CHARACTERIZATION OF THE AHPWITH ADJUSTMENTS OF WEIGHTS OF
ALTERNATIVESASAN OPTIMAL SOLUTION

Youichi lida
Faculty of business administration and information
Tokyo University of Science, Suwa
Chino, Nagano, JAPAN
E-mail: iida@rs.suwa.tus.ac.jp

ABSTRACT

The analytic hierarchy process (AHP) is decisiorikdmz method proposed by T.L.Saaty in the 1970s.
In ISAHP2011, | proposed a different way from treditional AHP in order to synthesize weights of
alternatives with respect to criteria and callethé& AHP with adjustments of weights of alternative
there. This method is based on a concept of wadgtienmation model (WSM), which is well-known
as a simplest multi-criteria analysis method. WSMessentially able to deal with evaluation values
represented by absolute numbers. By the way ciasly seen that a ratio of overall evaluation ealu
of alternatives with WSM is calculated directly it ratio of evaluation values of alternatives with
respect to criteria. Alternatives are often noteatol be evaluated in a common measure with a unit
with respect to a criterion, and so it is usefulilso evaluate alternatives with respect to suitlria.

In order to solve this problem | modified the AHP firopose a way. It includes a procedure called
adjustment of weights of alternatives. | showed &kind of validity of this method in terms of l@s
algebra there. In this paper, there are two pugd3ge is showing validity of the method in optimal
problems. The other is showing another versionhid method in the selection problem of a best
skater in (lida, 2011). This version is more realighan the original version in a competition whic
one player acts at a time in order.

Keywords: Weighted summation, AHP, relative evabratoptimal solution

1. Introduction

The analytic hierarchy process (AHP) is decisiorkimg method proposed by T.L.Saaty in the 1970s.
He wrote in (Saaty, 1980) as follows: Of considérabterest to us must be the issue of how closely
the priority vector developed by our method matdhes‘real” priority vector. One way to ascertain
this is to apply the method to situations whiclowlthe determination of the actual numbers. In such
cases we wish to check how accurate the prioritoreis. So | proposed a new process in (lida,
2011) which can restore actual numbers as ovevaluation values with slightly modification of
AHP. The way to synthesize weights of alternatiwéth respect to criteria is different from that of
the AHP and we called it the AHP with adjustmerftsveights of alternatives. This method is based
on the concept of weighted summation model (WSMjictv is well-known as a simplest multi-
criteria analysis method.

WSM is essentially able to deal with evaluationuesl represented with absolute numbers. Then we
expect a common measure with a unit like the dalfahe point to evaluate alternatives with respect
to criteria. By the way, it is easily seen thatatia of overall evaluation values of alternativeishw
WSM is calculated directly from a ratio of evalaativalues of alternatives with respect to criteria.
Alternatives are often not able to be evaluated tcommon measure with a unit with respect to a
criterion, for example which is intangible, andise useful to also evaluate alternatives with extp

to such criteria. The method proposed in (lida,1304 to do so.

Thus | can say that the method is weighted summatiethod for intangible alternatives. We expect
by this method not the actual value for each adtiiva, but ratio of weights of all alternatives as
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overall evaluation values. So for simplicity | c#tlis method “weighted summation ratio method”
(WSRM) in this paper, though | already called ihé't AHP with adjustments of weights of
alternatives” in (lida, 2011). We note that this R is based on the concept of the AHP.

In (lida, 2011), | showed that a kind of validitf W/ SRM in terms of basic algebra. Furthermore, |
showed a numerical example of a selection probleantmest skater. There we evaluated three skaters
with respect to four criteria which are Jump, Sfajance and Speed. We can suppose that these
criteria have a point as a common measure withoumia In the example, | applied paired
comparisons with the scale of the AHP to calculadéative evaluation values of skater’s
performances with respect to them, while in genamlcan use any positive numbers for paired
comparisons.

There are two purposes in this paper. One is slpitia validity of WSRM in optimal problems.
There we use a view of the AHP, but this is unlike traditional AHP and the ANP (the analytic
network process), because we don't consider indledretween three clusters in a hierarchy, which
are a goal, criteria and alternatives, and dos alse feedback or network structure.

| recognize WSRM to be the extended version of W@ the AHP now, but we may be able to use
Supermatrix in the ANP instead of WSRM, in partaculfor adjustment of weights of alternatives.
This is a future research assignment. The othgygseris showing another version of this method in
the selection problem of a best skater. This isemnealistic than the original version in a compaxit
which one player acts at a time in order, thougrs itlifficult to use this in real problems. This
problem is discussed in Section 6 with relatiowmeen WSRM and the AHP.

2. Relationship between weighted summation and the method

In this section we clarify the purpose of WSRM mreed in (lida, 2011). We deal with the hierarchy
with one goal, three criteria and four alternatieBigure 1.

Goal

Criterion Criterion Criterion || Criterion

===

Alternative Alternative || Alternative
Al AZ A3

Figure 1. A hierarchy.
Next, we suppose that we have gotten Table 1 adtj@s between criteria with respect to Goal.
Table 1. Priorities between criteria with respecGbal in Figure 1.

G G G G
Priorities C () Cs C4

In Table 1 we may set the conditiof¥ c,+ cst+ ¢,=1, while we don’t need it in WSRM. Furthermore,
we suppose that we have gotten Table 2 as the tsdigitween alternatives with respect to criteria.
Here we suppose that eaghis an actual number which is evaluated with a likét the dollar or the
point.

Table 2. Weights by actual numbers between alteagtvith respect to criteria in Figure 1.
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C G GCs C,
A, i adip diz dig
A; az a2 A3 Az
As a3 az; Aa3 Az

Then we calculate the overall evaluation values\(D& alternatives with WSM as follows:

c
OEV OfAl Ay QA A3 Qqq Cl C1aqq + Craqy + C3aq3 + CaQqy
2
OEVofA, | =|aa G a3 ayn = | C1G21 + C2ay; + C3a53 + Caayy |.

OEV of A4 az; Az dzz A3 C1031 + C2a3; + C3033 + C4Q34

Thus we have OEV of Ais Cja;1+Ca;7+C38;3+C4814, OEV Of A; IS C1871+Co85+Ca8a3+Ch824 aNd OEV of
A3 is Cias1+Craz+CaasstCiazs. Now, we focus on the ratio of them and have the follgnar any
positive numbeA:

OEV of A:OEV of A;:OEV of Az

= (C1811+Co17+C38 3+Ca814): (C1821+ CoBlpo+CaBoatCaBlns) :(Cr831+CoBlzoH CaBlaztCadza)

= (Clal 1+C2a12+03a13+C4a14)/ A (C]_az 1+C2a22+C3a23+C4a24)/ A (C1a3 1+C2a32+C3a33+C4a34)/ A

={ cy(a1/A)+Ca(@y2/ A)+Cs(a1/ A) +Ca(a1d A) }{ Cr(@21/ A)+Co(@od/ A)+Ca(@25/ A)+Ca(a2d/ A)}-{ Co(aa/A)+Ca(as2
IA)+c3(azd A)+Ca(azd A)}-

We notice that if we puB=c,+c,+cstcy in the above equation, then it means setting thelition
ci+c+cstc,=1 in Table 1. The last continuous ratio meansia tf OEV of alternatives with WSM.
This isn’t decided uniquely and so we define cauims ratio with the total of its elements beingsl a
the final answer, which is called normalized ovemdaluation ratio (NOER) of alternatives.
Furthermore, we call each element of NOER normdlipgerall evaluation values (NOEV) of
alternative. Our purpose is calculating NOER, cquosatly NOEV, directly from weights table of
alternatives as Table 3.

Table 3. Weights ratios between alternatives vagpect to criteria in Figure 1.

G & G Gy
A a;/A ap/A a;s/A a /A
A, an/A alA ad/A adA
Aj azl/A azl/A azd/A azd/A

In particular, when we s&t=a, +aj,+aistastas+tastastasstagtasstasstass, Which is the total of
element in Table 2, Table 3 is equivalent to a ge@gable with the total of elements being 1. We
recall such Table 3 was defined as the represeatafievaluation ratio tables in (lida, 2011), whic
is by elementary algebra. Since this fact, we rieagliess only a ratio @ in Table 2 (or Table 3) in
order to calculate NOEV of alternatives with WSMydathe purpose of WSRM is guessing the
representative of evaluation ratio tables.

Here, we introduce an example which the AHP dondrkwwell. Before that, | confirm that
calculating such ratio isn't a purpose of the AlPtact, we use different scale from the AHP irsthi
example. Firstly, we consider Table 4 with elemdgting represented in the dollar.

Table 4. Weights in the dollar between alternativéhl respect to criteria.

G & Gs Cy
A, 50% 5% 40% 3%
A, 60% 6% 30% 4%
As 70% 7$ 508 5%

Then we calculate Table 5 with the AHP, namely withmalization in each column of Table 4.
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Table 5. Weights guessed with the AHP accordinbatiole 4.

G & Gs Cy
Aq 0.278 0.278 0.333 0.250
A, 0.333 0.333 0.250 0.333
As 0.389 0.389 0.417 0.417

We compare Table 5 with Table 4. Weights of thriéeratives with respect to,@nd G in Table 5
are the same as each other, while those in Tadle different. Furthermore, the difference of wésgh
of A; and A with respect to €in Table 4 is reducing in Table 5, while the diffiece of A and A
with respect to €in Table 4 is almost the same as in Table 5. ThHase influences OEV of
alternatives in the AHP. For example, we get,=0.125,c;=0.25 andc;=0.5. Then we have Table 6
with weighted evaluation value of each alternative.

Table 6. NOEV guessed with the AHP according toldsl and the weights of criteria.

G C G Cy NOEV
0.278 x 0.125 0.278 x 0.125 0.333x0.250 | 0.250 x 0.500
Aq = 0.035 = 0.035 = 0.083 = 0.125 0.278
0.333 x 0.125 0.333 x 0.125 0.250 x 0.250 | 0.333 x 0.500
A, = 0.042 = 0.042 = 0.063 =0.167 0.313
0.389 x 0.125 0.389 x 0.125 0.417 x 0.250 | 0.417 x 0.500
As = 0.049 = 0.049 = 0.104 = 0.208 0.410
Total 1.000
On the other hand, we have Table 7 with WSM.
Table 7. NOEV calculated with WSM according to Ta#lland the weights of criteria.
Cl C2 C3 C4 Total NOEV
50 x 0.125 5x0.125 | 40 x 0.250 | 3 x 0.500
Aq = 6.25 = 0.625 =10 = 1.5 18.375 0.302
60 x 0.125 6 % 0.125 | 30 X 0.250 | 4 x 0.500
A, =75 =0.75 =75 =2 17.75 0.292
70 x 0.125 7% 0.125 | 50 x 0.250 | 5% 0.500
Az = 8.75 = 0.875 =125 =25 24.625 0.405
Total 60.75 1.000

We note again that NOEV in Table 7 is not for thiegose of the AHP. If we would use the AHP, for
example, then we might divide Table 4 (or the higrg in Figure 1) into two: one is what consists of
C, and G and the other is what consists of &hd G. Moreover, we may evaluate weights of
alternatives as AA,:A;=7:8:9 with respect to Lwith the scale of the AHP, 88,:A5=1:2:3 with
respect to g€and so on. Anyway, it's important that the AHP 'taestore Table 2 (or Table 4) which
plays the important role in WSM (or WSRM), respeely. On the other hand, we obtain Table 8 with
the WSRM, namely with adjustment of weights of aiégives.

Table 8. Normalized weights guessed with WSRM atiogrto Table 4.

G S Gs Gy
A 0.152 0.015 0.121 0.009
A, 0.182 0.018 0.091 0.012
As 0.212 0.021 0.152 0.015

From Table 8 we have Table 9 and NOEV of alterestiat the end, which is the same as in Table 7.

Table 9. NOEV guessed with WSRM according to T&#md the weights of criteria.
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Cl C2 C3 C4 Total NOEV
0.152 x 0.125 0.015 x 0.125 0.121 x 0.250 0.009 x 0.500
A = 0.019 = 0.002 = 0.030 = 0.005 0.056 0.302
0.182 x 0.125 0.018 x 0.125 0.091 x 0.250 0.012 x 0.500
A, = 0.023 = 0.002 = 0.023 = 0.006 0.054 0.292
0.212 x 0.125 0.021 x 0.125 0.152 x 0.250 0.015 x 0.500
A; = 0.027 = 0.003 = 0.038 = 0.008 0.075 0.405
Total 0.184 1.000

3. Calculation method in the method

In this section we introduce the method proposetida, 2011), which is called WSRM in this paper.
We start from the three-level hierarchy in Figunehjch has one goal (Goal), four criteria, (C,, C;
and G) and three alternatives {AA, and A). And we calculate Table 1, which consists of fities
between criteria with respect to Goal.

Next, we guess two tables, Tables 10 and 11, wtocisist of weights of alternatives with respect to
criteria and weights of each alternative with respe all criteria, respectively. Here we note ttieg
latter isn’t mutual evaluation, but guessing raifoveights of alternative with respect to critemma
Table 3 (or Table 2), for examplea/Aa/Aa/AadA, a/Aan/Aa/Aa/A and
Azl A az Aiasy ArazdA.

Table 10. Weights of all alternatives with resgeatach criterion.

G G GCs Gy
A, V11 V12 Vi3 V14
A; V21 V22 V23 V24
As V31 V32 V33 V34

Table 11. Weights of each alternative with respedll criteria.

Al Az Az
C W11 Wa1 Wsq
C W13 Wa; W35
Cs W13 Wa3 Ws3
C, W4 Way W34

In the next step, we need to combine these twesatol guess Table 3 with a certain way. We might
be able to use Supermatrix of the ANP, but | pregom (lida, 2011) a way with a procedure of
adjustment of weights of alternatives because ogpgse is guessing Table 3 or an equivalent table
to Table 3. See (lida, 2011) for detail. Consedyente have Table 12. | didn’t notice this tabler,

but showed this table in (lida, 2012b).

Table 12. Guessed evaluation ratio tables of atems with respect to criteria (criteria-oriented
WSRM).

3 3wy 3 3wy 3 3 wis 3 3w

Al 1711 X - Ulz X — V13 X - U14 X —
i=1 Vi1 i=1Vj2 i=1 Vi3 i=1Vja

3 3wy 3 3 wip 3 3w 3 3wy

i=1 Vi1 i=1Vj2 i=1 Vi3 i=1Vig




Proceedings of the International Symposium on the Analytic Hierarchy Process 2013

Wi Wiz Wig

V31 X | | V3zz X | | V33 X | | — | Vs X | | —
i=1 Vi1 i=1Vi2 i=1 Vi3 i=1Vig

For example, from Table 4 we have Tables 13 andcdd4esponding to Tables 10 and 11,
respectively. Here we used normalization in the AGNP for the column and the row in Table 4,

As

respectively, though we don’t need such normabreith WSRM.

Table 13. Weights of alternatives with respectaochecriterion according to Table 4.

G & G G
A 0.278 | 0.278 | 0.333 | 0.250
A, 0.333 | 0.333 0.250 0.333
Az 0.389 | 0.389 | 0.417 | 0.417
Table 14. Weights among criteria in each altermadigcording to Table 4.
A; A, As
C, 0.510 0.600 0.530
C, 0.051 0.060 0.053
Cs 0.408 0.300 0.379
C, 0.031 0.040 0.038

We remark that Table 13 is necessarily the samBabte 5. Here from Tables 13 and 14 we have
Table 15 according to Table 12.

Table 15. Weights obtained by combining Tablesri8 B4 according to Table 12.

G & G Cq
A 0.459 0.046 0.367 0.028
A, 0.551 0.055 0.275 0.037
As 0.642 0.064 0.459 0.046

We obtain Table 8 with dividing each element in [€alb by the total of its elements. Consequently,
we have the same NOEV of alternatives as in TalfleaBle 7).

4. Characterization of the method in optimization problems

In this section, we characterize Table 12 as amaptsolution, which is a purpose of this paper. We
recall that the essential purpose of WSRM is gngs$able 2 Witrﬁj?:lf,j?=1 a;j = 1. We have the
following (cf. (lida, 2012Db)):

Theorem 1. Table 16 satisfies thatj: s,: S5 =ay;: &yt ag (j=1, 2, 3 and 4) and: Sy: S3 Sa=air: a
a3 a4 (I=1, 2 and 3), wherg; is in Table 2 if only if there exists a real numBesuch thas;=k g&;
(i=1, 2 and 3;j=1, 2, 3 and 4).

Table 16. Evaluation ratio table of alternativefhwespect to criteria corresponding to Table 2.

G G GCs Cq
Ay S11 S12 S13 S14
A, S S2 S3 S
As Sz1 S32 S33 Sz4

Proof. It is sufficient only to show the necesseoydition. It follows from the assumption that taer
exist real numberpg, andq; such that,=p, ay;, S5=p; a, S5=P; ag (=1, 2, 3 and 4) ansh=q; a1, S>=0
ai2, S3=0; &3 anaS4=0 &is (I=1, 2 and 3). So we hawg=p, a;=q; a; andp;=q; for anynumbers andj.
The theorem is proved. (Q.E.D)
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From this theorem we know that if there existsa remberk such that;;=k w;; (=1, 2 and 3;j=1,
2, 3 and 4) , then we may paii=v; (i=1, 2 and 3j=1, 2, 3 and 4) in Table 2. In particular, in this
case we can also restore it by AHP.

Now we consider real numbehs, A,, A; andA, such that
V11411 V12421 V13431 V14 AL = Wiqi Wipi Wi3i Wy,
V1411 V22421 Va3 A3i Vo Ay = Woqi Wopi Wogi Woy,
V31411 V324321 V33431 V34 Ay = W31i W3p: W3zi W3y,

Here we remark that; A: vy A V3A=Vy: Vyt V5 (j=1, 2, 3 and 4) in the above equations, i.e., the
relationship between elements in each column ofleT&@bis preserved. However, generally, such
numbers don’t exist. On the other hand, we havéailmving:

Wi1 Wiz, Wiz, Wig) _ . . .
V11 ( ) V12 (_) ‘V13 (_) V14 (_) = Wi1iW1piWi3i Wiy,
V12 V13 V1g
W21\, Waz\ ., W23\, Was\ _ . . .
V21 (_) 1V22 (_) 1V23 (_) 1V24 (_) = Wa1iWa2iWo3iWoy,
V21 V22 V23 V24
W31 W32, W33}, W3q) _ . . .
V31 (v 1) V32 (v32) 1V33 (v_33) 1V34 (v_“) = W31:W332: W33: W3y.

So we make the following optimization problem, whis solved with logarithmic least squares
method:

Problem. Find positive numbera&,, A, As andA, for given positive numbens;; (i=1, 2 and 3j=1, 2,
2 ,
3 and 4) with the minimum value Bf_, ¥, (log(eij)) subject thatd, e;; = % (i=1,23),

Ageiy = U—‘ZZ (i=1,2,3), Ase;s = v—‘: (i=1,2,3),and A,e;, = v—‘: (i=1,23).
L L L

Then the solution is that, = (T3 1W” A, =T 1W‘2 Az = e *and 4, = T, 2.
i4

Proof. It is sufficient to deal witlequation A;e;; =% (i=1,2,3). These are equivalent to
i1

log( i) = log (32) ~ log(4,) (i = 1,2,3). We setf(4;) = Xi-,y (log(e))” = % 11<log(W“)

2
1og(A1)> . Then we havef’(4,) = Y3 12<log(w‘1) log(A1)>( ) Whenf’(4,) = 0, we
havef’(4;) = Y3 1<log (W”) log(A1)> =0, which is equivalent t(bog( l3=1%) —log(4,)3

=0 and4, = "|[T3_ 15 24\t is shown. (Q.E.D)

From this we obtain Table 12. Indeed,jJ-element in Table 12 ig;;4; = v;; X °[[]5- 24 In this
j4j j =17,
ij

way to combine two tables we chose preservatiomadfrelations between columns of Table 11
corresponding to rows of Table 2, but relationsMeein columns of Table 10 corresponding to
column of Table 2. This is because it's generadlgier and more stable to compare alternativesypairl
with respect to each criterion like the AHP thanhealternative with all criteria pairly.

5. Another version of example of selecting the bet skater

We showed a selection problem of a best skatelida,(2011) in order to explain WSRM in the
general case. The method is essentially equivdterialculating Table 12. By the way, this is a
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competition which one player acts at a time in arttesuch a case we will calculate Table 11 before
Table 10. In fact, after the first player Acted, we calculateri: wio Wis W4 With respect to each
criterion. Next, after the second playes @id, we calculatev,;: W»,: Wos: Wo, With respect to each
criterion. Finally, after the final playersAdid, we calculatens;: Wsy: Was: Way With respect to each
criterion and consequently, we obtain Table 11eAfhis, we compare performance of players pairly
with respect to each criterion and obtain Table Tiis means that it's easier and more exact to
compare his/her performance with respect to catpairly than them with each criteria pairly, thbug
| wrote “it's generally easier and more stable tmpare alternatives pairly with respect to each
criterion like the AHP than each alternative withcaiteria pairly” at the end of Section 4. Thug w
propose Table 17 in these cases instead of Tabl&/géZall WSRM with Table 12 criteria-oriented
WSRM and WSRM with Table 17 alternatives-oriente8Ri.

Table 17. Guessed evaluation ratio tables of atams with respect to criteria (alternatives-oréeh

WSRM).
C G G C,
4 4
4 2T AT T vy 4 2T " R
J 1j 1j 1j
A, wig X —= | Wy X — | w3 X —= | Wpq X —
j=1Wij j=1Wij j=1Wij j=1Wij
4
4 %) AT vy AT T4 vy AT 1t v
J 2j 2j 2j
A, Wy X —= | Wy X —= | Wp3 X — | Wy X —
j=1W2j j=1W2j i=1Wyj j=1Waj
4 4
4 * V3 4T T1* Vs 4 * o Vgj " R4
J 3j 3j 3j
As W3p X — | Wz X — | Wwz3z X —= | Wz X —
]=1W3] lj=1 W3]' ]=1W3]' j=1 W3]

Now, we compare NOEVs by Tables 12 and 17. We Irézall we had in (lida, 2011) Figure 2 as the
hierarchy and Table 18 as evaluation ratio betvesigéeria with respect to Goal. Furthermore, we had
Tables 19 and 20 corresponding to Tables 11 ance&pfectively.

Selecting the best skater

Spin

Balance

Speed

=i

Mr. R

Mr. A

Mr. K

Figure 2. A competition of ice skating.

Table 18. Weights of criteria with respect to Goal.

Jump

Spin

Balance

Speed

Tota

Weights

0.657

0.203

0.094

0.046

1.00(

)

Note. Total doesnivals need to be 1.

Furthermore, we have Table 19 and 20 by paired adsgn. Tables 19 and 20 are corresponding to
Tables 10 and 11, respectively.

Table 19. Weights of each alternative with respectiteria.

Mr. R Mr. A Mr. K
Jump 0.565 0.111 0.596
Spin 0.262 0.732 0.266
Balance 0.118 0.049 0.042
Speed 0.055 0.108 0.097

Table 20. Weights of alternatives with respectaotecriterion.



Jump Spin Balance Speed
Mr. R 0.259 0.103 0.540 0.109
Mr. A 0.105 0.682 0.163 0.309
Mr. K 0.637 0.216 0.297 0.582
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We combine Tables 19 and 20 according to Tableol@btain Table 21. Consequently, we obtain
Table 22 with Tables 21 and 18.

Table 21. Weights of alternatives with respectaohecriterion.

Jump Spin Balance Speed
Mr. R 0.639 0.296 0.133 0.062
Mr. A 0.189 1.246 0.083 0.184
Mr. K 1.468 0.655 0.103 0.239

Table 22. NOEV guessed with alternatives-orientd®iSM for three players.

Jump Spin Balance Speed Total NOE
Mr. 0.639 x 0.657 | 0.296 x 0.203 | 0.133x0.094 | 0.062 x 0.046
R = 0.420 = 0.060 = 0.013 = 0.003 0.495 | 0.247
Mr. 0.189 x 0.657 | 1.246x 0.203 | 0.083 x 0.094 | 0.184 x 0.046
A =0.124 = 0.253 = 0.008 = 0.008 0.393 | 0.196
Mr. 1.468 x 0.657 | 0.655x0.203 | 0.103 x 0.094 | 0.239 x 0.046
K = 0.965 = 0.133 = 0.010 = 0.011 1.118 | 0.557
Total 2.007 1.000

After all, we have Mr. A (0.196) < Mr. R (0.247)Mr. K (0.557) from NOEYV in Table 22. By the
way, we remark that Mr. R (0.222) < Mr. A (0.256)Mr. K (0.522) in (lida, 2011), which is by
criteria-oriented WSRM. We know that these rankiage different from each other. We need to
discuss this problem more.

6. Discussion

| discuss the following three problems in this s@ttA way to guess Tables 10 and 11 and check
consistency of them, a problem of getting differearkings with alternatives with criteria-oriented
WRSM and alternatives-oriented WSRM as in Secti@m& a method other than WSRM in order to
calculate the normalized overall evaluation valokeslternatives with WSM.

Firstly, we will use paired comparisons to guesbld® 10 and 11. This is natural because we need
only ratio of weights. However, it is difficult tobtain both of Tables 10 and 11 with consistenty. |
we focus on only Table 10 (or Table 11), then we ese a check test shown in (lida, 2011), which
compares rankings of alternatives obtained by coimbiadjusted weights of alternatives for each
alternative with priorities of criteria. About thfroblem we need to research when we can restore
Table 2 according to Tables 10 and 11 (see thepsagraph).

Secondly, it may often happen that ranking of ak&ves with criteria-oriented WRSM is different
from that with alternatives-oriented WSRM as in t®et5. | think that it's very difficult to guess
valid Tables 10 and 11 with paired comparisonfiatsame time. So if you guess Table 10 (or Table
11) previously, then we use criteria-oriented WRSbt alternatives-oriented WRSM) with
consistency check for Table 10 (or Table 11), respely. Supermatrix in the ANP might be useful
for this problem, while we need to change the psepof guessing Tables 11, which is calculating
mutual influences between clusters.

Finally, WSRM may not be practical although it fsetretically appropriate. So | need a more
practical method to calculate the normalized oVvexahluation ratio of alternatives with WSM. For
example, we can consider a method with two kindsdjfistments. One is adjustment of scale to
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compare alternatives with respect to each critefynthis all criteria will have the same measure t
do so. We recall the selection problem of a bestesk Certainly, if we have a unit of weight, thea
don't need WSRM. The other is adjustment of weigtftalternatives with only one criterion. For
example, we can adjust weights of alternativefénfirst row of Tables 4 or 8. This concept is Bure
one of linking pin, for example, in (Schoner, Wegdéand Choo, 1993), (Wedley, 2009) and so on. It's
important to be practical when considering a mebhagly of decision-making like the AHP. Now, we
consider relationship between WSRM and the AHRs #asily known that the AHP works well for
the purpose of WSRM when we don’t need both of kimols of adjustment in the above argument. In
fact, this happens in many cases.

7. Conclusions

In this paper we characterized the method propws@dia, 2011), which was denoted by WSRM, as
an optimal solution. | introduced two kinds of WSRidhich are criteria-oriented and alternatives-
oriented, according to how to combine two evaluat@tio tables of alternatives, for example, Tables
10 and 11. In Section 5 we explained the latter.

Finally, in Section 6 we discussed some problem3V&RM. | pointed out that this method is
theoretically appropriate, although may not be fixat It's important to confirm that a method is
theoretically appropriate, before improving a dertaethod to be more practical. Furthermore, we
considered a relation between the AHP and WRSMeaenhd of Section 6. When we don’t need two
kinds of adjustment, the AHP works well for the pose of WRSM.

It is future subjects to make this method easys®-and to examine whether the problem of WSRM is

solvable by ANP from the viewpoint of WSRM. The AliPthe intelligible decision-making method
intuitively. In order to make this merit more, Irth that the argument of this paper is meaningful.
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