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wO \UwD 'OwHwt `@=vt x@ xHwD =@ R}v OvQ=O Tvqw@t; wO pk=OL x@ R=}v xm |k]=vt

"CiQo Ovy=wN Q=Qk VWwB CLD Tvqw@t;
`=aW QO j]=vt |=[=kD VWwB |R=Uxv}W}@ p=@vO x@ 1 xQ=tW hOy `@=D
x=Qty =yTvqw@t; |@=}u=mtR=@ w xv}W}@VWwB "CU= |}xk}kO r1 |xv}W}@ |WWwB
xm |}xi=[= |Q=m Q=@ 'xDiyv s}tYD u}= QO xm |}=yxv} Ry R= |m} "CU= xv} Ry =@
|}=Hx@=H p=@vO x@ 2 xQ=tW hOy `@=D "OwW|t OQ=w Q=m}@ |=yTvqw@t; x@ xm CU=
|Q=m Q=@ u} QDsm xm |Qw] x@ "CU= umtt u=tR u} QDx=Dwm QO Q=m}@ |=yTvqw@t;
R= swO hOy `@=D u; Q@ xwqa "Ovvm |] =Q |rk=OL QiU u=tR w xOW OQ=w =yv; x@
Ovv=wD|tv =yTvqw@t; |va} "Ovm|t |Q}owrH =yTvqw@t; pwtat Q}e |=y|}=Hx@=H
p=@vO x@ 3 xQ=tW hOy `@=D "Ovvm ?=NDv= |}=Hx@=H |=Q@ =Q |vqw] |=yCi=Ut
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x�=Q="xr�Ut C=aq]= R= |NQ@ "3 pwOH

30 x=o}=B O=OaD
30 Tvqw@t; O=OaD
48 =[=kD \=kv O=OaD
3 x=o}=B Qy C}iQ_

25�15�7 �xk}kO� VWwB |=y`=aW
2 QO =[=kD \=kv VWwB O=OaD \UwDt

�Tvqw@t;� |}xk}kO 7 `=aW
5 QO =[=kD \=kv VWwB O=OaD \UwDt

�Tvqw@t;� |}xk}kO 15 `=aW
9 QO =[=kD \=kv O=OaD \UwDt

�Tvqw@t;� |}xk}kO 25 `=aW

xiOyOvJ |xr�Ut pL VwQ "1"5
TvHty =Q `@=wD O}=@ =OD@= hOy `@=wD uOw@v TvHty w pOt uOw@ xiOyxU x@ xHwD =@
VwQ R= ẁ[wt u}= pL |=Q@ "s}vm pL xiOylD CQwY x@ =Q xr�Ut TBU w xOQm

"CU= xOW xO=iDU= |vRw ẁtHt
Q=Okt u} QDO@ w Q=Okt u} QDy@ '`@=wD |R=Uxv}tm =} |R=Uxv}W}@ x@ xHwD =@ =OD@=
"s}yO|t p}mWD =Q 20 |x]@=Q `@=D Qy |=Q@ TBU "s} Qw;|t CUO x@ =Q `@=D Qy
max�Z

max�min
(20)

Z � min
max � min

(21)

|R=Uxv}tm ẁv R= `@=D Qo = w 20 |x]@=Q R= 'OW=@ |R=Uxv}W}@ ẁv R= hOy `@=D Qo =
`@=wD '21 w 20 \@=wQ QO Z QDt=Q=B R= Qw_vt "s}vm|t xO=iDU= 21 |x]@=Q R= OW=@
'`@=wD ẁv x@ xHwD =@ �min� w �max� Q}O=kt u}vJty "CU= xr�Ut |rai hOy
|t=tD |=Q@ q=@ \@=wQ p}mWD R= TB "OvyO|t u=Wv =Q `@=wD Q=Okt u} QDO@ w u} QDy@
xHwD =@ w xOw@ |R=Uxv}tm ẁv R= `@=D u}= "s}yO|t p}mWD =Q |}=yv `@=D 'hOy `@=wD
|R=Uxv}tm p=@vO x@TBU w xOQmTvHty =Q =yv; =OD@= 'hOy `@=DQyC}ty= w uRw x@
`@=wD uRw |R=i AHP VwQ R= xO=iDU= =@ =t "CU= p;xO}= Cr=L R= `@=wD |xrY=i
`@=wD uRw [17]nv=J xaUwD R}r=v; VwQ T=U= Q@ OQm} wQ u}= "s}OQm x@U=Lt =Q hOy

%OW Oy=wN u}vJ xr�Ut |}=yv hOy `@=D "Ovm|t x@U=Lt =Q

min0:6(
max1�(

P
i

(d1
iX1

i + d2
iX2

i ))

max1�min1
)+

0 2(
(
P
k

P
f

P
j 6=f

Y kfjBfjCfj)�min2

max2�min2
)+

0 2(
(
P
i

(Zi +W i))�min3

max3�min3
) (22)

pOt |@=} RQ= w C}U=UL p}rLD "2"5
u=tOwN\UwD xOW xO=O xaUwDCU=}U =t 'pOt |@=} RQ= w =yxO=O h}YwD Qw_vt x@
'C} Qwt-=t s=tD= R= TB C@=F CU=}U QO "s}vm|t xU}=kt OwHwt C@=F CU=}U =@ =Q
s=tD= R= TB '=t CU=}U QO =t= "OvOQo|tR=@ OwN |x}rw= x=o}=B x@ =yTvqw@t;
u}vJty "OvwW xO=O X}YND |O}OH x=o}=B x@ =yTvqw@t; CU= umtt 'C} Qwt-=t

|@=}u=mtR=@ s}tYD R= |W=v Tvqw@t; Qy \UwD t xQwO =D xOW s=Hv= |}=Hx@=H
T=U= Q@ O}=@ 'OW=@ Q_v Ot pOt R= |HwQN uDiQo xm |v=tR Qy Ut Q=Okt "OQ=O

"OwW |v=UQRwQx@ 15 |x]@=Q
Ut =  � t

T
(15)

xv}W}@ x@  Q=Okt "OyO|t u=Wv =Q �Ca=U 12� RwQ pw] QO |Q=m Ci}W T Q=Okt
p}=tD Tvqw@t; Qy xm �xDa=U 12 Ci}W |=Q@ Ca=U 10� RwQ pw] QO |Q=m sHL

"Ovm|t xQ=W= 'OQ=O uOQm Q=m x@
O}=@ |Q}os}tYD Q=@ Qy QO w s} Q=O Q=Qk u; QO xm CU= |v=tR |xQwO Qov=Wv t

xm |}=yTvqw@t; |}=Hx@=H C=t}tYD R= C}OwOLt u}= `k=w QO "OwW |v=UQRwQx@
"Ovm|t |Q}owrH 'Ot=Hv=|t ?wr]t |Q=m sHL |xv}W}@ Zkv x@ u=WQiU u=tR
"Ovm|t |Q}owrH x=o}=B wO u}@ CWoQ@ w CiQ |}=Hx@=H R= 10 xQ=tW C}OwOLt
18 =D 16 C}OwOLt xU 'u; |R=U|]N Qw_vt x@ w xOw@ |]N Q}e C}OwOLt u}=

"s}OQm xi=[= pOt x@ =Q
�kfj � Y kfj 8k; f 6= j (16)

�kfj � Y kjf 8k; f 6= j (17)

�kfj � Y kfj+Y kjf�1 8k; f 6= j (18)

%CU= Q=QkQ@ 19 |x]@=Q =yC}OwOLt u}= QO
�kfj=Y

k
fjY

k
jf 8k; f 6= j (19)

Y kfj |=yQ}eDt R= |m} |xv}W}@ Qo = xm Ovm|t u}t[D 17 w 16 |=yC}OwOLt
'Ovm|t u}t[D R}v 18 C}OwOLt "OW Oy=wN QiY �kfj Q}eDt 'OvwW QiY Y kjf w

"OwW|t 1 �kfj Q}eDt 'Y kjf w Y kfj Q}eDt wO Qy uOW 1 CQwY QO
|DQwY QO =Q Qo}O x=o}=B x@ x=o}=B l} R= =yTvqw@t; |}=Hx@=H 11 C}OwOLt
R= C}OwOLt u}= u}vJty "OW=@ xDW=O Q=Qk pw= x=o}=B QO Tvqw@t; xm OyO|t s=Hv=
|x]kv l} x@ pOt Qo = "Ovm|t |Q}owrH x=o}=B u}OvJ x@ Tvqw@t; l} X}YND
pOt 12 xQ=tW C}OwOLt 'OyOv X}YND |Uvqw@t; |}xk}kO r1 `=aW x@ =[=kD
"Ovm|t |}xk}kO r3 w r2 |=y`=aW QO Tvqw@t; l} xv}tm X}YND x@ Q=O=w =Q
u}OvJ 'xDiQo Q=Qk x=o}=B l} QO xm |Uvqw@t; |=Q@ pOt CU= umtt C=kw= |y=o
C}OwOLt "Ovm|t |Q}owrH Cr=L u}= R= 13 C}OwOLt "OyO O=yvW}B =Q |}=Hx@=H

"OyO|t u=Wv =Q xOW x�=Q= pOt s}tYD |=yQ}eDt ẁv R}v 14

|D=@U=Lt G}=Dv w pOt |=QH= "5
"CU= u=QyD jQW |x}L=v x@ \w@ Qt xr=kt u}= QO xOW s=Hv= |OQwt |xar=]t
x@ w CU= `@ Qt QDtwr}m 170 u; CL=Ut w Qiv uw}r}t 3 OwOL x}L=v u}= C}atH
|=yT=tD R= l} Qy xm s}vm|t ZQi =t pOt u}= QO "CU= xOW s}UkD x}L=v 48
30 QO Tvqw@t; 30 "OwW xO=O VWwB xk}kO 7 R= QDtm QO O}=@ |Uv=SQw= jwi
'1 pmW QO "Ow@ Oy=wN |v=UQCtON xO=t; u=QyD jQW x}L=v QO Tv=SQw= x=o}=B
xOW xO=O V}=tv u=QyD jQW |x}L=v QO =[=kD |x}L=v 48 x=Qty x@ x=o}=B 30
pL \UwD TBU w xOW Om 23/6 Rto Q=Ri=sQv QO |]N |R} Qxt=vQ@ pOt "CU=
C}=@=o}o 4 |rN=O x_i=L w Core i5 C=YNWt =@ A=DBr |wQ CPLEX xOvvm
|NQ@ 3 pwOH QO "CU= xOW pL x}v=F 28 u=tR COt QO Win 8 pt=a sDU}U w

"CU= xOW xO=O u=Wv pOt C=aq]= R=
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Ovyt x@ QHvt =t CU=}U 'OwW|t xOy=Wt 5 pwOH QO xm u=vJ "CU= T=tD VWwB
R= s=Om Qy QO =yTvqw@t; |Q}PBTQDUO MQv "CU= xOW `@=vt R= xv}y@ |xO=iDU=
=yT=tD �89 u; Q@ xwqa "CU= xDi=} Ow@y@ C@=F CU=}U x@ C@Uv R}v =yT=tD
|v=tR |=y`=aW QO =yT=tD R= �11 w "Ov=xOW xO=O MU=B u=WR=}v OQwt `=aW QO
xm CU= |r=L QO u}= "Ov=xOW xO=O VWwB =yTvqw@t; u} QDl}ORv \UwD |Oa@

"CU= �73 C@=F CU=}U QO =yT=tD VWwB MQv
l}miD x@ CU=}U wO Qy QO =yT=tD x@ MU=B u=tR \UwDt 6 pwOH QO
u=tR QO xk}kO 4/4 \UwDt Qw] x@ =t CU=}U "CU= xOW xO=O Q=Qk T=tD ẁv
QoQ@ TQOv; \UwD xOW s=Hv= C=k}kLD T=U= Q@ "CU= xOQm O=H}= Vy=m |yOMU=B
u=DUQ=t}@ R= X}NQD MQv V}=Ri= x@ QHvt |yOMU=B u=tR QO Vy=m [18]u=Q=mty w
QHvt T=tD x@ MU=B u=tR QO Vy=m xk}kO 8/37 xm OvO=O u=Wv =yv; "OW Oy=wN
u}= G}=Dv T=U= Q@ "OwW|t u=DUQ=t}@ R= X}NQD MQv |OYQO 6/5 V}=Ri= x@
OYQO 3/42 'MU=B u=tR QO |}xk}kO 4/4 Vy=m =@ s}vm =aO= s}v=wD|t =t 'j}kLD

"O=O s}y=wN V}=Ri= =Q u=DUQ=t}@ R= X}NQD MQv
pqDN= RwQ@ s=ovy C}iQ_ Q}}eD x@ xHwD =@ hOy `@=D Q}}eD OvwQ "2"2"5

sDU}U QO O=} R w \UwDt 'sm
u=wD|t =Q pqDN= "CU= sDU}U QO Q=PoQF= |=yQDt=Q=B R= Qo}O |m} pqDN= QDt=Q=B
sm pqDN= "CiQo Q_v QO |@=}u=mtR=@ |xr�Ut QO O=} R w \UwDt 'sm K]U xU QO
=} 'TQDUO QO |=yTvqw@t; O=OaD 'xOt; OwHw x@ pqDN= R= Oa@ xm CU=vat u}O@
u=R}t Qo}O QDt=Q=B 'pqDN= Q@ xwqa "CU= O=} R =yTvqw@t; pm C@Uv x@ xOv=t Q=m}@
x=o}=B QO xm CU= |Uvqw@t; O=OaD u} QDW}@ |=vat x@ C}iQ_ "CU=yx=o}=B C}iQ_
?}DQD x@ hOy `@=D Q=Okt Q@ C}iQ_ Q}}eD C=QF= CtUk u}= QO "OQ}o@ Q=Qk Ov=wD|t
"s}yO|t u=Wv 4 |r= 2 |=ypmW QO =Q O=} R w \UwDt 'sm pqDN= RwQ@ s=ovy

Q}}eD C=QF= =t 'CU= |R=Uxv}tm ẁv R= xm xOW s=eO= |}=yv hOy `@=D x@ xHwD =@
sDU}U QO pqDN= hrDNt Kw]U QO hOy `@=D Q=Okt |wQ Q@ =Q =yx=o}=B C}iQ_
Q}}eD Tvqw@t; 3 =D 1 R= x=o}=B C}iQ_ \UwDt w O=} R pqDN= QO "s}OQm |UQQ@
u}@ x=o}=B C}iQ_ 'sm pqDN= QO =yTvqw@t; O=OaD uOw@ QDW}@ x@ xHwD =@ "Ovm|t
pqDN= QO 'OwW|t xOy=Wt =yQ=Owtv QO xm u=vJ "Ovm|t Q}}eD Tvqw@t; 5 =D 3
x@ w xDW=O |rwRv |OvwQ hOy `@=D Q=Okt =yx=o}=B C}iQ_ V}=Ri= =@ \UwDt w sm
,=@} QkD CQwY x@ O=} R pqDN= Cr=L QO OvwQ u}= "OwW|t QDl}ORv p;xO}= Cr=L
V}=Ri= \UwDt w sm pqDN= QO Cio u=wD|t u}=Q@=v@ "OwW|t Q=QmD |@ w=vD w C@=F
x=o}=B C}iQ_ Q}}eD O=} R pqDN= QO |rw xOW G}=Dv QO Ow@y@ Ea=@ x=o}=B C}iQ_

"OQ=Ov G}=Dv QO |Q}F-=D TQDUO QO |=yTvqw@t; u}}=B O=OaD p}rO x@
QO Ow@y@ u=R}t |wQ Q@ =yTvqw@t; |@=}u=mtR=@ O=OaD Q}F-=D |UQQ@ "3"2"5

|Uv=SQw= jwi |=y=[=kD VWwB
xr�Ut hrDNt |=yCr=L |t=tD QO =yx=o}=B u}@ Q=m}@ |=yTvqw@t; |}=Hx@=H
|}=Hx@=H O=OaD O}=@ =t= "CU= xOW |Uv=SQw= jwi |=y=[=kDVWwB QO Ow@y@Ea=@
|@=}u=mtR=@ O=OaD u}@ |x]@=Q =t "OQ}o@ Q=Qk|UQQ@ OQwt R}v =yx=o}=B u}@ =yTvqw@t;
|xr�Ut 27 QO "s}yO|t u=Wv 5 pmW CQwY x@ =Q =[=kD VWwB QO Ow@y@ u=R}t w
\=kv VWwB |=y`=aW 'x=o}=B C}iQ_ xrtH R= |irDNt |=yQDt=Q=B 'xOW |UQQ@
p�=Ut |t=tD =t "CU= xOW ^=Lr sDU}U QO pqDN= K]U w =yx=o}=B \UwD =[=kD
QO Ow@y@ u=R}t Q@ u; Q}F-=D w xOQm ?DQt =yv; |@=}u=mtR=@ O=OaD Q_v R= =Q xOW pL
s}_vD |}xvwo x@ =Q =y|@=}u=mtR=@ O=OaD xOW x�=Q= pOt "s}=xO=O u=Wv =Q =[=kD VWwB

"�5 pmW� O@=} V}=Ri= sDU}U QO Ow@y@ u=R}t xm Ovm|t

"u=QyD jQW QO Tv=SQw= sDU}U OwHwt |Q=t; |=yxO=O R= |}xYqN "4 pwOH
236 Ci}W Qy QO T=tD O=OaD \UwDt
19 Ca=U Qy QO T=tD MQv \UwDt
�81 u=DUQ=t}@ x@ s=Ra=

xOv}; |=[=kD QDy@ VWwB Qw_vt x@ Q=m}@ |=yTvqw@t; |}=Hx@=H =t CU=}U QO
xy=tl} |v=tR xR=@ l} R= T=tD 14000 pt=W xr�Ut |=yxO=O "OwW|t =QH=
"CU= xOW xO=O u=Wv 4 pwOH QO xOW |Qw; `tH |=yxO=O |Q=t; xYqN "OvDUy
C@=F CU=}U =@ u=tOwN CU=}U |xU}=kt Qw_vt x@ =Q |ak=w |=yxO=O =t
=QH= w |R=UxO=}B 'xOW |R=Ux}@W \}Lt l} QO 'xar=]t OQwt |xk]vt QO OwHwt
"CU= xOW s=Hv= |}xDiy l} |v=tR xR=@ l} |=Q@ =yxO=O |R=Ux}@W "s}vm|t
"OW Oy=wN xU}=kt |OQmrta Q=}at xU QO C@=F CU=}U w =t pOt |=y|HwQN
'=yT=tD VWwB |=Q@ OwHwt |=yTvqw@t; O=OaD \UwDt R= Ov=CQ=@a =yQ=}at u}=

"|yOMU=B u=tR \UwDt w =[=kD VWwB MQv \UwDt
O=OaD w VWwB MQv '|yOMU=B u=tR� |OQmrta |=yQ=}at |xU}=kt "1"2"5

�TQDUO QO |=yTvqw@t;
|NQ@ "CU= swU CtUk QO xOW u=}@ |xrLQt Q=yJ T=U= Q@ pOt |=QH= Ov}=Qi
=t OQm} wQ QO T=tD |=[=kD xk]vt w T=tD ẁv 'T=tD OwQw u=tR Ovv=ty =yxO=O R=
|=[=kD j]=vt R= w |YNWt |=yu=tR QO =yT=tD "CU= u=Um} 'C@=F OQm} wQ w
OwHwt |=yTvqw@t; O=OaD T=tD OwQw R= TB "OvwW|t sDU}U OQ=w |YNWt
Qo = "OwW|t u}}aD Qi w Ni�Oi |=yQDt=Q=B \UwD 'u; R=}v OQwt |v=tR `=aW QO
'OvyO VWwB =Q T=tD R=}v OQwt |=yTvqw@t; O=OaD 'OwHwt |=yTvqw@t; O=OaD
u}= Q}e QO "OW Oy=wN xO=O MU=B R=}v OQwt `=aW QO T=tD xm CU= |vat u}O@
Ovy=wN MU=B T=tD x@ |Oa@ |v=tR |=y`=aW QO =yTvqw@t; u} QDl}ORv 'CQwY
u}= "CU= C}r=ai x@ pweWt xvLY QO =Q |v=tR COt Tvqw@t; 's=Ra= R= TB "O=O
R= Oa@ CU= umtt "OwW|t xDiQo Q_v QO =yT=tD |ak=w |=yxO=O T=U= Q@ u=tR
=yT=tD �81 =yxO=O T=U= Q@ "Ovvm pkDvt u=DUQ=t}@ x@ =Q u=Q=t}@ =yTvqw@t; u;
R}v u=DUQ=t}@ =D xvLY R= s=Ra= u=tR COt u}vJty "Ov=xDW=O u=DUQ=t}@ x@ s=Ra=
C}r=ai u=tR ẁtHt =t "OwW|t xDiQo Q_v QO T=tD |ak=w |=yxO=O T=U= Q@
Q_v QO u=DUQ=t}@ =} xvLY QO C=}rta s=tD= =D s=Ra= |x_Lr R= =Q =yTvqw@t;
s=Ra= u=tR COt w xvLY QO uOv=t u=tR COt xm u}= x@ xHwD =@ u}=Q@=v@ "s} Q}o|t
u=tR COt 'CU= u=Um} CU=}U wO Qy QO T=tD Qy |=Q@ u=DUQ=t}@ =D xvLY R=
R}=tD pt=a w CU= Cw=iDt C@=F CU=}U x@ C@Uv =t OQm} wQ QO xm T=tD x@ MU=B
|R=Ux}@W =t "CU= C@=F CU=}U x@ C@Uv =yTvqw@t; C}r=ai u=tR COt ẁtHt
|=yQ=}at "s}=xO=O s=Hv= �|Q=m Ci}W 14 ,=awtHt� |Q=m |=yCi}W s=tD QO =Q
|=yQ=}at\UwDt Qov=Wv xrY=L G}=Dv "Ov=xOW x@U=Lt =yCi}W s=tD QO |OQmrta
O=OaD \UwDt '|OQmrta Q=}at u}rw= "CU=yCi}W s=tD QO xOW x@U=Lt |OQmrta
Qy QO Qi w Ni-Oi |=yQDt=Q=B R= xO=iDU= =@ =t "CU= TQDUO QO |=yTvqw@t;
G}=Dv 5 pwOH "s}=xOQm x@U=Lt =Q TQDUO QO |=yTvqw@t; O=OaD 'T=tD OwQw Q=@

"OyO|t u=Wv =yT=tD |t=tD u}vJty w =yT=tD ẁv |=R= x@ =Q
|v=tR `=aW QO T=tDl} x@ MU=B Qo = "CU=VWwB MQv |Oa@ |OQmrta Q=}at
MQv =t 5 pwOH QO "CU= T=tD u; VWwB |=vat x@ 'OQ}o CQwY u; R=}v OQwt
xU}=kt C@=F CU=}U =@ =Q u; w xOQm |Ov@xDUO =y=[=kD `=wv= T=U= Q@ =Q VWwB
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1. static policy
2. Optima Live
3. the maximal expected covering location problem
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