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xO=iDU= |=Q@ "CU= l}DvS sD} Qwor= Q}_v =yVwQ Q}=U QO pw=ODt |WwQ 'VwQ u}=
QO <=RH= pm |oOvR=Q@ Q}O=kt ẁtHt 'xawvtt |wHDUH sD} Qwor= QO VwQ u}= R=
|tyU 'V=|oOvR=Q@ Q=Okt x@ xHwD =@ <=[a= R= l} Qy w OwW|t ?=UL |o}=Uty
l} '|o}=Uty QO xv}y@ |x]kv l} ?=NDv= |=Q@ "OyO|t X=YDN= OwN x@ =Q
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|xQ}NP sHL Ov=wD|t OU uRNt R= xv}y@ |Q=OQ@xQy@ |xr�Ut QO s}tYD Q}eDt
QO &OW=@ Rt |v=tR |xQwO Qy QO xOW =yQ ?; u=R}t =} w St |xQwO Qy QO uRNt

"CU= xOW xDiQo Q_v QO s}tYD Q}eDt u=wvax@ xOW =yQ ?; u=R}t Q=DWwv u}=

hOy `@=D "2"4
xO=U |Q=OQ@ xQy@ �hr=

xDiQo Q_v QO hOy `@=D u=wvax@ 'Ow@tm |R=Uxv}tm hOy =@ '3 |x]@=Q xr�Ut u}= QO
%CU= xOW

Minimize O:F =
NTX
i=1

�
Di �Ri
Dmax

�2
(3)

u=R}t Ri &s)=i s}tYD Q}eDt |=Q@ |v=tR |xQwO Qy QO R=}v u=R}t Di u; QO xm
Dmax &=yxQwO O=OaD NT &s)=i s}tYD Q}eDt |=Q@ |v=tR |xQwO Qy QO |R=U=yQ

"CU= R=}v |xv}W}@
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"""R=
xO=i

DU==
@OU

uRN
tR=

xv}y
@|

Q=OQ
@xQy

@

"OQ=Ov=DU= |xawvtt |wHDUH VwQ x@ xO=U |Q=OQ@xQy@ |xr�Ut pL G}=Dv "1 pmW

|Dq=tDL= |xawvtt |wHDUH VwQ x@ xO=U |Q=OQ@ xQy@ |xr�Ut pL G}=Dv "2 pmW
"Q=}at x@DQ

|Dq=tDL= |xawvtt |wHDUH VwQ x@ xO=U |Q=OQ@ xQy@ |xr�Ut pL G}=Dv "3 pmW
"Q=}at |oOvR=Q@

|@; jQ@ |Q=OQ@ xQy@ �?
|wHDUH VwQ sR}v=mt xU Qy =@ 'RO OU |@;jQ@ |Q=OQ@xQy@ |xr�Ut 'Oa@ s=o QO
Q=}at-x@DQ |Dq=tDL= |xawvtt |wHDUH VwQ '�4 pmW� OQ=Ov=DU= |xawvtt
10 =@ �6 pmW� Q=}at-|oOvR=Q@ |Dq=tDL= |xawvtt |wHDUH VwQ w �5 pmW�
VwQ Qy |=Q@ hOy `@=D Q=Okt \UwDt w MU=B u} QDO@ 'MU=B u} QDy@ w pL Q=QmD Q=@
=@ �C=@U=Lt s=Hv= u=tR COt�|D=@U=Lt |xv} RyCr=L u}= QO "CU= xOW x@U=Lt

xvwtv |xr�Ut C=aq]= "4"4
RO OU uRNt R= |@;jQ@ w xO=U |Q=OQ@xQy@ |xr�Ut 'j}kLD u}= QO xvwtv |xr�Ut
xm xvwou=ty "CU= xOW pL �xy=t 60� xr=UGvB |xQwO l} |=Q@ xr�Ut u}= "CU=
&CU= xar=]t OQwt |=yx=t QO uRNt R= xOW =yQ ?; s}tYD Q}eDt OW xO=O KQW
KQW x@ xr�Ut =@ \=@DQ= QO OwHwt C=aq]= "OQ=O s}tYD Q}eDt 60 xr�Ut u}= =Pr

%CU= Q} R
S1 = 1430mcm; Smin = 830mcm; Smax = 3340mcm;

Rmin = 0mcm; Rmax = 1000mcm:
u; OQmQ=m u=tR xm CU=xOW p}mWD |D=w =ot 80 8 OL=w 8 R= RO OU x=owQ}v
Q} R Q}O=kt |@;jQ@ |xr�Ut QO ?}DQD u}= x@ "CU= RwQ pw] QO Ca=U 10 OwOL

%OwW|t xO=O Q=Qk C=@U=Lt QO
PF = 0 417; Ppp = 650Mw; � = �90;

TWL = 172m:
x]@=Q� xU |xHQO |}xrtH OvJ l} 'uRNt `=iDQ=- sHL Q}O=kt R= xO=iDU= |=Q@

%CU=xOW xO=O VR=Q@ Q}O=kt Q@ �9
Ht = a+ b:St + c:S2

t + d:S3
t

a = 249 83364; b = 0 0587205; c = �1 37� 10�5;

d = 1 526� 10�9: (9)

xvwtv |xr�Ut pL G}=Dv "5
=D OW =QH= Q=@ 10 O=OaD x@ xr�Ut 'OU uRNt R= xv}y@ |Q=OQ@xQy@ |xr�Ut pL |=Q@
R}v u; |}=Q=m QO �x}rw= MU=B Ovv=t� |iO=YD OQ=wt Q}F-=D 'xv}y@ MU=B uDi=} Q@ xwqa
wO Qy |=Q@ =]N w |aU CQwYx@ R=Uxv}y@ VwQ |=yQDt=Q=B u}vJsy "OwW |UQQ@

�1 pwOH�"CU= xDiQo Q=Qk xO=iDU= OQwt w x@U=Lt Q} R xr�Ut

xO=U |Q=OQ@ xQy@ �hr=
%|xawvtt |wHDUH VwQ sR}v=mt xU Qy =@ RO OU |xO=U |Q=OQ@xQy@ |xr�Ut
Q=}at-|oOvR=Q@ |Dq=tDL= w �2 pmW� Q=}at- x@DQ |Dq=tDL= '�1 pmW� OQ=Ov=DU=
w =yMU=B \UwDt w u} QDO@ 'u} QDy@ w CU= xOW pL Q=QmD Q=@ 10 =@ �3 pmW�
|D=@U=Lt |xv} Ry "CU= xOW x@U=Lt VwQ Qy |=Q@ hOy `@=D Q=}at R= h=QLv=

C=YNWt =@ |}xv=}=Q =@ �C=@U=Lt s=Hv= u=tR COt�
|=QH= Q=@ xO |=Q@ (IntelCore2DuoCPU@GHz; RAM 2GHz)
Q=Ri= sQv =@ pL |xH}Dv� =v@t MU=B w u=kkLt Q}=U G}=Dv "CU=xOw@ x}v=F 32 'xt=vQ@
QO pw=OH w p=mW= x@ \w@ Qt C=L}[wD "�2 pwOH� CU=xOW x�=Q= R}v �Lingo 9

"CU= xOW x�=Q= G}=Dv Q}UiD VN@

"R=Uxv}y@ VwQ |=yQDt=Q=B "1 pwOH
xawvtt CU}r pw] Q=QmD O=OaD CmQL s=o C@Uv

1000 1000 0 02
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Q=W
i=|

O=yO
tLt

wO=
RQwv

|v}
UL

u}U
LO}

U "hrDNt |=yVwQ x@ RO OU uRNt R= xO=U |Q=OQ@ xQy@ |xr�Ut pL Q=@ 10 R= pY=L G}=Dv "2 pwOH
Q=}at R= h=QLv= MU=B u} QDO@ =yMU=B \UwDt MU=B u} QDy@ VwQ h}OQ

0 8093 3 7010 2 5919 1 4967 OQ=Ov=DU= 1
0 4122 1 8851 1 3202 0 7624 Q=}at x@DQ |Dq=tDL= 2
0 5882 2 6900 1 8839 1 0879 Q=}at |oOvR=Q@ 3

- - - 0 73100 [1]'�LINGO 9 Q=Ri=sQv =@ pL� =v@t MU=B 4
- 0 85116 0 83240 0 80082 [1]'xJQwt 200 =@ MMAS VwQ 5
- - - 0 94900 [1]'��|rqH� 'xJQwt 150 =@ ACS VwQ 6

"CU= xOw@ |w C=k}kLD x}rw= pL=Qt x@ \w@ Qt G}=Dv u}=�

"hrDNt |=y VwQ x@ RO OU uRNt R= |@; jQ@ |Q=OQ@ xQy@ |xr�Ut pL Q=@ 10 R= pY=L G}=Dv "3 pwOH
Q=}at R= h=QLv= MU=B u} QDO@ =yMU=B \UwDt MU=B u} QDy@ VwQ h}OQ

0 9574 11 5664 10 3577 8 7533 OQ=Ov=DU= 1
0 7023 9 9800 8 7114 7 6017 Q=}at x@DQ |Dq=tDL= 2
0 8885 10 1398 8 3783 7 6164 Q=}at |oOvR=Q@ 3

- - - 7 372 [1]'�LINGO9 Q=Ri=sQv =@ pL� =v@t MU=B 4
- 8 69969 8 83370 8 2289 [1]'xJQwt 200 =@ MMAS VwQ 5

�Unfeasible� xHwt Q}e [1]'��|rqH� 'xJQwt 150 =@ ACS VwQ 6
"CU= xOw@ |w C=k}kLD x}rw= pL=Qt x@ \w@ Qt G}=Dv u}=�

|xawvtt |wHDUH VwQ x@ |@; jQ@ |Q=OQ@ xQy@ |xr�Ut pL G}=Dv "6 pmW
"Q=}at |oOvR=Q@ |Dq=tDL=

�IntelCore2DuoCPU@GHz; RAM 2GHz� C=YNWt =@ |}xv=}=Q
xH}Dv� =v@t MU=B w u=kkLt Q}=U G}=Dv "CU=xOw@ x}v=F 44 'xt=vQ@ |=QH= Q=@ xO |=Q@
p=mW= x@ \w@ Qt C=L}[wD "�3 pwOH� CU=xOW x�=Q= R}v �Lingo9 Q=Ri=sQv =@ pL

"CU= xOW x�=Q= G}=Dv Q}UiD VN@ QO pw=OH w

G}=Dv Q}UiD �G
�3 |r= 1 pw=OH� w �6 |r=1 p=mW=� hrDNt \}=QW QO pOt |=QH= x@ xHwD =@

"CU=xOW pY=L Q} R G}=Dv
pO=at� Q=QmD 150 OwOL R= TB xO=U |Q=OQ@xQy@ Cr=L QO wHDUH VwQ "1

|xawvtt |wHDUH VwQ x@ |@; jQ@ |Q=OQ@ xQy@ |xr�Ut pL G}=Dv "4 pmW
"OQ=Ov=DU=

|xawvtt |wHDUH VwQ x@ |@; jQ@ |Q=OQ@ xQy@ |xr�Ut pL G}=Dv "5 pmW
"Q=}at x@DQ |Dq=tDL=
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|Q}oxH}Dv "6
sR}v=mt l} p=ta= =@ OQ=Ov=DU= |xawvtt |wHDUH VwQ =OD@= j}kLD u}= QO
w xO=U |xv}y@ |Q=OQ@xQy@ |=Q@ TBU w OW =QH= u=OQoMQJ VwQ =@ |Dq=tDL=
|xrLQt QO |Dq=tDL= sR}v=mt u}= &CU=xOW xDiQo Q=mx@ RO OU uRNt |@;jQ@
hOy `@=D Q=Okt w |o}=Uty QO MU=B x@DQ Q=}at wO =@ 'CmQL |Oa@ |x]kv ?=NDv=
xQwO Qy QO uRNt R= xOW =yQ ?; u=R}t 's}tYD Q}eDt u}vJty "CU=xOW p=ta=
|=yOv};Qi Q}F-=D =D CU=xOW pL Q=@ 10 O=OaD x@ =yVwQ R= s=Om Qy =@ xr�Ut w ^=Lr
OQ=Ov=DU= VwQ =@ xU}=kt QO =yxaUwD C}kiwt R= |m =L G}=Dv "OwW |UQQ@ |iO=YD
xm 'CU=xOQm pta Q=}at-|oOvR=Q@ VwQ R= QDjiwt Q=}at-x@DQ VwQ u}vJty &CU=
|xU}=kt R= "CUv=O Cr=L u}= QO u=OQoMQJ VwQ Xkv `iQ =Q Cra u=wD|t
xmv}= seQ|ra xm OwW|t xOy=Wt u=kkLt Q}=U |=yMU=B w =v@t MU=B =@ =yMU=B
MU=B x@ u=kkLt Q}=U |=yMU=B R= j}kLD u}= QO Q=QmD xO QO xOW xDi=} MU=B u} QDy@
=yMU=B Q=}at R= h=QLv= |DQ=@a x@ w xOwOLt u}= OwHw =@ 'CU=xOw@ QDl}ORv =v@t
R=}v xOWx�=Q= |=yxaUwD xm CUv; Qou=}@ ẁ[wt u}= &CU=xOw@ u=v; G}=Dv R= V}@
VwQ QO =Q \DWD w OOWD |=yOv};Qi u=wD|t xvwtv |=Q@ &OQ=O |QDW}@ KqY= x@
|Q}PBu=v}t]= w Vy=m =Q =yQ=QmD QO MU=B Q=}at R= h=QLv= =D OQmp=ta= wHDUH

"OyO V}=Ri= =Q |@=NDv= VwQ R= xO=iDU=

Q=QmD 250 R= TB |@;jQ@ |Q=OQ@xQy@ Cr=L QO w �`@=D OQw;Q@ Q=@ 20000
"CU= xOW l}ORv |}=yv MU=B x@ �`@=D OQw;Q@ Q=@ 30000 pO=at�

R= QDtm Q=}U@ xO=U |Q=OQ@xQy@ QO Q=QmD Q=@ 10 QO G}=Dv C=Q}}eD |xvt=O "2
|@;jQ@ |xr�Ut QDW}@ |oO}J}B Qou=Wv ẁ[wt u}= "CU= |@;jQ@ |Q=OQ@xQy@

"CU= |@=NDv= |x}rw= MU=B x@ q=@ C}U=UL xH}Dv QO w
|}=yv MU=B w C=@U=Lt u=tR QO |yHwD p@=k Q}F-=D CmQL s=o |xR=Ov= ?=NDv= "3
pw] 0 02 pO=at� C@=F =QH= pw] QO CmQL s=o |xR=Ov= j}kLD u}= QO "OQ=O
?=NDv= u}= C}@ wr]t Qov=}@ xOW x�=Q= G}=Dv w OW ?=NDv= �s}tYD Q}eDt |xR=@

"CU=
Q=@ 10 QO� u=kkLt Q}=U G}=Dv =@ xU}=kt QO |O=yvW}B |=yVwQ MU=B u} QDy@ "4
QO� xOW xDi=} MU=B u} QDO@ w =yMU=B \UwDt um}r 'CU= QD?wr]t �Q=QmD
OOWD p=ta= ẁv R= xaUwD w CU}v ?wr]t �=v@t MU=B w u=Qo}O G}=Dv =@ xU}=kt

"O@r]|t =Q \DWD w
OQ=Ov=DU=Cr=L x@C@Uv |Dq=tDL= |=ysR}v=mt '=yQ=}at R= h=QLv= |xU}=kt =@ "5
QDjiwt Q=}at- x@DQ |Dq=tDL= sR}v=mt u}vJty w Ov=xO}WN@ Ow@y@ =Q =yMU=B
xvwo u}= u=wD|t =Q Cra &CU=xOQm pta Q=}at- |oOvR=Q@ |Dq=tDL= sR}v=mt R=

"OwW|t u=OQo MQJ VwQ Xkv `iQ ?Hwt swO sR}v=mt xm OQm|@=} RQ=

CWwv=B
1. linear programming (LP)
2. non-linear programming (NLP)
3. dynamic programming (DP)
4. meta-heuristic
5. large scale problem
6. combinatorial optimization
7. tabu search
8. descend local search
9. initial solution
10. perturbation
11. tabu list
12. intensi�cation
13. diversi�cation
14. aspiration criteria
15. termination criteria
16. uphill climbing
17. ranking-based-probabilistic tabu search (RBPTS)
18. �tness-based-probabilistic tabu search (FBPTS)
19. roulette wheel selection method
20. plant factor
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