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xDiQo CQwY u}t-=D |xQ}HvR QO P-D |R=Uxv}y@ w |R} Qxt=vQ@ |xv}tR QO u}kkLt
C=Q}F-=D "1 %CU=xDW=O |OWwQ x@ wQ OvwQ |rY= |r}rO wO x@ C=k}kLD u}= "CU=
u}t-=D |xQ}HvR QO `} RwD w O}rwD |R} Qxt=vQ@ |R=UxJQ=Bm} QO xm |ai=vt w C@Ft
xH}DvQO w =[=kD C=Q}}eD x@ |} woMU=B w p} wLD u=tR Vy=m "2 &OwW|t jkLt

[1]"u}t-=D |xQ}HvR QO ?wr]t=v w xQ_DvtQ}e |=yO=ONQ Vy=m
|R} Qxt=vQ@VwQl} '2�VMI� xOvWwQi\UwD |OwHwtC} Q}Ot 'Qo}OhQ] R=
Vy=m xH}DvQO w |OwHwt Kw]U Vy=m ViOy xm CU= u}t-=D |xQ}HvR QO =Q=m
|=yC}r=aij}@]D w|Q=mtyO=H}= =@|v=UQCtONK]UOw@y@ 'l}DUHr|=yxv} Ry
xOvWwQi \UwD |OwHwt C} Q}Ot xRwQt= [4]"CU= u}t-=D |xQ}HvR |=[a= R= l} Qy
`} QU |} woMU=B |oS} w |=Q=O xm �� u}t-=D |xQ}HvR QO |U=UL w |O}rm Q=}U@Vkv
=} xOvvmO}rwD |y=o OwN xm xOvvmu}t-=D 'Cm =QW u}= QO "Ovm|t =i}= ��CU= |QDWt x@

|R} Qxt=vQ@ R=CU= CQ=@a |R=Uxv}y@ p�=Ut QO syt ẁ[wt wO 'u}t-=D |xQ}HvR QO
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&t |R} Qxt=vQ@ |xQwO QO i pwYLt OL=w Qy |twta |yOVQ=iU |xQwO %CYit

&t |R} Qxt=vQ@ |xQwO QO |O=a Ckw QO xOW O}rwD i pwYLt Q=Okt %XRit
&t |R} Qxt=vQ@ |xQwO QO |Q=mxi=[= Ckw QO xOW O}rwD i pwYLt Q=Okt %XOit

&t |R} Qxt=vQ@ |xQwO QO |@vH O=O Q=Qk QO xOW O}rwD i pwYLt Q=Okt %XCit
|xQwO QO xOvvmO}rwD x@ s xOvvmu}t-=D R= xOW `} RwD m x}rw= xO=t Q=Okt %SUPsmt

&t |R} Qxt=vQ@
|xQwO |=yDv= QO xOvvmO}rwD |=Q@m x}rw= xO=t xOW xQ}NP |OwHwt Q=Okt %IMmt

"t |R} Qxt=vQ@
xDU@=w s}tYD |=yQ}eDt "3"1"4

&t|R} Qxt=vQ@ |xQwO QO cVwQixOQN i|}=yv pwYLt OL=w Qy|=[=kD u=R}t %Dict
&t |R} Qxt=vQ@ |xQwO QO i |}=yv pwYLt O}rwD MQv %pit

i |}=yv pwYLt |twta |yOVQ=iU |xQwO |] |OwHwt K]U \UwDt %IPit
"t |R} Qxt=vQ@ |xQwO QO xOvvmO}rwD |=Q@

u=R}t QO |WwQixOQN Ct}k Q}F-=D u=wD|t 7Tqo =O � ?wm `@=D xO=iDU= =@
CUOx@ =[=kD u=R}t '1 |x]@=Q R= xO=iDU= =@ CQwYv; QO "OQm |UQQ@ =Q =[=kD

[18]"O};|t

Dict = kcp�ecict ; 8 i; c; t; (1)

V}=Ri= =@ 1 |x]@=Q T=U=Q@ "CU= OQ@ Q=mQB Q=}U@ |O=YDk= |=yp}rLD QO `@=D u}=
|x]@=Q R= 'u}vJty [18]"O@=}|t Vy=m =[=kD u=R}t 'pwYLt |WwQixOQN Ct}k

xr�Ut h} QaD "3
(s = 1; :::; S)|HQ=N|xOvvmu}t-=Du}OvJpt=W|L]UxUu}t-=D |xQ}HvRl}
'xOvvmO}rwD "O} Q}o@ Q_v QO =Q (c = 1; :::; C) VwQixOQN u}OvJ w xOvvmO}rwD l}
xHwD =@ w xOQm |Q=O} QN |HQ=N u=oOvvmu}t-=D R= =Q (m = 1; :::;M) x}rw= O=wt
CqwYLt O}rwD x@ s=Ok= 'OwN OwOLt C}iQ_ w x}rw= O=wt hQYt ?} Q[ x@
x@ w xOQm (t = 1; :::; T ) |R} Qxt=vQ@ |=yxQwO QO (i = 1; :::; I) hrDNt
xOW ZQi R}J=v CqwYLt w x}rw= O=wt p} wLD u=tR "Ovm|t p=UQ= u=WwQixOQN
C}r=ai sy R= pkDUt w OvQ=O Q=QkDU= |irDNt |=yu=mt QO u=WwQixOQN "CU=
l} Qy \UwD |Dw=iDt |WwQixOQN Ct}k =@ Ov=wD|t pwYLt Qy u}=Q@=v@ "Ovvm|t
sDU}U u=WwQixOQN w xOvvmO}rwD u}@ ji=wD T=U=Q@ "OUQ@ VwQi x@ u=WwQixOQN R=
xOvvmO}rwD Q=}DN= QO s}kDUt Qw]x@ VwQixOQN Qy C=aq]= "CU= Q=QkQ@ VMI

xOW ZQi C@=F |v=Uv= |wQ}v K]U w xOWv xDiQo Q_v QO |i}iND &OQ}o|t Q=Qk
"CU=

Qy 'xDiQo CQwY VwQixOQN Qy w xOvvmO}rwD u}@ xm |ki=wD T=U=Q@ u}vJty
xOvvmO}rwD x@ pwYLt OL=w Qy (�) |OwHwt C} Q}Ot C@=@ |}xv} Ry VwQixOQN
u=WwQixOQN |=Q@ \ki w CU}v R=Ht xOvvmO}rwD |=Q@ CqwYLt Ow@tm "OR=OQB|t
|xv} Ry "CU= |WwQixOQNCt}k R= |]NQ}e |a@=D =[=kD u=R}t "CU= R=Ht Ow@tm
=@ pO=at VwQixOQN Qy |=Q@ |R} Qxt=vQ@ |xQwO Qy QO |}=yv pwYLt |Q=Oxov
|xQwO CU=}U u}vJty "CU= xOvvmO}rwD |=Q@ |}=yv pwYLt u; |Q=Oxov |xv} Ry
x@ xt=O= QO xm xOw@ Q=QkQ@ u=WwQixOQN |xty w xOvvmO}rwD u}@ |twta VQ=iU
|xty |=Q@ pwYLt Qy |yOVQ=iU |xQwO CU= |vDio "s} R=OQB|t u; K}[wD
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|oO}J}B V}=Ri= ?Hwt |WwQixOQN Ct}k w =[=kD u=R}t uOw@ |]NQ}e '2010
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"s}vm|t
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=yQDt=Q=B "1"1"4

&c VwQixOQN |=Q@ 5Q=R=@ XN=W %kc
&c VwQixOQN Q=R=@ =@ x]@=Q QO 6Ct}k xD}U}DUq= %ec

QO c VwQixOQN x@ \w@ Qt i pwYLt OL=w Qy |OwHwt C} Q}Ot |xv} Ry %�ict
&t |R} Qxt=vQ@ |xQwO
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&t|R} Qxt=vQ@ |xQwO QO xOvvmO}rwDm x}rw= O=wt OL=w Qy |Q=Oxov |xv} Ry %hmmt
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+
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+
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+
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+
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|twta VQ=iU |xQwO CU=}U "2"4
Qy QO pwYLt Qy |yOVQ=iU |xQwO '|twta VQ=iU |xQwO CU=}U QO
CQwYx@ C=WQ=iU w xOw@ u=Um} u=WwQixOQN |t=tD |=Q@ |R} Qxt=vQ@ |xQwO
C}r@=k u}= |xOvQw;sy=Qi CU=}U u}= "OwW|t p=UQ= xOvvmO}rwD x@ xOW s=eO=
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"OwW jkLt pOt h=Oy= xm OwW ?=NDv= |Qw] O}=@ w xOW ZQi s}tYD Q}eDt
|twta |yOVQ=iU |=yxQwO '|R} Qxt=vQ@ |xQwO Qy QO pwYLt Qy |=Q@ 'u}=Q@=v@
|yOVQ=iU |xQwO Qy QO VwQixOQN Qy VQ=iU u=R}t "CU= xOW xDiQo Q_v QO
|xQwO u; QO VwQixOQN u; x@ xOW p=UQ= |=[=kD u=R}t =@ CU= Q@=Q@ |twta
QO pwYLt Qy |=Q@ xOvvmO}rwD "|twta VQ=iU |xQwO u=tR COt QO |R} Qxt=vQ@
|xQwO l} |] u=WwQixOQN C=WQ=iU ẁtHt |xR=Ov=x@ |R} Qxt=vQ@ |xQwO Qy
VwQixOQN Qy w Ovm|t p=UQ= u=WwQixOQN x@ pt=m Qw]x@ pwYLt '|twta VQ=iU
Ci=} QO =Q C=WQ=iU '|twta VQ=iU |xQwO u; QO OwN |=[=kD u=R}t x@ xDU@
|=Q@ i pwYLt Ow@tm w |OwHwt \UwDt u=wD|t 1 pmW R= xO=iDU= =@ "Ovm|t
VQ=iU |xQwO CU=}U QO pwYLt u; |R} Qxt=vQ@ |xQwO |] =Q u=WwQixOQN
|] i pwYLt |OwHwt K]U 2 pmW QO u}vJty "OQw; CUO x@ |twta
xOW xO=O u=Wv CU=}U u}= QO xOvvmO}rwD |=Q@ pwYLt u; |R} Qxt=vQ@ |xQwO

"CU=
|xQwO |] |OwHwt K]U \UwDt 'CU= XNWt 2 pmW QO xm u=vJ
|x]@=Q R= t |R} Qxt=vQ@ |xQwO QO xOvvmO}rwD |=Q@ i pwYLt |twta |yOVQ=iU

%OwW|t x@U=Lt 3

c VwQixOQN |=Q@ t |R} Qxt=vQ@ |xQwO |] i pwYLt |OwHwt Q=Owtv "1 pmW
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Q}t= x}rw= |xO=t |=R=x@ |OwHwt |rO=aD |x]@=Q Qou=}@ 10 |x]@=Q w |}=yv pwYLt

"CU=
'|O=a Ckw QO O}rwD |=Q@ TQDUO QO u=tR xv}W}@ ut[Dt 13 =D 11 \@=wQ
xOvvmO}rwD C}iQ_ u} QDW}@ ut[Dt 14 |x]@=Q "CU= |@v=H O=OQ=Qk w |Q=mxi=[=
Qy R= x}rw= O=wt `} RwD C}iQ_ ut[Dt 15 |x]@=Q w 'x}rw= O=wt |Q=Oxov QO
18 w 17 |=yx]@=Q w 'xOvvmO}rwD O}rwD MQv ut[Dt 16 |x]@=Q "CU= xOvvmu}t-=D

"OvDUy |Q}os}tYD |=yQ}eDt |Q}oQ=Okt C}a[w Qou=}@

pL |=yVwQ "5
R= "OwW|t xO=iDU= xiOyOvJ pOt pL |=Q@ min-max VwQ R= Q=DWwv u}= QO
pL x=Q x@ C@Uv OwHwt pL x=Q |m}ORv VHvU Qw_vtx@ |HvU L-P |=yVwQ
u}}aD '|HvU L-P VwQ CqmWt R= |m} 'OwHw u}= =@ "OwW|t xO=iDU= p;xO}=
xm swyit u=O@ P =1 uDiQo Q_v QO =@ u}kkLt 1967 p=U QO "CU= P Q=Okt
pmWt u}= 'OQ}o Q=Qk Q_v Ot |R=Uxv}y@ |=Q@ OwHwt C=i=QLv= R= h=QLv= u} QDnQR@

%OvDUy ẁ[wt u}= Qou=}@ 21 =D 19 \@=wQ [20]"OvOQm hQ]Q@ =Q
Min � (19)

s:t :

� � 
j
�
fj � f�j
f�j

�
8j = 1; :::; k; (20)

kX
j=1


j = 1; (21)

Q=Okt Qou=}@ f�j w j hOy `@=D Q=Okt Qou=}@ fj |Q=YDN= Ctqa 20 |x]@=Q QO
"CU= (
j > 0) =@ j hOy |=Q@ C}ty= xHQO Qou=Wv 
j w j hOy `@=D p;xO}=
p�=Ut |xRwL QO uDW=O Q=Qk w xOW x�=Q= pOt uOw@ |]NQ}e p}rOx@ u}vJty
?wULt |Q=mD@==Qi |=ysD} Qwor= R= |m} xm 8�GA�l}DvS sD} Qwor= R= [17]'CNU
pL QO Ovtu=wD |=ysD} Qwor= R= |m} l}DvS sD} Qwor= "OwW|t xO=iDU= 'OwW|t
R= |}xawtHt =@ Q=QmD Qy QO 'sD} Qwor= u}= [21]"CU= |]NQ}e |R} Qxt=vQ@ p�=Ut
"OwW|t xDio �pUv� sD} Qwor= Q=QmD Qy QO OwHwt C}atH x@ "Ovm|t Q=m =y?=wH
VyH w `]=kD 'OOHt Qw[L x@ swUwt |m}DvS Qorta xU R= 'O}OH pUv O}rwD |=Q@
GA p=ta= QO xrLQt u} QDsyt '?U=vt 9swRwtwQm l} |L=Q] "OwW|t xO=iDU=
pmWDt |U} QD=t CQwYx@ |L=Q] u}= 'j}kLD u}= QO "CU= xr�Ut ?=wH Ov}=Qi QO
=yuwDU O=OaD w =yxQwO O=OaD =@ Q@=Q@ =yQ]U O=OaD u; QO xm CU= VN@ u}OvJ R=
T=U=Q@ V}=tv |xwLv u}= "Ow@ Oy=wN 3(I � C) + 4I + (S �M) =@ Q@=Q@

[22]"CU= xDiQo CQwY 2011 p=U QO xOW s=Hv= |=yVywSB
wO 'x}rw= |xO=t wO 'pwYLt wO |=Q@ swRwtwQm l} |rm sQi 3 pmW QO
"CU= xOW xO=O u=Wv |R} Qxt=vQ@ |xQwO T |] VwQixOQN xU w xOvvmu}t-=D
VwQ hOy `@=D Q=Okt T=U=Q@ sRwtwQm |oOvR=Q@ Q=Okt u=wvax@ sRwtwQm Qy |@=} RQ=
=yswRwtwQm |x}rw= C}atH "OQ}o|t CQwY 19 |x]@=Q R= xO=iDU= =@ min-max

"OvW=@ xHwtQ}e =yswRwtwQm R= |[a@ CU= umtt =t= xOW O=H}= |iO=YD Qw]x@
u}= QO "OwW|t xO=iDU= xHwt swRwtwQm O=H}= |=Q@ |Dr=vB VwQ R= CQwYu}= QO
xHwtQ}e u=R}t 'Ovvm|tv jOY pOt |=yC}OwOLt QO xm |}=yswRwtwQm |=Q@ VwQ
OOa l} QO uOQm ?Q[ =@ w xDiQo Q_v QO =Q =yC}OwOLt pm QO swRwtwQm uOW
O=H}= R= sD} Qwor= =Pr "OwW|t xi=[= hOy `@=D x@ xt} QH u=wvax@ 'nQR@ Q=}U@

Pict > Wict + �ict; 8i; c; t; (8)

IPit = IPi(t�1) + pit �
CX
c=1

Dict; 8 i; t; (9)

IMmt =IMm(t�1) +
SX
s=1

SUPsmt

�
IX
i=1

"mi(XRit +XOit +XCit); 8 m; t;
(10)

IX
i=1

aiXRit � TCARt; 8 t; (11)

IX
i=1

aiXOit � TCAOt; 8 t; (12)

IX
i=1

aiXCit � TCACt; 8 t; (13)

MX
m=1

IMmt � CAPMt; 8 t; (14)

SUPsmt � CAPSsmt; 8 s;m; t; (15)
CX
c=1

Dict � pit; 8 i; t; (16)

0 � bict � 1; 8 i; c; t; (17)

XRit; XOit; IMmt; IPit; SUPsmt; CYit; Pict;Wict � 0;
8 i; c; t; s;m (18)

"CU= Zk=vDt hOy xU =@ |]N Q}e pOt l} jwi pOt 'CU= XNWt xm u=vJ
pt=W ?}DQDx@ xOvvmO}rwD |=yxv} Ry uOQmxv}tm Qw_vtx@ 4 |x]@=Q QO hOy `@=D
QO O}rwD |=yxv} Ry w u=WwQixOQN x@ CqwYLt VwQi R= pY=L Ot;QO hqDN=
pwYLt w x}rw= O=wt `} RwD |xv} Ry '|@v=H O=OQ=Qk w |Q=mxi=[= w |O=a Ckw
O=wt |Q=Oxov |xv} Ry 'x}rw= O=wt O} QN |xv} Ry '|R=UxO=t; C@=F |=yxv} Ry '|}=yv
KQ]t VMI R= |W=v |=yxv} Ry w '|R} Qxt=vQ@ ji= |] |}=yv pwYLt w x}rw=

"CU=
O} QN pt=W u=WwQixOQN |=yxv} Ry uOQmxv}tm Qou=}@ 5 |x]@=Q QO hOy `@=D
CN=OQB |OwHwt C} Q}Ot |xv} Ry R}v w |WwQixOta Ct}k =@ pwYLt OL=w Qy
Qy VwQi R= |W=v Ot;QO uDiQo Q_v QO =@ pwYLt OL=w Qy |=R=x@ xOvvmO}rwD x@ xOW
uOQmxv}tm Qou=}@ 6 |x]@=Q QO hOy `@=D "CU= |WwQixOQNCt}k =@ pwYLt OL=w
"CU= u}t-=D |xQ}HvR pm QO |}=yv CqwYLt `} RwD w x}rw= O=wt `} RwD |=yu=tR pm
QO xOvvmO}rwD |=Q@ xm CU= VMI sDU}U R= |W=v |=yxv} Ry Qou=}@ 7 |x]@=Q
|Q=Oxov |xv} Ry 'u=WwQixOQN |yOVQ=iU C@=F |xv} Ry �� OwW|t xDiQo Q_v
QN; CQ=@a 'C}=yv QO w �� u=WwQixOQN Ow@tm |=yxv} Ry 'u=WwQixOQN |OwHwt
pwYLt OL=w Qy |=R=x@ u=WwQixOQN |OwHwt C} Q}Ot R= pY=L Ot;QO Qou=}@
|WwQixOQN Ct}k xm OyO|t u=Wv 8 |x]@=Q "Ovm|t Ci=} QO xOvvmO}rwD xm CU=
|xv} Ry R}v w |WwQixOta Ct}k R= O}=@ 'VwQixOQN Qy |=Q@ pwYLt OL=w Qy
|=R=x@ VwQixOQN OwU =D OW=@ QDW}@ pwYLt u; R= OL=w Qy |OwHwt C} Q}Ot
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"swO |x@DQ |=Q=O X2 Or=w w pw= |x@DQ |=Q=O X1

� = (�1; �2; :::; �n) Q=OQ@ 'u=OvRQi O=H}= |=Q@ IGA |=QH= R= xrLQt Qy QO "3
"0 � �i � 1 xm |Qw]x@ O}vm O=H}= |iO=YD Qw]x@ =Q

%O}vm O=H}= 23 |x]@=Q j} Q] R= Yi OvRQi xU "4
Y1 = X1 + �� (X2 �X3);

Y2 = X2 + �� (X3 �X1);

Y3 = X3 + �� (X1 �X2); (24)

CU= |@=UL `]=kD Qorta Ovv=t Qorta u}= Q=DN=U OwW|t xOy=Wt xm u=vJ
QDW}@ (Y1) pw= OvRQi [23]"CU= Q=OQwNQ@ |@ wN |}=Q=m R= xDUw}B |=[i QO xm
R= pw= Or=w xm CU= |r=L QO u}= "Ovm|t Ci=} QO pw= Or=w R= =Q OwN C=}YwYN
swO OvRQi R}v w pw= OvRQi =Pr "OQ=O =Q pw= |x@DQ w xOw@ Q=OQwNQ@ |@ wN |oOvR=Q@ Q=Okt
OvRQi Qo}O hQ] R= "OvwW `k=w QF-wt sD} Qwor= |}=Qoty Ow@y@ |=Q@ Ovv=wD|t (Y2)
|oOvR=Q@ Q=Okt xm Ovm|t Ci=} QO |Or=w R= =Q OwN C=}YwYN QDW}@ (Y3) swU
xmCU= QmP x@ sRq "CUH xQy@ u; R= |WN@ ẁvD Ow@y@ |=Q@ u=wD|t =t= OQ=Ov |@ wN
Qorta R= 'IGA R}v w GA QO "OwW|t p=ta= swRwtwQm R= VN@ Qy QO Qorta u}=
=yswRwtwQm ?=NDv= xm |Qw]x@ OwW|t xO=iDU= 13CrwQ |xNQJ T=U=Q@ ?=NDv=
VyH Qorta Q=DN=U "CU= KQ]t ?=NDv= p=tDL= T=U=Q@ |Q}oCiH pLt QO
pY=L |v=tR sD} Qwor= wO Qy hkwD \QW "CU= u=Um} sD} Qwor= wO Qy QO R}v

"Ovm Rw=HD xOW u}}aD V}B R= Q=Okt u} QDW}@ R= =yQ=QmD O=OaD xm OwW|t
VwQ swO |x@DQt |=ypOt u} QDhwQat R= xm 14|RmQt ?mQt KQ] R= u}vJty
pOt [24]"CU= xOW xO=iDU= sD} Qwor=u}= |=yQDt=Q=B s}_vD |=Q@ 'CU= 15MU=BK]U

QO 10|@=UL `]=kD Qorta R= u}vJty "OwW|t Ovtu=wD xHwtQ}e |=yswRwtwQm
"OwW|t xO=iDU= GA

X2 = (x21; x22; :::; x2n) wX1 = (x11; x12; :::; x1n)Or=w wOO}vmZQi
0 � �i � 1 xm |Qw]x@ � = (�1; �2; :::; �n) Q=OQ@ TBU "Ov=xOW ?=NDv=
R= u=OvRQi CQwY u; QO 'OwW|t O=H}= GA R= Q=QmD Qy QO |iO=YD Qw]x@ xm

"OvwW|t O=H}= 22 |x]@=Q j} Q]
y1i = �ix1i + (1� �i)x2i; i = 1; :::; n (22)

y2i = �ix2i + (1� �i)x1i; i = 1; :::; n (23)

'Qorta u}= "OwW|t p=ta= xOW ?=NDv=|iO=YD Qw]x@ xm|@=wH |=Q@VyH Qorta
"Ovm|t Z} waD Qo}Om} =@ Ov=xOW ?=NDv= |iO=YD Qw]x@ xm =Q |vS wO Q=Okt

"OwW|t x�=Q= j}kLD u}= QO xDi=}Ow@y@ l}DvS sD} Qwor= l} 'OW xQ=W= xm u=vJ
w �xv}y@ ?=wH x@ |}=Qoty� |oS} w wO R= O}=@ |Q=mD@==Qi |=ysD} Qwor= |rm Qw]x@
|oS} w wO QO |}=RUx@ Vkv `]=kD Qorta xm =Hv; R= "OvW=@ Q=OQwNQ@ �|WN@ ẁvD�
"Ovm|t RmQtD Qorta u}= Q@ |O=yvW}B sD} Qwor= 'OQ=O l}DvS sD} Qwor= QO xOW QmP
=@ xU}=kt QO xOW O=H}= u=OvRQi `]=kD Qorta QO xm OQm xQ=W= xDmv u}= x@ O}=@
u=OvRQi Qo = 'Qo}O CQ=@ax@ "Ovm^iL =Q|WN@ ẁvD w |}=Qoty|oS} w wO O}=@ 'u}Or=w
nvQsm |WN@ ẁvD |oS} w 'OvW=@ xDW=O u}Or=w x@ |m}ORv Q=}U@ Cy=@W xOW O=H}=
|oS} w 'OvW=@ xDW=O u}Or=w x@ |tm Q=}U@ Cy=@W Qo = Qo}O hQ] R= "OW Oy=wN
|rO=aD xm OQm O=H}= |v=OvRQi O}=@ u}=Q@=v@ "OW Oy=wN `k=w Vr=J OQwt |}=Qoty

"Ovvm Q=QkQ@ |WN@ ẁvD w |}=Qoty u}@
xHwD xm OwW|t XNWt 'l}DvS sD} Qwor= QO xDiQo CQwY C=k}kLD QwQt =@
u}= |R=UxO=}B |xwLv x@ ,=DOta w xOW `]=kD Qorta QO QwmPt pO=aD x@ |QDsm
`]=kD Qorta xm |DQwY QO 'CU= xOW xDN=OQB |[=} Q \@=wQ R= xO=iDU= =@ Qorta
'|D=k}kLD h=mW u}= `iQ |=Q@ =Pr "OQ=O l}DvS sD} Qwor= OQmrta QO |}=RUx@ Vkv
12|Or=wOvJ `]=kD Qorta R= xO=iDU= =@ 11�IGA� xDi=}Ow@y@ l}DvS sD} Qwor= l}
OvRQi xU w xOQm xO=iDU= Or=w wO |=H x@ Or=w xU R= '`]=kD Qorta u}= "OwW|t|iQat
QO Qo}O OvRQi l} w |}=Qoty |oS} w Ow@y@ CyH QO u=OvRQi R= =D wO "Ovm|t O=H}=
|WN@ ẁvD w |}=Qoty u}@ u=wD|t u}=Q@=v@ w OwW|t O=H}= |WN@ ẁvD Ow@y@ CyH
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xO}O
vUB

=[Q
O}tL

O}U
wQi

s=vm
}vu

}UL
Q}t= |D=@U=Lt G}=Dv "6

Q}=U =@ j}kLD u}= G}=Dv |xU}=kt w |OOa |=yp=Ft |L=Q] |=Q@ CU= QmP x@ sRq
|iO=YD Qw]x@ p�=Ut =Pr w CU= TQDUO QO |OwOLt C=aq]= '\@DQt C=k}kLD
Q_v QO |R} Qxt=vQ@ |xQwO 12 R}v w xr�Ut 34 O=OaD Qw_vtu}O@ "OvwW|t |L=Q]
xr�Ut Qy |=yQDt=Q=B "CU= xOW x�=Q= p�=Ut u}= O=a@= 3 pwOH QO "CU= xOW xDiQo
Qy "OwW|t u}}aD 4 pwOH |=yxR=@ T=U=Q@ CN=wvm} `} RwD =@ w |iO=YD Qw]x@
`@=D Q=Okt w 'pL GAMS Q=Ri=sQv \UwD min-max VwQ hOy `@=D =@ xr�Ut
p=ta= =@ xr�Ut u; TBU "OwW|t xDiQo Q_v QO u; C=@U=Lt u=tR =@ x=Qty hOy

"xOW |L=Q] p�=Ut O=a@= "3 pwOH
O=wt xOvvmu}t-=D pwYLt VwQixOQN |xQ=tW
x}rw= xr�Ut
1 2 1 2 1
1 2 2 2 2
3 2 2 3 3
3 2 3 3 4
4 2 3 3 5
4 3 3 5 6
4 3 5 5 7
4 3 6 5 8
4 3 6 6 9
5 3 6 6 10
5 4 6 7 11
5 4 7 7 12
5 4 7 8 13
6 4 7 8 14
6 4 8 8 15
6 5 8 9 16
6 5 9 10 17
7 5 9 11 18
7 6 9 11 19
7 8 9 11 20
8 9 10 13 21
8 10 10 13 22
8 12 11 15 23
9 12 12 15 24
9 12 12 18 25
10 13 13 18 26
10 13 13 22 27
12 15 16 26 28
12 15 16 28 29
12 18 20 30 30
25 40 20 50 31
30 50 35 70 32
40 80 50 100 33
80 120 60 130 34

'|rt=a |x]kv 2k�1 pt=W KQ] u}= "CU= xOW x�=Q= 24 |x]@=Q QO swO |x@DQt
xm CU=yQDt=Q=B O=OaD k xm |Qw]x@ CU= |QwLt |x]kv 2k w |RmQt |x]kv nc
|x]kv VW 'CN=wvm} CkO =@ |LQ] O=H}= |=Q@ j}kLD u}= QO "CU= GvB Q@=Q@
"OwW|t s=Hv= |iO=YD Qw]x@ V}=tR; 32 ẁtHt QO w 'xOW xDiQo Q_v QO |RmQt

E (Y ) = �0 +
kX
i=1

�iXi +
kX
i=1

�iiX2
i +

kX
i<j

kX
i<j

�ijXiXj (25)

|=yQDt=Q=B �0; �i; �j 'MU=B Q}eDt Q=_Dv= OQwt Q=Okt E(Y ) O=tv 24 |x]@=Q QO
'=QH= |=Q@ "OvDUy Y MU=B Q}eDt Q@ Q=PoQ}F-=D |OwQw |=yQ}eDt Xj w Xi w 'pOt
pwYLt xU 'x}rw= |xO=t wO 'xOvvmu}t-=D xU pt=W |iO=YD Qw]x@ xr�Ut l}
`@=D Q=Okt "CU= xOW xDiQo Q_v QO u=Um} h=Oy= =@ |R} Qxt=vQ@ |xQwO xU |]
QO =ysD} Qwor= "CU= Q_v OQwt MU=B Q}eDt 'min-max VwQ T=U=Q@ pOt hOy
|OwQw |=yQDt=Q=B Q=Okt "CU= xOW =QH= w |U} wvxt=vQ@ MATLAB 7 8 Q=Ri=sQv

"CU= xOW x�=Q= 1 pwOH QO IGA w GA |=ysD} Qwor=
K]U QO MU=B K]U VwQ |=QH= R= TB '�GA� l}DvS sD} Qwor= =@ x]@=Q QO
uwtR; uOw@ =vat|@ R}v w �99 91 =@ Q@=Q@ |oDU@ty ?} Q[ QwPHt �95 u=v}t]=
pOt l} Qou=Wv 'OW=@ 0 05 R= QDnQR@ p-value xm |Qw]x@ 16?U=vD u=Oki
|x]@=Q QO GA sD} Qwor= |=Q@ uw}UQoQ pOt l} 'u}=Q@=v@ "CU= ?U=vt uw}UQoQ

"OwW|t x�=Q= 25
fitness =9756 1� 5165 4(ProS) + 19 6(PopS)

� 1 1(MAXG) + 616 6(ProS)2

+ 318 2(ProS):(Pc) + 812 3(ProS):(Pm)

� 10 7(PopS):(Pc)� 38(PopS):(Pm) (26)

u}=Q@=v@ "OwW|t |L=Q] uw}UQoQ pOt l} R}v IGA sD} Qwor= |=Q@ 'x@=Wt Qw]x@
Q=Okt 'GAMS Q=Ri=sQv =@ uw}UQoQ pOt pL w VwQixOQN GvB uDiQo Q_v QO =@
x�=Q= 2 pwOH QO Q}O=kt u}= "O};|t CUO x@ sD} Qwor= wO Qy |=yQDt=Q=B |xv}y@

"CU= xOW
|=y?=wH x@|@=}CUO Qw_vtx@ GAMS 23 5|R=Uxv}y@ Q=Ri=sQv R=u}vJty
xOW xO=iDU= C=@U=Lt u=tR w hOy `@=D Q=Okt G}=Dv |HvUQ=@Da= R}v w |a]k

"CU=

"=ysD} Qwor= |OwQw |=yQDt=Q=B Kw]U "1 pwOH
q=@ xv=}t u}}=B xvt=O QDt=Q=B
7 5 3 7� 3 xr�Ut O=a@= (ProS)

100 60 20 100� 20 C}atH (PopS)

700 450 200 700� 200 Q=QmD (MAXG)

0 8 0 65 0 5 0 8� 0 5 `]=kD (Pc)

0 2 0 15 0 1 0 2� 0 1 VyH (Pm)

"=ysD} Qwor= |=yQDt=Q=B |xv}y@ Q=Okt "2 pwOH
VyH MQv `]=kD MQv Q=QmD C}atH xR=Ov= sD} Qwor=

0 2 0 78 250 100 GA

0 19 0 81 250 150 IGA
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"""|
x}=B

Q@xi
OyO

vJ
`}Rw

D�
O}rw

D|
R}Qx

t=vQ@Q_v QO =@ xr�Ut O=a@= xm CU= |r=L QO |@Uv V}=Ri= u}= xm CU= QmP x@ sRq "CU=
28 |=yxr�Ut QO "CU= xDi=} V}=Ri= |Q}otWJ Qw]x@ 'pOt uOw@ |]NQ}e uDiQo
C=@U=Lt u=tR w hOy `@=D Q=Okt 'xDi=} V}=Ri= u=WwQixOQN O=OaD u; QO xm 29 w
CU= |r=L QO V}=Ri= u}= "OQ=O |}x_Lqt p@=k V}=Ri= GAMS w IGA |=Q@
`@=D h=QLv= OYQO 'OwHw u}= =@ w xDi=} V}=Ri= C=@U=Lt sHL w ?=wH |=[i xm
Ot;Q=m Qou=}@ xm CU= �1 620 w �1 958 =@ Q@=Q@ ?}DQDx@ xr�Ut wO Qy |=Q@ hOy

"CU= sD} Qwor= u}= G}=Dv uOw@ Q@Dat w IGA uOw@
xDi=} V}=Ri= COWx@ '30 xQ=tW |xr�Ut =D C=@U=Lt u=tR 'Qo}O hQ] R=
COW =@ GAMS QO w QDW}@ COW =@ IGA w GA QO V}=Ri= u}= xm |Qw]x@
QO=k GAMS 'xr�Ut O=a@= V}=Ri= =@ 'OwW|t xOy=Wt xm u=vJ "CU= x=Qty |QDsm
u}= =@ "CU= xOW xO=O u=Wv xQ}D \N =@ xH}Dv QO xm xOw@v QN; |xr�Ut xU pL x@
R= sy |QDy@ |=y?=wH |DL w xOQm pL R}v =Q p�=Ut u}= CU= xDUv=wD IGA OwHw
x�=Q= GA x@ C@Uv C=@U=Lt u=tR ^=Lr R= sy w hOy `@=D Q}O=kt u}ov=}t ^=Lr
sD} Qwor= wO Qy R= xOt; CUO x@ hOy `@=D Q}O=kt u}ov=}t Q=Owtv '4 pmW QO "Ovm
"OwW|t x�=Q= 4 xQ=tW |xr�Ut |=Q@ |}=Qoty Q=Owtv '5 pmW QO w xr�Ut 34 QO
Q}O=kt u}ov=}t ^=Lr R= sD} Qwor= wO Qy OQmrta |@=} RQ= Qw_vtx@ OwHw u}= =@
uwtR; R= xO=iDU= =@ w |Q=t; p}rLD l} 'C=@U=Lt u=tR u}ov=}t R}v w hOy `@=D
K]U QO w MINITAB 16 Q=Ri=sQv QO uwtR; u}= "OQ}o|t CQwY R}v |HwR |D
hOy `@=D Q}O=kt u}ov=}t uwtR; |=Q@ p-value Q=Okt w xOW =QH= �95 u=v}t]=
=@ "OwW|t x@U=Lt 0 001 =@ Q@=Q@ C=@U=Lt u=tR u}ov=}t |=Q@ w '0 002 =@ Q@=Q@
C@Uv |@ wr]t OQmrta IGA xm CiQo xH}Dv u=wD|t 'uwtR; wO Qy G}=Dv x@ xHwD
|=ysD} Qwor= w |O=yvW}B pOt CLY R= |m =L G}=Dv 'u}=Q@=v@ "CU= xDW=O GA x@

"CU= pL

"IGA w GA hOy `@=D Q}O=kt Q=Owtv "4 pmW

"4 |xr�Ut |=Q@ IGA w GA |}=Qoty Q=Owtv "5 pmW

"xr�Ut Qy |=yQDt=Q=B |Q}oQ=Okt xR=@ "4 pwOH
|Q}oQ=Okt xR=@ QDt=Q=B

[70000� 10000] kc

[6 4� 1 2] ec

[7� 3] �ict

[0 75� 0 5] crit

[1 5� 1] coit

[2 5� 2] ccit

[2� 1] ai

[3� 1 5] hmmt

[15� 10] seit

[4� 2] hpit

[20� 10] srct

[4� 2] hict

[5� 2] �ict

[3� 1] "mi

[2� 0 5] tcssmt

[3� 0 5] tccict

[5� 2] cmsmt

[120� 100] TCARt

[60� 80] TCAOt

[50� 40] TCACt

[180� 140] CAPMt

[200� 150] CAPSsmt

[2� 0 5] �s

[2� 0 5] �c

xU |] '|oOvR=Q@ `@=D u=wvax@ min-max VwQ hOy `@=D u=ty =@ w IGA w GA

C=@U=Lt u=tR u}ov=}t =@ x=Qty Q=QmD xU hOy `@=D Q=Okt u}ov=}t w xOW pL Q=QmD
|=Q@ "CU= xOW x�=Q= 5 pwOH QO xr�Ut 34 Qy pL G}=Dv "OwW|t xDiQo Q_v QO
hOy `@=D h=QLv= OYQO Q=}at R= 'GAMS G}=Dv =@ sD} Qwor= wO Qy G}=Dv |xU}=kt

"OwW|t xO=iDU= 26 |x]@=Q R=
hOy `@=D h=QLv= OYQO = ZA lg orithm � ZGAMS

ZGAMS
� 100; (27)

'9 xQ=tW |xr�Ut =D IGA hOy `@=D Q=Okt h=QLv= OYQO xm OwW|t xOy=Wt
CUO x@ hOy `@=D Q}O=kt u}ov=}t xm OyO|t u=Wv u}= w xOw@ �3 372 QFm =OL
'CU= sy x@ l}ORv ,=@} QkD lJwm O=a@= QO GAMS x@ C@Uv sD} Qwor= u}= R= xOt;
'Qo}O hQ] R= "CU= �13 783 =@ Q@=Q@ GA sD} Qwor= |=Q@ Q=Okt u}= xm |r=LQO
IGA |=Q@ xm xOw@ V}=Ri= p=L QO 9 |xr�Ut =D sD} Qwor= wO Qy C=@U=Lt u=tR
O=a@= V}=Ri= =@ "CU= x}v=F 314 526 w 203 52 =@ Q@=Q@ ?}DQDx@ QFm =OL GA w
xv}W}@ xm xDW=O |@Uv V}=Ri= l} sD} Qwor= wO Qy hOy `@=D h=QLv= OYQO 'xr�Ut
�13 917 =@ Q@=Q@ IGA |=Q@ |rw �26 789 Q@=Q@ GA |=Q@ h=QLv= OYQO Q=Okt
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xO}O
vUB

=[Q
O}tL

O}U
wQi

s=vm
}vu

}UL
Q}t= "P-D-VMI |R} Qxt=vQ@ pOt p�=Ut pL G}=Dv "5 pwOH

l}DvS sD} Qwor= xDi=} Ow@y@ l}DvS sD} Qwor= GAMS |xQ=tW`@=D h=QLv= u=tR u}ov=}t hOy `@=D u}ov=}t `@=D h=QLv= u=tR u}ov=}t hOy `@=D u}ov=}t C=@U=Lt u=tR hOy `@=D Q=Okt xr�Ut
��� hOy �x}v=F� C=@U=Lt �|rwB OL=w� ��� hOy �x}v=F� C=@U=Lt �|rwB OL=w� �x}v=F� �|rwB OL=w�
0 954 38 979 461 230 0 00 18 979 456 872 8 446 456 872 1
0 685 46 650 1183 318 0 674 39 450 1183 190 15 142 1175 272 2
1 175 65 001 1569 324 0 058 53 560 1552 16 497 1551 094 3
4 800 213 105 1881 326 0 047 73 1796 21 310 1795 152 4
4 023 215 930 2012 230 0 834 71 65 1950 55 26 311 1934 408 5
2 607 258 150 3201 330 3 372 89 45 3225 170 41 491 3119 978 6
12 613 263 614 4114 311 3 273 115 3700 47 760 3653 497 7
13 033 309 847 4841 045 0 400 158 50 4300 52 152 4282 855 8
13 783 314 526 5439 654 1 449 203 52 4850 52 766 4780 727 9
17 712 326 558 5768 177 7 508 254 55 5268 177 58 900 4900 257 10
12 876 333 081 5877 910 9 035 316 08 5677 910 67 991 5207 408 11
9 668 340 835 7443 320 6 721 310 26 7234 320 70 521 6787 152 12
23 978 341 940 8591 026 8 104 339 94 7491 026 78 559 6929 463 13
24 505 367 166 8997 360 7 899 347 7797 360 89 435 7226 504 14
21 802 381 824 11023 540 8 322 349 8 9803 540 94 890 9050 378 15
23 956 469 197 12100 588 13 917 371 19 11120 588 99 180 9762 033 16
20 647 503 599 12069 275 10 521 425 59 11056 275 114 254 10003 805 17
24 507 508 129 13023 405 0 593 435 12 10222 405 120 103 10459 962 18
26 638 548 766 15627 415 10 431 483 13627 415 130 601 12340 232 19
26 789 555 880 19191 577 1 245 537 8 15325 136 640 15136 619 20
20 841 573 621 19959 141 0 311 583 621 18220 143 389 16516 868 21
18 755 577 240 20761 125 5 084 580 18371 125 167 732 17482 307 22
16 109 612 444 22436 263 10 426 623 6 21338 263 179 011 19323 508 23
24 288 613 702 26028 106 12 257 613 702 23508 711 202 133 20941 781 24
19 981 740 095 28361 043 8 347 731 9 25611 043 264 254 23637 925 25
20 754 826 954 36992 823 8 040 739 33097 823 284 154 30634 791 26
20 111 929 614 38615 150 11 977 775 26 36000 150 292 783 32149 484 27
21 329 1169 229 43103 436 1 958 812 5 36221 436 301 230 35525 962 28
17 415 1241 187 75305 321 1 620 834 14 65175 324 249 64135 969 29
16 702 1263 586 93215 324 2 732 890 17 82056 446 160 79874 338 30
4 826 1410 90150 1 302 944 25 87120 502 86000 31

�� 1653 94192 15 �� 1315 55 89750 �� �� 32
�� 2010 96288 49 �� 1524 90040 �� �� 33
�� 2348 100052 �� 1308 98334 �� �� 34
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x}=B

Q@xi
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`}Rw

D�
O}rw

D|
R}Qx

t=vQ@Q=R=@ |=yXN=W Q=Okt V}=Ri= '8V}=tR; QO "OwW hOy xU Qy Q=Okt Vy=m
u=WwQixOQN |=yxv} Ry V}=Ri= w xOvvmO}rwD |=yxv} Ry Vy=m Ea=@ u=WwQixOQN
x@ '1 V}=tR; QO |rwB OL=w 1933 65 R= xOvvmO}rwD |xv} Ry xm |Qw]x@ xOW
|rwB OL=w 1405 98 R= u=WwQixOQN |xv} Ry u}vJty w |rwB OL=w 1802 32
QHvt '8 V}=tR; hqNQ@ 9 V}=tR; "CU= xDi=} Q}}eD |rwB OL=w 1672 03 x@
|=QH= R= "OwW|t u=WwQixOQN |=yxv} Ry Vy=m w xOvvmO}rwD |xv} Ry V}=Ri= x@
1 |x]@=Q x@ xHwD =@ Q=R=@ |=yXN=W V}=Ri= OUQ|t Q_vx@ 9 w 8 |=yV}=tR;
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1. production-distribution planning
2. vendor managed inventory
3. bullwhip e�ect
4. common replenishment cycle policy
5. market scale
6. price elasticity
7. Cobb{Douglas
8. genetic algorithm
9. Chromosome
10. arithmetic crossover
11. improved genetic algorithm
12. multi-parent crossover
13. Roulette wheel
14. central composite design
15. response surface methodology
16. lack of �t
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