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3X
s=1

bisyij3 � 1

i = 1; 2; 3; :::; N j = 1; 2; 3; :::; D (24)

Ci}W QO =} 'QYa w K@Y Ci}W QO Q=DUQB l} xm Ovm|t u}t[D 24 C}OwOLt
C}OwOLt u}= u}vJty "Ovm Q=m |Q=mxi=[= =} |O=a CQwYx@ Ov=wD|t ?W w QYa

"Ovm|t |Q}owrH R}v Q=DUQB l} x@ |r=wDt Ci}W xU X}YND R=
DX
j=1

3X
k=1

3X
s=1

akyijk �MWOT

i = 1; 2; 3; :::; N (25)

"Ovm|tXNWt =Q|R} Qxt=vQ@ xQwO QO Q=DUQB Qy|Q=mCa=Uu} QDW}@ 25C}OwOLt
NX
i=1

DX
j=1

3X
k=1

3X
s=1

akyijk � TOR (26)

�xRwQ 28� |R} Qxt=vQ@ |xQwO QO Q=DUQB Qy |=Q@ |Q=mxi=[= u} QDW}@ 26 C}OwOLt
|xQwO QO |Q=mxi=[= OL R= V}@ X}YND R= |Q}owrH |=Q@ "Ovm|t XNWt =Q

"CU= xOW OwOLt u=Q=DUQB s=tD |=Q@ pm |Q=mxi=[= Ca=U u=R}t '|R} Qxt=vQ@
X

j2weekend

3X
k=1

bis(xijk + yijk) � Qis

i = 1; 2; 3; :::; N s = 1; 2; 3 (27)

"CU= u=Q=DUQB u}@ xDiy QN; |=yCi}W |xvqO=aX}YND p=@vO x@ 27C}OwOLt
3X
s=1

uis � hij

i = 1; 2; 3; :::; N j = 1 (28)

|R} Qxt=vQ@ |xQwO R= RwQ u} QN; QO Q=DUQB Qo = xm Ovm|t u}t[D 28 C}OwOLt
|xQwO R= RwQ u}rw= QO O}=@ 'CU= xOW xO=O X}YND ?W w QYa Ci}W x@ xDWPo

"OW=@ p}]aD O}OH |R} Qxt=vQ@
dMOij � 1

2 (xij2 + yij2 + xij3 + yij3)

i 2MO j = 1; 2; 3; :::; D (29)

dMOEVij = xij3 + yij3

i 2MOEV j = 1; 2; 3; :::; D (30)

dEV Nij = xij1 + yij1

i 2 EV N j = 1; 2; 3; :::; D (31)

dSHi =
DX
j=1

(dMOij + dMOEVij + dEV Nij)

i = 1; 2; 3; :::; N (32)
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|Q=YDN= Ctqa |Q=YDN= Ctqa

xk@] Q}eDt=@ u=Q=DUQB |=Q@ u=Q=DUQB |=Q@
C@=F Ci}W Q=}U

vi zi |HwQN
|L}HQD uRw

T=U= Q@ Q=DUQB
xDWPo |=yxO=O

WEi WEi |HwQN Q=DUQB |Q=m xk@=U

LLij Lik |OwQw Q=DUQB K}HQD
�|Q=m Ci}W |=Q@� �|Q=m Ci}W |=Q@� |rai |Ov@u=tR QO

Q=DUQB |L}HQD uRw QDt=Q=B TBU "CU= X=N RwQ l} |=Q@ K}HQD u} QDtm 3
|=yxO=O w |Q=m |=yRwQ x@ C@Uv u=Q=DUQB C=L}HQD R= xO=iDU= =@ |Q=m RwQ |=Q@
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"OvOW ?=NDv= |OwQw Q}eDt l} w |HwQN Q}eDt wO Qw_vt u}= |=Q@ "CU= xOW
|Q}os}tYD OL=w l} u=wvax@ Q=DUQB Qy |=Q@ RwQ Qy |L}HQD C}ty= u}vJty
xOW xO=O u=Wv 1 pwOH QO |OwQw w |HwQN |=yQ}eDt "OW xDiQo Q_v QO

"CU=

pL VwQ "5
QD|ak=w w pOt |Q}PBh=]av= x@ hOy `@=D u}OvJ uDiQo Q_v QO xm u}= x@ xHwD =@
QO xiOywO CQwYx@ u=Q=DUQB |Ov@u=tR pOt Q=DWwv u}= QO 'Ovm|t ltm u; uOW
h} QaD w OvO=[D QO h=Oy= 'xiOyOvJ p�=Ut QO |iQ] R= "CU= xOW xDiQo Q_v
Ovm xv}y@ =Q hOy `@=Dl} xm |Qw]x@ 'CU= |QwQ[\rUt Q}e |=y?=wH xawtHt
C}OwOLt VwQ [16]"OwWv =yv; uOW QDO@ Ea=@ =yhOy `@=D Qo}O uOQm OwOLt =@ w
|=ypOt QO xS} wx@ xm 'CU= xiOyOvJ p�=Ut pL QO G}=Q |=yVwQ R= |m} uwr}UB=

[28w16]"CU= xOW `k=w xO=iDU= OQwt u=Q=DUQB |Ov@u=tR
|xNUv K}LY OOa |xiOyOvJ p�=Ut pL |=Q@ [29]22R} Qwri w 21R=DQw=t
|}=Q=m Qw_vtx@ "OvO=O xaUwD =Q xOW C} wkD uwr}UB= C}OwOLt VwQ |xDi=} Ow@y@
u}= QO '\rUtQ}e |=y?=wH uDi=} QO xOW xO=O xaUwD uwr}UB= C}OwOLt VwQ
|rY= |xO}= "CU= xOW xO=iDU= |O=yvW}B pOt pL |=Q@ VwQ u}= R= j}kLD
23|i=Qowm} Rmr VwQ pFt h=Oy= R= s=OmQy |xv}y@ Q=Okt =OD@= xm CU= u}= VwQ
ODUwO=O pwOH hOy `@=D Q}O=kt R= xO=iDU= =@ w OwW x@U=Lt xv=o =OH CQwYx@
h=Oy= R= l} Qy Q=Okt u} QDy@ w u} QDO@ pwOH u}= R= xO=iDU= =@ "O};|t CUO x@
|w=Ut |=yxrY=i x@ w x@U=Lt h=Oy= R= s=OmQy |xvt=O TBU "OwW|t ?=NDv=
u=wva x@ h=Oy= R= |m} |Oa@ |xrLQt QO "OwW|t s}UkD =tvy=Q \=kv R= xO=iDU= =@
xDiQo Q_v QO pOt QO C}OwOLt u=wvax@ h=Oy= Q}=U w ?=NDv= VwQ hOy `@=D
l} Qy CU=Q CtU Q}O=kt xrLQt Qy QO w xOW pL |Q=QmD CQwYx@ pOt "OwW|t
43 |x]@=Q QO VwQ |Ov@pwtQi "O@=}|t V}=Ri= =yC}OwOLt QO OwHwt h=Oy= R=

"OvDUy pOt s}tYD |=yQ}eDt ẁv Qou=}@ 39 =D 37 |=yC}OwOLt
pOt |R=U|]N �G

|=yC}OwOLt u; uOQm |]N |=Q@ &CU= |]NQ}e 9 |x]@=Q xOW x�=Q= pOt QO
X}YND QO hqDN= u=R}t kii0 s}tYD Q}eDt w CU= xOW xi=[= pOt x@ 41 w 40
"OwW|t 9|x]@=Qu} Ro}=H42|x]@=Q "OyO|t u=Wv =Q i0 w i Q=DUQB x@?WCi}W
DX
j=1

bisxij3 �
DX
j=1

bi0sxi0j3 � kii0

i; i0 = 1; 2; 3; :::; N
i < i0 i; i0 2 NN (40)

DX
j=1

bi0sxi0j3 �
DX
j=1

bisxij3 � kii0

i; i0 = 1; 2; 3; :::; N
i < i0 i; i0 2 NN (41)

kii0 � df+
ii0 + df�ii0 = 0

i; i0 = 1; 2; 3; :::; N
i < i0 i; i0 2 NN (42)
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"Ov=xOW s}UkD Q=}U w C@=F Ci}W xwQo wO x@ u=DUQ=t}@ u=Q=DUQB 'j}kLD u}= QO
Q_v QO C=L}HQD u=wvax@ |}x@DQ CQwYx@ |Q=m |=yCi}W 'Q=}U u=Q=DUQB |=Q@
'K}HQD u} QDW}@ xwQo xU x@ Ci}W Qy |=Q@ |L}HQD |x@DQ "CU= xOW xDiQo
u=Q=DUQB R= xr�Ut |R=UpOt R= p@k "OwW|t s}UkD K}HQD u} QDtm w \UwDt K}HQD
|x@DQ "Ovvm u=}@ |Q=m |=yCi}W x@ C@Uv =Q OwN C=L}HQD xm OW xDU=wN
|L}HQD |x@DQ xm OW xDiQo Q_v QO 3 w 2 '1 CQwYx@ Ci}W Qy |=Q@ |L}HQD
l} |=Q@ K}HQD u} QDtm 3 w \UwDt K}HQD 2 'K}HQD u} QDW}@ |xOvyOu=Wv 1
|=yCi}W x@ C@Uv u=Q=DUQB C=L}HQD uOQw; CUO x@ R= TB "CU= X=N Ci}W
x@ Q=DUQB Qy xm |D=aiO O=OaD 'xDWPo |=yxQwO |v=tR pwOH |=yxO=O w |Q=m
w OwW|t x@U=Lt 'CU= xDi=} X}YND xOW sqa= |L}HQD |=yx@DQ =@ Ci}W
CUO x@ (zi) |Q=m Ci}W |=Q@ Q=DUQB |L}HQD uRw 'QDt=Q=B u}= R= xO=iDU= =@
w |L}HQD uRw xm CU= |v=Q=DUQB =@ X}YND C} wrw= 'VywSB u}= QO "O};|t
|=Q@ =yxO=O |WWwB p}rLD VwQ R= Qw_vt u}= |=Q@ "OvQ=O |QDq=@ |Q=m |xk@=U
"s}OQm xO=iDU= |L}HQD |=yCi}W x@ Q=DUQB X}YND C}ty= u=R}t x@U=Lt
QO (pik) |Q=m |=yCi}W |=Q@ Q=DUQB C=L}HQD |=[Q= QDt=Q=B u=wvax@ |}=Q=m
?=NDv= |OwQw Q}eDt l} w |HwQN Q}eDt wO Qw_vt u}= |=Q@ "OW Qw_vt pOt
OL=w l} u=wvax@ Q=DUQB Qy |=Q@ Ci}W Qy |L}HQD C}ty= u}vJty "OvOW
1 pwOH QO |OwQw w |HwQN |=yQ}eDt "CU= xOW xDiQo Q_v QO |Q}os}tYD
|}x@DQ CQwYx@ |Q=m |=yRwQ 'C@=F Ci}W u=Q=DUQB |=Q@ "CU= xOW xO=O u=Wv
xwQo xU x@ RwQ Qy |=Q@ |L}HQD |x@DQ "OW xDiQo Q_v QO C=L}HQD u=wva x@
|R=UpOt R= p@k "OW s}UkD K}HQD u} QDtm w \UwDt K}HQD 'K}HQD u} QDW}@
u=}@ |Q=m |=yRwQ x@ C@Uv =Q OwN C=L}HQD xm OW xDU=wN u=Q=DUQB R= xr�Ut
xDiQo Q_v QO 3 w 2 '1 CQwYx@ RwQ Qy |=Q@ |L}HQD |x@DQ 'j}kLD u}= QO "Ovvm
w \UwDt K}HQD 2 'K}HQD u} QDW}@ xOvyOu=Wv 1 |L}HQD |x@DQ "CU= xOW
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Ci}W ?UJQ@ Ci}W ẁv ẁQW Ca=U Ci}W pw]
|Q=m u=}=B w �Ca=U�
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2 QYa 13 : 30� 19 : 30 6
3 ?W 19 : 00� 8 : 00 13

QO C}=@=o}o 4 sQ w RDQy=o}o 1 8 |xOvR=OQB =@ ptL p@=k |xv=}=Q l} \UwD w
"CU= xOW =QH= 8 RwOv} w pt=a sDU}U \}Lt

|O=yvW}B |[=} QpOt G}=Dv w |DUO VwQ =@ |rai |Ov@u=tR G}=Dv 1 pmW QO
X}YND QYa w K@Y |=yCi}W O=OaD =OD@= Q=Owtv u}= QO "CU= xOW xU}=kt
"CU= xDiQo Q=Qk xU}=kt OQwt |rai VwQ w |[=} Q pOt QO u=Q=DUQB x@ xOW xO=O
Ci}W |va} xDa=U 24 |=yCi}W u=Q=DUQB R= |NQ@ x@ u=DUQ=t}@ QO u}vJty
pOt QO Q=m u}= xm xOW xO=O X}YND RwQ l} QO |r=wDt ?W w QYa w K@Y
x@ xm |v=Q=DUQB 'u=DUQ=t}@ u}v=wk j@] "CU= xOW xDiQo Q_v QO ẁvtt |[=} Q
|rw "OvW=@ p}]aD |Oa@ RwQ wO O}=@ OvwW|t xO=O X}YND ?W w QYa Ci}W
"CU= xOWv C}=aQ C}OwOLt u}= OQ=wt |NQ@ QO u=DUQ=t}@ |v=tR |=ypwOH QO
Ci}W xwQo x@ jraDt u=Q=DUQB R= |NQ@ VN@ u}= QO xm u}= x@ xHwD =@ |iQ] R=
u=WOwN |Di}W xwQo =@ j@=]t u=Q=DUQB u}= u=mt= OL =D O}=@ 'OvDUy |Y=N
jwi |=yC}OwOLt |DUO VwQ QO xm CU= |r=L QO u}= "OvwW xO=O X}YND
R= |D=@U=Lt G}=Dv |xYqN 4 pwOH "CU= xOWv xDiQo Q_v QO OQ=wt |NQ@ QO
x_Lqt xm Qw]u=ty "OyO|t u=Wv =Q |rai VwQ w |O=yvW}B |[=} Q |=ypOt
w |Q=m Ca=U pm u=R}t 'C=L}HQD 'sQv |=yC}OwOLt R= h=QLv= Q=Okt OwW|t
'j}kLD u}= QO "CU= xDiQo Q=Qk|UQQ@ OQwt =QH= u=tR w u=Q=DUQB|r}tLD |Q=mxi=[=
VwQ� |rai VwQ pL u=tR "Ov=xOW T=}kt|@ |yOuRw R= xO=iDU= =@ hOy `@=wD
|Ov@u=tR pw�Ut xm |v=Q=DUQB QU Q_v R= xO=iDU= =@ 4 pwOH QO OwHwt �|DUO
'|O=yvW}B |[=} Q pOt xm OyO|t u=Wv G}=Dv "CU= xOW sqa= 'OvOw@ u=Q=DUQB
V}=Ri= �13 =Q Q=DUQB C=L}HQD w Vy=m �75 =Q sQv |=yC}OwOLt R= h=QLv=
VwQ R= QDtm Q=}U@ |[=} Q pOt QO |v=tR pwOH O}rwD u=tR |iQ] R= "CU= xO=O
|R} Qxt=vQ@ |xQwO l} QO u=Q=DUQB |Q=mxi=[= pm u=R}t u}vJty "CU= |DUO
Oy=wN u=DUQ=t}@ |=yxv} Ry Vy=m x@ QHvt xm xDi=} Vy=m �20 �xRwQ 28�

"OW
2 pmW QO C}U=UL p}rLD R= u=wD|t |D} Q}Ot |=y|Q}os}tYD Qw_vt x@
=} |Q=mxi=[= x@ R=}v 'u=DUQ=t}@ QO Q=DUQB Ow@tm x@ xHwD =@ xm |Qw] x@ OQm xO=iDU=
|=yxv} Ry |UQQ@ =@ Q}Ot '2 pmW x@ xHwD =@ "OwW|t |UQQ@ Q=DUQB O=OaD V}=Ri=
|Q}os}tYD Ow@ Oy=wN QO=k u=DUQ=t}@ QO OwHwt C=v=mt= u}vJty w OQm} wQ wO Qy
|[=} Q pOt CUQO Q=DiQ 'jwi C}U=UL p}rLD u}= Q@ xwqa "OyO s=Hv= |QDy@

"OyO|t u=Wv =Q |O=yvW}B
�sQv |=yC}OwOLt |R=Uxv}tm � swO hOy `@=D C=Q}}eD 3 pmW QO u}vJty
|=Q@ |rm Qw]x@ "CU= xOW xO=O u=Wv u=Q=DUQB h_wt Ca=U xv}W}@ x@ C@Uv
xv}W}@ V}=Ri= =@ "CW=O Oy=wNv |vOW ?=wH xr�Ut 'Ca=U 170 R= QDtm Q}O=kt
|rw OQm Oy=wN =O}B |yHwD p@=k Vy=m =OD@= hOy `@=D Q=Okt u=Q=DUQB |Q=m Ca=U
\w@ Qt C}OwOLt xm u}= x@ xHwD =@ "Ovm|t =O}B |QDtm ?}W Q=Owtv Vy=m xt=O= QO
CtU V}=Ri= |=R= x@ 'CU= |w=Ut QDtm CQwYx@ u=Q=DUQB |Q=m Ca=U QFm =OL x@
"OwW|t xv}y@ R}v hOy `@=D xH}Dv QO w xOW QDoQR@ R}v xr�Ut |vOW |=[i CU=Q

"sQv |=yC}OwOLt R= h=QLv= x@ \w@ Qt uRw "2 pwOH
R= h=QLv= uRw sQv C}OwOLtsQv C}OwOLt

0 033 |Q=m |wor=
0 383 |Di}W |wor= j@=]t X}YND
0 041 ?W Ci}W X}YND QO Cr=Oa
0 091 ?W w QYa Ci}W R= Oa@ |r}]aD swO RwQ
0 088 p@k xQwO ?W QYa Ci}W R= Oa@ |r}]aD swO RwQ
0 363 Ci}W Qy O=R=t Q=DUQB O=OaD

|Q}owrH |=Q@ |mtm Q}eDt u=wva x@ SP w |vOW |=[i u=wva x@ S "CU= xOW x�=Q=
w 10�3 u}@ ,qwtat lJwm OOa l} u=wva x@ eps w h}a[ QF-wt |=y?=wH R=

"CU= 10�6

max(f1(x)+

eps � (s2=r2 + 10�1 � s3=r3+
:::+ 10�(p�2) � sp=rp))
Subjectto :

f2(x)� s2 = e2

f3(x)� s3 = e3 : : :

fp(x)� sp = ep

si 2 R+

x 2 s (43)

xO=iDU= sQv |=yC}OwOLt uRw u}}aD |=Q@ |HwR C=U}=ktl}vmD R= 'j}kLD u}= QO
'Expert Choice11 Q=Ri=sQv\UwD xOt;CUO x@ |Q=oR=U=v MQv ,=vt["CU= xOW
CUO x@ 0 1 R= QDtm |Q=oR=U=v MQv xm u}= x@ xHwD =@ "CU= xOW VQ=Ro 0 08
h=QLv= uRw 2 pwOH QO [30]"CU= pw@k OQwt |HwR C=U}=kt u}= TB 'CU= xOt;
Q_v j@] xOt; CUO x@ |=yuRw u}vJty "OwW|t xO=O u=Wv sQv |=yC}OwOLt R=

"Ov=xOW pOt OQ=w TBU w xOW ?Q[ 1000 OOa QO u=oQ@N

|OQwt |xar=]t G}=Dv "6
xar=]t u=wva x@ u=QyD s}mL u=tkr u=DUQ=t}@ w}|U|; VN@ u=Q=DUQB |Ov@u=tR
pt=W w}|U|; VN@ QO OwHwt u=Q=DUQB O=OaD "CU= xOW xDiQo Q_v QO |OQwt
Q=DUQB ltm Qiv 8 w Q=DUQB Qiv 25 'Q=DUQB QU Qiv l} O=OaD u}= R= xm Ow@ Qiv 34
u=tR COt "OwW|t s}UkD ?W w QYa 'K@Y |Q=m Ci}W xU x@ RwQQy "OvOw@
QO Ca=U 13 R}v ?W Ci}W w Ca=U 6 QYa Ci}W 'Ca=U 7 K@Y Ci}W
x�=Q= 3 pwOH QO |Q=m |=yCi}W OQwtQO QDW}@ C=}�RH "CU= xOW xDiQo Q_v
CU= CQ=@a K@Y |Q=m Ci}W |=Q@ R=}v OQwt Q=DUQB O=OaD u}vJty "CU= xOW
w QYa |Q=m Ci}W |=Q@ w Q=DUQB ltm Qiv 2 w Q=DUQB Qiv 6 'Q=DUQB QU Qiv 1 %R=
pL |=Q@ 'j}kLD u}= QO "Q=DUQB ltm Qiv 2 w Q=DUQB Qiv 6 %R= CU= CQ=@a ?W
xOW xO=iDU= GAMS Q=Ri=sQv 24; 1; 3 |xNUv R= u=Q=DUQB |Ov@u=tR |xr�Ut
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1037 86400 38756 128623 |rai VwQ G}=Dv
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"u=Q=DUQB |Q=m Ca=U
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