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|]N Q}e =} |]N 'xDUUo =} xDUw}B Ov=wD|t OQ@ Q=m pLt x@ xDU@ xm CU= |OwaY
"OwW|t O=} VWwB 10|W=B wQi `@=D u=wva =@ `@=D u}= R= ẁ[wt C=}@O= QO "OW=@
xvwtv wO "OQ}o|t Q=Qk xO=iDU= OQwt R}v |H} QOD VWwB |=ypOt QO `@=D u}= x@=Wt
2 pmW QO xm u=vJ "CU= xOW xO=O V}=tv 2 pmW QO VWwB |W=B wQi `@=D R=
'xOW xO=O u=Wv u}J \N CQwYx@ xm 11|]N VWwB |W=B wQi `@=D OwW|t xO}O
`@=D QO "OUQ@ QiY x@ =D O@=}|t Vy=m |]N CQwYx@ R2 w R1 u}@ |xrY=i QO
|Qo}O `=wv= "O@=}|t Vy=m s=o x@ s=o w xDUUo CQwYx@ VWwB '12|}xrB VWwB

[9]"CU= xOW |iQat |m =QDW= |=ypOt |=Q@ R}v VWwB |W=B wQi `@=wD R=
xDUw}B p=vo}U COW `@=D xm CU= QD|k]vt |m} R}i |=yp=vo}U OQwtQO
`} RwD sDU}U l} QO xm CiQo Q_v QO =Q p=Ft u}= u=wD|t |}xrB `@=D OQwtQO "OW=@
pkvwptL QO xm |}=yC}OwOLt p}rOx@ q=m |xOvvmu}t-=D '�|m} R}iQ}e p=vo}U�
OYQO xv}W}@ 'pY=wi u}= R= QDsm |=yQ}Ut |=Q@ w xOQm XNWt =Q |rY=wi OQ=O

"Ovm|t u}}aD O} wo@ MU=B Ov=wD|t xQo Qy |=[=kD pm R= xm =Q |}=[=kD
|}xrB p=vo}U COW `@=D 'OW=@ xOW u}}aD |xr�Ut |=Q@ VWwB `=aW n Qo =

%CWwv u}vJ u=wD|t =Q

�(dij) =

8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

1 dij � R1

�1 R1 < dij � R2
...

...

�n�1 Rn�1 < dij � Rn
0 CQwYu}= Q}e QO
0 < �n�1 < ::: < �1 < 1

"|}xrB w |]N � VWwB |W=BwQi `@=wD R= |W}=tv "2 pmW
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"""V
WwB

xv}W
}@X

}YN
D�

|@=}
u=m

tp
Ot|

xaU
wD

s:t:

Txi �X
j2J

�1 (dij) yj +
X
k2J

�2 (dik) zk 8i 2 I (2)

Tyj �X
k2J

�3 (djk) zk 8j 2 J (3)X
j2J

yj � p (4)X
k2J

zk = q (5)

xi 2 f0; 1g 8i 2 I (6)

yj 2 f0; 1g 8j 2 J (7)

zk 2 f0; 1g 8k 2 J (8)

&(i 2 I) =[=kD |=yxQo |xawtHt %I
(j; k 2 J) q=@ =}/w u}}=B K]U p}=Uw Q=QkDU= |=Q@ xwkr=@ |=yu=mt |xawtHt %J
K]U |xr}Uw T}Ov= j� "CiQo Q_v QO I R= |}xawtHtQ} R u=wD|t =Q J |xawtHt
J |xawtHt w[a *u=mt l} QO xDiQo Q=Qk |q=@ K]U |xr}Uw T}Ov= k w u}}=B

&�OvDUy
&�i xQo uRw� i xQo QO =[=kD %ri

&j xQo w i xQo u}@ �s}kDUt |xrY=i� xrY=i u} QDx=Dwm %dij
&(T > 0) p=vo}U COW |xv=DU; OL %T

&OvwW|t |@=}u=mt xm u}}=B K]U p}=Uw O=OaD %p
&OvwW|t |@=}u=mt xm q=@ K]U p}=Uw O=OaD %q

xi

8>>>><>>>>:
1 u; |q=@ w u}}=B K]U R=}v� OwW xO=O VWwB i |=[=kD xQo Qo =

�OwW =[Q=
0 CQwYu}= Q}e QO

yj

8<:1 OQ}o@ Q=Qk j u=mt QO u}}=B K]U |xr}Uw l} Qo =
0 CQwYu}= Q}e QO

zk

8<:1 OQ}o@ Q=Qk k u=mt QO q=@ K]U |xr}Uw l} Qo =
0 CQwYu}= Q}e QO

%OwW|t h} QaD p=vo}U COW `@=D xU 'pOt uOw@ |@D=QtxrUrU p}rOx@
QO u}}=B K]U |xr}Uw R= i |=[=kD xQo \UwD |Di=} QO p=vo}U COW %�1(dij)

&j u=mt
QO q=@ K]U |xr}Uw R= i |=[=kD xQo \UwD |Di=} QO p=vo}U COW %�2(dik)

&k u=mt
R= j |x]kv QO u}}=B K]U |xr}Uw \UwD |Di=} QO p=vo}U COW %�3(djk)

"�`=HQ= CyH� k u=mt QO q=@ K]U |xr}Uw
\UwD �|m =QDW= VWwB R= xO=iDU= =@� =[=kD VWwB |R=Uxv}W}@ 1 hOy
p=vo}U COW ẁtHt 2 C}OwOLt CU=Q CtU "CU= u}}=B w q=@ K]U p}=Uw
ẁtHt u}= Qo = "CU= u}}=B K]U w q=@ K]U p}=Uw |t=tD R= i xQo \UwD |Di=} QO
Ov=wD|tv i xQo QO |}=[=kD I}y 'OW=@ VWwB |=Q@ p=vo}U |xv=DU; OL R= QDsm
"OwW|t ?wULt xOW xO=O VWwB xQo l} CQwYu}= Q}e QO w OwW xO=O VWwB
'OW=@ xDW=O Vkv =[=kD xQo l} VWwB QO |v}}=B K]U |xr}Uw xm |DQwY QO

p}=Uw =@ s}kDUt Q}e =} s}kDUt Qw]x@ =} =[=kD '|@D=QtxrUrU Q=DN=U u}= QO ��
O}=@ u}=Q@=v@ "OwW|tv xO=OVWwB ,qY= xm u}= =} w OwW|t xO=OVWwB q=@ K]U
|iQ] R= "OwW =[Q= xOW xO=O VWwB |=[=kD xQo l} T} wQU |=yR=}v |xty
xm OQ}o@ Q=Qk Ov=wD|t |}=yu=mt QO =yvD u}}=B K]U |xr}Uw Qy xm u}= ZQi =@
K]U |xr}Uw =@ |}=[=kD xQo Qo = 'OW=@ q=@ K]U p}=Uw |a=HQ= VWwB CLD
VWwB CLD s}kDUt Q}e Qw] x@ xm CU= |vat u}= x@ OwW xO=O VWwB u}}=B

"CUy R}v q=@ K]U p}=Uw
l}miD q=@ K]U T} wQU R=}v w u}}=B K]U T} wQU R=}v =[=kD xQo l} QO ��
Qy x@ R=}v =[=kD xQo Qy w OwW|t xO=O u=Wv ri =@ i xQo |=[=kD pm "OwW|tv

"OQ=O q=@ w u}}=B T} wQU K]U wO
pOt u}= QO =[=kD |=yxQo VWwB hrDNt Cq=L R= |}xO=U |=tv 3 pmW QO

"CUq=@ K]U VWwB pmW u}= QO VWwB R= Qw_vt "CU= xOW x�=Q=
VWwB CLD |L=wv |xOvyOu=Wv nvQsm w nvQQB |}xQ}=O Kw]U 3 pmW QO
|L=wv nvQQB w nvQsm \w]N =@ |r=NwD |=yxQ}=O "OvDUy =[=kD \=kv |=Q@ p}=Uw
"OvyO|t u=Wv =Q u}}=B K]U p}=Uw |=Q@ q=@ K]U p}=Uw |a=HQ= VWwB CLD
'xDiQo Q=Qk nvQQB \N =@ QDmJwm |r=NwD |xQ}=O pN=O xm j1 u}}=B K]U |xr}Uw
VWwB CLD |=y=[=kD |t=tD w OwW|t xO=O VWwB k1 |q=@ K]U xr}Uw =@
K]U |xr}Uw "OwW|t xO=O `=HQ= k1 |xr}Uwx@ q=@ K]U |=yR=}v |=Q@ 'j1
xO=O VWwB k2 w k1 |q=@ K]U |xr}Uw wO \UwD |m =QDW= CQwYx@ j2 u}}=B

"OwW|t

|m =QDW= |@D=QtxrUrU VWwB |O=yvW}B pOt "2"3
VWwBCr=L x@ `=HQ= =@ |@D=QtxrUrUVWwB xv}W}@ |@=}u=mt pOtCtUk u}= QO
|=Q@ X}YND =@ w |m} R}i |=yp=vo}U |=Q@ X}YND uwO@ Cr=L wO QO |m =QDW=
|xr�Ut 'X}YND uwO@ Cr=L QO "OwW|t xO=O xaUwD |m} R}i Q}e |=yp=vo}U
|=Q@ �CHMCLP(R)� `=HQ= =@ |m =QDW= |@D=QtxrUrU VWwB xv}W}@ |@=}u=mt
's}yO|t Q=Qk xQ=W= OQwt �1 pOt� u=wva =@ =Q u;TB u}= R= xm |m} R}i |=yp=vo}U

%OwW|t |R=UpOt u}vJ

Max

 X
i2I

rixi

!
(1)

|xar=]t QO xOW x�=Q= |@D=QtxrUrU pOt QO |m =QDW= VWwB R= |}=tv "3 pmW
"Q[=L
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"""w
|Q}

W@|
Oyt

'O=Sv
|Qk

=@Qi
aH "w1 + w2 = 1 xm |Qw]x@ OwW|t u}}aD xOvQ}os}tYD

a1
ij

8>>>><>>>>:
1 QkDUt u}}=B K]U |xr}Uw VWwB `=aW pN=O i |=[=kD xQo Qo =

OW=@ j u=mt QO
0 CQwYu}= Q}e QO

a2
ik

8>>>><>>>>:
1 QkDUt |q=@ K]U |xr}Uw VWwB `=aW pN=O i |=[=kD xQo Qo =

OW=@ k u=mt QO
0 CQwYu}= Q}e QO

a3
jk

8>>>><>>>>:
1 |a=HQ= VWwB `=aW pN=O j u=mt QO u}}=B K]U xr}Uw Qo =

OW=@ k u=mt QO q=@ K]U xr}Uw
0 CQwYu}= Q}e QO

v1
ij

8>>>><>>>>:
1 j u=mt QO QkDUt u}}=B K]U xr}Uw x@ i |=[=kD xQo Qo =

OwW xO=O X}YND
0 CQwYu}= Q}e QO

v2
ik

8>>>><>>>>:
1 k u=mt QO QkDUt |q=@ K]U xr}Uw x@ i |=[=kD xQo Qo =

OwW xO=O X}YND
0 CQwYu}= Q}e QO

v3
jk

8>>>><>>>>:
1 QO QkDUt q=@ K]U xr}Uw x@ j u=mt QO u}}=B K]U xr}Uw Qo =

OwW xO=O X}YND k u=mt
0 CQwYu}= Q}e QO

=Q =[=kD VWwB 'X}YND |=yxv} Ry pm |R=Uxv}tm =@ u=tRty 9 hOy
p=vo}U COW ẁtHt =@ CU= |w=Ut 10 C}OwOLt CU=Q CtU "Ovm|t xv}W}@
=yv; x@ xm |}q=@ w u}}=B K]U p}=Uw |t=tD R= i |=[=kD xQo \UwD |Di=} QO
i xQo 'OW=@ xv=DU; OL =@ |w=Ut =} QDnQR@ ẁtHt u}= Qo = &xDi=} X}YND
xv=DU; OL u=wvax@ Ov=wD|t xr�Ut u}= QO R}v xQo |=[=kD "OwW|t xO=O VWwB
Q=Okt CQwYx@ p=vo}U COW `@=wD R= l} Qy CQwYu}= QO xm OwW xDiQo Q_v QO
u}t[D 11 C}OwOLt "OwW|t h} QaD xrY=i x@ xHwD =@ xOW u}t-=D |=[=kD
COW ẁtHt xm OQ}o@ Q=Qk |}=yu=mt QO =yvD u}}=B K]U |xr}Uw Qy Ovm|t
T xv=DU; OL =@ Q@=Q@ pk=OL u=mt u; QO q=@ K]U p}=Uw R= |Di=} QO p=vo}U

"OW=@
X}YND j x@ Ov=wD|t|DQwY QO i xQo xm Ovm|t O=H}= u=v}t]= 12C}OwOLt
pN=O i xQo ,=}v=F w OW=@ xDi=} Q=QkDU= j QO u}}=B K]U |xr}Uw l} ,qw= xm O@=}
Ovm|t O=H}= u=v}t]= 13 C}OwOLt "OW=@ j u}}=B K]U VWwB CLD |xk]vt
q=@ K]U |xr}Uw l} ,qw= xm O@=} X}YND k x@ Ov=wD|t |DQwY QO i xQo xm
|q=@ K]U VWwB CLD |xk]vt pN=O i xQo ,=}v=F w OW=@ xDi=} Q=QkDU= k QO
QO j u}}=B K]U |xr}Uw xm Ovm|t O=H}= u=v}t]= 14 C}OwOLt "OW=@ k u=mt
Q=QkDU= k QO q=@ K]U |xr}Uw l} ,qw= xm O@=} X}YND k x@ Ov=wD|t |DQwY
"OW=@ k u=mt |q=@ K]U VWwB CLD |xk]vt pN=O j u=mt ,=}v=F w OW=@ xDi=}
u}}aD |Qv}=@ ẁv R= pOt X}YND s}tYD |=yQ}eDt 17 =D 15 |=yC}OwOLt =@

"OwW|t

p}=Uw =} xr}Uw x@ `=HQ= j} Q] R= u}}=B K]U |xr}Uw u}= \UwD q=@ K]U CtON
=yvD u}}=B K]U p}=Uw 3 C}OwOLt R= xO=iDU= =@ xm =QJ &OwW|t sy=Qi q=@ K]U
|=Q@ q=@ K]U p}=Uw x@ |a=HQ= VWwB xm OvwW QkDUt Ovv=wD|t |}=yu=mt QO
ẁtHt xm OQ}o@ Q=Qk Ov=wD|t |v=mt QO u}}=B K]U |xr}Uw |va} "OW=@ sy=Qi =yv;

"OW=@ T |xv=DU; OL |w=Ut =} QDnQR@ q=@ K]U p}=Uw R= u; |Di=} QO p=vo}U
"CU= p Q@=Q@ u}}=B K]U p}=Uw O=OaD u} QDW}@ xm Ovm|t O=H}= u=v}t]= 4C}OwOLt
6 |=yC}OwOLt "OwW|t xO=O Q=Qk q Q@=Q@ q=@ K]U p}=Uw O=OaD 5 C}OwOLt QO

"Ovm|t h} QaD |Qv}=@ ẁv R= =Q pOt s}tYD |=yQ}eDt 8 =D
`=HQ= =@ |m =QDW= |@D=QtxrUrU VWwB xv}W}@ X}YND � |@=}u=mt |xr�Ut
TB u}= R= xm =Q |m} R}i Q}e |=yp=vo}U |=yOQ@ Q=m |=Q@ �CHMCLAP(R))

%OQm |R=UpOt u}vJ u=wD|t 's}t=v|t �2 pOt� =Q u;

Max

0BBBBB@w1
X
i2I

rixi � w2

0BBBBB@
P
i2I
P
j2J

c1
ijv1

ij

+
P
i2I

P
k2J

c2
ikv2

ik

+
P
j2J

P
k2J

c3
jkv3

jk

1CCCCCA
1CCCCCA (9)

s:t:

Txi �X
j2J

�1 (dij) v1
ij +

X
k2J

�2 (dik) v2
ik 8i 2 I (10)

Tyj �X
k2J

�3 (djk) v3
jk 8j 2 J (11)

v1
ij � a1

ijyj 8i 2 I; j 2 J (12)

v2
ik � a2

ijzk 8i 2 I; k 2 J (13)

v3
jk � a3

jkzk 8j 2 J; k 2 J (14)X
j2J

yj � p (15)X
k2J

zk = q (16)

xi 2 f0; 1g 8i 2 I (17)

yj 2 f0; 1g 8j 2 J (18)

zk 2 f0; 1g 8k 2 J (19)

v1
ij 2 f0; 1g 8i 2 I; j 2 J (20)

v2
ik 2 f0; 1g 8i 2 I; k 2 J (21)

v3
jk 2 f0; 1g 8j 2 J; k 2 J (22)

u=mt QO xDi=} Q=QkDU= u}}=B K]U |xr}Uwx@ i |=[=kD xQo X}YND |xv} Ry %c1
ij

&j
u=mt QO xDi=} Q=QkDU= |q=@ K]U |xr}Uwx@ i |=[=kD xQo X}YND |xv} Ry %c2

ik

&k
|xr}Uwx@ j u=mt QO xDi=} Q=QkDU= u}}=B K]U |xr}Uw X}YND |xv} Ry %c3

jk

&k u=mt QO xDi=} Q=QkDU= |q=@ K]U
&hOy `@=D QO VWwB CQ=@a C}ty= uRw %w1

"hOy `@=D QO X}YND |xv} Ry CQ=@a C}ty= uRw %w2
\UwD 'OvQ=O R}v =Q hOy `@=D CQ=@a wO |R=Up=tQv Vkv xm w2 w w1 |=yuRw
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"""V
WwB

xv}W
}@X

}YN
D�

|@=}
u=m

tp
Ot|

xaU
wD"1 p=Ft QO =yxQo |=[=kD w C=YDNt "2 pwOH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =[=kD |=yxQo
801 485 958 971 157 965 958 547 278 97 632 914 127 906 815 |ki= C=YDNt
891 699 506 255 752 224 585 340 960 498 119 162 655 680 276 |Owta C=YDNt
57 96 61 54 72 88 85 83 63 80 58 76 65 90 58 =[=kD Q=Okt
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 =[=kD |=yxQo
171 656 392 743 758 679 934 849 35 656 960 792 916 422 142 |ki= C=YDNt
473 616 251 196 350 930 243 815 254 841 257 149 138 547 960 |Owta C=YDNt
90 63 70 54 94 91 89 50 99 55 72 53 100 77 92 =[=kD Q=Okt

Ci=} QO =Q VR=}v OQwt |=[=kD |xty xm OwW|t xO=O VWwB |v=tR =[=kD xQo Qy
24 1 2 Q=Ri=sQv QOTmrB}U |xOvvmpL R= xO=iDU= =@ p=Ft u}= "�T = 1|va}� Ovm
xHwD =@ "CU= xOW x�=Q= 4 w 3 pw=OH QO pY=L G}=Dv xm CU= xOW pL GAMS

QO u}}=B K]U p}=Uw w '30 w 26 '21 |=yxQo QO q=@ K]U p}=Uw '3 pwOH x@
"Ov=xDi=} Q=QkDU= 28 w 22 '17 '11 '10 '9 |=yxQo

Q=Qk |}=yu=mt QO u}}=B K]U p}=Uw xm xOW ?Hwt 11 C}OwOLt p=ta=
|=Q@ |m =QDW= =} |mD CQwYx@ q=@ K]U p}=Uw \UwD |a=HQ= VWwB xm OvQ}o@
u}}=B K]U p}=Uw xm CU= XNWt 3 pwOH X}YND Q]U R= "OW=@ sy=Qi =yv;

"Ov=xDi=} VWwB q=@ K]U p}=Uw \UwD |m =QDW= CQwYx@ 28 w 9
u}}=B K]U p}=Uw R= |i=m p=vo}U xm 16 w 7 '5 |=yxQo 4 pwOH x@ xHwD =@
19 '14 '8 '2 |=yxQo R= l} Qy "OvwW|tv xO=O VWwB 'Ov=xOQmv Ci=} QO q=@ w
\UwD Ov=wD|t |m =QDW= VWwB u}= "OwW|t xO=O VWwB |m =QDW= CQwYx@ 29 w
�19 w 14 '8 '2 |=yxQo Ovv=t� K]Usy Q}e =} �29 xQo Ovv=t� K]Usy p}=Uw
xm 24 w 22 '20 '18 '17 '13 '12 '11 '10 '4 '3 '1 |=yxQo QO "OwW sy=Qi
|}xvwox@ X}YND 'CU= T = 1 |xv=DU; OL R= V}@ |Di=} QO p=vo}U COW
Q@=Q@ hOy `@=D Q=Okt "Ovm O=H}= =Q xv} Ry u} QDsm w VWwB u} QDV}@ xm xOW s=Hv=
|xv} Ry� CU= 2022 =@ Q@=Q@ xOW xO=O VWwB |=[=kD Q=Okt w 2019 578 =@

"�OwW|tv xDiQo Q_v QO xDi=} VWwB |=[=kD Q=Okt |x@U=Lt QO X}YND
\=kv "CU= 1 p=Ft QO q=@ w u}}=B K]U p}=Uw |@=}u=mt V}=tv 4 pmW
VWwB R= xO=iDU= "Ov=xOWXNWt pmW u}= QO R}vVWwB uwO@ w xOW xO=OVWwB
|=[=kD 'swUQt VWwB `@=D =@ pOt =@ xU}=kt QO OwW|t ?Hwt pOt QO |m =QDW=
HMCLP(R)|m =QDW= Q}e pOt QO xm =QJ &OQ}o@ Q=Qk p}=UwVWwBCLD |QDW}@
uO=O u=Wv |=Q@ "Ovm xO=iDU= xr}Uw l} C=tON R= Ov=wD|t =yvD =[=kD |x]kv Qy
pOt wO Qy =@ w xOW O=H}= hrDNt O=a@= QO |iO=YD xr�Ut |O=OaD ẁ[wt u}=
VWwB `=aW OwW|t ZQi |m =QDW=Q}e pOt =@ p�=Ut pL |=Q@ "OvwW|t pL

QO �VWwB u=R}t� =yv; \=@DQ= w u}}=B w q=@ K]U p}=Uw Q=QkDU= G}=Dv "3 pwOH
"1 p=Ft

u}}=B K]U p}=Uw u=mt p}=Uw u=mt
28 22 17 11 10 9 q=@ K]U

0 4 0 4 21
0 4 0 4 1 0 6 26
0 6 1 1 1 30

30'26 30 30 30 26 26'21 X}YND

uOw@NP-Hard x@ xHwD =@ "OvDUy15 PILP ẁv R= 2 w1|xOW x�=Q= pOt wO Qy
[11]"OvDUyNP-Hard R}v pOt wOu}= xmCiQo xH}Dv u=wD|t 'xDUUoMCLPpOt

C}U=UL p}rLD w |OOa p=Ft "4
CQwYx@ xm lJwm |OOa p=Ft l} QO 2 pOt '?r=]t QDy@ lQO |=Q@ uwvm =

"OwW|t |UQQ@ xOW O}rwD |iO=YD

"1 p=Ft "1"4
QFm =OL w Ov@=} Q=QkDU= =[=kD xQo 30 u=}t O}=@ q=@ K]U |xr}Uw 3 O}vm ZQi
C=YNWt "OQm T}U-=D =[=kD |=yxQo VWwB |=Q@ u}}=B K]U |xr}Uw 6 u=wD|t
Qy |wQ Ovv=wD|t p}=Uw OwW|t ZQi "CU= xOW C@F 2 pwOH QO =[=kD |=yxQo
QO c = 10 =@ Q@=Q@ w C@=F X}YND Qy |xv} Ry "(J � I) Ov@=} Q=QkDU= =[=kD xQo
X}YND |xv} Ry R= QDsyt =y=[=kD uO=O VWwB xr�Ut u}= QO "OwW|t xDiQo Q_v
ZQi w2 = 0 001 w w1 = 0 999 CQwYx@ hOy `@=D u=Rw= u}=Q@=v@ 'CU=

"CU= xOW
|rwRv CQwYx@ p=vo}U COW `@=D xU p=Ft u}= QO OwW|t ZQi u}vJty

%O};|t CUO x@ Q} R |=ypwtQi R= =yv; Q=Okt w OvDUy |}xrB

�1(dij) =

8>>>>>>><>>>>>>>:
1 dij � 100
0 6 100 < dij � 150
0 4 150 < dij � 200
0 CQwYu}= Q}e QO

�2(dij) =

8>>>>>>><>>>>>>>:
1 dij � 200
0 6 200 < dij � 250
0 4 250 < dij � 300
0 CQwYu}= Q}e QO

�3(dij) =

8>>>>>>><>>>>>>>:
1 dij � 300
0 6 300 < dij � 350
0 4 350 < dij � 400
0 CQwYu}= Q}e QO
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=[=kD |=yxQo p}=Uw u=mt
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 u}}=B K]U

1 1 0 6 9
1 1 1 0 4 10

1 0 6 11
0 4 17

22
0 4 28

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 q=@ K]U p}=Uw u=mt
1 0 6 0 4 21

0 4 0 6 0 6 0 6 0 4 0 6 1 26
0 4 1 1 30

21 21'17 9 10 11 10 9 28'26 �� 30 �� 10 30 9'21 26 X}YND
=[=kD |=yxQo p}=Uw u=mt

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 u}}=B K]U
9

1 1 0 4 1 10
11

1 17
1 22

1 25
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 q=@ K]U p}=Uw u=mt

0 6 1 1 1 21
0 4 1 1 0 6 0 6 0 6 0 4 26

1 0 4 0 4 30
30 26'21 28 26 26 21 10 21 22 21 10 26'10 10 17 �� X}YND

pOt w |m =QDW= Q}e pOt \UwD xOW xO=O VWwB |=[=kD |xU}=kt "5 pmW
"|m =QDW=

OW=@ O=} R =yxQo O=OaD x@ C@Uv p}=Uw O=OaD Qo = OwW|t xOy=Wt xm u=vJ
=Q} R &OvyO|t VWwB =Q |v=Um} |=[=kD wO Qy w OvQ=O |v=Um} |xH}Dv pOt wO
VWwB xr}Uw l} \UwD pt=m Qw]x@ \=kv xty 'p}=Uw O=OaD uOw@ O=} R p}rOx@
u=Wv Q=Owtv uOw@ |OwaY "OQ=Ov OwHw |m =QDW= VWwB x@ |R=}v w OvwW|t xO=O
u}@ xOW xO=O VWwB |=[=kD Cw=iD '=[=kD |=yxQo O=OaD V}=Ri= =@ xm OQ=O u}= R=

"CU= xOW QDW}@ |m =QDW= VWwB Q}F-=D w xDi=} V}=Ri= pOt wO

"1 p=Ft QO q=@ w u}}=B K]U p}=Uw |@=}u=mt "4 pmW

w R2 = 200 q=@ K]U p}=Uw VWwB `=aW 'R1 = 100 u}}=B K]U p}=Uw
COW `@=D xU pt=m VWwB |=y`=aW u=ty |va} &OvW=@ R3 = 300 `=HQ= `=aW

"1 p=Ft |m =QDW= |@D=QtxrUrU pOt QO p=vo}U
?}DQDx@ =Q |m =QDW=Q}e w |m =QDW= pOt wO \UwD xOW xO=O VWwB |=[=kD Qo =
5 pmW QO xOW pL p�=Ut |=Q@ Q=Okt wO u}= p[=iD 's}yO u=Wv rH w rCH =@

"CU= xOW xO=O u=Wv
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CWPo =@ w xOW R=e; |}=Qo =w x@ p}=tD =@ sD} Qwor= ?}DQDu}O@ "O@=} Vy=m R}v p=tDL=
QO |}=Qo =w O=H}= |=Q@ "Ovm|t =O}B p}t =y?=wH |}=Qoty CtU x@ G} QODx@ u=tR

"OwW|t xO=iDU= exp(��z=t) p=tDL= R= sD} Qwor=

sD} Qwor= |=yQDt=Q=B "1"5
pw@k C=aiO O=OaD Mmax &uOW OQU ?} Q[ � &O=tHv= |=tO t0 &x}rw= |=tO t1

"=tO Qy QO sD} Qwor= Q=QmD C=aiO O=OaD Nmax &=tO Qy QO Q=QkDU= Q=OQ@

?=wH Q=DN=U "2"5
8C}OwOLt x@ xHwD =@ zk |@=}u=mt Q=OQ@ 'sD} Qwor= |=y?=wH uOw@|vOW Qw_vtx@
|=yu=mt O=OaD Q@=Q@ u; QO n xm OwW|t h} QaD 1�n |Qv}=@ |x}=Q; l} CQwYx@
q Q@=Q@ =y1 O=OaD 5 C}OwOLt x@ xHwD =@ u}vJty "CU= p}=Uw Q=QkDU= |xwkr=@

%p=Ft |=Q@ "CU=

n """ 4 3 2 1
0 """ 1 0 1 0 : zk

h} QaD1 � n |Qv}=@ |x}=Q; l} CQwYx@ R}v yj |@=}u=mt Q=OQ@ 'x@=Wt Qw]x@
"�4 w 7 |=yC}OwOLt� CU= p Q@=Q@ u; QO =y1 O=OaD xm OwW|t

x}=Uty ?=wH O=H}= Q=mwR=U "3"5
xm CU= u}= sRrDUt x}=Uty ?=wH uOw@ |vOW 'p}=Uw O=OaD uOw@ C@=F p}rOx@
=Hx@=H R= x}=Uty ?=wH Qy `k=w QO "Ovmv Q}}eD x}rw= ?=wH |=yQiY w =y1 O=OaD

"O};|t CUO x@ |rai ?=wH QO xr}Uw OvJ =} l} uOQm
\UwD xm � x}=Uty ?=wH O=H}= VwQ 'xar=]t u}= QO xDi=} xaUwD sD} Qwor= QO
|xr}Uw l} xm CU= xvwou}O@ �xDiQo Q=Qk xO=iDU= OQwt R}v [10]u=Q=mty w utQ@
Q=Qk q=@ K]U |xr}Uw uwO@ |v=mt QO w xOW xDW=OQ@ |rai u=mt R= q=@ K]U
sD} Qwor= w CU= 7 \=kv O=OaD w 3 p}=Uw O=OaD O}vm ZQi p=Ft u=wvax@ "OQ}o|t

%xOQm O=H}= u}vJ =Q |rai ?=wH

0 0 1 0 1 1 0 %zk |rai
|}=Hx@=H w xOW ?=NDv= |iO=YD CQwYx@ CU}v Q@=Q@ =yv; zk Q=Okt xm u=mt wO

%OQ}o|t CQwY xr}Uw

1 0 1 0 1 0 0 %zk O}OH
"CU= xDi=} p=kDv= 7 xQo x@ 2 xQo QO OwHwt |xr}Uw jwi p=Ft QO

pLt x@ xDU@=w u}}=B K]U p}=Uw Q=QkDU= pLt xOW x�=Q= pOt QO xm =Hv; R=
=OD@= 'q=@ K]U p}=Uw |@=}u=mt Q=OQ@ O=H}= R= TB 'CUq=@ K]U p}=Uw Q=QkDU=
|Di=} QO p=vo}U u=R}t xm |]=kv �� u}}=B K]U p}=Uw Q=QkDU= R=Ht |=yu=mt O}=@
p O=OaD =yv; u}@ R= TBU "OwW XNWt �� OW=@v QiY q=@ K]U p}=Uw R= =yv;
Q=QkDU= =yu=mt u; QO u}}=B K]U p}=Uw w xOW ?=NDv= |iO=YD CQwYx@ u=mt
"CU= zk x@=Wt xOW xO=O KQW "2"5 VN@ QO xm u=vJ R}v yj ?=wH Q=DN=U "Ov@=}

|a=HQ= `=aW |Dkw =yv; \=@DQ= w u}}=B w q=@ K]U p}=Uw Q=QkDU= G}=Dv "5 pwOH
"OW=@ lJwm

u}}=B K]U p}=Uw u=mt p}=Uw u=mt
27 23 19 14 13 6 q=@ K]U

1 3
1 1 1 20

1 1 21
20 21 20 21 20 3 X}YND

p}=Uw VWwB `=aW "OQ=O pOt |}=Q=m Q@ |O=} R Q}F-=D VWwB |=y`=aW s}_vD
u}}aD p}=Uw w xr�Ut |=y|oS} w x@ xHwD =@ w ?U=vt Qw]x@ O}=@ `=HQ= `=aW w
x@ l}ORv p=vo}U COW `@=D Qy QO xv}W}@ w xv}tm `=aW Qo = p=Ft u=wvax@ "OvwW
QO xvwtv u=wvax@ "Ovm|t pta swUQt pOt Ovv=t |m =QDW= pOt 'OwW ?=NDv= sy
`@=D QO w 120 '110 '100 Q@=Q@ �1(dij) `@=D QO VWwB |=y`=aW Qo = '1 p=Ft
OW=@ 320 '310 '300 Q@=Q@ �3(dij) `@=D QO w '220 '210 '200 Q@=Q@ �2(dij)
HMCLP(R) |m =QDW=Q}e pOt \UwD xm O};|t CUO x@ |H}=Dv u=ty ,=k}kO

"OwW|t pY=L
VWwB CLD xm |k]=vt QO u}}=B K]U p}=Uw Q=QkDU= s=Rr= p}rOx@ u}vJty
|a=HQ= `=aW Qo = '�11 w 3 |=yC}OwOLt� OvDUy q=@ K]U p}=Uw |a=HQ=
RmQtDt q=@ K]U p}=Uw h=Q]= QO u}}=B K]U p}=Uw OwW xDiQo Q_v QO lJwm
K]U p}=Uw \UwD |m =QDW= Q}e CQwYx@ =yv; |xty xm u}= ut[ w OvwW|t
u}= "OvyO|t VWwB =Q |QDsm |=[=kD R}v u=WOwN OvwW|t xO=O VWwB q=@
|a=HQ= `=aW xJQy 'jwi Cr=L TmaQ@ "CU= xOW xO=O u=Wv 2 p=Ft QO OQwt
|UQQ@ OQwt xk]vt pm QO u}}=B K]U p}=Uw QDxOvm =QB Q=QkDU= u=mt= OW=@ QDnQR@
QDW}@ K]U wO p}=Uw u}@ |m =QDW= VWwB C} Rt R= xO=iDU= u=mt= xH}DvQO w

"OwW|t

"2 p=Ft "2"4
Q_v QO 300 '280 '250 Q@=Q@ �3(dij) `@=D QO VWwB |=y`=aW Qo = 1 p=Ft QO
'17 '16 '8 '7 |=yxQo 'Ov=t@ |k=@ Q}}eD uwO@ xr�Ut |=yZQi Q}=U w OwW xDiQo
X}YND w u}}=B w q=@ K]U p}=Uw Q=QkDU= G}=Dv "OwW|tv xO=O VWwB 28 w 22
OwW|t x_Lqt pwOH u}= X}YND Q]U QO "CU= xOW C@F 5 pwOH QO =yv;

"OQ=Ov OwHw K]U wO p}=Uw u}@ |mQDWt VWwB I}y xm
\}=QW |=yC}OwOLt O}=@ 'VWwB |=y`=aW u}}aD QO xm CU= QmP x@ sRq
|k]vt |xrY=i u}vJty w p}=Uw |v=UQCtON |}=v=wD w C}iQ_ xrtHR= |ak=w

"OwW xDiQo Q_v QO R}v =[=kD \=kv w p}=Uw u}@

|O=yvW}B pOt |=Q@ SA sD} Qwor= |xaUwD "5
|=[i QO |@U=vt OQmrta xm CU= |r=tDL= |Q=mD@==Qi sD} Qwor= l} SA sD} Qwor=
|Q=R@= VwQ u}= xm CU= u}= VwQ u}= QO syt |xDmv "OQ=O xDUUo |wHwCUH
x@ 'QDO@ |=y?=wH VQ}PB =@ w OW QwO |rLt |xv}y@ \=kv R= u=wD@ xm Ovm|t sy=Qi
|xOvyOOw@y@ Q}e C=Q}}eD O}=@ sD} Qwor= u}= QO "Ci=}CUO |QU=QU |xv}y@ |x]kv
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"O}vm XNWt =Q sD} Qwor= |=yQDt=Q=B Q=Okt "3
OW=@ |vOW xm |}xvwox@ O}vm O=H}= |iO=YD CQwYx@ =Q zk |x}rw= Q=OQ@ "4

"�Ovm =[Q= =Q xr�Ut |=yC}OwOLt�
K]U p}=Uw xm =Q |R=Ht |=yu=mt 'q=@ K]U p}=Uw Q=QkDU= |xwLv x@ xHwD =@ "5
C}OwOLt R= xO=iDU= =@ 'OW=@ |vOW xr�Ut =D OQm QkDUt u; QO u=wD|t =Q u}}=B

"O}vm u}}aD 11
|xrLQt QO xOW u}}aD |R=Ht |=yu=mt u=}t R= |iO=YD CQwYx@ =Q yj Q=OQ@ "6
u=}t R= w OQm O=H}= =Q yj Q=OQ@ u}OvJ u=wD|t xrLQt u}= QO "O}vm O=H}= p@k

"OQm ?=NDv= OyO|t VWwB =Q =[=kD u} QDW}@ xm |OQwt =yv;
w O}vm x@U=Lt 14 =D 12 |=yC}OwOLt x@ xHwD =@ =Q pOt |=yQ}eDt Q}=U "7
=Q xv}y@ pL "O} Qw; CUO x@ 9 |xrO=at R= xO=iDU= =@ =Q hOy `@=D Q=Okt TBU

"O}yO Q=Qk x}rw= pL u}= =@ Q@=Q@
"O}yO Q=Qk QiY Q@=Q@ =Q N w M "8

xm q=@ K]U |xr}Uw l} u=mt uOQm =Hx@=H =@ O}OH (zk) |vOW pL l} "9
u}}=B K]U p}=Uw |@=}u=mt Q=OQ@ "O}vm O=H}= 'xOW ?=NDv= |iO=YD CQwYx@
x@U=Lt 7 =D 5 pL=Qt Ovv=t =Q O}OH hOy `@=D w pOt |=yQ}eDt Q}=U '(yj)

"O}vm
xv}y@ pL w O} Q}PB@ =Q O}OH pL 'CU= |r@k R= QDy@ O}OH hOy `@=D Q=Okt Qo = "10
QO "O} wQ@ 12 |xrLQt x@ w O}}=Ri}@ N w M Q=Okt x@ OL=w l} &O}vm RwQ x@ =Q

"O} wQ@ Oa@ |xrLQt x@ CQwYu}= Q}e
exp(��z

t ) CQ=@a pY=L =@ w xOQm O}rwD �0w1� xR=@ QO |iO=YD OOa l} "11
OOa Qo = "�CU= |rai |=tO t w hOy `@=D QO Q}}eD Q=Okt �z xm � O}vm xU}=kt
Q=Okt x@ OL=w l} w xOW xDiQ}PB O}OH pL Ow@ CQ=@a Q=Okt R= QDsm |iO=YD
N x@ =yvD w xOW OQ O}OH pL CQwYu}= Q}e QO "OwW|t xOwRi= N w M

"O} wQ@ Oa@ |xrLQt x@ "OwW|t xi=[= OL=w l}
CQwYu}= Q}e QO "O} wQ@ Oa@ |xrLQt x@ Ow@N = Nmax =}M = Mmax Qo = "12

"O} wQ@ 9 |xrLQt x@
|=tO =@ =Q pY=L w O}yO Vy=m � QO u; ?Q[ j} Q] R= =Q sD} Qwor= |=tO "13
O=tHv= |=tO |w=Ut =} QDlJwm sD} Qwor= O}OH |=tO Qo = "O}vm xU}=kt O=tHv=
Q}e QO "OwW|t xO=O V}=tv pL u} QDy@ w OUQ|t u=}=B x@ sD} Qwor= Ow@
xaUwD SA sD} Qwor= |}=Qoty OvwQ 7 pmW "O}OQoR=@ 8 |xrLQt x@ CQwYu}=

"OyO|t u=Wv p=Ft l} QO =Q 2 pOt |=Q@ xOW xO=O

j}kO pL VwQ =@ xU}=kt w sD} Qwor= |=QH= "6"5
O}rwD hrDNt |=yxR=Ov= QO |iO=YD p�=Ut 'sD} Qwor= u}= |}=Q=m X}NWD |=Q@
xr�Ut QO =[=kD \=kv R= l} Qy |Owta w |ki= C=YDNt O}rwD |=Q@ "CU= xOW
xOW xO=iDU= �0 w 1000� xR=@ QO xDUUo CN=wvm} `@=D R= 'QDsm w x]kv 50 =@
Q}O=kt u}vJty "CU= xOW xO=O V}=Ri= R}v jwi xR=@ '\=kv O=OaD V}=Ri= =@ "CU=
xR=@ QO w xDUUo CN=wvm} `} RwD `@=D R= xO=iDU= =@ |iO=YD CQwYx@ =[=kD
q = 3 w p = 6 OwW|t ZQi p�=Ut |t=tD |=Q@ "Ov=xOW O}rwD �50 w 100�

"CU=

uOw@ C@=F ZQi =@ u=wD|t 'u}}=B K]U p}=Uw Q=QkDU= |xwLv u}}aD |=Q@
VWwB =yv; |xty |=Q@ w OQm O=H}= yj |v}at O=OaD 'q=@ K]U p}=Uw Q=QkDU= pLt
u=wvax@ OyO|t VWwB =Q =[=kD u} QDW}@ xm |Q=QkDU= TBU "OQm x@U=Lt =Q =[=kD
=@ Q@=Q@ sD} Qwor= QO =Q O=OaD u}= u=wD|t u}vJty "s}vm|t ?=NDv= O}OH ?=wH
OW=@ QDW}@ |o}=Uty Qy QO xOW |UQQ@ |=yyj O=OaD xJQy "CiQo Q_v QO 1
Oy=wN x�=Q= |QDy@ |=yMU=B sD} Qwor= '?=wH |=[i QDj}kO |wHwCUH p}rOx@
xOW |UQQ@ p=Ft =@ "6"5 VN@ QO OQwt u}= "O@=}|t V}=Ri= R}v =QH= u=tR =t= OQm

"CU=

=yQDt=Q=B s}_vD "4"5
s}_vD Qw_vtx@ "OQ=O |Q=mD@==Qi |=ysD} Qwor= |}=Q=m QO |tyt Vkv =yQDt=Q=B s}_vD
?U=vt Kw]U =D OwW =QH= hrDNt O=Oa= =@ Q=@ u}OvJ sD} Qwor= =OD@= O}=@ =yQDt=Q=B

"OwW XNWt =yQDt=Q=B R= l} Qy |=Q@ V}=tR;
Q_v QO 10 w 5 =@ Q@=Q@ ?}DQDx@ w C@=F =Q Nmax w Mmax |=yQDt=Q=B
"OwW|t xDiQo Q_v QO K]U xU Qo}O pt=a xU R= l} Qy |=Q@ "s} Q}o|t
w 0 97 '0 95 Kw]U QO � QDt=Q=B &200 w 100 '50 Kw]U QO t1 QDt=Q=B
u}=Q@=v@ "OwW|t V}=tR; 0 2 w 0 1 '0 05 Kw]U QO t0 QDt=Q=B w &0 99
s}_vD V}=tR; 33 |L=Q] R= xO=iDU= =@ xOW xO=O xaUwD SA sD} Qwor= |=yQDt=Q=B
xO=iDU= 17?D|v}t Q=Ri=sQv QO 16|Jwo =D p}rLD VwQ R= Qw_vtu}O@ "OvwW|t

"s}vm|t
'V}=tR; Qy QO "OwW|t =QH= =[=kD xQo 125 =@ p=Ft l} QO C=W}=tR; u}=
6 pmW QO "OQ}o|t Q=Qk xO=iDU= OQwt G}=Dv u}ov=}t w xOW Q=QmD Q=@ 10 sD} Qwor=
w t0 't |=yQDt=Q=B hrDNt Q}O=kt |=Q@ 2 pOt QO =[=kD VWwB C=Q}}eD |=yQ=Owtv
CQwYx@ =Q sD} Qwor= |=yQDt=Q=B '=yQ=Owtv u}= x@ xHwD =@ "CU= xOW xO=O u=Wv �

"s}vm|t s}_vD � = 0 99 w t0 = 0 05 't1 = 50

SA |=QH= pL=Qt "5"5
%R= CU= CQ=@a 2 pOt |=Q@ SA sD} Qwor= |=QH= pL=Qt

'xQo Qy |=[=kD Q=Okt '=[=kD |=yxQo C=YDNt� O}vm OQ=w =Q x}rw= C=aq]= "1
"�"""w u}}=B w q=@ K]U p}=Uw O=OaD

QOSA sD} Qwor= |=yQDt=Q=B Q}}eD =@ =[=kD VWwB C=Q}}eD |=yQ=Owtv "6 pmW
"2 pOt
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u}}=B K]U Q=QkDU= xU 'q=@ K]U p}=Uw Q=QkDU= Qy |=Q@ swO Cr=L QO "OwW|t
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?=wH x@ lOv= |v=tR QO w OQ=O |@U=vt |}=Q=m nQR@ xR=Ov= =@ p�=Ut QO xOW xO=O
Q=QkDU= 3 w 1 |wHwCUH VwQ wO G}=Dv |xU}=kt "O@=}|t CUO xv}y@ x@ l}ORv
QDy@ |mOv= G}=Dv swO VwQ QO OyO|t u=Wv '7 pwOH QO sD} Qwor= QO u}}=B K]U

"CU= xDi=} V}=Ri= =QH= u=tR xm |r=L QO xOW

|Q}oxH}Dv "6
VWwB =@ |@D=QtxrUrU VWwB xv}W}@ X}YND � |@=}u=mt pOt xr=kt u}= QO
xOW x�=Q= pOt "OW xO=O xaUwD X}YND =@ w X}YND uwO@ Cr=L wO QO |m =QDW=
?U=vt s}_vD xm OW xO=O u=Wv w CiQo Q=Qk p}rLD OQwt |OOa p=Ft R= xO=iDU= =@
OQwt u}= QO |Q}os}tYD "OQ=O pOt OQmrta QO |tyt Vkv p}=Uw VWwB `=aW
u; QO QF-wt pt=wa Q}=U w p}=Uw C}iQ_ 'xr�Ut |=y|oS} w uDiQo Q_v QO =@ O}=@
xO=O xaUwD xOW |R=Ux}@W O} Q@D sD} Qwor= nQR@ O=a@= QO pOt pL |=Q@ "OQ}o s=Hv=
G}=Dv =@ sD} Qwor= G}=Dv |xU}=kt "OW pL hrDNt O=a@= =@ |iO=YD p�=Ut QO w xOW
QO |@U=vt OQmrta sD} Qwor= u}= 'nQR@ O=a@= =@ p�=Ut QO xm OyO|t u=WvTmrB}U
"OUQ|t xv}y@ x@ l}ORv MU=B x@ 'lOv= |v=tR QO w OQ=O j}kO pL VwQ =@ xU}=kt
O=H}= Q=@ Qy QO u}}=B K]U Q=QkDU= 3 w 1 |UQQ@ Cr=L wO QO sD} Qwor= u}vJty
OQwtQO OyO|t u=Wv wHwCUH VwQ wO u}= |xU}=kt "CU= xOW pL |o}=Uty

"CU= xDi=} V}=Ri= =QH= u=tR xm |r=L QO CU= QDy@ |tm G}=Dv swO VwQ

"2 pOt |=Q@ SA sD} Qwor= |}=Qoty OvwQ "7 pmW

"12 TmrB}U Q=Ri=sQv \UwD 2 pOt pL G}=Dv "6 pwOH
Ao u=tR VWwB `@=D O=OaD
|@Uv �x}v=F� =[=kD hOy =yxQo

0 4 2022 2019 578 30
0 285 3321 3317 029 50

0 131374 1000 3581 3576 779 75
0 181306 1000 3525 3520 835 100
0 212812 1000 3550 3545 79 125

TmrB}U =@ pL |=QH= u=tR w xOW xO=O VWwB |=[=kD 'hOy `@=D 6 pwOH
p�=Ut |=Q@ TmrB}U 'xOW xO=O u=Wv 6 pwOH QO xm u=vJ "Ovm|t VQ=Ro =Q
Q=Ri=sQv ZQiV}B xm x}v=F 1000 |v=tR |xOwOLt QO 'QDW}@ w x]kv 75 =@
u=R}t =yp=Ft u}= OQwtQO "Ovm =O}B CUO xv}y@ ?=wH x@ xDUv=wDv CU= GAMS

VQ=Ro Q}O=kt x@ xHwD =@ "CU= xOW GQO pwOH QO pY=L |xH}Dv |@Uv Ao

"SA sD} Qwor= \UwD 2 pOt |=QH= |=yu=tR w xDi=} VWwB |=[=kD "7 pwOH

yj Q=QkDU= 3 |UQQ@ =@ SA sD} Qwor= yj Q=QkDU= 1 |UQQ@ =@ SA sD} Qwor= O=OaD
�x}v=F� u=tR =[=kD VWwB �x}v=F� u=tR =[=kD VWwB =yxQo
\UwDt u} QDO@ \UwDt u} QDy@ \UwDt u} QDO@ \UwDt u} QDy@
8 86 1854 1914 1 1952 5 78 1770 1866 5 1953 30
14 78 2973 3064 4 3138 8 53 2892 2964 9 3029 50

29 3140 3223 7 3318 14 94 3094 3171 3 3320 75
47 3308 3340 2 3383 23 97 3068 3223 6 3382 100
75 2978 3324 6 3566 38 4 3084 3235 3414 125
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1. maximal covering location problem
2. hierarchical maximal covering location problem
3. referral
4. hierarchical maximal covering location problem with referral in

the presence of partial coverage
5. tabu search
6. location set covering problem
7. simulated annealing
8. Cplex
9. nested
10. decay function
11. step decay function
12. linear decay function
13. cooperative hierarchical maximal covering location problem

with referral
14. cooperative hierarchical maximal covering location allocation

problem with referral
15. pure integer linear programming
16. Taguchi
17. Minitab
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