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|=RH= 7|Q}PBl}miD Ovv=t pwYLt Q=DN=U Q}F-=D [44]u=Qo}O w l} Qm VywSB QO
xDiQoQ=Qk |UQQ@ w p}rLD OQwt xDU@xkrL |xQ}HvR |L=Q] Q@ u; |xOvyOp}mWD
'u}= OwHw=@ "CU= xOW|UQQ@ xDU@xkrL u}t-=D |xQ}HvR l} \}=QW u}vJty "CU=
|UQQ@ C}a]k sOa Q}F-=D 'xDiQov Q=Qk V=mvm OQwt |@=} R=@ K]U |xv}y@ u}}aD
C=k}kLD QO =yQ}eDt "CU= xDW=Ov C}aw[wt |Q=mD@==Qi |=ysD} Qwor= w xOWv
u}}aD w pkvwptL |xm@W |L=Q] Q@ [46]u=Qo}O w |}=wW}B w [45]u=Qo}O w |tQyH
'|rY= |=yQ}eDt R= |m} Q[=L VywSB QO xm|r=LQO 'CU= RmQtDt Cq}yUD pLt
sOa ẁv "CU= Cw=iDt sy=@ =yxm@W Q=DN=U u}vJty w CU= |@=} R=@ K]U u}}aD
VwQ ẁv u}vJty w xOQ@s=v |=yQ=m =@ VywSB u}= |=Q@ xOW xDioQ_vQO C}a]k
pL |=Q@ j}kO VwQ R= QwmPt C=k}kLD QO "CU= Cw=iDt R}v Q=wDU= |R=Uxv}y@
pL |=Q@ |Q=mD@==Qi VwQ wQV}B VywSB QO xm|r=LQO 'CU= xOW xO=iDU= xr�Ut
|L=Q] Q@ [47]u=Qo}O w u=v=m |xr=kt RmQtD "CU= xOW O=yvW}B nQR@ O=a@= =@ p�=Ut
K]U Q[=L VywSB QO xm|r=LQO CU= Cq}yUD pLt u}}aD w pkvwptL |xm@W
CQwYx@ =yQDt=Q=B QwmPt VywSB QO u}vJty "CU= s}tYD |=yQ}eDt <RH Ci=} R=@

|=yVwQ |xaUwD =@ [23w22]|mUiQ}tv w p=Dv@ "OW |Oa@ |=yVwQ R= |Q=}U@
C}a]k sOa |=yxawtHt =@ |a]kQ}e |]N |R} Qxt=vQ@ p�=Ut |=Q@ |WwQ u}W}B
|R=i j]vt OQ@ Q=m |xaUwD x@ [24]u=Q=mty w |}=wW}B u;R=TB "OvO=O x�=Q= ?OLt
|x�=Q= x@ [25]hrN w |}=wW}B u}vJty "OvDN=OQB |v=mt= |R} Qxt=vQ@ |=[i QO

"OvDN=OQB Q=wDU= |R=i |R=Uxv}y@ O}OH |=ypOt
p�=Ut QO =yu; R= OvOQm |aU u=kkLt 'Q=wDU= |R=i |=ypOt |xaUwD =@
|R} Qxt=vQ@ pOt l} [24]u=Q=mty w |}=wW}B "OvwW OvtxQy@ R}v u}t-=D |xQ}HvR
pOt pw= hOy xm|r=LQO "OvO=O xaUwD u}t-=D |xQ}HvR l} |=Q@ Q=wDU= |v=mt=
R= xQ}HvR |Q=O}=B V}=Ri= |B QO swO hOy 'Ow@ sDU}U |=yxv} Ry Vy=m =yu;
pOt l} uDiQoQ_vQO =@ [26]wR "Ow@ |a=tDH= |Q}PBC}rw�Ut |R=Uxv}W}@ j} Q]
C}a]k sOa Q@ x@re |=Q@ Q=wDU= |]N |R=Uxv}y@ w |R=i j]vt R= u}t-=D |xQ}HvR
Q=wDU= |R=Uxv}y@ pOt l} [27]w}r w |=@ "OQm xO=iDU= Ct}k x@ xDU@=w |=[=kD
VRQ= |R=Uxv}y@ |=Q@ |R=i |=yQDt=Q=B =@ |L]U xU u}t-=D |xQ}HvR l} |=Q@
|R} Qxt=vQ@ OQm} wQ wO R= [28]u=Q=mty w =tvDQOk "OvOQ@ Q=m x@ 2lU} Q ZQat QO
QO ?=y X}YND � |@=}u=mt |xiOyOvJ |xr�Ut pL |=Q@ Q=wDU= w |R=i |v=tQ;
|R=Uxv}y@ pOt l} [29]|OtLt w |v=OLw "OvOQm xO=iDU= u}t-=D |xQ}HvR |=[i
xaUwD C}a]k sOa CLD xDU@xkrL u}t-=D |xQ}HvR |xm@W |L=Q] |=Q@ xiOywO
|R} Qxt=vQ@ '|}xR=@ |R} Qxt=vQ@ |x}=B Q@ |@}mQD OQm} wQ l} R= pOt pL |=Q@ w OvO=O
|}q] "OvOQm xO=iDU= |R=i |xiOyOvJ |R} Qxt=vQ@ w 'Q=wDU= |R=Uxv}y@ '|r=tDL=
xiOy wO CLSC |=yxv} Ry |R=Uxv}tm |=Q@ Q=wDU= |R=i pOt l} [30]u=Q=mty w
u; OwOLt uwr}UB= VwQ =@ w OvO=O x�=Q= |]}LtCU} R p�=Ut x@ xHwD OQm} wQ =@

"OvOQm pL =Q

u}t-=D |xQ}HvR QO |rt=mD p[=iD sD} Qwor= "3"2
CU= C}atH Q@ |vD@t |Q=mD@==Qi sD} Qwor= l} 3�DE� |rt=mD p[=iD sD} Qwor=
|R=Uxv}y@ p�=Ut pL |=Q@ 1995 p=U QO [31]sQDU= w T}=QB \UwD Q=@ u}rw= xm
hrDNt p�=Ut pL |=Q@ CaQUx@ 'u; |q=@ |}=Q=m p}rO x@ w OW x�=Q= xDUw}B
x@ u}t-=D |xQ}HvR w [34]|OwHwt pQDvm [33]'O}rwD |R} Qxt=vQ@ [32]'|Ov@u=tR Ovv=t
xO=O xaUwD xDUw}B w xDUUo p�=Ut |=Q@ u; R= |irDNt |=yxNUv w OW xDiQo Q=m
O}rwD/VQ=iU |xR=Ov= u}}aD |=Q@ =Q DE sD} Qwor= [35]u=Q=mty w u=J "CU= xOW
x@ xOvvm`} RwD w xOvvmu}t-=D pt=W u}t-=D |xQ}HvR l} QO =yxv} Ry |R=Uxv}tm hOy=@
u}t-=D |xQ}HvR pL |=Q@ =Q xiOyOvJ DE sD} Qwor= [36]p}O=Q=Hwo w w@=@ "OvOQ@ Q=m
[37]u=Q=mty wnv}O "OvDiQo Q=m x@ |QDWt w 'xOvvmO}rwD 'xOvvmu}t-=Dpt=W|L]UxU
pL |=Q@ =Q DE sD} Qwor= '|L]UwO Twmat u}t-=D |xQ}HvR l} uDiQoQ_vQO =@
CQH=yt swyit |Q}oQ=mx@ =@ [38]u=Q=mty w wR "OvOQ@ Q=m x@ xDN}t; |]NQ}e pOt
"OvO=O x�=Q= u}t-=D |xQ}HvR p�=Ut pL |=Q@ |}xDi=}Ow@y@ DE sD} Qwor= 'Q}=Wa
|OwHwt pQDvm |xr�Ut p}rLDwx} RHD |=Q@ =Q DE sD} Qwor= [39]wR}t}W w T=} QD=i
[40]u=Q=mty w Q=}] "OvDiQo Q=m x@ |L]UwO u}t-=D |xQ}HvR l} QO |}xQwO QwQt
u}t-=D |xQ}HvR l} |=Q@ wDQ=B |=y?=wH O=H}= |=Q@ =Q xiOyOvJ DE sD} Qwor=
|=Q@ =Q OQ=Ov=DU= DE sD} Qwor= [41]xr=Ovw w Rvm}r "OvOQ@ Q=m x@ xv=oOvJ h=Oy= =@
=@ K}LY OOa |]NQ}e u}t-=D |xQ}HvR pOt l} QO xDW=@v= |xR=Ov= |xr�Ut pL
R}Or}} "OvOQ@ Q=m x@ |R=Ov=x=Q |=yxv} Ry w p} wLD u=tR Ow@y@ |=Q@ |r=tDL= |=yQDt=Q=B
u}t-=D |xQ}HvR pOt l} |R=Uxv}y@ |=Q@ =Q DE |x}=B Q@ sD} Qwor= l} [42]u=Drw= w
'4�GA� l}DvS |=ysD} Qwor= =@ xU}=kt QO =Q DE QDq=@ CkO w |}=Q=m w OvOQ@ Q=mx@
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l}&xOW|Q=PohOy K]U R=
&i O}rwD RmQt O}rwD C@=F |xv} Ry %fi

&Q=PoCU=}U \UwD xOW |Q=PohOy Ci=} R=@ K]U %�
&j |QDWt x@ i O}rwD RmQt R= pwYLt OL=w l} ptL |xv} Ry %TIJij

&k|Qw;`tH RmQt x@ j |QDWt R=|DWoQ@ pwYLt OL=wl}ptL|xv} Ry %TKIjk
RmQt R= xOWCi=} R=@ OYQO 100 pwYLt OL=w l} ptL |xv} Ry %TKIki

&i O}rwD RmQt x@ k |Qw;`tH
&k |Qw;`tH RmQt QO |DWoQ@ pwYLt OL=w l} pt=m Ci=} R=@ |xv} Ry %ak

&k |Qw;`tH RmQt QO |DWoQ@ pwYLt OL=w l} `iO |xv} Ry %ek
&|Qw;`tH RmQt l} O=H}= |xv} Ry T=}kt QDt=Q=B %�

&k |Qw;`tH RmQt CN=U |=Q@ R=}v OQwt C@=F |xv} Ry %ck
&CN=U p@=k |Qw;`tH RmQt O=OaD |xv}W}@ %n

&i O}rwD RmQt C}iQ_ |xv}W}@ %cai
&k |Qw;`tH RmQt C}iQ_ |xv}W}@ %crk

&pwYLt CWoR=@ OYQO %�
"nQR@ OOa l} %M

=yQ}eDt "2"4
&Ci=} R=@ K]U %B

&j |QDWt x@ i O}rwD RmQt R= xDi=}p=kDv= pwYLt Q=Okt %QIJij
&k |Qw;`tH RmQt x@ j |QDWt R= xDi=}p=kDv= pwYLt Q=Okt %QJKjk

&i O}rwD RmQt x@ k |Qw;`tH RmQt R= xDi=}p=kDv= pwYLt Q=Okt %QKIki
QiY CQwYu}= Q}e QO &OwW E=OL= k |Qw;`tH RmQt Qo = CU= l} Q@=Q@ %Xk

&CU=
QiY CQwYu}= Q}e QO &OQ}o s=Hv= O}rwD i O}rwD RmQt QO Qo = CU= l} Q@=Q@ %Yi

"CU=

|]NQ}e |R} Qxt=vQ@ pOt "3"4
l}DUHr |xm@W|L=Q]|xr�Ut|]NQ}e|R} Qxt=vQ@ pOt 'jwi|=yO=tvT=U= Q@
"CU=7 =D 1\@=wQ ẁtHt|R=Uxv}tmpt=WhOy`@=D "OwW|t x�=Q=Twmat/s}kDUt
X
j

X
i

TIJijQIJij +
X
k

X
j

TJKjkQJKjk

+
X
i

X
k

TKIkiQKIkiB (1)X
k

ckXk +
X
k

�B2Xk (2)X
j

X
k

akBQJKjk (3)X
j

X
k

ek (1�B)QJKjk (4)X
i

X
k

QKIki (Bri + (1�B)mi)

+
X
i

mi

 X
j

QIJij �X
k

QKIki

!
(5)

O=yvW}B |ak=w O=a@= =@ p�=Ut pL |=Q@l}DvS sD} Qwor= w Ov=xOW xDiQo Q_vQO |a]k
|@=} RQ= |=yVwQ u}= Q@ xwqa "CU= xOWv x�=Q= ?=wH V}=tv |x} wQ =t= CU= xOW
"CU= [47]u=Qo}O w u=v=m xr=kt R= Cw=iDt j}kLD u}= QO |Q=mD@==Qi sD} Qwor= OQmrta

xr�Ut h} QaD "3
O}rwD x@hrDNt |=yu=mt QO O}rwD RmQt u}OvJ uDW=O =@ xm O} Q}o@ Q_v QO =Q |DmQW
QO CrwO |=yCU=}U x@ xHwD =@ "OR=OQB|t OwN u=} QDWt x@ x�=Q= |=Q@ |rwYLt
CU} R\}Lt ^iL hOy =@ swOCUO CqwYLt Ci=} R=@ w ut}= `iO '|Qw;`tH
j} Q] R= =yxv} Ry Vy=m x@ CmQW u=Q}Ot xHwD u}vJty w |iQYt `@=vt Vy=m w
Qo}O |DmQW =@ O=OQ=Qk Oka OOYQO CmQW '|DWoQ@ CqwYLt R= OOHt |xO=iDU=
|xi}_w Rm =Qt u}= "CU= |DWoQ@ CqwYLt |Qw;`tH RmQt OvJ =}l} E=OL= |=Q@
R= xO=iDU= |=Q@ "OvQ=O xOya Q@ =Q `iO w 'Ci=} R=@ 'V}=tR; '|DWoQ@ pwYLt |Qw;`tH
pm OwU QO Cm =QW ?ULQ@ Ci=} R=@ CmQW =@ O=OQ=Qk 'xJQ=Bm} C} Q}Ot |=yC} Rt
Ci=} R=@ |Qw=:vi x@|@=}CUO |=Q@ |Q=Pox}=tQU x@ R=}vCi=} R=@CmQW "CU= xQ}HvR
Ci=} R=@|DWoQ@ CqwYLt R= |QDW}@ OYQO 'OW=@ QDq=@ |Q=Pox}=tQU QOkJQy "OQ=O
[11]u=Q=mty w nv=w |xr=kt Ovv=ty 'OW=@ pwYLt Ci=} R=@ OYQO B Qo = "OwW|t
QO xm s} Q}o|t Q_v QO ��B2 CQwYx@ =Q |Qw;`tH RmQtl} |Q=Pox}=tQU |xv} Ry
V}=Ri= =@ T=U= u}= Q@ "CU= |Qw;`tH RmQt l} O=H}= |xv} Ry T=}kt QDt=Q=B � u;
"O@=}|t V}=Ri= |}xOv}=Ri Qw]x@ |Qw;`tH RmQt l} O=H}= |xv} Ry 'Ci=} R=@ K]U
V=O=B � R= QDW}@ OYQO Q}O=kt |=Q@ w CU= xDiQo Q_vQO � Q@=Q@ |iOy K]U CrwO
x@ Ci=} R=@ K]U u}}aD |B QO CmQW "CU= xDiQo Q_v QO xt} QH QDtm Q}O=kt |=Q@ w
Ci=} R=@ Rm =Qt u=mt w O=OaD u}}aD "OwW xv}tm xQ}HvR pm |xv} Ry xm CU= |}xvwo
pkvwptL Q}O=kt u}}aD u}vJty "OwW P=ND= O}=@ xmCU= |OQ@y=Q C=t}tYD xrtHR=
O=wt wCi=} R=@ Rm =Qt x@ u=} QDWt R=|DWoQ@ pwYLt 'u=} QDWt x@O}rwD Rm =Qt R= pwYLt
"OwW P=ND= O}=@|vi K]U C=t}tYD u=wvax@ O}rwD Rm =Qt x@Ci=} R=@ Rm =Qt R=|Di=} R=@

%CU= xOW xDiQoQ_vQO xr�Ut |R=UpOt |=Q@ Q} R |=yZQi T=U= u}= Q@
"CU= C@=F w XNWt u=} QDWt w O}rwD Rm =Qt u=mt �

"CU= XNWt |Qw;`tH Rm =Qt xwkr=@ u=mt �
"OwW |Qw;`tH O}=@ u=} QDWt R= |DWoQ@ CqwYLt s=tD �

"CU= OwOLt CN=U p@=k |Qw;`tH Rm =Qt O=OaD |xv}W}@ �
"CU= u=Um} wv O=wt w |Di=} R=@ O=wt R= xOWxDN=U pwYLt C}i}m �

|R=UpOt "4
=yQDt=Q=B w =yT}Ov= "1"4

&i = 1; 2; :::; I O}rwD Rm =Qt T}Ov= %i
&j = 1; 2; :::; J u=} QDWt T}Ov= %j

&k = 1; 2; :::;K |Qw;`tH Rm =Qt T}Ov= %k
&j |QDWt |=[=kD %dj

&wv O=wt |Q}oQ=mx@ =@ i O}rwD RmQt QO pwYLt OL=w l} O}rwD |xv} Ry %mi

&Ci=} R=@ O=wt |Q}oQ=mx@ =@ i O}rwD RmQt QO pwYLt OL=w l} O}rwD |xv} Ry %ri
|@=} R=@ K]U Vy=m =} V}=Ri= OYQO l} |=Q@ xOWxDiQoQ_vQO xt} QH =} V=O=B %v
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=vY

|U
Ovyt |ov}y@ |Q=wDU= "Ov=t@ |k=@ |vOW 'C}a]k sOa |=Q=O |=yQDt=Q=B umtt Cq=L

C} QFm =� s=tD |=Q@ O}=@ Q=wDU= ?=wH |=R=x@ hOy `@=D Q=Okt xm CU= swyit u}O@
Q=Okt x@ l}ORv 'C}a]k sOa |=Q=O |=yQDt=Q=B umtt Cq=L �j=iD=x@ ?} Qk
xDW=O OwN |xv}y@ Q=Okt R= =Q h=QLv= pk=OL Qo}OCQ=@ax@ =} xOw@ OwN |xv}y@
|xr�Ut l} |=Q@ Q=wDU= |=y?=wH x@ |@=}CUO p=@vO x@ Q=wDU= |R=Uxv}y@ "OW=@
sOa w =yQDt=Q=B s=y@= Q@=Q@ QO xOvQ}os}tYD R= C_i=Lt |=Q@ w CU= |R=Uxv}y@
l}ORv |=y?=wH p=@vOx@ xOvQ}os}tYD OQm} wQ u}= QO "OwW|t xDiQo Q=mx@ C}a]k
xOvQ}os}tYD x@ VwQ u}= "OvW=@ xHwt |}q=@ p=tDL= =@ xm CU= xv}y@ ?=wH x@
[48]"Ovm Q=QkQ@ uR=wD sDU}U u=v}t]= C}r@=k w |O=YDk= OQmrta u}@ OyO|t xR=H=
C}a]k sOa |awv xm OwW|t xDiQo Q=mx@ |r�=Ut QO Q=wDU= |R=Uxv}y@ T=U= u}= Q@
QO C}a]k sOa [49]u=Q=mty w qwt h} QaD T=U= Q@ "OW=@ xDW=O OwHw =yu; QO
w h=Oy= QO |Q}PBh=]av= %OwW|t s}UkD |rm |xDUO wO x@ |R=Uxv}y@ p�=Ut
xm �|v=mt= |R} Qxt=vQ@� =yxO=OQO C}a]k sOa &�h]avt |R} Qxt=vQ@� =yC}OwOLt
u}= QO "OwW|t |Ov@xk@] 11|DN=vW C}a]k sOa w 10|iO=YD ẁv wO x@ OwN
[51w50]'hOy `@=D ?}=Q[ '=yxO=O QO |DN=vW C}a]k sOa uDiQoQ_vQO =@ xr=kt
|R=i OOa CQwYx@ w |a]kQ}e [55�53w25]|Qw;`tH Rm =Qt C}iQ_ w [52w51]=[=kD
'OvDUy C}r=ai p=L QO w OwHwt =yxv=NQ=m xm =Hv;R= "OwW|t xDiQo Q_v QO |FrFt
OQm} wQ R= xr=kt u}= QO "OwW|t xDiQo Q_vQO |a]k w XNWt =yu; C}iQ_
"OwW|t xO=iDU= [25]hrN w |}=wW}B \UwD xOWx�=Q= Q=wDU= |v=mt= |R} Qxt=vQ@
|xv} Ry =@ Ovvm|t |aU xm xv=Q=mx_i=Lt |=yVwQ TmaQ@ xOWxDiQo Q=mx@ VwQ
|=yxv} Ry w |Q=wDU= u}@ |k]vt pO=aD O=H}= p=@vOx@ 'Ovvm xr@=ktC}a]k sOa =@ q=@
x@ |}=yv ?=wH xm Ovm|t u}}aD xv} Ry |=yQDt=Q=B xm swyit u}O@ "CU= |Q=wDU=

"OyO VWwB xv} Ry hQY =@ =Q C}a]k sOa u=R}t xJ
%O} Q}o@ Q_v QO |} wOwO w xDUw}B |=yQ}eDt =@ =Q Q} R |]N |R} Qxt=vQ@ pOt

Min cx+ fy

s:t: Ax � d
Sx � Ny

y = 0 or 1; x � 0 (16)

`@=D pw= CQ=@a u; QO xm OW=@ u}t-=D |xQ}HvR |twta pOt l} Ov=wD|t 16 pOt
Cq}yUD E=OL= C@=F |=yxv} Ry |=} wo swO CQ=@a w Q}eDt |=yxv} Ry Qou=}@ hOy
C}OwOLt Qou=}@ swO C}OwOLt w =[=kD C}OwOLt Qou=}@ pw= C}OwOLt "CU=
d Q=OQ@ w hOy `@=D QO f w c |=yQ=OQ@ xmv}= ZQi =@ "CU= Cq}yUD C}iQ_
|R=i O=Oa= CQwYx@ w OvW=@ C}a]k sOa |=Q=O =yC}OwOLt QO N T} QD=t w
w |}=wW}B w [56]u=Q=mty w Rvt}N \UwD xOWx�=Q= OQm} wQ T=U= Q@ 'OvW=@ |FrFt

%CU= Q} R CQwYx@ u; |v=mt= |R} Qxt=vQ@ x}=B pOt [57]|@=QD
Min

�
c(1) + c(2) + c(3)

3
�
x+

�
f (1) + f (2) + f (3)

3
�
y

s:t: Ax � �1
�
d(2) + d(3)

2
�

+ (1� �1)
�
d(1) + d(2)

2
�

Sx �
�
�2
�
N (1) +N (2)

2
�

+ (1� �2)
�
N (2) +N (3)

2
��

y

y = 0 or 1; x � 0 (17)

`@=D QO |R=i O=Oa= |Q=_Dv= Q}O=kt R= pOt u}= QO OwW|t xOy=Wt xm Qw]u=ty

X
i

fiYi (6)

100 � V (� �B) (7)

Rm =Qt x@u=} QDWt R= 'u=} QDWt x@O}rwD Rm =Qt R=�pkvwptL|=yxv} RyxOvvmu=}@1|x]@=Q
Rm =Qt CN=U |xv} Ry 2 |x]@=Q "CU= �O}rwD Rm =Qt x@ |Qw;`tH Rm =Qt R= '|Qw;`tH
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6|x]@=Q 'Ci=} R=@ w wv O=wt|Q}oQ=mx@ =@O}rwD|xv} Ry5|x]@=Q "CU=\=kU=O=wt`iO
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B � 1 (15)

XNWt 9 C}OwOLt "CU= u=} QDWt |=[=kD u}t=D xOvvm u}t[D 8 C}OwOLt
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"OwW|t xO=iDU= GvQ]W |Ov@x@DQ Q@|vD@t |@=} RQ=
RPD w =y?=wH u}ov=}t '?=wH u} QDy@ "1"2"8

pY=L G}=Dv 7 pwOH 'hkwD Q=}at u=wvax@ =ysD} Qwor= |=QH= u=tR uDiQoQ_vQO=@
"OyO|t u=Wv xvwtv |xr�Ut 21 |=Q@ =Q GA w |O=yvW}B sD} Qwor= wO |=QH= R=

"CU= xr�Ut Qy pL Q=@ 6 |=yRPD u}ov=}t RPD '7 pwOH QO
w 4 Tqm R= 6 w 3 p�=Ut QO =yvD CU= XNWt 7 pwOH QO xm Qw]u=ty
OyO|t u=Wv Qt= u}= "CU= QDy@ DE R= GA ?=wH u} QDy@ 5 Tqm R= 9 xr�Ut
|=Q@ |w=Ut |=y=QH= O=OaD QO l}DvS sD} Qwor= x@ C@Uv |O=yvW}B sD} Qwor= xm
u}vJty "Ovm|t O=H}= |QDy@ ?=wH C=kw= QDW}@ QO Q@=Q@ u=tR QO w xr�Ut l}
Tqm R= 12 w 9 p�=Ut '4 Tqm R= 6 w 3 p�=Ut QO xm CU= u}= Qou=}@ 7 pwOH
uwDU "CU= QDy@ DE R= GA |=y?=wH u}ov=}t 6 Tqm R= 16 xr�Ut w 5

"xO=iDU= OQwt l}DvS sD} Qwor= C=YNWt "6 pwOH
KQW GA xYNWt

|O=yvW}B C} wrw= Q@ |vD@t V}=tv VwQ ?=wH V}=tv
|iO=YD x}rw= ?=wH
hOy `@=D j@=]D |@=} RQ=

[64]CvtvQwD �4 ?=NDv= Qorta
O}OH pUv x@ |r@k pUv ?=wH u} QDy@ p=kDv= O}rwDR=@
CN=wvm} w [65]�PMX� |WN@ CW=ov ?}mQD

xrO=@t w p=kDv= VyH
92 C}atH |xR=Ov=

0 16 VyH MQv
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h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "GA w DE |xU}=kt "7 pwOH

u=tR GA DE Tqm xr�Ut
(S) RPD u}ov=}t u} QDy@ RPD u}ov=}t u} QDy@
25 1 18 545913 539546 1 21 543236 536741 4 1
25 1 16 557791 551395 1 08 553828 547911 4 2
25 1 14 593532 586842 1 19 594960 587963 4 3
25 1 11 611241 604531 1 14 608092 601238 4 4
25 1 09 618208 611542 0 99 617031 610982 4 5
25 1 17 630809 623514 1 15 631733 624551 4 6
25 1 09 648916 638951 1 23 643263 635447 4 7
45 1 75 921264 905419 1 68 917022 901871 5 8
45 1 90 955635 937816 1 95 956715 938416 5 9
45 1 89 967569 949621 2 05 965607 946210 5 10
45 1 99 992891 973518 1 94 987209 968422 5 11
45 1 06 993367 982948 1 85 996094 978001 5 12
45 1 86 1020785 1002145 2 10 1017172 996251 5 13
45 1 94 1044031 1024162 1 84 1042491 1023656 5 14
60 2 45 1671978 1631994 2 38 1663822 1625144 6 15
60 2 49 1692414 1651297 2 64 1693408 1649852 6 16
60 2 86 1814664 1764208 2 75 1807942 1759554 6 17
60 2 67 1862567 1814130 2 45 1854357 1810012 6 18
60 2 74 1900355 1849674 2 64 1894992 1846251 6 19
60 2 37 1909048 1864851 2 43 1908422 1863148 6 20
60 2 61 1982409 1931984 2 31 1969932 1925454 6 21

%|rY= Q}O=kt x@ x@DQ h=QLv= w x@DQ p}O@D "12

R0 = 173 7178�0 + 1500 (56)

RD0 = 173 7178�0 (57)

"CU= u; QDy@ OQmrta Qou=}@ sD} Qwor= l} QDq=@ x@DQ 'G}=Dv p}rLD "13
�99 7 u=v}t]= |xrY=i '=ysD} Qwor= s=tD |=Q@ jwi pL=Qt |=QH= R= TB
sD} Qwor= wOu=v}t]=|xrY=i Qo = "OwW|t x@U=Lt[R� 3RDR + RD]CQwYx@
Oy=wN Cw=iDt |Q=O|vat Qw]x@ sD} Qwor= wO OQmrta 'OW=@ xDW=Ov |v=WwBty sy=@

"Ow@
4 |=yTqm R= xr�Ut 21 'xr=kt u}= QO CRS4EAs VwQ |Q}oQ=mx@ |=Q@
[67]utm}ro O=yvW}B j@] "OW pL GA w DE |=ysD} Qwor= =@ Q=@ 6 l} Qy 6 =D
w 350 '1500 Q@=Q@ ?}DQDx@ � |x@DQ C=v=Uwv w RD |x@DQ h=QLv= 'R |x@DQ
Tqm =@ xr�Ut R= Tqm Qy T=}kt xm|}=Hv;R= "OW u}}aD sD} Qwor= wO Qy |=Q@ 0 06
CQwYx@ w xv=o =OH Tqm Qy |=Q@ |w=UD u}}aD |xOwOLt 'CU= Cw=iDt Qo}O
swyit u=O@ u}= "OW xDiQo Q_v QO "6 = 1700 w "5 = 1000 '"4 = 600
wO |=QH= R= xOWpY=L ?=wH Cw=iD Qo = 4 Tqm R= xr�Ut l} |=Q@ ,qFt xm CU=
8 pwOH "OwW|t xDiQoQ_vQO |w=Ut |R=@ u; |xH}Dv OW=@ 600 R= QDtm sD} Qwor=

"OyO|t u=Wv =Q =y|R=@ G}=Dv
QO |R=@ 126 ẁtHt R= DE sD} Qwor= OyO|t u=Wv 8 pwOH xm Qw]u=ty
sD} Qwor= |QDQ@ R= u=Wv u}= "CU= xDW=OCN=@ 38 w |w=UD 11 'OQ@ 77 'GA p@=kt

%x@DQ QO xOWO=H}= Ow@y@ |x@U=Lt "8

� = �
LX
l=1

NX
n=1

JX
j=1

g (�j) (Sj;n;l � E (�; �j ; �j)) (51)

|=ys=o � "Illinois sD} Qwor= |Q}oQ=mx@ =@ (�0) x@DQ O}OH C=v=Uwv uDi=} "9
Q} R CQwYx@ xO=iDU= OQwt `@=D �"CU= xOy=Wt p@=k Illinois[68] sD} Qwor=

%CU=
f (x) =

ex
�
�2 � �2 � � � ex�
2(�2 + � + ex)2 � x� ln

�
�2�

� 2 (52)

xmu}= ZQi =@ "OwW|t xO=iDU= `@=D |=yQiY uDi=} |=Q@ Illinois sD} Qwor= R=
"Ow@ Oy=wN ex0=2 Q@=Q@ �0 'OW=@ `@=D u}= QiY \=kv R= |m} x0

%xQwO V}B |x@DQ x@ |@=}CUO |=Q@ x@DQ h=QLv= |v=UQRwQx@ "10

�� =
�
�2 + �02

�0 5
(53)

%i um} R=@ |x@DQ h=QLv= w x@DQ |v=UQRwQx@ "11

�0 =
� 1
��2 + 1

�

��0 5
(54)

�0 = �+ �02
LX
l=1

NX
n=1

JX
j=1

g (�j) (Sj;n;l � E (�; �j ; �j)) (55)
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l}|=Q@ CLSC pOt l} |x�=Q= x@ xr=kt u}= QO T=U= u}= Q@ "Ovvm|t OwQw Qt= u}=
|@=} R=@ K]U u}}aD w |Qw;`tH Rm =Qt pLt u}}aD 'pkvwptL |xm@W |L=Q]R=@
sDU}U |=yxv} Ry x@ xHwD =@ xm CU= |]NQ}e pOt l} xOWx�=Q= pOt "s}DN=OQB
"Ovm|t XNWt =Q |@=} R=@ C}r=ai K]U 'Q=PoCU=}U |xt} QH =} V=O=B Q=Okt w
Q_vQO |FrFt |R=i O=Oa= CQwYx@ w |a]kQ}e =yQDt=Q=B 'pOt uDN=U QD|ak=w |=Q@
|R=Uxv}y@ VwQl} R= 's}tYD u=v}t]=C}r@=kV}=Ri= Qw_vtx@ u}vJty "OW xDiQo
'nQR@ O=a@= QO pOt pL QO Rto Q=Ri=sQv |}=Q=m sOa x@ xHwD =@ "OW xDiQo xQy@ Q=wDU=
R= |O=yvW}B DE sD} Qwor= QO "OW xO=iDU= |rt=mD p[=iD |Q=mD@==Qi sD} Qwor= R=
C} wrw= Q@|vD@t V}=tv VwQ "OW xO=iDU= C} wrw= Q@|vD@t ?=wH V}=tv VwQ l}
C} wrw= Q@|vD@t OQ=Ov=DU= VwQ x@ C@Uv |QDq=@ |}=Q=m xm OW xDiQo Q=mx@ |}xvwo x@
|}xrLQtOvJ |Q=ovRtQ VwQ l} =@ swRwtwQm Qy =@ Q_=vDt ?=wH "OW=@ xDW=O
wO w VyH Qorta wO R= swRwtwQm |Q=DN=U C}y=t p}rOx@ u}vJty "OW G=QNDU=
'DE sD} Qwor= OQmrta Ow@y@ |=Q@ "OW xO=iDU= DE sD} Qwor= Ov}=Qi QO?}mQD Qorta
|xU}=kt "OW s}_vD =yQDt=Q=B 'K]U MU=B VwQ x@ =yV}=tR; |L=Q] R= xO=iDU= =@
|m =L 'lJwm p�=Ut QO Rto j}kO |=y?=wH =@ DE \UwD xOWO=H}= |=y?=wH
w Rto \UwD hrDNt Tqm 4 R= xr�Ut 28 "CW=O DE |=y?=wH sm h=QLv= R=
|=]N u}ov=}t "OW x@U=Lt �1 33 Q@=Q@ DE |=]N u}ov=}t xm OW pL DE

xr�Ut 7 R= xr�Ut 6 QO "OW pY=L �2 23 Q@=Q@ Tqm u} QDxO}J}B p�=Ut QO DE

u}= R= xr�Ut 4 QO w Ow@ xv}y@ ?=wH Q@=Q@ DE ?=wH u} QDy@ 'Tqm u} QDxO=U QO
u=tR u} QDW}@ "OW xv}y@ ?=wH x@ |@=}CUO x@ QHvt DE |=y=QH= s=tD p�=Ut
Rto xm|r=L QO OW C@F x}v=F 25 'DE |=Q@ Tqm u} QDxO}J}B R= xr�Ut l} pL
OQmrta |xU}=kt xJQo = "CW=O xr�Ut u=ty pL |=Q@ u=tR x}v=F 6173 x@ R=}v
|=Q@ 'CW=O |O=yvW}B sD} Qwor= ?wN OQmrta R= u=Wv Rto j}kO OQm} wQ =@ DE

21 pL "OW xO=iDU= l}DvS sD} Qwor= R= nQR@ O=a@= =@ p�=Ut QO QDW}@ |@=} RQ=
x@ C@Uv |O=yvW}B sD} Qwor= 'p�=Ut �85 QO O=O u=Wv hrDNt Tqm 3 R= xr�Ut
u}vJty "Ovm|t O=H}= |QDy@ ?=wH Q@=Q@ u=tR QO w |w=Ut |=y=QH= O=OaD QO GA

OwHw=@ "CW=O GA R= |QDy@ C}a[w DE |=y?=wH u}ov=}t 'p�=Ut �76 QO
GA Q@ DE sD} Qwor= |QDQ@ R= u=Wv |@Uv h=QLv= OYQO u}ov=}t XN=W u}=
l} R= 'sD} Qwor= wO |xU}=kt Q=@Da= V}=Ri= |=Q@ "CW=Ov =y?=wH |oOvm =QB QO
|R=@ 126 G}=Dv "OW xO=iDU= 2- wm}ro sDU}U T=U=Q@ GvQ]W |Ov@x@DQ sDU}U
u}= Qou=}@ G}=Dv u}vJty "CU= xOWv GA ?wret DE '`k=wt �69 QO O=O u=Wv
|QDy@ OQmrta |Q=O|vat Qw]x@ �99 7 u=v}t]= K]UQO DE sD} Qwor= xm Ow@

"OQ=O GA x@ C@Uv

"GA w DE |wQQOwQ |=y|R=@ G}=Dv "8 pwOH
ẁtHt GA DE xH}Dv sD} Qwor=
77 77 { OQ@
38 38 { CN=@ DE

11 11 { |w=UD
38 { 38 OQ@
77 { 77 CN=@ GA

11 { 11 |w=UD

"u=v}t]= pY=wi w '=yx@DQ h=QLv= '=yx@DQ "9 pwOH
RI RD R sD} Qwor=

[1520� 1795] 45 86 1658 DE

[1204� 1479] 45 86 1342 GA

CRS4EAs VwQ |QDQ@ u}= uOw@ Q=O|vat u}}aD |=Q@ "OQ=O GA x@ C@Uv DE

9 pwOH QO �99 7 u=v}t]= pY=wi w '=yx@DQ h=QLv= '=yx@DQ "OW xDiQo Q=mx@ =Q
"CU= xOW x�=Q=

OL=w 185 =@ DE sD} Qwor= |x@DQ CU= XNWt 9 pwOH QO xm Qw]u=ty
GA |x@DQ xmCU=|r=L QO u}= "CU= xOQm =O}B =kDQ= 1685 x@ x}rw= 1500 R= Ow@y@
|v=WwBty sD} Qwor= wO u=v}t]= pY=wi xm|}=Hv;R= "CU= xOQm =O}B pRvD 1342 x@
GA x@C@Uv |QDy@ OQmrta |Q=O|vat Qw]x@ DE sD} Qwor= OwW|t xH}Dv 'OvQ=Ov

"OQ=O

|Q}oxH}Dv "9
V}=Ri= ?Hwt '|iQYt `@=vt R= OOHt |xO=iDU= w |]}LtCU} R p�=Ut x@ xHwD
|=yCmQW R= |Q=}U@ xm =Hv;R= "CU= xOW Twmat u}t-=D |xQ}HvR C} Q}Ot C}ty=
OwQw 'Ov=xOQm |L=Q] s}kDUt CQwYx@ =Q OwN u}t-=D |xQ}HvR 'C}r=ai p=L QO
|L=Q]R=@ x@ CLSC |=}=Rt x@ |@=}CUO |=Q@ u}t-=D |xQ}HvR x@ |Qw;`tH Rm =Qt
x@ R=}v 'OwHwt |xm@W QO |Qw;`tH Rm =Qt uOv=Hvo |iQ] R= "OQ=O R=}v xQ}HvR
u=wD lJwm |=yCmQW R= |Q=}U@ xm OQ=O Ci=} R=@ |Qw=:vi ?Um w |Q=Pox}=tQU
x@ =yjwWt u} wOD w Q=Wi p=ta= =@ =yCrwO 'wQu}= R= "OvQ=Ov =Q Q=m u}= |O=YDk=

=yCWwv=B
1. closed loop supply chain
2. value-at-risk
3. di�erential evolution
4. genetic algorithm
5. tabu search
6. particle swarm optimization
7. modularity

8. feasibility robustness
9. optimality robustness
10. randomness
11. epistemic uncertainty
12. encoding
13. Pr�ufer number
14. Decoding
15. insert
16. two cut
17. response surface methodology
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Ovyt 18. relative percent deviation

19. Tournament
20. uniform
21. partially-mapped crossover
22. swap
23. shift
24. chess rating system for evolutionary algorithms
25. null hypothesis signi�cance testing
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