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=yv; OOa O}=@ xm 'CU= syt ẁ[wtl} u=wva x@ pOt |OwQw |=yQDt=Q=B Q=Okt u}}aD
x@ \w@ Qt Q}O=kt 'Q[=L VywSB QO "OwW |yOQ=Okt |k]vt Q=DN=U l} T=U= Q@
|xQ=}atOvJ |Q}os}tYD |=ypOt |vt}= u=R}t wlU} Q 'Cq}yUD E=OL= |xv} Ry
"CU= xOW u}}aD [15]'�2019� u=Q=mty wh} QWQ=oR}yQBVywSB T=U= Q@ xOW x�=Q=
xOW u}}aD V}B R= \}=QW CLD |[=} Q |R=Uxv}y@ |xRwL p�=Ut xm |}=Hu; R=
"OwW xDiQo Q_v QO x}rw= C=[wQit xm CU= R=}v u}=Q@=v@ 'Ovvm|t xr�Ut pL x@ s=Ok=

%Ov=xOW K} QWD CQwY u}= x@ C=[wQit u} QDsyt R= |NQ@ 'Q[=L VywSB QO
"CU= XNWt x=oQ=m QO |}=tv=H CyH Cq}yUD O=OaD "1

"CU= TQDUO QO w XNWt p}yUD Qy |=Q@ |}=tv=H |=yxv} Ry "2
"CU= XNWt Cq}yUD u}@ |k]vt \=@DQ= OwHw sOa =} w OwHw "3

?U=vt|}=tv=H |=QH= w|vt}= K]U u}}aD QO syt |=yQ=}atQ} R w =yQ=}at O=OaD "4
"CU= XNWt

XNWt =yQ=}at R= l} Qy u=Rw= u}}aD QO Q=mty u=U=vWQ=m w u=oQ@N O=OaD "5
"CU=

CQwY u}= x@ xr�Ut |[=} Q pOt 'pw= VN@ QO xOW x�=Q= ?r=]t x@ xHwD =@
%CU= xOW |L=Q]

=yO=tv w =yxawtHt �
I = f1; 2; ::g E=OL= CyH OwHwt Cq}yUD |xawtHt %I

J = f1; 2; :::g Cq}yUD E=OL= CyH xwkr=@ \=kv |xawtHt %J

QO "Ov=xDN=OQB |D=}rta |QwxQy@ w |vt}= Ow@y@ CyH nQR@ R=UwCN=U |=yxSwQB
%pt=W 's}tYD u=@}DWB sDU}U l} ?r=k QO |rOt R}v �2018� |Qo}O VywSB
|R=Uxv}y@ '|Dkwt R=UwCN=U Cq}yUD w O}Ov=m |=yu=mt|}=U=vW '|OwQwpL=Qt
w 1nv}v u}vJty [10]"CU= xOW |L=Q] |HwQN w ?=NDv= w |@=} RQ= '|}=tv=H
lU} Q u=R}t |R=Uxv}tm %pt=W 'xiOy xU |R=Uxv}y@ pOt l} '�2019� u=Q=mty
CmQL |vt}= |R=Uxv}W}@ w O=wt u=} QH |vt}= |R=Uxv}W}@ 'Cq}yUD E=OL=
|xiOyOvJ |R=Uxv}y@ sD} Qwor= R= R}v xr�Ut pL CyH w x�=Q= |v=Uv= |wQ}v
pt=W '|@}mQD |R=Uxv}y@ sD} Qwor= l} u=W}= [11]"Ov=xOQm xO=iDU= u=oJQwt |vwrm
Q=O}=B |xaUwD |=yQ=}at uDiQo Q_v QO =@ u=oJQwt |vwrm w l}DvS |=ysD} Qwor=
=Pr &Ov=xO=O xaUwD R=UwCN=U |=yxSwQB QO |y=oQ=m Cq}yUD |@=}u=mt CyH
xOW |UQQ@ OQ=Ov=DU= |OOa |xvwtv 50 '|O=yvW}B sD} Qwor= |}=Q=m |UQQ@ CyH
|UQQ@ Qw_vt x@ "CU= |O=yvW}B sD} Qwor= |}=Q=m R= u=Wv |OOa G}=Dv xm 'CU=
xQ=W= Q}N= |=yVywSB u} QDsyt R= |NQ@ x@ 1 pwOH QO 'u}W}B C=ar=]t QDj}kO

"CU= xOW
OQwt QO |at=H |xar=]t uwvm =D 'OwW|t xOy=Wt 1 pwOH QO xm Qw] u=ty
xOWv s=Hv= Cq}yUD E=OL= |xv} Ry w lU} Q '|vt}= K]U u=tRsy |R=Uxv}y@
u=wva x@ QwmPt |=yQ=}at x@ '|ak=w |=}vO \}=QW QO xm CU= |r=L QO u}= "CU=
|xaUwD QO u}vJty "CU= xOW xHwD |y=oQ=m Cq}yUD |}=tv=H QO |O}rm QY=va
xDN=vW sD} Qwor= R= =yVywSB?re= QO xm OQm xOy=Wt u=wD|t R}v pL |=ysD} Qwor=
O}OH |=ysD} Qwor= R= xO=iDU= 'u}= OwHw =@ "CU= xOW xO=iDU= l}DvS |xOW
Q[=L VywSB QO "OwW pL VwQ Q_vt R= C=ar=]t |xvt=O |xaUwD Ea=@ Ov=wD|t
u} QDO}OH R= |m} xm 'CU= xOW xO=iDU= |QDUm =N nQo |xiOyOvJ sD} Qwor= R= R}v
x@ u=wD|t =Q Q[=L VywSB |=y|Qw;wv R= |NQ@ "CU= |R=Uxv}y@ |=ysD} Qwor=

%OQm K} QWD OQ=wt u}= CQwY
'|vt}= K]U |=yQ=}at u=tRsy uDiQo Q_v QO =@ xiOyOvJ|[=} Q pOt |xaUwD p

&xv} Ry w lU} Q
&VywSB |xRwL QO O}OH |Q=mD@==Qi |=ysD} Qwor= R= xO=iDU= p

"NSGAII sD} Qwor= =@ MOGWO sD} Qwor= |}=Q=m |xU}=kt p
%CU= xOW |yOv=tR=U CQwY u}O@ VywSB Q=DN=U 'xt=O= QO

"CU= xOW xDN=OQB |[=} Q pOt K} QWD w VywSB |xr�Ut u=}@ x@ '2 VN@ QO

146



1/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

pL VwQ "3
K]U C=t}tYD |xOQ R= Cq}yUD |}=tv=H |xr�Ut 'OW u=}@ QDW}B xm Qw] u=ty
"OQ=OC}ty= 'pw@kp@=kC}i}m =@?U=vt u=tR QO xr�Ut pL u}=Q@=v@ &CU= |m}Dm =D
C}OwOLt VwQ R= xO=iDU= 'xiOyOvJ |=ypOt pL |=Q@ G}=Q |=yOQm} wQ R= |m}
hOy `@=D u=wva x@ hOy `@=wD R= |m} u; QO xm 'CU= xOW C} wkD uwr}UB=
x@ |[=} Q |=yC}OwOLt ?r=k QO hOy `@=wD Q}=U w OwW|t xDiQo Q_v QO |rY=
C}OwOLt VwQ R= xO=iDU= |rm Q=DN=U "OvwW|t OwOLt uwr}UB= XNWt Q=Okt
xar=]t [17 w 16]'u=Q=mty w T=DwQw=t C=ar=]t QO u=wD|t =Q xOW C} wkD uwr}UB=
G}=Dv pwYL 'Cq}yUD |}=tv=H |xr�Ut uOw@ NP-hard xHwD =@ u}vJty "OQm
|OL =D xr�Ut pL u=tR w CU= pmWt Q=}U@ '|[=} Q pOt R= xO=iDU= =@ ?U=vt
wO 'Q[=L VywSB QO Qw_vt u}O@ "CU}v xO=iDU= p@=k ,qta xm 'O@=}|t V}=Ri=
|} wDQ=B |=yMU=B uDi=} Qw_vt x@ MOGWO w NSGAII |Q=mD@==Qi sD} Qwor=
VywSB |O=yvW}B |=ysD} Qwor= Q=DN=U K} QWD x@ 'xt=O= QO "CU= xOW xO=iDU=

"CU= xOW xDN=OQB Q[=L

=yMU=B V}=tv Q=DN=U "1"3
w =ysD} Qwor= |x} wQ QO Ow@y@ CyH xOW O}rwD |x}rw= |=yMU=B V}=tv Qw_vt x@
Q@=Q@ u; pw] xm 'OwW|t xDiQo Q_v QO |Q]U T} QD=t l} '|}=yv |=yMU=B pwYL
|xwkr=@ |x]kv |xQ=tW Qou=}@ u; pN=O O=Oa= w E=OL= CyH sRq Cq}yUD =@
uwO@ O}=@ T} QD=t pN=O O=Oa= xm CU= K[=w "CU= RmQt u; x@ xDi=} X}YND
'p}yUD Qy |=Q@ 'Cq}yUD u}@ xrY=i C}OwOLt u}t[D Qw_vt x@ =t= "OvW=@ Q=QmD
TBU "OwW|t XNWt 'OvwW E=OL= u; Q=vm QO Ovv=wD|t xm |Dq}yUD xawtHt
Cq}yUD |xawtHt R= O}=@ xv=N Qy pN=O OOa '=yMU=B Q=DN=U |}=yv p}tmD QO
xQ=wty xOW O}rwD |=yMU=B CQwY u}O@ "OwW ?=NDv= |r@k |xv=N |=Q@ R=Ht

"OvDUy xHwt

|O=yvW}B |Q=mD@==Qi |=ysD} Qwor= "2"3
'CU= NP-hard p�=Ut |xOQ R= Cq}yUD |}=tv=H |xr�Ut xmu}= x@ xHwD =@
|xOvvmpL R= lJwm O=a@= QO |[=} Q pOt pL Qw_vt x@ 'Q[=L VywSB QO u}=Q@=v@
pL CyH u}vJty "CU= xOW xO=iDU= uwr}UB= C}OwOLt VwQ =@ Cplex12/1
xOW xO=iDU= |Q=mD@==Qi |=ysD} Qwor= R= nQR@ w \UwDt O=a@= =@ |OOa |=yQ=Owtv
'|Q=mD@==Qi |=ysD} Qwor= R= xO=iDU= QO syt Q=}U@ C=aw[wt R= |m} =t= "CU=
|}=yv |=yMU=B uDi=} QO |OQmrta Q=DN=U w C}y=t x@ xHwD =@ =yv; ?U=vt ?=NDv=
|vD@t |Q=mD@==Qi |=ysD} Qwor= R= xO=iDU= 'VywSB C=}@O= QwQt =@ j@=]t "CU=
|Q=mD@==Qi |=ysD} Qwor= Q}=U x@ C@Uv |QDC@U=vt OQmrta K]U 'C}atH Q@
C}atH Q@ |vD@t |Q=mD@==Qi |=ysD} Qwor= R= R}v Q[=L VywSB QO u}=Q@=v@ [18]'OvQ=O
OQmrta '|R=Uxv}y@ p�=Ut |t=tD QO ,qwtat l}DvS |xO=wv=N "CU= xOW xO=iDU=
QO "OvwW xO=iDU= ?wN |}xU}=kt Q=}at l} u=wva x@ Ovv=wD|t w OvQ=O |@U=vt
u} QDXN=W u=wva x@ NSGAII l}DvS sD} Qwor= swO |xNUv 'l}DvS |xO=wv=N
|=ysD} Qwor= u}@ QO "CU= KQ]t |R=Uxv}y@ |=yxRwL s=tD QO xiOyOvJ sD} Qwor=
|D=@U=Lt CQOk 'GWO |QDUm =N nQo sD} Qwor= R}v Q}N= |=yp=U QO xOW x�=Q=
Q}=U Q@ 'CU= xOW xO=iDU= xm |r�=Ut |t=tD QO ,=@} QkD w xDW=O |}q=@ Q=}U@
sD} Qwor= |xiOyOvJ |xNUv [19]"CU= xDW=O jr]t =} |@Uv |QDQ@ =ysD} Qwor=

E=OL= CyH OwHwt Cq}yUD O=tv %i
Cq}yUD E=OL= CyH xwkr=@ \=kv O=tv %j

=yQDt=Q=B �
Qw=Ht QO i0 w i Cq}yUD E=OL= CQwY QO |vt}= K]U Vy=m u=R}t %Imii0

"Qo}Om}
"OvW=@ Qo}Om} CQw=Ht QO j0w j |xwkr=@ |x]kv wO Qo = CU= 1 =@ Q@=Q@ %Ajjr
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JX
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CijXij (2)

MinK =
IX
i=1

JX
j=1

RiskijXij

S:t (3)

8i 2 I 8i 2 I (4)

j 2 J j 2 J (5)

8i 6= i0 2 I; 8i 6= i0 2 I;
j 6= j0 2 J j 6= j0 2 J (6)

8i 6= i0 2 I; 8i 6= i0 2 I;
j 6= j0 2 J j 6= j0 2 J (7)

8i 6= i0 2 I 8i 6= i0 2 I (8)

8i 6= i0 2 I; 8i 6= i0 2 I;
j 2 J j 2 J (9)
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Cq}yUD |@=}=H lU} Q Q=Okt |R=Uxv}tm x@ '3 hOy `@=D "OR=U|t xv}tm w
E=OL= xwkr=@ |x]kv l} QO p}yUD Qy xm Ovm|t u}t[D '4 C}OwOLt "OR=OQB|t
p}yUD l} |xv}W}@ 'xwkr=@ |x]kv Qy QO xm Ovm|t u}t[D '5 C}OwOLt "OwW
xOW E=OL= Rm =Qt u}@ |xrY=i |x@U=Lt x@ '7w 6 |=yC}OwOLt "OwW E=OL=
XNWt Q=Oktl} R= RmQt wO u}@ xrY=i xm Ovm|t u}t[D '8C}OwOLt "OR=OQB|t
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l}Q@ xiOyOvJ |QDUm =N nQo sD} Qwor= "CU= xOW KQ]t [21]'�2016� u=Q=mty w

xrUrU |=yQorta wCU= xOW |L=Q] |QDUm =N |=ynQo |a=tDH= Q=DN=U |=v@t
"OQ=O Q=mW |=Q@ wHDUH w xta] x@ xrtL 'Q=mW 'xta] |xQY=Lt '|a=tDH= ?D=Qt
nQo sD} Qwor= QO 'OW=@ |QDUm =N nQo C}akwt �!X w xta] C}akwt Q=OQ@ �!Xp Qo =
w u}twO w OwW|t xDiQo Q_v QO � u=wva x@ ?=wH u} QDy@ 'xiOyOvJ |QDUm =N
=yMU=B Q}=U "OvwW|t xO}t=v (�) =DrO w (�) =D@ u=wva x@ ?}DQD x@ QDQ@ MU=B u}twU
4 CqO=at '|}xQY=Lt Q=DiQ |[=} Q |R=UpOt Qw_vt x@ "OvwW|t ?=]N ! R}v

%OwW|t xO=iDU= 5 w
D = jC �Xp(t)�X(t)j (10)

X(t+ 1) = Xp(t)�A �D (11)

\UwD xm 'CU= ?}=Q[ Q=OQ@ �!C w �!A 'sD} Qwor= Q=QmD |xQ=tW t '=yv; QO xm
"OvwW|t x@U=Lt 13 w 12 CqO=at

A = 2a � r1 � a (12)

C = 2r2 (13)

�!r1 |=yQ=OQ@ "Ov@=}|tVy=m 0 x@ 2 R=|]N CQwY x@�!� Q=OQ@ |=yx}=QO 'u; QO xm
|R=Ux}@W Qw_vt x@ "OvwW|t ?=NDv= �0'1� |xR=@ R= |iO=YD CQwY x@ R}v �!r2 w
Q=mW pLt R= =DrO w =D@ '=ir; xm OwW|t ZQi '|QDUm =N nQo Q=mW Q=DiQ |[=} Q
|=ypt=a w OvwW|t xQ}NP xOt;CUO x@ QDy@ ?=wH 3 'u}=Q@=v@ &OvQ=O |QDy@ `q]=
C}akwt =@ j@=]t =Q OwN C}akwt =D OvwW|t Qw@Ht �=ot= xrtH R=� wHDUH Qo}O
"Ov=xOW x�=Q= Qw_vt u}O@ 16 =D 14 CqO=at "Ovvm |v=UQRwQx@ wHDUH pt=a u} QDy@
Da = jC1 �Xa �Xj ; D�
= jC2X� �Xj ; D�
= jC3X� �Xj (14)

X1 = Xa �A1(Da);X2

= X� �A2(D�); X3

= X3 �A3(D�) (15)

X(t+ 1) = X1 +X2 +X3
3 (16)

VywSB QO u=wD|t R}v =Q xiOyOvJ |QDUm =N nQo sD} Qwor= |=yQorta Q}=U
|QDUm =N nQo sD} Qwor= Om x@W "OQm xar=]t [20]'�2014� u=Q=mty w |r}rHQ}t

"CU= xOW x�=Q= 3 w 2 |=ypmW CQwY x@ xiOyOvJ

|}wDQ=B w[a ?=NDv= Qw_vt x@ s}tYD u=@}DWB OQm} wQ "3"3
Q=DN=U QO G}=Dv |R=UxO=}B CyH |}=yv |} wDQ=B w[a ?=NDv= xmu}= x@ xHwD =@
QO u}=Q@=v@ 'OwW|t xDN=vW |D} Q}Ot Vr=J l} u=wva x@ xQ=wty '|ak=w |=}vO
xO=iDU= |} wDQ=B <=[a= |yOR=}Dt= CyH u} QDO@ - u} QDy@ VwQ R= Q[=L VywSB
"CU= xOW ?=NDv= |}=yv MU=B u=wvax@ 'CU= xDW=O =Q R=}Dt= u} QDq=@ xm |w[a w

%OwW|t K} QWD =ys=o u}= CQwY x@ s}tYD u=@}DWB sDU}U Q=DN=U
sD} Qwor= |=QH= =} w lJwm O=a@= QO |OOa |=yOwtv |=Q@ |[=} Q pOt pL "1 s=o

&nQR@ O=a@= QO |OOa |=yOwtv |=Q@ |Q=mD@==Qi

|@U=vt ,qt=m CQwY x@ CU= QO=k w OQ=O |}q=@ Q=}U@ |}=Q=m R}v |QDUm =N nQo
|@U=vt |}=yv |=yMU=B w OwW Exploitation R=i OQ=w Exploration R=i R=
|=ysD} Qwor= '|[=} Q pOt pL CyH 'Q[=L VywSB QO u}=Q@=v@ "OyO VQ=Ro =Q
xOW K} QWD =yv; |[=} Q Q=DN=U 'xt=O= QO w xO=iDU= MOGWO w NSGAII

%CU=
xiOyOvJ l}DvS sD} Qwor= swO |xNUv sD} Qwor= Q=DN=U "1"2"3

(NSGAII)

|=Q@ OwHwt |=ysD} Qwor= u} QDOvtDQOk w u} QDOQ@ Q=mQB R= |m} 'NSGAII sD} Qwor=
C=@F= x@ 'hrDNt p�=Ut pL QO u; |}=Q=m w xOw@ xiOyOvJ |R=Uxv}y@ p�=Ut pL
Q@ xwqa u; QO xm =Q xiOywO l}DvS sD} Qwor= swO |xNUv 'u=kkLt "CU= xO}UQ
'OvOw@ xDiQo Q=Qk Q_vOt |} wDQ=B |xv}y@ |=y?=wH |vwo =vwo w ẁvD '=y?=wH C}i}m
sD} Qwor= QO "fDeb; 2002#1109g OvO=O xaUwD x}rw= |xNUv Xk=wv `iQ |=Q@
|=y?=wH 'pw= %OwW|t p=@vO |rY= Q=}at wO '=y?=wH =@ \=@DQ= QO xiOywOl}DvS
xDW=O OwHw u=Um} C}i}m =@ ?=wH wO xm|DQwY QO w Ovvm|t ?=NDv= =Q C}i}m =@
w C}i}m pw= 'u}=Q@=v@ &OW=@ xDW=O |QDW}@ s_v xm OwW|t ?=NDv= |@=wH 'OW=@
|t=LOR= |xrY=i swyit R= =yv; |Q}oxR=Ov= |=Q@ xm 'OvwW|t |UQQ@ s_v TBU
R= pw= R=i 'OQ=O xOW xDN=vW R=i wO 'NSGA-II sD} Qwor= "CU= xOW xO=iDU=
|xrY=i R= 'CU=yv; s_v x@ \w@ Qt xm 'swO R=i w x@re swyit w |Ov@x@DQ Q=}at
�1 %|=Q@ w OwW|t u}}aD =y?=wH |Ov@x@DQ 'pw= R=i QO "Ovvm|t xO=iDU= |t=LOR=
?=wH xm |}=y?=wH xawtHt �2 w OwW|t ?wret ?=wH l} xm |D=aiO O=OaD
QmP Q=Okt wO u}}aD |=Q@ "OvwW|t x@U=Lt Q}N= Q=Okt wO 'CU= ?r=e =yv; Q@ |rai
OW=@ xDW=O OwHw |}=y?=wH Qo = "OvwW xU}=kt Qo}Om} =@ =y?=wH |t=tD O}=@ 'xOW
|@} QkD w OvDUy ?wret=v =y?=wH u; 'OW=@ QiY u=WvOW ?wret C=aiO O=OaD xm

"�1 pmW� OvDUy wDQ=B |xy@H R=
(MOGWO) xiOyOvJ |QDUm =N nQo sD} Qwor= "2"2"3

"CU= xOW x�=Q= [20]'�2014� u=Q=mty w |r}rHQ}t \UwD |QDUm =N nQo sD} Qwor=
|r}rH \UwD |Qo}O Q=DWwv QO R}v |QDUm =N nQo sD} Qwor= |xiOyOvJ |xNUv

"xiOyOvJ l}DvS sD} Qwor= Om x@W "1 pmW
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"xiOyOvJ |QDUm =N nQo sD} Qwor= Om x@W "3 pmW
?r=k QO |[=} Q pOt |OwQw |=yQDt=Q=B Q=Okt "OvwW |@=}=H |xwkr=@ u=mt 8 QO
j@]vt QwmPt |OOa p=Ft xm CW=O xHwD O}=@ "CU= xOW x�=Q= 7 =D 2 |=ypwOH
[15]'�2019� u=Q=mty w h} QWQ=oR}yQB VywSB QO xOW K} QWD |D=ar=]t OQwt Q@

"CU=
|vt}= K]U Vy=m u=R}t Cq}yUD |t=tD QO 'OwW|t xOy=Wt xm Qw] u=ty
"CU= OYQO 15 =D 10 Q}O=kt QO O=Oa= RmQtD xD@r= xm 'CU= OYQO 30 =D 10 u}@
"CU= T} QD=t QO uQ=kD OwHw sOa 'Cq}yUD Q}O=kt O}rwD QO xHwD p@=k |xDmv
|Q}oQ=Qk =@ 2 w 1 Cq}yUD |Q}oQ=Qk |=Q@ |vt}= K]U Vy=m u=R}t Ck}kL QO

"xiOyOvJ |QDUm =N nQo sD} Qwor= Om x@W "2 pmW
&|} wDQ=B |xy@H ?r=k QO |} wDQ=B <=[a= |xQ}NP "2 s=o

&Q=}at u} QDsyt u=wva x@ |vt}= w lU} Q 'xv} Ry |=yQ=}at R= |m} ?=NDv= "3 s=o
u} QDC}ty=|@ u=wva x@ |vt}= w lU} Q 'xv} Ry |=yQ=}at R= |m} ?=NDv= "4 s=o

&Q=}at
u} QDC}ty=|@ w u} QDsyt x@ C@Uv =yQ=}at Q}=U |=yR=}Dt= u=R}t u}}aD 5 s=o

[23 w 22]&u} QDO@ - u} QDy@ VwQ ltm x@ Q=}at
CQwY x@ |vt}= w lU} Q 'xv} Ry |=yQ=}at R= l} Qy C}ty= u=R}t u}}aD "6 s=o

[23 w 22]&u} QDO@ - u} QDy@ VwQ =@ j@=]t pkDUt O=Oa=
s=o R= xOt; CUO x@ Q=Okt QO |} wDQ=B <=[a= R= l} Qy l} x@ l} ?Q[ "7 s=o

&|vt}= w lU} Q 'xv} Ry |=yQ=}at R= l} Qy |=Q@ sWW
u} QDy@ u}}aD w xOt; CUO x@ |}=yv uRw T=U= Q@ |} wDQ=B <=[a= |Ov@x@DQ "8 s=o

"|} wDQ=B w[a
"
obj1 obj2 obj3
obj1 obj2 obj3

#
N�3
�
2664 Imu Score

Cost Score

Risk Score

3775
3�1

=

" 1stparecoScore
NthparecoScore

#

|D=@U=Lt G}=Dv "4
|}=yp=Ft 'xOW x�=Q= |=ysD} Qwor= w pOt |HvUQ=@Da= Qw_vt x@ 'Q[=L VN@ QO
Cq}yUD E=OL= CyH xwkr=@ \=kv O=OaD T=U= Q@ nQR@ w \UwDt 'lJwm O=a@= QO
R= |[=} Q pOt pL CyH xm CU= QmP x@ sRq "CU= xOW |UQQ@ w |L=Q]
\}Lt QO R}v |O=yvW}B sD} Qwor= u}vJty "CU= xOW xO=iDU= Cplex |xOvvmpL
w 3/2GHz |xOvR=OQB =@ |YNW |xv=}=Q R= xO=iDU= =@ w xOW O)m AQ=W|U

"CU= xOW pL 16GB TQDUOQO |iO=YD |x_i=L

|[=} Q pOt |}=Q=m |@=} RQ= "1"4
|OOa p=Ft l} 'xOW x�=Q= pOt OQmrta |HvUCLY Qw_vt x@ '|vwvm VN@ QO
O}=@ |y=oQ=m p}yUD 5 u; QO xm 'CU= xOW xDiQo Q_v QO |iO=YD |=yxO=O =@
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wkr=@
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wkr=@
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}u=m

t

1x
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Cij
150 170 320 120 110 150 215 100 1 p}yUD
160 180 310 150 120 160 200 120 2 p}yUD
170 200 300 130 130 170 220 110 3 p}yUD
180 190 290 180 100 150 230 100 4 p}yUD
110 200 280 170 110 120 200 115 5 p}yUD

"�QDt� Cq}yUD u}@ R=Ht |xrY=i |xv}tm "7 pwOH
5 p}yUD 4 p}yUD 3 p}yUD 2 p}yUD 1 p}yUD MDii0

35 27 39 20 � 1 p}yUD
23 28 27 � 24 2 p}yUD
25 27 � 22 20 3 p}yUD
38 � 32 40 25 4 p}yUD
� 24 33 25 33 5 p}yUD

"E=OL= CyH xwkr=@ j]=vt |m}i=Qo Q=DN=U "4 pmW

K]U Vy=m Qou=}@ `k=w QO ẁ[wt u}= "CU= Cw=iDt Qo}Om} =@ 1 w 2 Cq}yUD
2 w 1 p}yUD wO |Q}oQ=Qk =@ CU= umtt Ck}kL QO "CU= p}yUD Qy |=Q@ |vt}=
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"OQm ẁHQ 4 pmW x@ u=wD|t R}v xar=]t
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Qo}Om} CQw=Ht QO Cq}yUD E=OL= CQwY QO|vt}= K]UVy=m u=R}t "2 pwOH
"�OYQO ?UL Q@�

5 p}yUD 4 p}yUD 3 p}yUD 2 p}yUD 1 p}yUD Imii0

15 10 12 10 � 1 p}yUD
20 10 15 � 10 2 p}yUD
12 10 � 20 30 3 p}yUD
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5 p}yUD 4 p}yUD 3 p}yUD 2 p}yUD 1 p}yUD Neii0
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1 � 1 1 1 4 p}yUD
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T} QD=t '4 pwOH QO "OQm E=OL= Cq;uy; |x}rND pLt CQw=Ht QO =Q x=o@=wN

"CU= xOW x�=Q= Qo}Om} Q=vm QO Cq}yUD |Q}oQ=Qk CQw=Ht
"CU= xOW x�=Q= 5 pwOH =@ j@=]t R}v u=mt Qy QO Cq}yUD E=OL= |xv} Ry
C=v=mt= x@ |UQDUO 'u}tR ?}W %Ovv=t 'pLt Qy QO OwHwt \}=QW =@ j@=]t ,=a]k
xOW QmP |=yxv} Ry xm xD@r= "Ow@ Oy=wN Cw=iDt E=OL= |=yxv} Ry 'xQ}e w ?; 'jQ@

"OvQ=O Cw=iD R}v |F=OL= p}yUD ẁv x@ xDU@
x�=Q= 6 pwOH QO xm 'OQ=O |YNWt lU} Q K]U 'u=mt QO p}yUD Qy E=OL=
E=OL= 'Q=m \}Lt QO OwHwt |vi w |]}Lt \}=QW =@ j@=]t '`k=w QO "CU= xOW
"OwW lU} Q u=ty =@ |Q}PB Q]N K]U O=H}= Ea=@ Ov=wD|t u=mt Qy QO p}yUD Qy
wO Qy 'u=U=vWQ=m Q_v j@] xD@r= w xSwQB R= TQDUO QO |vi C=aq]= =@ j@=]t
|xrY=i Q}O=kt '7 pwOH QO "OvW=@ xDW=O Qo}Om} R= R=Ht |}xrY=i O}=@ p}yUD

"CU= xOW VQ=Ro R=Ht
2 |=ypwOH QO xOW x�=Q= |=yxO=O R= xO=iDU= =@ |[=} Q pOt pL R= TB

"CU= xOW s}UQD 5 pmW w 8 pwOH CQwY x@ |} wDQ=B |xy@H '7 =D
"|}wDQ=B |xy@H w[a Qy <=R= x@ hOy `@=wD Q=Okt "8 pwOH

|vt}= xv} Ry lU} Q |}wDQ=B w[a
121 590000000 123 1
126 574000000 123 2
131 546000000 124 3
139 539000000 137 4
148 533000000 138 5
166 494000000 146 6
180 469000000 148 7
196 442000000 160 8
198 438000000 175 9
202 417000000 175 10
205 414000000 199 11

"|OOa p=Ft pL R= pY=L |}wDQ=B |xy@H "5 pmW
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l}"u} QDO@ - =yQ=}at Q}=U |=yQ=OQ@ "10 pwOH

8 |xQ@N 7 |xQ@N 6 |xQ@N 5 |xQ@N 4 |xQ@N 3 |xQ@N 2 |xQ@N 1 |xQ@N �u=oQ@N�
|vt}= |vt}= lU} Q |vt}= lU} Q lU} Q lU} Q lU} Q Q=}at u} QDO@

Q=}at
1 1 4 1 4 7 6 5 |vt}=
9 9 9 9 9 9 9 9 xv} Ry
1 4 1 5 1 1 1 1 lU} Q

"|}=yv MU=B ?=NDv= QO QF-wt |=yQ=}at u=Rw= "11 pwOH

u=Rw= u}ov=}t �u=oQ@N� xOvyOMU=B Q=}at8 |xQ@N 7 |xQ@N 6 |xQ@N 5 |xQ@N 4 |xQ@N 3 |xQ@N 2 |xQ@N 1 |xQ@N
0 44975 0 498 0 643 0 524 0 522 0 42 0 324 0 346 0 321 xv} Ry
0 3315 0 391 0 397 0 374 0 253 0 406 0 303 0 272 0 256 |vt}=
0 21875 0 177 0 178 0 243 0 273 0 22 0 173 0 242 0 244 lU} Q
0 043 0 038 0 044 0 043 0 046 0 039 0 051 0 038 0 041 �L�

"s}tYD u=@}DWB VwQ =@ j@=]t |}=yv |}wDQ=B w[a ?=NDv= x@ \w@ Qt |=yx@U=Lt "12 pwOH
|wDQ=B w[a |vt}= xv} Ry lU} Q R=}Dt= |Ov@x@DQ

1 121 590000000 123

� 0 3315 0 44975 239716829 �

265352567 11
2 126 574000000 123 258156569 10
3 131 546000000 124 245563571 9
4 139 539000000 137 242415326 8
5 148 533000000 138 239716829 7
6 166 494000000 146 222176587 6
7 180 469000000 148 210932842 5
8 196 442000000 160 186196611 198789600 4
9 198 438000000 175 196990604 3
10 202 417000000 175 187545855 2
11 205 414000000 199 186196611 1

"Cq}yUD |}=tv=H |}=yv Q=DN=U "7 pmW

CONOPT |xOvvmpL w GAMS Q=Ri=sQv |Q}oQ=m x@ =@ �u=oQ@N� xOvyOMU=B
QO xm 'OvDUy Q=}at Qy |=Q@ xOt; CUO x@ u=Rw= \UwDt 'u=Rw= u}= "Ov=xOW xH}Dv

"Ov=xOW x�=Q= 11 pwOH QO OL=w |vRw Q=OQ@ l}
|=yxU}=kt |=Q@ |Q=oR=U |xOvyOu=Wv ' �L� |=Q@ QiY x@ l}ORv Q=Okt
OvDUy =mD= p@=k xOt; CUO x@ |=yR=}Dt= xm Cio u=wD|t u}=Q@=v@ "CU= |HwR
s=Hv= R= TB "OvwW xO=iDU= |} wDQ=B <=[a= |}=yv |Ov@x@DQ Qw_vt x@ Ovv=wD|t w
u} QDq=@ =@ w[a w x@U=Lt |} wDQ=B <=[a= |}=yv R=}Dt= '4 pmW =@ j@=]t =yx@U=Lt

"�12 pwOH� CU= xOW ?=NDv= |}=yv |=yMU=B K} QWD CyH R=}Dt=
|=Q@ uw}r}t 414 '|vt}= hOy `@=D |=Q@ 205 Q=Okt =@ |} wDQ=B w[a u}=Q@=v@
?=NDv= |} wDQ=B w[a u} QDy@ u=wva x@ lU} Q hOy `@=D |=Q@ 199 w swO `@=D
7 pmW QO |} wDQ=B w[a u}= =@ j@=]t Cq}yUD |@=}=H |}=yv Q=DN=U xm 'OwW|t
u}=Q@=v@ w OvQ=O xHwt ,qt=m |Q=DN=U QwmPt G}=Dv 'u; j@=]t xm 'OwW|t xOy=Wt
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"xr�Ut |}=yv MU=B <=R= x@ xr�Ut hOy `@=wD |xOWOQ=Ov=DU= Q}O=kt "13 pwOH
E=OL= lU} Q OQ=Ov=DU= OYQO E=OL= |=y xv} Ry x=oQ=m QO |vt}= OwHw sOa K]U OQ=Ov=DU= OYQO

12 77 uw}r}t 590 18 71

VQ=Ro |}=yv ?=wH u=wva x@ xOW pY=L MU=B u} QDy@ w =QH= pkDUt CQwY
"CW=O xHwD R}v hrDNt |=y=QH= QO |O}rwD |=yMU=B |Q=wDU= x@ O}=@ xD@r= "OwW
O}=@ 'q=@ C}i}m =@ |}=yv |=yMU=B O}rwD Q@ xwqa '=Q=m sD} Qwor= l} 'Qo}O CQ=@a x@
"OW=@ hrDNt pkDUt |=yQ=QmD QO 'Qo}Om} x@ l}ORv ,=D@Uv |=yMU=B O}rwD x@ QO=k
|=QH= R= pY=L MU=B u} QDy@ w u}ov=}t 'u} QDO@ 'Q[=L VywSB QO Qw_vt u}O@

"�15 pwOH� CU= xOW VQ=Ro sD} Qwor= Qy
MU=B u} QDO@ |xU}=kt QO xm OwW|t xOy=Wt 15 pwOH C=aq]= j@=]t
p@=k C=Q}}eD Q=JO xr�Ut pL u=tR C=Q}}eD OvwQ 'MU=B u} QDy@ w u}ov=}t
|=yMU=B |iO=YD Q=DN=U OwHw QO u=wD|t =Q Qt= u}= p}rO "CU= xOW |yHwD
QO xv}y@ MU=B xm 'CUv=O MU=B |=[i R= |WN@ uDi=} QO VqD w x}rw=
VN@ QO QDq=@ C}i}m =@ |=yMU=B QOkJ Qy `k=w QO "OQ=O Q=Qk \}Lt u;
|QDtm C=@U=Lt 'Exploitation VN@ QO 'OwW pY=L Exploration

CUO x@ |QDtm u=tR QO w QD?U=vt CQwY x@ |}=yv MU=B w OwW|t s=Hv=
"O};|t

|D; |=yO=yvW}B |x�=Q= w |Q}oxH}Dv "5
|[=} Q pOtl} 'Cq}yUD|@=}=H |xr�Ut |R=Uxv}y@ Qw_vt x@ 'Q[=LVywSB QO
"CU= xOW xO=O xaUwD lU} Q w xv} Ry '|vt}= h=Oy= uDiQo Q_v QO =@ xiOyOvJ
w E=OL= |=yxv} Ry |R=Uxv}tm '|vt}= K]U |R=Uxv}W}@ %pt=W 'hOy `@=wD
VwQ R= |[=} Q pOt pL Qw_vt x@ "CU= xOw@ |@=}=H lU} Q Q=Okt |R=Uxv}tm
|UQQ@ R= pY=L |OOa G}=Dv "CU= xOW xO=iDU= xOW C} wkD uwr}UB= C}OwOLt
QO |[=} Q pOt OQmrta CLY |xOvyOu=Wv 'lJwm O=a@= QO |OOa Q=Owtv
|xr�Ut uOw@ NP-hard x@ xHwD =@ =t= "CU= |QU=QU |xv}y@ |=yMU=B pwYL
NSGAII |Q=mD@==Qi sD} Qwor= wO '|ak=w |=}vO O=a@= QO p�=Ut pLCyH '|@=}=H
OwW|t xOy=Wt xOt; CUO x@ G}=Dv j@] "CU= xOW O=yvW}B MOGWO w
u}=Q@=v@ "OQ=O NSGAII x@ C@Uv =Q OQmrta u} QDy@ 'MOGWO sD} Qwor= xm
Qw_vt x@ "OQm xO=iDU= MOGWO sD} Qwor= R= |}=yv |=yMU=B pwYL QO u=wD|t
xOW x�=Q= |WywSB |=yO=yvW}B u=wva x@ OQ=wt u}= '|D; C=ar=]t |xvt=O |xaUwD

%CU=
|=y\}Lt QO xOt;CUO x@G}=Dv |R=UxO=}B whrDNt|D=ar=]t OQ=wt R= xO=iDU= "1
ẁ[wt u}= "OQ}o Q=Qk Q_v Ot j}kLD O=yvW}B u}rw= u=wva x@ Ov=wD|t QDoQR@|ak=w
|HwQN |R=UxO=}B R= xOt; CUO x@ G}=Dv |UQQ@ xm CU= syt CyH u; R=
=ysD} Qwor= w pOt|}=Q=m |xvt=O Ov=wD|t|ak=w |=y\}Lt QO|O=yvW}B Q=DN=U

"OyO u=Wv |YNWt Qw] x@ =Q
u=wD|t =Q G}=Dv |xU}=kt w O}OH |Q=mD@==Qi |=ysD} Qwor= Q}=U R= xO=iDU= "2
Ov=wD|t ẁ[wt u}= "CiQo Q_v QO |Qo}O |WywSB O=yvW}B u=wva x@
Q}=U \UwD QDy@ |=yMU=B O}rwD CyH ?U=vt |xv}tR uOW sy=Qi Ea=@

"lJwm O=a@= QO |OOa |=yp=Ft C=YNWt "14 pwOH
xwkr=@ |=y u=mt O=OaD Cq}yUD O=OaD |OOa Q=Owtv

8 5 1
10 6 2
15 9 3
15 12 4
20 13 5

w x=o@=wN 'p=Ft |=Q@ "CW=Po xLY xOW pY=L |=yMU=B |}=Q=m Q@ u=wD|t
ẁ[wt u}= "Ov=xDiQo Q=Qk Qo}Om} CQw=Ht QO |Q=O= pLt u}vJty w u=QoQ=m hrU

QO |YNWt ,qt=m CQwY x@ |vt}= K]U |xOvyO<=kDQ= pt=wa xm OyO|t u=Wv
,=@} QkD |Q@ Q=m K]U p}yUD wO u}= '`k=w QO "Ov=xDW=O Vkv |}=yv MU=B O=H}=
hOy `@=wD OQwt QO "Ovvm|tv O=H}= Qo}Om} |=Q@ |Q]N I}y w OvQ=O |y@=Wt
ẁtHt =@ Q@=Q@ xOW VQ=Ro Q=Okt xm OQm xHwD xDmv u}= x@ O}=@ |vt}= w lU} Q

O=Oa= 'u}=Q@=v@ "Ov=xOW xr�Ut OQ=w QDt=Q=B u=wva x@ xm 'CU= |}=OD@= |=yOYQO
'|R=UOQ=Ov=DU= R= xO=iDU= =@ u=wD|t xD@r= "OvwW|t QDW}@ 100 Q=Okt R= QwmPt
ẁtHt Q@ xOt; CUO x@ OOa Qo = 'Qo}O CQ=@a x@ "OQm VQ=Ro R}v =Q |ak=w OYQO

"OW Oy=wN pY=L |ak=w OYQO 'OwW s}UkD hOy `@=D Qy |=Q@ |OwQw |=yQDt=Q=B
Oy=wN 13 pwOH CQwY x@ |vt}= w lU} Q hOy `@=wD OQ=Ov=DU= OYQO u}=Q@=v@

"Ow@
K]U OYQO 1�18 71�81 29 u=R}t x@ Q=DN=U u}= QO '13 pwOH j@=]t
xm Cio u=wD|t u}=Q@=v@ "CU= |yHwD p@=k OOa xm 'CW=O Oy=wN OwHw |vt}=
|=ys}tYD P=ND= QO Ov=wD|t w OQ=O |@U=vt OQmrta K]U 'xOW x�=Q= |}=yv MU=B
|O=yvW}B |=ysD} Qwor= OQmrta K} QWD x@ 'xt=O= QO "Ovm ltm u=Q}Ot x@ ?U=vt

"CU= xOW xDN=OQB

|O=yvW}B sD} Qwor= |}=Q=m |@=} RQ= "3"4
|=yQ=Owtv pL QO |O=yvW}B |=ysD} Qwor= OQmrta|UQQ@ Qw_vt x@ '|vwvmVN@ QO
|@=} RQ= |=Q@ xmu}= x@ xHwD =@ "CU= xOW s=Hv= sRq |=yp}rLD w x} RHD '|OOa
VywSB QO 'CU= OQ=Ov=DU= |=yxHvU R= xO=iDU= x@ R=}v xiOyOvJ |=ysD} Qwor=

"Ov=xOW |UQQ@ xOW QmP |xRwL QO hwQat |xHvU 3 'Q[=L
|O=yvW}B |=ysD} Qwor= |}=Q=m |xU}=kt "1"3"4

QO |O=yvW}B |=ysD} Qwor= pL R= pY=L G}=Dv |UQQ@ Qw_vt x@ 'Q[=L VN@ QO
XN=W ltm x@ w O}rwD |iO=YD |OOa Q=Owtv 5 '|[=} Q pOt G}=Dv =@ xU}=kt
|=yp=Ft O=a@= "CU= xOW |@=} RQ= |[=} Q pOt w |O=yvW}B sD} Qwor= |}=Q=m 'MID

"CU= xOW x�=Q= 14 pwOH QO xOW xQ=W=
|=[i l} R= |Q=mD@==Qi |=ysD} Qwor= xmu}= x@ xHwD =@ xm CW=O xHwD O}=@
CU= sRq u}=Q@=v@ 'Ovvm|t xv}y@ MU=B uDi=} w xr�Ut pL x@ s=Ok= |iO=YD |x}rw=
x@ hrDNt C=aiO O=OaD x@ sD} Qwor= Qy 'umtt MU=B u} QDy@ pwYL Qw_vt x@ xm
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l}"|O=yvW}B |=ysD} Qwor= w |[=} Q pOt pL R= pY=L G}=Dv |xU}=kt "15 pwOH

=yMU=B u} QDy@ u}ov=}t MU=B =yMU=B u} QDO@

O=OaD xR=Ov=MID
=QH= u=tR

MID
=QH= u=tR

MID
=QH= u=tR

xvwtv xvwtv
(second) (second) (second)

M
O
G
W
O

N
S
G
A
II

M
O
G
W
O

N
S
G
A
II

C
pl
ex

M
O
G
W
O

N
S
G
A
II

M
O
G
W
O

N
S
G
A
II

C
pl
ex

M
O
G
W
O

N
S
G
A
II

M
O
G
W
O

N
S
G
A
II

C
pl
ex

1 55 1 71 26 27 167 3 41 4 09 31 50 153 3 76 3 76 48 25 162 SM1

lJwm
1 71 1 71 43 32 323 3 76 3 76 37 53 201 4 90 4 90 79 46 192 SM2
2 61 2 61 83 69 353 5 74 6 89 62 72 302 6 52 6 52 113 121 309 SM3
3 67 4 40 98 99 341 6 64 6 64 175 125 326 8 07 8 07 170 78 330 SM4
4 43 5 76 128 108 343 7 46 8 21 182 133 335 9 75 10 73 186 89 348 SM5

|=yVwQ u} QDQ@Dat R= |m} "OwW xr�Ut OQ@ Q=m K]U VQDUo Ea=@ Ov=wD|t
O=H}= x@ QHvt xm 'CU= Q=wDU= |R} Qxt=vQ@ R= xO=iDU= R}v C}a]k sOa =@ OQwNQ@

OwW|t C=Q}}eD p@=kt QO Q=wDU= |}=yMU=B
R}v VQ@ - xN=W w u=Qm - xN=W sD} Qwor= Ovv=t j}kO |=ysD} Qwor= |x�=Q= "4
O=H}= nQR@ w \UwDt O=a@= QO j}kO |=yMU=B pwYL QO |v}t[D Ov=wD|t

"Ovm

Q[=L |xr�Ut QOhrDNt |=ysD} Qwor= OQmQ=m |xU}=kt u}vJty w =ysD} Qwor=
"OwW

T=t}UDQ@ w s}U VwQ xrtH R= 'Q=wDU= |R} Qxt=vQ@ |=yOQm} wQ R= xO=iDU= "3
R= |NQ@ u}tND xQ=wty xmu}= x@ xHwD =@ "Ovm O=H}= =Q |@U=vt OQ@ Q=m Ov=wD|t
|yOQ=Okt |r}rO Qy x@ xmu}= =} w OQ=O |D=P C}a]k sOa 'xr�Ut |=yQDt=Q=B
C}a]k sOa \}=QW =@ OQwNQ@ |=yOQm} wQ R= xO=iDU= u}=Q@=v@ 'CU= pmWt u;

CWwv=B
1. Ning
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