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Cq}yUD w =yTvqw@t; |@=}u=mt x@ u=wD|t lQLDt Cq}yUD =@ |@=}u=mt p�=Ut
QO "OQm xQ=W= |v=WvVD; Cq}yUD w T}rB |=yCWo '|Q=Q][= w |v=tQO C=tON
Q=QkDU= pLt R= CtON Ci=} QO CyH |QDWt 'C@=F Cq}yUD |@=}u=mt p�=Ut
=Q OwN CtON 'u=mt u=ty QO w xaH=Qt xOvyOCtON u=mt x@ w xOQm CmQL OwN
x@ u=wD|t C@=F |xOvyOCtON =@ |@=}u=mt p�=Ut |=yOQ@ Q=m R= "Ovm|t Ci=} QO
w u} Rv@ |v=UQCNwU |=yx=oDU}= '�ATM� 1R=OQBOwN |=yx=oDUO u=mt u}}aD

"OQm xQ=W= |v=tQO Rm =Qt w =yu=DUQ=t}@ 'R=o
2s=LOR= OwHw sOa =} OwHw Q=}at T=U=Q@|@=}u=mt p�=Ut 'Qo}O |Ov@xDUO QO
Q@ ZQi CUNv |xDUO QO "OwW|t s}UkD xDUO wO x@ |yOCtON sDU}U QO
s=Hv= p}yUD x@ |w OwQw R= TB xrY=iq@ |QDWt Qy x@ |yOCtON xm CU= u}=
|=yu=tR 'swO |xDUO QO "OwW|tv p}mWD sDU}U QO |iY x=oI}y w OQ}o|t
x_Lqt p@=k |r=wDt u=} QDWt OwQw u}@ |v=tR pY=wi =@ xU}=kt QO |yOCtON
R= |t=_v QO Ow@ Ovy=wN Qw@Ht u=} QDWt w OwW|t p}mWD hY u}=Q@=v@ w CU=

"Ovv=t@ Q_Dvt |yOCtON ẁQW |=Q@ 'XNWt p@k
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'|UQQ@ CLD |xr�Ut QO "OQm XNWt =Q s}tYD |=yQ}eDt Q}O=kt 'QwmPt T} QD=t
|t=tD xm =vat u}O@ OwW|t ?wULt |rY= s}tYD Q}eDt 'Cq}yUD Q=QkDU= u=mt
'Q=QkDU= u=mt |=yQ}eDt x@ \w@ Qt Q}O=kt uOW XNWt =@ Qo}O s}tYD |=yQ}eDt
Q=OQ@ l} CQwYx@ swRwtwQm Qy xOWx�=Q= sD} Qwor= QO '?}DQDu}O@ "Ov=x@U=Lt p@=k
|xR=Ov= "OvDUy Cq}yUD Q=QkDU= u=mt Qov=Wv swRwtwQm |=yuS w OwW|t xO=O u=Wv
|=yuS Q}O=kt w CU=O}Ov=m |=yC}=U O=OaD =@ Q@=Q@ swRwtwQm Qy �|=yuS O=OaD�
Qy QO "CU= (c) =O}Ov=m |=yD}=U O=OaD =D l} O=Oa= R= |DWo}=H 'swRwtwQm Qy
=yv; QO xm OvyO|t u=Wv =Q |}=O}Ov=m |=yC}=U xQ=tW 'pw= uS f Q}O=kt 'swRwtwQm
|Wkv 'swRwtwQm Qy |}=yDv= uS c� f xm CU= K[=w "OwW|t QkDUt p}yUD l}
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"OwW|t x@U=Lt Q=QmD O=OaD R= |OYQO CQwYx@ �
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K]U u} QDy@ =yQDt=Q=B Kw]U QDt=Q=B
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"OwW|t x@U=Lt Q=QmD O=OaD R= |OYQO CQwYx@ �

Qy u}@ Q}Ut u} QDx=Dwm pw] TBU w O}rwD =yv; pY=w |=yu=tm w \=kv R= |}xm@W
l} Qy xm CU= QmP x@ sRq "OwW|t Qw_vt xQo wO u; xrY=i u=wvax@ xQo CiH
xDiQo Q_v QO p}yUD l} Q=QkDU= |=Q@ =O}Ov=m C}=U l} u=wvax@ xm@W |=yxQo R=
CQwYx@ Cq}yUD\UwD |yOCtON MQv w xQo Qy QO =[=kD ẁkw |=yMQv "OwW|t

"OwW|t O}rwD |iO=YD
Q=tW x@ l}DvS sD} Qwor= |R=UxO=}B pL=Qt u} QDsyt R= |m} =yQDt=Q=B s}_vD
Q}F-=D CLD COWx@ =Q u; x@ uO}UQ u=tR w |}=yv pL x=Q C}i}m Ov=wD|t xm OwQ|t
|=yQDt=Q=B?U=vt Kw]U u}}aD Qw_vtx@ =yV}=tR; |L=Q] R= xr=kt u}= QO "OyO Q=Qk
|OwQw |=yQDt=Q=B R= l} Qy |=Q@ xOW xDiQo Q_v QO Kw]U "OwW|t xO=iDU= |OwQw
QO ?}DQDx@ swO w pw= xawtHt |OOa p�=Ut |=Q@ xOt; CUO x@ K]U u} QDy@ w

"Ov=xOW VQ=Ro 2 w 1 pw=OH
Qy |=Q@ "Ov=xOW O}rwD xQo CWy w GvB xR=Ov= wO QO pw= |xawtHt p�=Ut
�hj w �=[=kD u}}=B sHL� �lj Cr=L wO QO =[=kD ẁkw |=yMQv 'p�=Ut R= xDUO
u=} QDWt |=[=kD sHL QF= |UQQ@ u=mt= =D Ov=xDiQo Q=Qk Q_vOt �=[=kD |q=@ sHL�
QO Cq}yUD |=Q@ R}v CtON MQv ẁv wO "OwW sy=Qi 'Cq}yUD Q=QkDU= u=mt Q@
QO CtON |x�=Q= |=Q@ q=@ CaQU w u}}=B CaQU Qov=Wv xm CU= xOW xDiQo Q_v
|=yxQo u=}t xrY=i u} QDx=Dwm T} QD=t ?}DQDx@ 4 w 3 pwOH QO "CU= Cq}yUD
xO=O u=Wv xQo CWy w GvB |=Q=O p�=Ut |=Q@ =[=kD ẁkw |=yMQv u}vJty w xm@W

"CU= xOW
xOvvmpL GAMS R=Uxv}y@ Q=Ri=sQv \UwD pw= |xawtHt p�=Ut R= l} Qy
Qy u}vJty "CU= xOt; CUO x@ l} Qy |xv}y@ pLx=Q w xOW pLCPLEX

CUO x@ pLx=Q u} QDy@ w xOW pL 'l}DvS sD} Qwor= \UwD =QH= Q=@ Q=yJ QO xr�Ut
|=yp=Ft pL |=Q@ xm CU= QmP x@ sRq "CU= xOW VQ=Ro =QH= Q=@ Q=yJ R= xOt;
Q=yJ |RmQt QoWR=OQB =@ |}xv=Q=} R= l}DvS sD} Qwor= w R=Uxv}y@ Q=Ri=sQv \UwD xvwtv
sD} Qwor= "CU= xOW xO=iDU= C}=@=o}o 8 |rY= |x_i=L w RDQy=o}o 3 1 |}xDUy
pwOH QO "CU= xOW Om MATLAB Q=Ri=sQv |U} wvxt=vQ@ \}Lt QO |O=yvW}B

"CU= xOW x�=Q= pw= |xawtHt p�=Ut x@ \w@ Qt |D=@U=Lt G}=Dv 5

"|@}DQD |QPosy s=Hv= |xwLv R= |r=Ft "3 pmW

|=Q@ swO Or=w |=yuS ?=NDv= QO "OwW|t p}tmD swO Or=w |=yuS \UwD 'xDiQo Q=Qk
TBU w |}=yDv= VN@ |=yuS CUNv 'x@=Wt |WwQ x@ R}v pw= OvRQi QO |Q=Po}=H
QO xm |vS Qy w OwW|t pQDvm l}x@l} '=yuS Q}=U 'swRwtwQm |=OD@= R= ẁQW =@
OvRQi 'x@=Wt |WwQ x@ "OwW|t |Bm xOWxDio ?}DQDx@ 'OW=@ xDW=Ov OwHw pw= OvRQi
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"OwW|t xO=iDU= Ow@y@ uwO@ pUv |YNWt O=OaD O}rwD w pUv
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x@ j}kO pLx=Q =@ sD} Qwor= |=ypLx=Q u} QDy@ w pL 'xOWx�=Q= l}DvS sD} Qwor=
|[=} Q pOt "OvwW|t xU}=kt xr�Ut Qy =@ Q_=vDt |[=} Q pOt pL R= xOt; CUO
"OvwW|t pL CPLEX xOvvmpLGAMS Q=Ri=sQv \UwD xr�Ut Qy x@ \w@ Qt
|}=v=wD R=Uxv}y@ Q=Ri=sQv 'CU= nQR@ p�=Ut xR=Ov= xm =Hv; R= 'swO |xawtHt QO
|=y=QH= R= xOt; CUO x@ |=ypLx=Q ,=iQY xH}Dv QO w OQ=Ov =Q |[=} Q pOt pL
'CUNv |xawtHt p�=Ut pL R= hOy "OwW|t VQ=Ro l}DvS sD} Qwor= |r=wDt
uOQw; CUO x@ QO l}DvS sD} Qwor= |}=v=wD |@=} RQ= w |[=} Q pOt CLY pQDvm
l}DvS sD} Qwor= OQmrta |@=} RQ= Qw_vtx@ swO |xawtHt "CU= xv}y@ |=ypLx=Q
|oOvm =QB u=R}t p�=Ut u}= QO "OwW|t xOQ@ Q=m x@ nQR@ xR=Ov= =@ p�=Ut pL QO
|@=} RQ= |=Q@ |Q=}at u=wvax@ 'l}DvS sD} Qwor= \UwD xOt; CUO x@ |=ypLx=Q

"OwW|t xDiQo Q_v QO sD} Qwor= OQmrta
|iO=YD CQwYx@ xvwtv p�=Ut |t=tD 'OQ=Ov=DU= |=yxO=O OwHw sOa Crax@
=OD@= '|ak=w |=yxm@W Q@ |vD@t |}xrY=i |=yT} QD=t O}rwD |=Q@ "Ov=xOW O}rwD

72



1/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "swO xawtHt p�=Ut |=Q@ |D=@U=Lt G}=Dv "6 pwOH

G}=Dv Tv=} Q=w hOy `@=D pk=OL
N=M�4� =QH= �3� =QH= �2� =QH= �1� =QH=
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sD} Qwor= R= xOt; CUO x@ G}=Dv sm Vvm =QB R= |m =L 'swO xawtHt |OOa |=yp=Ft
sD} Qwor= |=Q@ =yQDt=Q=B s}_vD xm CiQo xH}Dv u=wD|t '^=Lr u}O@ w CU= l}DvS
R= lJwm p�=Ut pL QO sD} Qwor= xm =Hv; R= "CU= xOW s=Hv= ?U=vt |}xvwox@
R}v nQR@ O=a@= =@ p�=Ut pL G}=Dv xm OwQ|t Q=_Dv= 'CU= Q=OQwNQ@ |@ wN |}=Q=m
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|Q}oxH}Dv "6
"CiQo Q=Qk|UQQ@ OQwt lQLDt |Q=Q][= Cq}yUD|@=}u=mt |xr�Ut Q=DWwvu}= QO
X}YND O=R; p}yUD u} QDl}ORv x@ |QDWt Qy 'xOW P=ND= C=[wQit T=U=Q@
'OW=@ CtON |x�=Q= pweWt '|QDWt x@ p}yUD u} QDl}ORv Qo = xm =vat u}O@ O@=}|t
u}= "Ovm|t Ci=} QO p}yUD u} QDl}ORv w u}twO R= =Q VR=}v OQwt CtON |QDWt
CU=wNQO |x_Lr QO Qo = "O@=}|t xt=O= O=R; p}yUD l} x@ |QDWt |@=}DUO =D x} wQ
"OwW|t|krD xDiQCUO R= |QDWt |=[=kD 'OvW=@ pweWt Cq}yUD |x}rm '|QDWt
|=yu=tR COt w uwU=wB Ov}=Qi R= |QDWt Qy |=y=[=kD xm OW ZQi u}vJty
R= xO=iDU= =@ "Ovvm|t |wQ}B |}=tv `} RwD R= Cq}yUD R= l} Qy \UwD |yOCtON
xm@W hY |=ysDU}U '|@amt jwi hY |=ysDU}U QO pw=ODt C}a[w V}=tv
"OvOW xOv=Hvo |[=} Q pOt Q=DN=U QO hY p}rLD G}=Dv w xOW p}rLD 'Cq}yUD
Q=QkDU= |=Q@ =O}Ov=m |=yC}=U R= |O=OaD ?=NDv= 'xOW x�=Q= |[=} Q pOt hOy
uO}UQ =D u=} QDWt Q=_Dv= u=tR \UwDt xm |}xvwox@ CU= p}yUD |YNWt O=OaD
CNU |}xrtHOvJ=v '|UQQ@CLD |xr�Ut xm u; p}rOx@ "OwW xv}tm 'xOvyOCtON
Qw_vtx@ "OW |iQat 'l}DvS sD} Qwor= l} 'nQR@ O=a@= =@ p�=Ut pL Qw_vtx@ 'CU=
w pL '|OOa p=Ft |O=OaD 'xOWx�=Q= sD} Qwor= OQmrta w |[=} Q pOt |@=} RQ=
|O=yvW}B sD} Qwor= \UwD lJwm p�=Ut pL R= xOt; CUO x@ G}=Dv "OvOW p}rLD
CU= Q=OQwNQ@ sRq |}=Q=m R= lJwm p�=Ut pL QO sD} Qwor= u}= xm OvO=O u=Wv
"CU= xOQw; CUO x@ =Q GAMS Q=Ri=sQv =@ u=Um} |H}=Dv 'sm Q=}U@ |v=tR QO =Q} R
'OQ=Ov =Q nQR@ O=a@= =@ p�=Ut pL C}r@=k GAMS R=Uxv}y@ Q=Ri=sQv xm =Hv; R=
QO sD} Qwor= xm OwQ|t Q=_Dv= lJwm |=yp=Ft pL QO sD} Qwor= |}=Q=m x@ xHwD =@
C=ar=]t x@ xHwD =@ "Ovm O}rwD =Q xv}y@ x@ l}ORv G}=Dv R}v nQR@ O=a@= =@ p�=Ut pL
|=Q@ ?U=vt |}=yxv}tR u=wvax@ Ovv=wD|t Q} R OQ=wt 'j}kLD u}= QO xDiQo CQwY

%OvwW |krD |D; C=k}kLD

"xQo GvB |=Q=O p�=Ut x@ \w@ Qt C=aq]= "3 pwOH
�hj �lj

xQo xQo5 4 3 2 1
20 9 8 9 5 4 0 1
14 5 10 5 6 0 4 2
17 5 3 7 0 6 5 3
11 6 4 0 7 5 9 4
13 7 0 4 3 10 8 5

"xQo CWy |=Q=O p�=Ut x@ \w@ Qt C=aq]= "4 pwOH
�hj �lj

xQo xQo8 7 6 5 4 3 2 1
12 9 9 3 5 6 2 7 8 0 1
14 8 4 7 2 5 10 9 0 8 2
16 6 5 8 3 2 6 0 9 7 3
18 8 3 5 8 9 0 6 10 2 4
12 6 7 4 10 0 9 2 5 6 5
15 7 6 9 0 10 8 3 2 5 6
16 9 10 0 9 4 5 8 7 3 7
16 7 0 10 6 7 3 5 4 9 8

"pw= |xawtHt p�=Ut |=Q@ |D=@U=Lt G}=Dv "5 pwOH
GA CPLEX

� � s=m
Time(s) OF Time(s) OF

0 58 12 66 0 42 12 66 �lj 15
3 50 58 12 54 0 43 12 54 �lj 25

0 59 12 81 0 75 12 81 �hj 40
0 58 12 78 0 54 12 78 �hj 50

1 80 21 95 49 03 21 95 �lj 20
4 81 81 21 17 48 90 21 17 �lj 30

1 80 21 96 49 17 21 96 �hj 40
1 82 21 79 48 91 21 79 �hj 50

|yOCtON MQv V}=Ri= =@ OyO|t u=Wv pw= xDUO p�=Ut pL G}=Dv xm u=vJ
OwW|t QDtm 'xOvyOCtON uO}UQ =D u=} QDWt Q=_Dv= u=tR COt \UwDt 'Cq}yUD
Q=}at u}= 'OW=@ sm 'OwQw |=yMQv p@=kt QO CtON MQv xm |DQwY QO 'TmaQ@ w
\UwD pw= xDUO p�=Ut pL R= xOt; CUO x@ G}=Dv |xU}=kt =@ "O@=}|t V}=Ri=
pL QO l}DvS sD} Qwor= xm OwW|t xOy=Wt l}DvS sD} Qwor= w R=Uxv}y@ Q=Ri=sQv
x@ C@Uv |QDtm u=tR QO =Q xv}y@ pLx=Q CU= xDUv=wD pw= xawtHt p�=Ut |t=tD

"OQw; CUO x@ GAMS Q=Ri=sQv
p=Ft Q=yJ 'nQR@ p�=Ut pL QO |O=yvW}B sD} Qwor= OQmrta |@=} RQ= |=Q@
GAMS Q=Ri=sQv xm xm =Hv; R= "Ov=xOW O}rwD 'OW xDio QDW}B xm |}xw}W x@ |OOa
u}= QO u}=Q@=v@ 'OQ=Ov =Q |O=a@= u}vJ QO |r�=Ut |=Q@ xOWx�=Q= pOt pL C}r@=k
VQ=Ro l}DvS sD} Qwor= |r=wDt |=y=QH= QO xOt; CUO x@ |=ypLx=Q ,=iQY VN@
|O=yvW}B sD} Qwor=\UwD|r=wDt |=QH= Q=yJ QO xvwtv |=yp=Ft R=l} Qy "OvwW|t
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"OwW O=Otrk |D; C=ar=]t

=iQY Cq}yUD R= l} Qy QO xm CU= xOW ZQi '|UQQ@ CLD |xr�Ut QO �
`k=wt QDW}@ QO '|ak=w |=}vO p�=Ut QO "CU= QkDUt 'lQLDt xOvyOCtON l}
'|v=UQO=Ot= Cq}yUD R= l} Qy QO |Q=Q][= |x}rkv |xr}Uw l} R= V}@
Qy QO xOvyOCtON l} QFm =OL Q=QkDU= C}OwOLt |R=UO=R; "OvDUy QkDUt
|wLvx@ Ov=wD|t 'u=oOvyOCtON O=OaD uDiQo Q_v QO s}tYD Q}eDt w p}yUD

"OQ}o@ Q_v QO =Q |ak=w |=}vO \}=QW ?wr]t
|xaUwD u}vJty w |[=} Q pOt |=Q@ ?U=vt u}}=B OwOL uOQw; CUO x@ �
Ow@y@ Qw_vtx@ 'xr�Ut u}= pL |=Q@ Qo}O |Q=mD@==Qi w |Q=mD@= pL |=yVwQ

"OwW |krD |D; C=k}kLD |=yxv}tR R= Qo}O |m} Ov=wD|t j}kLD u}= G}=Dv

x@ xOvyOCtON CWoQ@ w CiQ |=yu=tR xm CU= xOW ZQi 'j}kLD u}= QO �
u=tR 'p}rO u}ty x@ w CU= R}J=v |yOCtON |=yu=tR p@=kt QO |QDWt u=mt
CU= |r=L QO u}= "CU= xOW xDiQo Q_v QO |}=tv `} RwD CQwYx@ |yOCtON
Cq}yUD |yOCtON |=yu=tR R= |}xOta VN@ '|ak=w |=}vO p�=Ut QO xm
=D p}yUD xrY=i x@ QiU |=yu=tR "OwW|t |QDWt pLt x@ s=Ra= hQY lQLDt
|rm |Q=t; `} RwD uDiQo Q_v QO =Pr w Ov=\@DQt x}rkv |xr}Uw CaQU w |QDWt
|[=} Q pOt uOW l}ORv x@ QHvt '|yOCtON u=tR |=Q@ |}=tv `} RwD |=H x@

"OwW|t |ak=w |=}vO \}=QW x@
x}L=v Qy R= x]kv l} QO =[=kD xm CU= xOW ZQi |UQQ@ CLD |xr�Ut QO �
x]kv Qy '|ak=w |=}vO p�=Ut QO xm CU= |r=L QO u}= "OyO|t MQ |D}atH
QO "OW=@ |Q=Q][= C=tON Ci=} QO |[=kDt Ov=wD|t |D}atH x}L=v l} R=

=yCWwv=B
1. automated teller machine
2. congestion
3. hyper-cube queue
4. spatial queuing model
5. dispatching policy
6. mutation
7. crossover
8. roulette wheel
9. reproduction
10. order crossover
11. swap mutation
12. elitist strategy
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