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Abstract : It’s an important part to cdculate the weights between criterions and to aggregate the decision inputs in a MCDM(Multi
criterion decision making) This paper presents a method for aggregation of decision inputs and application to the MCDM. We incorporate
the fuzzy set theory and the basic nature of subjectivity due to ambiguity to achieve a flexible decision approach suitable for uncertain
and fuzzy environments. To obtain the scoring that corresponds to the best alternative or the ranking of the alternatives, we need to use
a total order for the fuzzy numbers involved in the problem. In this article, we consider a definition of such a total order, which is based
on two subjective aspects: the degree of optimism/pessimism reflected with the ordered weighted averagingl OWA) oprators. A numerical
example, expecially location analysis for anchorage area, is given to illustrate the approach
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M(i=12,krt o 2 7}

VIM=> M, My,--, M,)= V(M= M;)and (M > M,)and
- and(M = M)]=min V(M= M), i=1,2,3, k.
d(4,)=min V(8 = §)& 7}A3A k=12,m k=1 ]
714 bER) HEE W=(d(4)),d(4,),d(4,)) e Fol
A,
oA Qe AR dold gozd wmEe Wissne,
104 gkel Wgivh AXg W= WA HX| AHP ¥
I dd ATelE T dAg WA 2EeH, 2
AN M= Table 18] AZAHA S U E Frtel] AHEEA
Table 1 Triangular fuzzy conversion scale
L Triangular fuzzy Triangular fuzzy
Linguistic scale scale reciprocal scale
Just equal 11D 1, LD
Equally important 1/2, 1, 3/2) 23,1, 2)
Weakly more important 1, 372, 2) 172, 2/3, 1)
Strongly more important (3/2, 2, 5/2) 2/, 1/2, 2/3)
Very strongly more important 2,52, 3) (1/3, 2/5, 1/2)
Absolutely more important /2, 3, 7/2) 27, 1/3, 2/5)
3. =2 7IEX| 4

3.1 OWA

Yagers Htiatst Hagtel o2& digte] AHXE =5
3171 98 =9 ZFEXEEEHOWA @ Ordered weighted
averaging) FAAE EEAth. OWA diba=
(multiattribute utility theory)elvt @& 7Fe=| &3
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ol 7}%5}‘4 Jacek Malczewski, 2006).
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andness (W) = 1—orness (W) @®)
=1— o ;Zjl(n‘z)wl
3.2 TS 5o AEEE A= B
WA (2006)> ATAFAAN OWAC|2H FEHAS &

3} orness?t 191 W', orness7} 05 W,,q» oress7t 021 W,
A NEA OWA 7F5A ghro] F712 479 dAQT F3o
= OWA 7154 g5 F71sle Table 29 2

o] AAIEG ) 49 AAEFH F W(3/4) F=EFALZ A(9)

)

oAl ZE o] 2(MAVT : multiattribute value theory)ol Al
s 7HIRE OWA 7= W(3/4)=

o,(3/4), yw, (3/D)]E ATHA w; >w, > .. >w, 4 o,
EE 7bsd 7heA 23 jEd 9 7HAE ek A
54 A @ 4 9tk Edwards®  Barron&
w; = w, = .2 w, ol EE 4o e HEFHe] gl&
g A FAEE 7 U FAL AgE v qlvh
w(3/4) = 71 T8 £49 AHEAela, w,(3/4)= F A
A2 MY FaT 49 MEXelth ne &40 oS o
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Table 2 Formulas for specifying weights of OWA operators

i)

X

b2 olEeAag BARS HE

w,(3/4)= (14+1/24+1/3+-+1/n)/n 10
wy(3/4)= (0+1/24+1/3++1/n)/n

w,(3/4)= (0+0+0+-+1/n)/n

A0 Wt Brragle) A Wt w(3/4) e 7hEA
i Table 33 zFo] ANbH At

Table 3 The OWA weights W(3/4) for indicated number of

objectvies
Number of objectives
Rank 2 3 4 5 6 7 8 9 10
1 7500 | 6111 | 5208 | 4567 | 4083 | .3704 | .3397 | .3143 | .2929
2 2500 | 2778 | 2708 | 2567 | 2417 | 2276 | 2147 | 2032 | .1929
3 1111 | 1458 | 1567 | 1583 | .1561 | 1522 | .1477 | .1429
4 0625 | .0900 | 1028 | .1085 | .1106 | .1106 | .109%6
5 0400 | 0611 | 0728 | 0793 | 0828 | .0846
6 0278 | 0442 | 0543 | .0606 | .0646
7 0204 | .0335 | .0421 | .0479
8 0156 | 0262 | .0336
9 0123 | 0211
10 0100
oA (2006)0] AQHE YRFF) 7HEX FHE ol
B8 ALk gle]l OWA 7Hx 848 +3 5 Slth
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Fig. 4 Hierarchical structure of criteria
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Table 4 Pair-wise comparisons for main attributes

SS EN MT
S8 1,1, D (3/2, 2,52 (Q, 32,2
EN @nm,1/2,2/3 4, 1L, 1D (2, 52, 3)
MT (1/2,2/3, 1) (1/3, 25, 1/22 (1, 1,1
gl aelell dal A(2), A3), A, 2G9N w2t FdeA)

st e 2o 298 e,

S.=(35, 45, 55)®(1/12.7, 1/10.6, 1/8.7)=(0.276, 0.426, 0.630)
Sov=(34, 40, ATY®(1/12.7, 1/106, 1/871)=(0.268, 0.379, 0.534)
Syr=(18, 2.1, 25)®(1/127, 1/106, 1/87)=(0.145, 0.196, 0.286)

9 23k ol el (G4l 2)9] 7 ARE o 2T

V(8gg= Spy) =1, W(Sg < Spy)=0.845
V(Ses = Syr) =1, V(S5 < Syp)=0.0414
V(Suy = Sy =1, V(Spy < 8y) =0.0838

zb o AR Ha b AR ey gow,

Min V(S > 8,) =1
MinV(Spy = 8;) = 0845
Min V(S = S;) = 00414

7} ke W =(1,0.845,00414)7 7Ex WE 2 TART,
At FALS B3 A9 $A49 FLE AL ved #
o] A=t

W= (d(8S), d{EN),d(MT))* = (0.5301, 0.4479, 0.0219)

9 W QA AduASE B89 a9l B
He FHHA AN Ax bey ARgke T ok 2
e} e}

Table 5 Pair-wise comparisons for the sub-attributes of S5

SA ES
SA 1,1, 1, 32, 2)
ES (1/2, 2/3, 1) 1,1, D

Table 6 Pair-wise comparisons for the sub—attributes of EN

M GT SG
CM 1, 1,1 (1/2, 2/3, 1 (1/2,2/3, 1)
GT 1, 3/2, 2) 1,1, D 2, 52, 3)
SG (1,322 1/32/5 1/2) (1,11
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Table 7 Pair-wise comparisons for the sub-attributes of MT

TC
(2/3, 1, 2
1L LD

SL
(1, 1, D
1/2, 1, 3/2)

SL
TC

d(ESHT = (07522, 0.2478)
d(GT),d(S@)T = (0.0910, 0.6845, 0.2245)
= (0.5000, 0.5000)

W= (d(54),
W= (d(cM),
w=(d(SL), d(TC))”

o) =
ﬁEa

epy

ESE

Table 8 Pair-wise comparisons for the indicators regarding
to the sub-attribute SA

AR A

§ 0 O EAA EAR A4

fﬁﬂ AHPOﬂ 7%]" Table 99 23+ 543 (neutral)

Table 10 Descending array for application of ordering
weights

Aqe  BAY  CA9 DAY
ARS (1,11 (251229 (251223 (251223
B4 (3225/2) 1,1, Q1D (1/2132)
CA% 32252 L,LD (L LD (/2132
DA (3/225/2) (/312 (2/3L2) (1,1, 1D
9 rAT AU a0 Ui 2 AR FHEE A9 A7
St BAs AWSE el digte At

W=(d(4),d(B),d(C),d(D)*
=(0.062881,0.312373,0.312373,0.312373)

Table 9= 919t £ g Wy ew yuix 67 ah92.20 o
B 4 Qe A= g AR e Besel, 4o
Az EAY HA0909 ke FRA AN D0 4
AR Aol FAsGTh WA AHPYE o] 3o
A NA 9A87HE F959e W BAG
7} A1 CERES

ol o off
mE e

=0 7Hog

E o A

Table 9 Priority weights of main and sub-attributes, and

indicators
SS EN MT
0.530110 0447943 0.021947

Weights
SA M GT SG SL
0752190 0247810 0091034 0684463 0.224504 0.500000 0500000

4 0062881 0062731 045303 0250000 0421063 052137 0527426 0181182

H 0312373 0315756 0194228 0.250000 0.243789 0159641 0.277%64

g 0312373 031576 0148878 0.250000 0.243789 0150641 0.166084 0.276337

4 0312373 031576 0.193309 0.250000 0091363 0.15941 0029636 0.262067

B Aol A eh A (2006)0] Al<te [1, 3/4, 2/3, 1/2, 173,
1/4, 019 48T FFo «A7kEA we Azl Se)
Table 32] &4 ute} Table 11 &% 7F53] & AN

o},

Table 11 OWA weights for indicated number of objectives

U Uy Us Yy Us Vg s
1 1 0 0 \] 0 0 0
3/4 0370408 0.227551 0.156122 0.108503 0.072789 0.044218 0.020408
2/3  0.250000 0214286 0.178571 0.142857 0.107143 0.071429 0.035714
12 0.143 0.143 0.143 0.143 0.143 0.143 0.143
1/3 0035714 0.071429 0.107143 0.142857 0.178571 0.214286 0.250000
1/4 0020408 0.044218 0.072789 0.108503 0.156122 0.227551 0.370408
0 0 0 0 0 0 0 1

Table 102] 9XFR=A H7}zkel Table 119 ¢ 7I5A
S #8389 Table 129 HF 23S TE&er)

Table 12 Evaluation results for anchorage area

OWA Orness

1 3/4 2/3 12
0.005788 0017786 0.022308 0025883
0.041480 0054671 0.051810 0

1/3

1/4 0

AR
BA 3
CAA

DA

58910028168 0.021171 0001751
039548 0.024310 0.017523 0.006071
0.041480 0.057094 0062762 0.037437 0.022112 0015297 0.000324

AreAe} oJxrdA Aol ¥ A (ormess -
5t Ao #AEYI, FA
1/3, 1/4, 0)

=4 7HA &,
1, 3/4, 2/334 7§ CAHol &5

A (orness : 1/2)d 7% BA#Ho], ¢+ X (orness -
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