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Abstract: Decisions usually involve getting the best solution, selecting the suitable experiments, most appropriate judgments, taking the

quality result etc., using some techniques. Every decision making
set of criteria. The Analytic Hierarchy Processs a Multi-Criteria

lmconsideredasthe choice from the seif alternatives basedn a
Decision Making andis dealing with decision making problem

through pair wise comparison and priority vectors, which was introdubgdSaaty(1977). This paper concerns wiln alternate method
of finding the priority vectors for the original AHP decision matrix (Moderate AHP) that has the same ms&btainedin original AHP

and ideal AHP decision problems.
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1. Introduction

Table 1: Scale of Relative Importance (AccorditgSaaty

Decision makers take decisions from the prioribessetof
alternatives basedn a set of criteria, called Multiple

Criteria Decision Making (MCDM)t plays a important role

in many real life problems. Each criterion induces &

particular orderingof the alternatives andve need a

procedureby which to construct one overall preference
ordering. The numbepf criteria in MCDM is always
assumedto be finite and we assume that the numbef

alternativesis also finite. A decision should also consider
issues such as: cost, performance characteristics, availabi

of software, maintenance, expendability, etc. These beay
someof the decision criteria for particular problens.such
problems we are interestedin determining the best

alternative.ln some other situations, however, one rbay
interestedin determining the relative importancéd all the

alternatives under consideration.

The AHP enforces the researchers, scientists, educational
and industrialists for supporting tools, which dausedto
solve complex decision problems. The AHP generates
weight for each evaluation criterion accordingo the
decisionma k e paitwise comparisonef the criteria. The

higher the weight, the more important the correspondi
criterion. Next, for a fixed criterion, th&HP assigns a score
to each alternative accordingto the decisionma k e r
pairwise comparisonof the alternative basedn that

criterion. The higher the score, the better the performahce

1980)
:r?:sgrstgﬁ?; Definition Explanation
1 Equalimportance| Two activitiescontributeequally
to theobjective
3 Weakimportanceof|Experienceandjudgemenslightly
oneoveranother | favouroneactivity overanother
Essentiabr strong Experienceandjudgement
5 importance stronglyfavor oneactivity over
another
7 Demonstrated |An activity is stronglyfavoredanc
ity importance its demonstrateth practice
Absoluteimportanc{The evidencefavoringoneactivity
9 overanotheiis of the highest
possibleorderof affirmation
Intermediatevaluey  Whenconpromiseis needed
2,4,6,8 | betweerthetwo
adjacenjudgments
Reciprocal| If activity i hasone
of above |of theabovenonzer
Sthonzero |numbersassignedo
it whencompared
a with activity j, thenj
hasthereciprocal
valuewhen
- comparedwith i.
7

in orderto compute the weights for the different criteriag
start creating a parwise comparison ma#ixThe matrix A
is a n x n real matrix, where ia the nhumberof criteria for

the alternatives with respe¢b the considered criterion. considered problem. Each entgyad the matrix A represents
Finally, the AHP combines the criteria weights and thé"® importanceof the th criterion, relativeto the h

alternatives scores, thus determining a global scoredoin
alternative. The global score for a given alternativea
weighted sunof the score# obtained with respedb all the
criteria. Thuswe haveranking for a sebf objectives.

Data are collected from decision-makers correspontting
the hierarchical structurén the pairwise comparisoof
criteria.  and alternativeson a scale of relative
importance(weightasdescribed below Table [1].

criterion. If &; >1, then theth criterion is more important
than the th criterion, whileif g; <1, then the ith criteriors
less important than the jth criteriolfi.two criteria have the
same importance, then the entpjsal. The entries;aand g
satisfy the following constraint:

aj-qi:j--

Obviously @ = 1 for all i. The relative importance between
two criteriais measured accordirtg a numerical scale from
1to 9, asshownin Table 1 above, whelig is assumed that
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the ith criteron is equally or more important than the jth alternativesin terms of all the criteria combined are
criterion. The phrasedn the “ 1 nt e r p eolummof i @atefmined according the following formula below.

Table 1 are only suggestive, and niegusedto translate the ,

decision makers, qualitative evaluations the relative A, o =Zaﬁq, fori=12,,3,,.... M...

importance between two criteria into numbeltsis also '

possible to assign intermediate values whictio not  Recall thain the casef the ideal mode AHP the columab

correspondto a precise interpretation. The valugsthe the decision matrix are normalizes dividing by the largest
matrix A areby construction pairwise consistent. entryin eachcolumn.

The valuesof the pairwise comparison® the AHP are Someof the industrial engineering applicationsthe AHP

determined accordingo the scale introducedy Saaty includeits usein integrated manufacturing (Putrus, 1998),

(1980). Accordingo this scale, the available values for thethe evaluatiorof technology investment decision (Boucher

pairwise comparisons are membersf the set: and McStravic, 1991)jn flexible manufacturing system

{9.8,7,6,5,4,3,2,1,1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9}.  (Wabalickis,1988), layout design (Cambron and Evans,
1991),in other engineering problems (Wang and R&81)

After constructing pairwise comparisons matrix, theand the selectiorof preferencein the field of academic

corresponding maximum left eigenveci®approximatedy activities.

using the geometric measf eachrow. The is, the elements

in each row are multiplied witeachother and then thetiv 2 Geometrical Interpretation

rootis taken (where fis the numbeof elementsn he-row

#1g them Wllh

their sum. Hence obtaininipe corresndm i |o t
vector.

structu g the typical decision probleanconsistf
, say n and numbef alternatives, say

anbe evaluatedn termsof the decision

£

eigenvalue, denotealy\.
using the formulaCl

consistency rati€R is obtdi
the Random Consistency ikde

z‘ ;I ......

e CR= = CR>0.1we,(' : :
RCi ¥

pairwise comparison for the criterioh Olln e

Table 2: RCI Values For Different Values-af N

ihe the 4 criteridC,, C,, C;, C;) and 4 alternatives

N 1 2 3 41 3 & 7 g Q (Ay, Ay, As, Ay in orderto obtain the best alternative and
ECI| O[O0 |032(090(112)124 |132)141|145 criterion.
GOAL
Similar procedure mentioned above shobéfollowed for
all the n-alternatives
Lo [ o [ & [ o |

After the alternatives are compared withchotherin term l l l
of each one of the decision criteria and the individual il s A

‘ Ap

afpappe |

sfpsfse | [

priority vectors are derived, the synthesis sgefaken. The ‘A “d“‘ ‘
priority vectors become the columa§the decision matrix.
The weightof importanceof the criteria are also determined
by using pairwise comparisons. Therefdfea problem has
m alternatives and n criteria, then the decision madker
required to construct n judgment matrices (one feach
criterion) of order mxm and one pairwise comparison matrix
of order nxn (for the n criteria). Finally, given a decision
matrix the final priorities, denotedby A'sue, of the

Figure 1: Selectiorof Best

Construct the Pair wise comparison matrixdachcriterion
C; represents the relative weighif the criterion €
comparedo G for the above model.
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We get ij > sare priority vectors for the corresponding

criteria, obtained from Saaty (1980) ahd Cl andCR are
evaluated.

Z Ci(C + A)forall

j=1
Alternative indces i 4, 2,3,4.

. . . . Fix i=1, we get F'final alternative priority vector
Construct the paire wise comparison matrix for th 9 P y

alternatives Ay, Asi, As1, A4y, With respecto the criterion eMAlz GG+A) GG 'A) G A" QL A

C, and obtain the priority vectors correspondiagh;;, Ao, 3 FOI(/li:Z.We get MA,
. I=3 we get
Asi, Ay respectivelyas A, A, Ay, A by Saaty (1980) =1 we get M:\:

and) , Cl andCR are evaluated.
Table 5: Thus the moderate decision maitsybtainedas

Construct the paire wise comparison matrix for the follows.
alternatives Ay, A, Aszs Aso With respecto the criterion Alternative | c c c
C, and obtain the priority vectors correspondiagh;,, Ay, / criterion ! : ’ * | Final Priority
. ' ' Criterion ' ' ' 1| Vector MA

Asy, Ay, respectivelyas A, A, Ay, A, by Saaty (1980) Priority C |C |C | C,
andX , Cl andCR are evaluated.

MA;
Construct the paire wise comparison matrlx for the MA,
alternatives As, Az, Aszz A4z, With respecto th
C; and obtain the priority vectors corres MA;
Ass, Ags respectivelyas A, Ay, MA,

andA , Cl andCR are evaluated

follows

Alternative

Criterion G\ e ) est e_llternative ffom the best
U 3 ] ng /pairwise comparison matrix
criterionPriority | C|  [\C5 2\ C, A erla angl alternatiyg
{ by AHP
A1 A{l A,\( M 1AHP \\ Palr ise&qpari on matrix for criteria
3 Altetnatiy, Priority
! ! ! ! 2
K Ay Azz\“-\ f 4 sy ntenm t2 o |c Vector
! ! ' \Q" Y 1/3 |2 |0.149
A A | A LY e . &% % 11 3 |5 [0480
' ' ' ’ 'A" t-l = :
A A AL | A R AT ) & 3 [13[1 |5 [0209
—— e Y% |15 |15 [1 |0.074
Table 4: Ideal AHP decision matrix and their priority A =4.230,C.1=0.0767CR = 0.085
vectors
A'Fftfm_ati‘/e/ C C Cs Ca Final Pairwise comparison matrix for criterion C,
cnterion Priority C, |A B C D Priority Vector
Criterion Cr C/ C! C! Vector A 1 3 1/2 4 0.276
Priority . 2 3 M B |13 |1 |1/5 |6 |0.148
A, 1 A | A | A 1 A 1A, C |2 5 1 9 0.529
Atl Ailz Aif AL,4 D |v% |16 |19 [1 0.047
Az A [TA | 1A [ 1A | 1A A =4.242 C.I = 0.08TR = 0.09
As A [TA, | 1A [TA, | 1A o | N
p ; ; : Pairwise comparison matrix for criterion C,
Ay LA, [TAL [1TAS [1TA, | 1A, C, |A B |[C [D Priority Vector
A 1 3 2 1/3 | 0.240
It canalsobe extendedo find the final alternative priority B 1/3 1 3 | v 0.144
vectors foreachalternative from the original AHP decision C Y /3|1 |1/5 |0.085
matrix. It canbe obtained from the following formula D 3 4 5 |1 0.531

A =4.24C.1=0.08CR=0.088
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Pairwise comparison matrix for criterion Cs

Cs A B C D |Priority Vector
A 1 2 6 Y% 0.294
B Y2 1 2 Ya 0.132
C 1/6 | 2 | 1 1/7 0.062
D 2 4 7 1 0.512

A=4.029, C.| = .0098CR = 0.0108

Pairwise comparison matrix for criterion C,

C, A B C|D Priority Vector
A 1 % 4 11/2 0.191
B 2 1 3 14 0.216
C 14 |13 |1 ]1/8 0.058
D 2 4 8 |1 0.535

A =4.196 C.I = 0.065CR = 0.072

[3] Boucher,

allows for a sensitivity analysign term of the relative
priorities, by adjusting the ranking values.
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Therefore, the best selectiaa D followed by A, A is
followed by B and Bis followed by C. Finally we observe
that although the original AHP, the ideal AHP and the
moderate AHP have the same ranking for the said 4
alternatives, even though they assigned different final
priority vectors for these alternatives.

5. Conclusion

The AHP is used for ranking with priority vectorsf
pairwise comparison matricedt provides an effective
solution for solving MCDM problemlit should be noted
that, thereis a AHP calculation software (web systeln)
CGI system that calculates the weights @tdsaluesof the
AHP models from pairwise comparison matrioge can
involve any relative importancef criteria and thatof
alternativesin the moderate AHP. Also moderate AHP
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