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ABSTRACT

Membership degrees reflect the decision maker’s confidence in a
fuzzy decision making problem. This degree of an element in a certain
fuzzy set is hard to be expressed with a real number. Using fuzzy sets to
express these membership values is reasonable. The existing studies
mostly focus on the type-2 fuzzy set (number) whose membership is
discrete or denoted by intervals. Such membership often cannot reflect
the decision makers’ confidence well. Using a group of triangular fuzzy
numbers to denote continuous fuzzy memberships is more adequate. We
call such type-2 fuzzy numbers as triangular type-2 fuzzy numbers.

This paper studies triangular type-2 fuzzy numbers and its
application in multi-criteria decision-making:

(1) The operational laws, score function, possibility degree and
distance are defined. For aggregating the triangular type-2 fuzzy
information, some aggregation operators are also introduced. For the
problem of the multi-criteria decision making which the uncertainty of
the criteria values is difficult to give with an accurate number, triangular
type-2 fuzzy number is used to show the decision information. And
multi-criteria decision-making method based on different triangular
type-2 operators is proposed.

(2) Methods of criteria weights problems are developed. And three
methods are proposed to handle multi-criteria decision-making problems:

Firstly, cluster method calculates the overall benefit value and the
individual regret value. Then the maximum value and the minimum value
of them will be found. Take them as the ideal and negative ideal solutions,
and add them into the solution set. Thirdly, calculate the similarity of
each solution in the new solution set. Finally, in order to find the best
solution, similarity matrix will be clustered.

In regret theory method, the regret utility matrix is attained by using
the regret function and utility function. Then the regret utility values
come out. Not only is the utility of the selected alternatives but also the
regret degree to the unselected ones taken into account. And the ranking



of alternatives is gotten by using the outranking net flow.

Ideal point methods firstly calculate the attitude index. Then, by
finding the ideal and negative ideal solutions and distances of them, the
comprehensive attribute values and the rank of the alternatives can be
obtained.

(3) An example of green supplier selection is provided to
demonstrate the feasibility and effectiveness of the proposed method.
Firstly, the influencing factor of the green supplier selection is analysed,
and the criteria are obtained. The linguistic information is transformed
into triangular type-2 fuzzy information. Then two fuzzy multi-criteria
decision making methods are used. Finally, their results are compared and
discussed with weighted average method and the information.

KEY WORDS multi-criteria decision-making method, triangular type-2
fuzzy number, green supplier selection
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i(i 12---n) a b

TT2WAA(4,,4,,---,4) TT2WAA(b,b,,---,b) (3-10)
TT2WAA (éﬂé‘Z"“'an) n iai TT2WAA (61'62""’6n) n i6i
il il
a 6 & f TTOWAAGE,-d) TT2WAARG,--5)
il il
3-7( ) (8.8,.4) a
a
a TT2WAA@A,&,,--,4) & (3-11)
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35  TT2WAA@F,&',---,d) & TT2WAA4,4,--4a) 4

*

4 TT2WAA@4,&,---,4a) &
3-2 a <[5791;[0.7,0.9,1.0]>,
a, <[7.9,10;0.9,1.0,1.0]>, & <[57,9];[0.50.7,09]>  (0.33,0.34,0.33)
TT 2WAA
TT2WAA (4,,4,,4,) =<[3.43,4.64,5.65]; [0.72,0.88,0.97]>.
(TT2HA )

3.1.3TT2HA

3-3 51 [a'i’bl’ci];[ iL’ iM' iR]

TT2HA: "
TT2HA (&4,4,,---,4,) n G (3-12)
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(1 o2 ) TT2HA . [0,1] n -
i L2,--,n ¢ (n ,&,n ,&,---,n a) [ inl
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i 1.0 n TT2HA |
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a 0 ¢ (n,a,n ,a,,--,n &) [ on
(10 o2 ) &; . [0]] o 1



i L---n ¢

o
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n
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TT20WG
3-6 51 [a'i’bl’ci];[ iL’ iM’ iR]

a 0 "1 P TT20WG - [0,1]

;1 i Len b [agbc Bl 81 @&E)

i1
TT20WG a,
TT20WG(@&,&,-4) [ a,' by ¢’k 4 ' 11
i1 i1 i1 i1 i1 i1
(3-18)
TT20WG TT20WA
TT2WAA TT2HA ITT20WA
(TT2ZWGA )
(TT2HGA )
(ITT20WG )
3.2.2 TT2WGA
3-7 51 [a'i’bl’ci];[ iL’ iM' iR]
a 0 F 1 TT2WGA: "
TT2WGA(4,,4,,--,4,) g (3-19)
i1
(11 2" n)T éii (i 1,2,"'7n)
- [0 10 1,24 TT2WGA
i1
TT2WGA
3-7 a, [a,.b.G LI iL’ iM’ iR]
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i1 i1 i1 i1 i1 i1
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J U S
&

maxx; X

maxx. minx-
i ) i 1

ik 123s LMR

3:  TT20WA i A
7z TT20WA (&,.4,, --,4,) n b
i1
0 (&0 8,8,) ]
4.
S(z)
5: Z
AL AA
5
C, C, C,
C, C, 0.2,0.22,0.21,0.22,0.14
3-1
3-1
C, C, C, C, C,

A <[3.434.645 <[3.364.7158 <[3.54,4.8563]; <[5.616.567 <[1.27,2.12,2.
65];[0.72,0.88,  3];[0.9,1,1]> 0.74,0.92,1]> 3];[0.9,1,1]>  97];[0.43,0.63,
0.97]> 0.83]>
A2 <[3.83,5.04,5. <[6.05,6.73,6.7 <[5.21,6.05,6.26] <[6.05,6.73,6. <[2.97,3.67 4.
85];[0.71,0.88,  3[;[0.9,1,1]>  ;[0.77,0.93,1]>  73];[0.9,1,1]> 1];[0.42,0.62,0
0.97]> 82]>
A3 <[3.83,4.845. <[4.71,5.83,6.5 <[4.385.42,6.05] <[4.71,5.83,6. <[2.68,3.534.
45];[0.73,0.89,  ];[0.9,1,1]> [0.77,0.93,1]>  5];[0.9,1,1]>  1];[0.43,0.63,0
0.98]> 83]>
1:
2:
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3-2
cc ¢ C C C
A 631 726 674 988 215
A2 68.1 1023 857 1023 35.9
A3 66.4 89.2 774  89.2 34.8

ch TT 20WA A
2 TT20WA A

£
Z,=<[3.57,4.71,5.52];[0.8,0.92,0.98]>;
Z,=<[4.94,5.78,6.06];[0.79,0.92,0.98]>;

7,=<[4.16,5.2,5.83];[0.79,0.93,0.98]>.

4: z S(z)
S(7,)=67;S(Z,) =81.6;S(Z;)=73.9.
5:
S(2,) >S(2,)>S(7) A=A =A
A,
3.4.2 ITT20WA

n A {AA A} 1
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k ] S S . .
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4 Z ITT20WA (&) & (i)
j1
oottt j
4: 2.2.4 Z,
A, AA
5
C, C, C,
C, C, 0.16,0.25,0.15,0.32,0.12
3-3
3-3
C, C, C, C, C,
A <[579L[070  <[7,9,10]; <[4,7,8]; <[9,10,10]; <[7,8,10];
9,1.0]> [050.7,08> [050.71]> [0910,1.0> [05,0.7,0.9]>
A, <[7,9,10]; <[9,10,10]; <[9,10,10]; <[9,10,10]; <[9,10,10];
[0.6,0.809]> [0.6081]> [0.6,0.7,08]> [0.80910]> [0.3,050.7]>
A, <[9,10,10; <[5,7,9]; <[7,9,10]; <[7,9,10]; <[7,9,10];
[0.409,1.0]> [04,0.708]> [06091]> [09,1.010]> [0.6,0.7,0.8]>
1:
2: A 3-4
3-4
C, GC, C, C, C,
A 3.5 2.7 2.9 3.9 2.8
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P(z, 2,)=0.016,P(Z, 2,)=0.65P(z Z,)=0.25

Zl Zz Zz 23 Z1 Zs Az>'A3>'A1
A
3.4.3 TT2WAA TT20WA
m A {AA, A} 0 C {C.C, .C}
(l’ 2'.”’ n)T j [011] j 1(j 1,2,"',”) . g
i1
(oo o) [04] C 11 12,0)
d )Zd (Xi(jd))m n )zi(jd) -
1: X, A @),
a [#j’eﬁj’ éi];L[ ri’\’/jl rFfij
X5 minx;
k ] S S .
a; ——— i S LMR
max x; min x;
i i
maxx; X
k ] S S .
a; ——— i S LMR
max x; min x;
i i
2: TT2WAA
k
x ~ 5 5(1) 5 (k) 5(d)
A (aij)mn aij TT2WAA (aijlv""aij) i1 da‘ij
3:  TT20WA i A
Zi TT20WA (ail’aiz" ’é‘ln) J~ij
i1
~|J (é1l’§‘i2" 'ain) J
4.
Z 5(z)
5! Z,
AL AA
5
C, C, Cs
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0.2,0.22,0.21,0.22,0.14 0.33,0.34,0.33
3-5- 37
3-5 d,
C, C, C, C, C,
A MG,H GVH FVH VGVH F.M
A, GH VGVH VGVH VGVH VGM
A, VGH MG,VH GVH GVH GM
3-6 d,
C, C, C, C, C,
A GVH MG,VH GH GVH FMH
A, GVH VGVH VGH VGVH MG,MH
A GVH GVH MG,H VGVH GMH
3-7 d,
C, C, C, C, C,
A MGMH FVH GH VGVH FMH
A, MG,MH VGVH GH VGVH GMH
A, F.MH
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3-9

(VL) [0,0,0.1]
(L) [0,0.1,0.3]
(ML) [0.1,0.3,0.5]
(M) [0.3,0.5,0.7]
(MH) [0.5,0.7,0.9]
(H) [0.7,0.9,1.0]
(VH) [0.9,1.0,1.0]
3-10 d,
C, C, C, C, C.
A <[5,7,9]; <[7,9,10]; <[3,5,7]; <[9,10,10]; <[3,5,7];
[0.7,0.9,1.0]> [0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.3,0.5,0.7]>
A, <[7,910]; <[9,10,10]; <[9,10,10]; <[9,10,10]; <[9,10,10];
[0.7,0.9,1.0]> [0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.3,0.5,0.7]>
A, <[9,10,10]; <[5,7,9]; <[7,9,10]; <[7,9,10]; <[7,9,10];
[0.7,0.9,1.0]> [0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.3,0.5,0.7]>
3-11 d,
C, C, C, C, C,
A <[7,9,10]; <[5,7,9]; <[7,9,10]; <[7,9,10]; <[3,5,7];
[0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.7,0.9,1.0]> [0.9,1.0,1.0]> [0.5,0.7,0.9]>
A, <[7,9,10]; <[9,10,10; <[9,10,10]; <[9,10,10]; <[5,7,9];
[0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.7,0.9,1.0]> [0.9,1.0,1.0]> [0.5,0.7,0.9]>
A, <[7,9,10]; <[7,9,10]; <[5,7,9]; <[9,10,10]; <[7,9,10];
[0.9,1.0,1.0]> [0.9,1.0,1.0]> [0.7,09,1.0)> [0.9,10,10]> [0.5,0.7,0.9]>
3-12 d,
C, C, C, C, C.
A <[5,7,9]; <[3,5,7]; <[7,9,10]; <[9,10,10]; <[3,5,7];
[050.7,09]> [09,1.0,1.0]>  [0.7,0.9,1.0]> [0.9,1.0,1.01>  [0.5,0.7,0.9]>
A2 <[5,7,9]; <[9,10,10]; <[7,9,10]; <[9,10,10]; <[7,9,10];
[050.7,09]> [0.9,1.0,1.0]>  [0.7,0.9,1.0]> [0.9,1.0,1.0]>  [0.5,0.7,0.9]>
A3 <[3,5,7]; <[9,10,10]; <[9,10,10]; <[5,7,9]; <[5,7,9];
[050.7,09]> [0.9,1.0,1.0]>  [0.7,0.9,1.0]> [0.9,1.0,1.01>  [0.5,0.7,0.9]>
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TT2WAA
3-13
3-13
C, C, C, C, C,
A <[3.434645 <[3.364.71, <[3.544.85 <[5.61656. <[1.272122
65];[0.72,088  5.83]; 63]; 73]; 97];[0.43,0.6
0.97]> [09,1,1]> [0.740921] [0.9,11]> 3,0.83]>

>

A, <[3.835.045 <[6.056.73, <[5.21,6.056

<[6.05,6.73,6 <[2.97,3.67,4

85];[0.71,0.88  6.73];[0.9,1, .26];[0.77,0.9 73]; 1];[0.42,0.62
,0.97]> 11> 3,1]> [0.9,1,1]> ,0.82]>
A,  <[3.834845 <[4.715.83, <[4.385426 <[4.715836 <[2.683.534
45];[0.73,0.89  6.5];[0.9,1,1 .05];[0.77,0.9 5]; 1];[0.43,0.63
,0.98]> > 3,1]> [0.9,11]> ,0.83]>
3: TT20WA
3-14
C, C, C, C, C.
A 631 72.6 67.4 98.8 21.5
A, 681 102.3 85.7 102.3 35.9
A, 664 89.2 77.4 89.2 34.8
TT20WA A
Zi
Z,=<[3.57,4.71,5.52];[0.8,0.92,0.98]>;
Z,=<[4.94,5.78,6.06];[0.79,0.92,0.98]>;
Z,=<[4.16,5.2,5.83];[0.79,0.93,0.98]>.
4: Z S(z)
S(Z,)=67;5(Z,)=81.6;S(Z,)=73.9.
S:
S(Z,)>S(2,)>S(Z) A -A-A
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3.5

OWA
OWA
(TT2O0WA )

(TT20WG )
(TT2PA
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4.1

41.1

i @)

[

L

M

R

i

C.

]
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]

L M R
ij 2 ij ij
4
m L M R
ij 2 ij ij
- 4



] ] ]
maxW( ) W, N 2
j1 jlil
st !
j 1
i 0 L...,n
nom L M R n
L ij 2 ij ij 1 2
jlil j1
m L M R
L ij 2 ij ij J O
j il 4
L 210
j1
m L M R
ij 2 ij ij
i1l 4

i1

m L M R
ij 2 ij ij

4

il
L] J (11' an)

i n m L M R
ij 2 ij ij

j1i1 4
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(@



m n L(d) 2 M (d) R(d)
ij ij ij

: P11 4 ’ @, K);
k m n LA o M) R(d)
[ ] 1 ij ]2
d1 i1j1 4
§ - d ’ d (1,,k),
d
d1
m n iJ_L(d)zi:_Vld() ijfzd()
i1 4
d kl Jml L(d) 2 M(d) R(d) ) d (1’,k) . (4_3)
I i ij
d1i1 4
d
; \f 4 d
§ > d ’ d (1',k),
d
d1
d kd—d, d (2% k,. (4-4)
NI
d1
[118]
4.1.2
D {d,d,, ,d.}
F {fl’ fz, y fn} fi dj
(Term Frequency) TF(f,.d))
TF(f.,d.
tf(f,.d,) (f..d;)
manTF(fk,dj)
DF(f) D fi (Inverse

Document Frequency)
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m

54

IDF(f,) (IogDF(fi))
IDF
TF IDF w,
TF(f,.d)) m
Wy (18 IOF() L mRrs (o9 )
f d,
f
m
j
j
bi’ Ciﬂ ; [':A |R
LG 2D da al Ib byl lg oD
DO 2D (3 al Iby byl g, 6 D);
« 2 )y 4 11 )
1 1 (4-5)
C« 2 ) 4 11 )



4.2

42.1
m
A {'AiaAza ATI} n C {Cl’CZ’ ’Cn}
10 207" i 01 i 1 X (le)mn )~('J
il
4.2.2
1 X (% n A (@)
a (g a,alilty ", "l
X5 minx;
ai‘J? ——— 5+ -;k 123s L,M,R
max X minx; - i
J
max x; X
ai‘J? ——, . ik 123s LMR
max x; - minx; i
J
2 A A
IS [pij]mm
Aj Aj
3 Si Ri
S (A AN(A; A (4-6)
]
R max[; A, A;)A; A (4-7)
J
j J Si Ri
4 S, s S.
R, R’
R.
5 , R, T° (S".R)
T. (5., R) T (S R)
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4-1

C, C, C, C, C,
A <[5,7,9]; <[9,10,10]; <[7,9,10];  <[7,9,10];[ O. <[7,8,10];
[0.7,0.9,1.0]> [05,0.7,08]>  [0.5,0.7,1]> 9,1.0,1.0]> [0.7,0.8,0.9]>
A <[7,9,10]; <[7,9,10]; <[9,10,10];[ 0. <[9,10,10];[0.  <[9,10,10];
[0.6,0.8,0.9]> [0.5,0.8,1]> 6,0.7,0.8]> 8,0.9,1.0]> [0.4,0.6,0.7]>
A, <[5,7,9]; <[5,7,9]; <[7,9,10]; <[5,7,9]; <[7,9,10];
[0.4,0.9,1.0]> [0.7,0.9,1]> [0.6,0.9,1]> [0.6,0.8,1]> [0.6,0.7,0.8]>
1
2 P
4-2

cC, C, C, C, C,
P(A;>A;) 0.27 0.37 0.17 037 1

P(A>A;) 066 072 0.04 1 071
P(A>A;) 093 073 012 1 0.11
A" A A A A A
A A A AL AL A
3 S, R
Si
S, =<[-0.88,0.37,1.03];[0.14,0.26,0.35]>;
S,=<[-0.92,-0.01,0.51];[0.04,0.07,0.10]>;
S, =<[-0.79,0.93,1.30];[0.22,0.42,0.56]>.
Ri
R,=<[-0.09,0.23,0.23];[0.33,0.71,0.89]>;
R, =<[-0.05,0,0.05];[0.57,0.77,1]>;
R,=<[0, 0.25,0.25];[0.51,0.74,1]>.

4 S;
S. R R"
R.
4-3 S,
P(S1>S;) P(S1>S35) P(S;>S) S S.
0.72 0.22 0 S, S
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44 R

P(R>R,) P(Ri>Rs) P(R>R;) R’ R«
1 0.504 0 R, R:
S T" (S,R) T (SuR)
T (S.R)
{L.T,T,T.T}
6
4-5
w T, T3 T T
T, 1 087 0.86 0.87 0.88
T, 087 1 074 1 0.76
T, 086 0.74 1 0.74 0.98
T 087 1 074 1 076
T. 0.88 0.76 0.98 0.76 1
7 4-5 1
B’ ()
1 087 086 0.87 0.88 1 087 0.86
087 1 074 1 076 087 1 074
B2 086 074 1 074 098 o 0.86 074 1
087 1 074 1 076 08 1 074
088 0.76 098 0.76 1 0.88 0.76 0.98
1 087 0.88 0.87 0.88
087 1 08 1 0.87
088 08 1 0.86 0.98
087 1 08 1 0.87
0.88 0.87 098 087 1
B2 B
§4 ézoéz
1 087 088 0.87 0.88 1 087 0.88
087 1 086 1 087 087 1 0.86
088 08 1 086 098 o 088 086 1
087 1 086 1 087 087 1 0.86
0.88 0.87 098 0.87 1 0.88 0.87 0.98
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0.87

0.74

0.76

0.87

0.86

0.87

0.88

0.76

0.98

0.76
1

0.88
0.87
0.98
0.87
1



1 0.87
0.87 1
0.88 0.87
0.87 1
0.88 0.87

B2
B*.B*
B4
L
0.98
b24
0.88
b24

0.88 1
0.87 0.87
0.98 - 0.88
0.87 0.87
1 0.88

0.88
0.87
0.98
0.87

o O +» O O
O O+ O
= O O O O

T {T3U{T, TIUTU}

0.88 0.87 0.88
087 1 0.87
1 087 0.98
087 1 0.87
098 087 1
1 087 0.88 0.87
087 1 087 1
088 087 1 0.87
087 1 087 1
0.88 0.87 0.98 0.87
1 087 0.88 0.87
087 1 087 1
088 087 1 0.87
087 1 087 1
0.88 0.87 0.98 0.87
Bs
1
10
01
B 00
01
00
b, 1 T, T
0.98
10
01
B 00
01
00
b, 1 by by 1

59

O »r O O
O b O O
O r O O

—

Tz,

0.87

0.87

0.87

0.88
0.87

0.87
0.98

T3 ,T=

0.87

0.87

0.87

0.88

0.87

0.98

0.87
1



3 087

T1,T3,Tx

4.3

[119, 120]

3

T

0.88

b24

0.87

{T3U{T, T3U{T, T}

(o9}
R, O Lk O K
o O+ O
R O L O K
o r O+ O
P O L O K

b42 1 b13 blS b31 b51 bss b53 1 T2 T

2
T {01, T T}

11111
11111
B 11111
11111
11111

T..T,, T3, T, Tx 1

[122]

T {I,T,,T,,T T}

T

[121]
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[119, 120]

[123]

4.3.1
m A {AA A}
T n
1 207" i 0,1 i
il
4.3.2
1 X (Xij)m n
a [é‘lj’aizj'a?;j];[LiVMij'Rij]
X5 minx;
ak ! ,
" maxx; minx;
] J
max x; X
ak ! ,
" maxx; minx;
] J
2 A

Allais Ellsberg
n c {C.C, .C}
1 X~ (Xij)mn )zij
A (aij)mn
;,- ?ij 'k 12,3s L,M,R
;,- ?ij 'k 12,3s L,M,R
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A
3
Tverskylt?4 1291
X
0 1
Quiggin™?®®
Viooo(x) rC (%) (x))
r(X) [127]
[r(x) |
a, a
v,
4
-I: rl—ij]mn
5
6
(T, T)

j1

Vi i
X X 0
) (x),x O
(x) x
X
X max xli 12---,m (x)
r(xy 0 r(x)y 0
0 r(x 0 r(x)
v, R,
Vij i (4-9)
R, a, a, (4-10)
a; A
R,
T,
T, V,, R (4-11)
0
P(Ty,Ty) E’TTS_" Tf"
A A (T, T)
1) PT) (4-12)

P(T;,Ty) 1

(T, T)
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(A)
A
8
4.3.3
(Cs)

(A)

(Ca)

(Cy) (C2)
(Cs) 3

=(0.23,0.21,0.16,0.25,0.15)

63

(4-13)

(4-14)

(4-15)

A A A}



4-7
C,
P(A>A;) 0.27

cC, C, C C,
0.37 0.17 0.37 1

P(A;>A;) 0.66 072 004 1 071
P(A;>A;) 093 073 012 1 011
A A A Al A A
3 v R
[124] 0.88
4-8
C, C, C, C, C,
<[4.125546. <[6.91,7.59,7. <[5.54,6.91,7. <[5.54,6.917. <[5.54,6.23,7.
91];[0.73,0.91 59];[0.54,0.73 59];[0.54,0.73 59];[0.91,1,1] 59];[0.73,0.82
11> ,0.82]> 11> > ,0.91]>
<[5.54,6.91,7. <[5.54,6.91,7. <[6.917.59,7. <[6.91,7.59,7. <[6.91,7.59,7.
59];[0.64,0.82 59];[0.54,0.82 59];[0.64,0.73 59];[0.82,0.91 59];[0.45,0.64
,0.91]> 11> ,0.82]> 11> ,0.73]>
<[4.125546. <[4.12,5546. <[5.54,6.91,7. <[4.125546. <[5.54,6.91,7.
91];[0.45,0.91 91];[0.73,0.91 59];[0.64,0.91 91];[0.64,0.82 59];[0.64,0.73
11> 11> 11> 11> ,0.82]>
4-9
C, C, C, C, C,
<[-1.4,1373. <[-2,-0.7,0.67] <[-2,0,2];[0.59 <[-0.7,0.67,2]; <[-2,0,2];[0.73
46];[0.68,0.86, :[0.54,0.77,09  ,0.82,1]> [0.86,0.95,1]> ,0.82,0.91]>
0.95]> 1]>
<[-2,0,2];[0.64 <[-2,0,2];[0.54 <[-2,-0.7,0.67] <[-0.7,00.7;[ <[-2,-1.4,0.67]
,0.82,0.91]> 0.82,1]>  :[0.64,0.82,09 0.82,091,1]> ;[0.58,0.72,0.8
1]> 1]>
<[-1.4,1373. <[-14,1373. <[-2,02];[0.64 <[0,2,3.46];[0. <[-2,-0.7,2];[0
46];[0.55,0.86, 46];[0.63,0.86,  ,0.91,1]> 74,0871]>  .68,0.77,0.87]
0.95]> 1]> >
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° AL A (T.T)
(T,T,) 021; (T,T,) 079; (T,T,) 0.84;
(T, T) 016; (T,,T,) 1, (T.,T,) O.

7 A . (A) 205; (A) 2.79;
(A) 116; (A) 1.95; (A) 121; (A) 2.84.

A : (A) 01; (A) 158; (A) 168,

8 A A-A-AC A
4.4
441

m A {AA, ALY
C {C.C. C} QPP L (1 |
)Z ()N(ij)mn )N(ij
4.4.2
1 )Z ()~(ij)mn A (aij)mn

a [qu!aizj’as;j];[LijiMij’Rij]

X5 minx;
ai‘Jf — s *:k 1,2,3;s LM,R
maxx; minx; i
J ]
max x; xijk.
ch S . ok 123s LMR
maxx; minx; i
]
2 cH Fi
al [aIL , a.IU ] [128]
L U V] L
|:I al ai (2 1) a'i a'i
2 2
[0,1] 1/2
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F @ a') 2 H@E’ a)
4-1
[a",a"]
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=1/2

0 1
(iL iR)/2 iM' F. (ai Ci) iM 2b| iM
=1/2
R 2
g, F, a,
& [ab.ell 71 & [ab okl 2 ]
1) R K 4 4
@2 kR K GRS
3 A A
Fi J fj J
F| ]
A () A (Fe ).
4 TT2WAA
& [ab.ell s 2 ] 8, [a0,cI[ ., o' ;]
G G
h(E.8) ha,&) R,
P - I Y P T I VY
&l lel lal lal &l el )
C2
omaxon, by agpdli L Bl Y el X Jal ! Jal f
&l el lal fal 8l fal
(aZ al CZ)
Ol b pma, a.c apfdli (a1 ALY el ¥ el { sl g
1 I I U G
(@ @)
(4-17)
h TT2WAA (h(F;, ) - h@E, e, i 12,-m (4-18)
]
h T2 WA(K(mrj)r)_1 b, il (4-19)
]

5 A
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cc, —! (4-20)
hi
6 cC,
4.4.3
3 Ai 123
C, C, C,
C, 0.20,0.25,0.30,0.25
4-13
4-13
C, C, C, C,
A <[437255426712  <[6.712,7.526, <[5.628,6,788,  <[2.628,3.814,5.0];[
1:[0.614,0.664,0.714  8.34];[0.638,0.688,0 7.948];[0.639,0.722, 0.640,0.707,0.774]>
> 738]> 0.804]>
A <[4.712,6.356,8.0];[ <[6.052,6.696,7.340 <[6.288,7.458,8.628 <[3.340,4.67,6.0];[0
0.627,0.731,0.835]> 1;[0.572,0.704,0.836 1;[0.611,0.723,0.835 .580,0.708,0.836]>
> >
A <[5.372,6.372,7.372 <[6.372,7.228,8.084 <[5.968,7.170,8.372 <[3.628,4.602,5.576
1:[0.678,0.762,0.846  1;[0.674,0.741,0.807 1;[0.636,0.700,0.764 1:[0.697,0.764,0.831
1> 1> 1> 1>
1
4-14
C C, C, C,
A <[0.342,0572,0. <[0.489,0.622,0. <[0.391,0.580,0. <[0.274,0.5850.
801];[0.614,0.66  754];[0.638,0.68  769];[0.639,0.72  895];[0.640,0.70
4,0.714]> 8,0.738]> 2,0.804]> 7,0.774]>
A <[0.369,0.662,0. <[0.440,0552,0. <[0.436,0.636,0. <[0.348,0.674,1.
955];[0.627,0.73  664];[0.572,0.70  835];[0.611,0.72  000];[0.580,0.70
1,0.835]> 4,0.836]> 3,0.835]> 8,0.836]>
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A, <[0.420,0.650,0. <[0.465,0.598,0. <[0.414,0.612,0.

<[0.378,0.688,0.
880];[0.678,0.76  731];[0.674,0.74  810];[0.636,0.70  998];[0.697,0.76
2,0.846]> 1,0.807]> 0,0.764]> 4,0.831]>
2 a, F,
C, F 1.519,1.9351.981 C, F
1.710, 1.555, 1.770  C, F 1.673,1.838,1.715 C,
F 1.652,1.909,2.102
3
A A Ay A AALALA,

A"=(<[0.420,0.650,0.880];[0.678,0.762,0.846]>,
<[0.465,0.598,0.731];[0.674,0.741,0.807]>,
<[0.436,0.636,0.835];[0.611,0.723,0.835]>,

<[0.378,0.688,0.998];[0.697,0.764,0.831]>)
A =(<[0.342,0.572,0.801];[0.614,0.664,0.714]>,

<[0.440,0.552,0.664];[0.572,0.704,0.836]>,
<[0.391,0.580,0.769];[0.639,0.722,0.804]>,
<[0.274,0.585,0.895];[0.640,0.707,0.774]> )

4 TT2WAA h ,h
4-15
A A
A <[0,0.141,0.281];[0.162 <[0,0.127,0.255];[0.15
,0.377,0.592]> 6,0.360,0.565]>
A, <[0,0.131,0.262];[0.156  <[0,0.147,0.295];[0.14
,0.388,0.620]> 9,0.373,0.597]>
A, <[0,0.128,0.257];[0.169  <[0,0.142,0.284];[0.16
,0.391,0.613]> 3,0.378,0.592]>
5 A CC,

CC,=<[0, 0.474,0.476];[0.025,0.133,0.327]>;
CC,=<[0,0.528,0.530];[0.023,0.142,0.363]>;
CC,=<[0,0.525,0.525];[0.027,0.145,0.357]>.

6 2.2.3 cC

CC, 1.062 cc, CC, CC

A

: CC, 088 CC, 1.061
Arh-A
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4.5
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[79-81] p " [129]

[106]
[87]
[11]
5.1
51.1
Bala
[130]
Jabbour 3
Enarssont** Humphreys 1%
Bai [101]
Humphreys 34
Handfield %1 AHP
Tuzkaya [7 Zhang %9
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Nocil**"]

“ ” Walton [138]

Lee [103

Ly [39

Humphreys 4]

5-1

B1 Noci (1997)**"), Lee et al. (2009)1%
( ) Noci (1997)™*"), Min and Galle (1997)™*!, Lee et al.
B2 (2009)1%1 Walton et al. (2006)M!
/ / Noci (1997)™*"!, Tuzkaya et al. (2009)®”, Min and Galle
B3 (1997) Lee et al. (2009)*%®! Handfield et al. (2002)1**,
Humphreys et al.(2003)™%* 1% Walton et al. (2006)™%
B4 Noci (1997)™", Tuzkaya et al. (2009)", Lee et al. (2009)**,
Humphreys et al. (2003)3% 2401
/ B5 Noci (1997)™"!, Tuzkaya et al. (2009)®”, Min and Galle
(1997)H Lee et al. (2009)%! Humphreys et al. (2003)**
140]
B6 Tuzkaya et al. (2009)®"), Lee et al. (2009)*!, Handfield et al.
(2002)1*%]
B7 Tuzkaya et al. (2009)®"), Lee et al. (2009)"*!, Handfield et al.
(2002)™*! Humphreys et al. (2003)1*** % Walton et al.
(2006)13
B8 Tuzkaya et al. (2009)", Lee et al. (2009)*%] Humphreys et
al. (2003)t33. 1401
B9 Min and Galle (1997)*44
B10 Min and Galle (1997)*44
B11 Min and Galle (1997)"**, Handfield et al. (2002)1***!
B12 Handfield et al. (2002)™!, Walton et al. (2006)™%
B13 Handfield et al. (2002)!%
B14 Humphreys et al.(2003)1% 147
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al. (2006)*%

Walton et

al. (2006)*%

Walton et

5-1

512

5-2

)

( 53

( 52 53



(Ce)

5-2

(C)

(VP) [0,0,1]
(P) [0.13]
(MP) [1,3,5]
F [3.5,7]
(MG) [5,7,9]
(G) [7,9,10]
(VG) [9,10,10]
5-3
(VL) [0,0,0.1]
(L) [0,0.1,0.3]
(ML) [0.1,0.3,0.5]
(M) [0.3,0.5,0.7]
(MH) [0.5,0.7,0.9]
(H) [0.7,0.9,1.0]
(VH) [0.9,1.0,1.0]
5-4 (C,)
(C,) (C,) (C.)
(Gs) (Cs) (C,)
(C,) (C) (C.)
5-4 [142]
5-4
C, /
CZ
C3
CA
C5
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5.2

ISO 14000

12

76

A A,
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7

5-2



5-3)

5-6
5-6
C, C, C, C, C, C,
A [001],  [7910],  [135], [5,7,9], [001],  [7.9.10],
[0.7,0.9,1.0] [0.9,1.0,1.0] [0.3,0.5,0.7] [0.7,0.9,1.0] [0.5,0.7,0.9] [0.7,0.9,1.0]
A, [135]  [7.910],  [7910],  [357], [910,10],  [135],
[0.7,09,1.0] [0.9,1.0,1.0] [0,0.1,0.3] [0.7,0.9,1.0] [0.3,0.50.7] [0.5,0.7,0.9]
A, [7910], [7910],  [57.9],  [7.910], [910,0],  [357],
[0.7,0.9,1.0] [0.7,0.9,1.0] [0.3,05,0.7] [0.5,0.7,0.9] [0.1,0.3,0.5] [0.1,0.3,0.5]
A, 001,  [7.910],  [135], [1,35],  [7.910],  [0.13],
[050.7,09] [0.7,09,1.0] [00.103] [0.7,0910] [00.103] [00.1,0.3]
A [579],  [7910],  [013], [0,1,3], [5,7,9], [3,5,7],
[0.7,0.9,1.0] [0.5,0.7,0.9] [0.1,0.3,05] [0.1,0.3,05] [0.1,0.30.5] [0,0.1,0.3]
A [91010],  [357], [1,3,5], [1,35],  [7.910],  [0.13],
[0.5,0.7,0.9] [0.7,0.9,1.0] [0.1,0.3,05] [0.7,09,1.0] [0,0,0.]] [0.3,0.5,0.7]
A [001], [5,7,9], [3,5.7], [0,1,3], [5,7,9], [3,5.7],
[05,0.7,09] [0.7,0910] [0001] [0.7,0910] [00.1,0.3] [0.30.50.7]
5-6
C, Cq C, Cp C, C,
A <357 <[3,5,7], <[5,7,9], <[357],  <[7.910],  <[579],
[03,050.7]> [0,0.1,03]> [0.7,09,1.0]> [0.50.7,0.9]> [0.9,1.0,1.0]> [0.7,0.9,1.0]>
A, <[7910],  <[135], <[91010], <[579],  <[7.910],  <[7.9,10],
[0.5,0.7,0.9]> [0,0.1,0.3]> [0.7,0.9,1.0]> [0.1,0.3,0.5]> [0.7,0.9,1.0]> [0.5,0.7,0.9]>
A <579 <[0,1,3], <[135],  <[7.910],  <[357], <[5,7,9],
[050709]> [0,0.1,03]> [0.7,0910]> [0.1,0.305]> [0.50.7,09]> [0.7,0.9,1.0]>
A, <[135], <[3,5,7], <[3,5,7], <[357],  <[7.910],  <[357],
[0,0.1,03]> [0.3,0.50.7]> [0.1,0.3,0.5]> [0.3,05,0.7]> [0.7,0.9,1.0]> [0.3,0.5,0.7]>
A <357 <[1,3,5], <[1,3,5], <[1,3,5], <[5,7,9], <[0,1,3],
[0.3,05,0.7]> [0.3,0.50.7]> [0.3,0.5,0.7]> [0.1,0.3,05]> [0.5,0.7,0.9]> [0.1,0.3,0.5]>
A <[0,13], <013],  <[7.90],  <[0,1,3], <[3,5,7], <[0,1,3],
[00.1,03]> [0,0.1,0.3]> [0.50.7,0.9]> [0.3,050.7]> [0.5,0.7,0.9]> [0.3,0.50.7]>
A <[013] <[1,3,5], <[3,5,7], <[0,1,3], <[3,5,7], <[5,7,9],
[0.1,0.3,05]> [0.1,0.30.5]> [0.3,05,0.7]> [0.1,0.3,05]> [0.7,0.9,1.0]> [0,0.1,0.3]>
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5.2.1 ITT20WA

1: A (aij)mn é [a:L a'2 a,?],[ ilj_1 i'jVIl iR]

ijr i j

2: (4-5)
,=0.193; ,=0.059; ,=0.040; ,=0.126; .=0.066; ,=0.074;
,=0.073; ,=0.021; ,=0.108; ,,=0.066; ,,=0.085; ,,=0.089.
3: éi i iL 2 iM iR
5-7)
5-7

3539 2 35 28 35 2 05 35 28 39 35
35 39 05 35 2 28 28 05 35 12 35 28
35 35 2 28 12 12 28 05 35 12 28 35
28 35 05 35 05 05 05 2 12 2 35 2
35 28 12 12 12 05 2 2 2 12 28 12
28 35 12 35 01 2 05 05 28 2 28 2

e e e 2y S

28 35 01 35 05 2 12 12 2 12 35 05

4: OWA a
z, ITT20WA (g,) a

I NC);

(J) 10 207" J

q
<[4.24,5.95,7.48]; [0.68,0.83,0.91]>;
<[5.84,7.61,8.70]; [0.53,0.69,0.82]>;
<[5.36,7.16,8.54]; [0.46,0.66,0.81]>;
7,=<[3.05,4.71,6.29]; [0.40,0.58,0.73]>;
7.=<[2.97,4.79,6.73]; [0.37,0.56,0.73]>;

7,=<[2.81,4.45,6.16]; [0.40,0.57,0.72]>;

zl

Z,

Zy
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7,=<[2.55,4.06,5.93]; [0.34,0.49,0.64]>;

OWA
5: 2.2.4
5-8
5-8
2, 1, 1, 1, %, 1, 1,
Z, 05 062 040 O 0 0 0
Z, 038 05 025 O 0 0 0
23 060 075 05 O 0 0 0
24 1 1 1 05 049 041 0.13
25 1 1 1 051 05 042 0.16
Z, 1 1 1 059 058 05 022
Z7 1 1 1 087 084 0.78 0.5
z, 7, 7, 71, 7. 7, 1,
Zi
Zi
A-A=A>A-A-A~A
A,
5.2.2
1: A (&), a [a.a,.a%L0 . i il
2: (4-5)

,=0.193; ,=0.059; ,=0.040; ,=0.126; .=0.066; ,=0.074;
,=0.073; ,=0.021; ,=0.108; ,,=0.066; ,=0.085; ,,=0.089.
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C1 CZ CS C4 CS CG C7 CS C9 ClO Cll C12

A>A, 0 05 084 1 0 1 0 1 0 1 082 05
A>A; 0 082 0 05 0 1 0 1 1 097 1 05
A>A, 056 082 1 1 0 1 1 0 1 092 082 1
A>As 0 1 1 1 0 1 05 0 1 1 1 1
A>As 0 1 08 1 039 1 1 1 05 1 1 1
A>A; 056 1 1 1 0 1 1 018 1 1 1 1
A>A; 0 082 0 0 1 08 1 1 1 0 1 05
A=A, 1 082 1 1 1 1 1 0 1 025 05 1
A>As 0 1 1 1 1 1 1 0 1 1 1 1
A>Ag 0 1 075 1 1 1 1 1 1 1 1 1
A=A 1 1 1 1 1 033 1 0 1 1 1 1
A=A, 1 05 1 1 1 1 1 0 098 059 0 1
A=A 1 1 1 1 1 1 1 0 091 1 0 1
A=A 1 1 1 1 1 1 1 05 0 1 05 1
A=A 1 1 1 1 1 0 1 0 055 1 022 1
A>As 0 1 05 1 0 0 0 1 05 1 1 1
A>As 0 1 0 05 1 0 1 1 0 1 1 1
A>A; 05 1 1 1 1 0 05 1 0 1 1 1
As>Ag 017 1 0 0 1 05 1 1 0 07 1 029
As>A; 1 05 1 009 1 0 1 088 0 1 067 0

A=A, 1 0 1 1 0 0 016 O 1 071 022 0.25
ATOA A A A A A A A A A A A
A Ay As A A AL AL A A AL A A A

4 (4-6) (4-7) s,

S,=<[-0.03,0.47,1.36];[0.32,0.58,0.79]>;
S,=<[-0.2,0.16,0.99];[0.44,0.76,0.99]>;
S,=<[-0.21,0.25,1.24];[0.39,0.66,0.86]>;
S,=<[0.08,0.64,1.79];[0.31,0.55,0.77]>;
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S, =<[0.03,0.71,1.88];[0.27,0.5,0.73]>;
S, =<[0.02,0.65,1.55];[0.32,0.55,0.77]>;
S,=<[0.15,0.79,1.8];[0.33,0.57,0.79]>;
R,=<[0.12,0.19,0.32];[0.49,0.81,1]>;

R, =<[0.04,0.13,0.29];[0.49,0.81,1]>;
R,=<[0.06,0.15,0.49];[0.35,0.63,0.83]>;
R, =<[0.12,0.19,0.32];[0.48,0.8,0.99]>;
R, =<[0.06,0.15,0.49];[0.3,0.56,0.77]>;
R, =<[0.02,0.09,0.4];[0.39,0.68,0.88]>;
R, =<[0.12,0.19,0.32];[0.48,0.8,0.99]>.

5 S, R
s R R" S, S. R
S, s S.
$"=<[-0.2,0.16,0.99];[0.44,0.76,0.99]>:
S.=<[0.15,0.79,1.8];[0.33,0.57,0.79]>;
R"=<[0.02,0.09,0.4];[0.39,0.68,0.88]>;
R.=<[0.12,0.19,0.32];[0.49,0.81,1]>.
6 T (S,,Ry) T. (5,,R)
T S,R)
{,T%TT.T.T7T.T,T}
.
5-10
. T, T3 T, Ts T¢e T, T T.
T, 1 092 093 095 093 093 0.91 0.91 091
T, 092 1 097 0.86 0.88 0.87 0.83 0.97 0.83
T; 093 097 1 0.88 091 091 0.85 0.96 0.85
T, 095 086 0.88 1 0.97 095 0.97 0.85 097
Ts 093 0.88 091 097 1 098 0.93 0.88 093
Te 093 0.87 091 095 098 1 091 0.90 091
T, 091 0.83 0.85 097 093 091 1 082 1
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1
0.92
0.93
0.95
0.93
0.93
0.91
0.91
0.91

0.92
0.93
0.95
0.93
0.93
0.91
0.91
0.91

T° 091 0.97 096 0.85 0.88 0.90 0.82

T*

0.91 0.83 0.85 0.97 0.93 0.91

1

1 082

0.82

1

0.92

0.97
0.86
0.88
0.87
0.83
0.97
0.83

0.92

0.97
0.86
0.88
0.87
0.83
0.97
0.83

0.93

0.97
0.92
0.92
0.92
0.91
0.97
0.91

0.93
0.97

0.88
0.91
0.91
0.85
0.96
0.85

0.93
0.97

0.88
0.91
0.91
0.85
0.96
0.85

0.93
0.97

0.93
0.93
0.93
0.91
0.97
0.91

0.95
0.86
0.88

0.97
0.95
0.97
0.85
0.97

0.95
0.86
0.88

0.97
0.95
0.97
0.85
0.97

0.95
0.92
0.93

0.97
0.97
0.97
0.91
0.97

0.93
0.88
0.91
0.97

0.98
0.93
0.88
0.93

0.93
0.88
0.91
0.97

0.98
0.93
0.88
0.93

0.95
0.92
0.93
0.97

0.98
0.97
0.91
0.97

0.93
0.87
0.91
0.95
0.98

0.91
0.90
0.91

0.93
0.87
0.91
0.95
0.98

0.91
0.90
0.91

0.95
0.92
0.93
0.97
0.98

0.95

0.91
0.95

83

0.91
0.83
0.85
0.97
0.93
0.91

0.82

0.91
0.83
0.85
0.97
0.93
0.91

0.82

0.95
0.91
0.91
0.97
0.97
0.95

0.91

0.91
0.97
0.96
0.85
0.88
0.90
0.82

0.82

0.91
0.97
0.96
0.85
0.88
0.90
0.82

0.82

0.93
0.97
0.97
0.91
0.91
0.91
0.91

0.91

5-10

0.91
0.83
0.85
0.97
0.93
0.91

0.82

0.91
0.83
0.85
0.97
0.93
0.91

0.82

0.95
0.91
0.91
0.97
0.97
0.95

0.91



0.93
0.93
0.95
0.95
0.95
0.95
0.93
0.95

0.93
0.93
0.95
0.95
0.95
0.95
0.93
0.95

0.93

0.97
0.92
0.92
0.92
0.91
0.97
0.91

0.93

0.97
0.92
0.92
0.92
0.91
0.97
0.91

0.93 0.97
0.95 0.93
0.95 0.93
0.95 0.93
0.95 0.93
0.93 0.97
0.95 0.93

0.93
0.97

0.93
0.93
0.93
0.91
0.97
0.91

0.93
0.97

0.93
0.93
0.93
0.91
0.97
0.91

0.93
0.97

0.93
0.93
0.93
0.93
0.97
0.93

0.95
0.92
0.93

0.97
0.97
0.97
0.91
0.97

0.95
0.92
0.93

0.97
0.97
0.97
0.91
0.97

0.95
0.93
0.93

0.97
0.97
0.97
0.93
0.97

0.95
0.92
0.93
0.97

0.98
0.97
0.91
0.97

0.95
0.92
0.93
0.97

0.98
0.97
0.91
0.97

0.95
0.93
0.93
0.97

0.98
0.97
0.93
0.97

0.95
0.92
0.93
0.97
0.98

0.95
0.91
0.95

0.95
0.92
0.93
0.97
0.98

0.95
0.91
0.95

0.95
0.93
0.93
0.97
0.98

0.97

0.93
0.97
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0.95
0.91
0.91
0.97
0.97
0.95

0.91

0.95
0.91
0.91
0.97
0.97
0.95

0.91

0.95
0.93
0.93
0.97
0.97
0.97

0.93

0.93
0.97
0.97
0.91
0.91
0.91
0.91

0.91

0.93
0.97
0.97
0.91
0.91
0.91
0.91

0.91

0.93
0.97
0.97
0.93
0.93
0.93
0.93

0.93

0.95
0.91
0.91
0.97
0.97
0.95

0.91

0.95
0.91
0.91
0.97
0.97
0.95

0.91

0.95
0.93
0.93
0.97
0.97
0.97

0.93



0.93
0.93
0.95
0.95
0.95
0.95
0.93
0.95

0.93
0.93
0.95
o 0.95
0.95
0.95
0.93
0.95

0.93

0.97
0.93
0.93
0.93
0.93
0.97
0.93

0.93

0.97
0.93
0.93
0.93
0.93
0.97
0.93

0.93

0.97
0.93
0.93
0.93
0.93
0.97
0.93

0.93
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0.93
0.93
0.93
0.93
0.97
0.93

0.93
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0.93
0.93
0.93
0.97
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0.93
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0.95
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b49 b94 b59 b95 b69 b96 b79 b97 1 > b23 b32 b28 b82

*

T4,T5,Te, T7, T+ Ty, Ts, T

T {3V, T, T3 T, 7. T, T}
4 093 095

’ b49
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A Ay Ay A A Ay

A7 A A
5.3
(TT2WAA
)
1: A (aij)mn é_ [aﬁ’aj’a:j,]’[ ilj_1 i'jVI’ |?]
2:
j
j
4.1.2
(4-5)

,=0.193; ,=0.059; ,=0.040; ,=0.126; .=0.066; ,=0.074;
,=0.073; ,=0.021; ,=0.108; ,,=0.066; ,=0.085; ,=0.089.
3: TT2WAA i

n

7. TT2WAA (4,4, 4,) a

q
<[3.66,5.14,6.67]; [0.68,0.86,0.95]>;
<[4.98,6.81,8.12]; [0.54,0.73,0.87]>;
<[5.30,7.21,8.63]; [0.49,0.69,0.84]>;
<[2.56,4.10,5.70]; [0.36,0.54,0.70]>;
<[2.77,4.51,6.46]; [0.40,0.59,0.76]>;
7, =<[3.55,5.04,6.48]; [0.44,0.61,0.79]>;
7,=<[2.01,3.36,5.17]; [0.29,0.45,0.62]>;
4: 223
i S(z)
S(2,)=69; S(2,) =77; S(2,) =77; S(2,) =35; S(Z,) =43; S(Z,) =49; S(Z,) =25
5. 223 7

Zl

ZZ

Zy

Z4

z5

N

A A-A-A-A-A-A
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