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u=oOvvmu}t-=D |@=} RQ= |=yQ=}at u}}aD w |}=U=vW "1

u=oOvvmu}t-=D |@=} RQ= |=yQ=}at uRw |x@U=Lt "2
|Oy=wW j]vt |a} RwD pOt CN=U "3

"u=oOvvmu}t-=D |@=} RQ= |=yQ=}at ?}mQD |=Q@ |Oy=wW j]vt sD} Qwor= "4
|Oy=wW pqODU= |Ov@x@DQ VwQ T=U= Q@ C}@ wr]t |=yxR=@ KQ] "5

u=oOvvmu}t-=D |@=} RQ= |=yQ=}at u}}aD w |}=U=vW "1"3
Q=}atQ} R w Q=}at |O=OaD '|Q=O}=B |=yx@vH x@ xHwD =@ u=oOvvmu}t-=D |@=} RQ= Qw_vtx@
OQwt CmQW u=U=vWQ=m \UwD w xOW ?=NDv= [27w23'22]xDWPo C=ar=]t T=U= Q@
KQW x@ xar=]t u}= |=Q@ xOW ?=NDv= |=yQ=}at "CU= xOW O}}-=D w xDiQo Q=Qk xar=]t

"CU= 1 pwOH

u=oOvvmu}t-=D |@=} RQ= |=yQ=}at uRw |x@U=Lt "2"3
u} QD=Q=m w u} QDO}OH R= |m} 'u=oOvvmu}t-=D |@=} RQ= |=yQ=}at uRw u}}aD |=Q@
xOW xDiQo Q=m x@ u} QDO@ w u} QDy@ VwQ s=v x@ xQ=}atOvJ |Q}os}tYD |=yVwQ
u}OvJ =@ BWM VwQ j}kLD u}= QO &OW |iQat |}=[Q \UwD VwQ u}= "CU=
pY=L G}=Dv x@ xHwD =@ w OW xU}=kt AHP xrtH R= xQ=}atOvJ |Q}os}tYD VwQ
OwHwt |=yVwQ u} QD=Q=m R= |m} Ov=wD |t VwQ u}= xm OvO}UQ xH}Dv u}= x@ xOW
xOvQ}os}tYD \UwD =yQ=}at w =yXN=W u} QDO@ w u} QDy@ VwQ u}= QO [24]"OW=@
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Qm}w

Q

[34]"|}=[Q \UwD xOW x�=Q= |Q=oR=U XN=W "2 pwOH
9 8 7 6 5 4 3 2 1 aBj

5 23 4 47 3 75 3 2 3 1 63 1 0 44 0 |Q=oR=U XN=W

|Oy=wW j]vt |a} RwD pOt CN=U "3"3
uRw u}}aD w u=oOvvmu}t-=D |Ov@x@DQ |=Q@ Q=O}=B |@=} RQ= |=yQ=}at ?=NDv= R= TB
x@ "OQm O=H}= =Q |Oy=wW j]vt |a} RwD pOt O}=@ =yQ=}at R= l} Qy |=Q@ ?U=vt
=yQ=}atQ} R R=}Dt= xQ@N O=Qi= w =y?=} RQ= xm CU= sRq xOvvmu}t-=D Qy |=Q@ Qw_vt u}=
X}YND =yQ=}atQ} R x@ xQ@N O=Qi= xm |}=yR=}Dt= Qo}O CQ=@ax@ "Ovvm u}}aD =Q
Q@ w =yQ=}atQ} R R=}Dt= x@ xHwD =@ "OvDUy |Oy=wW pqODU= pOt |OwQw 'OvyO|t
,=OOHt "OwW|t x@U=Lt |rY= |=yQ=}at R=}Dt= |Oy=wW pqODU= sD} Qwor= T=U=
Qy R=}Dt= =D OwW|t Q=QmD |rY= |=yQ=}at K]U QO |Oy=wW pqODU= sD} Qwor=

"OwW u}}aD pwYLt Qy |=Q@ xOvvmu}t-=D
x@ C@Uv |Oy=wW pqODU= VwQ C} Rt 'OW QmP R}v QDV}B xm Qw]u=ty
|D}a]k sOa VwQ u}= QO xm CU= u}= u=oOvvmu}t-=D |@=} RQ= OwHwt |=yVwQ
u}= "OQm pOt OQ=w u=wD|t 'OQ=O OwHw xQ@N O=Qi= |vyP Cw=[k QO xm =Q
Ov=wD|t ?=} RQ= T=vWQ=m ,qFt "OwW|t ^=Lr pOt |OwQw C=aq]= QO ẁ[wt
C} Q}Ot |=ysDU}U Q=}atQ} R |=Q@ xOvvmu}t-=D l} |xQ=@ QO =Q OwN Cw=[k
u=R}t xm =vat u}= x@ &Ovm u=}@ f(3; 0=7); (4; 0=3)=g CQwYx@ |]}LtCU} R
O=kDa= =@ w CU= �70 Q=}at Q} R u}= x@ 3 R=}Dt= X}YND QO T=vWQ=m O=kDa=
x@ u=wD|t =Q u; |a} RwD |@=} RQ= "OyO|t X}YND u; x@ =Q 4 R=}Dt= �30
"O=O u=Wv f(1; 0)(2; 0); (3; 0=7)(4; 0=3); (5; 0) (6; 0); (7; 0)g sQi
u=}@ f(2; 0=5); (3; 0=2)g CQwYx@ |a=tDH= C} Q}Ot OyaD Q=}atQ} R xJu=vJ
|xHQO =@ =Q 3 w 2 R=}Dt= Q=}at u}= ^=Lr R= xOvvmu}t-=D xm CU=vat u}= x@ OwW
�100 R= QDtm O=kDa= C=HQO ẁtHt uwJ w Ovm|t ?Um �20 w �50 O=kDa=
Ow@tm p}rO x@ CU= umtt xm CU= Xk=v |@=} RQ= OwW|t xDio ,=Lq]Y= 'CU=
s=Hv= QO T=vWQ=m CkO sOa =} j}kO |@=} RQ= QO T=vWQ=m |}=v=wD sOa 'C=aq]=

"OyO MQ |@=} RQ=
Q=}at L u=oOvvmu}t-=D |@=} RQ= ?D=Qt xrUrU QO 'OwW|t ZQi |rm Cr=L QO
|rY= Q=}atu}vJty w OQ=O OwHw 'OwW|t xO=O u=Wv i = 1; : : : ; L 'Fi =@ xm|rY=
i = 1; : : : ; L; j = 1; : : : ; Li 'Fij CQwYx@ w CU= Q=}atQ} R Li |=Q=O s=i
Cw=[k O}=@ CmQW QO u=oOvvmu}t-=D |@=} RQ= u=U=vWQ=m w xQ@N O=Qi= "OwW|t KQ]t
|@=} RQ= pOt ?r=k QO xOvvmu}t-=D Qy |=Q@ =yQ=}atQ} R R= l} Qy |xQ=@ QO =Q OwN

%OwW|t xO=O u=Wv Q} R CQwYx@ |a} RwD |@=} RQ= pOt "Ovvm u=}@ |a} RwD
S (Fi�j) = f(gk; �k;i�j) ; k = 1; : : : ; Ng ;

i = 1; : : : ; L; j = 1; : : : ; Li
|xHQO O=OaD N 'Fij Q=}at =@ \=@DQ= QO |a} RwD |@=} RQ= S(Fi�j) 'x]@=Q u}= QO
u=R}t �k;i�j "OwW|t XNWt g = fg1; : : : ; gNg pmW x@ w CU= |@=} RQ=
NP
k=1

�k;i�j � 1 w �k;ij � 0 "CU= gk |xHQO x@ |@=} RQ= u=U=vWQ=m O=kDa=
Q}e QO w CU= pt=m |@=} RQ= xm CU=vat u}= x@ 'OW=@ NP

k=1
�k;i�j = 1 Qo = w CU=

"CU= C=aq]= u=Oki |=vat x@ OW=@ QiY Qo = w CU= Xk=v |@=} RQ= CQwYu}=

"OW=@ Q=}at u} QDC}ty=sm
|=Q@ "OwW|t s=Hv= =yQ=}at Q}=U =@ Q=}at u} QDy@ u}@ |HwR |xU}=kt "3 xrLQt
|UQQ@ R}v 9 =D 1 h}] T=U= Q@ =yQ=}at Q}=U x@ C@Uv u; C}LHQ= Qw_vt u}=

%OwW|t O=H}= Q} R CQwYx@ �u} Q}=U - =@ - u} QDy@� Q=OQ@ w CU= xOW
AB = (aB1; aB2; : : : ; aBn)

"aBB = 1 w Ovm|t u=}@ j Q=}at x@ C@Uv =Q B Q=}at u} QDy@ C}LHQ= aBj
"OwW|t s=Hv= Q=}at u} QDO@ x@ C@Uv =yQ=}at Q}=U u}@ |HwR |=yxU}=kt "4 xrLQt
=yQ=}at Qo}O C}LHQ= xm Cw=iD u}= =@ OQ}o|t CQwY swU |xrLQt Ovv=ty s=o u}=
CQwYx@ �u} QDO@ - =@ - u} Q}=U� Q=OQ@ w OwW|t |UQQ@ Q=}at u} QDO@ x@ C@Uv

%OwW|t O=H}= Q} R
Aw = (a1w; a2w; : : : ; anw)T

" aww = 1 w Ovm|t u=}@ w Q=}at u} QDO@ x@ C@Uv =Q j Q=}at C}LHQ= ajw
1 |R=Uxv}y@ pOt R= xO=iDU= =@ s=o u}= QO "OwW|t u}}aD =yQ=}at uRw "5 xrLQt
wov}r uwJty |}=yQ=Ri=sQv QO u=wD|t =Q pOt u}= "OwW|t x@U=Lt =yQ=}at uRw

"OQm |R=UxO=}B
min max

�����wBwj � aBj���� ; ���� wjww � ajw�����
s:t:X
j

wj = 1

wj � 0 for all j (1)

%OQm p}O@D 2 pOt CQwYx@ u=wD|t =Q 1 pOt u}vJty
min �

s:t:����wBwj � aBj���� � � for all j���� wjww � ajw���� � � for all jX
j

wj = 1

wj � 0 for all j (2)

'C=U}=kt Q=@Da= |UQQ@ Qw_vt x@ 'Ot; CUO x@ xv}y@ |=yuRw xm |t=ovy "6 xrLQt
w 3 |x]@=Q R= xO=iDU= =@ |Q=oR=U u=R}t "OwW x@U=Lt O}=@ =yv; |Q=oR=U u=R}t
'OW=@ QDl}ORv QiY x@ |Q=oR=U u=R}t Q}O=kt xJQy [34]"OwW|t x@U=Lt 2 pwOH

"OQ=O |QDW}@ |Q=oR=U G}=Dv
|Q=oR=U u=R}t � ��

|Q=oR=U XN=W (3)
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u=DU
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QW
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Q}Ot

w`}
=vY

|U
Ovyt =@ \=@DQ= QO gk |xHQO ?Um p=tDL= |tQH `} RwD `@=D mk;i�j x]@=Q u}= QO

g |xawtHt x@ xm CU= |r=tDL= Q=Okt hQat mg;i�j "CU= Fi�j Q=}at Q} R
�mg;i�g w mg;i�j VN@ wO x@ u=wD|t =Q Q=Okt u}= "CU= xOWv xO=O X}YND
~mg;i�g w CU= j Q=}atQ} R |@Uv C}ty= R= |W=vmg;i�j xm |Qw]x@ &OQm s}UkD
Q=Okt xJ xm OyO|t u=Wv mg;i�j "CU= j Q=}at Q} R |@=} RQ= Xkv R= |W=v

"OQ=Po@ QF= |rm hOy |@=} RQ= QO Ov=wD|t Qo}O pt=wa
CQwYx@ |r}rLD |Oy=wW pqODU= sD} Qwor= T=U= Q@ p=tDL= Q}O=kt 'TBU

%OwW|t ?}mQD �15�10� \@=wQ
mk = p" LiY
j=1

(mk;i�j + �mg;i�j + ~mg;i�j)�
LiY
j=1

( �mg;i�j + ~mg;i�j)
#
;

k = 1; : : : ; N (10)

~mg = p

" LiY
j=1

( �mg;i�j + ~mg;i�j)�
LiY
j=1

( �mg;i�j)
#

(11)

�mg = p

" LiY
j=1

�mg;i�j
#

(12)

p ="
NX
k=1

LiY
j=1

(mk;i�j+�mg;i�j+~mg;i�j)�(N�1)
LiY
j=1

( �mg;i�j+~mg;i�j)
#�1

(13)

�k = mk

1� �mg
; k = 1; : : : ; N (14)

�g = ~mg

1� �mg
(15)

CQ=@a x@ "Ovm|t?Um�k O=kDa=|xHQO =@ =Qgk R=}Dt= s=i|rY=pt=a 'u}=Q@=v@
S(Fi) = fgk; �k); k = 1; : : : ; Ng CQwYx@ s=i pt=a |a} RwD R=}Dt= Qo}O
C=HQO |xawtHt x@ xm CU= |@=} RQ= Xkv R= |W=v O=kDa= |xHQO �g "CU=
|x]@=Q O}=@ C=@U=Lt CLY |UQQ@ |=Q@ "OwW|t xO=O X}YND (g) |@=} RQ=

[35]"OW=@ Q=QkQ@ NP
k=1

�k + �g = 1

pqODU= |Ov@x@DQ VwQ T=U= Q@ C}@wr]t |=yxR=@ KQ] "5"3
|Oy=wW

|Oy=wW pqODU= VwQ =@ =yv; R= l} Qy w OQ=O OwHw xOvvmu}t-=DM xmu}= ZQi =@
S(Rh) = f(gk; �k(Rh)); k = CQwYx@ =yv;|a} RwD R=}Dt= w Ov=xOW|@=} RQ=
gk R=}Dt= O=kDa= |xHQO �k(Rh) u; QO xm 'CU= xOt; CUO x@ 1; : : : ; Ng
\}=QW OQwt QO =Q |a}Uw O}O |a} RwD R=}Dt= "CU= s=h |xOvvmu}t-=D OQwt QO
Qw] x@ =yv; |Ov@C} wrw= w xU}=kt |=Q@ =t= &OyO|t Q=Qk Q=}DN= QO u=oOvvmu}t-=D

"CU}v xO=iDU= p@=k s}kDUt
Q=Okt Q=O}=B |=yQ=}at T=U= Q@ xOvvmu}t-=D M |Ov@C} wrw= w xU}=kt |=Q@
C=HQO R= l} Qy x@ CU= sRq Qw_vt u}O@ "s}vm|t |iQat =Q xOvvmu}t-=D Qy VRQ=
Q=Okt "OwW xO=O X}YND C}@ wr]t Q=Okt l} '(gk : k = 1; : : : ; N) |@=} RQ=
|xOvvmu}t-=D |=Q@ T=U= u}= Q@ "OwW|t xO=O u=Wv Du(gk) O=tv =@ gk C}@ wr]t

|vwDU T} QD=t l} QO u=wD|t =Q |rY= Q=}at Qy =yQ=}atQ} R |@=} RQ= G}=Dv
"OwW|t xDio |a} RwD |@=} RQ= T} QD=t u; x@ xm O=O u=Wv Q} R CQwYx@

Di = [S (Fi�j)]Li�1; i = 1; : : : ;L (4)

XNWt Q=Oktl} |=H x@T} QD=t QYva Qy =Q} R 'CU}v |rwtatT} QD=t l} u}=
"CU= `} RwD l} |=Q=O

|@=} RQ= |=yQ=}at ?}mQD |=Q@ |Oy=wW j]vt sD} Qwor= "4"3
u=oOvvmu}t-=D

"CU= Q=}DN= QO (Di) |a} RwD |@=} RQ= T} QD=t s=i |rY= Q=}at |=Q@ OwW|t ZQi
Qw_vtx@ T} QD=t u}= QY=va ?}mQD |=Q@ |Oy=wW pqODU= sD} Qwor= CtUk u}= QO
R=}Dt= u=ty xm sD} Qwor= |HwQN "OwW|t xO=O K}[wD s=i |rY= Q=}at R=}Dt= u}}aD
g = fg1; : : : ; gNg |@=} RQ= |=yxHQO u=ty T=U= Q@ 'CU= s=i |rY= Q=}at
|a} RwD R=}Dt= =Q u; xm CU= xOW x@U=Lt |O=kDa= |xHQO 'xHQO Qy |=Q@ xm CU=
,=OOHt 'OW x@U=Lt |rY= |=yQ=}at s=tD |=Q@ |a} RwD R=}Dt= xmu}= R= TB "s}t=v|t
|a} RwD R=}Dt= =D OwW|t Q=QmD |rY= |=yQ=}at K]U QO |Oy=wW pqODU= sD} Qwor=

"OwW u}}aD u=oOvvmu}t-=D
p=tDL= |x} Q_v w =yxawtHt |x} Q_v s}y=it R= |Oy=wW pqODU= sD} Qwor=
xm VwQ wO x@ sD} Qwor= u}= "Ovm|t xO=iDU= |a} RwD T} QD=t QY=va ?}mQD |=Q@
[33]|r}rLD sD} Qwor= w |DWoR=@ sD} Qwor= %OwW =QH= Ov=wD|t 'OvDUy sy pO=at
l}x@l} CQwYx@ =Q Oy=wW Cw=iDt |=RH= '|DWoR=@ |Oy=wW pqODU= sD} Qwor=
sD} Qwor= "CU= swyit QO ?}DQD w s_v w Kw[w VwQ u}= C} Rt "Ovm|t ?}mQD
R= |O=} R O=OaD ?}mQD QO =Q QDQ}PBh=]av= |Oy=wW OQm} wQ l} '|r}rLD |Oy=wW
p@=k u; |]NQ}e |=y|oS} w |DL=Q x@ w Ovm|t x�=Q= u=oOvvmu}t-=D |@=} RQ= |=yQ=}at
|=yQDt=Q=B C}U=UL p}rLD |=Q@ u=U; VwQ l} u}vJty VwQ u}= "CU= syi
w u}tND w OyO|t Q=Qk |wQV}B =Q O=kDa= |xHQO w =yuRw Ovv=t |Oy=wW pqODU=
|Oy=wW pqODU= VwQ R= VywSB u}= QO "Ovm|t p}yUD =Q =yQDt=Q=B u}= |R=Uxv}y@

"OwW|t xO=iDU= |r}rLD
|x@U=Lt |=Q@ |r}rLD |Oy=wW pqODU= sD} Qwor= |Q}oQ=mx@ |xwLv xt=O= QO
K} QWD Di |a} RwD T} QD=t C=aq]= T=U= Q@ s=i |rY= pt=a |a} RwD R=}Dt=
R= Qw_vtu}= |=Q@ xm OwW p}O@D O}=@ p=tDL= Q}O=kt x@ O=kDa= |xHQO '=OD@= "OwW|t

[33]%OwW|t xO=iDU= Q} R CqO=at =@ O=kDa= |xHQO w |@Uv |=yuRw ?}mQD
mk;i�j = wi�j�k;i�j ; k = 1; : : : ; N; j = 1; : : : ; Li (5)

mg;i�j = 1�
NX
k=1

mk;i�j = 1� wi�j
NX
k=1

�k;i�j ; j = 1; : : : ; Li
(6)

�mg;i�j = 1� wi�j ; j = 1; : : : ; Li (7)

~mg;i�j = wi�j(1�
NX
k=1

�k;i�j); j = 1; : : : ; Li ~mg;i�j =

wi�j(1�
NX
k=1

�k;i�j); j = 1; : : : ; Li (8)

mg;i�j = �mg;i�j + ~mg;i�g (9)
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Q"|OQwt |xar=]t C=}�RH "3 pwOH
u=oOvvmu}t-=D CUQyi s=N O=wt CUQyi CmQW CqwYLt CUQyi

(TES) u=QyD R= xOvvmu}t-=D

p}v} w � u} RQ
|D} RwBt=m uR=Nt w Cq=YD= 'xrwr

(GHS) u} wRk R= xOvvmu}t-=D |UmwB= ?UJ
(ESS) u=yiY= R= xOvvmu}t-=D |=yQ=DN=U w VWwB `=wv=
(TAS) |v=w}=D |xOvvmu}t-=D |D} RwBt=m
(EUS) |}=B wQ= |xOvvmu}t-=D

|xOvvmu}t-=D VRQ= R= QDW}@Rh |xOvvmu}t-=D VRQ= 'P (Rh > Rq) > 0=5 Qo =
VRQ= 'P (Rh > Rq) = 0=5 Qo = "CU= P (Rh > Rq) |xHQO =@ Rq
P (Rh > Rq) < Qo = "OQ=Ov |Dw=iD Rq |xOvvmu}t-=D VRQ= =@ Rh |xOvvmu}t-=D
|xHQO =@ Rq |xOvvmu}t-=D VRQ= R= QDtm Rh |xOvvmu}t-=D VRQ= x=ov; '0=5

"CU= 1� P (Rh > Rq)

|D=@U=Lt G}=Dv "4
|OQwt |xar=]t "1"4

|=yxOQw;Qi CmQW QO =Q u=oOvvmu}t-=D |Ov@x@DQ w |@=} RQ= |xr�Ut 'VywSB u}= QO
hrDNt `}=vY QO |D} RwBt=m CqwYLt u}= |xS} w x=o}=H "s}=xOQ@ Q=m x@ C} RwBt=m
QO CmQW u}= "CU= """ w |DQ=QL j}=a 'p=kDv= \w]N s}tQD '=[i=wy `}=vY pt=W
xm|Qw]x@ 'OQ=O C}r=ai xv}tR u}= QO |O}rwD |=yxSwQB |=QH= w |L=Q] 'xQw=Wt Qt=
R= |m} w OQ=O R}v =Q hrDNt `}=vY w =[i=wy |xDiQW}B |x}rw= O=wt u}t-=D |}=v=wD
|}=yQ=}at CmQW u}= QO 'Q[=L p=L QO "CU= OyWt QO xOW xDN=vW |=yCmQW
Q}Ot w CU= C}i}m w Ct}k Q=}at 'OwW|t xDiQo Q=m x@ u=oOvvmu}t-=D |@=} RQ= |=Q@ xm
x@ VQ=iU ?U=vt X}YND w u=oOvvmu}t-=D QDy@ |@=} RQ= |=Q@ xm OQ=O OYk CmQW
"OwW xDiQo Q_v QO u=oOvvmu}t-=D |Ov@C} wrw= w |@=} RQ= QO |Q=O}=B |=yx@vH '=yv;
=Q x}rw= O=wt u=oOvvmu}t-=D 'CmQW u=U=vWQ=m w u=Q}Ot ltm x@ =t 'Qw_vt u}= x@
|=yQ=}at CUQyi T=U= Q@ R}v =Q ?U=vt |Q=O}=B |=yQ=}at w s}=xOQm |}=U=vW

�1 pwOH� "s}=xOQm ?=NDv= =yxOvvmu}t-=D |@=} RQ= |=Q@ |v=yH
|v=oOvvmu}t-=DCUQyi wOvwW|tO}rwDCmQWu}=\UwD xm|DqwYLt R=|O=OaD
CqwYLt u}= O}rwD |=Q@ R=}v OQwt |x}rw= O=wt w CU= xOW |iQat =yv; hQ] R= xm

"CU= 3 pwOH KQW x@

pL VwQ "2"4
u} QDO@ w u} QDy@ VwQ R= xO=iDU= =@ =OD@= 'u=oOvvmu}t-=D |Ov@C} wrw= w |@=} RQ= |=Q@
VwQ R= xO=iDU= =@ swO s=o QO w O};|t CUO x@ Q=O}=B |=yQ=}at |=Q@ ?U=vt uRw

"OwW|t u}}aD u=oOvvmu}t-=D C} wrw= |Oy=wW pqODU=
u} QDO@ w u} QDy@ VwQ |R=UxO=}B "1"2"4

u=U=vWQ=m Q_v x@ xHwD =@ Q=}at u} QDO@ w u} QDy@ '|rY= |=yQ=}at |=Q@ '=OD@= QO
Q=}at 'Q=}at u} QDy@ u=U=vWQ=m Q_v T=U= Q@ xar=]t u}= QO "OwW|t u}}aD xQ@N
|xU}=kt TBU "CU= xOW xDiQo Q_v QO |a=tDH= Q=}at 'Q=}at u} QDO@ w |O=YDk=
QO xm OQ}o|t CQwY �u} QDO@ - =@ - u} Q}=U� w �u} Q}=U - =@ - u} QDy@� |HwR

"CU= xOW xO=O u=Wv 5 w 4 |=ypwOH
xv}y@ uRw w OwW|t |R=UxO=}B u} QDO@ w u} QDy@ VwQ 6 w 5 |=ys=o TBU

%R= CU= CQ=@a xOvvmu}t-=D VRQ= Q=_Dv= OQwt Q=Okt s=h

E(S(Rh)) =
NX
k=1

�k (Rh)Du (gk) (16)

OL 'CU= Rh |xOvvmu}t-=D QO gk O=kDa= |xHQO |=Q@ u}}=B OL l} �k(Rh)

l} 'xH}Dv QO &O};|t CUO x@ (�k(Rh) + �g(Rh)) |xr}Uw x@ u; |q=@
xawtHt QO "OwW|t O=H}= Xk=v |@=} RQ= \}=QW QO gk |=Q@ O=kDa= |xHQO |xR=@
=Q C}@ wr]t u=R}t u} QDtm xm 'CU= x@DQ u} QDtm g1 O}vm ZQi 'g |@=} RQ= C=HQO
'xv}W}@ Q}O=kt "OQ=O =Q C}@ wr]t u=R}t u} QDW}@ xm 'CU= x@DQ u} QDq=@ gN w OQ=O
u=wD|t Q} R pmW x@ =Q Rh |xOvvmu}t-=D VRQ= Q=_Dv= OQwt Q=Okt \UwDt w xv}tm

%OQm x@U=Lt
Emax(Rh) =

(�N (Rh) + �g (Rh))Du (gN ) +
N�1X
k=1

�k (Rh)Du (gk) (17)

Emin(Rh) =
NX
k=2

�k (Rh)Du (gk) + (�1(Rh) + �g (Rh))Du (g1) (18)

Eavg (Rh) = Emax (Rh) + Emin (Rh)
2 (19)

|@=} RQ= Qo = "E(S(Rh)) = Emin(Rh) x=ov; 'Du(g1) = 0 Qo = CU= K[=w
E(S(Rh)) = w �g(Rh) = 0 x=ov; 'OW=@ pt=m =yXN=WQ} R s=tD |a} RwD
s=tD |a} RwD |@=} RQ= Qo = "Emin(Rh) = Emax(Rh) = Eavg(Rh)

VRQ= R= QDW}@ h |xOvvmu}t-=D VRQ= CQwYu}= QO 'OW=@ pt=m =yXN=WQ} R
|@=} RQ= Qo = =t= "E(S(Rh)) > E(S(Rq)) Qo = \ki w Qo = CU= q |xOvvmu}t-=D
j@] Q@ xOvvmu}t-=D wO |xU}=kt 'OW=@v pt=m u=oOvvmu}t-=D |=yXN=WQ} R |a} RwD
"OwW|t s=Hv= Q} R CQwYx@ u=oOvvmu}t-=D VRQ= Q=_Dv= OQwt Q=Okt |xv}W}@ w xv}tm
R= QDW}@ Rh |xOvvmu}t-=D VRQ= ( Emin (Rh) � Emax (Rq) Qo = "1

"CU= Rq |xOvvmu}t-=D VRQ=
VRQ= Emax(Rh) = Emax(Rq) w Emin(Rh) = Emin(Rq) Qo = "2

"OQ=Ov |Dw=iD Rq xOvvmu}t-=D VRQ= =@ Rh |xOvvmu}t-=D
[33]"OwW s=Hv= Ov=wD|t Q} R |x]@=Q j@] Rq w Rh |xU}=kt =yCr=L Qo}O QO "3

P (Rh > Rq) =

max[0; Emax(Rh)�Emin(Rq)]�max [0; Emin(Rh)�Emax(Rq)]
[Emax(Rh)�Emin (Rh)]+[Emax (Rq)�Emin (Rq)]

(20)
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u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "|O=YDk= |=yQ=}atQ} R |=Q@ BMW G}=Dv "9 pwOH

uRw Q=}at
0 4129128 ECQ

0 3520269 ECC

0 1173423 ECDS

0 0756199 ECTF

0 1029839 ECLR

0 0391141 ECF

1 ��

0 2237136 |Q=oR=U MQv

CU} R |=yQ=}at Q} R |=Q@ u} Q}=U � =@ � Q=}at u} QDy@ |HwR |xU}=kt "10 pwOH
"|]}Lt

ENEC ENPW ENGL END ENEM Q=}at
2 2 5 3 1 ENEM

CU} R |=yQ=}at Q} R |=Q@ Q=}at u} QDy@ � =@ � u} Q}=U |HwR xU}=kt "11 pwOH
"|]}Lt

ENEC ENPW ENGL END ENEM Q=}at
3 3 1 2 5 ECF

"|]}Lt CU} R Q=}atQ} R |=Q@ BMW G}=Dv "12 pwOH
uRw Q=}at

0 3786797 ENEM

0 1338835 END

0 07322331 ENGL

0 2071068 ENPW

0 2071068 ENEC

0 1715736 ��

0 07459217 |Q=oR=UMQv

"|a=tDH= |=yQ=}atQ} R |=Q@ u} Q}=U =@ � Q=}at u} QDy@ |HwR |xU}=kt "13 pwOH
SOWW SOIE SOSMC SOOHS Q=}at

4 2 1 2 SOSMC

"|a=tDH= |=yQ=}atQ} R |=Q@ Q=}at u} QDy@ � =@ � u} Q}=U |HwR xU}=kt "14 pwOH
SOWW SOIE SOSMC SOOHS Q=}at

1 3 4 3 ECF

"|rY= |=yQ=}at |=Q@ =yQ=}at Q}=U � =@ � Q=}at u} QDy@ |HwR |xU}=kt "4 pwOH
SO EN EC =yQ=}at
4 2 1 (EC) |O=YDk=

"|rY= |=yQ=}at |=Q@ =yQ=}at u} QDy@ � =@ � =yQ=}at Q}=U |HwR xU}=kt "5 pwOH
(SO) |a=tDH= =yQ=}at

4 (EC) |O=YDk=
2 (EN) |]}LtCU} R
1 (SO) |a=tDH=

"|rY= |=yQ=}at |=Q@ BMW G}=Dv "6 pwOH
uRw =yQ=}at

0 5714286 (EC) |O=YDk=
0 2857143 (EN) |]}LtCU} R
0 1428571 (SO) |a=tDH=
0 0001285 ��

0 00007883 |Q=oR=U MQv

"|O=YDk= |=yQ=}atQ} R |=Q@ u} Q}=U � =@ � Q=}at u} QDy@|HwR |xU}=kt "7 pwOH
ECF ECLR ECTF ECDS ECC ECQ Q=}at

8 4 5 4 1 2 (ECC) xv} Ry

"|O=YDk= |=yQ=}atQ} R |=Q@ Q=}at u} QDy@ � =@ � u} Q}=U |HwR xU}=kt "8 pwOH
ECF ECLR ECTF ECDS ECC ECQ Q=}at

1 3 2 4 8 7 ECF

6 pwOH QO C=U}=kt u}= G}=Dv "OwW|t u}}aD |Q=oR=U MQv w =yQ=}at R=l} Qy |=Q@
sQv R= xO=iDU= =@ u} QDO@ w u} QDy@ VwQ 5 s=o xm OQm xHwD O}=@ "CU= xOW KQ]t

"CU= xOW s=Hv= 17 wov}r Q=Ri=
|HwR C=U}=kt "OwW|t =QH= =yQ=}at Q} R |xty |=Q@ =ys=o u}= x@=Wt Qw]x@
QO |O=YDk= |=yQ=}at |=Q@ �u} QDO@ - =@ - u} Q}=U� w �u} Q}=U - =@ - u} QDy@�
9 pwOH QO u; |Q=oR=U MQv w xv}y@ uRw w CU= xOW xO=O u=Wv 8 w 7 |=ypwOH

"CU= xOW KQ]t
�u} QDO@ - =@ - u} Q}=U� w �u} Q}=U - =@ - u} QDy@� |HwR C=U}=kt u}vJty
w xv}y@ uRw w CU= xOW xO=O u=Wv 11 w 10 pwOH QO |]}Lt |=yQ=}at |=Q@

"CU= xOW KQ]t 12 pwOH QO u; |Q=oR=U MQv
�u} QDO@ - =@ - u} Q}=U� w �u} Q}=U - =@ - u} QDy@� |HwR C=U}=kt u}vJty
xv}y@ uRw w CU= xOW xO=O u=Wv 14 w 13 |=ypwOH QO |a=tDH= |=yQ=}at |=Q@

"CU= xOW KQ]t 15 pwOH QO u; |Q=oR=U MQv w
|Oy=wW pqODU= VwQ |R=UxO=}B "2"2"4

|Ov@x@DQ Q=}atQ} R w Q=}at Qy |=Q@ xv}y@ |=yuRw uOQw;CUO x@ R=TB xrLQt u}= QO
QO Qw_vtu}= |=Q@ "OQ}o|tCQwY|Oy=wWpqODU=VwQ R= xO=iDU= =@ u=oOvvmu}t-=D
u=oOvvm u}t-=D |@=} RQ= |=Q@ |Oy=wW pqODU= VwQ OQ=Ov=DU= |=yR=}Dt= 16 pwOH
u=Q}Ot Q_v x@ xHwD =@ xOt; CUO x@ |a} RwD |@=} RQ= C=aq]= [33]"CU= xOW u=}@
"CU= xOW xO=O u=Wv 17 pwOH QO xOvvmu}t-=D GvB |=Q@ CmQW xQ@N u=U=vWQ=m w

57



"""
|xO

vvmu
}t- =D

?=N
Dv=|

=Q@x
JQ=B

m}O
Qm}w

Qu}= QO =yR=}Dt= Q}=U u=wD|t ?}DQD u}ty x@ "CU= |]}LtCU} R pwtat \}=QW
xDiQ Q=m x@ pUm = Q=Ri=sQv 'sD} Qwor= u}= uOW QD|OQ@ Q=m |=Q@ "OQm p}rLD =Q pw=OH
CU= xOW R=e; s=o x@ s=o CQwYx@ =yQ=}at K]U u} QDu}}=B R= C=@U=Lt "CU=
xDiQo Q=Qk xO=iDU= OQwt QDq=@ K]U |OwQw u=wvax@ w ?}mQD K]U Qy C=aq]= w
xD@r= "CU= xOt; CUO x@ |a} RwD R=}Dt= l} xOvvmu}t-=D Qy |=Q@ C}=yv QO w CU=
|a} RwD R=}Dt= 18 pwOH "OvDUy Xk=v |a} RwD R=}Dt= |=Q=O u=oOvvmu}t-=D R= |NQ@
|=yQ=}at R= l} Qy |=Q@ pwOH u}= QO "OyO|t u=Wv xOvvmu}t-=D GvB |=Q@ =Q |}=yv
O};|t CUO x@ 15 =D 5 \@=wQ R= xO=iDU= =@ |a} RwD R=}Dt= xOvvmu}t-=D Qy |rY=
QO |a} RwD R=}Dt= =D OwW|t Q=QmD |rY= |=yQ=}at K]U QO pL=Qt u}= xQ=@ wO w
|=Q=O pw= |xOvvmu}t-=D 18 pwOH QO ,qFt "O}; CUO x@ R}v xOvvmu}t-=D Qy K]U

|a} RwD R=}Dt=
f(1; 0)(2; 0); (3; 0=36524)(4; 0=01569);

(5; 0=59892)(6; 0=2015); (7; 0)g
|@ wN |r}N \}=QW |=Q=O �2 p=tDL= =@ xOvvmu}t-=D u}= xm ?}DQD u}= x@ "CU=
�51 p=tDL= =@ 'CU= |@ wN \}=QW QO |O=YDk= Q=}at Q_v R= �59 p=tDL=x@ 'CU=
uwDU w CU= |i}a[ \}=QW |=Q=O �36 p=tDL= =@ w CU= |rwtat \}=QW |=Q=O
l} R= |D=aq]= |r}rO Qy x@ xm |]}=QW QO xm CU=vat u}= x@ R}v pwOH u}= QO �g
OQ}o|t Q=Okt�g uwDU 's}W=@ xDW=O C=aq]= Xkv w OW=@ xDW=Ov OwHw Q=}atQ} R
Qy |a} RwD R=}Dt= u=wD|t ?}DQD u}= x@ "OyO|t u=Wv =Q C=aq]= Xkv p=tDL= w

"OQm p}rLD pwOH u}= QO =Q xOvvmu}t-=D
C=R=}Dt= R= `} RwD l} |=H x@ OOa l} x@ R=}v =yxOvvmu}t-=D |Ov@C} wrw= |=Q@
\UwDt w xv}W}@ w xv}tm w OwW|t xOQ@ Q=m x@ 19�17 '\@=wQ Qw_vt u}ty x@ &CU=
C=HQO R= l} Qy C}@ wr]t Q=Okt "OwW|t x@U=Lt u=oOvvmu}t-=D VRQ= Q=Okt

"|a=tDH= Q=}atQ} R |=Q@ BMW G}=Dv "15 pwOH
uRw Q=}at

0 2742919 SOOHS

0 4514162 SOSMC

0 2742919 SOIE

0 1036726 SOWW

0 3542487 ��

0 2173304 |Q=oR=U MQv

"u=oOvvmu}t-=D |=Q@ =yQ=}at |@=} RQ= Qw_vt x@ xOW h} QaD OQ=Ov=DU= "16 pwOH
h} QaD R=}Dt=

7 |r=a \}=QW
6 ?wN |r}N \}=QW
5 ?wN \}=QW
4 |rwtat \}=QW
3 h}a[ \}=QW
2 h}a[ |r}N \}=QW
1 |v=QL@ \}=QW

=Q f(5; 1=0)g R=}Dt= C}i}m Q=}atQ} R |=Q@ |@=} RQ= u=U=vWQ=m pwOH u}= QO ,qFt
|q=m C}i}m �100 p=tDL= =@ xm =vat u}= x@ &Ov=xOQm OQw;Q@ pw= |xOvvmu}t-=D |=Q@
=Q f(4; 0=6); (5; 0=4)g R=}Dt= w CU= ?wN xOvvmu}t-=D u}= \UwD Q_v OQwt
u}= x@ &CU= xOW xOR u}tND |]}LtCU} R |=ysDU}U C} Q}Ot Q=}at Q} R |=Q@
|=Q=O �60 p=tDL= =@ w ?wN \}=QW |=Q=O �40 p=tDL= =@ pw= |xOvvmu}t-=D xm =vat

"xOvvmu}t-=D GvB |=Q@ |a} RwD |@=} RQ= C=aq]= "17 pwOH
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|xQ
wO'
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u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "xOvvmu}t-=D GvB |=Q@ |}=yv |a} RwD R=}Dt= "18 pwOH

"xOvvmu}t-=D GvB Q=_Dv= OQwt C}@wr]t "19 pwOH
Eavg(Rh) Emin(Rh) Emax(Rh) xOvvmu}t-=D
0 44754 0 42727 0 46782 (TES) 1 xOvvm u}t=D
0 32751 0 31331 0 34171 (GHS) 2 xOvvm u}t=D
0 33345 0 33345 0 33345 (ESS) 3 xOvvm u}t=D
0 61576 0 59819 0 63334 (TAS) 4 xOvvm u}t=D
0 62962 0 61808 0 64115 (EUS) 5 xOvvm u}t=D

"ER VwQ =@ Q=O}=B |=yQ=}at T=U= Q@ u=oOvvmu}t-=D C}LHQ= "20 pwOH
uRw |Ov@x@DQ xOvvmu}t-=D xOvvmu}t-=D xOvvmu}t-=D xOvvmu}t-=D xOvvmu}t-=D xOvvmu}t-=Dp=tQv VQ=iU (EUS)5 (TAS)4 (ESS)3 (GHS)2 (TES)1

0 19013 3 1 1 0 0 - (TES) 1 xOvvm u}t=D
0 13914 5 1 1 0 709155 - 1 (GHS) 2 xOvvm u}t=D
0 14166 4 1 1 - 0 290845 1 (ESS) 3 xOvvm u}t=D
0 26159 2 0 737891 - 0 0 0 (TAS) 4 xOvvm u}t=D
0 26748 1 - 0 262109 0 0 0 (EUS) 5 xOvvm u}t=D

w 0 42727 Q@=Q@ xOvvmu}t-=D VRQ= |xv}tm pw= |xOvvmu}t-=D R= pw= |q=m u}t-=D
C@Uv u=oOvvmu}t-=D |QDQ@X}NWD |=Q@ wCU= 0 46782 Q@=Q@ u; VRQ= |xv}W}@
20 |x]@=Q O}=@ u=oOvvmu}t-=D VRQ= Q=Okt |xv}W}@ w xv}tm R= xO=iDU= =@ Qo}Om} x@
"OyO|t u=Wv Qo}Om} x@ C@Uv =Q u=oOvvmu}t-=D C}LHQ= 20 pwOH "CiQo Q=m x@ =Q
|QDQ@ swU w 'swO 'pw= xOvvmu}t-=D R= �100 p=tDL= =@ sHvB |xOvvmu}t-=D ,qFt
uwJ� CU= QDy@ R}v sQ=yJ |xOvvmu}t-=D x@ C@Uv 0 737891 p=tDL= =@ w OQ=O
5 |xOvvmu}t-=D |QDQ@ |xOvyOu=Wv 'CU= 0 5 R= QDq=@ u; C}LHQ= p=tDL= Q=Okt

[33]"OwW|t h} QaD Q} R CQwYx@
Du(1) Du(2) Du(3) Du(4) Du(5) Du(6) Du(7)

= 0 = 0=1 = 0=2 = 0=4 = 0=6 = 1 = 0
OwHw C=aq]= QO Xkv xm |OQ=wt QO "CU= xOW u=}@ 19 pwOH QO pY=L G}=Dv
Ovv=t &CU= j@]vt sy Q@ xOvvmu}t-=D VRQ= |xv}W}@ w xv}tm Q}O=kt 'OW=@ xDW=Ov
|=Q@ ,qFt "CW=O Oy=wNv OwHw j=@]v= CQwY u}= Q}e QO =t= "3 |xOvvmu}t-=D VRQ=
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"""
|xO

vvmu
}t- =D

?=N
Dv=|

=Q@x
JQ=B

m}O
Qm}w

Q

" AHP VwQ R= xO=iDU= =@ Q=O}=B |=yQ=}at T=U= Q@ u=oOvvmu}t-=D C}LHQ= "21 pwOH
|Ov@x@DQ xOW p=tQv uRw

AHP SO EN EC u=oOvvmu}t-=D =yQ=}atu=oOvvmu}t-=D u=oOvvmu}t-=D
2 0 224340997 0 198080 0 238121 0 184860 0 254442 (TES) 1 xOvvm u}t=D
4 0 170332921 0 150394 0 138986 0 141011 0 2004511 (GHS) 2 xOvvm u}t=D
5 0 113802817 0 100481 0 058877 0 102753 0 139014 (ESS) 3 xOvvm u}t=D
3 0 212836022 0 187921 0 246344 0 204906 0 210413 (TAS) 4 xOvvm u}t=D
1 0 278687243 0 246064 0 320574 0 367357 0 191633 (EUS) 5 xOvvm u}t=D

"|R=i AHP VwQ R= xO=iDU= =@ Q=O}=B |=yQ=}at T=U= Q@ u=oOvvmu}t-=D C}LHQ= "22 pwOH
|Ov@x@DQ xOW p=tQv uRw

Fuzzy �AHP SO EN EC u=oOvvmu}t-=D =yQ=}atu=oOvvmu}t-=D u=oOvvmu}t-=D
3 0 1289424 0 1373 0 10632 0 05237397 0 18752 (TES) 1 xOvvm u}t=D
5 0 1159145 0 1234 0 0 10534423 0 16333 (GHS) 2 xOvvm u}t=D
4 0 1227623 0 1307 0 03145 0 03790571 0 20195 (ESS) 3 xOvvm u}t=D
2 0 284166 0 3026 0 39673 0 29910482 0 28078 (TAS) 4 xOvvm u}t=D
1 0 3482148 0 3708 0 55917 0 5052713 0 25642 (EUS) 5 xOvvm u}t=D

T=U= Q@ TBU w OwW xO=O |a} RwD R=}Dt= =yQ=}at T=U= Q@ xOvvmu}t-=D Qy x@ \ki
Qt= u}ty "CiQo Oy=wN CQwY |Ov@x@DQ u} QDy@ VwQ u}= QO OwHwt |=ys=o
RwQ@ p=tDL= xH}Dv QO w OW=@ xDW=O |QDtm MU=B w VUQB x@ R=}v OwW|t ?Hwt

"OwW|t QDtm R}v =]N

|Q}oxH}Dv "6
QO xOvvmu}t-=D ?=NDv= Qw_vtx@ |Q=O}=B |=yx@vH C}ty= p}rOx@ 'VywSB u}= QO
xU =Hv}= QO "CU= xOW x�=Q= Q=O}=B |xOvvmu}t-=D ?=NDv= xr�Ut l} 'Q}N= |=yxyO
xOW xDiQo Q_v QO |a=tDH= w |]}Lt '|O=YDk= |=yx@vH pt=W |Q=O}=B x@vH
w xQ@N u=U=vWQ=m Q_v x@ xHwD =@ |}=yQ=}at Q} R =yx@vH u}= R= s=Om Qy |=Q@ w CU=
u} QDO@ w u} QDy@ VwQ R= xO=iDU= =@ TBU "CU= xOW u=}@ xRwL u}= QO xv}W}B QwQt
=yQ=}at x@ ?U=vt uRw 'CU= xQ=}atOvJ |Q}os}tYD O}OH |=yVwQ R= |m} xm
pqODU= VwQ Q=@ u}rw= |=Q@ u=oOvvmu}t-=D |Ov@x@DQ |=Q@ wCU= xOW xO=OX}YND
QO C}a]k sOa xm CU= u}= VwQ u}= |=}=Rt R= "CU= xOW xDiQo Q=m x@ |Oy=wW
|Q}os}tYD T} QD=t QO w xDiQo Q_v QO =Q C=aq]= u=Oki w |YNW |=y|@=} RQ=
|xar=]t l} QO C}=yv QO "CW=O Oy=wN |@=} RQ= `} RwD l} OOa l} |=H x@
'pOt |HvUQ=@Da= Qw_vtx@ "CU= xDiQo Q=Qk |UQQ@ OQwt |O=yvW}B VwQ |OQwt
xm OW XNWt w OW xU}=kt |R=i AHP w AHP VwQ =@ |O=yvW}B VwQ
w CW=Po Oy=wN =t Q=}DN= QO |R=i AHP VwQ =@ x@=Wt ?=wH |O=yvW}B VwQ
w OQ=O |R=i AHP VwQ x@ C@Uv |QDtm |oO}J}B xm CU= u}= VwQ u}= |=}=Rt
u=wD|t |D; C=k}kLD |=Q@ "CW=O Oy=wN R}v |QDtm MU=B w VUQB x@ R=}v u}vJty
"OQm |UQQ@ Q=O}=B |xOvvmu}t-=D ?=NDv= =@ u=tRsy =Q VQ=iU X}YND |xr�Ut
u=oOvvmu}t-=D |@=} RQ= QO u=tRsy CQwYx@ u=oOvvmu}t-=D QO lU} Q w C}a]k sOa
|wQ Q@ |Q=O}=B O=a@= R= l} Qy p}rLD xm CU= u}= Qo}O O=yvW}B "OwW xDiQo Q_v QO

"OwW |UQQ@ Qo}Om}

p=tDL= =@ sQ=yJ |xOvvmu}t-=D ?}DQD u}ty x@ "�CU= 4 |xOvvmu}t-=D x@ C@Uv
p=tDL= =@ pw= xOvvmu}t-=DTBU &OQ=O |QDQ@ swU w 'swO 'pw= |xOvvmu}t-=D R= �100
p=tDL= =@ swU |xOvvmu}t-=D QN; QO w OQ=O |QDQ@ swU w swO |xOvvmu}t-=D R= �100
uRw R}v pwOH u}= uwDU u} QN; QO w CU= KHQ= swO |xOvvmu}t-=D R= 0 709155
CUO x@ u=oOvvmu}t-=D VRQ= \UwDt R= xO=iDU= =@ q=m Qy |=Q@ u=oOvvmu}t-=D p=tQv

"CU= xOt;

|HvUQ=@Da= "5
=OD@= QO "s}=xOQm xO=iDU= [36]|R=i AHP w AHP VwQ R= pOt |HvUQ=@Da= |=Q@
CQwYx@ u=oOvvmu}t-=D |Ov@x@DQ w Ov=xOW |@=} RQ= AHP VwQ T=U= Q@ =yQ=}at

"CU= xOt; CUO x@ 21 pwOH
22 pwOH KQW x@ G}=Dv w Ov=xOW |Ov@x@DQ |R=i AHP T=U= Q@ =yQ=}atTBU
|R=i AHP VwQ G}=Dv =@ AHP VwQ R= pY=L G}=Dv xm OwW|t xOy=Wt "CU=
Q} R w =yQ=}at |@=} RQ= QO C}a]k sOa OwHw p}rO x@ u}= w CU= Cw=iDt ER w
"OwW xDiQo Q_v QO |a]k CQwY x@ O}=@ AHP VwQ QO Q=J=v x@ xm CU=yQ=}at
|=Q@ |Ov@x@DQ l} wO Qy w CU= sy x@=Wt |R=i AHP w ER VwQ G}=Dv |rw
l} xm OwN j}kLD QO [37]u=Q=mty w |v=kr=] "Ov=xOQm u=}@ =yxOvvmu}t-=D ?=NDv=
AHP VwQ |xU}=kt x@ 'Ov=xOQm |UQQ@ =Q |ov=N sR=wr CavY |OQwt |xar=]t
AHP VwQ R= pY=L G}=Dv xm Ov=xO}UQ xH}Dv u}= x@ w xDN=OQB |R=i AHP w
G}=Dv xm CiQo xH}Dv u=wD|t TB "CU= QDO=tDa= OQwt w QDl}ORv C}ak=w x@ |R=i
u}= |R=i AHP VwQ x@ C@Uv VwQ u}= |=}=Rt R= "CU= Q@Dat R}v ER R= pY=L
TQDUO QO =yQ=}atQ} R OQwt QO C=aq]= s=tD O}=@ |R=i AHP VwQ QO xm CU=
|rw@k OQwt |@=} RQ= Ov=wD|t C=aq]= u=Oki OwHw =@ ER VwQ QO |rw 'OW=@
u; |=}=Rt R= Qo}O |m} VwQ u}= uOQ@ Q=mx@ QO |oO=U 'u}= Q@xwqa "Ovm KQ]t =Q
CU= |i=m 'Q=}at Qy x@ C@Uv u=oOvvmu}t-=D |HwR |xU}=kt |=Hx@ =Q} R &CU=
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1. analytic network process (ANP)
2. strengths, weaknesses, opportunities and threats (SWOT)
3. fuzzy multi-attribute utility theory (FMAUT)
4. dynamic supplier selection problem (DSSP)
5. analytic hierarchy process and quality function deployment

(AHP-QFD)
6. technique for order of preference by similarity to ideal solution

(TOPSIS)
7. decision-making trial and evaluation laboratory (DEMATEL)
8. best-worst method (BWM)
9. dumpsters-shafer (D-S)
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