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G}=Dv 4 VN@ QO w s} R=OQB|t pOt pL |=Q@ |m}Dtt w |m}DvS |=ysD} Qwor=
"OwW|t u=}@ p=Ft OvJ |=Q@ l}Dtt w l}DvS sD} Qwor= T=U=Q@ pOt pL R= pY=L

"OwW|t QmP |D; C=k}kLD w |}=yv |Q}oxH}Dv u=}=B QO

pOt VQDUo "2
=yQDt=Q=B w =yQ}eDt h} QaD "1"2

"s} R=OQB|t QMCLAM pOt s}tYD |=yQ}eDt w =yQDt=Q=BK} QWD x@CtUku}= QO
'CU= MCLP pOt |xDi=}VQDUo `k=w QO xm [12]xOW x�=Q= 1998 p=U QO pOt u}=
OQ=Ov=DU= |xrY=i =} u=tR T=U=Q@ u=} QDWt X}YND pOt u}= QO xm Cw=iD u}= =@
u=} QDWt x@ |yOT} wQU C}i}m ,=vt[ "OQ}o|t CQwY Cq}yUD R= xOWh} QaD
p=L "OQ}PB|t CQwY � lU} Q CLD w hY |x} Q_v T=U=Q@ Cq}yUD \UwD

"s} R=OQB|t pOt u}= s}tYD |=yQ}eDt w =yQDt=Q=B h} QaD x@
Qy |=Q@ u=} QDWt O=OaD u} QDW}@ b &i xQo C}atH ai %R= Ov=CQ=@a =yQDt=Q=B
|xOvyOT} wQU QO |yOT} wQU MQv �j &i xQo QO =[=kD MQv fi &xOvyOT} wQU
P &T} wQU C}i}m C}OwOLt |=Q@ xOWh} QaD u=v}t]= K]U VRQ= � &j ẁv

"xOWu}}aD |=yxOvyOT} wQU O=OaD
xOvyOT} wQU\UwD i xQo Qo = xm 1 w QiY Q}eDtXij %R= Ov=CQ=@a R}v =yQ}eDt w
Q}eDt Yj "CU= QiY CQwYu}= Q}e QO w OQ}o|t 1 Q=Okt OwW xO=O VWwB j
Q}e QO w OQ}o|t 1 Q=Okt OQ}o Q=Qk j xQo QO |}xOvyOT} wQU Qo = xm 1 w QiY

"CU= QiY CQwYu}=
R= pkDUt |=[=kD OvJ T=U=Q@ =Q QMCLAM pOt s}y=wN@ Qo = p=L
w =yQDt=Q=B s} Q}o@ Q_v QO hrDNt |=y=[=kD T}Ov= u=wvax@ =Q k w s}U} wv@ sy
Qy QO u=} QDWt O=OaD u} QDW}@ bk &i xQo C}atH ai %x@ OvwW|t p}O@D =yQ}eDt
|yOT} wQU MQv �jk &i xQo QO s=k ẁv |=[=kD MQv fik &k ẁv |xOvyOT} wQU
K]U VRQ= �k &CU= xOW x}@aD k ẁv |=[=kD |=Q@ xm j ẁv xOvyOT} wQU QO
u}@ |OOa� k |=[=kD |=Q@ T} wQU C}i}m C}OwOLt |=Q@ xOWh} QaD u=v}t]=
xQo Qo = xm 1 w QiY Q}eDt Xijk &s=k ẁv |=yxOvyOT} wQU O=OaD Pk &�1 w QiY
OQ}o|t 1 Q=Okt OwW xO=O VWwB k ẁv T} wQU |=Q@ j xOvyOT} wQU \UwD i
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"s} R=OQB|t [12]'OW xO=O K}[wD QDV}B xm
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X
i;j

aiXij ; (1)

S:t:

Xij � Yj ; 8i; j; (2)X
j

Xi;j � 1; 8i; (3)
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CLD xm OW |krD |r=tDL= Ov}=Qi l} xmr@ OWv ZQi C@=F u=tR OL=w QO u=} QDWt
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sm =QDt sDU}U QO =yT=tD |t=tD xm Ow@ u}= Q@ ZQi 'u}W}B |=yQ=DWwv QO
OQm} wQ R= xO=iDU= =@ QMCLAM pOt u}vJty "OvQ=OQwNQ@ |v=Um} C}ty= R=
p�=Ut |=Q@ OQm} wQ u}= [17]"OW pL 12xOvyOVWwB |=yh=Qo w 11pwrU O}rwD
|=yOL nQR@ p�=Ut |=Q@ w 'OW|t |yDvt xv}y@ ?=wH x@ |k]vt u=tR QO lJwm
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|R} Qxt=vQ@ |xr�Ut l} CQwYx@ xr�Ut w [18]OW xDiQo Q_v QO M/G/1 hY
|=Q@ q=@ OL uOQw; CUO x@ |=Q@ 13xOvyOVy=m l} R= w xOW pOt 1 w QiY
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[19]"CU= xOt; CUO x@ 14|Sv=Qo q Vy=m
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hrDNt \=kv QO h=Oy= u}= &s} Q}o|t Q_v QO =Q C}atH TvH R= |i=Oy= '=[=kD
u=}@ pOt "Ovvm Ci=} QO x]kv l} R= =Q OwN C=tON QwOktr=|DL Ovvm|t |aU

%OyO|t MU=B Q} R Cq=-wU x@ xOW
#OvwW|t QkDUt|]=kv xJ QOT} wQU ẁv Qy |=Q@ xOW xDiQo Q_v QO Cq}yUD "1
xJ x@ T} wQU C}i}m C}OwOLt x@ xHwD =@ T} wQU ẁv Qy |=Q@ u=} QDWt "2

#Ov@=}|t X=YDN= |]=kv
=Q OwN |=yT} wQU Ovv=wD|t u=} QDWt =}; 'hrDNt |=[=kD sm =QD x@ xHwD =@ "3

#Ovvm Ci=} QO x]kv l} R= QwOktr=|DL
#CU= Q=OktxJ T} wQU ẁv Qy |=Q@ xOW xO=O VWwB C}atH u=R}t "4
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=@ X}YND� |@=}u=mt VWwB |xv}W}@ |R=i hY pOt "3"2
=[=kD ẁv OvJ uDiQo Q_vQO

ẁv OvJ |=Q=O xm|DQwY QO �� FQMCLAM pOt |UQQ@ x@ CtUk u}= QO
OwN pOt CtUk u}= QO "s} R=OQB|t �� s}W=@ sDU}U QO sy R= pkDUt |=[=kD
u}= =yvD w [14]OQm s}y=wN K} QWD `@=vt Qo}O QO xOWh} QaD |=yQDt=Q=B T=U=Q@ =Q
|=yQDt=Q=B w =yQ}eDt u}=Q@=v@ "s}yO|t VQDUo =[=kD ẁv OvJ Cr=L |=Q@ =Q pOt

%CU= Q} R KQW x@ pOt QO xOW xO=iDU=
|R=i OOa l} ~bk = (bp; bm; bo) &�|a]k |OOa� i xQo C}atH ai
&OQ}o|t Q=Qk k ẁv xOvyOT} wQU Qy QO u=} QDWt O=OaD u} QDW}@ |=Hx@ xm |FrFt
&�|FrFt |R=i OOa l}� i xQo QO s=k ẁv |=[=kD MQv ~fik = (fpik; f

m
ik ; foik)

|=Q@ xm j ẁv xOvyOT} wQU QO |yOT} wQU MQv ~�jk = (�pjk; �
m
jk; �ojk)

C} w[a |xHQO �ijk &�|FrFt |R=i OOa l}� CU= xOW x}@aD k ẁv |=[=kD
h} QaD s=k ẁv =[=kD |=Q@ sk OQ=Ov=DU= xrY=i T=U=Q@ xm j R= i xQo xrY=i

"s=k ẁv |=yxOvyOT} wQU O=OaD pk &OwW|t

�ijk =

8>>>><>>>>:
0 dij > u
u�dij
u�s s � dij < u

1 dij � s
|R=i OOa |q=@ OL u w CU= j R= i xQo xrY=i |xOvyO u=Wv dij u; QO xm
xrY=i C} w[a xHQO OW=@ s |w=Ut =} QDsm dij Qo = `k=w QO "CU= s |}xkvRwP
xHwD =@ OW=@ s w u u}@ Qo = w 'QiY Q@=Q@ OW=@ u Q=Okt R= QDW}@ Qo = 'OwW|t 1 Q@=Q@

[14]"OQ}o|t Q=Okt u�dij
u�s |xrO=at x@

|=[=kD VWwB OQwt xm j |xOvyOT} wQU QO u=} QDWt O=OaD \UwDt ~Ns
jk

|=Q@ xOWh} QaD u=v}t]= K]U VRQ= �k "�|FrFt |R=i OOa� OvQ}o|t Q=Qk k
w QiY Q}eDt Xijk "�1 w QiY u}@ |OOa� k |=[=kD |=Q@ |R=i hY C}OwOLt
1 Q=Okt OwW xO=OVWwB k ẁvT} wQU |=Q@ j xOvyOT} wQU\UwD i xQo Qo = xm 1
|}xOvyOT} wQU Qo = xm 1 w QiY Q}eDt Yjk "CU= QiY CQwYu}= Q}e QO OQ}o|t
u}= Q}e QO OQ}o|t 1 Q=Okt OQ}o Q=Qk j xQo QO OyO|t VWwB =Q k T} wQU xm
Cr=L QO FQMCLAM pOt [14]'xOWxDio?r=]t x@ xHwD =@ "CU= QiY CQwY

%OwW|t xDWwv u}vJ sy R= pkDUt |=[=kD OvJ
max

X
i;j

ai�ijkXijk; 8k;

Xijk � Yjk; 8i; j; k;X
j

Xi;j;k � 1; 8i; k;X
j

Yjk = pk; 8k;

T ( ~Ns
jk � ~bk) � �k; 8j;

Yjk; Xijk = 0; 1; i 2 Njk; 8i; j; k (9)

Qw_vtu}O@ "s}W=@ xDW=O |R=i hY |x} Q_v Q@ |QwQt CU= sRq ~Ns
jk u}}aD |=Q@

Q=Okt R= j xOvyOT} wQU ẁv Qy w =[=kD ẁv Qy |=Q@ OwQw MQv xm s}vm|t ZQi
|yOT} wQU MQv =@ |ivt |}=tv pOt |=Q=O |yOT} wQU MQv w Ovm|t |wQ}B ~!jk
"OQm s}y=wN |UQQ@ |R=i |FrFt O=Oa= CQwY x@ =Q ~�jk w ~!jk =t "CU= ~�jk

P (Server j has � bpeople in queue) � �; 8j; (4)

P (Waiting time at server j � t) � �; 8j; (5)X
j

Yj = p; (6)

Yj ; Xij = 0; 1; i 2 Nj ; 8i; j;

=} QDsm j xQo R= u=WxrY=i xm CU=yxQo R= |}xawtHt pt=W Nj pOt u}= QO
w[a i xm OW=@ 1 Q@=Q@ Ov=wD|t |Dkw Xij u}=Q@=v@ "CU= OQ=Ov=DU= xrY=i |w=Ut
xQo QO j |xOvyOT} wQU xm CU= 1 Q@=Q@ |t=ovy Yj Q}eDt "OW=@ Nj |xawtHt
`@=D TB "CU= i xQo C}atH |xOvyOu=Wv ai QDt=Q=B u}vJty "OW=@ xOW QkDUt j

"OQ=O|tQ@ s=o C}atH VWwB uOQm xv}W}@ CyH QO pOt hOy
xm OwW 1 Ov=wD|t |t=ovy \ki Xij Q}eDt xm Ovm|t ZQi 2 C}OwOLt
Ovm|t u=}@ =Q xDmv u}= 3 C}OwOLt "OW=@ xDiQo Q=Qk j xQo QO xOvyOT} wQU l}
4 |=yC}OwOLt "CU= VWwB p@=k xOvyOT} wQU l} \UwD \ki x]kv Qy xm
xOvyOT} wQU Qy QO =[=kD sm =QD uDiQo Q_v QO =@ =Q |yOT} wQU C}i}m sy 5 w
w hY QO C=Qiv O=OaD j@] 4 C}OwOLt xm Ovvm|t u=}@ � p=tDL= u} QDsm CLD
=yC}OwOLt u}= "OwW|t p=ta= xOvyOT} wQU Qy QO Q=_Dv= u=tR j@] 5C}OwOLt
sy 6 C}OwOLt "CiQo Q=mx@ pOt QO =Q =yu; R= |m} u=wD|t |va} [12]Ov=pO=at
=yC}OwOLt u}=C}=yv QO "s} Q=O Q=}DN= QO xmCU=|}=yxOvyOT} wQU O=OaD Qou=}@

"OvwW|t u=}@ 8w 7 |=yCQ=@a ?r=k QO ?}DQDx@
X
i

fiXij � b+2p1� ��; 8j; (7)X
i

fiXij � �j + 1
t

ln(1� �); 8j; (8)

R}v �j w 'uwU=wB `} RwD T=U=Q@ i |x]kv QO =[=kD MQv |xOvyOu=Wv fi =yu; QO xm
xOvyOT} wQU Qy `k=w QO "CU= |ivt |}=tv `} RwD T=U=Q@ |yOT} wQU MQv Qou=}@
s}y=wN@ Qo = p=L "OwW|t xDiQo Q_v QO M/M/1 hY sDU}U l} CQwYx@
T=U=Q@ s}vm u=}@ sy R= pkDUt |=[=kD ẁv OvJ T=U=Q@ =Q QMCLAM pOt

%s}UQ|t Q} R pOt x@ p@k CtUk QO xOW h} QaD |=yQ}eDt w =yQDt=Q=B

max
X
i;j;k

aiXijk;

s:t:

Xijk � Yjk; 8i; j; k;X
j

Xi;j;k � 1; 8i; k;X
i

fikXijk � b+2p1� ��jk; 8j; k;X
j

Yjk = pk; 8k;

Yjk; Xijk = 0; 1; i 2 Njk; 8i; j; k

"CU=[=kD =} T} wQU ẁv Qou=}@ k T}Ov=
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"""|
R=i

hY
pOt

|=Q@
l}

Dtt
wl

}DvS
|=y

sD}Q
wor=X

j

Yjk = pk; 8k;
nX
i=1

�ikXijk � jk;

Yjk; Xijk = 0; 1; i 2 Njk; 8i; j; k
pkDUt |=[=kD OvJ Cr=L QO FQMCLAM pOt OwW|t xOy=Wt xm u=vJ
CmQL =[=kD ẁv Qy |=Q@ xOWxO=O VWwB C}atH u=R}t uOQmxv}W}@ |=DU=Q QO
Q=QkDU= |=yxv} Ry Vy=m Ea=@ xm uwo =vwo |=yT} wQU RmQtD w s=eO= x@ w Ovm|t
hOy `@=D 'pOt uOW QDl}ORv C}ak=w x@ |=Q@ Qw_vtu}O@ "OQ=Ov |yHwD 'OwW|t
Vy=m x@ QHvt xm OQ=O |}=yT} wQU RmQtD Q@ |aU xm s} Q}o|t Q_v QO |Qo}O
u=} QDWt V}=U; w |DL=Q 'xw}W u}= QO xm OwW|t Qw;O=} "OwW|t Q=QkDU= |xv} Ry
hrDNt |=yT} wQU Ci=} QO |=Q@ Ovv=wD|t =yu; =Q} R &OwW|t xDiQo Q_v QO R}v
u=}@ Q} R CQwYx@ hOy `@=D u}= "Ovvm hQY =Q |QDsm |xv} Ry w u=tR QwOktr=|DL

%OwW|t

Max

 X
i

ai max

 X
k

xijk�ijk

!!
xv}W}@ =Q Qo}O \=kv R= xOWCi=} QO |=yT} wQU O=OaD i |x]kv Qy |=R=x@ `@=D u}=
|=y=[=kD |xty QwOktr=|DL i |x]kv Qy xm CU= u}= Q@ |aU `k=w QO &Ovm|t
Q_v QO =@ p=L "Ovm Ci=} QO 'OvQ=O Q=Qk x]kv l} QO xm |}=yxOvyOT} wQU R= =Q OwN
xv=oOvJ |=[=kD OwHw Cr=L QO FQMCLAM |}=yv pOt 'h=Oy= u}= uDiQo

%OwW|t u=}@ Q} R CQwYx@ sDU}U QO

max

 X
i

ai max

 X
k

xijk�ijk

!!
;

max
X
i;j

ai�ijkXijk; 8k;

s:t:

Xijk � Yjk; 8i; j; k;X
j

Xi;j;k � 1; 8i; kX
j

Yjk = pk; 8k;
nX
i=1

�ikXijk � jk;

Yjk; Xijk = 0; 1; i 2 Njk; 8i; j; k

pOt pL |=ysD} Qwor= "3
QMCLAM pOt w [21]CU= NP-Hard pOt l} p-median pOt xm =Hv; R=
u}=Q@=v@ [12]"OQ=O =Q p-median pOt x@ uOWp}O@D C}r@=k 15|}xrtHOvJ u=tR QO
QO j}kO |=ysD} Qwor= R= xO=iDU= =@ w CU= NP-Hard pOt l} FQMCLAM

xO=iDU= |rOt u}vJ pL |=Q@ =yx=Q u} QDy@ R= |m} "CU}v pL p@=k |k]vt u=tR
l}DvS |=ysD} Qwor= `=wv= R= Q=DWwv u}= QO "CU= |Q=mD@==Qi w |Q=mD@= |=yVwQ R=

"OW Oy=wN xO=iDU= 'Ov=xOW O} Q@}y |Q=mD@= sD} Qwor= l} =@ xm 'l}Dtt w

u}=Q@=v@ "CU= i xQo |=Q@ k ẁv |=[=kD MQv |xOvyO u=Wv ~fik OW u=}@ xm u=vJ
%s} Q=O

~!jk =
nX
i=1

~fikXijk =

 
nX
i=1

fpikXijk;
nX
i=1

fmikXijk;
nX
i=1

foikXijk

!
pD}r \@=wQ T=U=Q@ w �|iwmQ=t |R=i pOt� FM/FM/1 pOt T=U=Q@ u}vJty

%s} Q=O [20]|R=i

~Ns
jk = ~!jk

~�jk � ~!jk
=

nP
i=1

~fikXijk

~�jk � nP
i=1

~fikXijk

%R= CU= CQ=@a ~Ns
jk |FrFt |R=i OOa |x@U=Lt |xw}W u}=Q@=v@

~Ns
jk = ( ~Nsp

jk ; ~Nsm
jk ; ~Nso

jk ) =

0BB@
nP
i=1

~fpikXijk

~�pjk �
nP
i=1

~fpikXijk
;

nP
i=1

~fmikXijk

~�mjk �
nP
i=1

~fmikXijk
;

nP
i=1

~foikXijk

~�ojk �
nP
i=1

~foikXijk

1CCA
OQ}o|t s=Hv= |R=i OOa wO u}@ xU}=kt 'OwW|t xOy=Wt 9 |xrO=at QO xm u=vJ
[18]u}kkLt |O=yvW}B VwQ R= xrO=at u}= pL |=Q@ "OQ=Ov |r=tDL= Q=DN=U I}y w

%xm s} Q}o|t xH}Dv [14]xOWKQ]t |=}=[k x@ xHwD =@ R}v w
T
�

~Ns
jk � ~bk

� � �k � ~Nsm
jk � bok � (�k) (bok � bmk )

%s} Q=O u}=Q@=v@
nP
i=1

fmikXijk

�mjk �
nP
i=1

fmikXijk
� bok � (�k)(bok � bmk ) (10)

%OQm xO=U u}vJ u=wD|t =Q 10 CQ=@a
nX
i=1

�ikXijk � jk; 8j; k; (11)

%CWwv u=wD|t 11 w 10 CqO=at j@]
�ik = fmik + boikf

m
ik � (�k)(bok � bmk )fmik (12)

jk = bok�
m
jk � (�k)(bok � bmk )�mjk (13)

R= pkDUt |=[=kD OvJ Cr=L QO FQMCLAM |xOW xO=U pOt ?}DQD u}O@
"OwW|t xDWwv u}vJ 'sy

max
X
i;j

ai�ijkXijk 8k;

s:t:

Xijk � Yjk; 8i; j; k;X
j

Xi;j;k � 1; 8i; k;
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"""w
QwB|

raO
=OQy

t'|
Q}t=

OwY
kt ?r]t u}= OW=@ i OwN =@ Q@=Q@ QYva u}= ,=[Qi Qo = w "Ovm|t u}t-=D u; R= =Q OwN

QkDUt s=i xQo OwN QO k ẁv |=yxOvyOT} wQU R= |m} xm CU= u}= |xOvyOu=Wv
"CU=

=yswRwtwQm 21|oOvR=Q@ "2"3"3
Qy |oOvR=Q@ u=R}t 'Ov=C}atH TvH R= w 'TvHsy hOy `@=wD |t=tD xm =Hv; R=
xDiQo Q_v QO xr�Ut pOt QO OwHwt hOy `@=wD |t=tD ẁtHt =@ Q@=Q@ swRwtwQm

%OwW|t
Fitness =

X
i

X
j

X
k

ai � �ijk � xijk+

X
i

ai �max

 X
k

xijk�ijk

!
22u}Or=w ?=NDv= VwQ "3"3"3

"OwW|t xO=iDU= 23CrwQ MQJ VwQ R= hrDNt |=yQ=QmD QO u}Or=w ?=NDv= |=Q@
|oOvR=Q@ u=R}t =@ ?U=vDt Or=w u=wvax@ swRwtwQm Qy ?=NDv= p=tDL= VwQ u}= QO

%OwW|t x@U=Lt u}vJ w CU= swRwtwQm u;

P (Cromsomei) =
Fitness(Cromosomei)P
j

Fitness(Cromosomej)

w s=i swRwtwQm |oOvR=Q@ u=R}t |xOvyOu=Wv Fitness(Cromosomei) u; QO xm
"CU= Or=w u=wvax@ swRwtwQm u}= ?=NDv= p=tDL= |xOvyOu=Wv P (Cromsomei)

s=eO= VwQ "4"3"3
'Crossover Rate =@ Q@=Q@ |r=tDL= =@ Or=w wO QO sy Q}_v |=yQ]U VwQ u}= QO
Q]U QO xm |]=kv |x}rm T}Ov= =OD@= 'Q]U wO s=eO= |=Q@ "OvwW|t s=eO= sy QO
xQ}NP x_i=L QO |Q}eDt QO CU= QkDUtxOvyOT} wQU =yu; QO Or=w wO QO Q_v OQwt
Q]U R=}v OQwt |xOvyOT} wQU O=OaD x@ 'pw= OvRQi uDN=U |=Q@ TBU "OwW|t
w OvwW|t ?=NDv= |]=kv |iO=YD CQwYx@ x_i=L QO OwHwt Q}eDt R= Q_v OQwt
OvRQi 'Ovvm|t Ci=} QO T} wQUxOvyOT} wQU u}= R= xm u}Or=w R= |]=kv =@ ?U=vDt
T} wQU |r}yUD I}y R= Rwvy xm Q]U R= |]=kv C}=yv QO "OwW|t xDN=U pw=
QO Q_v OQwt T} wQU QO =Q u; x@ C} w[a u} QDW}@ xm |r}yUD x@ Ovvm|tv Ci=} QO
Q}eDt R= |]=kv TBU "OwW|t xO=O X=YDN= OQ=O QkDUt Cq}yUD |t=tD u=}t
OvwW|t xDiQo Q_v QO 'xDiQov Q=Qk xO=iDU= OQwt pw= OvRQi QO xm x_i=L QO OwHwt
Ovvm|t Ci=} QO T} wQU =yxOvyOT} wQU u}= R= xm u}Or=w R= |]=kv =@ ?U=vDt w
R= u; QO QkDUt |=yxOvyOT} wQU O=OaD Qo = C}=yv QO "OwW|t O=H}= R}v swO OvRQi
QO QkDUt |=yxOvyOT} wQU R= 'OW=@ QDsm Q]U R=}v OQwt |=yxOvyOT} wQU O=OaD
OvRQi Ovv=ty R}v swO OvRQi &OwW|t ?=NDv= |}x]kv |iO=YD CQwYx@ pw= OvRQi
Q} R swRwtwQm wO k T} wQU |=Q@ O}vm ZQi p=Ft u=wvax@ "OwW|t xDN=U pw=

"Ov=xOW ?=NDv= Or=w u=wvax@
pw= Or=w

5 3 3 0 5 5 3 0 0 5 12 12 0 12 0 12
swO Or=w

5 0 7 0 5 7 7 0 5 11 11 11 0 11 0 0
=yu; QO =yxOvyOT} wQU xm |]=kv xawtHt xm OyO|t X}NWD =OD@= Qorta u}=
sD} Qwor= O}vm ZQi p=L "CU= 11 w 5 '3 '12 '7 |=yxQo pt=W Ov=xOW QkDUt

%s} Q=O TB 'Ovm ?=NDv= =Q 7 xQo |iO=YD Qw]x@ =OD@= pw= OvRQi p}mWD |=Q@

l}DvS sD} Qwor= "1"3
w OQ=O xk@=U p=U 40 R= V}@ xm CU= |Q=mD@==Qi |=yl}vmD R= l}DvS sD} Qwor=
Qy sD} Qwor= u}= "OQ@ xQy@ u; R= u=wD|t |}xr�Ut ẁv Qy pL |=Q@ |twta CQwYx@
=yswRwtwQm R= s=OmQy "OyO|t V}=tv |twRwtwQm xDWQ CQwY x@ =Q xr�Ut ?=wH
=Q swRwtQwQm u; hOy `@=D VRQ= Q=Okt `k=w QO xm CU= |@=wH VRQ= l} |=Q=O
R= |D}atH =OD@= xm CU= CQwYu}O@ sD} Qwor= u}= |rm |=ys=o "OyO|t u=Wv
Or=w u=wvax@ =yu; R= |O=OaD TBU "OvwW|t O}rwD |iO=YD CQwY x@ =yswRwtwQm
Q}}eD 'xOW ?}mQD 17VyH w 16s=eO= |=yQwD=QB= T=U=Q@ w OvwW|t xDiQo Q_v QO
|=yswRwtwQm 18OvRQi xm OvQw;|t OwHw x@ =Q |O}OH |=yswRwtwQm w xO=O pmW
QmPx@ sRq "O@=}|t xt=O= sD} Qwor= hkwD \QW =D OvRQi O}rwD w Or=w ?=NDv= "Ov=|r@k
\}=QW x@ xDU@ VyH w s=eO= |=yQwD=QB= w pUv Qy |=y?=wH O}rwD |ovwoJ CU=

"OwW|t xDiQo Q_v QO xr�Ut Qy
[22]"OW xDiQo Q=mx@ X}YND� |@=}u=mt p�=Ut |=Q@ Q=@u}rw= l}DvS sD} Qwor=
xO=iDU= OQwt Cq}yUD |xQ=}atOvJ |@=}u=mt |xr�Ut |=Q@ sD} Qwor= u}= TBU
"Ci=} OQ@ Q=m p-median |xr�Ut pL |=Q@ xS} wx@ sD} Qwor= u}= [24w23]"CiQo Q=Qk
QO [25]"OW xO=O VQDUo xv=NQ=m |@=}u=mt |xr�Ut |=Q@ l}DvS sD} Qwor= TBU
|xr�Ut |=Q@ q=@ Q=}U@ |}=Q=m =@ l}DvS sD} Qwor= l} xm Cio u=wD|t C}=yv
p-median |xr�Ut |q=@ Cy=@W x@ xHwD =@ [26]"CU= xOW |iQat p-median

xO=iDU= OwN l}DvS sD} Qwor= QO xrY=L G}=Dv R= u}kkLt [14]'FQMCLAM =@
"OQm s}y=wN xO=iDU= OwN pL sD} Qwor= QO G}=Dv u}= R= sy =t &OvOQm

l}Dtt sD} Qwor= "2"3
u=wD|t |rm Qw]x@ "CU= l}DvS sD} Qwor= |xDi=}pt=mD pmW l}Dtt sD} Qwor=
19|a[wt |wHwCUH l} =@ l}DvS sD} Qwor= ?}mQD l}Dtt sD} Qwor= xm Cio
u}= "OQ}PB|t CQwYVyH w s=eO= |=yQwD=QB= R= Oa@ ,qwtat wHwCUH u}= xmCU=
|a[wt |wHwCUH |Q}oQ=mx@ [27]"Ow@ xOW x}yD l}DvS sD} Qwor= |=Q@ sD} Qwor=
Q=Qk |UQQ@ OQwt =y?=wH R= |QD`}Uw K]U OwW|t Ea=@ l}DvS sD} Qwor= QO

"O@=} V}=Ri= pL u=tR CU= umtt OvJQy OvQ}o
'xOW xO=iDU= |@=} Q}Ut p�=Ut QO l}Dtt sD} Qwor= R= QDW}@ uwvm =D xJQo =
VWwB |xawtHt |xr�Ut |UQQ@ x@ |@=}u=mt p�=Ut QO u; |=yOQ@ Q=m R= u=wD|t
|=Q@ l}Dtt sD} Qwor= R= u}vJty [28]"OQm xQ=W= l}Dtt sD} Qwor= Q@ |D=Q}}eD =@
p�=Ut QO sD} Qwor= u}= [29]"CU= xOW xO=iDU= =} wB |xQw_vtOvJ |@=}u=mt p�=Ut
R}v =t Q=DWwv u}= QO [30]"CU= xDiQo Q=Qk xO=iDU= OQwt R}v |@=} Q}Ut� |@=}u=mt
's}} wH xQy@ OwN pOt pL |=Q@ u; R= 'sD} Qwor= u}= QO |D=Q}}eD O=H}= =@ s}y=wN|t

"s}vm xU}=kt l}DvS sD} Qwor= =@ =Q pL G}=Dv w

l}Dtt w l}DvS |=ysD} Qwor= |=yQDt=Q=B "3"3
"s} R=OQB|t l}Dtt w l}DvS sD} Qwor= |=yQDt=Q=B K} QWD x@ VN@ u}= QO

20=yswRwtwQm "1"3"3
OwW|t h} QaD |Oa@ K �N T} QD=t l} CQwYx@ swRwtwQm =ysD} Qwor= u}= QO
|xOvyOu=Wv N w OwHwt T} wQU `=wv= O=OaD Q@=Q@ K OW u=}@ QDV}B xmu=vJ xm
k Q]U QYva "CU= |UQQ@ OQwt |=[=kD |xm@W QO OwHwt |=[=kD \=kv O=OaD
s=k |=[=kD s=i xQo xm CU= |}x]kv T}Ov= |xOvyOu=Wv T} QD=t u}= i uwDU w
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"""|
R=i

hY
pOt

|=Q@
l}

Dtt
wl

}DvS
|=y

sD}Q
wor="pw= |UQQ@ OQwt xr�Ut C=aq]= "1 pwOH

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 n

570 833 589 720 504 821 687 959 753 852 822 580 563 892 527 725 ai

~b1 = (2; 3; 4) s1 = (1; 13; 2; 25) �1 = 0 05 ~�j1 = (27; 30; 33) P1 = 3 %1 T} wQU
7 9 3 10 2 2 3 10 10 4 6 4 7 7 6 2 fp1

9 11 5 12 4 4 5 12 12 6 8 6 9 9 8 6 fm1

11 13 7 14 6 6 7 14 14 8 10 8 11 11 10 8 fo1

~b2 = (3; 4; 5) s2 = (1; 1; 2; 24) �2 = 0 1 ~�j2 = (37; 40; 43) P2 = 4 %2 T} wQU
3 3 6 6 2 3 1 4 3 3 8 8 7 1 3 8 fp2

5 5 8 8 4 5 3 6 5 5 10 10 9 3 5 10 fm2

7 7 10 10 6 7 5 8 7 7 12 12 11 5 7 12 fo2

l}DvS sD} Qwor= |=ys=o "4"3
"OwW|t xDN=OQB l}DvS sD} Qwor= |=ys=o K} QWD x@ VN@ u}= QO

's=eO= MQv 'x}rw=C}atH %p}@k R=l}DvS sD} Qwor= |x}rw= |=yQDt=Q=B u}}aD "1 s=o
"VyH MQv

x}rw= swRwtwQm pw= pUv R=}v OQwt |=yswRwtwQm O=OaD x@ s=o u}= QO "2 s=o
'OvW=@ xHwt O}=@ OvwW|t xDN=U pw= pUv QO xm |}=yswRwtwQm "OwW|t O=H}=
Q=DN=U "Ovvm jOY xr�Ut QO OwHwt |=yC}OwOLt|t=tD QO O}=@ Qo}O CQ=@ax@
Q=QkQ@ OwN x@ OwN pOt swO w pw= |=yC}OwOLt xm CU= |}xvwox@ =yswRwtwQm
"OQm xHwD pOt sQ=yJ w swU C}OwOLt x@ =yu; O=H}= QO O}=@ =yvD w OvW=@|t
'pOt swU C}OwOLt |Q=QkQ@ |=DU=Q QO w swRwtwQm l} Q]U Qy O=H}= |=Q@
x@� |O=OaD Q}O=kt |iO=YD ,qt=m CQwYx@ xm OwW|t pta CQwY u}= x@
=@ Q@=Q@ swRwtwQm |=yxv=N R= �Q_=vDt T} wQU R=}v OQwt |=yxOvyOT} wQU O=OaD
\=kv u}= QO xmCU=vat u=O@ u}= w OvwW|t xO=O Q=Qk u=WQ_=vDt |xv=N |xQ=tW
CQwYx@ Q_v OQwt Q]U \=kv |x}k@ TBU "CU= xOW xO=O Q=QkxOvyOT} wQU
|y}O@ "OwW|t xO=O X=YDN= Ov=xOW QkDUt xm |Dq}yUD R= |m} x@ |iO=YD
"CU}v Q=QkQ@ ,=twRr xr�Ut sQ=yJ C}OwOLt xOWO}rwD |=yswRwtwQm QO CU=
R= Q]U Qy QO xOW QkDUt Cq}yUD R= l} Qy |=Q@ hOy u}= x@ uO}UQ |=Q@

%OwW|t xO=iDU= Q} R KQWx@ |Q=mD@= |WwQ R= swRwtwQm
Q_v OQwt p}yUD \UwD xm i \=kv R= l} Qy |=Q@ �ikai C@Uv |x@U=Lt "1

"Ovvm|t Ci=} QO T} wQU �j p}yUD�
Q_=vDt Q=Okt uO=O Q=Qk w CU= �ikai Q=Okt u} QDsm |=Q=O xm |}x]kv uDi=} "2

"QiY =@ Q@=Q@ swRwtwQm QO QYva u; =@
"sQ=yJ C}OwOLt |Q=QkQ@ =D swO sOk Q=QmD "3

pUv |=yswRwtwQm u} QDy@ R= 0 1 ?=NDv= '=yswRwtwQm |oOvR=Q@ |x@U=Lt "3 s=o

"pw=xr�Ut |=Q@ l}Dtt w l}DvS |=ysD} Qwor= |=yQDt=Q=B "2 pwOH
VyH MQv s=eO= MQv C}atH |xR=Ov= sD} Qwor=

0 05 0 95 500 l}DvS
0 05 0 95 100 l}Dtt

pw= OvRQi
7 7 7

xOW XNWt |xawtHt R= |Oa@ OOa u=wvax@ 5 |x]kv O} Q}o@ Q_v QO xQ=@ wO
%OwW ?=NDv=

pw= OvRQi
5 7 5 7 7 5 5

s} Q}o@ Q_v QO Qo = "OwW|t QkDUt swRwtwQm QO 5 OOa swO w pw= u}Or=w x@ xHwD =@
%s} Q=O OW=@ 11 xOW ?=NDv= swU OOa

pw= OvRQi
5 7 5 7 7 5 5 11 11 11

u=WC} w[a xHQO x@ xHwD =@ OvOWv xO=O VWwB Rwvy xm |]=kv Oa@ |xrLQt QO
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1. fuzzy queuing maximal covering location allocation model
(FQMCLAM)

2. Genetic algorithm
3. Memetic algorithm
4. location set covering problem
5. maximal covering location problem
6. maximal expected covering location problem
7. maximal availability location problem
8. queuing maximal availability location problem
9. queuing maximal covering location allocation problem
10. clustering search
11. column generation
12. covering graphs
13. relaxation
14. lagrangian relaxation
15. polynomial
16. crossover
17. mutation
18. o�spring
19. local search
20. cromosomes
21. �ttness
22. parents
23. Roulette wheel
23. Mutation Rate
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