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xOWv xO=iDU= |}xR=@ Q}e w |}xR=@ |HwR C=U}=kt |=yT} QD=t R= uRw G=QNDU=

"CU=

C}a]k sOa \}=QW QO |R=Uxv}y@ "3
xQ=}atOvJ |Q}os}tYD R}r=v; QO =t= 'OQ=O |irDNt |v=at C}a]k sOa Kq]Y=
xQ=W=C}a]k sOa� [31]%OQm x�=Q= u; |=Q@ =Q 14utQt} Rh} QaD u=wD|t 13�MCDM�
CQwYx@ xm =Q|D=aq]=XNW 'X=N �C}a[w�C}akwtl} QOxm OQ=O Qt= u}= x@
'sDU}U l} |OOa w |a]k |v}@V}B =} u}}aD 'K} QWD w h}YwD |=Q@ |i}m =} |tm
QO �"OQ=Ov Q=}DN= QO =Q CU= R=}v OQwt w ?U=vt u; |=yxYNWt Q}=U =} w u; Q=DiQ
x@ QHD T=U=Q@ w |vyP CQwYx@ hrDNt Cq=L ẁkw p=tDL= 'C}a[w u}= QO `k=w
|Ov@xk@] Q=yJ |Q}os}tYD p�=Ut QO "OwW|t u}}aD xOvQ}os}tYD OwOLt|y=o ; w
u}= QO xm '|a]k\}=QW QO |Q}os}tYD "1 %OwW|t xDiQo Q_v QO p�=Ut |=Q@ |rY=
u; QO xm 'lU} Q\}=QW QO |Q}os}tYD "2 &CU= swrat =yQDt=Q=B j}kO Q}O=ktCr=L
uO=OMQ p=tDL= w OQ=O OwHw =yQDt=Q=B Q}O=kt |=Q@ �w} Q=vU� umtt |xawtHt u}OvJ
C}a]k sOa \}=QW QO |Q}os}tYD "3 &CU= XNWt R}v =yxawtHt R= l} Qy
|Q}os}tYD "4 &OQ=O OwHw XNWt=v p=tDL= =@ w} Q=vU |O=OaD Cr=L u}= QO xm

[32]"�s=y@= w C}a]k sOa u}@ RQt� Ov=swrat=v umtt |=yw} Q=vU u; QO xm |R=i
R}r=v; %R= Ov=CQ=@a C}a]k sOa |=Q=O |=yQDt=Q=B |x�=Q= *l}Uqm |=yVwQ
|ia[ \=kv l} Qy '|t}Ok |=yVwQ u}= "15|r=tDL= |R=Uxv}y@ w C}U=UL

pOt wO u}= "Ovm|t |iQat |}xR=@ |=yxO=O R= uRw G=QNDU= |=Q@ =Q �11q=@ OL w
|v=tQ; |R} Qxt=vQ@ VwQ l} nv=w "Ovvm|t x�=Q= =yuRw R= |@} QkD u}tND l}
C=U}=kt |=yT} QD=t R= uRw G=QNDU= |=Q@ 12�TLGP� |}xrLQtwO |tD} Q=or
C=U}=kt T} QD=t Ovm|t x}YwD w [18]xOQm O=yvW}B Q=oR=U=v w Q=oR=U |}xR=@ |HwR
pL |O=yvW}B VwQ =@ w p}O@D |}xR=@ |HwR C=U}=kt T} QD=t x@ |R=i |HwR
q=@ |=yErFt QO =]N QY=va Cw=iD pmWt '\@=wQ uOQm|tD} Q=or =@ nv=w "OwW
pOt l} '2005 p=U QO "CU= xOQm pL =Q |HwR C=U}=kt T} QD=t u}}=B w
[19]OW x�=Q= |}xR=@ Q}e T} QD=t R= uRw G=QNDU= |=Q@ |}xrLQtwO |]N |R} Qxt=vQ@
|x�=Q= =@ pOt u}= "CU= xOW xO=O xaUwD |}xR=@ |HwR C=U}=kt T} QD=t |=Q@ xm
=Q xOta |=y|Q=oR=U=v X}NWD u=mt= 'Q=oR=U=v p�=Ut OQwtQO C@=F |NU=B
|R} Qxt=vQ@ VwQ T=U=Q@ |]N |R} Qxt=vQ@ pOt l} u}vJty nv=w "OQw;|t sy=Qi
Q=oR=U |=yT} QD=t QO xm [20]xOQm |L=Q] |}xR=@ |=yuRw G=QNDU= |=Q@ |v=tQ;
R= pY=L |=yMU=B |xU}=kt |=Q@ |WwQ w= 'u}= Q@xwqa "OQ=O OQ@ Q=m Q=oR=U=v w
xOQm O=yvW}B Q=oR=U |}xR=@ |HwR C=U}=kt T} QD=t OQwtQO hrDNt |=yVwQ

"CU=
uRw G=QNDU= |=Q@ |irDNt |=yVwQ 'OW u=}@ ẁ[wt C=}@O= QwQt QO xm u=vJ
=yVwQ u}= R= l}I}y QO =t= CU= xOW O=yvW}B |}xR=@ |HwR C=U}=kt T} QD=t R=
R= uRw G=QNDU= QO =yvD "CU= xOWv ^wLrt C=t}tYD w =yMU=B |R=UQ=O}=B x=oO}O
C=t}tYD |R=UQ=O}=B |xv}tR QO xar=]t OvJ |}xR=@ Q}e |HwR C=U}=kt T} QD=t
s=Hv= C=k}kLD w |Q=O}=B ẁ[wt x@ xt=O= QO xm CU= xDiQo CQwY =yC} wrw= w

"CN=OQB s}y=wN xv}tR u}= QO xOW
xaUwD p=L QO CaQUx@ w O}OH ,=D@Uv C=aw[wt R= |m} |Q=O}=B |x} Q_v
'CU= xOW xDN=OQB VwQ u}= hrDNt |=yOQ@ Q=m x@ |OOaDt Cq=kt QO w CU=
AHP |HwR C=U}=kt T} QD=t R= uRw G=QNDU= |xv}tR QO =yVwQ u}= uwvm =D =t=
C=Q}}eD =yv; QO xm Ovvm|t x�=Q= =Q |}=ypOt 'Q=O}=B |=yVwQ "CU= xDW=Ov OQ@ Q=m
Q}N= |=yp=U |] [21]"OwW|t G}=Dv QO |tm C=Q}}eD x@ QHvt |OwQw |=yxO=O QO
|R=UxO=}B |=Q@ umtt |=yVwQ w Q=O}=B |R=Uxv}y@ |xv}tR QO |O=} R u}kkLt
pOt ?}mQD R= xm [22]OW x�=Q= |WwQ 1995 p=U QO xrtHR= &Ov=xOQm C}r=ai u;
"O};|t CUO x@ w} Q=vU |=v@tQ@ xr�Ut |=yxO=O K} QWD VwQ =@ |v=tQ; |R=Uxv}y@
Qw_vtx@ xt} QH `@=D R= umtt |w} Q=vU u} QDO@ ẁkw R= |Q}owrH |=Q@ pOt u}= QO
|R=Uxv}y@ pOt l} '1970 |xyO p}=w= QO "OwW|t xO=iDU= Q=O}=B pOt O=H}=
l} x@ w CU= |rta =yxO=O |x}rm |=Q@ xm |NU=B uOQw; CUOx@ |=Q@ |]N
Q=}U@ pOt u}= R= pY=L |=ypL x=Q [23]"OW O=yvW}B 'OQ=O jraD ?OLt |xawtHt
\UwD Q=O}=B |R=Uxv}y@ |x} Q_v OQ@W}B QO =ys=o u} QDsyt R= |m} "Ov=xv=Q=mx_i=Lt
xDW=OQ@ [27w26]u=Q=mty w |w=kp= w [25w24]�pkDUt CQwYx@� |mUwQ}tv w p=D�u@
|xawtHt l} x@ jraDt 'C}a]k sOa |=Q=O |=yxO=O Ov=xOQm ZQi =yv; "OW
Q}e |}xr�Ut x@ QHvt xm CU= u; VwQ u}= ha[ \=kv R= |m} "Ov=|w[}@
|xv} Ry u=wD|t u; ltmx@ xm OW x�=Q= |WwQ 2004 p=U QO "OwW|t |]N
Vy=m =Q =yMU=B �uOw@xv}y@ w uOw@|rta u}@ |R=UpO=aDt |xv} Ry� |Q=O}=B
'Q=O}=B |=ypLx=Q uOw@ xv=Q=mx_i=Lt K]U VwQ u}= QO 'X=N Qw]x@ [29w28]"O=O
|x@vH l} "CU= s}_vD p@=k =yC}OwOLt C=Q}}eD |=Q@ |r=tDL= OwOL CQwYx@
|=Dty 'u}kkLt u}vJty "CU= |O=yvW}B Q=O}=B pOt uOw@|]N VwQ u}= syt
u; C}a]k sOa |=Q=O |xawtHt xm =Q |]N |R} Qxt=vQ@ |xr�Ut l} Q=O}=B
VwQ u}= [30]"Ov=xOQm x�=Q= w |L=Q] 'OQm h} QaD |y=wNrO sQv Qy =@ u=wD|t =Q
|=Q=O ?}=Q[ `} RwD QO |y=wNrO |oDU@=w Qy uDiQo Q_v QO =@ xm Ovm|t u}t[D
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Ot|

x�=Q=|a]kQ}e |=yxO=O R= |OwOLt O=OaD VwQ u}= QO =Q} R 'Ov=xO}t=v R}v |}xHOw@
p}rO x@ xt=O= QO "OvW=@ =yv; |=Q@ xOWu}}aD C=Q}}eD u} QDW}@ |xOvQ=OQ@ QO Ovv=wD|t
K} QWD |R=Uxv}y@ VwQ u}= xYqN Qw]x@ '|O=yvW}B pOt QO VwQ u}= OQ@ Q=m

%OwW|t xDiQo Q_v QO Q} R |]N |R} Qxt=vQ@ |xr�Ut Qw_vt u}= x@ "OwW|t
Max c0 x (4)

S:t: Ax � b (5)

l � x � u (6)

C}a]k sOa xm OwW|t ZQi xr�Ut C}twta uO=OCUO R= uwO@ 'jwi pOt QO
hOy `@=D u=wD|t =Q} R 'OQ=Po|t Q}F-=D A T} QD=t QY=va Q@ \ki =yxO=O QO
|=Q@ s}U w T=t}UDQ@ "OwRi= z� c0x � 0 C}OwOLt CQwYx@ =Q z|R=Uxv}W}@
=yxO=O |=Q@ =Q U CQwYx@ |D}a]k sOa |xawtHt 'Q=O}=B |R=Uxv}y@ pOt |x�=Q=

"Ov=xDiQo Q_vQO
QO A T} QD=t R= �i� X=N h}OQ l} %U =yxO=O C}a]k sOa pOt
h}OQ QO C}a]k sOa |=Q=O ?}=Q[ xawtHt |xOv}=tv. Ji OwW|t xDiQo Q_v
uQ=kDt w Q=Ou=Qm |iO=YD Q}eDt l} CQwYx@ j 2 Ji; aij QYva Qy "CU= i
Q=Okt pwL j 2 Ji; âij Q=Oktx@ QFm =OL Ov=wD|t xm OwW|t pOt j 2 Ji; ~aij
|xR=@ QO j 2 Ji; ~aij |iO=YD Q}eDt ?}DQD u}= x@ "Ovm Q}}eD j 2 Ji; aij |tU=

"OQ}o|t Q=Okt [aij � baij ; aij + baij ]
`@=D l} uOQmOQ=w w =yxO=O |=Q@ jwi C}a]k sOa |xawtHt |Q}oQ_vQO =@
w T=t}UDQ@ '|a]kQ}e ?}=Q[ |=Q=O |=yC}OwOLt QO �i(x�;�i) C_i=Lt
VN@ QO pOt u}= [29w28]"Ov=xOQm x�=Q= =yMU=B |R=UQ=O}=B |=Q@ |]N pOt l} s}U
Q=mx@ |HwR C=U}=kt T} QD=t R= uRw G=QNDU= Q=O}=B pOt l} |x�=Q=|=Q@ �"1"4�

"CU= xOW xDiQo

|O=yvW}B |=ypOt |x�=Q= "4
=yxO=OC}a]k sOa Q}F-=D |Q}oQ_v QO Q=O}=B |R=Uxv}y@ |=ypOt |x�=Q= h=Oy= R=|m}
x@ l}ORv w |rta R}v \}=QW u} QDO@ QO pOt R= pY=L |=yMU=B =D CU= pOt QO
QO AHP |HwR C=U}=kt T} QD=t R= ?U=vt |=yuRw G=QNDU= QO "OvW=@ xv}y@
VwQ |}xR=@ |HwR C=U}=kt R= xO=iDU= '=yCw=[k QO C}a]k sOa OwHw \}=QW
|=yC}a]k sOa |Q}oQ_vQO w xOvQ}os}tYD R= pt=m C=aq]=Ci=} QO |=Q@ |@U=vt
T} QD=t R= uRw G=QNDU= QO OwHwt *|U=U= CqmWt R= |m} "CU= pOt QO |w
|HwR |=yCw=[k |w=L |=yT} QD=t |Q=oR=U=v |xr�Ut '|}xR=@ |HwR C=U}=kt
|=yT} QD=t QO xOvQ}os}tYD |vyP |=yCw=[k R= xO=iDU= p}rOx@ ,qwtat "CU=
QO |�RH |=y|Q=oR=U=v xS} wx@ |Q=oR=U=v OwHw p=tDL= xQ=wty '|HwR C=U}=kt
Ov=wD@ O}=@ uRw G=QNDU= Q=O}=B pOt u}=Q@=v@ "OQ=O OwHw |HwR C=U}=kt |=yT} QD=t
VN@ u}= QO "Ovm C_i=Lt |�RH |=y|Q=oR=U=v u}= Q@=Q@ QO C=Q}}eD R= =Q =yMU=B
|R=Uxv}y@ VwQ T=U=Q@ |m} xm xOWx�=Q= Cw=iDt |}=y|oS} w =@ Q=O}=B pOt wO

"CU= |v=tQ; |R} Qxt=vQ@ VwQ T=U=Q@ |Qo}O w Q=O}=B
|=yu}tND %OW=@ xvwo wO Ov=wD|t pOt |=yMU=B uRw G=QNDU= |=ypOt QO
"OvOvtxQy@ |}=}=Rt R= |HwQN ẁv wO u}= R= l} Qy xm '|}xR=@ |=yu}tND w |}x]kv
=yMU=B QO C}a]k sOa =yDv= QO =t= Ovm|t p}yUD =Q |Q}os}tYD |}x]kv u}tND
x@ |a]k MU=B l} xOvQ}os}tYD Q_v R= w Ovm|tv Tmavt xR=@ CQwYx@ =Q

w VwQ Q=O}=B |R=Uxv}y@ "Ov=|ak=w p�=Ut QO =yv; OQ@ Q=m |xOvvmOwOLt xm OvQ=O
Q}N= |=yxyO QO "CU= C}a]k sOa |=Q=O |=yQDt=Q=B |x�=Q= QO O}OH |OQm} wQ
"CU= xO=O MQ ?OLt |=yxawtHt Q=O}=B |R=Uxv}y@ |x} Q_v QO |v=w=Qi |=yxaUwD
=yxO=O C}a]k sOa pQDvm |=Q@ Cw=iDt |WwQ Q=O}=B |R=Uxv}y@ 'Q=m |DNU Q_v R=

"CU= xOQm x�=Q=
Q=O}=B �MU=B� pLx=Q "1 %OQ=O OwHw |Q=O}=B |xv}tR QO |rY= |xr�Ut wO
=Q Q=O}=B MU=B '|rm Qw]x@ #OQm x@U=Lt O}=@ =Q Q=O}=B pLx=Q xvwoJ "2 #CU}J
Qy jkLD CQwYQO xm �|rta� |xv}y@ ?=wH l}� %OQm h} QaD u}vJ u=wD|t
QO w CU= xOvvmOwOLt Q=}U@ h} QaD u}= =t= '�Ov=t@ |k=@ �|rta� xv}y@ '|}xO=O
h} Q=aD u}kkLt u}=Q@=v@ "CU= u}}=B Q=}U@ |@=wH u}vJ OwHw p=tDL= `k=wt QDW}@
Ovv=O|t Q=O}=B =Q|}xv}y@ ?=wH|}xOa "Ov=xOQm x�=Q= Q=O}=B pL x=Q |=Q@ =Q |QD?U=vt
pOt l} R= pY=L MU=B R}v |NQ@ [33]"Ovm xv}tm =Q |@Uv hU-=D u} QDW}@ xm
xOW xDiQo Q_vQO |=yw} Q=vU |t=tD |=Q@ xm Ovv=O|t Q=O}=B |DQwYQO =Q |R=Uxv}y@
|=Q@ R}v w �MU=B |Q=O}=B� Ov=t@ |k=@ xv}y@ x@ l}ORv Ov=wD@ |OwQw |=yxO=O |=Q@
u}kkLt [22]"�pOt |Q=O}=B� OW=@ |rta ,=@} QkD =yw} Q=vU |x}rm CLD '=yxO=O |t=tD
|tU= |=yxO=O |=Q@ �xv}y@ x@ l}ORv� xv}y@ Q} R MU=B l} =Q Q=O}=B pLx=Q R}v |Qo}O
C=Q}}eD CLD pOt uOv=t |rta R= u=v}t]= pwYL Qw_vtx@ xm [29]Ovv=O|t xr�Ut

"CU= xOW QwO uOw@xv}y@ R= |OwQw |=yxO=O R= |NQ@
xOW x�=Q= |i} Q=aD X=N Qw]x@ R}v AHP VwQ QO |Q=O}=B |xv}tR QO
'AHP |HwR C=U}=kt T} QD=t R= uRw G=QNDU= pOt QO =Q |Q=O}=B |NQ@ "CU=
x@ =yQ=}at uRw QO C=Q}}eD x@ C@Uv ?NDvt |xv} Ro uOw@ T=ULQ}e |=vatx@
C=U}=kt T} QD=t R= uRw G=QNDU= |=ypOt QO |Q=O}=B R}v |NQ@ w [11]Ov=xOQ@ Q=m
pwtatQ}e w\re |=y|OwQw R= �C} wrw=� uRw Q=OQ@ |Q}PB Q}F-=D sOa =Q AHP |HwR

[9]"Ov=xDUv=O
|=yVwQK} QWD x@ O}=@ 'Q=O}=B |=yMU=B |x@U=Lt|ovwoJp=-wU x@MU=B |=Q@
Q=O}=B |R=Uxv}y@ |=yVwQ 'xDiQoCQwYC=ar=]t|=v@tQ@ "CN=OQB Q=O}=B |R=Uxv}y@
xDUO Q=yJ x@ xOWxDiQo Q_vQO C}a]k sOa |=yxawtHt `=wv= T=U=Q@ u=wD|t =Q
C}a]k sOa xawtHt "2 &|}xR=@ CQwYx@ C}a]k sOa |xawtHt "1 %OQm s}UkD
sOa |x�=Q= "4 &x=wNrO sQvl} CQwYx@C}a]k sOa xawtHt "3 &|w[}@ CQwYx@
R= Q=DWwv u}= QO xOWx�=Q= |=ypOt R= |m} QO xm =Hv; R= "w} Q=vU ?r=k QO C}a]k
"OwW|tu=}@VwQu}= R=|}xYqN xt=O= QO =PrCU= xOW xDiQo xQy@|}xR=@ |=yVwQ
w �1973� QDU} wU |O=yvW}B |=yVwQ %|}xR=@ C}a]k sOa |xawtHt
CQwYx@ xm OvDUy |D}a]k sOa |=yxawtHt T=U=Q@ �2004� s}U w T=t}UDQ@
'=yxO=OC}a]k sOa Q@=Q@ QOC}vwYt |=Q=O |=ypOt O=H}= |=Q@ s=o u}rw= "Ov=|}xR=@
O}rwD |=Q@ |]N |R=Uxv}y@pOt l} |w "OW xDW=OQ@ �1973� QDU} wU \UwD
O=yvW}B CU= |rta ?OLt |xawtHt x@ jraDt |=yxO=O |t=tD |=Q@ xm |NU=B
xm =vatu}= x@ "Ov=xv=Q=mx_i=Lt Q=}U@ xm OyO|t xH}Dv =Q |}=yMU=B pOt u}= "OQm
=@ xU}=kt QO pOt |ov}y@ R= |O=} R Q=Okt pOt uOv=t|rta R= u=v}t]= ?Um |=Q@

"OwQ|t CUO R= |rY= |xr�Ut
|xv} Ry u=wD|t u; ltmx@ xm Ov=xOQm x�=Q= |WwQ �2004� s}U w T=t}UDQ@
"O=O Vy=m =Q =yMU=B �uOw@xv}y@ w uOw@|rta u}@ |R=UpO=aDt |xv} Ry� |Q=O}=B
CQwYx@ 'Q=O}=B |=ypLx=Q uOw@ xv=Q=mx_i=Lt K]U VwQ u}= QO 'X=N Qw]x@
u}= syt |x@vH l} "CU= s}_vD p@=k =yC}OwOLt C=Q}}eD |=Q@ |r=tDL= OwOL
|xr�Ut l} u=vJty Q=O}=B CQwYx@ |R=UpOt O}OH VwQ xm CU= u; VwQ
C}a]k sOa OQm} wQ =Q T=t}UDQ@ w s}U \UwD xOWP=ND= OQm} wQ "CU= |]N
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Qwm
w=v}

D=D=w
}W nX

i=1
wi = 1 (10)

wi; ei; nij ;mij � 0 (11)

&C}a]k sOa |=Q=O QY=va =@ |HwR C=U}=kt T} QD=t �A
&QiY u; QY=va |k@=t w 1 |rY= Q]k QY=va =@|Q]k T} QD=t �I

&CU= =yQ=}at/=yxv} Ro R= l} Qy uRw u; QY=va xm (w1; :::; wn) = W

&�cr� xOW u}}aD OL R= AT} QD=t QY=va |Q=oR=U=v V}=Ri= R= |W=v |=]N �ei
T} QD=t s=j uwDU w s=i Q]U QYva |=Q@ xOW x�=Q= xR=@ QO xOWu}}aD |q=@ OL �aUij

&A
T} QD=t s=j uwDU w s=i Q]U QYva |=Q@ xOW x�=Q= xR=@ QO xOWu}}aD u}}=B OL �aLij

&A
xR=@u}}=B OL R= xOW G=QNDU=|=yuRw h=QLv= QF= QO xOWO=H}= |=]N u=R}t �nij

&aij QYva |=Q@ xOWu}}aD
|q=@ OL R= xOW G=QNDU= |=yuRw h=QLv= QF= QO xOWO=H}= |=]Nu=R}t �mij

"QYva |=Q@ xOWu}}aD xR=@
w |Q=oR=U=v MQv |=Q@ xOWxDiQ}PB OL R= |W=v |=]N uOQmxv}tm 7 |x]@=Q QO
hOy `@=D u=wvax@ |HwR C=U}=kt |=Q@ xOWu}}aD OwOL R= |]ND R= |W=v |=]N
QO �CR� |Q=oR=U MQv |=Q@ |}xv}W}@ Q=Okt R}v 8 |x]@=Q QO "CU= xOW Qw_vt
x]@=Q u}= T=U=Q@ "�14 |x]@=Q� CU= xOW xO=O u=Wv cr =@ xm xOW xDiQo Q_v
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j=1;j 6=i
wUj � 1 i = 1; :::; n (27)

wUj +
X

j=1;j 6=i
wLj � 1 i = 1; :::; n (28)

OQwtQO =]N uwO@ |xU}=kt l} 'A |}xR=@ |HwR C=U}=kt T} QD=t xm |DQwYQO
u; w CWwv 29 |x]@=Q CQwYx@ =Q AT} QD=t u=wD|t OW=@ |}xR=@ |=yuRw Q=OQ@

%OQm l}miD 31 w 30 T} QD=t wO x@ =Q

A =

2666666666666664

1 [w
L1

wU2
; w

U1
wL2

] ::: [w
L1

wUn
; w

U1
wLn

]

[w
L2

wU1
; w

U2
wL1

] 1 ::: [w
L2

wUn
; w

U2
wLn

]

: : :

: : ::: :

: : :

[w
L
n

wU1
; w

U
n

wL1
] [w

L
n

wU2
; w

U
n

wL2
] ::: 1

3777777777777775
(29)
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"""R=
uRw

G=QN
DU=

Qw_
vtx@

Q=O}=
B|

=yp
Ot|

x�=Q=QY=va u=}t wOx@ wO \=@DQ= Qou=}@ \@=wQ u}= "OvDUy 48 w 47 \@=wQ u=ty xm
pY=L T} QD=t u=}t |rm \@=wQ 44 w 43 \@=wQ QO xm |r=LQO "OvDUy T} QD=t
\@=wQ� CU= xOWu=}@ =yxR=@ u}}=B OwOL R= pY=L T} QD=t w =yxR=@ |q=@ OwOL R=
C=U}=kt xm|}=yT} QD=t QO uRw |x@U=Lt |=Q@ u=wD|t =Q 50�42 pOt "�Ov=|Q]U

"CiQo Q=m x@ R}v CU= xOW x�=Q= �|}xR=@ Q}e� j}kO CQwYx@ =yv; QO |HwR
=D 42 pOt R= pY=L |xv}y@ |=yMU=B WU� 'WL� xm ZQi u}= =@ %x}[k
'OW=@ Q=oR=U w �|}xR=@ Q}e� j}kO |HwR C=U}=kt T} QD=t l} A Qo = 'OvDUy 50
|=Q@ CU=Q CtU |xS} w Q=OQ@ W � x]@=Q u}= QO "WL� = WU� = W � x=ov;

"CU= AT} QD=t
w �|}xR=@ Q}e� j}kO |HwR C=U}=kt T} QD=t l} A xm |DQwYQO %C=@F=
%xH}DvQO w Ow@ Oy=wN Q=QkQ@ AW � = nW � xS} w Q=Okt |xrO=at 'OW=@ Q=oR=U
\@=wQT=U=Q@|DL=Qx@ 'WU = W � wWL = W � Qo = "(A� nI)W � = 0
"CU= pOt |=Q@ |rta MU=B l} WL = WU = W � xm Ci=} QO u=wD|t Q} R
E = (AL � I)WU � (n� 1)WL = (A� nI)W � = 0
M = (AU � I)WL � (n� 1)WU = (A� nI)W � = 0

w OwW|t nP
i=1

(e+
i + e�i + m+

i + m�i ) = 0 x@ QHvt jwi \@=wQ |Q=QkQ@
"CU= pOt |xv}y@ MU=B WL = WU = W � xm Cio u=wD|t u}=Q@=v@

|HwR C=U}=kt xm OvwW|t G=QNDU= |}xvwox@ |}xR=@ |=yuRw pOt u}= QO
|=yxR=@ pw] 'xOWx�=Q= hOy `@=D T=U=Q@ Qo}O hQ] R= w xOQm xOQw;Q@ =Q xOW x�=Q=

"OOQo Q=O}=B |}=yv |Ov@C} wrw= =D OwW xv}tm R}v xOWG=QNDU=

|=yuRw |Q=O}=B |@=} RQ= XN=W OvJ |iQat "5
xOWG=QNDU=

u}= QO |O=yvW}B |=ypOt w OwHwt |=ypOt R= pY=L |=yMU=B |xU}=kt |=Q@
%R= Ov=CQ=@a =yXN=W u}= "CU= |@U=vt XN=W h} QaD x@ R=}v Q=DWwv

pL R= pY=L |}xR=@ |=yuRw |xawtHt xm CU= K[=w "j@=]D Q=}at "1
u}=Q@=v@ &OQm xU}=kt Qo}Om} =@ ,=t}kDUt w |v=U;x@ u=wD|tv =Q hrDNt |=ypOt
|HwR C=U}=kt T} QD=t x@ =yxawtHt u}= =OD@= 'xU}=kt u}= QDy@ s=Hv= Qw_vtx@
|HwR C=U}=kt T} QD=t 'xrY=L G}=Dv T=U=Q@ `k=wQO "OvwW|t p}O@D |}xR=@
OwW|t p}mWD xOWx@U=Lt Q}O=kt T=U=Q@ ,=OOHt xOvQ}os}tYD\UwD xOWx�=Q=
|=yxR=@ R= l} Qy u}@ xOWO=H}= |=]N TBU ([~lij ; ~uij ] = [w

L
i

wUj
; w

U
i

wLj
])

"OwW|t x@U=Lt 55 pwtQi j@] |rY= |=yxR=@ w xOW p}O@D

D(A; ~A) =
nX
i=1

nX
j=1

[
�
lij � ~lij

�2
+ (uij � ~uij)2] (55)

xO=iDU= u=wD|t Q=oR=U |HwR C=U}=kt |=yT} QD=t OQwtQO \ki Q=}at u}= R=
R= pY=L |=yuRw xawtHt C}i}m VHvU |=Q@ =Q Q=}at u}= u=wD|t "OQm
CW=O xHwD O}=@ =t= 'OQ@ Q=m x@ R}v Q=O}=B |R=Uxv}y@ T=U=Q@ |O=yvW}B pOt
=@ CU= QDy@ u}=Q@=v@ w Ov=|}x]kv |=yu}tND pOt u}= R= pY=L |=yMU=B xm
=yp=Ft QO Q=}at u}= "OwW xU}=kt xOvQ}os}tYD \UwD xOWx�=Q= |=yxR=@ u}ov=}t

"CU= xOW x�=Q= �Criteria� O=tv =@ w j@=]D Q=}at u=wva =@

QO uRw G=QNDU= |=Q@ =Q 50 =D 42 Q=O}=B |R=Uxv}y@ pOt u=wD|t 'T=U= u}=Q@ xm
%O=O x�=Q= AHP |Q}os}tYD |xr�Ut l}

Min Z =
nX
i=1

(wUi �wLi ) + p[
nX
i=1

e+
i +e�i +m+

i +m�i ] (42)

Subject

(AL � I)WU � (n� 1)WL � E� + E+ = 0 (43)

(AU � I)WL � (n� 1)WU �M� +M+ = 0 (44)

wLi +
nX

j=1;j 6=i
wUj � 1 i = 1; :::; n (45)

wUi +
nX

j=1;j 6=i
wLj � 1 i = 1; :::; n (46)

wUi � aUijwLj � qij � 0 8i; j = 1; :::; n (47)

�wLi + aLijw
U
j � rij � 0 8i; j = 1; :::; n (48)

WU �WL � 0 (49)

p;WL;WU ; E+; E�;M+;M� � 0 (50)

&�s}tYD Q}eDt� s=i Q=}at/xv} Ro uRw |=Q@ xOW G=QNDU= xR=@ |q=@ OL %wUi
&�s}tYD Q}eDt� s=i Q=}at/xv} Ro uRw |=Q@ xOW G=QNDU= xR=@ u}}=B OL %wLi

&OwW|t xDiQo Q_vQO =yC}OwOLt uOW |rtaQ}e |xt} QH u=wvax@ xm |@} Q[ %p
"CU= pOt QO =]N C}ty= u=R}t Qo}O CQ=@ax@

QO |HwR C=U}=kt T} QD=t |rm |Q=oR=U=v R= |W=v |=]N |=yQ=OQ@ %M w E
w E� = (e�1 ; :::; e�n ) � 0 'E+ = (e+

1 ; :::; e
+
n ) � 0 w '=yCw=[k

&M� = (m�1 ; :::;m�n ) � 0 'M+ = (m+
1 ; :::;m

+
n ) � 0

T} QD=t QO s=j w s=i QYva |HwR xU}=kt |=Q@ xOW x�=Q= xR=@ |q=@ OL %aUij
&A |HwR C=U}=kt

T} QD=t QO s=j w s=i QYva |HwR |xU}=kt |=Q@ xOW x�=Q= xR=@ u}}=B OL %aLij
&A |HwR C=U}=kt

|=yuRw |q=@ OL w xOW xOR u}tND |=yuRw |q=@ OL Cw=iD R= |W=v |=]N %qij
&|HwR C=U}=kt T} QD=t QO xOW x�=Q=

|=yuRw u}}=B OL w xOW xOR u}tND |=yuRw u}}=B OL Cw=iD R= |W=v |=]N %rij
"|HwR C=U}=kt T} QD=t QO xOW x�=Q=

|HwR C=U}=kt T} QD=t l}miD R= pY=L \@=wQ 44 w 43 \@=wQ pOt u}= QO
\@=wQ "Ov=|R=Up=tQv \@=wQ 46 w 45 \@=wQ w 'C=U}=kt u}= QO =]N |Q}oQ_vQO w

%Ov=xOt; CUOx@ u}vJ 48 w 47
wUi
wLj
� aUij 8i; j (51)

wLi
wUj
� aLij 8i; j (52)

QO |Q=oR=U=v w =]N OwHw R= |W=v xm (rij ; qij) =]N |Q=Okt |Q}oQ_vQO =@
%OwW|t pY=L 54 w53 \@=wQ 'CU= O=Qi= |=yCw=[k

wUi � aUijwLj + qij 8i; j (53)

wLi � aLijwUj � rij 8i; j (54)
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|kW
aV

Qwm
w=v}

D=D=w
}W

|D=@U=Lt G}=Dv "6
OwHwt |=ypOt =@ =yv; |xU}=kt R= Q=DWwv u}= QO |O=yvW}B |=ypOt |UQQ@ |=Q@
xOW xO=iDU= Ov=xOW KQ]t [20w17'15]EL@ u}= |aw[wt C=}@O= QO xm |}=yp=Ft QO

%CU= Q} R KQW x@ u; G}=Dv xm
xOW xDiQo Q_vQO R=}v OQwt |=yuRw G=QNDU= |=Q@ A11 |}xR=@ T} QD=t %1 p=Ft
Q}}eD =@ "CU= xOW pL R}v =Q=y|owU w nv=w |=ypOt T=U=Q@ T} QD=t u}= &CU=
%OWOy=wN O=H}=A12 T} QD=t CQwYx@ |Q=oR=U=vT} QD=t a52 w a25 QY=va u=mt

A11 =

266666664
1 [1; 3] [3; 5] [5; 7] [5; 9]

[ 1
3 ; 1] 1 [1; 4] [1; 5] [1; 4]

[ 1
5 ;

1
3 ] [ 1

4 ; 1] 1 [ 1
5 ; 5] [2; 4]

[ 1
7 ;

1
5 ] [ 1

5 ; 1] [ 1
5 ; 5] 1 [1; 2]

[ 1
9 ;

1
5 ] [ 1

4 ; 1] [ 1
4 ;

1
2 ] [ 1

2 ; 1] 1

377777775

A12 =

266666664
1 [1; 3] [3; 5] [5; 7] [5; 9]

[ 1
3 ; 1] 1 [1; 4] [1; 5] [ 1

4 ; 1]

[ 1
5 ;

1
3 ] [ 1

4 ; 1] 1 [ 1
5 ; 5] [2; 4]

[ 1
7 ;

1
5 ] [ 1

5 ; 1] [ 1
5 ; 5] 1 [1; 2]

[ 1
9 ;

1
5 ] [1 4] [ 1

4 ;
1
2 ] [ 1

2 ; 1] 1

377777775
,qt=mT} QD=tl} [15]nv=w VwQ T=U=Q@ 'T} QD=t u}= %A11 |}xR=@T} QD=t pL
=Q=y|owU OL u} QDq=@ w OL u} QDu}}=B pOt wO Qy 'Cra u}tyx@ w CU= Q=oR=U
QO OwHwt pOt xU \UwD p=Ft u}= pL R= pY=L G}=Dv "OQ@ Q=mx@ u=wD|t =Q

|}xR=@ |=yuRw QYva wO |=Q@ Qo = CU= |y}O@ "sOkD |=yxHQO ẁtHt Q=}at "2
x=oI}y 'OW=@ xDW=Ov OwHw |mQDWt <RH I}y =yv; |=yxR=@ u}@ xm O}; CUO x@
pN=OD sy =@ =yxR=@ xm |v=tR "O=O Oy=wNv MQ QYva wO u}= u}@ C} wrw= Q}}eD
QO "CW=O Oy=wNv OwHw =yxv} Ro |=Q@ |OL=w |Ov@C} wrw= Qo}O 'OvW=@ xDW=O
=yQ=}at/=yxv} Ro u}@ =yC} wrw= Q}}eD p=tDL= O}=@ |Q}os}tYD p�=Ut |R=UQ=O}=B
Q}}eD p=tDL=^=Lr R= =ypOt R=pY=LG}=Dv |xU}=kt wVHvU|=Q@ 'O@=}Vy=m
|x]@=Q� OwW|t xO=iDU= 18sOkD xHQO XN=W R= 'xOWG=QNDU= |=yC} wrw=
QO xOW xDiQo Q_vQO Q=}at "�[15]CU= �a > b =}� b Q@ a sOkD xHQO Qou=}@ 56
Cr=L u} QDy@ QO xm =yxR=@ u}@ sOkD xHQOQ}O=kt ẁtHt R= CU= CQ=@a =Hv}=
u}= R= sOkD xHQO Q}O=kt ẁtHt xJQy w '100 � (n � 1) %=@ CU= Q@=Q@
QDq=@ p=tDL= w =yxR=@ QDW}@ |v=WwBsy |xOvyOu=Wv `k=wQO 'OW=@ QDsm Q=Okt
O=tv =@ w sOkD xHQO Q=}at u=wva CLD =yp=Ft QO Q=}at u}= "CU=yC} wrw= Q}}eD

"CU= xOW x�=Q= �PPr�
P (a > b) = Max(0; a2 � b1)�Max(0; a1 � b2)

(a2 � a1) + (b2 � b1) (56)

C}a]k sOa OwHw R= |}xv=Wv =yxR=@ pY=wi "=yxR=@ pY=wi ẁtHt Q=}at "3
QO C}a]k sOa 'OW=@ QDW}@ =yxR=@ pY=wi xJQy w CU= |}=yv |=yMU=B QO
R= "Ow@ Oy=wN QDCNU xOvQ}os}tYD |=Q@ |Q}os}tYD w QDW}@ |}=yv|=yMU=B
=yC} wrw= Q}}eD w =yxR=@ |v=WwBsy p=tDL= =yxR=@ pY=wi V}=Ri= =@ 'Qo}O hQ]
|Ov@C} wrw= |Q=O}=B OW=@ QDsm =yxR=@ pY=wi xJQy u}=Q@=v@ "O@=}|t V}=Ri= R}v
=yxR=@ pY=wi Q=}at u=wva CLD =yp=Ft QO Q=}at u}= "Ow@ Oy=wN QDW}@ pY=L

"CU= xOWx�=Q= �PD� O=tv =@ w

"|v=tQ; |R} Qxt=vQ@ |=v@tQ@ |O=yvW}B pOt R= xO=iDU= =@ ' ẁ[wt C=}@O= QO xOWx�=Q= |=yVwQ T=U=Q@ A11 T} QD=t pL R= pY=L G}=Dv "1 pwOH
xv} Ro [17]�PAHPC� =Q=y|owU VwQ nv=w VwQ

p=0 01 p=0 25 p=0 5 p=0 75 p=1 p=10; 100Q=}at Lower MOdel Upper Model [20]�2007�c�
1 1 1 1 1 1 1 1 1

W1 w0 534] w0 409] w0 453] w0 560] w0 455] w0 464] w0 462] w0 462] w0 461]

[0 422 [0 291 [0 453 [0 560 [0 455 [0 464 [0 462 [0 462 [0 461
2 2 2 2 2 2 2 2 2

W2 w0 282] w0 291] w0 332] w0 187] w0 237] w0 325] w0 329] w0 329] w0 329]

[0 178 [0 136 [0 140 [0 187 [0 163 [0 155 [0 154 [0 145 [0 154
3 3 3 3 3 3 3 3 3

W3 w0 141] w0 182] w0 210] w0 112] w0 163] w0 186] w0 203] w0 203] w0 205]

[0 141 [0 027 [0 082 [0 112 [0 089 [0 093 [0 092 [0 092 [0 092
4 4 4 4 4 4 4 4 4

W4 w0 085] w0 136] w0 135] w0 080] w0 130] w0 105] w0 092] w0 092] w0 092]

[0 076 [0 036 [0 060 [0 080 [0 058 [0 065 [0 066 [0 066 [0 066
5 5 5 5 5 5 5 5 5

W5 w0 070] w0 136] w0 063] w0 062] w0 089] w0 090] w0 090] w0 090] w0 088]

[0 070 [0 045 [0 063 [0 062 [0 054 [0 053 [0 051 [0 051 [0 051P
E 4 1 548 1 276 1 256 1 256 1 256P
D 0 224 0 618 0 396 0 0 255 0 340 0 351 0 351 0 351

Criteria 51 314 228 181 31 115 88 306 28 666 28 552 30 244 30 244 30 188P
Pr 400 292 346 400 343 347 346 346 348
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"""R=
uRw

G=QN
DU=

Qw_
vtx@

Q=O}=
B|

=yp
Ot|

x�=Q='=]N |=Q@ xOWxDiQo Q_vQO uRw V}=Ri= =@ 1 pmW QO xOWx�=Q= Q=Owtv j@]
|=Q@ |H=QNDU= |=yxR=@ |xrY=i w Vy=m �PE� =yC}OwOLt R= |]ND u=R}t
|=]N VQ}PB =@ u=wD|t T=U= u}=Q@ "CU= xDi=} V}=Ri= �PD� Q_vOQwt |=yuRw
=Q =yxR=@ |v=WwBsy p=tDL= u}vJty w OW QDl}ORv |}x]kv |=yu}tND x@ QDW}@

"O=O Vy=m
|=Q@ Q=O}=B |R=Uxv}y@ T=U=Q@ |O=yvW}B VwQ R= pY=L |}x]kv |=yu}tND

"CU= xOt; 2 pwOHQO � hrDNt Q}O=kt
?}=Q[ O=OaD ?ULQ@ 2 pwOH QO xOWx@U=Lt |=yQ=}at OvwQ '2 pmW QO
j@=]t�\Criteria1" Q=}at "CU= xOWx�=Q= Q}}eD x@ R=Ht C}a]k sOa |=Q=O
'|HwR C=U}=kt T} QD=t QY=va |=yu=Qm u} QDW}@ w u} QDsm x@ C@Uv �55 |x]@=Q
\Criteria3" Q=}at '=yxR=@ |q=@ OL w u}ov=}t |=v@tQ@ \Criteria2" Q=}at
u}ov=}t =yvD T=U=Q@ \Criteria4" Q=}at w '=yxR=@ u}ov=}t w u}}=B OL x@ xHwD =@
x@U=Lt �xOW Qw_vt =yxR=@ u}ov=}t Q=Okt =yxR=@ u}}=B w q=@ OL wO Qy |=Q@� =yxR=@
2 R= QDsm Q}}eD x@ R=Ht ?}=Q[ O=OaD xm |v=tR 'pY=L G}=Dv T=U=Q@ "CU= xOW
|=yQ}eDt O=OaD V}=Ri= =@ w 'OQ=O OwHw =yxR=@ u}}=B CtU x@ u}tND x@ p}=tD CU=

|=yQ=}at OvwQ w Q=O}=B |R=Uxv}y@ VwQ T=U=Q@ '1 p=Ft A11 T} QD=t pL "2 pmW
"2 pwOH QO xOWx@U=Lt

pY=L |=yMU=B u}= Q@ xwqa "CU= xOW x�=Q= 1 pwOH QO ẁ[wt C=}@O=
Q_vQO hrDNt Q}O=kt ?ULQ@ R}v |v=tQ; |R} Qxt=vQ@ T=U=Q@ |O=yvW}B pOt R=
pwOH u}= QO xm u=vJ "CU= xOt; 1 pwOH QO =y=]N uRw |=Q@ xOWxDiQo
Q}O=kt |t=tD QO |v=tQ; |R} Qxt=vQ@ T=U=Q@ |O=yvW}B pOt 'OwW|t xOy=Wt
Qot� CU= xOQmpta =ypOt Q}=U R= QDy@ �=]N uRw� P |=Q@ xOWxDiQo Q_vQO
ẁtHt Q=}at Q_v R= "�CU= xOW Qw_vt QiY x@ l}ORv =]N uRw xm |]}=QW QO
|t=tD QO w CU= xDW=O |@ wr]t OQmrta |O=yvW}B pOt R}v =yxR=@ pY=wi
OL pOt wO R= QDy@ xOt; CUOx@ pY=wi ẁtHt xOW xDiQo Q_v QO |=yuRw
pOt R= pY=L |=yMU=B QO Q=}at u}= Q=Okt =t= 'CU= nv=w w =Q=y|owU |q=@
|=yMU=B |x}rm xm CW=O Q_v QO O}=@ xD@r= "CU= QDy@ =Q=y|owU u}}=B OL
|=yMU=B |x}rm R= QD?wr]t j@=]D Q=}at ^=Lr R= |O=yvW}B VwQ R= pY=L
=@ Q@=Q@ |=]N uRw R= R}v sOkDxHQO Q=}at OQwtQO "OvDUy VwQ u}= R= pY=L
xOWx�=Q= Q=oR=U T} QD=t =@ j@=]D ^iL =@ xOWx�=Q= pOt '100 =D 0 5 Q=Okt
xDW=O OwHwt |=ypOt Q}=U R= QDy@ |OQmrta CU= QO=k 'xOvQ}os}tYD \UwD

"OW=@

uOw@ |rta w �=yxR=@ xrY=i |R=Uxv}tm � pOt |ov}y@ u=}t pO=@D Q=Owtv "1 pmW
|O=yvW}B pOt T=U=Q@ �1 p=Ft A11 T} QD=t pL QO �=y|Q=oR=U=v Vy=m � pOt

"|v=tQ; |R} Qxt=vQ@ |=v@tQ@

"�CR� 0 1� Q=O}=B |R=Uxv}y@ VwQ |=v@tQ@ |O=yvW}B pOt T=U=Q@ ��1� p=Ft A11 T} QD=t |=Q@ xOWG=QNDU= |=yuRw "2 pwOH
�i 0 0 25 0 5 0 75 1 1 5 2 2 5 3 3 5 4
W1 0 457 0 461 0 466 0 476 0 494 0 490 0 492 0 495 0 497 0 501 0 505
W2 0 245 0 252 0 260 0 260 0 259 0 271 0 281 0 282 0 290 0 285 0 281
W3 0 151 0 152 0 130 0 130 0 112 0 102 0 098 0 099 0 099 0 100 0 101
W4 0 085 0 072 0 068 0 068 0 071 0 070 0 070 0 069 0 058 0 057 0 056
W5 0 061 0 063 0 065 0 065 0 065 0 068 0 059 0 055 0 055 0 056 0 056P
Ei 0 419 0 604 0 939 0 939 1 102 1 258 1 439 1 569 1 712 1 802 1 894

Criteria1 77 86 77 71 79 34 79 34 80 21 83 07 92 96 100 94 119 32 118 91 121 30
Criteria2 64 48 59 66 58 19 58 19 57 83 60 49 61 73 65 10 75 65 75 76 77 52
Criteria3 33 44 37 94 42 69 42 69 44 78 47 84 66 39 78 98 105 19 104 24 107 28
Criteria4 20 06 19 9 21 54 21 54 22 4 25 26 35 16 43 13 61 52 61 1 63 49
Pr(Min) �20 �36 �50 �50 �50 �50 �50
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Criteria 87 62 37 24 35 47 35 75 31 34 29 18 29 18P
Pr 400 317 315 308 310 323 323

75



"""R=
uRw

G=QN
DU=

Qw_
vtx@

Q=O}=
B|

=yp
Ot|

x�=Q=

"1 p=Ft A12 w A11 T} QD=t wO QO j@=]DQ=}at Q}O=kt OvwQ |xU}=kt "4 pmW

=@ |Q=oR=U=v Cr=L QO w s T}Ov= =@ |Q=oR=U Cr=L QO xOWG=QNDU= |=yuRw
�i Q=Okt xJv=vJ xm Ovm|t XNWt Q=Owtv u}= "CU= xOW xO=O u=Wv n T}Ov=
T} QD=t xm |Dr=LQO OQm pY=L u=v}t]= u=wD|t 'OW=@ u; R= QDW}@ w 2 =@ Q@=Q@
|=yuRw OvwQ w Ovm|tv Q}}eD xOWG=QNDU= |Ov@C} wrw= CU= Q=oR=U=v |OwQw
pOt |}=v=wD Qt= u}= "OwW|t ^iL R}v Q=oR=U |OwQw T} QD=t R= xOW G=QNDU=
�|Q=oR=U=v� =]N |=Q=O |=yT} QD=t R= Q=O}=B |=yuRw G=QNDU= QO =Q |O=yvW}B

"OyO|t u=Wv
=@� |OwQw T} QD=t |Q=oR=U Cr=L wO QO j@=]D Q=}at OvwQ '6 pmW QO
Q=}at 'T=U= u}=Q@ "CU= xOW xO=O u=Wv �nT}Ov= =@� u; |Q=oR=U=v w �sT}Ov=
'�\Criteria1"�|HwR C=U}=kt T} QD=t |rY= OwOL |=v@tQ@ xOWx�=Q= j@=]D
|Q}O=kt x@ |OwQw T} QD=t |Q=oR=U=v Cr=L QO Q=O}=B |R=Uxv}y@ pOt R= xO=iDU= =@
Q=Owtv R= |DtUk QO |DL w CU= xDi=}CUO �Q=oR=U� |rY= T} QD=t x@ QDl}ORv
R= QDy@ CU= Q=oR=U=v T} QD=t |OwQw xm |Dr=L QO pOt OQmrta �i = 2 � 4

"CU= Q=oR=U |OwQw T} QD=t xm CU= |]}=QW
u}t[D Q=Okt w j@=]D Q=}at '|v}tND |=yuRw C=Q}}eD OvwQ uOQm ^=Lr =@
=Q} R CU= �i |=Q@ Q=Okt u} QD?U=vt 2 Q=Okt xm OwW|t XNWt pOt |r=tDL=

T} QD=t wO QO =yuRw u}ov=}t |=Q@ xOt;CUOx@ Q}O=kt OvwQ |xU}=kt "3 pmW
"1 p=Ft QO A12 w A11

'Q=O}=B |R=Uxv}y@ T=U=Q@ xOWx�=Q= pOt |R=UQ=O}=B |Ovtu=wD QDy@ V}=tv |=Q@
u=wvax@ �A12� Q=oR=U=v T} QD=t w �A11� Q=oR=U T} QD=t |Q}oQ=mx@ R= pY=L G}=Dv
'Q=Owtv u}= QO "CU= xOW x�=Q= |@=} RQ= w xU}=kt |=Q@ 5 pmW QO 'pOt u}= |OwQw

"�CR� 0 1� Q=O}=B |R=U xv}y@ |=v@tQ@ |O=yvW}B pOt T=U=Q@- �1� p=Ft A12 T} QD=t R= xOWG=QNDU= |=yuRw "4 pwOH
�i 0 0 25 0 5 0 75 1 1 5 2 2 5 3 3 5 4
W1 0 496 0 502 0 525 0 542 0 542 0 550 0 555 0 555 0 560 0 560 0 560
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"O};|t
u}= R= pY=L G}=Dv T=U=Q@ QD|a]k |Q}os}tYD u=mt= uOQw;sy=Qi "5
?Hwt |HwR C=U}=kt T} QD=t R= |H=QNDU= |=yxR=@ pw] Vy=m %pOt wO
|=yMU=B &OwW|t |Q}os}tYD p}yUD xH}DvQO w =yC} wrw= Q}}eD p=tDL=Vy=m
CQwYx@ ,=D}y=t R}v Q=O}=B |R=Uxv}y@ VwQ T=U=Q@ |O=yvW}B pOt R= pY=L

"OR=U|t QDxO=U =Q |Q}os}tYD xm CU= |}x]kv u}tND
xOWx�=Q= pOt R= pY=L |=yMU=B |=Q@ |r=tDL= u}t[D uOWsy=Qi "6
Ov=wD@ xm OQ=Ov OwHw|rOt I}y ẁ[wt C=}@O= QO %Q=O}=B |R=Uxv}y@ T=U=Q@
|Q}oQ=mx@ =t= "Ovm sy=Qi |H=QNDU= |=yuRw uOw@ Q@Dat |=Q@ |r=tDL= u}t[D
u} QDsm |x@U=Lt u=mt= |}xHOw@C}a]k sOa OQm} wQ =@ Q=O}=B |R=Uxv}y@ pOt
C=U}=kt T} QD=t QO xOWu}}aD |=yxR=@ x@ xHwD =@ =yMU=B uOw@ Q@Dat p=tDL=

"CU= xOQw; sy=Qi =Q |HwR
xOWx�=Q= VwQ QO pOt |Q=O}=B w uOw@xv}y@ u=}t pO=@D u=mt= uOQw;sy=Qi "7
uOWl}ORv w =yxR=@ pw] Vy=m =@ xm =Hv; R= %|v=tQ; |R} Qxt=vQ@ T=U=Q@
V}=Ri= =yC}OwOLt R= |]ND R= |W=v |=y=]N '|}x]kv |=yu}tND x@
pOt |Q=O}=B w uOw@xv}y@ u}@ u=wD|t ?U=vt uRw |Q}oQ_vQO =@ =Pr 'O@=}|t
T} QD=t |Q=oR=U=v \}=QW QO CU= QmP u=}=W "OQm O=H}= |@U=vt pO=@D
sy=Qi |QD?U=vt Qw]x@ pOt |Q=O}=B '=y=]N x@ QDq=@ uRw X}YND =@ '|OwQw

"OwW|t
Q=O}=B |R=Uxv}y@ VwQ T=U=Q@ |O=yvW}B pOt QO X=N C=[wQit "8
CU= u}= Q@ ZQi |O=yvW}B pOt QO %|}xHOw@ C}a]k sOa OQm}wQ =@

"A22 T} QD=t pL R= xOt; CUO x@ G}=Dv 2 p=Ft "6 pwOH

xv} Ro EV xS}w Q=OQ@ VwQ =Q=y|owU VwQ |O=yvW}B VwQ

Q=}at/ (CI=0 2812) PAHPC
- |v=tQ; |R} Qxt=vQ@�
�P Q}O=kt x}rm |=Q@

W1 0 2299 [0 1304w0 3478] 0 283
W2 0 3732 0 3478 0 379
W3 0 1866 0 1739 0 189
W4 0 0933 0 0870 0 085
W5 0 0828 [0 0566w0 1038] 0 064

Criteria 94 90 94 90 39 93

w baij = 0 5 Cr=L wO QO �i hrDNt Q}O=kt |=Q@ pY=L G}=Dv 8 w 7 pw=OH
Q=O}=B |R=Uxv}y@ pOt R= pY=L |=yMU=B "CU= xOW x�=Q= w x@U=Lt baij = 1 5
Qy QO w CU= T=ULQ}e �i hrDNt Q}O=kt x@ C@Uv 'baij = 1 5 xm |Dr=L QO
�i |=Q@ xOWxDiQo Q_vQO Q=Okt xm |DQwYQO baij |=Q@ xOW xDiQo Q_v QO Q=Okt wO
"OQ=O OwHw R}v |r=tDL= u}t[D u} QDW}@ w CU= Q=O}=B pOt Q=DiQ OW=@ pJi Q@=Q@
C=Q}}eD u=R}t xm |Dr=L QO xm OQm xOy=Wt u=wD|t 8 w 7 pw=OH j@=]t
R= pY=L |=yMU=B �baij = 1 5� CU= xOW ?=NDv= ?U=vt =yxR=@ QO R=Ht
x@ C@Uv '�i |=Q@ xOWxDiQo Q_v QO Q=Oktx@ xHwD uwO@ Q=O}=B |R=Uxv}y@ pOt
OwN Q=Okt u} QDy@ R}v j@=]D Q=}at w 'CU= Q}}eD uwO@ ,qt=m 'pt=m |Q=oR=U Cr=L

"OQ=O =Q
CiQo xH}Dv u=wD|t 'A22 w A21 |=yT} QD=t pL R= pY=L G}=Dv T=U=Q@
|=yMU=B |Q=O}=B x@ C@Uv |i=m u=v}t]= =@ u=wD|t =Q |O=yvW}B pOt wO Qy xm
�|}xR=@ Q}e� j}kO |HwR C=U}=kt |=yT} QD=t R= uRw G=QNDU= |=Q@ =yv; R= pY=L
pOt OQwtQO xD@r= "OQ@ Q=m x@ �OW=@ CR < 0 3 CU= QDy@� Q=oR=U=v w Q=oR=U

"OQm xHwD R}v �i w baij uwJty |Q=PoQ}F-=D pt=wa x@ O}=@ Q=O}=B |R=Uxv}y@

xOWO=yvW}B |=ypOt |=y|oS} w "7
|HwR C=U}=kt T} QD=t R=uRw G=QNDU= |=Q@ xOW|L=Q] Q=O}=B pOt wO |=y|oS} w

%R= CU= CQ=@a xYqN Qw]x@ AHP VwQ QO |}xR=@
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Qwm
w=v}

D=D=w
}W "�CR�0 1� w baij = 0 5 - Q=O}=B |R=Uxv}y@ |O=yvW}B VwQ R= xO=iDU= =@ '2 p=Ft QO A22 T} QD=t pL R= pY=L G}=Dv "7 pwOH

Q=}at/xv} Ro �i

0 0 25 0 5 0 75 1 1 5 2 2 5 3 3 5 4
W1 0 314 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 322 0 321 0 317
W2 0 366 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 361 0 362 0 364
W3 0 183 0 174 0 174 0 174 0 174 0 174 0 174 0 174 0 181 0 181 0 182
W4 0 092 0 087 0 087 0 087 0 087 0 087 0 087 0 087 0 090 0 091 0 091
W5 0 046 0 043 0 043 0 043 0 043 0 043 0 043 0 043 0 045 0 045 0 046P
E 2 624 2 338 2 034 1 885 1 755 1 698 1 654 3 012 2 956 2 899 2 762

Criteria 3 85 0 17 0 17 0 17 0 17 0 17 0 17 0 17 2 07 2 26 3 36
Pr(Min) �20 �36 �50 �50 �50 �50 �50

"�CR�0 1� w baij = 1 5 - Q=O}=B |R=Uxv}y@ |O=yvW}B VwQ R= xO=iDU= =@ '2 p=Ft QO A22 T} QD=t pL R= pY=L G}=Dv "8 pwOH

Q=}at/xv} Ro �i

0 0 25 0 5 0 75 1 1 5 2 2 5 3 3 5 4
W1 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348
W2 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348 0 348
W3 0 174 0 174 0 174 0 174 0 174 0 174 0 174 0 174 0 174 0 174 0 174
W4 0 087 0 087 0 087 0 087 0 087 0 087 0 087 0 087 0 087 0 087 0 087
W5 0 043 0 043 0 043 0 043 0 043 0 043 0 043 0 043 0 043 0 043 0 043P
E 1 654 1 885 2 382 2 903 3 465 4 509 5 552 6 009 2 899 6 661 6 856

Criteria 0 17 0 17 0 17 0 17 0 17 0 17 0 17 0 17 0 17 0 17 0 17
Pr(Min) �20 �36 �50 �50 �50 �50 �50

QO |O=yvW}B |=ypOt |}xR=@ Q}e |HwR C=U}=kt |=yT} QD=t OQwtQO p=Ft
"Ovvm|t pta Q=O}=B CR < 0 3 =D |=y|Q=oR=U=v

|Q}oxH}Dv "8
OvtR=}v 'xQ=}atOvJ |Q}os}tYD R}r=v; QOuRw O}rwD |=Q@ |HwR C=U}=kt R= xO=iDU=
|ak=w |=}vO QO |Q}os}tYD p�=Ut |oO}J}B p}rOx@ w CU= |v=Uv= |=yCw=[k
Ov=wD|t |}xR=@ |HwR C=U}=kt T} QD=t '|v=Uv= |=yCw=[k uOw@|vyP C}y=t w
|=yCw=[k QO OwHwt |=yC}a]k sOa |=Q@ =Q |QDxv=}=Qo`k=w ?r=k w ?wJQ=J
h} Q=aD w uw}UQoQ p}rLD x@ xHwD =@ pOt wO 'xar=]t u}= QO "Ovm sy=Qi |v=Uv=
|}xR=@ |HwR C=U}=kt T} QD=t R= uRw G=QNDU= Qw_vtx@ '|Q=O}=B |=Q@ xOWx�=Q=
w |v=tQ; |R} Qxt=vQ@ VwQ R= =yv; |R=UpOt QO xm OW O=yvW}B AHP VwQ QO

Q=Okt |HwR C=U}=kt T} QD=t QO xOWx�=Q= |=yxR=@ QO Q=Okt u} QDptDLt xm
umtt C=Q}}eD pk=OL =@ CU}=@|t ZQi u}= =@ u}=Q@=v@ CU= xOW u}}aD |tU=
u}t[D u} QDW}@ '=yv; |=Q@ xOWu}}aD |tU= Q=Okt x@ C@Uv ?}=Q[ Q}O=kt QO
|Q}oQ_vQO =@ xOWx�=Q= pOt QO =Pr "OQw; CUO x@ =Q pOt QO umtt |r=tDL=
pOt |Q=O}=B p=tDL= u}t[D u} QDW}@ =@ Q=O}=B |=yMU=B u=wD|t �i =

p
Ji

"OQw; CUO x@ =Q

|=ypOt QO |Q=O}=B %|O=yvW}B |=ypOt \UwD |Q=O}=B ^iL \}=QW "9
"OwW|t sy=Qi =yC}OwOLt R= |]ND |=y=]N |R=Uxv}tm j} Q] R= |O=yvW}B
|=Q@ |Q=oR=U=v RwQ@ CQwY QO xm CU= xOW |L=Q] j]vt u}= =@ pOt `k=w QO
Q}=U R= |]ND |=Hx@ hOy `@=D x@ xHwD =@ O}=@ pOt '=yMU=B |Q=O}=B ^iL
u}= &Ov} RoQ@ =Q =]N pt=wa x@ \w@ Qt |=yC}OwOLt uDiQoxO}O=v '=yC}OwOLt
Qw]x@ "OW=@v xOta pOt QO xOWp=ta= |Q=oR=U=v xm OyO|t MQ |v=tR xr�Ut
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x�=Q=QO xm |ak=w |Q}os}tYD p�=Ut R= xO=iDU= =@ |O=yvW}B |=ypOt |HvUQ=@Da= �
OwHw xOW G=QNDU= |=yMU=B Q=@Da= u}}aD |=Q@ xOvQ}os}tYD =@ pt=aD u=mt= =yv;

"OQ=O
R= Q=O}=B |=yuRw G=QNDU= |=Q@ |Q=mD@=Qi w |Q=mD@= |=ysD} Qwor= uDi=} �

"Q=oR=U=v |}xR=@ |HwR C=U}=kt |=yT} QD=t
"|ywQo |=y|Q}os}tYD QO |O=yvW}B |=ypOt |Q}oQ=mx@ �

"Q=O}=B uw}UQoQ |=yVwQ |Q}oQ=mx@ �
"|}xR=@ |=yuRw uOQm?}mQD |=Q@ �Q=O}=B� ?U=vt |WwQ |L=Q] �

|=yXN=W R= |Q}oxQy@ =@ w p=Ft OvJ pL =@ "CU= xOW xO=iDU= Q=O}=B |R=Uxv}y@
|HwR C=U}=kt |=yT} QD=t `=wv= QO pOt wO u}= OQmrta 'pOt |Q=O}=B |@=} RQ=
u}=Q@ "CiQo Q=Qk xU}=kt w |@=} RQ= OQwt Q=oR=U=v w Q=oR=U '|}xR=@ Q}e w |}xR=@
ẁ[wt C=}@O= QO OwHwt |=ypOt Q}=U =@ xU}=kt QO pOt wO u}= OQmrta T=U=

Q=O}=B w ?U=vt |=yuRw G=QNDU= |ovwoJ =t= "CU= xOw@ QD?wr]t w QD?U=vt
'Q=oR=U=v |HwR C=U}=kt |=yT} QD=t xS} wx@ '|}xR=@ |HwR C=U}=kt T} QD=t R=
Q} R C=aw[wt =DU=Q u}= QO "OQ=O R=}v |QDW}@ |=y|UQQ@ x@ xm CU= |aw[wt

%OwW|t O=yvW}B |D; C=ar=]t |=Q@

CWwv=B
1. data envelopment analysis
2. linear programming method for generating most favorable

weights
3. least upper approximation approach
4. multicriteria preference synthesis (MPS)
5. euclidean distance (ED)
6. minimum violation (MV)
7. hypothetical equivalents and inequivalents method
8. robust multiattribute decision making (RASM)
9. lexicographic goal programming (LGP)
10. possibilistic AHP for crisp data
11. lower model and upper model
12. two-stage logarithmic goal programming (TLGP)
13. multiple criteria decision making-(MCDM)
14. Zimmermann
15. stochastic optimization
16. random consistency index
17. goal programming
18. degree of preference
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