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xtOkt "1
=Q peW u=}[=kDt |D; Q=DiQ 'u; T=U=Q@ u=wD@ =D CU= u=tR=U |rai u=vmQ=m T=U=Q@
|=yxO=O R= xv} Rysm |xO=iDU= ut[ w|v}@V}B �� s=ONDU= w ?=NDv= CQwYQO ��
u}= QO "OQm uWwQ u=Q}Ot |=Q@ u=tR=U QO xDiyv |=yVv=O R= |O}OH ji= 'OwHwt
'|v=Uv= `@=vt |=yxRwL Q}=U uwJty 'u=vmQ=mVv} Ro sDU}UC}y=t xm =Hv; R= 'Ov}=Qi
=y?} QkD j}kOD |=Hx@ [4]'OQ=O Q=m wQU |@} QkD w |a]kQ}e Q}O=kt w s=y@= =@ xQ=wty
*|R=UpOt C}r@=k R= |Q=OQwNQ@ Q@ xwqa xm Ow@ |}=ypOt CN=U p=@vOx@ O}=@
R= xv}y@ CQwYx@ =yQDt=Q=B R}v |R=UpOt Ov}=Qi QO 'sDU}U R= |WN@ u=wvax@ s=y@=
w |Q}PBj=@]v= uOWxv}W}@ '=]N uOWxv}tm Ea=@ =D OvwW G=QNDU= OwHwt |=yxO=O
V}=Ri= x}rw= |v}@V}B |}=wQ j} Q] u}= R= w OvwW pOt |=yC}r@=k w CQOk V}=Ri=

"O@=}
xO=iDU= |]NQ}e |=ypOt R= O}=@ |]NQ}e w xO}J}B Q=DiQ =@ |}=ysDU}U |=Q@
|=ysD} Qwor= R}v w |awvYt |@Ya |=yxm@W w |awvYt Vwy `=O@= =@ "OQm
QO |}xOQDUo pwLD �� l}DvS sD} Qwor= Q}_v �� |Q=mD@= w xDiQW}B |R=Uxv}y@
'|R=UpOt QO Ovv=wD|t |R=Uxv}y@ |=ysD} Qwor= u}= &CU= xOW O=H}= xYQa u}=
w =]N uOWxv}tm Ea=@ w G=QNDU= OwHwt |=yxO=O R= xv}y@ CQwYx@ =Q =yQDt=Q=B
|Q}oxQy@ =@ =D xOW VqD Q[=LVywSB QO u}=Q@=v@ [5]"OvwW |Q}PBj=@]v= uOWxv}W}@

QO w =yu=tR=U |O}rm |=yC}r@=k R= |m} u=wvax@ u=oty ORv QO |v=Uv= |wQ}v
|t}kDUt \=@DQ= 'u=tR=U CUmW =} C}kiwt "CU= u=tR=U u; |xOvBD ?rk smL
xO}J}B |tDU}U 'u=vmQ=m Vv} Ro sDU}U "OQ=O |v=Uv= |wQ}v ?PH |ovwoJ =@
|Qw]x@ [1]CU= OQi u} QD?U=vt ?=NDv= w =yO}Ov=m u}@ Cw=iD |@=} RQ= hOy =@
\}=QW u} wOD '=DU=Q u}= QO "OW=@ QDjiwt u} Q}=U x@ C@Uv OQi u}= xOv}; QO xm
V}B Vr=J u} QD|OH 'u=}[=kDt |D; OQmrta |v}@V}B w peW R=QL= ?U=vt
OwHw sOa 'u=Uv= uyP |DN=vW C}OwOLt =Q} R "CU= |v=Uv= `@=vt u=Q}Ot |wQ
'|v=Uv= `@=vt |xRwL QO Q=DiQ uOw@ xDN=vW=v w |oO}J}B 'QwLtQ=DN=U |=yOQm} wQ
|=Q@ =Q Vv} Ro |xrLQt OwOLt C=aq]= R= xO=iDU= =@ |[=kDt OQmrta |v}@V}B
=yQ=R@= '|:tm |=yl}vmD |Q}oQ=mx@ wQu}= R= [2]"CU= xOQm Q=wWO u=oOvvms=ONDU=
Qw]x@ 'OyO V}=Ri= =Q |WQov w |Q=DiQ Q}eDt Qy |v}@V}B w lQO xm |}=ypOt w
|=Q@ QF-wt Q=}U@ OQm} wQ l} [3]"CU= xDiQo Q=Qk xHwD OQwt xRwL u}= QO |WN@ QF=
|reW OQmrta Q@ sm =L pOt w peW R=QL= ?U=vt \}=QW G=QNDU= 'Vr=J u}= `iQ

pw�Ut xOvU} wv �
"1393 6 30 VQ}PB '1393 6 16 x}LqY= '1392 9 12 Ci=} QO %M} Q=D



"""|
R=Ux

v}y@
R=x

O=iD
U=

=@|
reW

OQm
rta

|v}
@V

}B|=ysD} Qwor= R= xO=iDU= =@ |R=Uxv}y@ R= xRwQt= xm CU= |r=LQO u}= "Ovm|t u}}aD
OwW|t xO=iDU=hrDNt |=ysDU}U|L=Q] QO|vwRi=RwQ Qw]x@|rt=mD w |Q=mD@==Qi
=Q =yu; |=}=Rt w =yC}r@=k u=wD|t |R=UpOt |=yOQm} wQ =@ =yQ=R@= u}= ?}mQD R= w

[17]"Ci=} CUO QDW}@ C}r@=k w |OvtWwy =@ |}=ysDU}U x@ w OQm O}OWD
`@=vt |xRwL QO |tm |=yl}vmD |x�=Q= =@ x]@=Q QO j}kLD C=}@O= QO u}=Q@=v@
|rt=mD |=ysD} Qwor= R= xO=iDU= xS} wx@ 'u=vmQ=m Vv} Ro X=N Qw]x@ w |v=Uv=
|=yVwQ R= ,=@r=e w OQ=O OwHw |oQR@ h=mW '|R=UpOt Ov}=Qi |R=Uxv}y@ Qw_vtx@
xH=wt O}OQD =@ COWx@ =Q G}=Dv CkO xm OwW|t xO=iDU= |vyP |=yCw=[k w |DvU

"OR=U|t

VywSB |U=vWVwQ "3
"CU= xOW xO=O u=Wv 1 pmW QO Q[=L VywSB s=Hv= VwQ |xYqN

"j}kLD s=Hv= Ov}=Qi "1 pmW

|v}@V}B X=N Qw]x@ w |v=Uv= `@=vt |xRwL QO '|awvYt Vwy |=yC}r@=k R=
R=QL= \}=QW u} QD?U=vt Ov=wD@ xm OwW x�=Q= |tD} Qwor= '|reW u=}[=kDt OQmrta
|xrLQt OwOLt C=aq]= R= xO=iDU= =@ w u}}aD =Q u=vmQ=m OQmrta Q@ QF-wt peW
OQm} wQ R= |Q}oxQy@ "Ovm |v}@V}B =]N u} QDsm =@ =Q |v=Uv= |wQ}v OQmrta 'Vv} Ro
sOa =} ?U=vD =@ x]@=Q QO |Q}os}tYD u=vmQ=m Vv} Ro Ov}=Qi p}yUD ut[ 'QwmPt
=@ =Q peW =@ \@DQt |=ylU} Q w C=Q]N x@ |w |oO}UQ |}=v=wD w OQi ?U=vD
OwOLt lQO R= |W=v |=]N Q@ '|rw@k p@=k OL =D &OR=U|t umtt =]N pk=OL
Vv} Ro R= |W=v |ivt |=yxv} Ry w |v=Uv= |wQ}v |QwxQy@ V}=Ri= x@ w x@re QW@

"OQm |v=}=W ltm wQ}v ?U=vt=v
pt=W �� j}kLD Ov}=Qi TBU w '|UQQ@ VywSB |xv}W}B =OD@= xr=kt |xt=O= QO
�� |reW OQmrta |R=UpOt VwQ w C=aq]= |Qw;OQo 'j}kLD |=yQ}eDt ?=NDv=
=yO=yvW}B w |Q}oxH}Dv 'j}kLD |=yxDi=} C}=yv QO "OwW|t K} QWD pt=m Qw]x@

"OwW|t KQ]t

VywSB |xv}W}B "2
|=yxm@W '|R=UpOt |=yOQm} wQ w |awvYt Vwy R= |Q}oxQy@ xDWPo p=UOvJ QO
hrDNt |=yxv}tR QO |R=Uxv}y@ |=Q@ |Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= w |@Ya
|OvtWRQ= Q=}U@ G}=Dv w xOQm ?rH OwN x@ =Q u}kkLt R= |Q=}U@ xHwD '|D=k}kLD
|Ov@u=tR |xr�Ut |=Q@ |Q=mD@==Qi |tD} Qwor= 'xvwtv u=wvax@ "CU= xDW=O x=Qty x@
|xWkv w |vw}UQoQ CNQO Q@ |vD@t OvtWwy |k}irD |xv=t=U l} [6]'|ywQo
[8]|r=t O@U |R=Uxv}y@ Q=wDU= pOt l} w [7]xOW |R=Uxv}y@ xOu=tR=UOwN
|@=} RQ= |=yQ=}at ?=NDv= QO '|awvYt |@Ya |=yxm@W R= 'u}vJty "OW x�=Q=
xOW xO=iDU= [10]|O}rwD |=yOv}=Qi OQmrta |v}@V}B |=Q@ R}v w [9]u=oOvvmu}t-=D
|v}@V}B |=Q@ |R=Uxv}y@ w |R=UpOt j}kO |=yOQm} wQ R= xO=iDU= xJQo = "CU=
'Ovm |v=}=W ltm |v=Uv= |wQ}v ?=NDv= Ov}=Qi x@ Ov=wD|t |reW u=}[=kDt OQmrta
R= xO=iDU= =@ x]@=Q QO '|v=Uv= `@=vt |xRwL QO |v}@V}B Ov}=Qi |oO}J}B p}rOx@
R= |OvtxQy@ xS} wx@ �� |reW |=y|HwQN |v}@V}B Qw_vtx@ |R=UpOt OQm} wQ
OwOLt |=yj}kLD �� |R=Uxv}y@ w |rt=mD w |Q=mD@==Qi |=ysD} Qwor= |=yC}r@=k

"OQ=O OwHw |}xOvm =QB w
Vv} Ro XwYNQO Q}N= p=U 11 |] xOWs=Hv= |=y|UQQ@ '1 pwOH QO
QO 'OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q= |tm |=yOQm} wQ R= xO=iDU= =@ u=vmQ=m
QO =yu; ?}mQD w |R=i OQm} wQ 'xQ=}atOvJ |Q}os}tYD |=yxw}W xDWPo p=U OvJ
Q=Qk xO=iDU= OQwt [14�11w4'3'1]u}kkLt R= |NQ@ \UwD |v=Uv= |wQ}v ?=NDv= |xRwL
'Q]NQB pe=Wt QO u=vmQ=m OQmrta |@=} RQ= w |Ov@x@DQ |=Q@ u}vJty "CU= xDiQo
u}= QO =t= [15]"OW x�=Q= |} wor= 'xOW?DQt |vRw u}ov=}t VwQ R= |OvtxQy@ =@

"CU= xOW xDiQo xO}O=v |R=UpOt OQm} wQ C=ar=]t
xO=iDU= =@ |v=Uv= |wQ}v ?=NDv= pOt C=ar=]t R= |NQ@ QO 'Qo}O |wU R=
CNQO T=U=Q@ |w=mxO=O ?wJQ=J l} R}v w [16]'|L=Q] |w=mxO=O OQm} wQ R=
u=wvax@ p}=iwQB |=yXN=W T=U=Q@ =D OW O=H}= [2]|vtHv= Oa=wk w |Q}os}tYD
=Q u=}[=kDt |reW |=yQ=DiQ 'CU= |@=}CUO p@=k Vv} Ro |xrLQt QO xm |OwQw
Vkv xm |R=Uxv}y@ w Ov=xDN=OQB |R=UpOt x@ =yvD =y|UQQ@ u}= =t= "Ovvm |v}@V}B
|R=Uxv}y@ &CU= xOWv ^=Lr Ovm|t =i}= |R=UpOt Ov}=Qi Ow@y@ QO |Q}osWJ
R}v =Q peW R=QL= ?U=vt \}=QW xmr@ 'OwW|t pOt |xv}y@ OQmrta x@ QHvt =yvDxv

42



"""w
|v=H

vRR
=vy@

'|O
=QtO

wtL
t

"|tm |=yOQm}wQ R= |Q}oxQy@ =@ Q}N= |=yp=U QO u=vmQ=m Vv} Ro XwYNQO xOWs=Hv= C=k}kLD xYqN "1 pwOH
=yXN=W xO=iDU= OQwt |xw}W u=wva jkLt x} QWv p=U

|}xiQL |=yCQ=yt x@ \w@ Qt pt=a 5 � swyit '|R=i |xawtHt |Q_v s}y=it |R=i j_vt |Q}oQ=mx@
G. Capaldo,

Omega 2001|D} Q}Ot |=yCQ=yt x@ \w@ Qt pt=a 5 � ?}mQD swyit w |R=i C} w[a `@=D %u=vmQ=m |@=} RQ= |=Q@
G. Zollo|D}YNW |=y|oS} w x@ \w@ Qt pt=a 5 � |R=i |OQwt |}xar=]t

u=tR=U Q=m w ?Um |xRwL QO x@ QHD "1

T}UB=D '|R=i |xQ=}atOvJ VwQ xO=iDU= =@ |[=kDt Vv} Ro
G.F. Royes

Journal of

2003

u}at xi}_w QO x@ QHD "2

CBR w |R=i Q@ |vD@t pqODU= VwQ R=
and et al.

Intelligent &
|r}YLD xk@=U "3

xQ=}atOvJ |R=i OQwt Fuzzy Systems
|Q@yQ C}iQ_ "4

|Q}PBVR=U C}iQ_ "5
uU "6

|ywQo Q=m |=Q@ |oDU}=W "7
C=]=@DQ= � |R=i AHP |=Q@ |R=i |R=UpOt l}

A. Golec &

Computers &

2007
|OQi u=}t |=yCQ=yt � w O=H}= |@D=Qt xrUrU Q=DN=U� OvtQ=m Vv} Ro w |@=} RQ=

E. Kahya

Industrial|Q}os}tYD � |@=} RQ= K]U wO =@ |R=i pOt l} R= |oDU}=W |=v@tQ@ EngineeringCQ=yt/Vv=O � �"OwW|t xO=iDU= Vv} Ro w|reW xaUwD �
C} Q}Ot �

%hOy |=yQ}eDt

T=U=Q@ |w=mxO=O ?wJQ=J l}
Ow@y@ |=Q@ |w=m xO=O

Chen-Fu Chien,

Expert

2008

|reW OQmrta �

Oa=wk w |Q}os}tYD CNQO
uOwRi= w u=vmQ=m Vv} Ro

& Li-Fei Chen

Systems

u=vmQ=m |Q=Oxov w ^iL �

|vtHv=
xar=]t %|v=Uv= x}=tQU

with

|Q}oxQ=vm w =iaDU= p}qO �

=@ CavY QO |OQwt
Applications

%|OwQw |=yQ}eDt

q=@ |SwrwvmD

uU �
C}UvH �

py-=D C}a[w �
|r}YLD |xk@=U �

|Q=m |x@ QHD �
xDWQ �

|r}YLDr=dQ=i u=DUQ}@O �
s=ONDU= |=yp=v=m �

|twta |reW |=yQwDm =i � |R=i |@D=QtxrUrU p}rLD Ov}=Qi |R=i AHP OQm} wQ l}
Z. Gungor Applied Soft 2009ptmt |reW |=yQwDm =i � Ov}=Qi R= xO=iDU= =@ �FAHP� Vv} Ro xr�Ut |=Q@
and et al. Computing|OQi |=yQwDm =i � xQ=}atOvJ |Q}os}tYD u=vmQ=m

%|vyP |=yQ=}at

=@ |R=i |xQ=}atOvJ |Q}os}tYD

MCDM OQm} wQ l}
Mehtap Dursun,

Expert

2010

|U=UL= C=@F "1

C=aq]= ?}mQD pwY= R= xO=iDU=

u=vmQ=m Vv} Ro |=Q@ |R=i
E. Ertugrul

Systems

|Q@yQ "2

T}UB=D w |R=i
Karsak

with

Tivx@ O=tDa= "3
|y=iW C=]=@DQ= CQ=yt "4

C}YNW "5
%|v}a |=yQ=}at
|r@k |x@ QHD "6

|rm |=y|oDU}=W "7
l =QO= "8

43



"""|
R=Ux

v}y@
R=x

O=iD
U=

=@|
reW

OQm
rta

|v}
@V

}B"1 pwOH xt=O=
=yXN=W xO=iDU= OQwt |xw}W u=wva jkLt x} QWv p=U
|}xiQL Vv=O w =yCQ=yt �

ANP w DEA ?}mQD
xO=iDU= =@ u=vmQ=m Vv} Ro

Hung-Tso Lin

Computers &

2010|r@k |}xiQL peW w |r}YLD |xk@=U � w |}xm@W p}rLD Ov}=Qi R=
Industrial=yOQw=DUO x=Qtyx@ |=yxO=O p}rLD w x} RHD

Engineering|v=yv p}Uv=DB w C}YNW � |R=i
l} SD=QDU= C=t}tYD P=ND=/|SD=QDU= u} wOD �

swyit R= xO=iDU= =@ |R=i T}UB=D
xQ=}at OvJ OQm} wQ l}

Dimitrios

Expert

2010

Q}}eD =@ j=@]v= C}r@=k/Q}}eD C} Q}Ot �

(veto) wDw
T}UB=D |=v@t Q@ O}OH

Askounis

Systems

|]=@DQ=/|OQiu=}t |=yCQ=yt �

u=vmQ=m Vv} Ro |=Q@ with

|Q@yQ �

Applications

u=QL@/lU} Q C} Q}Ot �
|}xv=}=Q |=yxm@W �

|Q=Ri=CNU/|Q=Ri=sQv |=yQ=R@= �
xO=O x=o}=B �

|}xiQL |x@ QHD �
|r}YLD |xk@=U �

Qwy_wv/O}OH |=y|Qw=:vi �
|U=UL= C=@F � |R=i xQ=}atOvJ |ywQo |Q}os}tYD |Q}os}tYD VwQ l}

Shi-fang Zhang,

Expert

2011
|y=iW \@=wQ CQ=yt � uRw uOQw; CUO x@ |=Q@ |OwyW |R=i xQ=}atOvJ |ywQo

& Sanyang Liu

SystemsC}YNW �
grey relational |=v@t Q@ =yQ=}at p}rLD |=v@t Q@ |OwyW with|r@k x@ QHD � =yxv} Ro |Ov@x@DQ |=Q@ (GRA) (GRA) ApplicationsTiv x@ O=tDa= �

|=y|Ovtu=wD xm CU= u; R= |m =L j}kLD C=}@O= |xar=]t 'u}= Q@ uwRi=
|oOvR w Q=m QO C}kiwt |=Q@ |@ wN |xOvvm |v}@V}B Ov=wD|tv |}=yvDx@ |vqka
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