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"s} R=OQB|t lQLDt \=kv uwt=Q}B =yxr=kt R= |}xtOkt u=}@ x@ CU= lQLDt
|}=Hx@=H|xr�Ut OwW|tKQ]t|@=}u=mtp�=Ut|=DU=Q QO xm|v} wvp�=Ut R=
R= xOW nvy=ty |DmQL |xOvQ}oQ@ QO |}=Hx@=H p�=Ut "CU= lQLDt Cq}yUD
xm |r=L QO 'CU= xm@W QO |rm hOy l} x@ |@=}CUO |=Q@ <=}W= R= |}xawtHt

[2]"OR=U|t xOQw;Q@ =Q =yu; pm =} =y|}=Hx@=H QFm =OL uOQmxv}tm
wO =} l} u=tR u; QO [2]"OW |iQat 2007 p=U QO |}=Hx@=H p�=Ut xDUO
QO 'OW x�=Q= lQLDt R}yHD u=mt |}=Hx@=H QFm =OL uOQmxv}tm |=Q@ xO=U ?} QkD
l} CQwYx@ w xOw@ Cw=iDt =y|}=Hx@=H pm uOQmxv}tm |=Q@ ?} QkD l} xm |r=L

[3]"CU= xOv=t |k=@ R=@ xr�Ut
OQwtQO |k}kLD I}y 'p}yUD |@=}u=mt |xRwL QO xOWs=Hv= C=ar=]t T=U=Q@
|D=aq]= |=yQ=DN=U xm CW=O xHwD O}=@ "CU= xOWv s=Hv= xDUw}B lQLDt \=kv
VQDUo �Ovvm|tv CmQL u=} QDWt xm |v=tR� =DU}= p�=Ut |=Q@ xm |}=ysD} Qwor= w
Cq}yUDCmQL xm|v=tR �� lQLDt \=kv xawtHt |=Q@ s}kDUt Qw]x@ 'Ov=xOW xO=O
|=ypOt xt=O= QO "CU}v =QH= p@=k �� Ovvm ^iL =Q u}at |=yC}OwOLt O}=@
R= V}B =t= CU= xOW xDiQo Q_v QO l}Uqm p}yUD |@=}u=mt p�=Ut R= lQLDt

"s}yO|t x�=Q= u; C@=F |=ypOt R= |i} Q=aD u;

k-center �hr=
xOW xO=O d � 1 u; QO xm |Oa@ d |=[i QO =[=kD x]kv n R= S xawtHt l}
xawtHt u}= `=aW xm|}xvwox@ s}vm|t =O}B x[Qa |x]kv k R= p xawtHtl} &CU=
h} QaD x[Qa |x]kv u} QDl}ORv w =[=kD |x]kv l} u}@ xrY=i xv}W}@ u=wvax@
p |=yxawtHt u}vJ =yl} QDt R= |[a@ |=Q@ xm O}vm xHwD "OwW xv}tm p QO xOW

"CU}v =Dm} ,=twRr

k-median �?
xawtHt l} &CU= xOW xO=O |Oa@ d |=[iQO =[=kD x]kv n R= S xawtHt l}
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i6=tDi %CW=O s}y=wN

"OwW|t xDiQo Q_v QO u=} QDWt |=y=[=kD
&CU= QiY Q@=Q@ jwi |R=Ht xQo R= p}yUD xQo Qy =} |QDWt xQo Qy |xrY=i "4
QO =Q ZQi u}= "djt = 0; j 2 F; dit = 0; i 2 V %s} Q=O Qo}O CQ=@ax@

"s} Q}o|t Q_v QO t xQo uOw@ |R=Ht |=DU=Q
"CU= 0 �Wi � 1 xm CW=O s}y=wN =yDv= QO "5
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xivDiwi

pm uOQmxv}tm |=DU=Q QO �� pw= pOt QO Q_v OQwt hOy u=ty �� pw= hOy `@=D
'OW u=}@ pw= pOt KQW QO xm u=vJ w CU= Cq}yUD w u=} QDWt |=y|}=Hx@=H
|r=L QO CU= u=} QDWt |=y|}=Hx@=H ẁtHt Qou=Wv f1 hOy `@=D R= pw= CtUk

"CU= Cq}yUD |=y|}=Hx@=H ẁtHt Qou=Wv u; swO CtUk xm
CyH u; R= ẁtHt u}= "CU= |ivt Ctqa =@ C=R=}Dt= ẁtHt swO hOy `@=D
pL p@=k xr�Ut pm hOy `@=D uOQmp=tQv xrLQt QO xm xOW xDiQo Q_v QO |ivt

"pw= pOt |t}UQD p=Ft Cq}yUD C}iQ_ u=R}t w u=} QDWt |=[=kD u=R}t "3 pwOH
C}iQ_ u =R}t p}yUD pLt =[=kD u=R}t |QDWt u=mt

230 7 199 9
121 6 88 10
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48 1
38 5
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"pw= pOt |t}UQD p=Ft Cq}yUD w u=} QDWt OY=kt "4 pwOH
xm xm@W xQo xQ=tW xQ=tW xm@W xQo xQ=tW xQ=tW
u; CtU x@ p}yUD xQo CtU x@ |QDWt xm xQo
Ovm|t CmQL p}yUD Ovm|t CmQL u; |QDWt

9 2 9 9
3 7 3 10
1 6 9 2

3 4
1 1
1 5
1 7

u=} QDWt C}ty= uDiQo Q_v QO =@ pOt |xaUwD "6
w =yxYNWt |t=tD "CU= xOW x�=Q= |x}rw= pOt R= |}xaUwD `k=w QO swO pOt
u; |=yC}OwOLt w =yQDt=Q=B w =yQ}eDt |t=tD R}v w 'pw= pOt QO xOW u=}@ \}=QW
pOt QO xm CU= xDmv u}= QO pOt wO u}= Cw=iD =t= "CU= Q=QkQ@ R}v swO pOt |=Q@
`k=w QO xm OwW|t xi=[= pOt x@ C}ty= =} uRw QDt=Q=B s=vx@ |O}OH QDt=Q=B swO
|yOT} wQU |=Q@ |QDWt Qy Qo}O u=}@ x@ "CU= xm@W QO OwHwt u=} QDWt XDNt
xm Ow@ Oy=wN |vRw |DQ=@ax@ =} C}ty= |=Q=O xm@W QO OwHwt Cq}yUD Q_v R=
|[a@ hPL 'pOt QO uRw QDt=Q=B uDiQo Q_v QO "O@=}|t X}YND |QDWt u; x@
u; R= C}ak=w u}= "CW=O Oy=wN p=@vO x@ |v=UQCtON |x]}L R= =Q u=} QDWt R=
Q=Qk p}yUD l} |v=UQCtON |xOwOLt QO xm |v=} QDWt u=}t R= xm CU= CyH
'OvwW|t ?=NDv= OvQ=O Q_v OQwt p}yUD |=Q@ |QDW}@ C}ty= xm |}=yu; OvQ}o|t
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u=wvax@ 'u; C}ty= u=R}t QO |QDWt Qy |=[=kD ?Q[pY=L swO pOt QO OQ=O
QU}t |yOT} wQU Qw_vtx@ =Q |QDWt l} Vv} Ro xm OwW|t ?=NDv= |QDt=Q=B
'u}}=B |=[=kD w q=@ C}ty= |=Q=O |QDWt l} CU= umtt Cr=L u}= QO "OR=U|t
|QDWt x@ C@Uv QDq=@ |=[=kD w u}}=B C}ty= |=Q=O |Qo}O |QDWt p@=kt QO w
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"swO pOt |t}UQD p=Ft QO Cq}yUD C}iQ_w u=} QDWt |=[=kDQ}O=kt "5 pwOH
C}iQ_ u=R}t Cq}yUD u=mt =[=kD u =R}t u=} QDWt u=mt
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31 7 88 14
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537 �|R=Ht xQo �16 29 2

23 5
70 11
87 7
47 13
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"Ovm|t XNWt u=W|rai pLt R= |}=Hx@=H R= Oa@ =Q Cq}yUD w u=} QDWt O}OH
Qw_vtx@ u=} QDWt w Cq}yUD |}=yv OY=kt Qou=}=tv 6 pmW OW xQ=W= xm u=vJ
xQo l} QO xm CU= XNWt pmW u}= QO "CU= CtON Ci=} QO w |v=UQCtON
j@] "OW=@ xDW=O OwHw |Q}oT} wQU Qw_vtx@ |QDWt l} R= V}@ CU= umtt

C@Ft Ctqa =@ C=R=}Dt= ẁtHt uOQmxv}W}@ u=ty swO |rY= hOy `@=D =t= "OW=@
|=Q@ �QDW}@ C}ty=� QDq=@ C} wrw= =@ |QDWt ?=NDv= f2 uOQmxv}tm R= hOy "CU=
u}vJ w CU= pw= pOt |=yC}OwOLt uwJty =yC}OwOLt "CU= |v=UQCtON
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v2V
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Dixi 8 v 2 V

w 'xOW pL uOQmxv}tm hOy =@ f1 hOy `@=D |=Q@ pOt Q=@l} jwi pOt pL QO
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QO w OwW|t u}}aD xOvQ}os}tYD OQi Q_v w xr�Ut \}=QW x@ xDU@ jwi CQ=@aQO

"OW Oy=wNv xDiQo Q_v QO |D}OwOLt OQwt u}=
swO pOt |t}UQD p=Ft "3"1"6

p}yUD 5 u; QO xm CU= xOW xDiQo Q_v QO xQo 15 R= pmWDt |}xm@W p=Ft u}= QO
x@ xrLQt Qy =@ \@DQt p=mW= sUQ =@ w xrLQt xU |] QO "OQ=O Q=Qk |QDWt 10 w

"s} R=OQB|t p=Ft u}= K}[wD
QO OwHwt Cq}yUD w u=} QDWt uDiQo Q_vQO uwO@ =yvD xm@W pw= xrLQt QO
Q=QkDU= pLt 5 pmW QO xrLQt u}= R= TB "OwW|t xO=O u=Wv 4 pmW QO xm@W
Cq}yUD w u=} QDWt Q=QkDU= pLt "OwW|t XNWt Cq}yUD w u=} QDWt |iO=YD
u=} QDWt |=[=kD Q}O=kt "CU= xOW ?=NDv=|iO=YD CQwYx@|}xQo 15 |xm@W QO
CW=O xHwD O}=@ "�5 pwOH� Ov=xOW u}at |iO=YD CQwYx@ R}v Cq}yUDC}iQ_ w
xm CU= swyit u}= x@ CU= 10 Q@=Q@ |QDWt xQo xQ=tW p=Ft u=wvax@ xm |v=tR

"OwW|t QkDUt xm@W 10 xQ=tW xQo QO |rY= |xm@W QO |QDWt
?=NDv= |iO=YD CQwYx@ xm Cq}yUD w u=} QDWt Q=QkDU= pLt 5 pwOH R=
C}iQ_ w u=} QDWt |=[=kD Q}O=kt |t=tD u}vJty "OwW|t XNWt Ov=xOW
"CU= xOW xOQw; pwOH u}= QO Ov=xOW ?=NDv= |iO=YD CQwYx@ xm R}v Cq}yUD
w =y|oS} w Q@=v@ swO p=Ft QO "CU= xDiQo CQwY p=Ft QDy@ lQO Qw_vtx@ Qt= u}=
xQo Qw_vt u}= x@ "CU= R=}v |R=Ht xQo l} x@ pOt pL |=Q@ 'pOt |=yxYNWt
CU= pOt ZQi ?@U x@ R}v u}= w CU= xOW xDiQo Q_v QO |R=Ht xQo u=wvax@ 16
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C=R=}Dt= ẁtHt |=yCi=Ut ẁtHt hOy `@=D Q=Okt u=tR xrY=i ?} Q[ xv}W}@ O=OaD O=OaD O=OaDu=} QDWt �|=yuRw� u=} QDWt \UwD xOW|] |=R= x@ xr�Ut pL R= =yxQo C}iQ_ u=R}t |=yxQo |=yxQo =yxQo|ivt Ctqa =@ Cq}yUD w xv}y@ pL x}v=F x@ Qo}Om} p}yUD =[=kD u=} QDWt Cq}yUD
�2177 813 9610 88 1 9 524 84 100 1 1 100 1 9 524 84 110
�2596 72 7342 1 065 581 005 100 1 1 100 98 22 120
�2602 45 7679 5 1 075 683 935 100 1 1 100 105 25 130
�2919 145 5573 5 0 78 960 795 100 1 1 100 115 25 140
2461 80 6870 67 1 373 1107 605 100 1 1 100 125 25 150
�3201 74 6734 66 0 6 1762 93 100 1 1 100 135 35 170
�3773 775 5699 5 0 45 2393 31 100 1 1 100 145 45 190
�4197 663 6049 0 16 3518 61 100 1 1 100 150 50 200
�4611 69 5984 0 41 3809 23 100 1 1 100 185 65 250

x@ xHwD =@ u; G}=Dv w xOW pL Gams Q=Ri=sQv R= xO=iDU= =@ xOW x�=Q= pOt
"CU= xOW xOQw; 7 pwOH QO OvwW|t ?=NDv= |iO=YD CQwYx@ xm |Q}O=kt

|Q}oxH}Dv "7
|}=tv=H QO =y|}=Hx@=H |R=Uxv}tm VywSB |rY= hOy 'OW xQ=W= xm u=vJ
Qw_vtx@ "Ow@ lQLDt Cq}yUD w u=} QDWt R= xDUw}B |}xm@W QO lQLDt Cq}yUD
swO pOt xm OW x�=Q= |]N |R} Qxt=vQ@ pOt wO |rY= hOy u}= x@ |@=}CUO
uO}UQ Qw_vtx@ pOt wO u}= QO "CiQo Q=Qk xar=]t OQwt pw= pOt |xaUwD u=wvax@
hOy x@ pOt uO}UQ Q}Ut QO xm |O}rm |=yC}OwOLt w =yQDt=Q=B '|rY= hOy x@

"OW xDiQo Q_v QO OvQ=PoQ}F-=D
lQLDt Cq}yUD w u=} QDWt R= xDUw}B |}xm@W QO |]N |R} Qxt=vQ@ pOt wOQy
l} QDt |=[i QO h=Qol} CQwYx@ xm@W u}= xm |Qw]x@ 'CU= xOW xDiQo Q_v QO
Qo}O CQ=@ax@ "OW |@=} RQ= 'xOw@ |UO}rk= xrY=i u; QO OwHwt pY=wi |t=tD xm
xDiQo Q=Qk xHwD OQwt |UO}rk= sQv =@ l} QDt |=[i l} u=wvax@ Q_v OQwt |=[i
u}= \=kv |t=tD QO Ovv=wD|t xm@W u}= QO OwHwt Cq}yUD w u=} QDWt x}rm "CU=
QO =yvD u=v; hkwD |=ypLt =t= Ovvm CmQL �� =yT-=Q xJ w =yp=} xJ �� h=Qo
xQo l} p}yUD w |QDWt Qy |=Q@ xm@W u}= QO "OW xDiQo Q_v QO xm@W |=yxQo
|yOT} wQU =} |Q}oT} wQU |=Q@ p}yUD w |QDWt xm OW xDiQo Q_v QO OYkt
w |QDWt Qy CmQL V}=tv |=Q@ "Ovvm CmQL xQo u}= CtU x@ �p}yUD \UwD�
xDiQo Q_v QO pOt s}tYD |=yQ}eDt u=wvax@ xm xOW h} QaD |}=yQ}eDt p}yUD

"Ov=xOW
u}@ xrY=i w u=} QDWt |=[=kD u=wvax@ |}=yQDt=Q=B pOt wO Qy QO u}vJty
u}at xm |}=yC}OwOLt Q@ xwqa 'pw= pOt |O}rm C}OwOLt "OW h} QaD =yxQo
CtU x@ =yvD R}v p}yUD Qy w xQo l} CtU x@ =yvD |QDWt Qy xm CU= u; 'OvOQm
ẁtHt R= Cq}yUD |=yC}iQ_ ẁtHt Rw=HD sOaC}OwOLt w 'OvmCmQL xQol}
QDt=Q=B uDiQo Q_v QO |=DU=Q QO C}OwOLt u}= xm OW h} QaD u=} QDWt |=y=[=kD
'=yC}OwOLt w =yQDt=Q=B w =yQ}eDth} QaD R=TB "CiQo pmW Cq}yUD |=Q@C}iQ_

"swO pOt |t}UQD p=Ft pL R= TB Cq}yUD w u=} QDWt Q=QkDU= pLt "6 pmW

"swO pOt |t}UQD p=Ft u=} QDWt w C q}yUD OY=kt "6 pwOH
xm@W xQo xQ=tW xQ=tW xm@W xQo xQ=tW xQ=tW
CtU x@ p}yUD xm xQo CtU x@ |QDWt xm xQo
Ovm|t CmQL u; p}yUD Ovm|t CmQL u; |QDWt

14 1 2 2
11 2 14 4
7 3 16 5
2 7 7 7
8 8 8 8

16 10
11 11
16 12
8 13
14 14

"Ov=xOW XNWt RtQk |=yErFt =@ Cq}yUD w |@; Q}=wO =@ u=} QDWt h=Qo |=tvy=Q
|rY= 8 xQo QO p=Ft u=wvax@ "OvyO|t u=Wv =Q xm@W |rY= |=yxQo |mWt Q}=wO
|QDWt OYkt xr�Ut pL R= Oa@ Ow@ xDiQo |=H u; QO |QDWt l} w p}yUD l} xm

"OwW|t QDu=U; Q=}U@ 6 pmW lQO 6 pwOH R= xO=iDU= =@ "CUy R}v 13
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QO u; |xaUwD x@ xOWx�=Q= pOt QO |OwHwt |=yxv} Ry uDiQo Q_vQO =@ u=wD|t
|xOvQ=OQ@ QO OwN |OwHwt |=yxv} Ry u}= "CN=OQB |R} Qxt=vQ@ |=ypOt |=[i
xi=[= pOt x@ =Q =yu; u=wD|t xm CU= |Q=Oxov |=yxv} Ry w VQ=iU |=yxv} Ry
'Q}N= xOW x�=Q= |=ypOt x@ |OwHwt pQDvm EL@t uOwRi= |=yOQ@ Q=m Qo}O R= "OQm
\UwD |}xO=H |xm@W QO CNwU OvtR=}v lQLDt |=ywQOwN CNwU R=}v `iQ

"CU= u=UQCNwU lQLDt |=ywQOwN

\UwD CU= Cq}yUD w u=} QDWt |=y|}=Hx@=H ẁtHt xm |iOy `@=D =@ pw= pOt
"OW |HvUQ=@Da= w 'pL Gams Q=Ri=sQv

xaUwD u=} QDWt |=Q@ �C}ty=� uRw QDt=Q=B uDiQo Q_v QO =@ pw= pOt xt=O= QO
|=yC}OwOLt w =yQDt=Q=B '=yQ}eDt |t=tD "OW x�=Q= swO pOt u; R= TB w OW xO=O
u=} QDWt |=Q@ uRw QDt=Q=B swO pOt QO xwqax@ "CU= Q=QkQ@ R}v swO pOt |=Q@ pw= pOt
w u=} QDWt |=y|}=Hx@=H pm uOQmxv}tm Q@ xwqa u; hOy `@=D w OW xDiQo Q_v QO
QO "CU= |v=UQCtON |=Q@ QDq=@ C} wrw= =@ u=} QDWt ?=NDv= OOYQO Cq}yUD
u=} QDWt R= |NQ@ hPL swyit x@ u}= w OW xi=[= pOt x@ C}ty= QDt=Q=B swO pOt
Zk=vD QO pOt |rY= C=}[Qi =@ ẁ[wt u}= =t= 'CU= |v=UQCtON x]}L R=
w xOW xi=[= xm@W x@ |R=Ht xQo l} Zk=vD u}= `iQ |=Q@ ?@U u}tyx@ CU=

"OW pL xm@W QO |R=Ht xQo u}= OwHw ZQi =@ pOt

xOWx�=Q= pOt |xaUwD |=Q@ |}=yO=yvW}B "8
pL |=Q@ |Q=mD@==Qi |=ysD} Qwor= R= xO=iDU= xOWs=Hv= VywSB QO |U=U= O=yvW}B
|=ypOt xm =Hv; R= "CU= Q=Ri=sQv \UwD pL p@=k Q}e w O=} R |=yxQo O=OaD QO pOt
'Ov=|]N lQLDt Cq}yUD |}=tv=H QO =y|}=Hx@=H uOQmxv}tm hOy =@ xOW x�=Q=
xaUwD Qw_vtx@ |UQQ@ OQwt EL=@t |=DU=Q QO Qo}O |}=yQDt=Q=B w =yQ}eDt uOwRi=

"OwW|t O=yvW}B '|]N Q}e Cr=L x@ |]N Cr=L R= uOQmp}O@D |DL w pOt
\@DQt |=yQ}eDt xrtHR= u=} QDWt x@ |v=UQCtON u=tR COt uDiQo Q_v QO

=yCWwv=B
1. Basch
2. kinetic data structure
3. certi�cate
4. responsive
5. e�ciency
6. compactness
7. locality
8. un Capacitated facility Location problem
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