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Preface

The purpose of this study was to validate the decision
making process TAF uses to prioritize their potential R&M
improvement modifications and to suggest other possible
approaches to solve thelir prioritization problem.

In performing the research and writing this thesis 1
have received a great deal of heip from others. I am deeply
indebted to my faculty advisor, Capt Joseph Tatman, for his
enthusiasm and his words of encouragement. I would also
like to thank my thesis reader, Lt Col Thomas Schuppe, for
his thoughtful insights.

Katherine H. Darko

it

al e

AR
1
0

= .ﬁ.
%

g

L
a e
a
"

RN

- ‘l,l"\"
e

'7 (]
vy
P




Table of contents

Page 0 Ty

pr‘faCe......ll...l..l..l...ll....l'l..‘l.........l..l ll 5
0,

List of Fiquxes.l"..O.....'.....O....l..‘.l...l...". v :.l.:‘:!h'>
Llst of Tables.l.....l‘.0...".'.'."'.0.’.l"'..l".. vl .l
Abstract...0‘..0!.........!..0.!.O....Ol'....."...‘.. vii r&}‘}‘-
I. Introductlon....."l.....l‘..ll.'..'.‘.........Cl
Specific Problem Statement.......c.v0cccceescas
Motivation for Managers.......ccveececerersnanns
Subobjectives of the Research......ccoeceacsnee

II. Background.oolou'ooooooooc-.ol.o."'o'o-o!oooo-o-

what TAF Needs and why0.-...l..’l...‘........o‘
TAF's Process to Develop the List..............

N BV WNE
P
7
<

I11. Methodology and the TAF Decision Making Process.. 16 iﬁ@ﬂ

Steps Done in the Validation........coveveenoes 16 i
Steps for Information Gathering.........ccec000 16 — ‘&
General StepS.......ciccteesensscccsrosarsesssens 18 :§$E~
Making a DecCision......cceveeevececcaccasaccnans 19 ] Q
AHP Applicability.........ovevvnteerevcacsnsas 23 ;.g’

) U
S

IV. 8olution within the AHP Framework.......ccocevees 27 e
ARG
Analysis of TAF's Use of the AHP............... 27 :\*\b

Improvement to TAF'S Tree.....ccctevccncoccnans 44 il
Further Improvement to NEWTREE......c.coceeveos 55 s
Ideal R&H 2000 Tree.-..-....................... 56 "'.\:Q

¥ |

v. ptoblem wlthln the AHP'.I.-.'...............'I.. 63

':‘.f\'_'"\"
DePeNABNCY .t ccvettescseocssscsascossssasassosnsss 63 b@x:
Unca!ta‘nty...-.....o..-....-....-..-.........o 68 :‘:.:‘:-t‘h

Comparison S8cale....coveecencencesscanssanssoans 72 A
vII “ewTechn‘ques.l.‘.....l-......'....l..'.....".l 78 - .‘“

Decision Analysis.........ciceierineccnccennnns 79 "
pRo"'T“EE'0......0..........QI....OOO0.0.C..... 83 :..JI:':
s

i1t

T e I e T o A o T e e e

RN
NI PO Y




N YRR R A 2% Tak g’ Uak 8 ~ad’ ol el - o som! WORG G v . ' “Lath a'k a' < i et g

Page
VII. Conclusions and Areas for Further Research...... 87 o

CONCIUSIONS. .. e eviecervoncsscsossssnsosccses 817 Qr 51
Further ReS@ArXCh ... .. ccterecesvcsesosrsssenanscs 89 ’

Blbllogtaphy..ovcooou'o't'ooo'-occlt'.‘lc."t.lc'..toa 91 ﬁ:k"

vitaooo.ou0-.00-ccoocnoooooooocooooo-o..'l"ooooonoolo 9‘ -'f

"‘." -" e AT
s 4
oy !
. L) )

*»
)




List of Flgures pANSSOSy

Figure Page 2?“'
1. The Current TAF Tree (TAFTREE).......ccoccvvcenn 11 el
2. Teeter-totter......cveeceereanscccesssscosesnans 14 ﬂ“\d
3. The Current TAF Tree (TAFTREE)........coc0eecons 29
4. Current Data Worksheet........ccooieeeetaccaccns 39

S. New Worksheet for the Data.... . .o vt veeesevscocsce 40

6. Improved Tree (NEWTREE)....coccccccascsnsocencess 45

i’
5':’.’\‘“.‘
%3
e

LGS
7. Tree for Further Improvement ;{3§E
of T"'s Tree (NszTREE) ® ® & & & 5 O & 0 0 0 SO P L O s e e 0. 57 :::{:\ ,
; W ol
8. R&" 2000 Tree'l.'.ll..l...ll..‘...'..l.......... 59 k’h.‘

-
* v,
)
Ay

9. Decision Tree for Example......cccooeseoccovsooss 71

10. Decislon Dlagram......cceeeeevesocsosocsscsennsocs 80

FACd

lll
AR
[
2
[ag
ol

e s

2
ALY

l‘
b

AL

-

T AR AT AT AT A TR (e
PG OO T AP AL ALY,



Ny ~ - P e s P g
Lo e AN i (LSO
n'Pa e Y g ! < o AN RN AN
N .w.iw.%x.%.\.“ :ﬁwm.. A KRR
N BRE A F AL, PR XAAC B LNNOE A G ACAA AL/, I S WYL B

A

o
o [y ] (=] N
] [Ts) v-] r~
Q.
. . . e
” ” “ ..-n\
SN 2
» L] .. . —\
- . d -r- "
- b
e 3 p .-.'
. . m .‘- ¥
. . e
. . (] N .\
P - h
c ) S
g 2 ;
al
.ﬂ ¢ M 0 >
> ©
0 ¥ © by
1 ¥ -t [ ] o
& N © 0
€ O ~ .
- L o] l.-“ _.-
3 £ >
2 Y
z " o
(-] [ ] (= 5
o ~ O 2
! !
5 6 BY
O wm o
o N .
© © = !
n © P o
2 O - A
2 z -I E
" o I
& x -t ...s
N & M X
0 ® o g
o -fs
()
5
yel . . . '
B e N ™M e
T a
h- F
..w.. b
Ay
&

.
)




hA'ahiah'altind ot AL AS At AP At As ln AL ARGEA A 44 {1
RO
.. L
NN
e

.
v
()

NN,
N

CHE -.i\.
AFIT/GOR/MA/87D-3 PR
r:'.":‘.f" "
N e d

)

LA N
The purpose of this research was to validate TAF's fﬁ} .
PN
decision making process that generates a prioritized 1ist of fﬁ3§\
PN

R&M modifications and to suggest other possible approaches "
to solve the problem. Ptﬂkx
.’-«.‘.\i'

A
The first part of the research, the validation, was Qﬁﬁ?ﬁ
:‘.r"r:‘_.—-‘
done in three sections. The first section demonstrated that fﬁﬁf~
TAF does not completely satisfy the requirements to meet a 5&%;&
.':'F:'.'::
specific set of decision criteria, but the shortcomings may jxijg
'_:. P '.'-
be easily corrected. Also explained was the applicability ;’572
of using the AHP to solve TAF's problem., The second &ﬁﬂﬁﬁ
?..-:\.'_:.-
section scrutinized TAF's use of the AHP to determine Qﬁﬁ&;
P I

:..:. N

problem areas. The tree structure and the data were

P
.

i
A

in the data, and the scale used to make the comparisons were

discussed and possible fixes were introduced. The third ﬁ
LN
section highlighted three shortcomings contained within the ;;; N,
S BEN
AHP. The topics of dependency between the mods, uncertainty t'*i“'

discussed in detail. 1Ideas on approaches to avoid these
problems were presented.

The second part of the thesis proposed the alternative
methods of decision analysls and PROMETHEE to solve TAF's

prloritization problem.
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VALIDATION OF THE TACTICAL AIR FORCE'S
DECISION MAKING PROCESS
TO PRIORITIZE MODIFICATIONS USING
THE ANALYTIC HIERARCHY PROCESS

1. Introductijon

Annually, the Tactlical Alr Force (TAF) needs to develop
a prloritized 1list of its relliabllity and maintainability
modifications (mods) to aid the decision makers who allocate
funds to the modification programs. To develop this 1list,
TAF uses a decislon making process called the analytic
hierarchy process (AHP). Since the prioritized list is so
important, TAF is interested in validating their use of the
AHP. The validation will need to consider three areas: (1)
how well TAF satisfles the criteria necessary to make a good

decision, (2) iIf TAF is correctly using the AHP, and (3)

shortcomings that exist within the AHP that may pose

problems for TAF. ROl
e

EAP NN

R

Speciflc Problem Statement LR
) ‘@

TAF has not yet validated the process with which their 3{};

B ‘\~“'~'\'

prioritized list of mods is developed. The purpose of this :;*b?
[ "‘

research is to vallidate TAF's declsion making process that ?Qﬂr&
Ly
generates a prloritized 1list of reliability and ;;}3¢:
- .. "\:

maintainability modifications and to suggest other possible ﬂﬁﬁf&
RSN

approaches to solve the prioritization problem. The {:{bg
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validation will be done in three parts. The first part will
consider the criteria one should follow when making a
decision and then demonstrate how well TAF succeeds in
fulfilling these criteria. Also discussed are the reasons
for using the AHP approach to solve a problem. This is
followed by an analysis of the appropriateness of TAF
solving their speciflic problem using the AHP. Second, TAF's
use of the AHP will be scrutinized to determine areas where
they may not be performing optimally. Third, some
shortcomings that are contained within the AHP will be
presented since they may pose hidden problems to TAF. The
second part of the research will propose alternative methods
to solve TAF's prioritization problem. These methods will
improve on or eliminate some of the identified problems with

TAF's AHP approach.

Motivation for Managers

This paper may assist decision makers, who are faced
with a complex decision to make, in three areas. First,
ideas on some criteria that should be considered and met
when trying to make a decision involving the ranking of
various alternatives will be presented. The criteria will
help him to determine if the decision process used was
satisfactory by supplying him with a set of standards to
compare the process against. Second, the AHP will be

explained in enough detail to enable the decision maker to

decide if this technigue would apply to solving his T“"




particular decision. 1If the AHP seems an appropriate
method, the decision maker will be introduced to ideas on
how best to accomplish the technique, as well as ideas on
some problems he may encounter. Third, this paper will
present alternative methods to solve complex decision
problems that may better apply to the decislion maker's

speclilfic problem.

sSubobijectives of the Research

1, validation of the decision process

A. ldentify the criteria that need to be considered
when making a decision such as TAF's declision

B. Analyze TAF's fulfillment of these decision criteria
2. Validation of the applicability of the AHP

A. 1dentify reasons to use the AHP when making a
decision

B. Analyze the existence of these reasons in TAF's
decislon problem
3. Validation of the application of the AHP

A. Identify several major areas where TAF may encounter
problems In their use of the AHP

B. Analyze TAF's use of the AHP considering these
problem areas

C. Suggest ways TAF may overcome these problems
(restructure their existing tree and develop a new R&M 2000

tree)
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4. New methods to do the prioritization of the mods :
A. Determine what other methods exist for prioritizing
TAF's alternatives -
B. Determine the relevancy of these methods
cC. Determine if these methods would improve the "

prioritized 1list obtained through the AHP -
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1I. Background

This chapter is divided into two sections. The first
section provides the background necessary to understand why
the Tactical Air Force needs a prioritized list of mods.
The second section explains how the Tactical Air Force

develops the 1list using the analytic hlerarchy process.

What TAF Needs and Why

The United States Air Force meets a significant portion
of its mission requirements through the deployment of new
weapon systems and the modification of existing weapon
systems. "Modifications (mods) add new capabilities,
correct defliclienclies, improve relliability and
maintainability, and extend the life of existing weapon
systems (6:1)". This paper will focus on Class IVB mods
which are those that "change a configuration item for
reasons of material deficiencies or to improve reliability
and maintainablility (R&M) (6:1)". The acquisition of Class
1V mods is currently being funded at a level of over one
billion dollars a year (6:1). Due to limited funds, the
Class IV mods must be prioritized on an Air Force-wide
basis. This prioritization is accomplished by Headquarters
Alr Force Logistics Command using the HO40 algorithm. Using
the data supplied by the system program managers working in

conjunction with the operating commands, this algorithm

produces an integrated Air Force Loglistics Command Class 1V
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mod ranking. Thls listing is then submitted to HQ USAF/LE- A,
RD at the Pentagon in support of the Program Objective

Memorandum and the Budget Estimate Submission (6:2).

The Tactical Alr Force, consisting of the Tactical Air
Command, United States Air Forces in Europe, Pacific Air
Forces, Alaskan Alr Command, the National Guard Bureau, and
the Air Force reserves, is one of the operating commands who

submit a prioritized list of their mods to the Air Force

Logistics Command. Developing this prioritized list 1s a fﬁﬁ%‘
difficult task. The Tactical Alr Force could not use the E?,EE;{.
HO40 algorithm to do the prioritization since the HO40 Ef:i‘::
algorithm was developed in 1979 and is primarily based on fﬂﬁé
the mod status (i.e. its feasibility or budget execution Eéiﬁi
(6:5)) rather than the system program managers' priority, Eiéi‘

mission need, and reliability and maintainability
improvement (6:1iil).

The Air Force renewed lts commitment to reliability and
maintainability (R&M) in 1985 by "placing R&M coequal with

cost, schedule, and performance for research, development,

acquisition, and modification of future and existing weapon

systems (24:1-2)". This renewed commitment was embodied in

X

.\_\
]

the United States Alr Force R&M 2000 Plan (24:v). Since the

"

X
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.

HO40 algorithm was developed six years before the R&M 2000

=

push it does not consider the goals laid out by the R&M 2000
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Thus, the Tactical Air Force needed to f£ind a way to
prioritize its Class 1IVB mods that took cost, mission, and
improved R&M into consideration. Since it is difficult to
compare such diverse characteristics ot the mods, the
Tactical Ailr Force realized they needed a process that could
handle the diversity. 1In a similar situation, the Tactlical
Alr Command had used the Planning and Programming Priority
Project (P4) model to rank program objective memoranda. 1n
this case the decision makers had to rank very diverse
projects such as installing a new F-15 wing or a new
gymnasium (22). The P4 model was chosen in this case
because it used the analytic hierarchy process which is
*sultable for solving complicated and elusive decision
problems (27:96)". 8ince the P4 model ylelded such
outstanding results in this application to the program
objective memoranda, the Tactical Air Force decided to use
it to rank its modifications (22).

The prioritized list that is derived from the output
from the P4 model is sent to AFLC LOC/CC and AFLC/CC who are
in charge of the HO40 model. The 1list is also forwarded
directly to USAF/ LE-RD so that the people there will know
the Tactical Alir Force's priorities on the mods before the
mods are put through the HO40 algorithm (5). The list is
also published annually in the Tactical Forces Multicommand
R&M 2000 Plan, Volume II (24:vi). Due to the high

visibility of the 1list, the Tactical Air Force needs a

validation and possible improvement of the process they use
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to do the prioritization of the mods. 1In other words, they

need their use of the analytic hierarchy process validated.

IAF's Process to Develop the List
Remember that the model used by the Tactical Air Force
to develop the prioritized list of their mods is based on
the analytic hierarchy process. The theory of the analytic
hierarchy process had its beginnings in 1971 (19:1v). Saaty
believed then that a process could be developed to aid
decision makers in reducing "formidably intricate systems to
a seguence of palilrwise comparisons of properly lidentified
components (19:4)", For example, Saaty considers the
familiar complex problem of comparing apples to oranges.
An apple and an orange may have many characteristics 1in
common: size, shape, taste, aroma, color, seediness,
juiciness, and so on. 1In addition, the strength of our
preference for these characteristics may vary. We may
be indifferent to the size and color but may have a
strong preference for taste which again may vary with
the time of day [19:xl].
With the goal of being able to deal with problems similar to
this one, Saaty developed the analytic hlerarchy process.
The analytic hierarchy process solves decision problems
in four steps. First, a decislion hierarchy that structures
the problem is set up by the decision analyst (23:98). This
structure places the decision objective at the top,
attributes that contribute to the quality of the decision in
the middle, these will be called decision elements, and

decision alternatives at the bottom (27:96-97). For

example, in the apple and orange comparison, the top level
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will be the objective of choosing a plece of fruit to eat.

The characteristics of the fruit would occupy the middle
levels, and the decision alternatives of types of fruit to
eat would occupy the lowest level. The second step in the
analytic hierarchy process involves the collection of data
by "palrwise comparison of decision elements (27:96)". 1In
our example, data could be collected by comparing the taste,
color, and juiciness of apples to oranges. The third step
in the process is a solution step that establishes
priorities among elements of the hilerarchy (23:98). This
step would yield relative weights for the importance of
taste, color, and juiciness in the apple and orange
comparison. The fourth step aggregates the relative weights
from the third step and produces a "vector of composite
weights which serve as ratings of decislion alternatives...
in achieving the most general objective of the problem
(27:99)". In other words, it ranks the decision
alternatives from the best to the worst. With this
introduction to the analytic hierarchy process, the Tactical
Alxr Force's application of its four steps will now be
discussed.

To accomplish the first step of the analytic hierarchy
process the Tactlical Alr Force had to do two things.
First, it had to structure its problem by setting up the
decision hierarchy and second, it had to identify all the

potential mods. The decision hierarchy was set up by

identifying the decision objective as getting the most R&M
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improvement benefit while minimizing the cost. The decision
elements were identified as reliability improvement,
maintalnability improvement, inventory size, mod cost, and
remaining life cycle (see Figure 1). The decision
alternatives (although not shown in the figure) are the
proposed mods. The entire set of proposed mods are located
directly beneath each of the five final decision elements.
For example, if there are three proposed mods then the mod

cost node would look like the following.

{4

Mod 1 Mod 2 Mod 3

To identify all the potential mods, the Tactical Air
Force needs to contact the using commands of the aircraft,
specifically the system program managers for the various
Tactical Alr Force aircraft (5). The system program
) managers at the Alr Force Logistics Centers receive all the
proposed mods for their aircraft by two means. First, the
field units will identify mods and submit them to their
Tactical Air Command functional managers who forward the
mods to the system program manager. Second, the staff
agencies of the major commands will see pressure points and
contact the system program manager directly with potential

mods (5). The Tactical Air Force collects these mods every

........................................................
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November and pulls out the most important ones. These mods
are the ones that ultimately appear as the decision
alternatives at the bottom level of the decision hierarchy.
The second step of the analytic hierarch, process
requlires first that relevant data be collected on the
various decision alternatives and second that a pairwise
comparison of the decision elements be performed. The data

that the Tactical Air Force uses is collected from several

® 2.0 120 2% B0 fav fa 9o, 0"

sources. First, data on the reliablility and maintainability

improvements come from the Maintenance and Operational Data
Access System (MODAS), which is a "central, on-line,
interactive data storage and processing of maintenance and
operational data on selected USAF weapon systems (12:2-1)",
under the Alr Force Logistics Command. The data for the
Inventory size and the mod cost come from the Alr Loglstics
Centers of the specific aircraft that the mod will be
performed on. Data on the remaining life cycle of the
alrcraft on which the mod will be done 1s a figure drawn
from knowledge of the aircraft and an educated guess ot the
year its replacement will occur. All of the data collected
is entered on a worksheet; one worksheet for each proposed
mod. These worksheets are filled out by the program
managers residing at the Air Logistics Centers where the
various alircraft systems are located (5).

The Tactical Air Force takes this data and does a
palirwise comparison of each decision element for the

proposed mods, which are the decision alternatives. To
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accomplish this step, a panel of about ten people with

experience in the various Tactical Alr Force aircraft are
chosen from the Headquarters Tactlical Alr Command alrcraft
functional managers, product improvement personnel from the
Tactical Alr Command, and Headquarters Tactical Air Command
SMO-R&M personnel (5). The panel meets for approximately
two full days and makes the comparisons.

For example, assume there were three mods; A, B, and C
(decision alternatives), and the decision elements the
Tactical Air Force has ldentified in their hierarchy tree.
The panel would compare mod A to mod B in terms of
reliabllity improvement and determine which one was better
and by how much. 1In this case, mod A is strongly preferred
to mod B in reliability improvement (see Figure 2). Then mod

A would again be compared to mod B in terms of

maintainability improvement. These comparisons would }{;.
continue for all five decision elements. Then mod A would i%é;
be compared to mod C, and then mod B to mod C. The new data RO
generated by these palrwise comparisons are now avallable ﬁ: :
for use in the fourth step of the analytic hierarchy g:;i

n

i
[
54

process.

The third step of the analytic hierarchy process
establishes prioritles among the decision elements of the
hierarchy. On the Tactical Air Force tree, for example, the
relative importance of the overall benefit to the overall
cost has been set as .7 to .3. 1In other words, benefit

contributes 70% to the goal of highest R&M benefit for the
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minimum cost while cost only contributes 30% to this goal.
The Tactical Air Force established these weights with

knowledge of what their organization ultimately felt was

important.

The fourth step of the analytic hlerarchy process ERtL
aggregates all the weights to yleld a value for each mod. TS
For example, if mod A had a weight of .2 for reliability "
improvement, .2 for maintainability improvement, .6 for :1-{:

inventory size, .6 for mod cost, and .1 for remaining life jx¢¢\
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cycle, {t would get a value of: ;EE;
(.2)(.5)(.86)(.7) + (.2)(.5)(.86)(.7) + (.6)(.14)(.7) + .
(.6)(.67)(.3) + (.1)(.33)(.3) = .3097
by summing up all the values at each end node multiplied up Eg?‘
through the tree. The way the Tactical Alr Force
accomplishes this step is by using the Planning and
Programming Priority Project (P4) model. The hierarchy tree A
and the data from the second step of palirwise comparisons is
input into P4 and the model assigns the mod values at each 3

S
decision element, for example it would provide a value of .2 Nt

for mod A at the reliability improvement node. P4 then

N

synthesizes all the values for all the mods up the branches

on the decision tree to yleld the mods' overall values which M

indicate how much those mods contribute to the overall goal. s

From these final values for each mod, the Tactical Air
Force is able to rank the mods starting from the mod that NN
contributes the most to the overall goal down to the one :{E
that contributes the least. This is the list that they then Bl
forward to the Alr Force Loglistics Command and to the Air QQ,;

staff. Ll
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II1. Methodology and the TAF Decision Making Process

Steps Done in the Validation

This and the next two chapters investigate the decision
process TAF uses to arrive at a prloritized 1list of R&M
mods. This chapter looks at the general decision and

discusses several problems TAF might be facing. Then, given
that the decision is structured and uses the AHP to solve
the problem, Chapter 4 presents and critigques TAF's use of
the AHP. Last, given that the the AHP is properly applied,
hidden problems within the process itself are explored in
Chapter 5.

This chapter will begin by briefly presenting the steps

taken to acqulire the information, data, and understanding

decision to be
of the chapter

TAF's decision

required to satisfy TAF's need for a validation of thelir ARSI
decision process. This is followed by a very general view ;Eﬁgfz
of what steps need to be taken for any decision to ensure iﬁiﬁa
that the decision made is a good one. A discussion on how ;2;3‘
well TAF accomplishes these steps will foliow. Then a éziij
section on the specific criteria TAF needs to meet for their étﬁgif

satisfactory is presented. The last section
discusses the applicabllity of the AHP to

problem.

gteps for Information Gathering

The steps taken to gather the information necessary to

accurately validate TAF's decislon making process for the
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prioritization of mods can be divided into the four main
categorles of discussing ideas with the analyst who
requested the vallidatlion, discussing topics with experts in
various filelds related to the research, conducting an
extensive literature review on many related topics, and
learning how to use a software package called Expert Choice
(7). Each category will now be discussed in detail.

A trip was taken to Langley AFB, Virginia in June of
1987 when the research was just beglinning. Two days were
spent dliscussing the process TAF uses in prioritizing its
mods and their need for a validation of their process.
Captain Wallace Collins of TAC SMO-R&M was the analyst
contacted. Appropriate reports, computer runs, and
correspondence were obtained for background information.
Questions that were prepared prior to the meeting were
answered in sufficient detail to permit progress in the
research effort. A visit was made to Lieutenant Richard
Schooff of TAC/XP-JSG, also located at Langley AFB. From
him many insights into the workings of the model used by TAF
in solving their problem were gained.

Following the trip to Langley, a need for detailed
information about data, R&M 2000, and various other topics
was needed. At this point experts in the various fields
were contacted. Some names were provided by Captain Collins
and some by the thesis committee. This acquisition of the
necessary information was an lterative process in certain

situations due to the complexity of the topics.

17
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E The literature review was done from the beginning to ﬂt.
the end of the thesis. As more areas were uncovered and E‘:

more questions arose, the need for articles by experts in A

the field were needed. The literature search was focused SEH

primarily on the AHP, lts applicatlions, and its ;;f
shortcomings. Many articles were also found dealing with v¥i

the subject of decislon making, specifically multiple- EéE:

criteria decision making. i;;

The software package Expert Choice which is used with el

] the micro-computer was invaluable. It was used to solve ;iﬁ
sample decision problems using the AHP. This package was ?éﬁ

used for all the examples presented in this paper. 1It +$ 

allowed for quick changes in the decision tree structure and isz

welights so that it was usually an easy task to find a case gﬁ?

to prove a point trying to be made. ;3;'

, =
Ay

General Steps ]

In any decislion there are certain specific steps that S

must be taken to ensure that the final decision made is a %g

good one. First, the problem or decision must be clearly iii'
defined. This {nvolves specifying a goal. 8econd, one must -

. state how the decision will be evaluated. This involves, fﬁﬁ
‘ for example, identifying performance measures. Third, the ;E&
alternatives that are avallable with thelr contributions to Ii

the goal must be listed. This will involve considerations ;éi

of constraints, such as time and money, that may make some ;E:
alternatives infeasible. Fourth, one must show how well lﬁf
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each alternative satisfies the goal. Both gqualitative and
gquantitative factors will need to be considered. Last, one
alternative that best meets the goal must be chosen, or if a
few alternatives may be done they need to be put in a
prlority order (16:35-51).

TAF completes most of these five steps. They have
specified a specific goal of maximizing the R&M benefit
while also trying to minimize the cost. The decision
elements of the hierarchy tree are the performance factors
by which the mods are evaluated. The alternatives have been
identified, but some uncertainty in both the inclusion of
all potential mods and the data for the mods does exist.

TAF effectively shows how the alternatives satisfy the goal
by using a model that assigns a value to each mod. Last,
the mods are prioritized by the values assigned by the
model. The only apparent problem that may exist is in the

application of the model itself.

Making a Reclsion

This section addresses the three specific criteria that
TAF needs to meet when making their decision on the mod
prioritization. Each of these criteria will be discussed,
followed by an analysis of how well TAF ls meeting that
critieria. The three specific criteria that TAF needs to
consider are the acquisition of good data, identification of
all alternatives, and correct valuation of the potential

mods. Each one of these will be discussed in detall and in
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the context of TAF's specific decision. It is vital that
TAF neet the requirements imposed by each of these criteria
to maximize the probabllity of a good outcome of their
decision.

The data TAF uses must obviously be the data necessary
to compare the mods. This means first that data must be
available for each decision element in the hierarchy tree
(i{.e. reliability improvement and mod cost). Second, if the
data is available, is it "good" data? 1In other words, the
sources must be reliable, knowledgeable, motivated, and they
must understand exactly what TAF needs so they supply
accurate data. Third, TAF must understand the form of the
data. For example, lf they are concerned with reliability
improvement for a certain situation, the data must be a
measure of reliability improvement for the specific
situation. TAF must be able to tell that the data is indeed
what they were looking for.

TAF is able to acgqguire all the data necessary to do the
comparisons among the mods. The data is failrly good in that
it comes from a data system that was designed to provide
information on maintenance and operational data (12:2-1).
(This data set is discussed in detalil in Chapter 4 in the
section "Analysis of TAF's Use of the AHP"). As |in any‘data
set, there do exist some deficiencies and in this case the
data set has a plus or minus 10% error bullt-in. This is

due to various factors such as faulty reporting and

paperwork avoidance (2). In spite of this problem, the data
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set that TAF |3 using is probably the best source for the
data they need. A second problem with the data acquisition
is that there exists a possibility that TAF does not
understand exactly what the data means. Due to the numerous

definitions and measures of reliability and maintainability,

for example, it is difficult to really understand what a
certalin plece of data actually means. TAF simply needs to
work closely with the people who really understand the data
base and extract that data appropriate for their needs.

The identification of all the alternatives, the
potential mods, is crucial for TAF to have a valid
prioritization of the mods. First, their method of
collecting the mods must ensure that all those who have
information on mods are contacted. Second, once these
people are contacted, they must understand exactly what TAF
needs and why so they understand the importance of the
request for mods. Third, when all the alternatives have
been identified, they must be defined specifically and
precisely.

TAF very efficiently identifies all the potential mods.
This is discussed in detall in the previous chapter in the
section "TAF's Process to Develop the List". Recall that
TAF contacts the using commands' system program managers for
each of the TAF alrcraft. These system program mahagers
recelve the proposed mods for thelr aircraft from the field
units and the staff agencies of the major commands

(5). Thus, both the people who actually maintain the
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alrcraft and the people who manage the alrcraft are
contacted in the search for mods. When the mods arrive to
those collecting them, they are specifically and precisely
defined by entries on the data worksheet. Each mod is
assigned a unique mod number and an identification is made
of the types and number of aircraft on which the mod may be
done. There is also a word description of the mod. All
these descriptions of the mod provide the necessary
information needed to obtain correct data on the mod, which
is ultimately the purpose of this requirement of precisely
defining the mod.

The correct valuation of each mod is the most difficult
criteria for TAF to meet. What this criteria means is that
if mod A is preferred to mod B, the process that TAF uses to
assign a value to each mod must give mod A a value that is
higher than the value given to mod B. The process that TAF
uses is the AHP, thus the AHP must yleld values for the mods
that are consistent with TAF's preferences for the mods.

The way to prove this is by attempting to get results from
the AHP that violate this requirement. Some possible areas
that may be of concern are risk assoclated with certain
mods, uncertainty in the data, and dependency between the
mods.

TAF has assigned a value function to their problem
which can be derived from their hlierarchy tree. The

function 1is:
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(.301)*("RI"™) + (.301)*("MI") + (.098)*("1I8") +
(.201)®("MC") + (.099)*("LC") = value

where an entry in quotes means the value assigned to mod x
in texms of that decislion element, and RI = reliability
improvement, MI = maintalnability improvement, IS =
inventory size, MC = mod cost, and LC = remairing life -
cycle. A detaliled discussion of a case where this value
function does not give a higher value to the mod that would
be preferred by TAF ils presented in the following chapter in

the sectlion "Improvement to TAF's Tree". To sum up the

PP

results of that example, mod A was preferred to mod B since 2i
) _,:-

mod A's life cycle cost savings were higher than mod B's, f*}
R

but the above value function gave mod B the higher value. fes

In other words mod A was preferred to mod B but the value of

L]

=
>V,

N A e Y

mod A was less than the value of mod B. Thus, TAF does not

satisfy this important criteria. However, the £ix , which

is explained later, is an easy one.

To sum up this section, TAF 1s doing a fairly good job

at meeting the three decision criteria discussed. There

exist some minor problems in the data area and a major

problem in the valuation area. However, neither problem is

too difficult to remedy and should not pose any large

problems. A little refinement is all that is needed.

AHP Applicability
TAF uses the AHP to solve their problem of prioritizing

potential mods. This section will first explain the type of



situation that normally exists for a proper application of
this process. The approprlateness of TAF using the AHP in
thelr specific situation will be discussed. Various
decisions made using the AHP will be presented to
demonstrate the process's wide applicability. This is
followed by a brief discussion on the reguirement that needs
to be satisfied before a problem can be solved with the AHP.
The AHP is a "powerful process for tackling complex ...
problems (20:22)". For this reason it has been applied
in highly diverse areas. Almost all applications of the AHP
involve rating decision alternatives and all applications
involve some gualitative,as opposed to quantitative,
elements that play an essentlal role in the decision problem
(27:101). According to Grant,
I1f there are multiple alternatives and if the
irreducibles need to be given weight in the final
choice, it is helpful to examine alternatives in pairs.
It is much easier to reach a conclusion about the impact
of a variety of irreducibles ... when the decision maker
looks at only two alternatives at a time (8:296])
“The palrs comparison technique , [the method used in the
AHP), it is claimed, utilizes the power of human judgment
more effectively than ranking alternatives directly
(25)". Since the AHP is based on the use of palired
comparisons, we see that it deals well with problems that
have gqualitative, or irreducible, factors to consider. Most
applications are "complex in that they involve a host of

interrelated elements with varying degrees of impact on the

decision (27:101)".
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TAF's need to prioritize a given set of mods is indeed E'-.:
a complex problem. However, it is well suited for an AHP E;*;
application. Similar to most of the other decisions that ﬁ}ﬁ:
were made using the AHP, TAF's prioritization involves ﬁﬁg
rating decision alternatives (i.e. the potential mods). It aﬁi
involves both quantitative and gqualitative considerations. R
As discussed above, these situations are ones that the AHP ;g??
is designed to deal with effectively. E;&;
The AHP has been used to solve numerous diverse ;%;5
decision problems in many different fields. For example, it hﬂ?'
has been used in business, personal and domestic planning, 3%5;
public policy planning, and economic policy planning, to ;ég
name only a few. 1In the area of business, the AHP has been E;g?
used to choose equipment, decide on leasing versus buying, iﬁf
choose a management candidate, decide on how to stagger ';;
industry hours for energy conservation, and decide on a :.S
plant location. In the area of personal and domestic iii-
planning, the AHP has been applied to decisions on choosing ?;7'
a car, a home computer, a career, an ideal investment, a EE;
school, and a house. (20:37-54) 1t is evident that ;Eg
there do exist many different types of decision problems =
that can successfully be solved by the AHP. ;E:f
After an extensive literature review, only one E;i
restriction on the application of the AHP was found. An ;;x
article by Kamenetsky states, "the AHP can only be applied §§§
to multiple-criteria decision problems in which the ;E%
conditions for the existence of an additive value function 2,:\
A
i
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W are satisfled (9:702)". The necessary conditlion for the Y
h LA,

existence of an additive value function 1s that the "~
X attributes (or decision elements) be mutually preferentially '_”
&
independent (9:705). This means that there must not jﬁ:
!
exist any dependence between the branches of the hierarchy ﬁ&
.V
l' tree. ::\ .
TAF's hierarchy tree as currently structured does have Ef:
DAY
S a hidden dependence between a couple of the decision ﬂh’
elements that causes a dependence between the branches of xﬁ
) -'_:.-
the tree. (This is discussed in Chapter 4 in the section ::ﬁ
Loy
- "Analysis of TAF's Use of the AHP"). However, the tree is ’?f
easlly restructured to eliminate the dependency (Chapter 4 3#1
o \.:
" in the section "Improvement to TAF's Tree"). Thus, TAF's o
\':‘-.
problem can be solved using the AHP since it both flits the if
"typical” situation for which this process was designed and 3{
oS
\ because {t can meet the one restriction for using the 5;
« .:_.
process. &E
i:§
g oA
i :;\h
[ :?:;\.
. oY
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IV, Solution within the AHP Framework

This chapter, assuming that the analytic hierarchy
process is a good methodology for TAF to use in solving
their mod prioritization, focuses on the use of the process
by TAF. The chapter is divided into three sections. The
first section is a detailed description and critique of the
separate steps of the analytic hierarchy process that TAF
accomplishes. Several problems that exist in the TAF
hlerarchy tree are identified. The second section presents
a new hlerarchy tree for TAF to use that will correct some,
but not all, of the problems with the tree they are
currently using. The third section presents a much more
extensive tree that takes into consideration all of the R&M
2000 goals, thus correcting more of the deficiencies

associated with the current TAF tree.

Analysis of TAF's Use of the AHP

The next five subsections are an analysis of TAF's use
of AHP. The structure of their hierarchy tree will be
examined and potential problems with it will be explained.
Next, the process of determining the weights TAF uses for
the decision elements of the tree will be discussed and
critiqued. 1Ideas on who should determine the weights will
then be presented. The collection of the data and its
presentation to the panel will be the next topic. The

problems that exist In these areas are highlighted and
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possible solutions are offered. The fourth section
discusses the comparison step on the mods done by the panel
members. Both positive and negative observations on the
group's approach are presented. The last section discusses
the model used by TAF to solve the comparison matrices in
oxder to determine the value for each mod. This section
also suggests ways the model improves TAF's final

prioritization of the mods.

Tree Structyre, Recall that the first step of the
analytic hlerarchy process structures the decision by
constructing a tree. The objective of the decision appears
at the top of the tree, the decision elements occupy the
middle levels, and the alternative actions appear at the
lowest level. TAF has set up their tree as depicted in
Flilgure 3.

Two problems exist with the tree used by TAF. The
first problem is caused by the process TAF uses to develop
the tree. An article by Saaty states:

...[The) design of an analytic hierarchy - like the

structuring of a problem by any other method - is more
art than science. It necessarily entails substantial
knowledge about the system in question. A very strong
aspect of the AHP is that the individuals knowledgeable
about the system ... who supply judgments to make the
pairwise comparisons, also play a prominent role in
specifying the hierarchy (21:205].

Thus, the panel members, who possess the requlired knowledge

about the various systems, should be helping to develop the

tree. Unfortunately, only one person in TAC SMO-R&M does

this structuring of the problem. The panel members only
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agree or disagree on what is presented to them. Although
the panel members do have input in this way, it is passive
versus the active participation advocated by Saaty.

The second problem involves some of the actual decision
elements in the tree. Specifically, the inventory size and
the remaining l1ife of the system are important
characteristics of the mods to be consldered, however, they
are directly tied in with the "mod cost" decision element.
For example, the inventory size (# of alrcraft) will affect
the total cost of the mod since:

Total mod cost = (mod cost/aircraft) * (# of alrcratt)
Thus, the greater the inventory, the more money is spent.
However, TAF currently considers a large inventory size as
desirable since the research and development cost per mod
will be reduced. Looking at the total mod cost, TAF should
prefer a small inventory size, but looking at only the
research and development cost, TAF should prefer a large
inventory size. Wwhich one is the right preference? This
confusion is easily eliminated by simply realizing what
TAF's ultimate goal is when considering the cost of a mod.
They want to minimize the cost. Thus, TAF should consider
the total mod cost and prefer the mod with the smaller total
mod cost.

Next, consider the decision element of "remaining life
of the system". This element also directly relates to cost

in the following manner:
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Total LCC savings = (LCC savings per year) * (remaining éif
life) where LCC is life cycle cost savings. 1I1f TAF ls EE,
concerned with the cost, or in this case the cost avoldance, .&f.
then the total LCC savings is a better measure of the amount ggé,
saved than the remalning life of the system. For example, }E:J
consider two mods. Mod A may save $10/year and its ;v;
remaining life is 10 years. Thus, its total LCC savings is \Eé
$100. Mod B may save $20/year, but its remaining life is i&€=
only 5 years. Mod B's total LCC savings is $100. These ;:?
mods would be rated equal in terms of total LCC savings, S?E
which TAF is ultimately concerned with, but mod A would be ?E;
preferred to mod B if only the remaining life was .?2
considered. It is Ilmportant to take into account both the 3&%2
amount saved per year as well as the remaining life of the EEE
system, and both of these are embodied in the total LCC 14}‘
savings calculation. ii:‘
Having accepted the new ldeas of total mod cost and LCC éﬁ-
savings as being the data that TAF should actually be \f
considering, there is one more step to be done. The present Sf
value of both the life cycle cost savings and the mod cost 'EE?
must be calculated. Then the present value mod cost will be ZV!
subtracted from the present value total LCC savings. This ig;
figure will yield the net present value life cycle cost i§f
savings. This flgure would be the only one the panel would ‘;é
need to consider to accurately take the mod cost, inventory Ei?
L

size, and remaining years left for the system, into account. ;Eé
N .
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(The detalls of using this approach will be addressed in the
section "Improvement to TAF's Tree").

Tree Welghts, Once the decision elements have been
decided upon and the decision hlerarchy tree has been set
up, the next important step is to decide the weights for the
branches on the tree which are associated with the decision
elements. Currently, prior to the panel meeting where the
comparisons between the mods are made, people from the R&M
shops for the varlious Tactlical Alr Force alrcraft coordinate
on the weights for the decision elements. These weights are
declded upon by a single person in TAC SMO-R&M (5). This
person i1s not the actual declision maker, but rather the
analyst who reports to the decislon maker. However, the
cholce of the weights for the decision elements Is a task
that should be accomplished by the decision maker who has
the ultimate responsibility for the prioritized 1list that is
developed. By developing the weights, the decision maker
has fixed the relative importance he feels exists between
the varlious decision elements. In other words, he has input
information tc the AHP that indicates his opinion on the
importance of the various decision elements. Thus, although
he will not be involved with the time consuming task of
comparing the data on the mods, (this is done by the panel
memebers), he has not lost his decision making authority
because he has already had his turn at structuring the
problem. Due to this fact, the decision maker will be more

inclined to accept the results of the analysis,
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Looking ahead to the section "Improvement to TAF's
Tree", and assuming that TAF accepts this new hierarchy
structure, one sees that there are only two decisions on
weights that the decision maker needs to make. First, he
must decide how much importance to attach to R&M improvement
versus the overall cost of the mod. Second, he needs to
decide how much welight to attach to reliability improvement
versus maintainability improvement. Even though there are
only these two sets of welghts to determine, it 1ls very
possible that the decision maker may not be completely sure
of the welghts he assigns. This should not pose a big
problem since sensitivity analysis can be done. 1n a later
section, "Analysis of TAF's Use of the AHP", the sensitivity
analysis that is performed on the Planning and Programming
Priority Project (P4) model is discussed. Thus, the
decision maker can specify a weight of .7 plus or minus .1
for the R&M improvement and .3 plus or minus .1 for the
overall cost. The P4 model would then be run using the

following weights:

Run 1 Run 2 Run 3

R&M improvement .7 .6 .8
Overall cost .3 4

The results for each run (i.e. the prioritized list of mods)
would then be available for the decision maker to make his
final determination of the proper prioritization of the

mods.
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Data and its Presentation to the Panel., Prior to the

meeting for the panel members, TAF completes worksheets
containing information on R&M improvement, R&M ranking,
inventory size, mod cost, and the remaining life of the
system. The first two areas of information are requested

from the Maintenance and Operational Data Access System

(MODAS). Inventory size and mod cost are figures supplied i.‘:
from the Air Logistics Centers functional managers. Data on éiﬁf
the remaining life of the system is contained 1n the TAC/XP 5&;‘
planning documents (5). This information is then used in 3%2:

Wy

the comparison of the mods. This sounds very

S?
N T,

stralghtforwaxd, but there are some critical problems that a
exist In both the data and the manner in which {t is

presented to the panel members.

The primary problems in the data collection llie in T?G&
MODAS 1itself and the interpretation of its data by TAF. E”f;
MODAS 1s a "central, on-line, interactive data storage and N
access system for the storage and processing of maintenance Spis
and operational data on selected USAF weapon systems 35}5

(12:2-1)". MODAS unfortunately has a plus or minus 10%

.
v e

"l
Yy

bullt-in error (2). Thus, the panel members may be misled
if they fail to recognize this fact. (A discussion of this
appears in Chapter 5).

The area of R&M Improvement is considered so the panel
member can determine which mods will supply the most
increase in R&M. For example, when comparing two mods on

reliability improvement, the panel considers the difference
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between the reliabllity of the component prlior to the mod
versus the projected rellablility of the component after the
mod. The mod with the blggest improvement 1s thus the
preferred mod. TAF uses the mean time between maintenance
({MTBM) in this comparison. They must realize that MTBM
measures only the logistics relliabllity whereas mean time
between critical faflure (MTBCF) measures the operational
rellability (2). Depending on what TAF feels is more
important, they may want to reconsider which measure of
reliability improvement to use. When considering
maintainability improvement, TAF looks at the maintenance
manhours per flying hour (MMH/FH). Unfortunately, MMH/FH
data is not valid at the component level (2). The measure
TAF should use is mean time to repair (MTTR) for the
component, but MODAS only supplies this data indirectly.
The actual figure must be calculated by hand after drawing
out the appropriate data from MODAS (2). Thus, TAF may not
be pulling out the appropriate data from MODAS to do their
mod comparisons on R&M improvement.

The area of R&M ranking is included to provide the
panel member with information on how critical the component

is to the R&M of the system. Thus, 1f component A is more

critical to its system than component B, (i.e. component A's

improvement would increase the reliability or
maintalnabllity of its system more than the improvement of
component B) then mod A will carry more weight and be

preferred over mod B. MODAS provides information for the
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worst systems, worst 50 subsystems, and worst 100 work unit

codes, which are referred to in this discussion as
components. The data 1s generated from the latest 3-month
fleet MTBM for the reliability ranking and by MMH/FH for the
maintalinability ranking (12:8-2). A component having a
ranking of 1 would be iLhe component in the system that
causes the system to fail the most. This is done looking at
both the reliability of the system and also at its
malntalnablility. TAF's ldea to use the MODAS data is good,

except that it overlooks one important point. Namely, if a

A s w8

K%
2

a
)

component is ranked as the worst component in terms of

Saik

=y

reliability and mod A is done on it that projects to

ey
B

increase the reliabllity by 400%, perhaps it would still be
the worst component in terms of reliability. However, a
different component may be the second worse in terms of
reliability and by performing mod B, thereby increasing
MTBM by only 10%, it falls into the ninth worse ranking
position. In this situation TAF would have given mod A more
welght than mod B since mod A had a worse ranking. However,
mod B would probably be the better cholce and should have
been given more weight than mod A. Thus, it is Important to
consider how critical the component is, as well as to
consider how much its criticality will be reduced by
performing the mod.

Fortunately, MODAS provides a table that makes this

task straightforward. The data in the following table can
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easily be taken from the Worst Case Reliability Report

(12:A3-2).

Component MTBM(*) Ranking
1 100 1
2 200 2
3 300 3

(*) old MTBM measured in hours

In this case, component 1, with an MTBM of 100 hours, is

VAt
N

ranked as the worst component in the system because it

,.
LY
-’.-
L]

.ﬁik

causes the system to experience a "type one" failure most

F
Ay

often (i.e. every 100 hours) (12:8-2). One need only
consider the new projected MTBM for a component and see if
the ranking for that component will improve. For example,
1f you are considering component 1 and it has a projected
new MTBM of 200 hours, then its ranking has moved to
position 2. This is an improvement of 1. However, 1f the

new MTBM is 150, it will not change its ranking at all.

d

L

Thus, the panel should not only consider the current

Y
.

ranking, but also the new ranking for the component after

S

the proposed mod is accomplished.

A secondary problem of the data collection rests in the
information gathered for the mod costs. The per year costs
will be assumed to be good, but they are not put into
present value terms. This may cause faulty cost

comparisons to be made by the panel. (Details of the
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problem this creates will be discussed in the section
“Improvement to TAF's Tree").

When the data is collected it is provided to all the
panel members in the form depicted in Figqure 4. This form
makes it clumsy for the panel members to compare the mods.
A preferred format, containing the same information but
making it easier to compare the mods is shown in Figure 5.
Notice that all the potential mods are listed down the left
side of the sheet. The mod name and mod number are listed
across the top. The entries of life remaining, number in
inventory, reliability improvement and reliablility ranking,
maintainability improvement and maintalnability ranking, and
total cost would separately be entered in the row entry
titled "decision element”". Thus, there would be one data
worksheet for each decision element. This format has the
advantage of providing all the information needed for each
comparison on a single sheet of paper. Thus, the members
can quickiy discern the high and the low values and have a
more solid grasp of the range of the values involved. This
is critical for the consistency of the comparisons done with
the analytic hierarchy process. (This concept will be

discussed in detail in Chapter 5).

comparison Step, Armed with the data on the mods and a
hierarchy tree with all the declision elements welghted, the
panel 1s ready to make the pairwise comparisons of the mods.

There are several points to be made about the panel and how
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REM COST SENEFIT ANALYSIS

REQUEST

MOD NAME: Self Ixplanatorv 'S.I.° w0 ¢ S.I.

MDS: S.E. # PLANES TO B8E M0D'0:

DESCRIPTION OF M0D: S.Z.

POM YR: Fvo0

RELIABILITY IMPROVEMENT: Cur-ent MTBF

S.2. [TAC & USAF TOTAL)

.

Proiecteqg “TEF

MAINTAINABILITY IMPROVEMENT: Zur-ent MT8M

I=g-acted MTEM

RELIABILITY RANKING: Ranx‘ng ‘a7 <pp 100 MT3F,

Example- 22 anking “ac<or: 20.2

MAINTAINABILITY RANKING: Ranxing in oo :CO MMH/FH

Example: #16 Quanking Tactor: 21.6

TOTAL FLEET COST/YR: FY89

FY90 ,315M for TAC $42.2 for USAF

Fysl

FY92

TOTAL FLEET INSTALLATION COST (Hours): FY89

FY90 1500 “sr “AC. 159 for USAF

Figure 4. Currert Data werksheet
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Mod name Mod # Decision Element

Mod 1

Mod 2

Mod 3

Mod n

Figure 5. New Worksheet for the Data

it functions. First, the panel consists of people who are
familiar with the various TAF alrcraft systems on which the
mods will be done. They are the "experts". The panel
assembles in a conference room where they go through all the
necessary comparisons between the mods. Each panel member
is given the chance to say what his score is for each
comparison, for example that mod A is moderately better than
mod B in terms of reliablility improvement. He is also given
the chance to explain his reasons for the score. When every
member has had his turn, the panel chairman assigns the
final score for that comparison (5).

The manner in which the panel operates has some
positive points and some negative ones. Looking flrst at
the positive side, an article by Quade states that :

When working with individual experts, it is Important to
insist that each one make the logic behind his opinions
or judgments explicit. For only when the reasoning is
explicit can someone else, whose information and

perspective may be different, use the work of the first
to modify his own opinion (16:328).
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Since each member of the panel can not possibly be aware of
all the details of all the TAF aircraft systems, the open
exchange of rationale for scoring mods performed by the
panel is indeed necessary. Thus, TAF is right on the mark
in this respect.

Another comment by Quade on the idea of using experts
efficiently states that providing an effective means of
communication among experts is critical. A common frame of
reference is important to this communication and an ideal
way to enforce it is by presenting the problem to the
experts "in terms of an analytic model, or even better, to
have them participate in formulating the model as well
(16:3239)". The model 1n TAF's case is the hierarchy tree
within the AHP. Although currently the panel does not have
a lot of input in developing the model, they do understand
its meaning (5). The fact that a model exists at all is the
important point to consider, since it enables TAF to fulfill
the need for a common frame of reference. Each decision
element in the tree is explicitly defined and explained to
each panel member so that in a discussion about reliability
improvement, for example, everyone is talking about the same
thing. However, on the negative side, Quade goes on to say
that:

Experiments have shown that the best use of a number of
experts is not the traditional method of having the
issues presented to them and debated in open round-table

discussion untll a consensus emerges or until they
arrive at an agreed upon group position [16:328]).
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He feels that committees often fail to make their
assumptions and reasoning explicit and that one needs to
avoid the psychological drawbacks of a round-table
discussion (16:328). Since the TAF panel performs in the
round-table setting described by Quade, there is the chance
for some undesirable outcomes. For example, some members'
opinions may be swayed by others who are more verbal about
their opinions, but who also unfortunately may not have all
the pertinent facts. The panel can not be performing

optimally if this happens.

Getting Logical Answers. Recall that the AHP will

yield a value under each decision element for each mod using
the data generated from the pairwlse comparisons. These
values are then aggregated up the hierarchy producing an
overall value for each mod. These final values are then
used to rank the mods (22). TAF uses the Planning and
Programming Priority Project (P4) model to solve for the
values of each mod.

The P4 model supplies two types of information. First,
the mods with their corresponding values are given. Second,
the consistency ratio at each decision element node and the
overall consistency ratio indicates how good the comparisons
are. A value of less than .1 1s a good consistency ratio
(22). To illustrate consistency, conslider a comparison of
mod A, mod B, and mod C. 1If the panel states that mod A is

equal to mod B, and that mod A is moderately better than mod
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C, then they should say that mod B is moderately better than
mod C. 1If they do this their consistency ratio will be 0
(the best value), but if they say mod B is equal to mod C
thelr ratio will get worse. Thus, the panel can make all
their comparisons and P4 will highlight the comparisons (it
any) that are unsatisfactory by ylelding a high consistency
ratio (i.e. >.1). The panel can then go back to their
comparison and check their work.

The P4 model also has the capabllity to easily change
the structure and/or the weights of the tree. This allows
for sensitivity analysis to be done quickly (22). Thus, if
there exists some doubt as to what the weight of inventory
size should be, the P4 model can show graphically what new
weights (higher or lower) for inventory size would change
the ranking of the mods. Consider that the inventory size
weight is currently set at .2 and you have a plus or minus

.05 bound on this. I1f you must change it to .7 or .01l to
change the mod ranking, then the panel would not need to be
too concerned if they put the weight at .15, .2, or .25 as
the weight for inventory size.

Due to the facts that TAF uses a model to calculate the
values for the mods, that a consistency check 1s done, and
that sensitivity analysis is performed, the final values for
the mods, and thus thelr ranking, will be satisfactory.

This assumes that the P4 model does in fact solve the
comparison matrix data correctly, and that the data used in

the comparisons is good.
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Improvement to TAF's Tree

This section will present a new hierarchy tree for TAF

to use in prioritizing its mods. The structure of the tree,
as well as the rationale for the structure, will be
discussed. The additional data required by thls tree will
be explained and possible data sources mentloned. Last, an
example of the difference in the values of the mods using
TAF's current tree and the new tree will be illustrated.

Structure, The structure of this new tree (NEWTREE),
Figure 6, is very similar to the TAF tree (TAFTREE). The
main goal of the decision remains the same: to receive the
highest R&M improvement with the least cost. The next level
is also the same. This level consists of the two decision
elements "overall benefit" and "overall cost". However,
"overall benefit" has been renamed "R&M improvement". This
is where the similarities end.

The declision elements "inventory size", "remaining life
cycle", and "mod cost" have been eliminated from TAFTREE.
The information they contain has not been lost, but rather
included in the "overall cost” decision element. The
"overall cost” reflects the net life cycle cost savings
realized by performing the mod. The details are explained
later in the data section. The decision elements of
"reliablility improvement" and "maintainability improvement"
remain, however, their interpretation is different. TAFTREE
considers the predicted improvement in R&M that is supplied

by the people proposing the mods. Therefore, if mod A
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AP
improved its MTBM by 100 hours and mod B improved its MTBM .%k;:
by 50 hours, then mod A is twice as good as mod B in terms ;i;?
of reliability improvement. NEWTREE will conslider the AL
predicted improvement of the component while also %&%%:
considering the required improvement (i.e. the improvement E?f;
in the MTBM of the component which will cause it to not be a :ng
critical player in the MTBM of the system). Thus, 1f mod A Cf%;&
needed 50 hours improvement in MTBM and it achieved 100 é;g;
hours, there is an overkill of 50 hours. In addition, if ?i;ﬁn
mod B needed 50 hours improvement in MTBM and it achieved Eg?&
this figure, then there would be no overkill. NEWTREE would EE;EE
rate mod A equal to mod B in thls scenario even though mod A Eifi
has a greater increase in MTBM. The determination of the 'fsg?‘

required MTBM improvement will be discussed later in the

data section.

Data, To use the NEWTREE versus the TAFTREE structure, :,:

TAF will need a few more pieces of data and a new way of ,‘-E:%;'_:

looking at data they already have. The later case occurs ?-igj
for the "reliability improvement" and "maintainability ;i§§§
L RIR,

improvement” decision elements. Take "reliability ;iﬁg;

improvement" for example. Currently TAF considers the hours ?f: <
improvement in MTBM and the reliability ranking of the Eﬁ”:
component in the system. Conslider components A, B, and C gif'

which are all in the same system. The following table

supplies the data known about each component. The MTBM RGN

'\\n
hours are the absolute MTBM values for each component. fﬁ\wf
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Assume that component A 1s the only one with a potential

mod.
Current
Reliability MTBM MTBM
Ranking (current hours) (predicted hours)
Component A 1 = 10 100
Component B 2 60 60
Component C 3 15 75

* = worst case

TAFTREE looks at the reliabllity ranking and at
MTBM(predicted)-MTBM(current)}. This 1s the only information
they use to make the comparisons among the mods. NEWTREE
will look at the reliability ranking and see what
improvement in MTBM will improve its ranking (i.e. give it a
higher ranking). For example, an improvement of 51 hours
for component A will move it into position 2 in the
reliability ranking. An improvement of 66 hours will move
component A into the third position. Someone will need to
determine what change in the MTBM of the system is desired
as the new required standard. Then, a specific mod for that
system, with its predicted improvement in its MTBM, will be
evaluated on how well it achieves this new standard (i.e.
the system MTBM). Say the decision maker decides that a
system MTBM of 60 hours is the new required standard. 1In
this case component A would have 90 hours improvement in

reliability, but only 51 hours are reguired. Thus, there is
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L%
an overkill of 39 hours. NEWTREE will not consider the R
N
overkill, but rather take the 51 hours as the reliablility ;.f’\-"‘\"
improvement for component A. A graph may explain this point _-...J“
ey
better. Consider the graph below where the possible MTBM j-:;-l::-
e
hours for component A are shown on the horizontal axis and NS
the required MTBM improvement (i.e. the amount needed to N
P
move past the next critical component) is shown on the 1‘;'-\.‘}
#1939
vertical axis. The data point for the reliability -‘i.;::'-
|
improvement of component A that TAF will use to make the i
SN .
pairwise comparisons is the maximum possible point on the \‘-,*-
ALY
possible MTBM line (in this case point "A"). Note that this DR
VY
line does not extend all the way to 90 hours MTBM, but is j';--‘}
RN
cut short by the required amount of 51 hours MTBM. ::}-
NN
d e e e - = - = = {‘f"
90 / 'I'.'.;
e ::-:'-:"
Required 39 overkill ANy
MTBM - L
for s Rﬁwp
System 1~ A /s UG
51 A F‘\:. \ &
51 required ;\::x"'
RSN
; 45 rf::-
Sl
MTBM hours :::::_‘-_':_
N
-:,:-"::v.:
P
Note that although this analysis only gives credit for \
partial mods (i.e. it disregards the improvement that is {;:-:.j-f
el
overkill), the mod would still have the full predicted .f.;-,.‘é
improvement in MTBM. The data for the reliablility ranking < \.
et
RO
48 AN
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and MTBM(current) is available in MODAS and the :'jlk"’-‘-
s

AN

\ MTBM(predicted) is submitted by the system program managers. -:_’,,:'.."
The same is true for the maintainability improvement data. F"" ‘
P My
Another set of data needed for NEWTREE arises in the :;::',

ot
"overall cost" decision element. It is here that some new ,:.5’:{
A al

data will need to be obtained. This value for each mod is
defined as: Net present value of life cycle cost savings= .f:'_"_'.*
\':‘:‘:-

PV (Total life cycle cost savings) - PV (Total mod cost) O
.

where PV stands for present value. The mod cost per .-.’\.-_;
S
alrcraft per year figures are already available, so it is a ::'_\-;:-
Iy
simple matter to calculate its present value. The PV total ‘,'.:é(
ER 0

mod cost = - ~
n :5:':":'
Z mod cost/AC/year(l) * (# aircraft) + i:-.‘.-:-
(1.07)° B

) .-_'_.l-_:
mod cost/AC/year(2) * (# aircraft) + o

(r.07m)! —

f_t.'.:

A

o ¢ o + -‘:.-':

f-.’;\

mod cost/AC/year(n) * (# aircraft) e

(1.07)n-1 T
'._’_-.'__
S

where n = # of years to do the mod and AC = aircraft. The ::'-::::}'.'
‘.'-‘_'I
discount rate used in this calculation is 7%. The rationale ASLNE
for using this value is discussed below. Note that if the P'
constant total mod cost was calculated, the equation would ;lj':.‘;:
be: -.-.
constant total mod cost= ﬁ"é‘;'-
n P
Z[(mod cost/alrcraft/year(1i)) *(# alrcraft)] ;f-‘.;'f-:.

i g
where n= # of years to do the mod. E‘*‘:_
N
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The 1ife cycle cost savings are a bit trickier.
However, the item managers could calculate the dollars saved
per year as a result of the mod (5), although they have not
done this in the past. Taking this figure and multiplying
it by the inventory size (l.e. # alrcraft) will yield life
cycle cost savings per year for all the alrcraft. Knowing
the remaining life cycle for the various alrcraft types, one
could then discount the stream of yearly savings back to the
present value amount. This figure would be the present
value of the life cycle cost savings.

present value total life cycle cost savings=
(LCC savings/year/mod)*(# alrcraft)*(P|A,7%,n)

where n= # years left for the alrcraft

(P|A,7%,10) = 7.024
(P|A,7%,20) = 10.594
(PjA,7%,30) = 12.409

However, the constant total life cycle cost savings=
(LCC savings/year/mod)*(# aircraft)*(# years)

The final step calculates the net PV LCC savings which
is calculated by (PV total LCC savings - PV total mod cost).
The net constant LCC savings is calculated by (Constant
total LCC savings - Constant total mod cost).

The only other new plece of data needed is the
appropriate discount rate to use when calculating the net
present value of the life cycle cost savings and the mod
cost. According to Lt Col Russel,

The Treasury borrowing rate on long-term securities is
correctly the time value of money for defense analysis.

With this position, today's ... correct rate for
discounting constant dollar streams is 7.0% (18:9]).
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Inprovement. Using the NEWTREE versus the TAFTREE

structure has three advantages. Flirst, since there are
fewer decision elements to be considered for each mod, there
are fewer comparisons that need to be made by the panel
members. Second, the "political factors" of "inventory
size" and "remalining life cycle" are incorporated into the
decision element of "overall cost' and thus are not as
visible. The third, and the most important, advantaqe is
that the prioritized list of mods more accurately reflects
TAF's goal of minimizing cost by correctly dealing with the
mod cost and the life cycle cost savings. In other words,
NEWTREE considers the present value of the net LCC savings
versus TAFTREE which only considers the constant LCC
savings. Following is a sample comparison of the
prioritized lists generated from the TAFTREE and the NEWTREE
structures. Note that the weights used for the decision
elements are the same in the two trees.

The data shown below wiiich was used for the four mods
presented in this example is representative of real world
data. The equations for calculating the constant dollar and
present value amounts presented earlier were used to arrive
at some of the values in the following table. Using this
data, the following comparison matrices for the TAFTREE and
NEWTREE structures were developed. These matrices are

developed by using the teeter-~totter shown below.
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Table 1. Data Used to Show Improvement

Mod 1 Mod 2 Mod 3 Mod 4
& of planes 98 654 3617 200
life remaining 20 20 10 30
(years)
reliability improvement
(hours)
raw 2 50 600 400
need 2 50 100 100
reliability ranking 4 10 25 100
maintainabllity improvement
(hours)
rav 10 - 200 50
need 10 - 100 50
maintainablility ranking 30 40 2 25

mod cost/aircraft/year(i)
{constant/present value)

1 2/2 4/4 10/10 10/10

2 2/1.88 2/1.86 2/1.86 10/9.35
3 5/4.37 i/.87 2/1.75 5/4.37
4 10/8.16 1/.82 2/1.63 2/1.63
5 10/7.63 -/- 17.76 2/1.53

total mod cost
(constant/present value)
29M/24.02M 8M/7.55M 17M/16M 29M/26.87M

life cycle cost
savings/year/mod 2M 10M 8M S5M

total 1life cycle
cost savings

constant 3920M 130800M 29360M 30000M
present value 2076.4M 69284 .6M 20622M 12409M
net cost savings
constant 1078M 125568M 23121M 24200M
present value -276M 64346M 14750M 7035M
52

AR R T T I O A T N B TR YR LI T T O R T S U VNI N SRR
b g e .r.-} N N N A S NN N AN N AN -r"‘a\.'\."" A NN

- $)

J « w5 '\:{\t tl{ [t“'"

""&“

prrs e

5 "y
Ll
LA

?

.ct‘ﬁ-

o el
» »
’l.’l' 1

:

;A

b

N

&f 'y
&
L4

P4

!

LI

R X R

I'.l" ‘
S lrllS

PR NN A

n:l.
'i\\\"‘ifl

.'.'.

) A o AL T
e e Ty e e



'f\'l.;fvf ,;I

‘v

PR atd ath Sd ol ave alEath Al ata ot ol ata‘akas

A
A,
wred
]
AL
Mod A A Vs S8 M E M S VS A Mod B -wa'."-
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In this diagram, E means that mod A is equal to mod B. On HE?:
the left side of the diagram, an A means that mod A is ‘2 }
absolutely preferred to mod B, a VS means that it is very ns
strongly preferred, an S means that it is strongly s
preferred, and an M means that it is moderately preferred. g#:
On the right side of the diagram, the same definitions hold, }Eg
but now mod B is preferred to mod A. There are also INEN
preferences located between those shown, for example a j:}.
rating of M-S means that a mod is moderately to strongly >
preferred. Ry
e
PN
-’_-I.:
TAFTREE Comparison Matrices Leey
Ay
S
RI 1 2 3 . MI 1 2 3 4 RN
1 | E E 1/v8 1/s 1 |E E 1/A 1/M-8 B
2 E E 1/vs 1/8 2 E E 1/A 1/M-8 A
3 Vs vs E S 3 A A E VS-A iy
4 S 8 1/8 E 4 M-S M-S 1/VS-A E s
.:_:s::-s.
.ﬁ'.-!‘l-
=
Is 1 2 3 4 MC 1 2 3 4 e
r‘.":‘,h. .‘
1 E i/A 1/8 1/M 1 E 1/vs 1/M E ~ o
2 A E S-VS  VS-A 2 VS E M AL L
3 8§ 1/8-Vs E M 3 M 1/M E M 0y
4 M 1/VS-A 1/M E 4 E 1/VS 1/M E AN,
LS d
il
LC 1 2 3 4 e
1 E E M i/M
2 E E M 1/M
3 i/M i/M E 1/vs
4 M M vs E
S
','\':‘-":
A Y
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NEWTREE Comparison Matrices

R1 1l 2 3 4 MI 1l 2 3 4

1 E l/8 1/A 1/A 1 E E 1/A 1/8
2 8 E /8 1/8 2 E E /A 1/8
3 A S E E 3 A A E S

4 A s E E 4 8 S 1/8 E
COST 1 2 3 4

1 E 1/A /M 1/E-M

2 A E Vs A

3 M l/vs E E-M

4 E-M 1/A l1/E-M E

Note that Rl stands for reliability improvement, MI for
maintainablility improvement, IS for inventory size, MC for
mod cost, LC for life cycle remaining, and COST for total
net life cycle cost savings.

Using a software package called Expert Choice (7),

these matrices were solved to yield the values for the mods.

A table depicting the mods and their associated values at
several of the decision elements is provided below. For
each decision element, the values for all of the mods will
sum to one. The highest value for each decision element is
given to the mod that is best in terms of that decision

element.

Notice that the final prlioritization of the mods is the

same for both trees, but the values for the four mods are
different. Thus, although in this case the mod ranking is
the same, it is possible that for another example the

ranking (based on the mod values) could be reordered. The
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a different tree structure and the reinterpretation of some
of the decision elements within the tree. One sees the most
change in the values of the mods under the "overall cost"
decision element node since this is where the most drastic

adjustments were made to the TAFTREE structure.

Decision TAFTREE NEWTREE
Element
rod value mod value
RI 3 .640 3 .424
4 .235 4 .424
1 .063 2 .114
2 .063 1 .037
MI 3 .724 3 .669
4 .166 4 .220
1 .055 1 .055
2 .055% 2 .055
COosT 2 .471 2 .721
4 .234 3 .141
3 177 4 .084
1 .118 1 .055
final goal 3 .481 3 .425
2 .244 2 .276
4 .200 4 .251
1 .075 1 .049

Further Improvement to NEWTREE

A further enhancement to NEWTREE would incorporate the
idea of alrcraft mission importance into the structure of
the decision. This will allow for two changes. First, the

mission importance of each aircraft relative to the others

may be shown. Second, the "reliability improvement" and
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"maintainability improvement" decision element weights may

vary for the different alrcraft mods. Thus, this builds in
more flexibility for the decision maker. To reflect this
change, the tree has been expanded to include "R&M" decision
elements for all the TAF alrcraft. Thus, there could be
branches for the F-4, F-15, F-16, A-10, F-11, E-3, EC-135,
and the EC-130. The weight for each of these "R&M" nodes is
(1/Number of TAF aircraft on which mods are being done) if
the mission importance is the same for each alrcraft type.
However, if the mission importance of each aircraft is
different, then the weights may reflect this fact (see
Figure 7). The only requirement is that the weights sum to
one. Under each of these "R&M" decision elements are the
"reliability improvement" and "maintainabllity improvement"”
decision elements. The panel members will thus compare R&M
improvement for all the mods within a certain aircraft type.
They must use the same scale for all these comparisons,

however, so that their mod values will be compatible. (see

discussion on weighting in Chapter 5).

Ideal R&M 2000 Tree

Although the new hierarchy tree proposed in the

.
5

1 -
. S,
RN
o .
. .

previous section is an improvement over the one currently

used by TAF, it is not the ideal one. This section will R

suggest a hierarchy tree that considers all of the R&M 2000 A

goals. Due to its complexity, only some ideas on the ?if
A
S
b )
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structure of the tree and the data it will reqgquire will be
presented.

First, one needs to recognlize the goals of the R&M 2000
plan. R&M 2000 hopes to increase war fighting capability,
increase the survivablility of the combat support structure,
decrease the mobility requirements per deploying unit,
decrease the manpower requirement per unit of output, and
decrease costs (24:v). Notice that the tree used by TAF
only directly addresses the cost issue and very indirectly
addresses the other four issues. Thus, the TAF tree needs
to be considering mucn more. The first two levels of the
tree would be as shown in Figure 8. The main goal is to
satisfy the R&M 2000 goals. These five goals constitute the
second level of the hierarchy.

Given the five decision elements of the tree,
gquantitative criteria have been developed to measure
progress toward their achievement. These criteria were
devised considering: the relevance to the wartime mission,
conformity to existing data systems and reports data,
suitability to contract requirements, administration, and
warranties, and feaslbility considering technoloqy and cost
(24:1-5). These criteria are depicted in the following
table.

One will quickly notice that reliability and
maintainability are the most prevalent criteria to be
considered. However, each goal is ultimately considering a

different aspect of R&M. For example, the war fighting
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Table 2. R&M 2000 Goals and Criteria

Goal Criteria
war fighting capability reliable (MTBCF)
maintainable
survivability eliminate need for
intermediate support
facilities
mobility reliable

(spares, SE, personnel)

manpower reliable

maintainable-less personnel

cost reliable

maintainable-lower LCC
capability goal is concearned with the mean time between
critical failure, whereas the moblility goal is concerned
with how reliability can reduce the number of spares,
support equipment, and personnel. Going into a bit more
detall, let's consider each goal separately in terms of what
data should be considered when comparing the mods.

The warfighting capablility goal may need to consider
the percent decrease in the number of critical failures,
mean downtime, mission capable rate, combat reliability, or
avallability. The main gquestion that needs to be answered
is: How can I capture the contribution of R&M mods to combat
capability?

The survivabllity goal may need to consider what parts,

support equipment, and personnel requirements are eliminated
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by performing the mod. Also to be thought about is the
elimination of the need for intermediate support facilities.

The mobility requirement goal 1s a bit more involved
than the survivability goal. What 1s important is a
decrease in the size, weight, or both size and weight, of
the spares, support eguipment, and personnel needed. The
number, size, and weight of spares and support equipment
will need to be determined. Also, the decrease in the
number of personnel required will need to be known. Then,
the total volume and/or weight saved by performing the mod
can be calculated. To be considered when doing the
calculations 1s the scenario you are dealing with (i.e. are
you concerned with the savings for a 30 day war or for one
individual break?). Also a concern may be the fact that
certain spares, support equipment, and personnel are shared
which may affect the calculations or their meaning.

Another tricky goal to work with is the one to decrease
manpower requirements. 1f the break rates are decreased and
the repair time is decreased, obviously the manpower
requirements should decrease. Thus, one needs to conslider
the mean manhours per operating hour, the mean repair time,
and the combat reliability rate. To complicate matters,
ru.es may exist stating that there must be a certain number
of people working certain repairs for safety reasons. What
needs to be done is show how 11 these different pieces of
data fit together to yield a good measure of the new

manpower requirements for the mod.
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The measure for the cost goal should be relatively
straightforward to develop. First, the mod cost and life
cycle cost savings per year need to be determined. Then the
present values of these streams of expenses and savings need
to be calculated using an agreed upon discount rate. The
final step is to subtract the present value of the expenses
from the present value of the savings in order to get the
net present value of savings.

Even though most of the five decision elements of this
R&M 2000 tree boil down to one equation that needs to be
developed to compare the old system to the new one, it is
clear that the data needed to evaluate each mod's
contribution to the goals is quite extensive. However, the
task of data acquisition may be simplified greatly with the
use of a new model developed by Synergy (5). This model,
called SCOPE MOD, will provide data on the warfighting
capability, manpower requirements, deployment requirements,
and life-cycle costs of the proposed mods versus their
baseline cases (17). Thus, soon the ldeal R&M 2000 tree may
be guite easy to acquire data for and subsequently

appropriate to use in prioritizing the mods.
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Y. Problems within the AHP

Glven that TAF uses the AHP correctly, they are still
in danger of committing some errors that are hidden within
the AHP. Three of these AHP drawbacks will be discussed in
this chapter. The first one centers around the issue of
dependency among the mods. The second problem addresses the
fact that the AHP cannot deal with uncertainty. The last
problem occurs in the comparison step and involves the need

for a consistent comparison scale.

Dependency

The issue of dependency among the mods is one that TAF
is likely to encounter. Consider, for example, two mods
that may be done on the radio of the F-16 alrcraft. The
first mod proposes to replace certain components of the
current radlio with more reliable ones. The second mod
proposes to replace the entire radio. Obviously, only one
of these two mods will be undertaken. We call these mods
dependent. It is acceptable that TAF consider both of these
mods when they perform the comparisons of all potential
mods. The prioritized list will give the mods in preferred
order, and the first mod in this set of two dependent mods
will be chosen. The reduced prioritized list will thus
consist of all the original independent mods and the higher
valued of the two dependent mods. The problem that may now

occur is that if the AHP is run on this reduced set of mods,
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their order may be changed to yield an incorrect ordering.

An illustration of this point follows.

Consider four mods that need to be prioritized. There
are two dependent mods, mod A (new radio components) and mod
D (new radio). Mod B is a new radar and mod C is a new
brake system. Performing the AHP on these mods with two
decision elements, cost and benefit, the following pairwise
comparison matrices are developed. Note that "E" means that
the mod in the row ils "equal" to the mod in the column, an
"A" signifies that the mod is "absolutely preferred", and
"1/A" means that the mod in the column Is "absoclutely

preferred" to the mod in the row.

cost A B C D benefit A B C D
AlE A A a A[E 1/A E 1/A
B|l/A E E E B|A E A E
cliva E E E c|E 1/a E 1/A
p li/a E E E p|l A E A E

Running these comparison matrices on Expert Cholce (7)
using the tree that assigns the weight of .4 to cost and .6

to benefit, ylelds the following vector of mods with their

assoclated values.

Value

.330
.303
.303
.063
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Assume now that we take out mod D since it 1s dependent fkfz

\-.‘_ g

on mod A, which is the higher valued mod. The prioritized -Sbv‘
oxder of mods should now be A,B,C. However, if these mods Cr
Tea

l\ I.- ~

are run on the same tree with the same comparison matrices Qx{}

RN

(minus the comparisons done on mod D) since "it is Ry

Ty

reasonable to assume that the declsion maker would still oL

by

consider the criteria to be of equal importance (1:228)", o
~IhI

the vector of the mods with their associated values is: %QEL
o

:_‘.:x.‘:'

Mod Value ey

B 57 A

a .382 ot

c .091 A

AN

SN

Note that the order is B,A,C versus A,B,C we would have fffl
e

expected. This new order for the mods A, B, and C is the el
S

correct order if only these three mods were in the original ﬁﬁ;
SKNA

set of potential mods. However, mod D was also a potential SO
mod that was dependent with mod A and when mod D was A

included in the palrwise comparison matrices a different

ordering of the mods A, B, and C occurred. Thus, since the

ordering of these three mods changed when one mod was

~>
deleted, obviously there is a problem with the method the }Af#l
SN
AHP uses to solve the palrwise comparison matrices. ) ji}f
RO
To clarify the concern here, consider the following RN

example. Assume you have an apple, an orange, a banana, and

a peach and you need to rank them in order of preference.

When you consider all four pleces of fruit the preferred 5§?}

''''''''''''''''''''''''''''
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A
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N

order is peach, orange, apple, banana. Now, take away the ;;E:'E::ﬁ
orange as a potential choice. You would then say your i?ﬁi?
preferred order is peach, apple, banana. 1In this situation, }ﬂﬂgi
however, the AHP may yleld a preference order of apple, ;ﬁgﬁ
banana, peach. This is where the problem is. ii:ﬁ
There are two ways for TAF to handle this n 0T
inconsistency. First, TAF may deal with this problem by ZEE{I
simply being aware of the possibility that if they run the gggg
AHP on the reduced set of mods, the ordering may change. 1If S:yi
they are only concerned with the order of the mods, and not :};;t
in the final value for the chosen mods, the easiest solution gﬁ;z
would thus be to take the first prloritized list, which ;ﬁzgf
included all the mods, and use it to list their mods in 3££i
order of preference. On the other hand, if TAF needs the ;3;;
correct values assoclated with each mod, they will need to = eE
handle the problem in a manner prescribed by Belton. Liégi
BB

e

’

Belton's article states that "the only aspect that has

."
»

8

-

changed is the normalization factor (1:229)", so the only

way to explain the reordering (inconsistency) is in the

second step of the AHP. It is in this step that the

"vectors which denote the relative importance of options

IR Y

with respect to individual criteria are normalized so that :fﬁq
'.‘:\::\

thelr entries sum to one (1:229)". Saaty's method I;:{:
LA
normalizes the vectors so they sum to one, whereas Belton's \].
N

article advocates normalizing the elgenvectors so the Ei;\
NN

maximum entry is one. For example, given the following :ﬂzﬁ:
N

matrix: ST
AN
-:";\:_‘:
°e R

o ",

NN

AN SN
e
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LA

;’ (‘.:‘-.
'l."'
',:"\ "
1 1/9 1 ;::{.
9 1 9 B
1 1/9 1 s L
A
Saaty's technique calculates the vector by a two step -.?\':"
‘nf:-‘.--
process. Flrst, each entry is divided by its column total. ;-.j_-'.';-\
.\4.
This yields the following normalized matrix: he
1/11 1/11 1/11 SN
9/11 9/11 9/11 D!
1/11 1/11 1/11 o
Ay
Second, each row is summed up and divided by the number of AN
entries in the row. This ylelds the vector (1/11, 9/11, E:":-’::
e
1/11). 1In contrast, Belton's method normalizes the ,}.':-:','-I
DA
elgenvectors of the original matrix so that "the maximum ;r’;‘f‘
bR
entry is one rather than the entries summing to one :f‘_-:._-*_
ek
(1:229)". This technique ylelds the following normalized 4o
R
II- [
matrix: LR
R
1/9 1/9 1/9 A
1 1 1 RN
1/9 1/9 1/9 .:r:,,.
Y,
Summing each row of this normalized matrix and dividing by -5‘154
. .
the number of entries in the row yields the vector ::-TZ-"_:T‘",
AN
(1/9, 1, 1/9). DN
Nels
Notice that the two vectors resulting from Saaty's and :'-"-_ \
Belton's normalizing techniques differ. This different :TW
(3 ™
vector calculated with Belton's technigue will preserve the :;:."::'
L e
V. »
correct order of the mods when the dependent mods are U‘\-_ A
deleted from consideration (1:229). What TAF needs to do is qﬁ
AR
change the P4 model to reflect this new way of calculating E—"
‘; 1
the mod values. They will then run the model on all the s w\
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by the other mod.

determined.

listed.

Uncertainty

(10:449)",

(9:705)".

pose a problem.

no exception.

used to explain the problem.

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

the AHP will be done on four potential mods.

uncertainty, will be done on the same four mods.

mods and determine which of the dependent mods is dominated
This dominated mod will then be
eliminated and the model will be run again so that the
values for the mods that are still being considered can be
The mod order yielded from this run will be the
same as the order ylielded by the first run with all the mods

considered, except of course the eliminated mod will not be

"Decision making requires the study of uncertainty
Kamenetsky states that the AHP is applied to
"multiple-criteria decision-making problems under certainty
The AHP does not consider any uncertainty. If
there is uncertainty that can be ignored, then this will not
But, usually there does exist some
uncertainty in a decision, and the decision made by TAF is
They may need to consider the uncertainty in
their data, (i.e. in their costs and R&M improvements on the
mods) and perhaps even the uncertainty of war. An
illustration of how uncertainty can contribute to the AHP

yielding an incorrectly prioritized list of mods will be

First, a direct application of

Second, a

decision analyslis type application, which considers

Third, a

68

v.., AT AT 1)\..‘-‘_\.,‘-_.\ \.F\J\“.\.*\Jﬁ'_\-_\

\__
S
A

A

¥

.
.

NNy
.

P A
&
A
vAaR AR

K%Yy
>
1'

v N %
X

el e
R T T
‘Q ', |-.";' .:ﬁ

R
4

A
i 5

4. -

"y €l T
SaAs
PR EY,
[ N TS
e




comparison between the outcomes will be made to show AHP's
shortcomings in this area.

AHP Application. The AHP tree is a simple one consisting
of only two decision elements. Benefit is the first element
with the weight of .7 and cost is the second with the weight
of .3. The data needed on the four mods will be the
benefit, which will be assumed equal for all four mods, and
the life cycle cost savings for each mod. The data on the
cost savings are found in the following table. The median
value s the value that TAF would normally use when making
comparisons between the mods. The low and high values
reflect uncertainty in the true life cycle cost savings.

The degree of the uncertainty may be a function of how much
new technology needs to be developed, fuzziness about the
actual materials needed and what their cost will be, and
uncertainty in how well the mod will actually work . Thus,
a mod that will reguire some unknown materials and new
technology will have a large spread between the low and high
costs. 1If all goes well and the materials required are
readily avallable, then the low cost may be achieved.
However, if the technology does not develop as anticipated
and the materials needed are scarce, the higher end of the
cost estimate may be quickly reached. However, a mod that
is using developed and proven technology and knows what

materials will be needed will not have a large spread

between the low and high cost estimates.
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| Mod Life Cycle Cost Savings (dollars) ,

low median high ;-:

1 255 260 390 A

2 700 870 880 s
3 150 270 400 N

4 650 780 1200 A

N
sy
Using this data there are three ways to use the data to ﬁk,‘
L Nl >

implement the AHP. First, consider the low dollar savings. ﬂi?~
A

In this case, the mod order (best to worst) would be ﬂ&f
RSt

2,4,1,3. Second, the high dollar savings could be used 3“f
which ylelds the order of 4,2,3,1 for the mods. Third, the :gsv'
R
median value could be used. This provides a mod list of ixﬁt
s

2,4,3,1. Using the different approaches may obviously yield f'ﬁ}
different prioritized lists. ]
Decision Analysis Application. Using the approach to R

solving a decision analysis problem as explained in The
Principles and Applications of Decision Analvysis by Howard
and Matheson (11:47-52), the declision tree is set up as
shown below in Fiqure 9. Note that there 1s a 50% chance
that the life cycle cost savings will be at its medium value

and a 25% chance it will be at its high or low value., Also

note that the value function is determined by the dollar

savings. The expected value of the mods are given in the

2

following table.
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291.25 e
830.00
272.50 )
852.50 i

A
l"
A
a_y

W N =

LR e
A4

h
Py

Ny
TNy

-
.

70

o
b

“© %y e
¢
?;"'
LLALS




Lo Rbg BV Bl Aty AV AN AT, gt pto Al gl a8, a8 4t . 'aba'ab - af. ‘at. et ‘ab 2t 2B, "alke . Vol Vol vall o8 Yol dah Pa8 Ao ol a8 4.8 Yok Rap ol tal ¥,

' e
:-:"_J' 1
LN
2
-“}l
The value for mod 1 was calculated by: ::;.',-;{
N
(.25)%(255) + (.5)%(260) + (.25)%(390) = 291.25 T
Ordering the mods from high to low the mod order is 4,2,1,3. O
AN
RN
Decision Mod $ savings Value .t;":'
‘\ﬂ(
L,
Dty
R
N
25 :\ﬁ '
.:-."‘. ‘
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260 L
Sk
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I
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PNy
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N
RARAY
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N
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880
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Mod 150
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Figure 9. Decision Tree for Example SN
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comparison. The following is a summary table of the
various mod prioritizations yielded by the two approaches of

the AHP and decision analysis.

Table 3. Prioritizations Yielded by the AHP and DA

Approach Mod Prioritization
AHP
low 2 4 1 3
high 4 2 3 1
median 2 4 3 1
Decision Analysis 4 2 1 3

One can readily see that the rankings are not very
consistent. The decislon analysls ranking is the only one
that considers the uncertainty in the data explicitly.
Notlice that none of the AHP prioritizations yield the same
answer. Therefore, when uncertainty 1s present TAF may
consider calculating expected values for the uncertain
data. These expected values would then be used when the

panel performs the pairwise comparisons of the mods.

Ccomparison Scale

The AHP requires that the same "scale" be used for
decision 2lements on the same level. By "scale" we mean
the range used on the teeter-totter that ls referenced when

making the palrwise comparisons to determine the relative

importance of one mod versus another. 1f the same scale is

........
............
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not used, the AHP results may not be valid. A simple
example will clarify what the potential problem is.

Remember that the teeter-totter we are referring to is

symbolized by the following.

Mod A A V8 S M E M S Vs A Mod B

In this diagram, E means that mod A i{s equal to mod B. On
the left side of the diagram, an A means that mod A is
absolutely preferred to mod B, a VS means that it is very
strongly preferred, an S8 means that it is strongly
preferred, and an M means that it is moderately preferred.
On the right side of the diagram, the same definitions hold
but now mod B 1is preferred to mod A. There are also
preferences located between those shown, for example a
rating of M-S means that a mod is moderately to strongly
preferred.

In this discussion, the "large scale" will refer to the full
range of values (i.e. the whole teeter-totter). The "small
scale" will refer to only a half of the scale (i.e. the
values between and including the "S" rating).

The simple decision among four mods that will be
fllustrated has mod cost and mod reliability as its two
decision elements. Both are weighted equally. Pairwise
comparisons using the "large scale” yield the following

comparison matrices.

cost A B C D reliability A B C D
A E 1/VS8 M 1/M A E A\ 8§ VS
B Vs E A 8 B 1/V8 E 1/M E
C |1/M L1/A E i/8 C 1/8 M E M
D M 1/8 S E D 1/vs E 1/M E
73
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Solving these matrices using Expert Choice (7), ylelded the .3-.»_:
Lo
_n" :‘ 7
following values for the mods. .-:'C:'
e
Mod Value ':.E::
::m-
A .376 o
B .367 Sp
c .118 thaa
D .139 :
G0N
Thus, the prioritized list is a,B,D,C. O
NG
The same comparison matrix for the cost was used in the ;',;‘;::
next run of Expert Cholice (7), but the reliability matrix _
ICICAC
was changed. This matrix was adjusted to the "small scale" yf.:-‘,'}
L
versus the "large scale" of the cost matrix. For example, '_-i:".::'
.',_‘{1‘
if mod A was rated "S" versus mod C, the new matrix changes '-_fs—;’i—
ol
the rating to a "M". The following conversion table was -}_}';'.-
P
used to make all the changes in the reliability matrix. ?_1‘.;2
o
Large Scale = Small Scale RSNy
E E ::::::::-
M E-M o~
8 M ¢y
Vs M-S ::‘._\,:
g ° 3
e
The resulting comparison matrix for reliability is shown atS Y
below. AR
RS
reliability A B c D W
-.?~‘
A E M-S M M-S el
B 1/M-8 E 1/E-M E DA
C 1/M E-M E E-M '.
D i/M-8 E 1/E-M E N




I.J..
a:::"
e
SN
solving for the mods using the "large scale" for the cost j}i{
.:\.g:.'
and the "small scale® for the reliablility yielded the :Qﬁﬁ
following values, “ -
J\I;f
SO
N
Mod Value ﬁ:’:,
N \."
A . 316 R
B .389 ,:‘.
(o .133 R
D 162 R
- :.,'.
Thus, the prloritized 1list is now B,A,D,C. Ele
Notice that when the rellability matrix was changed fﬁ::
I,
A e
from the large scale to the small scale, the mods' priority A
:¢,;.r "
changed. The reason for this inconsistency is alluded to by 3*&3
Watson. His article on assessing attribute weights states fif;
..s I-
RA A
that "1f a change of scale is made on one attribute of a _}ﬁ?_
,‘-'_,‘.I'..
multiattribute value function, then the weight must change N
on that attribute, to preserve the order induced by the
value function (26:583)". 1n our illustration, the value
function is represented by: e
.5(cost) + .S(reliability) POV
:-’,\.':n
When the scale on reljabllity was chanqged, we would have DONS
needed to change the coefficient for that attribute in the el
value function to preserve the mod order. rif?i
For example, when the large scale was used on both ;?ﬁﬁ{
comparison matrices the mod order wias A,B,D,C. However, RGN
~a
when the scale on the reljability branch was changed to the NN
small scale, the mod order was B,A,D C. To convert the k%}%
.\‘{-.:_'.
B,A,D,C order back to the A,B,D,C order (the correct order A
-3
75 i
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since it was obtajned when the same scales were used to make
the comparisons) we would need to change the coefficients of
cost and reliability in the value function. Thus, perhaps a
weight of .4 for cost and .6 for reliability would convert
the B,A,D,C order to A,B,D,C.

This changling of the weights can get very confusing,
but luckily it is not necessary for TAF to do this. The
only thing they need to do is remember to use the same scale
{l.e. the large scale that ranges from "E" to "A") when
doing the mod comparisons. The easiest way to accomplish
this is by considering the best and the worst mod for each
particular decision element. The value of the worst mod is
subtracted from the value for the best mod. This difference
is then divided by four (the number of increments on the
teeter-totter). This quotient is the amount that each
increment on the scale stands for. Thus, if the quotient is
100 and mocd A has a value of 200 and mod B has a value ot
100, then mod A will be rated as moderately better (one
increment) than mod B. Thus, this method provides an easy
way to compare the mods and also assures that the best mod
when compared to the worst mod for any speclific decision
element will receive a rating of "A". This forces the larce
scale to always be used (since the "A" value is guaranteed
to appear in every comparison matrix), and the requirement
is thus satisfled.

It should be pointed out that the tendency to use a

small scale will usually arise when comparing data that tis
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very close, For example, 1f the life cycle cost savings for
four mods are 10, 11, 12, and 13, then the comparison matrix
might be similar to the following since the values are not

vastly different from one another.

LCC 1 2 3 4
1 E 1/E-M 1/M 1/M-S
2 E-M E 1/E-M 1/M
3 M E-M E 1/E-M
4 M-S M E-M E

The matrix may even look like the following to reflect no
difference between the mods with respect to life cycle cost

savings.

LCC 1 2 3 4
1 E E E E
2 E E E E
3 E E E E
4 E E E E

However, 1f the large scale is used, the following matrix

would be developed.

Lcc 1 2 3 4
l E 1/M 1/8 1/vs
2 M E 1/M 1/8
3 S M E /M
4 Vs s M E

Notice that the matrices are different, and as discussed
above, this may cause inconsistency in the final values for

the mods.
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YI. New Technigues

This chapter dliscusses new techniques that TAF might
consider using to prioritize their potential mods. The
techniques of goal programming, a proxy approach to multi-
attribute decision making, Data Envelopment Analysis, and a
multiattribute decision making by sequential resource
allocation, were all considered as potential methods for TAF
to use in their mod prioritization problem. However, none
of these techniques were found to be suitable. Goal
programming is not set up to solve TAF's type of decislion
problem. For example, it will indicate how many of each mod
to do, given certaln constraints, but this is not what TAF
needs to know (i.e. TAF needs to rank the mods) (14:518).
The proxy approach is "practical for decision making under
certainty (15:687)", thus it would not help TAF to deal with
thelr uncertainty. The Data Envelopment Analysis is an
"efficiency measurement methodology (3:2)", and is not at
all applicable to TAF's situation. The sequential resource
allocation, like goal programming, is in a format that is
not sultable for use by TAF (13).

However, two technigques were found that are suitable
for use by TAF. The techniques of declsion analysis (DA)
and Preference Ranking Orgqanization Method for Enrichment
Evaluations (PROMETHEE) will be explalined. First, the
methodology of each technique is presented. This is

followed by an example of how TAF might apply the technique
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to their specific problem of prioritizing potential mods.
Last, a brief discussion on the improvement that can be
realized by using the technique versus the AHP will be

given.

Decision Analysis

DA is a "procedure that can be applied to any decision
susceptible to logical analysis (11:27)". It is iterative
and comprised of three phases. The first phase is the
deterministic phase. 1In this step "the varlables affecting
the decision are defined and related, values are assigned,

and the importance of the variables is measured without any

r.‘."v [ SO

N g
VWK

consideration of uncertainty (11:26)". In the second or

probabllistic phase, probability assignments on the

variables are made and risk preference is introduced. "“The

[ 4
& 5 A

>
l',

third, or informational, phase reviews the results of the

)
Pl s

i N g
-

last two phases to determine the economic value of

Ll
LN
A

eliminating uncertainty in each of the important variables
in the problem (11:26)".

Using these steps an approach for solving TAF's
prioritization problem is described below. The problem has
been simplified to consider only three mods. The first step
is to build the model (see Figure 10) that is used to obtain
an expected net present value for each mod. These values

will then be ordered high to low to prioritize the mods.

SHSES

The decision dlagram shows the relationshlip between the

&




1\

T T 0 L NG ¢ S !

+
Mod
Savings

Al
v * ',- l" ‘
2

r

L NOMATASA

',‘.!

LAl A Y
L49%%0N S P

Y YWY N
o ‘?‘in’c’-'ln. .

i,

PN

i

Mod
Cost/AC

Inventor
Size

»

o
SRS

X YN
F‘{a/ff

Ry
Y
Y o

0N
¥

where a "*" {ndicates a product of the varliables
"+" indicates a sum of the variables
"AC" stands for aircraft
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Figure 10. Decision Diagram -
-,

variables that will determine the value function. 1In the s
diagram we see that the mod value (enclosed in the diamond)
is determined by summing the values of the mod mission AN
benefit and the mod savings. 1In this example we will assume y:e'
that the mission benefit will be fulfilled with or without
the mod and thus will only consider the mod savings and how f?t‘
it influences the value of the mod. This value will ﬁ&i'

actually be the "expected" net present value of the mod
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since the uncertainty in the data will be considered. In
the diagram, the variables that are certain are enclosed by
a double circle, whereas the uncertain variables are
enclosed by a single circle. The only uncertainty in this
example concerns the life cycle cost (LCC) savings per mod
per year.

Note that the declision diagram depicted in Figure 10 is
an influence diagram. Software exists to solve for the
expected net present value of models constructed in this
manner.

The second step is to assign probabilities to the
uncertain variable. The probabilities will normally be
determined by consultation with experts in the related
areas. Arbitrary probabilities are used in this example.

Their values appear below.

Probabilities
LCC Savings
High .25
Median .50
Low .25

The third step is to calculate the expected net present
value of each mod using the mod value function. 1In this
example, the value for each mod is calculated using the
following relation.

value of a mod = mod savings =

total LCC savings - total mod cost=

(LCC savings/mod/year)*(inventory size)*(# years left) -
(mod cost/alrcraft)*(inventory size)

This relation ls depicted in the decision dlagram.
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The following data is used for this example. ,’.-Jf.\
F‘..,\
AR
LCC/mod/year ey
Mod high median 1low mod cost/AC inventory size # years 5
A 40 35 20 40 100 20 RIS
B 30 25 20 30 150 20 e
(o] 60 40 10 50 100 10 s
To solve for the value of each mod, the uncertainty in ;;
the LCC savings/mod/year will be accounted for by using the .-
-{\
following equation. :5:3
W
o,
Value of a mod = o
[.25(LCCL*inv size*# years) + .5(LCCM*inv size*#§ years) + K
.25(LCCH*inv size*# years)) - (mod cost/AC*inv size) ot
RN
Ry
where LCCL is the low LCC savings, LCCM is the median LCC :.:;:::
.:_\fﬂ.
savings, and LCCH is the high LCC savings. Note that in :-;2::‘
these calculations the simplification of assuming a zero -f'::.'.“:
NN
N
discount rate has been made. This eliminates the need to '_:"_:-Z"_
N
N
use a more complicated equation to calculate the mod value b:'.
(see the discussion in Chapter 4 in the section "Improvement A,
:\."'-'r
to TAF's Tree"). Also, note that software exists to £ind :.’-:ﬁ
L
e
the expected net present value for each mod given the model :.,-::‘_
in an influence diagram form as in Fiqure 10. The :—.-‘_’-‘:
r‘,‘:'_\..
calculated values for the mods A, B, and C appear below. ::{-:\'-
Y
.a‘;
Mod Value .
A 61,070
B 70,500 maatN
o 32,500 Lol
SN
Therefore, the mod order is B,A,C. Ny
g
There are two reasons TAF may want to consider using ,‘::::?
SO
NN
DA. Pirst, DA is able to "represent the uncertainty that ;:.:{
Ny
inevitably permeates a decision problem (11:24)". This p
S
\'.I-
» el '{
R
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paper (Chapter 5) already made the point that the AHP does
not deal with uncertainty, which is one of its major
shortcomings. The decision problem TAF faces does contain
uncertainty in the data, and DA will handle this uncertainty
correctly. Second, by putting all the values (i.e. both the
mod savings and the mod mission benefit) in terms of dollars
a firm foundation for analysis is provided. It is
straightforward to compare mods when their values are
reduced to one common measure (i.e. dollars) that lis
understandable to all. The decislion process as explained
above still requires some work, especially in the area of
developing a way to express the mission benefit in terms of
dollars so the expected net present value of the mod will
also be in dollars. However, once this task is successfully
accomplished, TAF would be able to use DA to prloritize

their mods.

PROMETHEE

The PROMETHEE is a "new class of outranking method in
multicriteria analysis (4:228)" that is used to select and
rank projects. The new method was introduced by Roy and
includes two phases. The first phase constructs an
outranking relation on a finite set of actions. This
involves defining a preference index for the decision maker
which determines the outranking relation. The second phase
exploits the outranking relation in order to yield an answer

that "maximizes the multicriteria problem
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Max {fi(a),...,fk(a) | a an element of the set K} where K is

a finite set of actions and £fi t=1,...,k, are k criteria to
be maximized (4:228)".

An illustration of an example application will help to
explain the PROMETHEE. Consider the multicriteria problem
of ranking three mods (A,B,C). Three criterla are
considered relevant to the decision maker: fl:reliability
improvement, f£2:maintainablility improvement, and £3:LCC
savings. For each criterion, a criterion type (generalized
criteria) indicating the preference function of the decision
maker must be specified. There exist six types of
generalized criteria (4:229-232), five of which have
parameters that are specified by the decision maker. For
our example we will assume all the criteria have the same
generalized criteria, which will be the "usual criterion".
The usual criterion assiqgns the value of one to a comparison
between two mods if there exists a difference between them,
and a zero if no difference exists. Thus, "there |is
indifference between A and B 1f and only if the value of A
equals the value of B. As soon as the two evaluations are
different the decision maker has a strict preference for the
action having the greatest evaluation (4:229)".

The data gathered on the three mods is shown below.

Mod LCC savings RI M1
A 40 20 15
B 40 10 5
o 20 20 10
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where RI stands for rellablility improvement and MI stands

for maintainability improvement. Using the data and
' consldering the preference functlion explained above, the
calculations on the preference index are made. The
preference index is: .

i (a,b) =( D 0 p; (a,b))/(zk: ;)

- s

where TI; is a welght denoting the relative importance of

criterion £i. 1In this example, II, =.35, Mn, =.35, and

N, =.3. Using this information, the following table is

3
developed.
A B C sum of row
A - .65 .65 1.30
B 0 - .35 .35
Cc 0 65 - .65
sum of column 0 1.30 1.00

For example, the entry for A versus B is calculated by
((.35)%(0) + (.35)%(1) + (.3)*(1)} / U(.35) 4+ (.35) +
(.3))=.65
The sum of the column is now subtracted from the sum of the
row for each mod, ylelding the values:

mod A = (1.3)-(0) = 1.3

mod B = (.35)-(1.3) = -.95

mod C = (.65)-(1) = -.35
Thus, the ranking of the mods (high mod value to low mod

value) is A, C, B.
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The advantage of using this method as compared to using ;E;E
the AHP is that it may avoid the sensitivity to small Ei;f
changes that is experlenced with the AHP. This problem (as iﬁ:
discussed in Chapter 5) may cause the ranking to change when Z§$§
there are small changes made in the comparisons. E&E
Specifically, i1f a small scale is used, one ranking will be o
obtalned and {f the large scale is used, a different ranking ﬂﬂ;
may be obtained. In the PROMETHEE, "some small deviations ii
in the determination of these values (the parameters for the i
different preference functions) do not often induce
important modificatlions of the obtalned rankings (4:228)".
Since the decision maker cannot usually fix the exact values .
for the parameters, this "stability problem is of a major f
importance (4:235)". However, the parameters should have an
economic significance which should help the decision maker
-
to fix them more easily and precisely (4:236). TAF may '
decide to implement the PROMETHEE since it is simple, clear, S
and stable. Further work would need to first be done on ::‘:
determining the correct preference functions and parameters ~;€;
for each of the criterion functions, but once this is Eiﬁ
RONN

accomplished, the rest would be stralghtforward.
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VIL. Conclusions and Ateas fox Further Besearch ~’\
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ﬁi%
Conclusiops .
This thesis has two main thrusts. First, a validaticn §\‘
of TAF's decision making process to prioritize their R&M E’::
modifications is done. Second, two alternative methods to f{
solve this same problem are presented. %}f
validation. This thesis presents a three part ﬁﬁf:
validation of the decision making process TAF uses to }{\
prioritize their R&M mods. The first part of the validation ;;&
focuses on the general steps TAF must perform and three :zé
specific criteria TAF must meet to ensure their final .33-
decision made is a good decision. TAF does not satisfy ii;
these requirements in two areas. First, the data from MODAS 2
needs to be more fully understood. Second, the value
function for the mods needs to be improved upon so that it )
always assigns a higher value to the mod that TAF prefers. z{
However, these areas of deficiency may be easily corrected. N
The applicability of the AHP to TAF's specific decision
problem is addressed and the analysis indicates that the
problem is ideally suited for an application ot the AHF
The second part of the validation accomplishes ar
depth analysis of TAF's application of the AHP. The
structure of the hierarchy tree is shcwn to cunta @ « -~ ‘

problems. Two of the decision elements ("inver:

and "remaining life of the system") bott atte
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decision element. A new tree is presented that restructures g&%?
TAF's tree by combining these three decision elements into EE~1
one. The current TAF tree also falls to consider all five 'Jﬁ
of the R&M 2000 goals. Another tree ls presented that §¥?
incorporates these goals, and ideas on the data necessary to géit
evaluate mods using this tree are discussed. Y
The third part of the validation presents three areas Eﬁ?;
contained within the AHP that may pose problems for TAF. gégi
The area of dependency between mods is discussed first. ifﬁ'
This area will actually pose no problem as long as TAF |is §§§§
aware of its existence. A new method to deal with the égﬁg
dependency ls presented. This method may easily be ﬁ%:f
incorporated into the P4 model and TAF will elimlinate this E,‘;:%
potential problem. The second problem considered is the gﬁé&
fact that the AHP does not consider uncertainty. An example ﬁﬁt
is presented that compares the results obtained from using E§3j
the AHP and those obtained from using DA (a method that does Eggg
consider uncertainty). The end result 1s that TAF may want ‘}xf
to consider uncertainty in thelr data by using DA to obtain ;gig
some values (for example LCC savings) for the mods. These ;Egé
values would then be used when making the comparisons. The fﬂe
third problem discussed concerns the inconsistency in mod z:i;
values that may be caused by using different comparison éi%:
scales. dﬁa
A
Alterpative Methods. Two alternative methods are i&{;
presented which may be suitable for TAF to use for their 3;3
e
88 :-_




decision problem. The first method, DA, is able to
represent the uncertainty that TAF may encounter and also
provides a firm foundation for the analysis. The second
method, the PROMETHEE, is a method that is used to select
and rank projects. The advantage of this method is that it
is not overly sensitive to small changes in the comparison

scale (which is a drawback of the AHP).

Further Research ;:;‘.‘_5."_-
The areas for further research may be divided into two 3;%2
main areas. First, the data used to make the pairwise %EEi
comparisons requires more work to be done. Second, 1f TaF ﬁ:'{
decides to implement either DA or the PROMETHEE method to gggi
solve their problem, more work will needed in those areas. ggi

'V'-‘F'

Data. A new tree was developed for TAF (i.e. NEWTREE) :E:f:

\J\J.‘-

that requires data on the LCC savings. This is not a simple Sﬂ&t
Y

Lo

AT

area to work in since LCC embodies such an extensive set of
costs, for example spares, technical orders, fuel, and N
training. TAF needs to decide what level of detail they

need and then acquire and synthesize the relevant pleces of

data. :i

The R&M tree also poses new data requirements for TAF. 33
The types of data that will be used to evaluate each goal, hﬁ_
as well as the sources for some of this data must be decided :;

upon. This task may be simplified by new software, such as SP




g

SCOPE and MARGI, that calculate combat capablility and LCC,

but the task is still quite involved.

New Methods. If TAF decides to use DA to solve their
prioritization problem, they will need to do two things.
Flrst, they will need to figure out a methodology for
obtaining the relevant probablility distributions of the cost
and benefit data.

Second, they will need to figure out a

methodology for assessing values of the alternatives (i.e.
what weights are correct and what decision elements are
needed). The difficult part will be determining a value
function for the R&M improvement in terms of dollars.

I1f TAF decides to use the PROMETHEE method, they will

need to define their preference functions for each decision

element.
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