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|a@vtOvJ |xm@W l} R= pwYLt ẁv OvJ O} QN |=Q@ |O=yvW}B pOt l}

%R= CU= CQ=@a

min z1 =
MX
i=1

NX
j=1

TX
k=1

~Pij1
kY
t=1

(1 + FRjt)Xijk

+
NX
j=1

TX
k=1

Mj1
kY
t=1

(1 + FRjt)jk (4)

max z2 =
MX
j=1

NX
j=1

TX
k=1

~FijkXijk (5)

max z3 =
MX
i=1

NX
j=1

TX
k=1

~SijkXijk (6)

Q_v x@ 'xat=H Qy O=YDk= QO u; Twtrt C=Q}F-=D w sQwD QDt=Q=B |=y|oS} w x@ xHwD
MQv� 'OyO s=Hv= QDs=tD xJQy |@ wNx@ =Q |v=UQRwQx@ u}= Ov=wD|t xm xJv; OUQ|t

"OQ}o|t Q=Qk EL@ OQwt xr=kt u}= QO xm CU= �sQwD

xOvvmu}t-=D ?=NDv= |xiOyOvJ pOt "3
[9]%OwW u=}@ u}vJ Ov=wD|t xOvvmu}t-=D ?=NDv= |=Q@ xiOyOvJ |twta pOt l}

MinZ1; Z2; :::; Zk (1)

MaxZk+1; Zk+2; :::; Zp (2)

x 2 Xd; Xd = fxjgs (x) � bs; s = 1; 2; :::;mg (3)

CU= |}=yQ=}at =} |ivt |=yhOy ẁv R= Z1; :::; Zp |=yhOy `@=D xm |Qw]x@
R= R}v Zk+1; :::; Zp `@=wD " """w p} wLD u=tR COt 'xv} Ry %Ovv=t 'OvwW xv}tm O}=@ xm
'OwU 'C}i}m %Ovv=t 'OvwW xv}W}@ O}=@ xm OvDUy |}=yQ=}at =} C@Ft |=yhOy ẁv
xm CU= xr�Ut |vOW |=y?=wH R= |}xawtHt Xd " """w VwQi R= TB C=tON

"Ovm|t =[Q= =Q |Wt \N w |tDU}U |=yC}OwOLt xawtHt
xm CU= |R=Uxv}y@ |xr�Ut l} 'xOvvmu}t-=D ?=NDv= |xr�Ut xm CU= uWwQ
xm s} wW|t Qw;O=} C}=yv QO "CiQo Q_v QO |i}m =} |tm |}=yQ=}at u=wD|t u; QO
|SD=QDU= x@ ,qt=m xOvvmu}t-=D ?=NDv= |xr�Ut QO Q_v OQwt |=yQ=}at uRw w O=OaD
OQ}o|t s=Hv= O} QN u; QO xm |v=tR |xyQ@ w O} QN Ov}=Qi s=Hv= |=Q@ xOW P=ND=

"CU= xDU@=w
|xiOyOvJ \rDNt K}LY OOa |]N |R} Qxt=vQ@ pOt l} 2011 p=U QO
|=yxOvvmu}t-=Du} QDy@ x@pwYLt QyR=?U=vt Q}O=ktX}YND|=Q@|R=i|Ow} QBOvJ
'xv} Ry u; Q_v Ot h=Oy= xm OW x�=Q= 'EL@ OQwt u}t-=D |xQ}HvR sDU}U QO OwHwt
?=NDv= |=yQ=}at u=wvax@ xr=kt u}= QO xJv; [29]"Ow@ sDU}U lU} Q w C}i}m K]U
K]U 'C}i}m 'xm@W |xv} Ry %R= CU= CQ=@a xDiQo Q=Qk |UQQ@ OQwt xOvvmu}t-=D
|=yQ=R=@ |=[i Q@ sm =L X=N \}=QW x@ xHwD =@ xm 'p} wLD u=tR w T} wQU
=yQ=R=@ u}= QO p=ai |=yu=tR=U u}@ OwHwt O}OW C@=kQ w RwQt= |=}vO |O=YDk=

"Ov=xOW ?=NDv=

xr�Ut C=}[Qi w =yQDt=Q=B |iQat "1"3
pOt |=yQDt=Q=B �hr=

&|R} Qxt=vQ@ ji= QO i ẁv pwYLt |R=i |=[=kD % ~Di
&|R} Qxt=vQ@ ji= R= k |xQwO QO i ẁv pwYLt |R=i |=[=kD % ~dik

|xQwO QO j |xOvvmu}t-=D R= i ẁv pwYLt OL=w Qy |x}yD |R=i |xv} Ry % ~Pijk
&|R} Qxt=vQ@ ji= R= k

|xQwO QO j |xOvvmu}t-=D R= xm i ẁv pwYLt |R=iC}i}m K]U R= |OYQO % ~Fijk
&OwW|t u}t-=D |R} Qxt=vQ@ ji= R= k

OL=w Qy |=Q@ k|xQwO QO j |xOvvmu}t-=D\UwD xOWx�=Q= |R=iT} wQUK]U % ~Sijk
uOw@pw�Ut 'xrwtLt u=v}t]= C}r@=k Q}_v |OQ=wt T} wQU K]U� i ẁv pwYLt

&�|r=t w |yOu=tR=U C}LqY w |}=v=wD w C=O}rwD |xaUwD 'Z} waD p=@k QO
QO i ẁv pwYLt R= xrwtLt Qy |=Q@ j |xOvvmu}t-=D |R=i p} wLD u=tR % ~Tijk
CU= i ẁv pwYLt |xrwtLt pm x@ \w@ Qt u=tR u}=� |R} Qxt=vQ@ ji= R= k |xQwO

&�i ẁv pwYLt R= OL=w Qy xv 'xOW x}yD j |xOvvmu}t-=D R= xm
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"""X
}YN

DC
yH

|R=
i|

xiOy
OvJ

|Q}
os}t

YD
pOt=@ =Q =yu; CU=yxv} Ro R= |m} ?=NDv= x@ Qw@Ht xm |}xOvQ}os}tYD |=Q@ w Ov=xOW

pL |=Q@ |OOaDt |=yVwQ "OyO|t x�=Q= =Q xU}=kt u}= G}=Dv w xOQm xU}=kt sy
'�MEW� OOaDt |}=tv |yOuRw %Q}_v 'OQ=O OwHw xQ=}atOvJ |Q}os}tYD p�=Ut
'�TOPSIS� p;xO}= ?=wH |R=Ux}@W |xr}Uwx@ |yOVQ=iU |Ov@?}DQD l}vmD
l} OQwtQO Cw=[k |=Q@ =yVwQ u}= QO """w �AHP� |@D=QtxrUrU p}rLD Ov}=Qi
=yVwQ u}= \UwD xOW|iQat OOa� OwW|t u}}aD |ak=w Q}e |OOa ' ẁ[wt
C=aq]= xm |v=tR XwYNx@ '�Ovm|t |ak=w Q}e =Q Cw=[k 'QN; OOa u=wvax@
w j}kO C=aq]= ,qwtat =t '|ak=w |xvwtv l} QO "OvW=@ K} QY Q}e w sy@t
CQ=@ax@ 's} Q=Ov Q=}DN= QO =yC}OwOLt =} s}tYD �|=y�Q=}at =@ \@DQt pt=m
C=aq]= u}= w Ovvm Q=DiQ |a]k CQwYx@ Ov=wD|tv xOW |Qw; `tH C=aq]= Qo}O

"OvQ=O |R=i C}y=t ,=D=P C}ak=w sr=a QO
|R} Qxt=vQ@ 'xQ=}atOvJ |Q}os}tYD |=Q@ OwHwt hrDNt |=yl}vmD u=}t QO
xm =QJ &CU= xOW ?=NDv= |O=yvW}B pOt |Ov@pwtQi |=Q@ �FLP� |R=i |]N
p�=Ut `} QU uOQmpwtQi p=tDL= 'uOw@ xO=U Q@ xwqa |]N |R} Qxt=vQ@ |=ypOt

"CU= xv}y@ R}v u; R= pY=L ?=wH w OvQ@|t q=@ =Q Cw=iDt |=yxR=Ov= QO
%OvwW|t xO=O u=Wv u}vJ '|R=i h=Oy= =@ 1�3 |]N |R} Qxt=vQ@ p�=Ut

~zk =
MX
i=1

NX
j=1

Ckij :Xij �� Z0
k; k = 1; 2; :::; p (15)

~zl =
MX
i=1

NX
j=1

Clij :Xij �� Z0
l ; l = p+ 1; 2; :::; q (16)

Subject to :

gs (x) =
MX
i=1

NX
j=1

asij :Xij � bs; s = 1; 2; :::; w (17)

Xij � 0; i = 1; :::;M; j = 1; :::; N (18)

R}v � Ctqa "OvQ}o|t OwN x@ |a]k Q}O=kt bs w asij 'Clij 'Ckij '|=yQDt=Q=B
� s�qa |R=i ẁv x@ xQ=W= �� w �� |=yCtqa "OQ=O |R=i \}Lt x@ xQ=W=
x@ |@=}CUO u=y=wN xOvQ}os}tYD xm Ov=|v=tQ; |Q}O=kt Z0

l w Z0
k "OvQ=O � w

"CU=yv;
|R} Qxt=vQ@ p�=Ut pL |=Q@ |R=i |R} Qxt=vQ@ OQm} wQ QO xm xJv; x@ xHwD =@
xOy=Wt 18 =D 15 \@=wQ QO xm xJv; Ovv=ty� xOW xO=O xaUwD |R=i |xiOyOvJ
�1 pmW� |R=i |=yxawtHt j} Q] R= Zj 'j = 1; :::; q |=yhOy `@=D '�OwW|t
`@=D OQm} wQ u}= QO "O@=}|t V}=Ri= 1 =D QiY R= |]N Qw]x@ u=WC} w[a `@=D
'OwN |xv}W}@ w xv}tm Q}O=kt u}@ QO `@=wD R= l} Qy |R=U=OH =@ h=Oy= C} w[a
xv}W}@ xm |i=Oy= |va} �� C@Ft h=Oy= C} w[a `@=D "CU= xOW |Ov@pwtQi
�� ( ~Zl) OvwW|t xv}tm xm |i=Oy= |va} �� |ivt h=Oy= w �� ( ~Zk) OvwW|t

"OvwW|t xO=O u=Wv 20 w 19 \@=wQ CQwYx@ ?}DQDx@

�zk(x)=

8>><>>:
0 for zk < zmin

k

f�zk = zk(x)�zmin
k

zmax
k �zmin

k
for zmin

k � zk(x) < zmax
k

1 for zk � zmax
k

9>>=>>;
(19)

min z4 =
MX
i=1

NX
j=1

TX
k=1

~TijkZijk (7)

Subject to :
NX
j=1

Xijk � ~dik; i = 1; :::;M; k = 1; :::; T (8)

MX
i=1

Xijk � ~Cjk; j = 1; :::; N; k = 1; :::; T (9)

NX
j=1

~RijkXijk �gTRi � ~dik i = 1; :::;M; k = 1; :::; T (10)

Xijk � �:Zijk; i = 1; :::;M; j = 1; :::; N; k = 1; :::; T
(11)

MX
i=1

Zijk � �:Yjk; j = 1; :::; N; k = 1; :::; T (12)

Xijk � 0; i = 1; :::;M; j = 1; :::; N; k = 1; :::; T (13)

Yjk; Zijk = f0; 1g ; i = 1; :::;M; j = 1; :::; N;
k = 1; :::; T (14)

QO xJv;� xm@W |xv} Ry 4 x]@=Q %R= Ov=CQ=@a ?}DQDx@ xr�Ut u}= |=yhOy `@=D
Q}=U =@ pOt u}= Cw=iD |rY= C=mv R= |m} `k=w QO w OwW|t xO}O pw= hOy
x=ov p}rOx@ 'CU= xOW xOvvmu}t-=D x@ VQ=iU X}YND EL@ QO OwHwt |=ypOt
sQwD MQv OwQw |xr�Ut R= |O}O u}vJ xH}Dv QO xm CU= xr�Ut u}= x@ |Ow} QBOvJ
|Qt= 'pt=a u} QDsyt xm Cio u=wD|t |awv x@ w syt Q=}U@ pt=a l} u=wvax@
X}YND |xr�Ut OQwtQO OwHwt C=}ak=w x@ QDW}@ xJQy =Q pOt xOw@ |k]vt
|x]@=Q 'T} wQU K]U 6 |x]@=Q 'C}i}m 5 |x]@=Q '�Ovm|t QDl}ORv |Ow} QBOvJ
p} wLD u=tR COt w |rwB |=yxv} Ry 'xm Ov=xOW |Ov@ pwtQi |}xvwox@ p} wLD u=tR 7
xawtHt "Ovvm xv}W}@ =Q pm T} wQU K]U w C}i}m w 'xv}tm =Q xQ}HvR QO xrwtLt
xawtHt w CU= xQwO Qy QO |QDWt |=[=kD |=[Q= ut[Dt 8 |=yC}OwOLt
CqwYLt `=wv= |=Q@ xOW =[Q= |=[=kD pm xm CU=vat u=O@ 9 |=yC}OwOLt
OQwt |xQwO QO u; C}iQ_ R= Rw=HDt O}=@v 'xQwO Qy QO j |xOvvmu}t-=D \UwD
w= |xDU=wN |=[Q= R= |QDWt Q]=N u=v}t]= |=Q@ 10 |=yC}OwOLt "OW=@ Q_v
QO '|w pw@k OQwt R=Ht OL R= |Di=} QO |=yxrwtLt lU} Q uOw@ QDsm Q@ |v@t
p} wLD u=tR COt xm u}= x@ xHwD =@ 11 |=yC}OwOLt "CU= xOW xOv=Hvo pOt
xOv=Hvo pOt QO 'pwYLt OL=w Qy xv CU= pwYLt ẁv Qy R= |}=yxrwtLt |=Q@
s=OmQy R= OL=w l} |DL u}t-=D xm CU=vat u=O@ 12 |=yC}OwOLt "CU= xOW
|xv} Ry CN=OQB sRrDUt '=yxOvvmu}t-=D R= s=Om Qy R= Q_v OQwt CqwYLt `=wv= R=
xOW |ivt |WQ=iU Q}O=kt VQ}PB R= `v=t 13 |=yC}OwOLt "CU= |yOVQ=iU
|=Q@ =} xm |vat u}O@ 'CU= Yij Q}eDt uOw@ 1 w QiY Qou=}@ 14 |=yC}OwOLt w
I}y =} (Yjk = 1) OwW|t QO=Y VQ=iU j |xOvvmu}t-=D x@ �|}=y�pwYLt x}yD
"OQ=Ov OwHw |twU Cr=L '(Yjk = 0) OwW|tv x}yD j |xOvvmu}t-=D R= |rwYLt

xQ=}atOvJ |Q}os}tYD swyit "2"3
T=U=Q@ xm CU= |}=yxv} Ro R= |y=vDt |}xawtHt Qov=}=tv xQ=}atOvJ |Q}os}tYD
|Ov@x@DQ w xDiQo Q=Qk |@=} RQ= OQwt =yxYNWt w =yQ=}at R= |y=vDt |}xawtHt
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"|R=i OOa u=wvax@ hOy `@=D "1 pmW
qX
j=1

Wj = 1; Wj � 0 (30)

%R= Ow@ Oy=wN CQ=@a 30 =D 25 \@=wQ T=U=Q@ xr�Ut u}= |rY= pOt |U} wvR=@
max z = w1:�1 + w2:�2 + w3:�3 + w4:�4 (31)

Subject to :

�1 � f�z1 (32)

�2 � f�z2 (33)

�3 � f�z3 (34)

�4 � f�z4 (35)
NX
j=1

Xijk � ~dik; i = 1; :::;M; k = 1; :::; T (36)

MX
i=1

Xijk � ~Cjk; j = 1; :::; N ; k = 1; :::; T (37)

NX
j=1

~RijkXijk �gTRi � ~dik i = 1; :::;M; k = 1; :::; T
(38)

Xijk � �:ijk; j = 1; :::; N; k = 1; :::; T (39)
MX
i=1

Zijk � �:Yjk; j = 1; :::; N; k = 1; :::; T (40)

Xijk � 0; i = 1; :::;M; j = 1; :::; N;
k = 1; :::; T (41)

Yjk = f0; 1g ; j = 1; :::; N; k = 1; :::; T (42)

�j 2 [0; 1] ; j = 1; :::; 4 (43)

=yhOy `@=D uRw x@U=Lt "3"3
'h=Oy= x@ |}=yuRw X}YND |=Q@ "CU= |QwQ[ xr�Ut h=Oy= u=Rw= uDi=} lv}=
p}rLD Ov}=Qi |awv Q=m u}= s=Hv= |=Q@ =Hv}= QO xm OQ=O OwHw |irDNt |=yVwQ
(AHP) |@D=QtxrUrU p}rLD Ov}=Qi "CU= xDiQ Q=m x@ (AHP) |@D=QtxrUrU
|i}m |=yx@vH sy xm Ovm|t sy=Qi |Q=}atOvJ \}=QW =@ |} wQ=} wQ |=Q@ |@ wJQ=J
w syi p@=k |v=U;x@ u=Q}Ot |=Q@ Ov}=Qi u}= "OQ}o|t Q@ QO =Q |tm |=yx@vH sy w

�zl(x)=

8>><>>:
1 for zl < zmin

l

f�zl = zmax
l �zl(x)
zmax
l �zmin

l
for zmin

l � zl(x) < zmax
l

0 for zl � zmax
l

9>>=>>;
(20)

CQwYx@ xiOyOvJ |xr�Ut pL R= (Zmin
l ; Zmax

l ) w (Zmin
k ; Zmax

k ) Q}O=kt
x@ hrDNt |=yhOy `@=D |=Q@ 'X=N hOy l} =@ Q=@ Qy w xiOylD |xr�Ut l}
u} QDO@ w C@Ft hOy `@=D |xv}y@ Q=Okt ?}DQDx@ (Zmin

k ; Zmax
k ) "O};|t CUO

Q=Okt u} QDO@ ?}DQDx@ (Zmin
k ; Zmax

k ) u}vJty "CU= u; |=Q@ Q=_Dv= OQwt Q=Okt
'|ivt hOy `@=D |=Q@ =Q �Q=Okt u} QDsm � xv}y@ Q=Okt w �Q=Okt u} QDW}@� Q=_Dv= OQwt

"OvyO|t X=YDN= OwN x@
18 =D 15 \@=wQ ?r=k QO xm |rOt 's} Q=O =Q h=Oy= C} w[a `@=wD xm p=L

%CU= |U} wvR=@ 24 |r= 21 \@=wQ CQwYx@ 'Ow@ xOW xDWwv

max
qX
j=1

wj :�zj (x) (21)

Subject to :

gr (x) = br; r = 1; :::; w (22)

Xij � 0; i = 1; :::;M; j = 1; :::; N (23)
qX
j=1

Wj = 1; Wj � 0 (24)

"OyO|t u=Wv |R=i h=Oy= u=}t QO =Q s=j hOy |@Uv C}ty= 'jwi pOt QO Wj

|=[Q= xHQO �j u; QO xm �30 =D 25 \@=wQ� Q} R |xiOylD |R} Qxt=vQ@ pOt
jwi xOW x�=Q= pOt =@ pO=at 'CU= xOW xO=O u=Wv s=i Q=}at x@ \w@ Qt C}OwOLt

%CU=

max
qX
j=1

wj :�j (25)

Subject to :

�j � �zj (x) ; j � 1; :::; q (26)

gr (x) = br; r = 1; :::; w (27)

�j 2 [0; 1] ; j = 1; :::; q (28)

Xij � 0; i = 1; :::;M; j = 1; :::; N (29)
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OvJ

|Q}
os}t

YD
pOt"=yhOy `@=D |xQ=@ QO |Q}os}tYD pwOH "1 pwOH

s}tYD p}wLD u=tR T}wQU C}i}m xv} Ry h}OQ
1 1 2 2 1 1
1 2 2 2 1 2
0 3 2 2 1 3
1 1 3 2 1 4
0 2 3 2 1 5
0 3 3 2 1 6
1 1 2 3 1 7
0 2 2 3 1 8
0 3 2 3 1 9
0 1 3 3 1 10
0 2 3 3 1 11
0 3 3 3 1 12
1 1 2 2 2 13
1 2 2 2 2 14
0 3 2 2 2 15
1 1 3 2 2 16
0 2 3 2 2 17
0 3 3 2 2 18
1 1 2 3 2 19
0 2 2 3 2 20
0 3 2 3 2 21
0 1 3 3 2 22
0 2 3 3 2 23
0 3 3 3 2 24
1 1 1 1 3 25
1 2 1 1 3 26
0 3 1 1 3 27
1 1 2 1 3 28
1 2 2 1 3 29
0 3 2 1 3 30
0 1 2 2 3 31
0 2 2 2 3 32
0 3 2 2 3 33
0 1 3 2 3 34
0 2 3 2 3 35
0 3 3 2 3 36
0 1 2 3 3 37
0 2 2 3 3 38
0 3 2 3 3 39

OwN u=} QDWt |=[=kD x@ |} woMU=B |=Q@ xm O} Q}o@ Q_v QO =Q |]U=w CmQW
|=yxOvvmu}t-=D ?=NDv= R= Oa@ Oy=wN|t 'u=WR=}v OQwt sqk= R= |NQ@ u}t-=D Q@ |v@t
QO xm �� =QVv=} QDWt R=}v OQwt sqk= u}t-=D 'OwHwt |xOvvmu}t-=D Q=yJ u}@ R=?U=vt
|=yxOvvmu}t-=D "Ovm pwLt =yv; x@ �� CU= CmQW OwN |=[=kD |xOvyOpmW `k=w
sQwD |=yMQv QO Cw=iD Ea=@ ẁ[wt u}= xm Ov=hrDNt QwWm 4 R= CmQW u}=

|Ov@pwtQi QO xDiQ Q=m x@ |@D=QtxrUrU Q=DN=U "CU=y|Q}os}tYD QO |R=UxO=}B
|@=} RQ= s}D |=[a= |xty Ov=wD|t '(AHP) |@D=QtxrUrU p}rLD Ov}=Qi pOt
|=yQ=}atQ} R w =yQ=}at \}=QW QO |tDU}U CQwYx@ xr�Ut sUHD x@ QO=k =Q
|@=} RQ= s}D '�AHP� |@D=QtxrUrU p}rLD Ov}=Qi R= xO=iDU= =@ u}=Q@=v@ "OR=U x]w@ Qt
u}}aD =Q =yv;u=Rw= w 'xU}=kt =Q =yQ=}atQ} R w =yQ=}at |tDU}U CQwYx@ Ov=wD|t
'xOvvmu}t-=D u}OvJ QF-wt |xU}=kt w |@=} RQ= ut[ Ov=wD|t s}D C=aq]= =Pr "Ovm
|=yxR=Ov= "Ovm ?=NDv= =yv; x@ VQ=iU X}YND |=Q@ =Q ?U=vt �|=y�xOvvmu}t-=D
T=}kt T=U= Q@ 'CU= O=Qi= |YNW lQO Q@ |vD@t xm |HwR C=U}=kt x@ \w@ Qt
|=yxYNWt Ov=wD|t �AHP� |@D=QtxrUrU p}rLD Ov}=Qi "CU= |Da=U 9�1
|HwR C=U}=kt =t= "Ovm Tmavt |Q}os}tYD |ak=w p�=Ut QO =Q xOvQ}os}tYD
Ea=@ 'xv=[Qet |@=} RQ= "OW=@ ?=} RQ= |xv=[Qet C=Q_v T=U=Q@ CU= umtt
Ov}=Qi QO "OwW|t Cw=[k |=Q@ |}xU}=kt T} QD=t R= xOWP=ND= C=t}tYD Zk=vD
R= 7�EV� xS} w Q=OQ@ VwQ |xr}Uwx@ =yxv} Ro uRw '�AHP� |@D=QtxrUrU p}rLD
u}}aD 'EV VwQ C=}YwYN R= |m} "OwW|t x@U=Lt |HwR C=U}=kt T} QD=t
T} QD=t w EV VwQ u}@ hqDN= R= |OOa |v=}@ xm CU= 8�CI� C=@F XN=W
|=yMQv OwW|t x}YwD 'OW=@ nQR@ ,=D@Uv CI Q=Okt Qo = "CU= xOW xO=O |}xU}=kt
|@=} RQ= pmWt pL |=Q@ "OwW p}OaD xOvQ}o s}tYD\UwD xOW xO=O|HwR C=U}=kt
xYNWt C}ty= swyit R= u=wD|t '�AHP� |@D=QtxrUrU p}rLD Ov}=Qi QO xv=[Qet
pwOH l} u=wD|t Q=m u}= |=Q@ [29]"OQm xO=iDU= Q=Hvy=v |=yxawtHt |x} Q_v QO
l} QO =yQ=}at =OD@= "OQm s}_vD |@=} RQ= s}D |Q}os}tYD |=Q@ 1 pwOH Ovv=t s}tYD
u=tR w xv} Ry |=Q@ xm 3 w 2 '1 Q}O=kt ,qFt 'OvwW|t |Ov@x@DQ |}x]kvxU T=}kt
C}i}m h=Oy= |=Q@ w OvDUy �sm� w �\UwDt� '�O=} R� x@ \w@ Qt ?}DQDx@ p} wLD
p=L "CU= \w@ Qt �?wN� w �\UwDt� '�h}a[� x@ ?}DQDx@ 'T} wQU K]U w
QO "CU= xOW CU}r =yQ=}at MQv hrDNt C=@}mQD u; QO xm OQ=O OwHw |rwOH
"OwW|t xO=O |@=} RQ= s}D x@ |Q}os}tYD |=Q@ xm xOW QmP Cr=L 39 QwmPt pwOH
|@=} RQ= s}D \UwD O} QN u}= s=Hv= \}=QW VQ}PB x@ s}tYD uwDU QO �1� OOa
|=Q@ \}=QW uOw@ VQ}PB p@=kQ}e |vat x@ 'QwmPt uwDU QO QiY OOa w 'OQ=O xQ=W=
|xr�Ut |=Q@ =yQ=}at C}ty= ?} Q[ wQ u}=R= "CU= O} QN s=Hv= CyH |@=} RQ= s}D

%OwW|t u}}aD u}vJ OwHwt
(the number of objectivesstate = OQ=O Cr=L 64 pY= QO pwOH
xr�Ut pL |=[i x@ Cq=L u}= R= |NQ@ uOW OQ=w p@k u=wD|t |rw 43 = 64)
,qFt 'OQm hPL uWwQ ,qt=m w |k]vt p}qO x@ xHwD =@ =Q =yv; 'u; C=@U=Lt s=Hv= w
K]U |xv} Ry xm CU= K[=w "OvDUy OwN swU Cr=L QO h=Oy= |xty xm |Dr=L
xv} Ry Cr=L u}= QO w OwW|t CN=OQB QDsm p} wLD u=tR w QDq=@ C}i}m w T} wQU
ẁkw u=mt= xm Ov=xOQm Q=}DN= =Q OwN Q}O=kt u} QDO@ =yQ=}at |x}k@ |rw 'CU= xv}W}@

h=Oy= uRw C=@U=Lt x@ \w@ Qt pL=Qt w \@=wQ "CU= QiY pO=at |Dr=L u}vJ
'CUw}B QO GQOvt C=@U=Lt x@ xHwD =@ "CU= xOW |UQQ@ pt=m Qw]x@ CUw}B QO
'w2 = 0 25 'w1 = 0 20 %R= Ov=CQ=@a xr�Ut h=Oy= x@ \w@ Qt |=yuRw
COt w T} wQU K]U 'C}i}m 'xv} Ry x@ ?}DQDx@ xm w4 = 0 40 w w3 = 0 15

"OvwW|t \w@ Qt p} wLD u=tR

|OOa p=Ft "4
%CU= xOW =QH= w |L=Q] p=Ft l} 'xr=kt QO |O=yvW}B pOt Q=@Da= u}}aD Qw_vtx@
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}t= OwHwt pL VwQ QO TBU w xOW |v=UQRwQx@ xOW |QBU p=U sQwD MQv T=U=Q@
xm |r�=Ut C=}[Qi j@=]t Ow@ Q=Qk Qo = xm CU= |r=L QO u}= "OwW xDiQo Q=m x@
xOv}; �|=y�p=U QO |Q}os}tYD |=Q@ Ct}k u=ty O}=@ OwW pta xOW pL uwvm =D

%=@ CU= Q@=Q@ hrDNt |=yxOvvmu}t-=D |=Q@ sQwD MQv "OwQ Q=m x@ R}v
FR1 = �7 5; FR2 = �6 3; FR3 = �8 2;
FR4 = �9 4
pL R= xm �� hrDNt h=Oy= |=Q@ C} w[a `@=D |x@U=Lt |=Q@ R=}v OQwt Q}O=kt

Q_v OQwt |=yQ=}at "CU= xOW QwmPt |=yxOvvmu}t-=D |=Q@ p} wLD u=tR COt w
=yv; x@ C=WQ=iU X}YND w =yu} QDy@ ?=NDv= Qw_vtx@ u=oOvvmu}t-=D |@=} RQ= |=Q@
p} wLD u=tR COt w |yOT} wQU K]U 'C}i}m 'xm@W |xv} Ry %R= CU= CQ=@a
R=}v OQwt C=aq]= Q}=U w =yv; x@ \w@ Qt Q}O=kt xm CqwYLt lU} Q w C=WQ=iU
|=yCt}k "CU= xOW x�=Q= |FrFt |R=i O=Oa= CQwYx@ 8 =D 2 pw=OH QO xr�Ut
\w@ Qt �8 pwOH QO Mjk Q}O=kt x@ \w@ Qt C=aq]= w 2 pwOH C=aq]=� OwHwt
|=Q@ s}y=wN@ xJv=vJ "CU= xOW s=Hv= u; QO O} QN u} QN; xm CU= p@k p=U x@
O}=@ xr�Ut ZQi j@] 's}vm xO=iDU= C=aq]= u}= R= |Q=H p=U QO |Q}os}tYD

"xOvvmu}t-=D u}t=j R= pwYLt u}t=i u}t-=D |R=i |xv} Ry "2 pwOH
xOvvmu}t-=D pwYLt

j = 4 j = 3 j = 2 j = 1
(2; 2; 4) (2; 2; 4) (2; 2; 4) (2 25; 2 25; 4 25) i = 1
(2; 2; 4) (1 75; 1 75; 3 75) (1 5; 1 5; 3 5) (1 5; 1 5; 3 5) i = 2
(1; 1; 3) (1; 1; 3) (1; 1; 3) (1; 1; 3) i = 3

(1 5; 1 5; 3 5) (2 5; 2 5; 4 5) (2 5; 2 5; 4 5) (2; 2; 4) i = 4
(1 25; 1 25; 3 25) (1; 1; 3) (1; 1; 3) (1 25; 1 25; 3 25) i = 5

"i pwYLt |=Q@ j |xOvvmu}t-=D |R=i C}i}m "3 pwOH
xOvvmu}t-=D pwYLt

j = 4 j = 3 j = 2 j = 1
(0 4; 0 6; 0 8) (0 7; 0 9; 1) (0 3; 0 5; 0 7) (0 5; 0 7; 0 9) i = 1
(0 4; 0 6; 0 8) (0 7; 0 9; 1) (0 5; 0 7; 0 9) (0 6; 0 8; 0 8) i = 2
(0 6; 0 8; 0 8) (0 2; 0 2; 0 4) (0 7; 0 9; 1) (0 5; 0 7; 0 9) i = 3
(0 5; 0 7; 0 9) (0 3; 0 5; 0 7) (0 1; 0 3; 0 5) (0 4; 0 6; 0 8) i = 4
(0 7; 0 9; 1) (0 2; 0 4; 0 6) (0 6; 0 8; 0 8) (0 4; 0 6; 0 8) i = 5

"i pwYLt u}t-=D QO j |xOvvmu}t-=D \UwD xOW x�=Q= T}wQU K]U "4 pwOH
xOvvmu}t-=D pwYLt

j = 4 j = 3 j = 2 j = 1
(0 65; 0 7; 0 75) (0 75; 0 85; 0 95) (0 70; 0 80; 0 90) (0 75; 0 80; 0 85) i = 1
(0 75; 0 80; 0 85) (0 60; 0 65; 0 70) (0 65; 0 70; 0 75) (0 65; 0 75; 0 85) i = 2
(0 80; 0 85; 0 90) (0 65; 0 75; 0 85) (0 70; 0 80; 0 90) (0 80; 0 85; 0 90) i = 3
(0 72; 0 75; 0 78) (0 72; 0 80; 0 88) (0 72; 0 77; 0 82) (0 69; 0 79; 0 89) i = 4
(0 85; 0 90; 0 95) (0 85; 0 90; 0 95) (0 75; 0 80; 0 85) (0 80; 0 85; 0 90) i = 5

"i pwYLt u}t-=D |=Q@ j |xOvvmu}t-=D |R=i p}wLD u=tR "5 pwOH
xOvvmu}t-=D pwYLt

j = 4 j = 3 j = 2 j = 1
(0 75; 0 80; 0 85) (0 70; 0 75; 0 80) (0 75; 0 80; 0 85) (0 80; 0 85; 0 90) i = 1
(0 75; 0 80; 0 85) (1; 1 3; 1 6) (1; 1 25; 1 5) (1; 1; 1 5) i = 2

(1 5; 1 75; 2) (1 25; 1 5; 1 75) (1 25; 1 5; 1 75) (1 25; 1 5; 1 75) i = 3
(0 80; 0 85; 0 90) (0 70; 0 75; 0 80) (0 70; 0 80; 0 90) (0 70; 0 75; 0 80) i = 4

(1 1; 1 2; 1 3) (1; 1 2; 1 4) (1 1; 1 2; 1 3) (0 95; 1 05; 1 1) i = 5
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"i pwYLt u}t-=D |=Q@ xOvvmu}t-=D u}t=j |R=i lU} Q OYQO "6 pwOH
xOvvmu}t-=D pwYLt

j = 4 j = 3 j = 2 j = 1
(0 02; 0 02; 0 04) (0 03; 0 05; 0 07) (0 10; 0 30; 0 50) (0 10; 0 10; 0 30) i = 1
(0 10; 0 10; 0 30) (0 03; 0 05; 0 07) (0 20; 0 20; 0 40) (0 10; 0 10; 0 30) i = 2
(0 01; 0 01; 0 03) (0 20; 0 20; 0 40) (0 10; 0 10; 0 30) (0 20; 0 20; 0; 40) i = 3
(0 10; 0 10; 0 30) (0 02; 0 04; 0 06) (0 20; 0 40; 0 60) (0 20; 0 20; 0; 40) i = 4
(0 02; 0 03; 0 04) (0 07; 0 08; 0 09) (0 02; 0 02; 0 04) (0 01; 0 03; 0 05) i = 5

"pOt RHS Q}O=kt x@ \w@ Qt |R=i O=Oa= "7 pwOH
i = 5 i = 4 i = 3 i = 2 i = 1 i Q=Okt

(15000; 30000; (30000; 60000; (10000; 20000; (40000; 80000; (50000; 100000; ~dik45000) 90000) 30000) 120000) 150000)

(3900; 7800; (7600; 17600; (3750; 4750; (15200; 25200; (14000; 24000; ~TRik; ~dik11700) 27600) 5750) 35200) 34000)

"xOvvmu}t-=D u}t=j QDt=Q=B Q}O=kt "8 pwOH
xOvvmu}t-=D pwYLt

j = 4 j = 3 j = 2 j = 1
5700 6000 4500 5500 Mj0

(110000; 270000; 430000) (120000; 260000; 400000) (40000; 280000; 420000) (80000; 240000; 400000) ~Cjk

+0 23x331 + 0 77x341 + 0 60x411 + 0 30x421 + 0 50x431

+0 70x441 + 0 60x511 + 0 77x521 + 0 40x531 + 0 88x541

�700558 4�2 � 138322
0 80x111 + 0 80x121 + 0 85x131 + 0 70x141 + 0 75x211

+0 70x221 + 0 65x231 + 0 80x241 + 0 85x311 + 0 80x321

+0 75x331 + 0 85x341 + 0 79x411 + 0 77x421 + 0 80x431

+0 75x441 + 0 85x511 + 0 80x521 + 0 90x531 + 0 90x541

�659739�3 � 206000
0 85x111 + 0 80x121 + 0 75x131 + 0 80x141 + 1 80x211

+1 25x221 + 1 30x231 + 0 80x241 + 10 5x311 + 1 50x321

+1 50x331 + 1 75x341 + 0 75x411 + 0 80x421 + 0 75x431

+0 85x441 + 1 05x511 + 1 20x521 + 1 20x531 + 1 20x541

+16 83�4 � 21 68
x111 + x121 + x131 + x141 � 100000
x211 + x221 + x231 + x241 � 80000
x311 + x321 + x331 + x341 � 20000
x411 + x421 + x431 + x441 � 60000
x511 + x521 + x531 + x541 � 30000

x@ OwHwt |=yhOy R= |m} =@ Q=@ Qy w xiOylD pOt l} CQwYx@ xiOyOvJ pOt
%R= CU= CQ=@a �� xOt; CUO

Zmax1 = 2545341 Zmin1 = 606697
Zmax2 = 838880 4 Zmin2 = 138322
Zmax3 = 865739 Zmin3 = 206000
Zmax4 = 21 68 Zmin4 = 4 85
p}O@D |R=iQ}e O=Oa= x@ |R=i O=Oa= GMIR VwQ R= =OD@= 'xr�Ut uOQm pOt |=Q@

%OwW|t OQwNQ@ |a]k O=Oa= Ovv=ty =yv; =@ uOQm pOt QO TBU w xOW
A = (a; b; c)GMIR! A0 = a+ 4b+ c

6
MAXIMIZE Z = 0 2�1 + 0 25�2 + 0 15�3 + 0 40�4

Subject to :

2 7735x111 + 2 4768x121 + 2 5211x131 + 2 549x141

+1 9672x211 + 1 9453x221 + 2 2505x231 + 2 249x241

+1 4297x311 + 1 4138x321 + 2 5047x411 + 3 0083x421

+3 0621x431 + 2 002x441 + 1 6985x511 + 1 4138x521

+1 4391x531 + 1 7285x541 + 1865929�1 � 2447629
0 70x111 + 0 50x121 + 0 88x131 + 0 60x141 + 0 77x211

+0 70x221 + 0 88x231 + 0 60x241 + 0 70x311 + 0 88x321
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}t= "X(i; j) Q}O=kt "9 pwOH
xOvvmu}t-=D

pwYLtsQwD uDiQo Q_vQO =@ sQwD uDiQo Q_vQO uwO@
j = 4 j = 3 j = 2 j = 1 j = 4 j = 3 j = 2 j = 1

0 100000 0 0 0 100000 0 0 i = 1
0 0 0 80000 80000 0 0 0 i = 2
0 0 20000 0 0 0 20000 0 i = 3

60000 0 0 0 60000 0 0 0 i = 4
0 0 0 30000 30000 0 0 0 i = 5

"Z(i; j) Q}O=kt "10 pwOH
xOvvmu}t-=D

pwYLtsQwD uDiQo Q_vQO =@ sQwD uDiQo Q_vQO uwO@
j = 4 j = 3 j = 2 j = 1 j = 4 j = 3 j = 2 j = 1

0 1 0 0 0 1 0 0 i = 1
0 0 0 1 1 0 0 0 i = 2
0 0 1 0 0 0 1 0 i = 3
1 0 0 0 1 0 0 0 i = 4
0 0 0 1 1 0 0 0 i = 5

"=yxv} Ry QO V}=Ri= OYQO 2 1 ��
"=yxOvvmu}t-=D \UwD xOW x�=Q= C}i}m K]U QO |OYQO 2 34 V}=Ri= ��

"T} wQU K]U QO |OYQO 2 32 Vy=m ��
"=yq=m p} wLD u=tR COt QO |OYQO 2 55 V}=Ri= ��

w 'sQwD MQv uDiQo Q_v QO =@ pOt pL R= xOt; CUO x@ |=y?=wH x@ |y=ov =@
C}Y=N x@ xHwD =@ G}=Dv xm OwW|t xOy=Wt 'sQwD MQv uDiQo Q_v QO uwO@ pOt pL
C}@=PH R= |rm Qw]x@ 'Q=_Dv= j@=]t 'sQwD MQv OwQw =@ w CU= |k]vt ,qt=m sQwD
sQwD MQv =@ pOt R= pY=L ?=wH C}i}m xJQo = "CU= xOW xDU=m =yxOvvmu}t-=D
QDt=Q=B p}rOx@ |rw 'OQ=O |QDu}}=B C}i}m sQwD MQv uwO@ pOt R= pY=L ?=wH R=
C}ak=w x@ pY=L ?=wH 'CU= xOW xi=[= xOW x�=Q= pOt x@ xm �sQwD� |O}OH

"Ow@ Oy=wN Q=OQwNQ@ |QDW}@ |Q=O}=B R= w xOw@ QDl}ORv

|Q}oxH}Dv "5
sy w |tm |=yQ=}at sy xm CU= xQ=}atOvJ |xr�Ut l} xOvvmu}t-=D ?=NDv=
|@=} RQ= QO |v=Um} C}ty= xQ=wty =yQDt=Q=B u}= "OQ}o|t Q@ QO =Q |i}m |=yQ=}at
,=k}kO |OwQw C=aq]= 'O} QN Ov}=Qi Q@ sm =L Q}eDt \}=QW uDW=O Q_v QO =@ w 'OvQ=Ov
xm xOW s}_vD |}xvwox@ pOt u}= wQ u}=R= "OQ=Ov Q=Qk xOvQ}os}tYD Q=}DN= QO ,=L} QY w
�|i}m w |tm � =yQ}eDt u=UtyQ}e C}ty= ?}=Q[ sy w x}rw= C=aq]= C=t=y@= sy
p}rLD Ov}=Qi R= =yQ=}at x@ \w@ Qt |=yuRw |x@U=Lt |=Q@ "OwW xDiQo Q_v QO u; QO
|=yxawtHt |Q_v |v=@t |Q}oQ=mx@ =@ xm 'xOW xO=iDU= �AHP� |@D=QtxrUrU
'xH}Dv QO xm OwW xDU=m u; QO xv=[Qet |=y|@=} RQ= C=QF= xOW |aU 'u; QO Q=Hvy=v
x@ |=y?=wH x@ |y=ov =@ |iQ] R= "Ci=} Oy=wN <=kDQ= xOW s=Hv= Cw=[k C}i}m
uDiQo Q_v QO uwO@ pOt x@ C@Uv sQwD MQv uDiQo Q_v QO =@ pOt pL R= xOt; CUO
=@ w CU= |k]vt ,qt=m sQwD C}Y=N x@ xHwD =@ G}=Dv xm OwW|t xOy=Wt 'sQwD MQv

"Yjk Q}O=kt "11 pwOH
sQwD uDiQo Q_vQO =@ sQwD uDiQo Q_vQO uwO@
4 3 2 1 4 3 2 1 j

1 1 1 1 1 1 1 0 Y

x111 + x211 + x311 + x411 + x511 � 240000
x121 + x221 + x321 + x421 + x521 � 280000
x131 + x231 + x331 + x431 + x531 � 260000
x141 + x241 + x341 + x441 + x541 � 270000
0 13x111 + 0 30x121 + 0 05x131 + 0 023x141 � 24000
0 13x211 + 0 23x221 + 0 05x231 + 0 13x241 � 25200
0 23x311 + 0 13x321 + 0 023x331 + 0 013x341 � 4750
0 23x411 + 0 40x421 + 0 04x431 + 0 13x441 � 17600
0 03x511 + 0 023x521 + 0 11x531 + 0 03x541 � 7800
MX
i=1

Xij1 � (Big /) � Yij ; j = 1; :::; 4

Yij1 2 f0; 1g ; 8i = 1; :::; 5; j = 1; :::; 4
Xij1 � 0; 8i = 1; :::; 5; j = 1; :::; 4
�j 2 [0; 1] ; 8j = 1; :::; 4
Oa@ =yQ}eDt Q}O=kt xm xOW xO=iDU= wov}r |R=Uxv}y@ Q=Ri=sQv R= xr�Ut u}= pL |=Q@

"CU= xOW x�=Q= 12 =D 9 pw=OH QO xr�Ut pL R=
|OYQO CQwYx@ xr�Ut QO sQwD OwQw C=QF= |xYqN 'pOt wO |xU}=kt |=Q@

%R= CU= CQ=@a
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pOt"|a]k hOy `@=D w �=k Q}O=kt "12 pwOH

sQwD uDiQo Q_vQO =@ sQwD uDiQo Q_vQO uwO@ 1
4 3 2 1 4 3 2 1 i

0 9774214 0 03865165 0 1268674 0 9949087 0 9851456 0 04698828 0 1194447 0 9934475 �=k

0 629657 0 629659 crisp objective function

'OyO|t Q=Qk u=tR=U Q}Ot Q=}DN= QO |Q}os}tYD |=Q@ xOW x�=Q= pOt xJv;
|=Q@ |R} Qxt=vQ@ QO =Q w= xm 'CU= Qo}O |=ypOt x@ C@Uv QD|ak=w \}=QW =@ xyH=wt
|xt=vQ@ R= h=QLv= OYQO Vy=m u}vJty w OwN C} Q}Ot CLD u=tR=U |xOv};
xJQy uOwt}B QO =Q u=tR=U CaQU pt=a wO u}= ?}mQD "Ovm|t |Q=} xOW u} wOD

"OyO|t V}=Ri= |Q}osWJ Qw]x@ C}kiwt Q}Ut QDy@

C}i}m xJQo = "CU= xOW xDU=m =yxOvvmu}t-=D C}@=PH R= |rm Qw]x@ 'sQwD MQv OwQw
sQwD MQv uwO@ pOt R= pY=L ?=wH =@ xU}=kt QO sQwD MQv =@ pOt R= pY=L ?=wH
x�=Q= pOt x@ xm �sQwD� |O}OH QDt=Q=B p}rOx@ 'CU= Q=OQwNQ@ |QDu}}=B C}i}m R=
|Q=O}=B R= w xOw@ C}ak=w x@ QDl}ORv |@=wH pY=L ?=wH 'CU= xOW xi=[= xOW

"Ow@ Oy=wN Q=OQwNQ@ |QDW}@

=yCWwv=B
1. multiple criteria decision making
2. integrated AHP
3. meeting downstream demand
4. case-based reasoning approach (CBR)
5. grey system
6. rough set theory
7. Eigen Vector (EV)
8. constant index (CI)
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