .037 1. 90O .11.

-- wAY INLtLRACTIONS .:21 44 .. 07 .Z 72 .799
JUDLE SIZE . ;21 44 .007 .999

;7 "FLA I NED .367 t9 .'.'i5 .749 .398

RE,"E, I DiA '. 5 15 .02 0

TOTAL _.'25 . 4,8

A ;s s N AL Y S IS O F V AR I ANC E S S W *#
CI

BY SIZE

I UM OF MEAN SIGNIF
SCIUf,.'E OF VARIATION 'OuLARES DF SQUARE F OF F

MAIN EFrfECIS . 5: .0:7 2.6 .054
IEE .15tu 4 .uZ7 Z.TLl .0t4

-XPLA INED . 1¢ '4 .0]7 2.6 o .054

RES I DUAL -. 1" 247' . lb

T0TA_ 4. 09 25i .,1

Iss;$*s; ANALYSISA N A L,4rJLE I 8 5*8
Cl

BY JUDGE

Jr IpZ gHN IuNI'

zOUI-.CL OF VARIATION tuUAFL D" .luAKE F OF F

lM,1Ij L_.FL !CIT . :q: it .,.. _.,.,d ..c.,
.<SLJDE . .:97 1 .0t = 2.vt.,a .0--

EXF*..H L NLD . 9 ii .C.. 2. . --

;ts iDUAL 52: -,.,J .ul7

ror. :_92 -'1: .CIL

H-2



APPENDIX I: Initial Survey Data

Judge # 7 AHP RESULTS (ORI6INAL SURVEY)
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 9.0)0 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 .33J 0.200 0.02581
0.111 0.333 3.000 1.000 5.000 1.000 0.08300
0.111 0.143 3.000 0.200 1.000 0.333 0.03740
0.111 1.000 5.000 1.000 3.000 1.000 0.09429
lamda(max): 6.7372 C.I.: 0.14744 C.R.: 0.11890

Reouirements
1 2 4 5 6 7 8 Priority

1.000 5.000 9.000 5.000 5.000 9.000 9,000 3.000 0.41035
0.200 1.000 5.000 1.000 1.000 5.000 5.000 1.000 0.12081
0.111 0.200 1.000 0.111 0.333 1.000 1.000 1.000 0.03642
0.200 1.000 ?.000 1.000 7.000 9.000 5.000 1.000 0.17448
0.200 1.000 3.000 0.:77 1.000 7.000 5.0U0 1.000 C .10501
0.111 0.200 1.000 0. 111 0.13 1 .000 1.090 h.333 0.0265
0.111 0.200 1.001) 0 ,200 0 -210. AQ 1,900 .0. , (.02906
0,373 1.000 1.000 1.000 i. OVO 3.0)0 3.00) i,00) 000 1 2

lamda(iax): 8.6076 C.I.: 0.08t .0 C.&.: 0.06156

Oerormance
3 Friority

1.00) :.000 3.000 0. 000
0.33: 1.000 1.000 0.20000
0. 0. O .000 0.20000

1amda(max): 3.0000 C.1.: 0.00000 C.P.: 0.0000

Risks
7 Priority

1.000 1.000 1.000 0." ...
1.'0(1 1.0c,'::.O':O 0.:.:::

1.000 1,000 ,:)00 o 3"
aeda(max): 3. 0000 .1.: 0. '0000 2.F:.: 0.00000

I ogQ1sties

1 2 3 Priorlt4
00 5.00 1.000 0. 45 45

•:':" ~0. 2'00 ". o)0 . o. -' ' .0: 0. &'?00

1.000 5.0N0 1.00) :.45455

1-13



APPENDIX I: Initial Survey Data

Survivability
1 2 3 4 5 6 7 Prioritv

1.000 1.000 0.111 1.000 1.000 1.000 1.000 0.06320
1.000 1.000 0.111 5.000 7.000 1.000 1.000 0.12804
9.000 9.000 1.000 9.000 9.000 9.000 9.000 0.56878
1.000 0.200 0.111 1.000 0.333 1.000 1.000 0.04548
1.000 0.143 0.111 3.000 1.000 1.000 0.3.3T 0.05423
1.000 1.000 0.111 1.000 1.000 1.000 1.000 0.06320
1.000 1.000 0.111 1.000 3.000 1,000 1.000 0.07706

lamda(max): 7.8-3 C.I.: 0.13721 C.R.: 0.10394

Prooellants
1 2 3 Priority

1.000 0.200 0.200 0.09091
5.000 1.000 1.000 0.45455
5.000 1.000 1.000 0.45455

lamda(max): 3.0000 C.I.: 0.30000 C.P.: 0.00000

Maintainabilit.

1 4 Priority
1.000 0.143 0.147 0,143 0.04545
7.000 1.000 1.000 1.0 0 0.31818
7.00 1.000 1.001 1.000 0.31818
7.000 1.000 1.000 1.000 0.31819

lamoa(max): 4.0000 C.I.: .00000 C.P.: 0.10000c0

Maneuverab:l it
1 2 3 Priority

1.000 1.,)30 5.000 0.45455
1 000 .000 5. 00 0.45455

,:00 ',20 1.0)0 0.09091
iamdatsax) : 3.0)9 C.I.: O.0)0000 C.R. :

The Conristenc, oi thlis hierar:,y 0,0510
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APPENDIX I: Initial Survey Data

Judge # B AHP RESULTS (ORIINAL SURVEY)
TAV Effectiveness
1 4 5 6 Priority

1.000 1.0W0 1.00 ) 3.000 2.000 3.000 0.21393
1.000 1.000 1.000 5.000 3.000 5.000 0.2752
1.000 1.000 1.000 5.000 1.000 5.000 0.22128
0.333 0.200 0.200 1.000 0.200 0.200 0.03972

0.500 0.333 1.000 5.000 1.000 5.000 0.17696
0.333 0.200 0.200 5.000 0.200 1.000 0.07285

lamda(max): 6.5540 C.I.: 0.11080 C.R.: 0.08935

Reau rements
4 5 6 7 8 Priority

1.000 0.200 9.000 1.000 0.333 9.000 0.200 0.200 0.07520
5.000 1.000 9.000 3.000 1.000 9.000 3.000 0.3,7, 0.20769
0.111 0.111 1.000 0.143 0.14: 1.000 0.143 0.143 0.0175
1.000 0.3, 7.000 1.000 0.333 9.000 3.000 1.000 0.12949
3.000 1.000 7.000 3.000 1.000 9.000 3.000 1.000 0.20471
,.111 .111 1.000 0.111 0.111 1 .000 0.1111 0.1,11 0.01547... 00 ".'- 01 .0.0 II 1

0.33: 7.0)0 0 T 0. 73 000 1.000 0. , (.11116
5.o00 :.000 7.00) 1. 000 1. 0 . .ooo 000 .000 0.::7842

lamda(eax): 9.0988 C..: ,..5,. C..: 0.1113,

Performance
S Priorit,

!.M0 5.000 5.000 0.68542
0.200 1.000 5.000 0.2 441
(.:00 0. 2:00 1.000 0.08017

:amda ': 3.2.48 C.I.: 0.147N C.P.: 0.-541Z

SF'roritv
.0 .00 0.131I

7.)00 1.'000 :.000 0.. t
.':0 ,..:,1.000 0.17443
ama(aa): 3.0903 C,.' .C,K 5 C..: ).,,-

-'Opstics
Prior:ti

'.0 00 :I.:00 o(. I"5

I .000 at ".' 0 . . A
:a.data : .:., C.1.: . . . . . , -

1-15



APPENDIX I: Initial Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 0.143 3.000 0.143 0.333 1.000 0.143 0.03863
7.000 1.000 7.000 1.000 7.000 5.000 5.000 0.36441
0.333 0.143 1.000 0.143 0.143 0.143 0.143 0.02152
7.000 1.000 7.000 1.000 3.000 7.000 1.000 0.23819
3.000 0.143 7.000 0.333 1.000 1.000 0.200 0.07196
1.000 0.200 7.000 0.143 1.000 1.000 0.200 0.05997
7.000 0.200 7.000 1,000 5,000 5,000 1.000 0.20431

lamda(max): 7.8369 C.I.: 0.13948 C.R.: 0.10567

Prooel lants
1 2 Priority

1.000 .00O 1.000 0.59052
0.111 1.000 7.000 0.26108
1.000 0.14 1.000 0.14841

laoda(max): 5.204 C.1.: 1.1!519 C.R.: 1.'2274

laintainab iIi ty

1 2 3 Prioritv
1.000 0.143 0.200 0.073

7.000 1.000 3.000 0.64912
000 0.Z7.3 1.000 0.2789t

1aAda(max): d.0649 C.I.: 0.03244 C.P, : 0.(15594

aneuierabz Ii ty
1 2 3 Priority

1.000 5.000 7.000 0.7014?
0.200 1.000 '.000 0.2:991
0.14: 0.143 1.000 0.05860

laadaiAax): 3.2948 C.l.: 0.14739 C.R.: (..5412

The Consisteny oi this hierarchy 0.1600
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APPENDIX I: Initial Survey Data

Judge # 9 AHP RESULTS (ORIINAL SURVEY)
TAV Effectiveness
1 2. 4 4 5 6 Priorit

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 0.333 1.000 0.333 0.733 0.3 0.07399

5.000 0.333 3.000 1.000 3.000 4.000 0.26985
3.000 1.000 3.000 0.333 i.000 3.000 0.18997
3.000 0.333 3.000 0.20 0.333 1.000 0.10344
lamda(sax): 6.6031 C.I.: 0.12063 C.R.: 0.09728

Requiresents

1 4 5 6 7 3 Priority
1.000 5.000 7.000 3.000 3.000 7.000 3.000 0.333 0.24621

0.200 1.000 7.000 1.000 3.000 7.000 7-000 0.333 0.13203
0.0 0. .20 .17 .092

0.143 0.143 1.000 0.143 0.400 . 0.200 0.14 0.0196
0.333 1.000 7.000 1.000 3.000 5.000 3.000 1.000 0.15014
0.33 0,333 5.000 0,333 1.000 3.000 3.00) 0.200 0.07608
0.143 0.143 3.000 0.20) 0.333 1.000 0.200 0.200 .07%4
0.:33 0.333 5.000 0.333 0.333 5.000 1.000 0.200 0.06300

:.000 3.000 7.000 1.000 5.000 5.000 5.000 1.000 0.28764
lamda(max): 8.9796 C.I.: 0.139 4 C.R.: 0.O7925

Perforiance
Priorith

1.000 3.000 0.143 0.15787
(1.::: 1.000 0.143 0.07c90
'.000 7.000 1.000 076623
amda (maJ: .i, C.I.: 0.06761 C. R.: 0,1

-1: : 'rrt

!,00 I 01, 0.333 0.20000
;,000 ~ _ ',)00:30:00-0

:.000 3.000 !.000 .t0000
lamdakmax): :.0(0C C.!.: :.;x00 C.R. 0.00,)00

LogisticB
1 2 : ririt
,60 .00o 3.'o 0. 00O0

0. 1.000 1. OO 0.-0000
0,3:: 1.COO 1.00 0. 20000
aima (aax 3 : .00 C.,.: ,. >X'? ... : .Q000:

1-17
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APPENDIX I: Initial Survey Data

Survivability
1 5 Priority

1.000 0.3.33 0.200 0.200 3.000 0.200 0.200 0.04766
3.000 1.000 0.333 0.333 5.000 0.333 0.333 0.09342
5.000 3.000 1.000 1.000 3.000 1.000 1.000 0.19353
5.000 3.000 1.000 1.000 3.000 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 5.000 1.000 3.000 0.25204
5.000 3.000 1.000 1.000 5.000 0.333 1.000 0.18140
laoda(ax): 7.5146 C.I.: 0.08576 C.R.: 0.06497

Prooel lants
1 2 3 Prioritv

1.000 1.000 0.143 0.111i
1.000 1.000 0.13 0.11111
7.000 7.000 1.000 0. 7778

Paldafmax): 3.0000 C.I.: 0.0u000 C.R.: .00000

%aintainab:it,

I . 4 Priortv
.0 0 0.14" 0.143 0.Z00 0.04436

7.000 1.000 7.00 3.000 0..!1057
.X0 0.3 . 3.00: 0.29106

5.000 0..3 ,.2: 1.000 0.15251
1amda(sax): 4.2281 C.I.: ,'.07104 .R.: 0.0844"

Mane'4erab1ilt,

1 - Pr:r t,
:.000 O .:, :. c0o'. .1883Q9

-..00; 1.00)0 '.:'S 0.7:064

lam,: ima : 0o4 C.I.: 0.:7244 C.F.: v,,

C cnsistenc, ci this erar:.,=

1-18



APPENDIX I: Initial Survey Data

Judge V 10 AHP RESULTS (ORIEINAL SURVEY)

TAV Effectiveness
l 2 3 4 5 6 Priority

1.000 3.000 3.000 3.000 3.000 3.000 0.34463
0.333 1.000 3.000 1.000 0.333 0.333 0.09981

0.333 0.333 1.000 3.000 0.333 0.333 0.08445
0.333 I.000 0.,333 1.00 0333 0,.333 0.06622
0.333 3.00 3.000 3.000 1.000 0.333 0.16582
D.333 3.000 3.000 3.00 3.000 1.000 0.23906

lamda(max): 6.7049 C.I.: 0.14098 C.R.: 0.11370

Reguiresents

1 2 3 4 5 6 7 8 Priority

1.000 1.000 3.000 1.000 3.000 3.,000 3.000 1.000 0.17917

1.000 1.000 1.000 0.Z3 1.000 3.000 1.000 1.000 0.10828
0.333 1.000 1.000 0.3 1.000 3.000 0.3,3 0.333 0.07379
1.300 3.o00 3.000 1.000 5.000 5.000 3.000 1.000 0.23431
0.33, 1.000 1.000 0.200 1.000 !.000 3.000 C.333 0.08176
0.33 0-7333 0.3, 0.200 1.000 1.000 1.000 0.'3 0.05051
0.333 1.000 3.000 0.333 0.333 1.000 1.000 0.200 0.,07566

1.000 1.000 3.000 I.C00 3.000 3.000 5.000 1.000 0.19652

lamda(max): 8.7258 CI.: 0.103 8 C.R.: 0.07353

Per 4oriance

S 2 3 Priority

)(0, A.Z _.V1 0 ";.2"21:

N.000 5.000 1.000 0.70071
lam .atmax). '.1I56 C.I.: 0.0L78I C.F..: 0.116?!

' " r:critv

.%' 5 0.20 0.500 ).210000
.000 :.'O 1.000 0. 4000
2.000 1.00O0 1.000 0.40000

:aoda~iaxJ: '.0000 :.1.: 0.c000C C.F.: 0.t,000,

l.I)O :.co)" 0.111 . 12952

1. 000 0.,11 0.OCT

1atdalIa;'): : .se r.: -,C .. (.l

1-19
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APPENDIX I: Initial Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 1.000 0.200 1.000 0.333 0.200 0.200 0.05306
1.000 1.000 0.200 0.333 0.,33 0.333 0.333 0.04107
5.000 5.000 1.000 5.000 5.000 5.000 5.000 0.40561
1.000 3.000 0.200 1.000 5.000 3.000 3.000 0.19065
3.000 3.000 0.200 0.200 1.000 1.000 3.000 0.10537

5.000 3.000 0.200 0.333 1.000 1.000 3.000 0.12116
5.000 3.000 0.200 0.333 0.3 0.333 1.000 0.08308
laoa(max): 8.Z272 C.I.: 0.22121 C.R.: 0.16758

Prooel lants
1 2 3 Prioriti

1.000 7.000 3.000 0.64912
0.143 1.000 0.200 0.07193
.333 5.000 1.000 0.27895

laudatuax): 3.0649 C.I.: 0.03244 C.P.: 0.05594

Maintainability

4 Prioritv
1.n.0 7.000 7.000 5.000 0.0-4484
5).143 1.000 5.000 3.000 0.19210
0.143 0.200 1.000 0.200 0.04425
0.200 0.333 5.000 1.000 0.11881
lamda(max): 4.4868 C.1.: 0.1t228 C.R.: 0.18031

Maneuerab i: t
$ - " Prioritv

i.000 0.(0 3., 0. 11397
...0 *. 1.000 0.48064

- . ¢a*1.000 . ).00 4 .05391amoamax;: "91- C.I.: 5.3,1453 C.R.: 0.,02506

The C£ns:stencv ct th:s Nerarr. Q.'.

1-20



APPENDIX 1: Initial Survey Data

Judge 4 11 AHP RESULTS (ORIGINAL SURVEY)
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 7.000 7.00) 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 7.00) 7.000 1.000 7.000 0.1313
0.143 0.143 7.000 7.000 0.143 1.000 0.06817
lamda(sax): 8.2015 C.I.: 0.44031 C.R.: 0.35509

Reoux resents
1 2 3 4 5 6 7 8 Priority

1.000 7.000 9.000 7.000 9.000 9.000 0 300 7.000 0.32068
0.143 1.000 9.000 0.143 9.00 9.000 9.000 5.000 0.16629
0.111 0.111 1.000 9.000 7.000 1.000 0.143 0.143 0.11795
0.143 7.000 0.111 1.000 7.000 9.000 7.000 7.000 0.17245
0.111 0.111 0.143 0.143 1.000 7.000 7.000 0.143 0.0:957
0.111 0.111 1.000 0.111 0.143 1.000 0.143 0.143 0.01357
0.III 0.111 7.000 0.14' 0.143 7.000 1.00) 0.14 0.96265
D.143 0.200 7.000 0.143 7.000 7.000 7.000 1.000 0.10683
lamda(eaxw: 17.2861 C.I.: 1.22659 C.R.: 0.94084

Periormance
S ' Priority

1.000 7.000 7.000 0.'4186
0.143 1.000 7.000 0.2027:
0.143 0.143 1.000 0.05540

:amaamaxn: .45 ' .1.: 0.21784 C.P,: 0.37559

Risks
Priorit

00f0 0. :1'0 0.143 0.06292
z.c:! 1.000 0.1.43 1. 18397
'.000 '..00 1.000 0.75311

iamda ka,): '.-.048 C.I.: U,.'479 C.R.: ,.54 1,

Logq: st: cs

, Prorit-
1.600 7. 00 .00 0.3299
.1: 1.000 :. :43 0.06270

0.33 ,7 .)0 1.000 0. :04 1

.5mua~mX):. ?.4 .. :.. -. Wi :..: . :2
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APPENDIX I: Initial Survey Data

Survivability

1 2 3 4 5 6 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 0.143 1.000 0.143 5.000 5.000 0.143 0.07343
7.000 0.200 7.000 1.000 7.000 5.000 0.200 0.14879
7.000 0.143 0.200 0.143 1.000 1.000 0.143 0.03519
7.000 0.143 0.20 0.200 1.000 1.000 0.143 0.03613
,.000 0.143 7.000 5.000 7.000 7.000 1.000 0.24161

laada(eax): 8.9959 C.I.: 0.33265 C.R.: 0.25201

Propellants
1 2 3 Priority

1.000 9.000 7.000 0.76076
0.111 1.000 0.143 0.04805
0.143 7.000 1.000 0.19119

laidatmax): 3.:76 C.I.: 0.1682 ..R.: 0.28245

Maintainabilit,
I 2 4 Prioritv
).000 0.143 0.111 1.0 0 .()2,'7'2

9.000 7.000 1.0 O.1 .i,27 ,

5.000 0.200 0.111 1.'00 0.07957
*amda(aax): 4.585 C.I.: 0.19511 C.R.: 0.21679

Maneuverabi1it',
1 2 " Priorit,

1.000 7.000 7.00 0.7148
.14C 1.O0)0 .0) 0.2.,7

0.14: 0.14 4 :' 0.5t4)
lamcateax): ..45 2.1.: 0.21784 C.P.: 0.37559

The Consistent, -f ll- ':erar:h, 0.6946

1-22
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APPENDIX I: Initial Survey Data

Judge 6 12 AHP RESULTS (ORIGINAL SURVEY)
lAV Effectiveness
1 2 3 4 5 6 Priority

1.000 7.00 1.000 5.000 5.000 5.000 0.35841
0.143 1.000 1.000 5.000 3.000 3.000 0.16746
1.000 1.000 1.000 5.000 1.000 0.200 0.14129
0.200 0.200 0.200 1.000 3.000 3.000 0.10010
0.200 0.333 1.000 0.333 1.000 7.000 0.126!6

0.200 0.333 5.000 0.333 0.143 1.000 0.10657

lamda(max): 9.3079 C.I.: 0.66157 C.R.: 0.53357

Reguirenents
1 2 3 4 5 6 7 8 Priority

1.000 7.000 7.000 5.000 0.143 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
0.143 1.000 1.000 0.200 0.143 0.337 0.143 5.000 0.05147
0.200 5.000 5.000 1.000 0.143 3.000 9.143 5.000 0.09954
7.000 7.000 7.000 7.000 1.000 5.000 5.000 '.000 0.2851
5.000 5.000 3.000 0.333 0.200 1.000 0.143 0.200 0.08547
..000 t.000 7.000 7.000 0.200 7.000 1.000 0.200 0.18,753
0.200 0,100 0.20') 0.200 0.333 5. 060 5.000 1.000 0.10813

iama(sx): 15.1i92 0.1.: 1.01703 C.R.: 0.7212

Performance
1 2 3 Pricrit

I.000 .000 1.000 0.48692
14: 1.000 0.200 0.0772

I .O0 5.000 1.000 0.43526
lamda(max): 3.0126 0.1.: ,'.00t30 C.&.: 0.01086

Ri sls

3 Priority
....~0 ~ 0. 0.07782

5. 3)0 1.')0 1.-.00 0.41526
).000 1.00 ). 48692

amda(max) .1' 01.: ....

* - 3
,)(0 0. 14: % 43 0. o5540

' . ji ;C -, i'0 1. 300! 3j(  2.4 I '

T : f ',, ... 14 -23

I -23
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APPENDIX I: Initial Survey Data

Survivability
1 2 3 4 5 b 7 Priority

1.000 3.000 0.143 1.000 3.000 0.333 3.000 0.16869
0.333 1.000 5.000 7.000 3.000 3.000 3.000 0.25399
7.000 0.200 1.000 1.000 3.000 3.000 0.200 0.17498
1.000 0.143 1.000 1.000 3.000 3.000 0.200 0.07865
0.333 0.333 0233 0.333 1.000 1.000 0.143 0.03454

. 000 0.333 0.333 0.33 1.000 1.000 0.200 0.07788
0.333 0.373 5.000 5.000 7.000 5.000 1.000 0.21127

lamda(sax): 10.6567 C.I.: 0.0946 C.R.: 0.46171

Prooelliants

I 2 Priority
1.000 9.000 5.000 0.75T43
0,111 1.000 5.000 , , 7413
0.200 0.200 1.000 0. 07244
laidamax): .. 5b08 C.I.: 0.28042 C.F.: 0.48348

' aipntai,-aoilt.

4 ri:r:tv
.200 .0)0 ':200 0.200 0.1188.:

o.m0 (.)co o.:o0 0.14 0.04719

.0 00 1 0 . 00 J l.O, 0.5:0

iamdalsax : 4,.7800 CI.: 0.12%d C.F.: 1.1440Q

"apeuerabilt

Prl:rity
.. OIO '. .00 7.0M0 0.b4912

.:.2. 5. '00 . 000 0. 27995

lar naa: :.o4 C.1.: 0.0:244 C.R.: 0.05594

The Consistency of this hierarchy 0.50:6
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APPENDIX I: Initial Survey Data

Ggoatric MenO for 12 Original Surveys
TAY EfftctivmnhS$
1 2 3 4 5 6 Priority

1.000 1.754 2.063 3.605 2.9128 2.199 0.31191
0.570 1.000 2.367 2.945 2.160 2.205 0.24071
0.485 0.423 1.000 1.615 0.670 0.679 0.10957

0.277 0.340 0.619 1.000 1.178 0.689 0.09067
0.342 0.463 1.492 0.849 1.000 1.629 0.12673
0.455 0.453 1.474 1.452 0.614 1.000 0.12040
lasda(max): 6.1652 C.I.: 0.03304 C.R.: 0.02665

Reoui rements
1 2 3 4 5 6 7 8 Priority

1.000 2.234 4.620 2.815 1.894 4.45" 2.225 ,.85q 0.26178
0.448 1.000 3.319 1.37: 1.382 3.362 1.725 2.016 Q. 17003
0.216 0.301 1.000 0.632 0.905 1.t38 0.396 (.542 0.06429
0.55 0.728 1.582 1.WO 1.253 0. 3. 3 7 I.009 0.11892

0.528 0.724 1.1)5 0.798 1.000 1.998 2.085 0.850 (.11636
0.225 0.297 0. 50 0.275 0.500 1,000 0.:71 0.799 0.04549
0.449 0.580 2.52t 0.?65 0.480 2.6c0 1.000 c.8.25 9 .!"649
0.5,8 0.496 1.844 0.991 1.17b 2.504 1.212 .000 1.11664
lamda(oa,): 2.213: C.I.: 0.03047 C.R.: ).02161

Performance
1 - 3 Priorit,

1.000 2.79 1."Ib 0.4,897
.357 1. 000 .'. K. 0'.

{.710 1.664 1.00) 0.0 533
iamda(max): :.06: 5.1.: 0.00'35 C.R.: 0.00578

C p Pr i or i t

.3 1.000 . ,3825

'amda iiax : .', 1" 4 C 2 : i, . . . ,.. i.
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APPENDIX I: Initial Survey Data

Survivability
I 2 3 4 5 b 7 Priority

1.000 0.496 0.5 0.476 0.61, 0.367 0. 25 0.05896
2.017 1.000 0.959 1.678 1.733 0.853 0.590 0.14988

2.835 1.043 1.000 1.208 4.231 1.125 0.480 0.15592
2.100 0.596 0.828 1.000 2.779 1.168 0.375 0.13540

1.582 0.577 0.448 0.360 1.000 0.735 0.293 0.07887

.,2 1.172 0.88 0.856 1.361 1.000 0.500 (. 3
4.263 1.696 2.083 2.665 3.411 1.999 1.000 0.28364

lamda(aax): 7.1164 C.I.: 0.01940 C.R.: 0.01470

Prooel lants
1 2 Prioritv
,. . o6

0.494 1.000 0.b36 0.21879
1._17 1. ,1 1.000 0.40544

Iapda(max): -.,)272 C.I.: 0.0!:.2 C-F.: (..C:278

2 " 4 Frioriti

.:8- 1.,.110 0.719 ,.)4) f).2: 2
., ',.4i . ::00 .!9 C'. 122

i,.)42 C'.Q'3 0. 8 1., ' *.'.7418

:am ail , : 4. - .'5 I. . txu :] I .'. e 0 :-

SaneL~er aO 1!

Pr.* or-it
'.0,-, ) 4, : .5072

I .m",,aI ." , 78 -J . 4
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 1.000 0.111 1.000 1.000 1.000 1.000 0.06320
1.000 1.000 0.111 5.000 7.000 1.000 1.000 0.12804
.000 9.000 1.000 .000 9.000 9.000 9.000 0.56878
!00 0.Z0 0.111 1.000 0.333 1.000 1.000 0.04548
1.000 0.143 0.111 3.000 1.000 1.000 0.3.3 0.05423
1.000 1.000 0.111 1.000 1.000 1.000 1.000 0.06320
1.000 I.000 0.111 1.000 3.000 1.000 1.000 0.07706

!aeda(max): 7.8232 .1.: 0.13721 C.R.: 0.10394

Prooel I ants
! : Pr:ority

1.000 0.2)0 0.200 0.09091
.000 1.)00 1.000 0.45455

5,.00 -.000 1.000 0.45455
lamdafmaxi): 7. )00 .. : 0.00000 C.R.: 0.0000

laintainabilhtv

1 2 4 Prioritv
.000 C. 200 0.206 0. 200 (.0O250

f.00 1.01)0 0 1 ..00 0.00 20
5. 000 1. 000 1.00') 1 . .250
5.000 1.0 )0 :..00 .: ). 0,

lada.max): 4.000 C.I.: ."'0000 C.R.: 0.00000

MIane ,er 3b 11.t,
'. _ P~i r:tv

: . 000 ' 1.0,) .,4545t
. :.OK'K 5.2Kn, 0.4545E

." .'),"? :. CI)0'). Qi9001

:+m.ama,.: .wl .1.: 0.0000 C.F. 0.00000

J-14
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APPENDIX J: AHP Follow-Up Survey Data

Judge 1 7 AHP RESULTS
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 0.02581
0.111 0.333 3.000 1.000 5.000 1.000 0.08300
0.111 0.143 3.000 0.200 1.000 0.333 0.03740
0.111 1.000 5.000 1.000 3.000 1.000 0.09429
lamda(max): 6.7372 C.I.: 0.14744 C.R.: 0.11890

Requirements
i~~ 9 F rioritv

1.000 5.800 0.000 5.000 5.000 9.000 9.000 :.OO 0.41035
0.200 .000 5.000 1.000 1.000 5.000 4.000 1.000 0.12081
0.!1% 0.200 1.000 , 7.111 ..:- 1.000 1.000 1.000 0.03642

0.200 1.000 .0 0} 1.000 1.000 9.000 5.000 1.000 0.17448

0.200 1.00 3.000 0.333 1.000 7.000 5.000 1.000 0.10501
0.111 0.200 1.000 0.111 0.143 1,000 1.000 0.32T, 0.02656
0.111 0.200 1.000 0.200 0.200 1.000 1.000 0.333 0.02906
L. ). 1.000 1.000 1.000 1.000 3.000 3.000 1.000 0.09732

lamda(aax): 8.6076 C.I.: 0.08680 C.F.: 0.06156

Performance
1 2 Priority
XC 3.000 .000 0.60000

0.333 1.00) 1.000 0.:0000
,.-7 .O .00 0.20000

laadatmax): 3.0000 C.I.: 0.00000 C.R.: 0.00000

2 " Prioritv
:.)00 1.0100 1.000 0.3j3
,.000 1. ,X )000:3

-. ?00 1.000 1.000 0.33:3Z

lamaiax): .,OV!; C.,.: 0.00000 C.F.: 0.00000

Priority
_0YO 5- OO1.00 ').45455

':.2:0 .000 C.2K) 0.09091
.)00 5.000 1.000 0.4545 5

I aca I;a .000 C.A : . 0 RI . I) .. C.0I)0
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
I 2 3 4 5 b 7 Priority

1.000 0.143 0.143 1.000 0.143 0.143 0.143 0.02452
7.000 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 0.04590
7.000 1.000 1.000 1.000 1.000 1.000 1.000 0.13842
7.000 7.000 7.000 7.000 1.000 1.000 1.000 0.29405
7.000 9.000 7.00) 9.000 1.000 1.000 1.000 0.32805

lamda(max): 8.2872 C.I.: 0.21453 C.R.: 0.Ib252

Propel i ants
I 2 3 Priority

1.000 7.00 7.000 0.7662
0.143 1.000 0.333 0.07590
0.14: 3.000 1.000 0.15787
lamda(max): :.I5 C.I.: 0.06781 C.R.: 0.11691

laontainahilit,;

- 3 4 Priority

1.000 0.143 0.: 1.0:, 0.0752:
7.000 1.000 ).:11 5.000 0.-:447

000 .000 1.0O' . .:c 5
I.,A0 0.2)0 0.3:3 !.000 0.07779

lamda(sax): '.1944 '.I.: .9815 ).44238

areu, er ab I i t,
I 3 F'ri. r -:.

L.'00 7.000 '..)00 0.77778
C.:*: 1.'>x 1.660 0.I1111
.14: :. :c0 :.co0 0.11111

lama(iaa': :.000 C.I.: 0.00000 C.F.:

'he Ccnsistenc, oi this hierarcThv 0.611

J-12



APPENDIX J: AHP Follow-Up Survey Data

Judge 1 6 AHP RESULTS
TAV Effectiveness
1 2 3 4 5 6 Priority

1.00o 0.333 7.000 7.000 7.000 0.143 0.18057,
3.oOO 1.000 1.000 5.000 7.000 1.000 0.27843
0.143 0.143 1.000 0.143 5.000 0.143 0.04389

0.143 0.200 7.000 1.000 1.000 0.14 0.07269
0.143 0.143 0.200 1.000 1.000 0.143 0.03104
7.000 1.000 7.000 7.000 7.000 1.000 0.:9339

lamda(,ax): 7.5476 C.I.: 0.30951 C.R.: 0.24961

Reauiretents
2 4 5 o 7 8 Frioriti

1.000 7.0)0 7.000 7.000 7.000 9. 000 o.200 1.000 0.-3684

,.143 1.000 5.000 5.000 0.143 7.000 0.143 1. 000 1. 07,57 2
0.143 0.200' 1.000 0.200 1.000 5. f00 0.143 C0. 3 0,9:5 70
0.14' 0.200 5.000 1.000 f.0 5.000 0.143 0.::: 0.04417
L0.'4: 7.000 1.000 .1) 1. f.00 s.000 C. 20)0 i.000 u3. 1454
0.I! . 14: .:Oo .00 0.200 1.500 0.1111 0.143 ,.,1432
.) 7.oo: . 7.0oo _.C00 .0O0 1.000 7.000 a.:-i9
.C)00 1. 00 3.000 :..O 00 1.000 7. 00 0.143 1. ') E.0891b

lamda(imax): 10.2227 C.I.: 0.31747 C.F.: 0.2251

?ericrmance
1 2 3 Prirtv

:.(00 1.000 .000 0. 5ob40
1.00 :.0 *'.205 C. 1724:

* .-. 0. C,

*.... ......... 0.:67",56
!amdaviax: 4.f768 C.I.: 0.78839 C.R.: !.7592

- : Pr,. rlt,

) 7.2,0 ".: ) .77778
(.14: I." :.:0 11111

i a~a~ma : :,)00 :.1.:2'. :00) C.P..: ).. '':

a:, .. ."

J-1 1



APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 0.125 2.000 0.500 1.000 1.000 0.125 0.0530o
8.000 1.000 7.000 6.000 1.000 4.000 1.000 0.29515
0.500 0.143 1.000 0.500 0.500 0.500 0.200 0.03938

).C .15 .30 1.0 :.o :)I 3 . 14' 0i: .:0 657
.0 1.000 2. .... :A0 0' 0 0. 04"4.0 ... . 5: . . .0 4,^
:.oo0 zr, o .ooc c: :: "0.500 :oo .i- o',o ,c

8.0,0 1.,000 5.000 7. 00' t . O ::",' .
laT4a(max;': 7.7748B C. ' . '-. . .

F'noel I an~t3

:1 - - A C .,

. . 0 :, . 000. .0 .J . _ . ,. .

: :¢' . ')0 .20 : : .xsm:"O :

. . t0 1. '0 . .

3 0 ' J0 101) >3QJ ?3'7- .:00 1.0 3to:.500) 1. 80::;."

lada'aax): 4.1K85 C.I.: ).,:6184 2.R.: Q.01871

laneuerabiiitv

:000 0..250 1. O)0 . 1SS 7

4.)0 D .O000 4.0),0 0.6t667
... 1.000 0.266o7

Iamaimad : :a :.v oo 0.1.: 0.00000C.R.: 0.,)0)0

The :-.nsisternc, 7i : i: erar-t, ".,?4P

J- 1



APPENDIX J: AHP Follow-Up Survey Data

Judge # 5 AHP RESULTS
TAV Effectiveness
1 2 4 4 5 6 Priority

1.000 0.500 0.500 3.000 2.000 1.000 0.16626
2.000 1.000 1.000 2.000 2.000 2.000 0.23371
2.000 1.000 1.000 3.000 2.000 3.000 0.267"2
0.33r 0.500 0. 1.000 2.000 0.500 0.10131
0.500 0.500 0.500 0.500 1.000 2.000 0.11420
1.000 0.500 0.333 2.000 0.500 1.000 0.1i679

lamda(max): 6.4121 C.I.: 0.08243 C.R.: 0.06648

Rejn reaents
2 4 5 7 8 Priority

1.000 0. (0 0.000 0. 1 0,250 5.000 4.000 1.000 C. 1 7
)00 1.100 .000 5.000 >., 5.00. 4.000 4.000 0.21474

0. 500 0.5?0 1.000 t.000 0.500 5. 090 4. 02) 2.01 .1400V
0..333 0.200 2. 2' 1.0' :.200 2.000 2.000 2.000 0.0584

0'.CIO (.00' 2.000 5.0(0 1.000 6.000 6.00) 5.000 1.32380
. 500 ,.:7 :.o,0 .0 . 0. 549

' 50 ."250 f'.-'50 0.:¢ 51'! 4 .0) 00 5 ) ...
1. { : . so..' 0.55(09.2,00 2.00 2.900 1.000} 15.0o-3-

, ac ma:: E.3 C.1.: 0.01 .. : 0.{415-

1 Frrririt,
' 3 rizr:t-

. u ' *.c~t
.0 rC1:054c0

3.,11 1, . , 7 5 : i : .

29



APPENDIX J: AHP Follow-LiUp Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 1.000 0.143 0.143 0.200 0.111 0.111 0.01973
1.000 1.000 0.143 0.143 0.143 0.111 0.111 0.01915

7.000 7.000 1.000 7.000 7.000 1.000 1.000 0.25006
7.000 7.000 0.143 1.000 0.200 0.143 0.111 0.05476
5.000 7.000 0.143 5.000 1.000 0.111 0.111 0.08356
9.000 9.000 1.000 7.000 9.000 1.000 1.000 0.27973
9.000 9.000 1.000 9.000 9.000 1.000 1.000 0.29301
lama(max): 8.2509 C.I.: 0.20848 C.R.: 0.15794

Propel lants
1 2 3 Priority

1.000 0.200 0.143 0.07030
5,000 1.000 5.000 0.b7243
7.000 0.200 1.000 0.2572b6

:aaa(aax): 3.435? C.I.: ,".21794 C.R.: 0.755,

Maintainaoilitv
4 Fra3rtv

0000 0.111 0.200 o".: o.O5865

9.1)00 1.000 5.000 0. 3:. 0.34204
5.000 0.200 1.000 0.200 0. 110:
".000 3.0 5.000 1.000 0.47827

laada(max): 4.7787 C.I.: 0.25956 C.R.: 0.28840

Maneuerablhtv
1 2 Pr:oritv

1.C00 .000 9.000 0.75076
0.14Z 1.000 '. 00 0.19119

111 y.14% !.000 0.04805
lamda'..aa: :. 7i C.1.: "..2 £.R.: O.28245

The Crsistenc, oi thu flerarcy 0.299
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APPENDIX.J: AHP Follow-Up Survey Data

Judge * 4 AIH RESULTS
TAY Effectiveness
1 2 3 4 5 6 Priority

1.000 9.000 9.000 9.000 9.000 9.000 0.60031
0.111 1.000 5.000 1.000 3.000 3.000 0.12656
0.111 0.100 1.000 1.000 0.333 0.333 0.03987
0.111 1.000 1.000 1.000 3.000 3.000 0.10375
0.111 0.333 3.000 0.334 1.000 0.200 0.04667
0.111 0.333 3.000 1.333 5.000 1.000 0.08295

lasda(max): 6.9923 C..: 0.19846 C.R.: 0.16004

Reouirements
1 2 4 5 6 7 8 Priority

1.000 9.000 9.000 1.000 1.000 9.000 9.000 9.000 0.25351
0.111 1.000 1.000 0.200 1.000 0.143 7.000 0.200 0.03998
0.111 I.000 1.000 0.143 0.143 0.143 5.000 1.)00 0.02849
1.000 5.000 7.000 1.W00 7.00 9.000 9.000 ?.000 0.73175
1.000 1.000 7.000 0.14. 1.000 7.000 .000 9.000 0.18296
0.111 7.000 7.000 0.111 0.143 1.000 9.000 0.143 0.06652
0.111 0.143 o.200 0. 11! 0.1111 0.111 1.000 0.111 0.,1108
0.1I1 5.000 1.000 0.111 0.111 7.000 ?.000 1.000 0.08570
lamda(max): 11.2589 C.I.: 0.46555 C.R.: 0.'3018

er formance

I - Priority
:.000 ".000 0.143 0.19119
0.14' 1.00 ).111 ).04805

.00 0.000 1.,O0 0.76076
lamda(max): .,276 6.1.: 0.16382 C.R.: 0.2824'

3 Priority
1.00 f.Mo ". 1.000 0. 72193
0.200 1,000 7.000 ). :270b

21:1 .4 V :.000 05121

.amda(max): C.. 8e .. ,.104:: C.R.: 10.17971

Looistics
2 : Prrt,

'.9Oc0 0.:4 . i: :.I.AO.085
'.000 .QO , 0.14! 0.19119

. 00 .61) .000 0. 7607b
lamdaim ): .'.Z 7 6 C.1I .(' it:.: C.P.: ''Z Z

J-7
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 4 5 6 7 Priority

1.000 7.000 3.000 7.000 0.333 5.000 0.200 0.17865
0.143 1.000 0.333 3.000 0.200 1.000 0.200 0.04804
0.333 3.000 1.000 3.000 1.000 3.000 0.200 0.10180
0.143 0.333 0.333 1.000 0.200 3.000 0.143 0.03947
-.000 5.000 1.000 5.000 1.000 5.000 0.333 0.19958
0.200 1.000 0.333 0.333 0.200 1.000 0.143 0.0.3310
5.000 5.000 5.000 7.000 3.000 7.000 1.000 0.39935
jama(max): 7.8842 C.I.: 0.14736 C.R.: 0.11164

Procel 1 ants
1 2 Priority

i.000 1.000 0.333 0.20000
_,000 1.000 0.3.3 0.20000
_.000 3.000 .00 0.60000

iam1a(max): ...0000 2..: 0.00000 C.R.: 0.00000

lrtainabilit,
1 4 Friornt,

f00 C 11. 0 . 10685

:.M0c 1.000 0.3,: 1.000 0.20919
5.,.0: 000 1.000 ..0000 '.5255
.00 .000 0.3 1.000 0.15786

lamda(max): 4.1155 C.I.: 0.0:849 C.R.: 0.042h7

MIaneuver abi1 It,
2 Pricrit

',00 .000 7.00' 0.71471
0.200 1.".0C !.600 0.21849
.14, .2':0 1.0 0 0.06o80

lamdamax): .1828 C.I.: 0.0118 C.R.: 0.1,575t

The Consistency of this nmerarctv .
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APPENDIX J: AHP Follow-Up Survey Data

Judge # 3 AF RESULTS
TAV Effectiveness

4 5 6 Priority
1.000 1.00 1.000 3.000 5.000 7.000 0.25874
1.000 1.000 1.000 3.000 5.000 7.000 0.25874
1.000 1.000 1.0o 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 0.047r
0.143 0.143 0.143 0.143 0.333 1.000 0.02803

lamda(max): 6.2805 C.I.: 0.05609 C.R.: 0.04524
r

Reaui rements
1 2 3 4 5 6 7 3 Priority

1.000 7.000 3.000 5.000 5.000 9.000 0.333 1.000 O.2393:
0.143 1.000 3.000 0.33 0.200 5.000 0.200 0.200 0.04415
0.333 0.33 1.000 0,3Z3 0.143 3.000 0.200 0.33 0.0548
0,200 3000 3.000 1.000 0.200 5.000 0.200 0.333 0.06154
0.200 5.000 7.000 c_000 1.000 7.000 0.333 3.000 0.17347
0.111 0.200 0.333 0.200 0.143 1.000 0.111 0.111 0.01610
3.000 5.000 5.000 5.000 3.000 9.000 1.000 3.000 0.30151
1.000 5.000 3.000 3.000 0.3? 3.000 0.333 1.000 0.12847

lamda(max): 9.2068 C.I.: 0.17241 C.R.: 0.12227

Perf oruance
1 2 3 Prioritv

1.000 5.000 7.000 0.65864
0.200 1.000 1.000 0.15618
0.333 1.000 1.000 0.18517
laada(max): 3.0291 C.A.: 0.01453, C.R.: 0.02505

Risks

Proritv
.Iuo 0.00 1. . 0.07193
5.100 1.000 (.2: 0.27895
7.)00 '.)00 1.000 0.64912
1 aeda'iax': :.%o4? 2.1.: C1.03244 CAR.: 0.05594

Loaistics
- " ricrlt'

.oo 5.000 0,33 0.27895
Q.200 1.))0 0.14: 0.0719::.ooo 7200 1000 0. 4912

iarna(max': :.1649 C.I.: 0.1::44 ..: 05.. 4
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II APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 '4 4 5 6 7 Priority

1.000 0.333 0.33 0.200 1.000 0.200 0.143 0.03468

..000 1.000 1.000 2.000 1.000 0.200 0.143 0.07781
3.000 1.000 1.000 1.000 1.000 0.200 0.143 0.06584

5.000 0.500 1.000 1.000 .000 0.333 0.200 0,09161

1.000 1.000 1.000 0.333 1.000 0.333 0.200 0.05596

5.000 5.000 5.000 3.000 3.000 1.000 0.200 0.21440

7.000 7.000 7.000 5.000 5.000 5.000 1.000 0.45970

lamdaiuax): 7.6524 C.I.: 0.10874 C.R.: 0.88

Prooel 1 ants
Friortv

1.000 5.000 . 0.28720
0.200 1.000 0.167 0.07796
3.000 6.000 1.000 0.63484

laadatax) :.0o40 C.1.: 0.04701 C.R.: 0.08105

Maintainailitv
1 2 3 4 Priority

1.000 1. 000 0.200 0.200 0.09082
.000 1.000 0.3: ,333 0.11701

5.000 3.000 1.000 1. 000 0. 3908
"5.000 j.0 ..000 1.0) 0.9608

lamdatmax): 4.0328 0,1.: 0.01093 L.A.: ".021

laneuverabiitv
1 2 Priority

.00 0.500 D.200 0.10884

:.oo "1.000 0.167 (.15258
5.,)00 !. 1.000 0.72858
iamoaaax): '.0258 .1.: 0.04288 C.R.: 0.C7?4

The Corsistenct of thi3 n:erarchv 0.0472

J-4
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APPENDIX J: AHP Follow-Up Survey Data

Judge 0 2 AHP RESULTS
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 1.000 1.000 3.000 1.000 0.500 0.15858
1.000 1.000 2.000 3.000 1.000 1.000 0.20296
1.000 0.500 1.000 1.000 1.000 1.000 0.14235
0.333 0.333 1.000 1.000 0.3313) 0.200 0.06935
1.000 1.000 1.000 3.000 1.000 0.333 0.15131
2.000 1.000 1.000 5.000 3.000 1.000 0.27545
amda(max): 6.3120 C.I.: 0.06240 C.R.: 0.05032

Reauirements
1 2 3 4 5 6 7 8 Priority

1.000 1.000 1.000 0.500 7.000 1.000 2.000 1.000 0.16"79
1.000 1.000 1.000 1.000 7.000 7.000 3.000 1.000 0.18690

1.000 1.000 1.000 1.000 7.000 7.000 2.000 1.000 0.17486
2.000 1.000 1.000 1.000 7.000 7.000 1.000 1.000 0.18265
0.143 0.143 0.14: 0.143 1.000 1.000 0.333 0.3Z3 0.02867
0.14' 0.143 0.143 0.143 1.000 1.000 0.333 0.37 0.02867
0.500 0.333 0.500 1.000 3.000 3.000 1.000 1.000 0.09942
1.000 1.000 1.000 1. 000 3.000 3.000 1.000 1.000 0.13503

lamda(ma): 8.2550 C.I.: 0.03643 C.R.: 0.02584

Perforiance
! 2 3 F rizritt

*.000 3.000 1.000 0.42857
0.3.: 1.01N . 0.14286
i.00) ,.000 1.000 0.42857

lamcatmax,: '.0100 C.I.: 0.00000 C.R.: 0.00000

Risks
I -FPrioriti

1.,')0 .143 0.:3 0.08795
:. o %.() 3.000 0. 6942
:.000 O.::: 1.OOC 0.424

iamdaaax): . ,07 0 .1.: '.00)51 .7: 0.0,O6

-ac1~tici

S F'rior: t,
:.c'0 :.cc0 :'.::: ....

:. :::c 1,0o 00 00 0,07
"" :.00 00 ,. 00*r,

, lmda, a): ::°5 .:: 0:'12 . :. .: ).-3Z

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



APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 0. 333 T 0.3TV33 0. 3 3.000 0.200 0.200 0.06006
.000 1.000 1.000 1.000 3.000 1.000 0. 337 0.14434
.000 1.000 1.000 1.000 3.000 1.000 1.000 0.16399
.000 1.000 1.000 1.000 3.-000 0.3733 1.000 0.14434
0.333 0.333 0.333 0.333vT 1.000 0.333 0.3-3 0.04917
5.000 1.000 1.000 34.000 34.000 1.000 1.000 0.21000
5.000 3.000 1.000 1.000 3.000 1.000 1.000 .21000

lainda(sax): 7.4316 C.I.: 0.07193 C.R.: 0.05449

Prooel lants
2 3 Prioritv

1.000 0.'"3 0.1 0.14286
300 1.000 1.000 0.42857

3000 1.000 M.00 0.42857
aada~max? : '.flwo C. I.: 0.00-000 C.F,.: 0.00000

Mantiabli7

- 4 Priority

.. 00 0.' 7 7' 0.33 0.939
i000 1.'0 0.33 .00 0.17614

7.oo i 30 . i00 1.00': 7.000 0.48268
.000 2.000 0. 33 1.0CIO0 0.247:5

I amda ' ax) : 4.215 - .1.: 0. 7 175 C.. 0. 07Q7:

3 Pricrit,

0 0 :C. :'0 J.00 0.17081

:.Oco _.:0 1.0)0.22c94
;:L'285 2.1.: .04238 C.F.: 0C~

'he Co,)sisterc, oi this iierarchy

J -2



APPENDIX J: AHP Follow-Up Survey Data

Judge I I AHP RESULTS
TAV Effectiveness
" 2 3 4 5 6 Priority

1.000 3.000 3.000 5.000 1.000 3.000 0.31320
0.333 1.000 1.000 3.000 0.3 3.000 0.14129

0.33Z 1.000 1.000 3.000 1.000 3.000 0.16696
..O 0."::: .. - 1.000 0. : 0..-" 0.057:4

1.000 3.000 1.000 3.000 1.000 '.000 0.24440
0.333 0.333 0.333 3.000 0.333 1.000 0.08280

lamda(max): 6.457 C.I.: 0.06913 C.R.: 0.05575

Recuirements
1 2 ., 4 5 6 7 3 Priority

1.000 1 .000 ,.o00 1.000 q.000 1.000 !.000 0.13448
1.000 1.000 1.000 1.000 1.000 5.000 1.000 1.000 0.13448
1.000 1.000 1.000 1.000 1.000 5.000 7.000 1.000 0.15496
1.000 1.000 1.000 1.000 1.000 5.E)O 7.000 1.000 0.15496
1.000 1.000 1.000 1.000 1.000 5.000 :.oO 1.000 0.15496
0.200 0.200 0.200 0.00 0.00 1.000 0.200 0.200 0.02b9)

1.000 ).33- 0. 33 0.7': 5.000 1.000 ..3"T (.0847i
1.000 1.000 1.000 1.000 1.0(K) 5.000 3.000 1.000 0.15496

laicda(mlax): 8.2:59 C.I.: 0.u270 C.R.: 0.02:90

.erformance

1 " Prioritv
1.000 1.000 '.00) (1.42357
. .00 1.000 :.)i0) 0.42357

O .33 Z .3 0.00 0.14286

lamda(ia: : )000 C.I. 0.000 C.R.: MV

R'sks

Friorit
1.0)00 0.200 ,."00 :.'f90QI
5. 000 1. X.C :.oo0:' :. 4,4,5

5. 000 I 1 ;co ,. 000 ., 454'J5
I aiida ota.. . ,30 . . C. 000K £ .F. : 0. 1000C

,00 3::6:::
.000 . 000 1.C0'. F.2- 10
:. 00 ' <0 :.0)0 .485,

1 arda ~la; : : ,o0 .1I: o,,:0000 ,F.: :.)0,

JI-1
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APPENDIX J: AHP Follow-Up Survey Data

Judge t8 AHP RESULTS

TAV Effectiveness

1 2 3 4 5 6 Priority
1.000 1.000 1.000 7.000 1.000 7.000 0.24097

1.000 1.000 1.000 5.000 3.000 5.000 0.26909
1.000 1.000 1.000 5.000 1.000 5.000 0.21213
0.143 0-200 0.200 1.000 0.-',W 0.200 0.032912

1.000 0-333 1.000 5.000 1.000 5.000 0.184412

0.143 0.200 0.1.00 5.000 0.200 I.W)0 0.06057'

lamda(mafl: 6.4751 C.I.: 0.09502 C.R.: 0.07663

Reauirements
1 2) 4 5 6 7 8 Priority

1.000 0.200 9.000 1.000 0--3 . 0,0,,

5.000 1.000 9.000 7 1 .00.000000 ". "2,6
0.111 0.111 1.000 0.143 0.143 1.000 0.143 0.143 0.01785

1.000 0.333 7.000 1.000 0.33 9.000 3.000 1.000 0.12949

3.000 1.000 7.000 3.000 1.000 9.000 3.000 1.000 0.20471
0.'1I ().111 1.000 0.111 0.111 1.000 0.111 0.!11 0.01547

75.000 0.333 .000 0233 0.3 9.000 1.000 0.333 0. iI
5.000 7.000 7.000 1.000 1. 0 .00 5.000 MO0 1.000 0.23842

Iamda(max): 9.0988 C.I.: ('. 1597 C.R.: 0.11137

'e"for. lance
2 1 Proratv

..)00 5.,)00 5.000 0.i8542
0..200 1.0)0 5.000 0.3441
:.:o0 0.200 1.000 0.08017

iamaa(aax): .2948 C.I.: 0.1471, C.R.: 0.:5412

Pi~k
'. 2 3 Priority

L,00 .143 1.0001 0.13151
7.!00 1.000 7.006 0.69406
:. :'.'': 0 f:?' 1.,00 *..: .-4

lamdalmax): 8.0807 .I.: :.040:5 C..: .,:

1 - Prloritw

5.00 7.000 1.100 0.74705

,C . .: "
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 b 7 Priority

1.000 0.143 3.000 0.143 0.333 1.000 0.143 0.03863
7.000 1.000 7.000 1.000 7.000 5.000 5,000 0.36441
0. 333 0.143 1.000 0.143 0.143 0.143 0.143 0.02152
7.000 1.000 7.000 1.000 3.000 7.000 1.000 0.23819
3.000 0.143 7.000 0.333 1.300 1.000 0.200 0 07296
1.000 0.200 7.000 0.143 1.000 1.000 0.200 0.05997
7.000 0.200 7.000 1.000 5.000 5.000 1.000 0.20431

lamda(sax): 7.8369 C.I.: 0.13948 C.R.: 0.10507

ProOellants
1 2 3 Priority

1.000 9.000 1.000 0.59052
).111 1.000 7.000 0.26108
1.000 0.143 1.000 0.14841

laada(max): 5.2:04 C.I.: 1.11519 C.R.: 1.92274

Maintainabilit;y

I 2 3 4 Priority
1.000 0.143 0.20 0.200 0.04719
7.000 1.000 :.oo0 5.000 0.5'630
1.000 0.333 1.00, 5.000 0.,976E

5.000 0.200 0.200 1.000 0.11883
laadauaax): 4.3890 C.I.: 0.12968 C.R.: 0.1449

aneuverab1 i t.
Prioritn

!.000 5.000 '.000 0.70149
".200 1.000 7.000 0.23991
0.143 0.14: 1.000 0.05860
lamdaiaax): :.4948 C.I.: 0.14779 C.R.: 0.25412

The Consistencv :f tnis nierar:hv 0.1504

J-16



APPENDIX J: AHP Follow-Up Survey Data

Judge 1 9 AHP RESULTS
TAV Effectiveness
1 3 4 5 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 0.333 1.000 0.333 0.333 0.333 0.07399
5.000 0.333 3.000 1.000 3.000 4.000 0.26985
3.000 1.000 3.000 0.333 1.000 3.000 0.18997

3.000 0.333 3.000 0.250 0.333 1.000 0.10344

lamaa(aaxl: 6.6031 C.I.: 0.12063 C.R.: 0.09728

Requirements

1 2 3 4 5 6 7 8 Priority
1.000 5.000 1.000 3.000 3.000 7.000 3.000 0.7,'3 0.24621
0.200 1.000 7.000 1.000 3.000 7.000 3.000 0..3. 0,13203
0.143 0.143 1.000 0.143 0.200 0.333 0.200 0.143 0.01926
0.333 1.000 7.000 1.000 3.000 5.000 3.000 1.000 0.15014
0.33 0.333 5.000 0.333 1.000 3.000 3.000 0.200 0.07608
0.143 0.143 3.000 0.200 0,333 1.000 0.200 0.200 0.02964
0.333V 0.3 5.000 0., 0.33Z 5.000 1.000 0.200 0.06300

3.000 3.000 7.000 1.000 5.000 5.000 5.000 1.000 0.28364
Iamda(aax): 8.9796 C.I.: 0.13994 C.F.: 0.09925

Performance
I 2Priority

',)0 3.000 0.143 0.15787
0.333 1.000 0.143 0.07590
".000 7. 000 1.00) 0.76b2

"amda(max): 7.1356 C.I.: 0.06781 C.R.: 0.11691

Risks
1 2 - Proritv

1. )00 1. 000 :. SO 0.30769
1.000 1.000 0.800 0.30769
1. 250 1.250 1.000 0.,8462

lamoa(max): .109:0 6.1.: 0. :0000 C.F.: 0.00000

Logistics
1 2 Priorit...' ~VJ J~~V-.0 .A0n '.000 0.O000

0.:.: 1.000 ,.N 0. 200
::: 1.000 1. 00 0,20000

Saida: ): .1". 00 C. I. : 0.,': 00) 2. F,. : 0'0

J-17
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APPENDIX J: AHP Follow-Up Survey Data

Suryivability
I 2 4 4 5 6 7 Priority

1.000 0.33! 0.200 0.200 3.000 0.200 0.200 0.04766
3.000 1.000 0.333 0.333 5.000 0.333 0.333 0.09342
5.000 3.000 1.000 1.000 3.000 1.000 1.000 0.19353
5.000 3.000 1.000 1.000 3.000 1.000 1.000 0.19353
0.333 0.200 0.33T 0.333 1.000 0.200 0.200 0.03842
5.000 3.000 1.000 1.000 5.000 1.000 3.000 0.25204
5.000 3.000 1.000 1.000 5.000 0.333 1.000 0.18140

lasda(max): 7.5146 C.I.: 0.08576 C.R.: 0.06497

ProDellants
S 2 Priority

1.000 1.000 0.143 0.11111
1.000 1.000 0.143 0.11111
7.000 7.000 1.000 0.77778

lasda(sax): 3.0000 C.I.: 0.00000 C.R.: 0.00000

aiantainab1:ty
1 2 4 Priority

1.000 0.143 0.143 0.200 0.04496
..000 1.000 '.00O .000 0.51057
7.000 0."'1 1.000 .000 0.29196
f.000 0.333 0).33 1.000 0.15251
lamda(max): 4.2281 C.I.: 0.07604 C.R.: 0.08449

Maneuerabmlitv

1 2 3 Priority
.00 0.200 :.000 0.18839

5.000 1.00O0 7.0)0: 0.73064

Y.3" :.43 1.00 0.C8096
lamdatmax): :.0o4; C.I.: 0.0:244 C.R.: 0.05594

The Cons:stenc, oi thi Nherarch= 0.0545

J-18
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APPENDIX J: AHP Follow-Up Survey Data

Judge # 10 AHP RESULTS
TAV Effectiveness
1 2 3 4 5 6 Priority

1.000 3.0o0 3.000 3.000 3.000 3.000 0.34463
0.333 1.000 3.000 1.000 0.333 0.333 0.09981
0.333 0.333 1.000 3.000 0.333 0.333 )0.08445
0.333 1.000 0.333 1.000 0.333 0.333 0.0662
0.333 3.000 3.000 3.000 1.000 0.333 0.16582
o .Y73 3.000 3.000 3.000 3.000 1.000 0.23906

lamda(max): 6.7049 C.I.: 0.14098 C.R.: 0.11370

Reouirements
1 2 3 4 5 6 7 8 Priority

1.000 1.000 :.OO 1.000 3.000 3.000 3.000 1.000 0.17917
... ,.'- I }! 0 '. 0K. ' X :: : .. . . . ..."" : ..=o ' o:' :. ,oo . 1'¢828

:.oAil 3.0 30 :.,o .00 5.0 300 .000233
0.:; C1:7 7? ' . .. " '. .

1.000 MO !.000 '000 5.000 .O0 3.:)CO 0.COO 0....1 . ., ) 1 ). .

0. ? . 3 0.7" 33.,?T 0.200 1,000 1.000 1.000 05051
0.333 1.000 7 .000 0.32 0.33Z 1.000 1.000 0.200 0.07566

L.000 1.000 3.000 1.000 3.000 3.00 5.000 1.000 0.1%52
lamdataax): 8.7258 C.I.: 0.10368 C.R.: 0.07353

'eriormance
2 3 Prioriti

:.20'. ).333 .200 0.,"9717

3.000 1. NN 0.200 .20212
5.000 5. X0 1.00' 0.70071
!amdaksa:,': :.I:5, C.'.: 0.06781 C.R.: 0.11691

.isks

1 2 '. Priority
!.)CI 0.500 0.100,n. .0000
2.00 1.C00 1.K00 0.40000
2. ). 000 1.000 0.LH 00o

laidaa: 7.0000 0.: 0.00000 0.R. 0.0000

- ] Pr~orit,
1.0* * . ,). ,," >. 2152

: 33 :.'X' 0.111 0;..6-2.

. :o( .000 1.000 0.8(2:

J-19
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 1.000 0.200 1.000 0.333 0.200 0.200 0.05306
1.000 1.000 0.200 0.333 0.333 0.333 0.333 0.04107
5.000 5.000 1.000 5.000 5.000 5.000 5.000 0.40561
1.000 3.000 0.200 1.000 5.000 3.000 3.000 0.19065
3.000 3.000 0.200 0.200 1.000 1.000 3.000 0.10537
5.000 3.000 0.200 0.M3 1.000 1.000 3.000 0.12116
5.000 3.000 0.200 0-33 0.3373 0.333 1.000 0.08308
lama(max): B.3272 C.I.: 0.212 1 C.R.: 0.16758

Prooel lants
1 2 3 Priority

1.000 7.000 3.000 0.64912
0.143 1.000 0.200 0.07193
0.33 5.000 1.000 0.27895

lamdatmax;: 7.0649 C.I.: 0.03244 C.R.: 0.05594

Maintainabilitv

1 2 3 4 Prioriti
1.000 7,000 7.000 5.000 0.64484
p.I43 1.000 5.000 .000 0.19210
0.147 0.200 1.000 0.200 0. 4425
0.200 0.333 5.000 1.00 0.11881

lamda(max): 4.4868 C.I.: 0.16228 C.R.: 0.18031

% neu ier a3 i I t t,

. Prioritv
'..:)00 0.20(5 G.32" 0.11U97

-. )00 1. XU) 1.000 0.48064
" :0 I.200 1.000 0.405'9
'.a a~m ): .'0o 1 . !. 01)4f C.R.: 0.0250t

'he :':ns:;tenc, z. ~th; :erarcnw 0.1050
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APPENDIX J: AHP Follow-Up Survey Data

Judge # 11 AMP RESULTS
TAV Effectiveness
1 3 4 5 6 Priority

1.000 2.000 7.00 7.000 7.000 7.000 0.39494
0.500 1.000 7.000 7.000 7.000 7.000 0.32603
0.143 0.143 1.000 0.200 0.143 0.143 0.02182
0.143 0.143 5.000 1.000 0.143 5.000 0.07371
0.143 0.143 7.000 7.000 1.000 2.000 0.13246

0.143 0.143 7.000 0.200 0.500 1.000 0.05104
laida(max): 7.5967 C.I.: 0.31935 C.R.: 0.25754

Reuui regents
1 2 3 4 5 6 7 8 Priority

!.000 7.000 9.000 7.000 9.000 9.000 9.000 7.000 0.42194
0.14' 1.000 9.000 0.143 9.000 9.000 9.000 5.000 0.14559
0.111 0.111 1.000 0.143 0.200 1.000 5.000 0.143 0.02372
0.143 7.000 7.000 1.000 7.000 9.000 7.000 7.000 0.24189
0.111 0.111 5.000 0.147 1.000 7.000 7.000 0.143 0.04677
0.111 0.111 1.000 0.111 0.143 1.O00 0.143 0.143 0.01344
0.111 0.111 0.200 0.14 0.14' 7.000 1.000 0.143 0.02134
0.143 0.200 7.000 0.147 '.000 7.000 7.000 1.000 0.08532
lamda(aax): 11.0889 C.I.: 0.44127 C.R.: 0.31296

Performance
Z Priorint

1.000 7.000 7.000 0.75311
0.143 1.000 5.000 1 839,

).143 0.200 1.000 0.06292
lamda(max): :.2948 C.I.: 0.14739 C.R.: 0.25412

Risks
Pr:orit,

')0 :00 0.143 0.0680
5.I00 :.000 0.200 0.21849
.G.0 5.0(0 1,000 0.71471

laada(aax): :.1828 C.I.: (.Q13E C.R.: C...7S

.zisth cs
3 Priorltv

1,000 _200 3.000 C..329C
0.143 1.L00 0.143 0.0 4270
(.32. flt0) 1.000 0.30431

Iaeaa(maax: " .135e 0.1.: 0.06781 G.E.: ).II1.9

J-21
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 6 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 0.143 1.000 0.143 5.000 5.000 0.143 0.07343
7.,000 0.200 7.000 1.000 7.000 5.000 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 .03613
7.000 0.143 7.000 5.000 7.000 7.000 1.000 0.24161

iasda(max): 8.9959 C.I.: 0.33265 C.R.: 0.25201

Prooel lants
I 2 3 Priority

L.O00 9.000 7.000 0.76076
0.111 1.000 0.143 0.04805
0.143 7.000 1.000 0.19119
lama(max): 3.Z276 C.I.: 0.16382 C.R.: 0.28245

Maintainab lit,
2 3 4 Priority

1.000 ).147 0.111 0.200 0. 3372
.J00 1. 000 0.143 5.000 .2(:401

9.000 7.000 1.000 9.000 0.68270
5.000 0.200 0.ill 1.000 0.07957
.amda(max): 4.5853 C.I.: 0.19511 C.R.: O.21670

aneuverabil ity
1 Priority

:.X'C 7.00 '000 0.74186
0.14 1. )00 '. )00 .' 2, 7
M4, 4. I.:o 0.05540

!ama~a~ax): :.4 57 C.l.: 0.21784 C.R.: 0.17559

n :r5i-terc, :f tnis ierarchy 0.289
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APPENDIX J: AHP Follow-UP Survey Data

Judge #12 AHP RESULTS
lIAY Effectiveness

1 2 3 4 5 6 Priority
1.000 0.143 1.000 5.000 5.000 5.000 0.21111
MO00 1.000 1.000 5.000 3.000 13.000 0.3B63
1.000 1.000 1.000 5.000 1.000 5.000 0.18754
o.2.00 0.200 0.200 1.000 0.333 3.000 0.05058
0.200 0.333 1.000 3.000 1.000 7.000 0.12546
G.200 0.3 0.20 0 ~0.1437 1.000 0.03898

lamda(aix): 7.2422 C.I.: 0.24847 C.R.: 0.20031.

Reauirements
1 2 3 4 5 7 Priority

1.000 7.000 7.00o 5.000 0.143, 0.200 0.200 5.000 0.13624
0.14'a 1.000 1.000 0.200 0.143 0.200 0.200o 0.2 00 0.01760
0.143 1.000 1. 0) 0.200 0.14 0.Z'33 0.143 5.000 0.06870
0.200 5.000 5.000 1.000 0.143 3.000 0.143 0.200 0.063321
7.000 7.000 7.000 17.000 i.000 5.000 5.000 3.000 0.29507
5.000 5.000 3 .000 0.333 0.200 1.000 1.143 0.200 0.0862V
5.0(10 5.000 7.000 7.000 0.2100 7.000 1.000 0.200 0.18520
:NO0 !. 0)0 00 5200 7:7 5.000 5.000 1.000 0.14759

lamda(aam): 13.9826 C.1.: 0.8403,6 C.R.: 0.59600

Perf orumn ce
1 2 3 Priority

1.000 7. 000 1.000 0. 48092
C1. 14: . 1. cOO 0.200i ). 07781
1.001) 5.000) 1.000 1).4 35 2t

- Prioriti
-. u .'.143 ').,778

5.0000 10.0 0. 4:516

.)0 C 1.101) 1.0 C486c"2

.aiida(sax:: :.4:5' C.I.: CJa C .;.. j~
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
1 2 3 4 5 6 7 Priority

1.000 3.00 7.000 1.000 3.000 3.000 3.000 0.29514
0.333 1.000 5.000 7.000 3.000 3.000 3.000 0.26087
0.143 0.200 1.000 1.000 3.000 3.000 ).200 0.06511
1.000 0.143 1.000 1.000 3.000 3.000 0.20) 0.09341
0.333 0.333 0..'33 0.33 1.000 1.000 0.143 0.04181
0.3.33 0.333 0.333 0).333 1.000 1.000 0.200 0.04317
0.333 0.333 5.000 5.000 7.000 5.000 1.000 0.20049
lama(max): 8.4143 C.I.: 0.23572 C.R.: 0.17858

Propel lants

1 3,, Priority
1.000 9.000 5.000 0.73519
(1,111 1.000 0,200 0.05811
0.200 5.000 1.000 0.20670

lamda(max): 3.1171 C.I.: 0.05855 C.P.: 0.10095

Maintainatilitv

2 4 Pricrity
1.000 5.000 0.200 0.200 0.183
..200 1.000 0.0 0.143 0.0471Q
5,000 5.000 1.000 0.33 0.29768

5...X0 ,.000 ".000 1.000 0. 5630
lamdalaax): 4.3890 C.I.: 0.12968 C.R.: 0.14409

aneuverabiz ity
1 2 Piorit-

7.000 7.)00 7.00 0.64912
-4 .0.) ).0712.7

iamdaisax): '.064? C.I.: 0.0U44 C.F.: 0.05504

'le *ns:stenc. 3f 'this h erarcv (.'076
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APPENDIX J: AHP Follow-Up Survey Data

3eotric Mean for 9 Returned Surveys
TAV Effectiveness

2 3 4 5 6 Weight
I.00 1.22 1.87 3.62 .131 1.87 0.27804

0.82 1.00 2.25 2.84 2.25 2.31 0.26297
0.53 0.44 1.00 1.09 1.11 1.00 0. 1211
0.28 0.35 0.92 1.00 1.29 0.76 0. 10217

0.43 0.44 0.90 0.77 1.00 0.98 0.10875
f.53 0.43 1.00 1.32 1.02 1.00 0. 12486

lamda(max): 6.0563 C.I.: 0.01126 C.R.: 0.00908

Recuirements
2 4 5 7 8 Weiaht Como-Wt

1.00 2.08 3.91 2.10 1.89 7.47 1.44 1.07 O.'2977 0.0639
0.48 1.00 2.77 1.20 0.34 4. 02 1. 8 0.04 0.13445 0.0374
0.26 0.36 1.00 0.36 0.44 1.71 0.77 0.55 0.06119 0.0170
0.48 0.84 2.76 1.00 1.02 5.70 1.60 1.08 0.14541 0.0404
0.53 1.20 2.25 0.9E 1.00 4.8' 1.76 1.28 (. Q .041 8

0.13 0.25 0.58 0.18 0.21 1.00 0.41 0.20 0.03161 0.0088
0.70 0.5F 1.29 0. 2 0.57 2.44 1.00 0.59 :.09281 0.0258
0.94 !.56 1.32 !).3 G .78 4.95 1.70 1.00 0.15434 0. 0429

lamdaimax): 2.1429 C.?.: ,.0218 C.P.: ).01509

Per'or.aance

2 3 Weiaht Como-W*
..00 2.99 .. ,9 0.48?40 0.1287
0. :5 :.0C 0.58 0.18062 0.0475
0.72 .71 .0,) 0.2999 0.0868

iaidautax): :.0047 C.i.: 0.0021: ,..R.: 0.00369

' Neigqt Coam-Wt
.. 30 0.7 0 0,. :0091 0.03!"8

' 7 0. 4012' .'4,10
1.00 7 ) 9776 1) 0.0(5

.ada( ax;: '0 0.00011 C.R.: 0.0)019

S' 1. 0174

i!-Fa!l : ii a ;(' C ' '. ., .p.: . .,. .
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APPENDIX J: AHP Follow-Up Survey Data

Survivability
I 2 3 4 5 6 7 Weight Coma-Wt
1.00 0.44 0.46 0.46 0.67 0.44 0.19 0.05984 0.0075

2.26 1.00 0.76 1.52 1.40 0.65 0.39 0.12576 0.0157

2.18 1.31 1.00 1.34 1.51 0.72 0.47 0.13918 0.0174
2.17 0.66 0.75 1.00 1.14 0.81 0.33 0.10829 0.0135

1.48 0.71 0.66 0.88 1.00 0.66 0.27 0.09183 0.0115

2.2_7 1.53 1.38 1.24 1.51 1.00 0.52 0.15863 0.0198
5.26 2.58 2.14 3.00 7.76 1.92 1.00 0.31648 0.0395

laodaamax): 7.0439 C.I.: 0.0072.
1 C.R.: 0.00555

Proellants
1 2 Weight

1.00 1.27 0.43 0.26101
0.79 1.00 0.68 0.25917
2._1 1.47 1.00 0.47981

laoda(max): 3.0529 C.I.: 0.02643 C.R.: 0.04557

Maint ainab ilIit i

1 2 3 4 Weiaht
1.00 0.25 0.24 0.:5 0.08285
4.03 1.00 0.?0 1.17 0.3128
4.19 1.12 1.00 1.76 0.36896
2.32 0.85 0.57 1.00 0.2.581 laada(max): 4.0101 C.I.: 0.006 C.R.: 0.00373

Maneuverab iIixt
, - : Weight

1.00 1.22 2.44 0.43531
0.82 .00 .05 0.40992
0.41 0.33 1.00 0.15478

Iaia(lax): 3.0200 C.I.: 0.01000 C.R.: 0.01724

'he Consistency of this hierarchy 0.0097
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APPENDIX J: AHP Follow-Up Survey Data

Geoaetric Mean for 12 Revised Surveys (9 Returned,

TAV Effectiveness
2 3 4 5 6 Weight

1.000 1.143 2.063 3.869 2.764 2,35q (.29743
0.875 1.000 2.367 2.945 2. 160 1.205 0.26146
0.485 0.42' 1.000 1.168 0.840 0.887 0.11267
0.258 0.340 0.856 1.000 0.958 0.927 0.09372
0.362 0.463 1.190 1.166 1.000 1.122 0.11956
0.424 0.453 1.127 1.079 0.891 1.000 0.11517
lamda(max): 6.0298 C.I.: 0.00596 C.R.: 0.00480

Reauirements
1 2 4€ 5 0 7 8 ei.;ht Coso-Wt

1.;'(0 2.397 4.305 2.44 1.803 5.200 1.509 1.412 0.23851 0.0709
0.417 1.):)0 2.575 0.r7 0.893 1.26? 1.551 7 . 0.0360
J.2:2 0.388 .,00 0.31' 0.4:5 1.495 0. 1 0.566 0.0582 0.0173
0.4:7 1.i99 3.,55 1.000 1.159 5.554 1.560 1.090 0.1.569 0.0463
0.5S . 26 4(.l8: 1.000 4..7, 7.2! 1.02! C.1478 0.0440

( ).192 3.3% o 1.9 t ).220 1.000 ). "I ,. 204 0.03474 .010-.
0. b6 ._45 :.7_B3 0.c41 0.444 2.698 0. :o1 0.438 0089' C.020

.9 . (.3 1." 018 0.979 4.391 2.285 1.000 C.114:9 0. 0459
Iama a'. ax : -,, . _ . .." ,. . "4.. 1.0. 0."155t.

-erurace

* ~ ~ ~ ~ ~ 7 .;Q .: .: 3 .0384

* . ,eight 2oc-Wt

L75.7 '..,i0 , Q5 l.1 02"1

..4 .0 .0480

l~ma m "._.' " C.I: O,;Z Z C..: 0..KC-"

od' -Ie i tCooW

S We .'.v ," :-W.

13-

.744 4
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APPENDIX J: AHP Follow-Up Survey Data

Survivabilitv
I 2 3 4 5 6 7 Weight Coma-Wt

1.000 0.496 0.488 0.476 0.632 0.441 0.235 0.06425 0.0074

2.017 1.000 0.959 1.678 1.516 0.853 0.577 0.14831 0.0171

2,050 1.043 1.000 1.208 1.951 1.125 0.480 0.14879 0.0171

2.,00 0.596 0.828 1.000 1.625 1.168 0.367 0.12467 0.0144

1.582 0.660 0.513 0.615 1.000 0.735 0.293 0.08863 0.0102

2,,66 1.1) 0.888 0.85' 1.361 1.000 0.500 0.13593 0-0157
4.263 1.732 2.083 2.72 3.411 1.999 1.000 0.28942 0.0333

lasdaIsax): 7.0608 C.I.: 0.01013 C.R.: 0.00767

Pronel 1 ants
2 Weight

1.000 i.025 0.786 0.36869

0.494 1.000 0.487 0.19631

1.27 Z.055 1.000 0.43500
lamda(max): .0057 C.I.: 0.00285 C.R.: 0.00491

Ma intainab1litv
4 Weight

1.000 0.402 0.29 0.402 0.10645

2.485 1.000 0.783 1.200 0.28210
Z.417 1.277 1.000 1.464 0. 6 ''

.488 0.933 (1. 86 1.000 ).24893
lasda(sax): 4.0028 C.I.: 0.00094 C.R.: 0.00105

Mane verability
1 2 3 Weiant

1.001) 1.4)7 2.,97 0.45b72
0.71 1200 '.'74 .76,'
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Appendix K: Voting Data

Survivability
1 2 3 4 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 0.167
1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00 0.286
0.50 0.00 0.00 0.00 0.00 0.50 0.50 1.50 0.071
0.50 0.00 0.00 1.00 0.00 0.50 0.00 2.00 0.095
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

Zeta(u) = 0.4643 Zeta(c) = 0.5000

Propellants
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.500

Zeta(u) = 0.7500 Zeta(c) z 1.0000

Maintainability
1 2 3 4 Total Weights

0.00 0.04) 0.00 0.00 0.00 0.000
1.00 0.00 0.50 0.50 2.00 0.333
i.00 0.50 0.00 0.50 2.00 0.33
1.00 0.50 0.50 0.00 2.00 0.333

Zeta(u) = 0.5000 Zeta(c) = 0.5000

Maneuverabi Ii ty
2 3 Total Weights

0.00 0.51) 1.00 1.50 0.500
0.50 0.00 1.00 1.50 0.500
0.00 0.00 0.00 0.00 0.000

Zetamui 0.7500 Zeta(c) z 1.0000

K-14



Appendix K: Voting Data

Judge # 7 Results (Voting Matrix)
TA EffKtivgSS

1 2 3 4 5 6 Total Weights
0.00 1.00 1.00 1.00 1.00 1.00 5.00 0.333
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 0.0o 1.00 0.00 1.00 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
Zeta(u) a 0.9062 Zeta(c) = 0.9375

Requirements
1 2 3 4 5 6 7 8 Total Weights

0.00 i.0 1.00 1.00 1.00 1.00 1.00 1.00 7.00 0.250

0.00 0.00 1.00 0.50 0.50 1.00 1.00 0.50 4.50 0.161
0.00 0.00 0.00 0.00 0.00 0.50 0.50 0.50 1.50 0.054

0.00 0.50 1.00 0.00 1.00 1.00 1.00 0.50 5.00 0.179
0.00 0.50 1.00 0.00 0.00 1.00 1.00 0.50 4.00 0.143

0.00 0.00 0.50 0.00 0.00 0.00 0.50 0.00 1.00 0.036

0.00 0.00 0.50 0.00 0.00 0.50 0.00 0.00 1.00 0.036

0.00 0.50 0.50 0.50 0.50 1.00 1.00 0.00 4.00 0.143

Zeta(u) = 0.7625 Zeta(c) = 0.7750

Performance
I 2 3 Total Weights

0.00 1.0') 1.00 2.00 0.667
0.00 0.00 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0.167

Zetalu) 0,7500 letalc) z 1.0000

Risks
1 2 3 Total Weights

0.00 0.50 0.50 1.00 0.333
0.50 0.00 0.50 1.00 0.337
0.50 0.50 0.00 1.00 0.333

Zetaiul = 0.0000 Zeta(c) - 0.0000

Logistics
1 2 3 Total Weiqhts

0.00 1.00 0.50 1.50 0.500
0.00 0.00 0.00 0.00 0.000
0.50 1.00 0.00 1.50 0.500

Zeta(u) 0.7500 Zeta(c) = 1.0000

K-13
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Appendix K: Voting Data

Survivabil ity
1 2 3 4 5 6 7 Total Weights

0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.50 0.024
1.00 0.00 0.50 1.00 0.50 0.00 0.00 3.00 0.143
1.00 0.50 0.00 0.50 0.50 0.00 0.00 2.50 0.119
0.50 0.00 0.50 0.00 0.50 0.00 0.00 1.50 0.071
1.00 0.50 0.50 0.50 0.00 0.50 0.50 3.50 0.167
1.00 1.00 1.00 1.00 0.50 0.00 0.50 5.00 0.238
1.00 1.00 1.00 1.00 0.50 0.50 0.00 5.00 0.238

letai(u) = 0.6071 Zeta(c) : 0.6429

Propel l ants
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000
0.00 1.00 0.00 1.00 0.333

Zetalu) = 1.0000 Zeta(c) = 1.0000

Maintainability
1 2 3 4 Total Weights

0.00 0.00 0.00 0.50 0.50 0.083
1.00 0.00 0.00 1.00 2.00 0.333
1.00 1.00 0.00 1.00 3.00 0.500
0.50 0.00 0.00 0.00 0.50 0.083

Zeta(u) z 0.8750 Zeta(c) = 1.0000

Maneuverability
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0.167

:eta(u) 0.7500 Zeta(c) z 1.0000
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Appendix K: Voting Data

Judqe # 6 Results Votinq Matrix)
TAY Effectiveness
1 2 3 4 5 6 Total leights
0.00 0.00 1.00 1.00 1.00 0.00 3.00 0.200
1.00 0.00 1.00 1.00 1.00 0.50 4.50 0.300
0.00 0.00 0.00 0.00 1.00 0.00 1.00 0.067
0.00 0.00 1.00 0.00 0.50 0.00 1.50 0.100
0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.033
1.00 0.50 1.00 1.00 1.00 0.00 4.50 0.300

Zeta(u) = 0.8750 Zeta(c) = 0.9375

Requirements
1 2 3 4 5 6 7 8 Total Weights

0.00 1.00 I.00 1.00 1.00 1.00 0.00 0.50 5.50 0.196
0.00 0.00 1.00 1.00 0.00 1.00 0.00 0.50 3.50 0.125
0.00 0.00 0.00 0.00 0.50 1.00 0.00 0.00 1.50 0.054
0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 2.00 0.071
0.00 1.00 0.50 1.00 0.00 1.00 0.00 0.50 4.00 0.14,3
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 7.00 0.250
0.50 0.50 1.00 1.00 0.50 1.00 0.00 0.00 4.50 0.161

Zeta(u) = 0.8500 Zeta(c) = 0.8750

Performance
1 2 3 Total Weiqhts

0.00 0.50 1.00 1.50 0,500
0.50 0.00 0.00 0.50 0.167
0.00 1.00 0.00 1.00 0.333

Zeta(u) = 0.2500 Zeta(c) = 0.5000

Risks
I 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
3.00 0.00 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0.167

Zetaiu) = 0.7500 Zetalc) a 1.0000

Logistics
1 2 3 Total Weights

0.00 1.00) 0.00 1.00 0."33
0.00 0.00 0.00 0.00 0.000
1.00 1.00 0.00 2.00 ).667

"eta(u) = 1.0000 2etac) : 1.0000

K-1 1



Appendix K: Voting Data

Survivability
1 2 3 4 5 6 7 Total Weights

0.00 0.00 1.00 0.00 0.50 0.50 0.00 2.00 0.095
1.00 0.00 1.00 1.00 0.50 1.00 0.50 5.00 0.238
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
1.00 0.00 1.00 0.00 1.00 1.00 0.00 4.00 0.190
0.50 0.50 1.00 0.00 0.00 1.00 0.00 3.00 0.143
0.50 0.00 1.00 0.00 0.00 0.00 0.00 1.50 0.071
1.00 0.50 1.00 1.00 1.00 1.00 0.00 5.50 0.262

Zeta(u) = 0.8393 Zeta(c) 0.8571

Propel lants
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 1.00 0.00 2.00 0.667

Zeta(u) 1.0000 Zeta(c) = 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 1.00 0.50 2.50 0.417
1.00 0.00 0.00 1.00 2.00 0.333
1.00 0.50 0.00 0.00 1.50 0.250

Zeta(u) = 0.6250 Zeta(c) = 0.7500

Maneuverability -
1 2 3 Total Weights

0.00 0.00 0.50 0.50 0.17
1.00 0.00 1.00 2.00 0.667
0.50 0.00 0.00 0.50 0.167

:eta(u) 0.7500 2eta(c) = 1.0000

K-10
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Appendix K: Voting Data

Judge I 5 Results (Voting Matrix)
TAV Effectiveness
1 2 3 4 5 6 Total Weights
0.00 0.00 0.00 1.00 1.00 0.50 2.50 0.167
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 1.00 1.00 0.067
0.50 0.00 0.00 1.00 0.00 0.00 1.50 0.100

Zeta(u) = 0.7500 Zeta(c) a 0.8125

Requi rements
1 2 3 4 5 6 7 8 Total Weights

0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.50 4.50 0.161
1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 6.00 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 1.00 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

Zeta(u) = 0.9375 Zeta(c) z 0.9500

Performance
1 2 3 Total Weights

0.00 1.00 0.50 1.50 0.500
0.00 0.00 0.00 0.00 0.000
0.50 1.00 0.00 1.50 0.500

"eta(u) = 0.7500 Zeta(c) = 1.0000

Risks
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.c 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0.167

:eta(u) = 0.7500 Zeta(c) = 1.0000

Logistics
1 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 0.667

Zeta(u) 1.0000 Zeta(c) = 1.0000
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Appendix K: Voting Data

Survivabilitv
1 2 3 4 5 6 7 Total Weights

0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.50 0.024
0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.024
1.00 1.00 0.00 1.00 1.00 0.50 0.50 5.00 0.238
1.00 1.00 0.00 0.00 0.00 0.00 0.00 2.00 0.095
1.00 1.00 0.00 1.00 0.00 0.00 0.00 3.00 0.143
1.00 1.00 0.50 1.00 1.00 0.00 0.50 5.00 0.238
1.00 1.00 0.50 1.00 1.00 0.50 0.00 5.00 0.2.48

Zeta(u) = 0.9107 Zetalc) = 0.9286

Propel lants
1 2 3 Total Weights
0.00 0.00 0.00 0.00 0.000
1.00 0.00 1.00 2.00 0.667
1.00 0.00 0.00 1.00 0.333

eta(u) a 1.0000 Zetatc) = 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 1.00 0.00 2.00 0.333
1.00 0.00 0.00 0.00 1.00 0.167
1.00 1.00 1.00 0.00 3.00 0.500

Zeta(u) a 1.0000 Zeta(c) = 1.0000

Maneuverabil itv
2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
).00 0.00 1.00 1.00 0.331)
0.00 0.00 0.00 0.00 0.000

:eta(u) 1.0000 leta(c) = 1.0000
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Appendix K: Voting Data

Judge # 4 Results (Voting Hatrix)
TAV Effectiveness

1 2 3 4 5 6 Total Weights
0.00 1.00 1.00 1.00 1.00 1.00 5.00 0.333
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 0.033
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 0.067
0.00 0.00 1.00 0.00 1.00 0.00 2.00 0.133

Zeta(u) a 0.7813 Zeta(cl = 0.8125

Requireents
1 2 3 4 5 b 7 9 Total Weights

0.00 1.00 1.00 0.50 0.50 1.00 1.00 1.00 6.00 0.214
0.00 0.00 0.50 0.00 0.50 0.00 1.00 0.00 2.00 0.071
0.00 0.50 0.00 0.00 0.00 0.00 1.00 0.50 2.00 0.071
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 1.00 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 0.0o 0.00 0.00 0.00 0.000
0.00 1.00 0.50 0.00 0. 1.00 1.00 0.00 3.50 0.125

Zeta(u) z 0.8125 Zeta(c) = 0.8250

Performance
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 1.00 0.00 2.00 0.661

Zeta(u) 1.0000 Zeta(c) - 1.0000

Risks
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 1.00 1.00 0.333
0.00 0.00 0.00 0.00 0.000

Zeta(u) : 1.0000 Zetalc) 1.0000

Logistics
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 0.667

Zeta(u) 1.0000 zetalc) z 1.0000
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Appendix K: Voting Data

Survivability
1 2 3 4 5 6 7 Total Weights

0.00 1.00 1.00 1.00 0.00 1.00 0.00 4.00 0.190
0.00 0.00 0.00 1.00 0.00 0.50 0.00 1.50 0.071
0.00 1.00 0.00 1.00 0.50 1.00 0.00 3.50 0.167

0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 0.048
1.00 1.00 0.50 1.00 0.00 1.00 0.00 4.50 0.214
0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.50 0.024
1.00 1.00 1.00 1.00 1.00 1.00 0.00 6.00 0.286

Zeta(u) = 0.8929 Zeta(c) = 0.9286

Propellants
1 2 3 Total Weights

0.00 0.50 0.00 0.50 0.167
0.50 0.00 0.00 0.50 0.167
1.00 1.00 0.00 2.00 0.667

Zeta(u) = 0.7500 Zeta(c) z 1.0000

Maintainabilitv -----

1 2 3 4 Total Weights
0.00 0.00 0.00 0.50 0.50 0.083
1.00 0.00 0.00 0.50 1.50 0.250
1.00 1.00 0.00 1.00 3.00 0.500
0.50 0.50 0.00 0.00 1.00 0.167

Zeta(u) = 0.6250 Zeta(c) = 0.7500

Maneuverabi Ii ty
1 2 3, Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 1.00 1.00 0.333
0.00 0.00 0.00 0.04) 0.000

Zeta(u) 1.0000 Zeta(c) z 1.0000
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APPENDIX Ks Vatinq Data

Judge I 3 Results (Voting Matrix)
TAY EffectiveneSs

1 2 3 4 5 6 Total Wei ghts
0.00 0.50 0.50 1.00 1.00 1.00 4.00 0.267
0.50 0.00 0.50 1.00 1.00 1.00 4.00 0.267
0.50 0.50 0.00 :.00 1.00 1.00 4.00 0.267
0.00 0.00 0.00 0.00 1.00 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

Zeta(u) = 0.8750 Zeta(c) a 0.8750

Requiresents
1 2 3 4 5 6 7 8 Total Weights

0.00 1.00 1.00 i. O 1.00 1.00 0.00 0.50 5.50 0.196
0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 2.00 0.071
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.036
0.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 3.00 0.107
0.00 .00 1.00 1.00 0.00 1.00 0.00 1.00 5.00 0.179
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 7.00 0.250
0.50 1.00 1.00 1.00 0.00 1.00 0.00 0.00 4.50 0.161

Zeta(u) = 0.9625 Zeta(c) z 0.9750

Performance
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0.167

Zeta(u) 0.7500 Zeta(c) = 1.0000

Risks
1 2 3 Total Neights

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 0.667

zeta(u) = 1.0000 Zetalc) z 1.0000

Loqistics
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 1.00 0.00 2.00 0.667

Zetatu) 1.0000 Zeta(c) z 1.0000
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APPENDIX Ks Voting Data

Survivability
1 2 3 4 5 6 7 Total Ieights
0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.024
1.00 0.00 0.50 1.00 0.50 0.00 0.00 3.00 0.143
1.00 0.50 0.00 0.50 0.50 0.00 0.00 2.50 0.119
1.00 0.00 0.50 0.00 1.00 0.00 0.00 2.50 0.119
0.50 0.50 0.50 0.00 0.00 0.00 0.00 1.50 0.071
1.00 1.00 1.00 1.00 1.00 0.00 0.00 5.00 0.238
1.00 1.00 1.00 1.00 1.00 1.00 0.00 6.00 0.286

Zeta(u) = 0.7857 leta(c) x 0.8214

Propel lants
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 1.00 0.00 2.00 0.667

Zeta(u) = 1.0000 Zeta(c) = 1.0000

Maintainability
1 2 3 4 Total Weiqhts

0.00 0.50 0.00 0.00 0.50 0.083
0.50 0.00 0.00 0.00 0.50 0.083
1.00 1.00 0.00 0.50 2.50 0.417
1.00 1.00 0.50 0.00 2.50 0.417

Zeta(u) = 0.7500 Zeta(c) = 1.0000

Maneuverability
1 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 0.667

Zetalu) 1.0000 Zeta(c) 1.0000
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APPENDIX Ks Voting Data

Judge # 2 RIsults (Voting Matrix)
TAV Effectiveness
1 2 3 4 5 6 Total Weights
0.00 0.50 0.50 1.00 0.50 0.00 2.50 0.167
0.50 0.00 1.00 1.00 0.50 0.50 3.50 0.233
0.50 0.00 0.00 0.50 0.50 0.50 2.00 0.133
0.00 0.00 0.50 0.00 0.00 0.00 0.50 0.033
0.50 0.50 0.50 1.00 0.00 0.00 2.50 0.167
1.00 0.50 0.50 1.00 1.00 0.00 4.00 0.267

Zeta(u) a 0.3750 Zeta(c) = 0.4375

Requirements
1 2 3 4 5 6 7 8 Total Weights

0.00 0.50 0.50 0.00 1.00 1.00 1.00 0.50 4.50 0.161
0.50 0.00 0.50 0.50 1.00 1.00 1.00 0.50 5.00 0.179
0.50 0.50 0.00 0.50 1.00 1.00 1.00 0.50 5.00 0.179
1.00 0.50 0.50 0.00 1.00 1.00 0.50 0.50 5.00 0.179
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.018
0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.50 0.018
0.00 0.00 0.00 0.50 1.00 1.00 0.00 0.50 3.00 0.107
0.50 0.50 0.50 0.50 1.00 1.00 0.50 0.00 4.50 0.161

Zeta(u) = 0.6250 Zeta(c) = 0.6500

Perforeance
1 2 3 Total Weights

0.00 1.00 0.50 1.50 0.500
0.00 0.00 0.00 0.00 0.000
0.50 1.00 0.00 1.50 0.500

Zeta(u) = 0.7500 Zeta(c) z 1.0000

Risks
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 1.00 2.00 0.667
1.00 0.00 0.00 1.00 0.3

Zeta(u) : 1.0000 Zeta(c) = 1.0000

Logistics
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 1.00 0.00 2.00 0.667

Zeta(u : 1.0000 Zeta(c) 1.0000
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APPENDIX K: Voting Data

Survi vabi 1 ity
1 2 3 4 5 6 7 Total Weights

0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.049
1.00 0.00 0.50 0.50 1.00 0.50 0.00 3.50 0.167
1.00 0.50 0.00 0.50 1.00 0.50 0.50 4.00 0.190
1.00 0.50 0.50 0.00 1.00 0.00 0.50 3.50 0.167
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
1.00 0.50 0.50 1.00 1.00 0.00 0.50 4.50 0.214
1.00 1.00 0.50 0.50 1.00 0.50 0.00 4.50 0.214

Zeta(u) z 0.6786 Zeta(c) : 0.7143

Propel I ants
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.500

Zeta(u) z 0.7500 Zeta(c) = 1.0000

Nlintainabil itv
1 2 3 4 Total Weights

0.00 0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.00 0.00 1.00 0.167
1.00 1.00 0.00 1.00 3.00 0.500
1.00 2.00 0.00 0.00 2.00 0.333

Zeta(u) = 1.0000 Zeta(c) = 1.0000

Maneuverabi1it
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 1.00 2.00 0.667
1.00 0.00 0.00 1.00 0..33

:etaiu) = 1.0000 Zetac) = 1.0000
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APPENDIX K: Voting Data

Judge I I Results (Voting Matrix)
TAV Effectiveness
1 2 3 4 5 6 Total Heights
0.00 1.00 1.00 1.00 0.50 1.00 4.50 0.300

0.00 0.00 0.50 1.00 0.00 1.00 2.50 0.167
0.00 0.50 0.00 1.00 0.50 1.00 3.00 0.200
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
0.50 1.00 0.50 1.00 0.00 1.00 4.00 0.267
0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.067

Zetalu) = 0.8437 Zeta(c) = 0.8750

Requirements

1 2 3 4 5 6 7 8 Total eights
0.00 0.50 0.50 0.50 0.50 1.00 0.50 0.50 4.00 0.143
0.50 0.00 0.50 0.50 0.50 1.00 0.50 0.50 4.00 0.143
0.50 0.50 0.00 0.50 0.50 1.00 1.00 0.50 4.50 0.161
0.50 0.50 0.50 0.00 0.50 1.00 1.00 0.50 4.50 0.161
0.50 0.50 0.50 0.50 0.00 1.00 1.00 0.50 4.50 0.161
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
0.50 0.50 0.00 0.00 0.00 1.00 0.00 0.00 2.00 0.071
0.50 0.50 0.50 0.50 0.50 1.00 1.00 0.00 4.50 0.161

Zeta(u) = 0.4250 Zeta(c) = 0.4500

Performance

1 2 3 Total Weights
0.00 0.50 1.00 L.50 0.500
0.50 0.00 1.00 1.50 0.500
0.00 0.00 0.00 0.00 0.000

Zeta(u) 0.7500 Zeta(c) z 1.0000

Risks
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.500

Zeta(u) = 0.7500 Zeta(c) = 1.0000

Logistics
I 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.50

:eta(u) : 0.7500 Zetalc) = 1.0000
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Appendix K: Voting Data

Judge I 8 Results (Voting Matrix)
TAV Effectiveness
1 2 3 4 5 6 Total Neights

0.00 0.50 0.50 1.00 0.50 1.00 3.50 0.233
0.50 0.00 0.50 1.00 1.00 1.00 4.00 0.267
0.50 0.50 0.00 1.00 0.50 1.00 3.50 0.233

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
0.50 0.00 0.50 1.00 0.00 1.00 3.00 0.200

0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.067
Zeta(u) = 0.7188 Zeta(c) = 0.7500

Requi resents
4 5 6 7 8 Total Weights

0.00 0.00 1.00 0.50 0.00 1.00 0.00 0.00 2.50 0.089

1.00 0.00 1.00 1.00 0.50 1.00 1.00 0.00 5.50 0.196
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.118

0.50 0.00 1.00 0.00 0.00 1.00 1.00 0.50 4.00 0.143

* 1.00 0.50 1.00 1.00 0.00 1.00 1.00 0.50 6.00 0.214
0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.50 0.018

1.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 3.00 0.107

1.00 1.00 1.00 0.50 0.50 1.00 1.00 0.00 6.00 0.214

Zeta(u) = 0.8500 Zeta(c) = 0.8750

Performance

1 2 3 Total Weights
0.00 L.00 1.00 2.00 0.667
0.00 0.00 1.00 1.00 0.33:

0.00 0.00 0.00 0.00 0.003
Zetatu) 1.0000 Zeta(c) = 1.0000

Risks
2 . Total Weights

0.00 0.00 0.50 0.50 0.167
1.00 0.00 1.00 2.00 0.667
0.50 0.0Ch0 0.00 (.50 0.167

Zetau) = 0.7500 Zeta(c) = 1.0000

Logistics
1 2 Total Weights

0.00 0.50 0.00 0.50 0.1'
0.50 0.00 0.00 0.50 0.167
1.00 1.00 0.00 2.)0 0o67

-eta(u, = 0.750:j :etaic? 1.000
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Appendix Kz Voting Data

Survivabil itY
1 2 3 4 5 6 7 Total Weights

0.00 0.00 1.00 0.00 0.00 0.50 0.00 1.50 0.071
1.00 0.00 1.00 0.50 1.00 1.00 1.00 5.50 0.262
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
1.00 0.50 1.00 0.00 1.00 1.00 0.50 5.00 0.218
1.00 0.00 1.00 0.00 0.00 0.50 0.00 2.50 0.tt1
0.50 0.00 1.00 0.00 0.50 0.00 0.00 2.00 0.095
1.00 0.00 1.00 0.50 1.00 1.00 0.00 4.50 0.214

Zet~u? =0.8929 Zetalc) = 0.9286

Progel lants
1 2 3 Total Weights

0.00 1.00 0.50 1.50 0.500
0.00 0.00 1.00 1.00 0.333
0.50 0o.N 0.00 0.50 0.167

* 7eta(ul = 0.2500 Zeta(c) = 0.5000

~Maintainabilitv
1 2 3 4 Total Weiqhts

0.00 0.00 0.00 0.00 0.00 0.)00¢
1.00 0.00 1.00 1.00 3.00 0.500
1.00 0.00 0.00 1.00 2.00 0.33
1.00 ".00 0.00 0.00 1.00 0.167

Zeta(u) z 1.0000 Zetalc) = 1.0000

Maneuverabi i tv
I 2 2 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.0,) 1.00 1.00 0."1"
0.00 0.00 0.00 0.00 0.000

V 2eta~ui 1.0000 Zeta(c) z 1.O000

I

I
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Appendix K: Voting Data

Judge # 9 Results (Voting Matrix)
TAY Efiectiveftess
1 2 3 4 5 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 3.50 0.233
1.00 0.00 1.00 0.00 0.00 0.00 2.00 0.133

Zeta(u) = 0.9062 Zeta(c) = 0.9375

Requirements
1 2 3 4 5 6 7 8 Total Weights

0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 6.00 0.214
0.00 0.00 1.00 0.50 1.00 1.00 1.00 0.00 4.50 0.161
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 1.00 0.00 3.00 0.107
0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.036
0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 2.00 0.071
1.00 1.00 1.00 0.50 1.00 1.00 1.00 0.00 6.50 0.232

Zeta(u) = 0.9375 Zeta(c) = 0.9500

Performance
I 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

Zeta(u) 1.0000 Zeta(c) = 1.0000

Risks
I 2 3 Total Weights

0.00 0.50 0.00 0.50 0.167
0.50 0.00 0.00 0.50 0.167
1.00 1.00 0.00 2.00 0.667

Zeta(u) = 0.7500 Zeta(c) = 1.0000

Loqistics
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.50 0.50 0.167
0.00 0.50 0.00 0.50 0.167

Zeta(u) 0.7500 Zeta(c) = 1.0000
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Appendix K: Voting Data

Survivability
1 2 3 4 5 6 7 Total Neights
0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.048
1.00 0.00 0.00 0.00 1.00 0.00 0.00 2.00 0.095
1.00 1.00 0.00 0.50 1.00 0.50 0.50 4.50 0.214
1.00 1.00 0.50 0.00 1.00 0.50 0.50 4.50 0.214
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000

1.00 1.00 0.50 0.50 1.00 0.00 1.00 5.00 0.238

1.00 1.00 0.50 0.50 1.00 0.00 0.00 4.00 0.190

Zeta(u) = 0.8393 Zeta(c) = 0.8571

Propel lants
1 2 3 Total Weights

0.00 0.50 0.00 0.50 0.167
0.50 0.00 0.00 0.50 0.167
1.00 1.00 0.00 2.00 0.667

Zeta(u) = 0.7500 Zeta(c) 1.0000

Maintainabilitv

1 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 0.33
1.00 0.00 0.00 0.00 1.00 0.167

Zeta(u) = 1.0000 Zetac) = 1.0000

Maneuverability - -
1 2 3 Total Weights

0.00 0.00 1.00 1.00 0.333
1.00 0.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000

Zeta(u) 1.0000 Zeta(c) = 1.0000
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Appendix K: Voting Data

Judge # 10 Results (Voting Matrix)
TAV Effectiveness

1 2 3 4 5 6 Total Weights
0.00 1.00 1.00 1.00 1.00 1.00 5.00 0.333
0.00 0.00 1.00 0.50 0.00 0.00 1.50 0.100
0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.067
0.00 0.50 0.00 0.00 0.00 0.00 0.50 0.033
0.00 1.00 1.00 1.00 0.00 0.00 3.00 0.200
0.00 1.00 1.00 1.00 1.00 0.00 4.00 0.267

Zeta(u) = 0.9062 Zeta(c) = 0.9375

Requiresents
1 2 3 4 5 6 7 8 Total Weights

0.00 0.50 1.00 0.50 1.00 1.00 1.00 0.50 5.50 0.106
0.50 0.00 0.50 0.00 0.50 1.00 0.50 0.50 3.50 0.125
0.00 0.50 0.00 0.00 0.50 1.00 0.00 0.00 2.00 0.071
0.50 1.00 1.00 0.00 1.00 1.00 1.00 0.50 6.00 0.214
0.00 0.50 0.50 0.00 0.00 0.50 1.00 0.00 2.50 0.089
0.00 0.00 0.00 0.00 0.50 0.00 0.50 0.00 1.00 0.036
0.00 0.50 1.00 0.00 0.00 0.50 0.00 0.00 2.00 0.071
0.50 0.50 1.00 0.50 1.00 1.00 1.00 0.00 5.50 0.196

Zeta(u) = 0.6000 leta(c) = 0.6250

Per foreance
1 .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 0.667

Zeta(u) 1.0000 Zeta(c) = 1.0000

Risks
I 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.500

Zeta(u) = 0.7500 Zeta(c) = 1.1000

Logistics
1 2 3 Total Weights

0.00 1.00 0.00 1.00 0.3
0.00 0.00 0.00 0.00 0.000
1.00 1.00 0.00 2.00 0.667

Zeta(u) 1.0000 Zeta(c) = 1.0000
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Appendix K: Voting Data

Survivability
1 2 3 4 5 6 7 Total Weights

0.00 0.50 0.00 0.50 0.00 0.00 0.00 1.00 0.048
0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.024
1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00 0.286
0.50 1.00 0.00 0.00 1.00 1.00 1.00 4.50 0.214
1.00 1.00 0.00 0.00 0.00 0.50 1.00 3.50 0.167
1.00 1.00 0.00 0.00 0.50 0.00 1.00 3.50 0.167
1.00 1.00 0.00 0.00 0.00 0.00 0.00 2.00 0.095

Zeta(u) = 0.8214 Zeta(c) z 0.8571

Propellants
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000
0.00 1.00 0.00 1.00 0.33?

Zeta(u) z 1.0000 Zeta(c) = 1.0000

Maintainability
1 2 3 4 Total Weights

0.00 1.00 1.00 1.00 3.00 0.500
0.00 0.00 1.00 1.00 2.00 0.333
0.00 0.00 0.00 0.00 0.00 0.000
0.00 0.00 1.00 0.00 1.00 0.167

Zeta(u = 1.0000 Zetalc) = 1.0000

Maneuverability
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.500

Zeta(u) z 0.7500 Zeta(C) = 1.0000
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Appendix K: Voting Data

Judge # 11 Results (Voting Matrix)
TAY Effectiveness
I 2 3 4 5 6 Total Weights

0.00 1.00 1.00 1.00 1.00 1.00 5.00 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

Zeta(u) = 1.0000 Zeta(c) = 1.0000

Requirements
1 2 3 4 5 6 7 8 Total Weights

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 0.250
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 6.00 0.214
0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 3.00 0.107
0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.50 0.018
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.036
0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00 4.00 0.143

Zeta(u) : 0.9625 Zeta(c) = 0.9750

Performance
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 1.00 1.00 0.333
0.00 0.00 0.00 0.00 0.000

Zeta(u) 1.0000 Zetatc) z 1.0000

Risks
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 0.667

Zeta(u) = 1.0000 Zeta(c) = 1.0000

Logistics
I 2 I Total Weights

0.0 1.00 1.00 2.00 0.667
0.00 0.00 i).00 0.00 0.000
0.00 1.00 0.00 1.00 0.333

:eta(u) = 1.0000 Zeta(c) = 1.0000
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Appendix K: Voting Data

Survivability
1 2 3 4 5 6 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 0.286
1.00 0.00 0.00 0.00 1.00 1.00 0.00 3.00 0.143

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 1.00 1.00 0.00 5.00 0.238

Zeta(u) 2 0.9821 Zeta(c) z 1.0000

Propel I ants
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000
0.00 1.00 0.00 1.00 0.133

Zeta(u) = 1.0000 Zeta(c) 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

Zeta(u) = 1.0000 Zeta(c) z 1.0000

Maneuverabilitv
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 1.00 1.00 0.333
0.00 0.00 0.00 0.00 0.000

Zeta(u) 1.0000 Zeta(c) 1.0000
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Appendix K: Voting Data

Judge I 12 Results (Voting Matrix)
TAY Ef4ectivtftlss
1 2 3 4 5 6 Total Weights
0.00 0.00 0.50 1.00 1.0o 1.00 3.50 0.2
1.00 0.00 0.50 1.00 1.00 1.00 4.50 0.300
0.50 0.50 0.00 1.00 0.50 1.00 3.50 0.233
0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.067

0.00 0.00 0.50 1.00 0.00 1.00 2.50 0.167

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000

leta(u) : 0.8125 Zeta(c) = 0.8750

Requirewnts
1 2 3 4 5 6 7 8 Total Weights

0.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00 4.00 0.143

0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.50 0.018

0.00 0.50 0.00 0.00 0.00 0.00 0.00 1.00 1.50 0.054

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 1.00 1.00 7.00 0.250

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 4.00 0.143

Zeta(u) z 0.6625 leta(c) = 0.6750

Perforsance
1 2 3 Total Weights

0.00 1.00 0.50 1.50 0.500

0.00 0.0') 0.00 0.00 0.000
0.50 1.00 0.00 1.50 0.500

Zetaiu) 0.7500 Zeta(c) 1.0000

Risks
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000

1.00 .00 0.50 1.50 0.500
1.00 0.50 0.00 1.50 0.500

Zeta(u) = 0.7500 Zeta(c) = 1.0000

Loqgistics
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.b67

Zeta(u) 1.0000 Zeta(c) = 1.0000
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Appendix K: Voting Data

Survivability
1 2 3 4 5 6 7 Total Weights

0.00 1.00 1.00 0.50 1.00 1.00 1.00 5.50 0.262
0.00 0.00 1.00 1.00 1.00 1.00 1.00 5.00 0.238
0.00 0.00 0.00 0.50 1.00 1.00 0.00 2.50 0.119
0.50 0.00 0.50 0.00 1.00 1.00 0.00 3.00 0.143
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.50 0.024
0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.50 0.024
0.00 0.00 1.00 1.00 1.00 1.00 0.00 4.00 0.190

Zetalu) = 0.8571 Zeta(c) = 0.8929

Propell ants
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000
0.00 1.00 0.00 1.00 0.3.33

Zeta(u) = 1.0000 Zeta(c) 1.0000

flaintainability
1 2 3 4 Total Weights

0.00 1.00 0.00 0.00 I. 0.167
0.00 0.00 0.00 0.00 0.00 0.000
1.00 1.00 0.00 0.00 2.00 0.33Z
1.00 1.00 1.00 0.00 3.00 0.500

Zeta(u) = 1.0000 Zeta(c) = 1.0000

Maneuverability
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000
0.00 1.00 0.00 1.00 0)3.

Zetaiu) 1.0000 Zeta(c) 1.0000
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Appendix K: Voting Data

judge # 13 Results (Voting Matrix)
TAV Effectiveness

1 2 3 4 5 6 Total Weights
0.00 1.00 1.00 1.00 1.00 1.00 5.00 0.333
0.00 0.00 1.00 1.00 1.00 1.00 4.00 0.267
0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.067

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000
0.00 0.00 1.00 1.00 0.00 1.00 3.00 0.200
0.00 0.00 1.00 1.00 0.00 0.00 2.00 0.133

Zeta(u) =  1.0000 Zeta(c) = 1.0000

Requirements
1 2 3 4 5 6 7 8 Total Weights

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 0.250
0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 3.00 0.107
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.036
0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00 0.214
0.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 5.00 0.179
0.00 0.00 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 0.00 0.00 2.00 0.071
0.00 1.00 1.00 0.00 0.00 1.00 1.00 0.00 4.00 0.143

Zeta(u) =  1.0000 Zeta(c) = 1.0000

Perforance
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 0.00 0.00 0.000
0.00 1.00 0.00 1.00 0.333

Zeta(u) 1.0000 Zeta(c) = 1.0000

Risks
1 2 3 Total Weights

0.00 0.00 0.00 0.00 0.000
1.00 0.00 1.00 2.00 0.667
1.00 0.00 0.00 1.00 0.43

Zeta(u) = 1.0000 Zeta(c) : 1.0000

Loqistics
I 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 0.66'

Zeta(u) 1.0000 Zeta(c) = 1.0000
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Appendix K: Voting Data

Survivability
1 2 3 4 5 6 7 Total ieights

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 3.00 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 6.00 0.281

Zeta(u = 0.9286 Zeta(c) = 0.9286

Proel I ants
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 1.00 0.00 2.00 0.667

Zetalu) = 1.0000 Zeta(c) = 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

Zeta(u) 1.0000 Zeta(c) = 1.0000

Maneuverabilitv
1 2 3 Total Weights

0.00 1.00 1.00 2.00 0.667
0.00 0.00 1.00 1.00 0.333
0.00 0.00 0.00 0.00 0.000

Zeta(u) 1.0000 Zeta(c) = 1.0000
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