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&k XN=W =@ xOW xO=O u=Wv uwN Rm =Qt xawtHt %K
"tXN=W =@ xOW xO=O u=Wv |v=tR |=yxQwO xawtHt %T

=yQDt=Q=B "2"2"3
&j u=mt QO s�=O p}yUD E=OL= C@=F |xv} Ry %fj

&t xQwO QO j u=mt x@ l u=mt R= uwN Ckwt p}yUD |}=Hx@=H |xv} Ry %vjlt
&k uwN RmQt x@ j p}yUD R= ptL |xv} Ry %ajk

&k uwN RmQt QO uwN OL=w Qy |Q=Oxov |xv} Ry %hk
u}}aD nQR@ QOku; xv} Ry u}= "k uwN RmQt QO uwN OL=w Qy Ow@tm |xv} Ry %sck
^iL |=Q@ Ow@tm R= Cav=tt |=Q@ xm@W QO |yOuwN C}iQ_ s=tD R= xm OwW|t

&OwW xO=iDU= u=oO}O?}U; u=H
&t xQwO QO k uwN RmQt QO uwN |=[=kD %dkt

&j u=mt QO uwN p}yUD R= i xOvvm =Oy= xwQo u=}t |xrY=i %rij
&t xQwO QO j u=mt QO Ckwt uwN p}yUD C}iQ_ %bjt
&t xQwO QO j u=mt QO s�=O uwN p}yUD C}iQ_ %cjt

&t xQwO QO i |vwN xwQo R= uwN u}t-=D u} QDW}@ %capacityit
&k uwN RmQt QO xQ}NP C}iQ_ u} QDW}@ %uk

"nQR@ Q=Okt %M
s}tYD |=yQ}eDt "3"2"3

CQwY u}= Q}e QO 'OwW T}U-=D j u=mt QO s�=O p}yUD Qo = CU= 1 =@ Q@=Q@ %Xj
&CU= QiY =@ Q@=Q@

xQwO QO i uwN xOvvm =Oy= xwQo x@ j u=mt QO uwN p}yUD Qo = CU= 1 =@ Q@=Q@ %Yijt
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mt
pOt
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|x�

=Q=CU= |v=tR COt dij "CU= i =[=kD xQo u=} QDWt |=Q@ j xR=et C}@ wr]t `@=D Uij
Ct}k QwDm =i pj "OvUQ@ j xR=et x@ =D Ovvm|t |QBU i =[=kD xQo QO u=} QDWt xm
xm OvDUy |}=yQDt=Q=B � w � "CU= j xR=et QO x@ QHD QwDm =i ej "CU= j xR=et

"Ovv=OQo|t R=@ Ct}k w QiU u=tR x@ C@Uv =Q u=oOvvm hQYt C}U=UL
x@ QHD w C=e}r@D |xv} Ry w Ci=Ut uDiQo Q_v QO =@ w q=@ pOt T=U= Q@
h} QaD u}vJ |O=yvW}B pOt QO =Q C}@ wr]t `@=D '|yOuwN x=o}=B QO u=oOvvm =Oy=

%s}vm|t
Uij = r��ij :p��j :e�j ; �; �; � > 0 (16)

'rij "OR=OQB|t j x=o}=B x@ i xOvvm =Oy= xaH=Qt C}@ wr]t |x@U=Lt x@ Uij QDt=Q=B
C=e}r@D |xv} Ry 'j x=o}=B R= i u=oOvvm =Oy= |xrY=i |xOvyOu=Wv ?}DQDx@ ej w pj
Uij |O=yvW}B pOt QO "CU= j x=o}=B Qy QO u=oOvvm =Oy= x@ QHD w j x=o}=B Qy QO

"CU= xOW x@U=Lt 16 pwtQi R= xO=iDU= =@ =yC}OwOLt QO
"Ovm|t x@U=Lt xOvvm =Oy= Qy x=oO}O R= =Q C}@ wr]t u} QDq=@ ubesti QDt=Q=B
xOvvm =Oy= xwQo x=oO}O R= =Q uwN x=o}=B E=OL= |=Q@ u=mt u} QDy@ QDt=Q=B u}= `k=w QO
QO xk]vt Qy C}atH ?Q[pY=L CQwYx@ potpopi QDt=Q=B "OyO|t u=Wv i
u=YYNDt =@ x@L=Yt QO C@=F ?} Q[ u}= "CU= xOW x@U=Lt C@=F ?} Q[ l}
|xOvyOu=Wv OOau}= 'Qo}O CQ=@a x@ "CU= xOW O=yvW}B 0 04 uwNp=kDv= u=tR=U
=@ "OW=@ Q=QkQ@ ?wr]t \}=QW |t=tD Qo = 'CU= |yOuwN umtt Q=Okt u} QDW}@
Q} R C}@ wr]t uDiQo Q_v QO =@ |O=yvW}B pOt 'q=@ QO xOW QmP ?r=]t x@ xHwD

"OwW|t O=yvW}B
X
j

X
k

Qijkt � potpopi
P
j
atijt

ubesti
8i; t (17)

atijt � uijYijt 8i; j; t (18)

atijt � uij� �M(1� Yijt) 8i; j; t (19)

atijt � 0 8i; j; k; t (20)

'OvOW K} QWD pYit Qw] x@ x}=B pOt QO xm 13 =D 2 |=yC}OwOLt w 1 hOy `@=D
|Qw;`tH uwN ẁtHt Ovm|t u=}@ 17 C}OwOLt "OvQ=O Qw[L R}v pOt u}= QO
?U=vDt OwW|t p=UQ= uwN RmQt x@ xQwO Qy QO xm =yx=o}=B QO u=oOvvm =Oy= R= xOW
=yx=o}=B x@ xaH=Qt C}@ wr]t u=R}t QO |yOuwN x@ p}=tDt C}atH ?Q[ pY=L =@
x=o}=B x@ xOvvm =Oy= Qo = Ovvm|t u=}@ 19 w 18 |=yC}OwOLt "CU= xQwO Qy QO
x@ xaH=Qt R= xOvvm =Oy= xm |D}@ wr]t =@ Q@=Q@ ,=k}kO |Q=Okt aijt Q}eDt Ovm xaH=Qt
u}= QO xOW xi=[= Q}eDt ẁv 20 C}OwOLt "OQw;|t CUO x@ =Q Ovm|t ?Um u;

"OyO|t u=Wv =Q pOt

|D=@U=Lt G}=Dv w pOt |=QH= "4
|OQwt |xar=]t h}YwD "1"4

|=Q@ "CU= xOW |R=UxO=}B u=QyD u=DU= QO p@k VN@ QO xOW x�=Q= |=ypOt
u=QyD xv=o 22 j]=vt Rm =Qt QO O}Ov=m x=o}=B 22 '|O=yvW}B |[=} Q pOt V}=tR;
R}v w |F=OL= |=yx=o}=B u=mt |O=yvW}B pOt "Ov=xOW xDiQo Q_v QO Q=QkDU= |=Q@
=@ xk]vt Qy QO uwN u}t-=D "OyO|t u=Wv =Q =yx=o}=B x@ u=oOvvm =Oy= X}YND
OL=w 22 05 OOa xm uwN |=Oy= MQv u}ov=}t w xk]vt u; QO C}atH R= xO=iDU=

=Q u=oOvvm =Oy= R= xwQo Qy uwN u}t-=D C}iQ_ 9 C}OwOLt "OW Oy=wNv ptL xDi=}v
C}OwOLt "Ovm|t OwOLt =Q uwN |Qw;`tH C}iQ_ 10 C}OwOLt "OyO|t u=Wv
13 w 12 |=yC}OwOLt "OyO|t u=Wv =Q uwN RmQt QO uwN |Q=Oxov C}iQ_ 11

"OvyO|t u=Wv =Q s}tYD |=yQ}eDt |xOwOLt

C}@wr]t uDiQo Q_v QO =@ x}=B pOt |xaUwD "3"3
|m} "OvwW|t uwN |=Oy= R= `v=t xm OvDi=} =Q |rt=wa u}W}B C=ar=]t QO u}kkLt
uwN =Oy= |=yx=o}=B x@ xaH=Qt |=Q@ |vqw] Ci=Ut uOwt}B pt=wa u}= u} QDsyt R=
xm =Q |O=Qi= 'Ci=Ut =@ \@DQt CqmWt |UQQ@ =@ [3]Oww w O} Q u}vJty [20]"CU=
|Ov@s}UkD xwQo wO x@ xOv}; QO |yOuwN x@ u=WCq}=tD T=U=Q@ OvOQmv =Oy= uwN
=Q Ci=Ut pt=a xwQo wO Qy O=O u=Wv G}=Dv "QDu}}=B w QDq=@ p}=tD =@ O=Qi= %Ovvm|t

"Ovvm|t |krD =Oy= |=Q@ xwkr=@ `v=t u=wva x@
|Q}os}tYD QO |}=RUx@ Q}F-=D R}v uwN |=Oy= |=yx=o}=B QO u=vmQ=m Q=DiQ
Ovvm|t u=}@ [21]u=Q=mty w uwUt=D "OQ=O |Oa@ C=aH=Qt |=Q@ u=oOvvm =Oy=
=yu; CWoR=@ sOa MQv 'OvDW=O =Oy= Ov}=Qi R= |D@Ft x@ QHD xm |v=oOvvm =Oy=
R}v w u=vmQ=m |m}vmD CQ=yt K]U u}=Q@=v@ "Ow@ u}}=B Q=}U@ uwN OOHt |=Oy= |=Q@

"CU= Q=PoQ}F-=D uwN |=Oy= QO u=v; Q=DiQ
Q=wWO|=yQ=m R= u=oOvvm =Oy=?}eQDu}=Q@=v@ wCU= xv=@r]w=O|D}r=aiuwN|=Oy=
w =yjwWt '|DUwO ẁv TL %R= Ov=CQ=@a C@Ft |WR}ov= pt=wa "O};|t ?=UL x@
pt=a u} QDsyt |DUwO ẁvTL Ovm|t u=}@ |WR}ov= pt=wa |xar=]t [22]"=yQ=Wi
=ypt=a u} QDC}ty=sm u=}t QO =Q u; [24]u=Qo}O xJQo = [23]"CU= uwN |=Oy= |=Q@
w |Q=Qi "CU}v XNWt |DUwO ẁv TL |ak=w Vkv u}=Q@=v@ "OvQ}o|t Q_v QO
w RJv=U u}vJty "Ovv=O|t |tyt pt=a uwN |=Oy= QO =Q =yjwWt [25]u=Q=mty
sRq C=aq]= |yOuwN |=yjwWt OQwt QO =D OvO=O s=Hv= |}xar=]t [26]u=Q=mty
xm|DQwY QO u=oOvvm =Oy= �58 xm CU= u; R= |m =L u=v; |=yxDi=} "Ovvm ?Um =Q
�46 w Ovvm|t xaH=Qt |Oa@ |=y=Oy= |=Q@ OwW xHwD w OwW xO=O Q=@Da= =yu; x@
sy |HQ=N |=yQ=Wi "Ci=} Ovy=wN xR}ov= |mWRB CUD O=yvW}B CQwY QO u=v;
O=Qi= =@ T=tD w |YNW |=yCU=wNQO '=ywor= pt=W xm CU= |WR}ov= pt=wa R=

[27]"OwW|t |Qw[L \=@DQ= =} xt=v '|virD C=tr=mt ?r=k QO
'xrY=i OW xQ=W= =yu=O@ QDW}B xm uwN |=Oy= Q@ Q=PoQ}F-=D pt=wa u=}t QO
CU= xOW xDiQo Q_v QO C=e}r@D |rm CQwYx@ xm =yjwWt w u=oOvvm =Oy= |x@ QHD

"OvQ}o|t Q=Qk |UQQ@ OQwt xar=]t u}= QO
xOvvmhQYt xaH=Qt p=tDL= u}tND |=Q@ pOtl} [28]|Qir=B w |wrm Or=vwOlt

%OvO=O x�=Q= j ZwQit p}yUD x@ i
Pij = (e�uij=

X
k

e�uik ) (14)

|xaH=Qt p=tDL= Pij pOt u}= QO "CU= hwQat 1�|k]vt ?=NDv=� x@ q=@ pOt
|xOvyOu=Wv Pij Qo}O CQ=@a x@ &CU= xOW xO=O u=Wv j |xR=et x@ i |QDWt
"CU= u=} QDWt |k]vt QwDm =i � "CU= i =[=kD xQo |=y|QDWt s=tD R= j Q=R=@ syU
pt=W =yu; Q=DiQ `k=w QO "Ovvm|t pta j]vt uwO@ u=} QDWt OyO|t u=Wv � = 0
Q=DiQ QO |}=]N xm OyO|t u=Wv =Q |k]vt u=} QDWt � = 1 "CU=y=]N xty
'Ci=Ut R= |a@=D u=wvax@ C}@ wr]t 'QwmPt pOt T=U=Q@ "OwW|tv xOy=Wt u=v;

%OwW|t xDiQo Q_v QO u=} QDWt x@ QHD w Ct}k
Uij = d��ij :p��j :e�j ; �; �; � > 0 (15)
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=vY

|U
Ovyt Q=QkDU= xm CU= K[=w 3 pmW QO "OQ=O Vkv |F=OL= |=yx=o}=B u=mt u}}aD QO

"CU= xDiQo s=Hv= QwmPt pt=a wO x@ xHwD =@ =yx=o}=B
C@F xQwO Qy QO xOW E=OL= |=yx=o}=B x@ u=oOvvm =Oy= X}YND 1 pwOH QO
"Ovvm|t xaH=Qt 22 x=o}=B x@ xQwO GvB Qy QO 21 w 5 u=oOvvm =Oy= "CU= xOW
xQwO 4 QO 2 |xOvvm =Oy= "Ovm|t xaH=Qt 22 x=o}=B x@ xQwO 4 QO 22 |xOvvm =Oy=
xaH=Qt 9 x=o}=B x@ xQwO GvB Qy QO 12 |xOvvm =Oy= "Ovm|t xaH=Qt 21 x=o}=B x@
CQwY =yx=o}=B C}iQ_ w VWwB `=aW x@ xHwD =@ u=oOvvm =Oy= X}YND "Ovm|t

"OQ}o|t
C}iQ_ u=R}t u} QDW}@ R= =yx=o}=B|t=tD =@} QkD '|O=yvW}B x}=B pOt R= xO=iDU= =@
xm CU= u; Q@ pOt |aU OyO|t u=Wv xm Ov=xOQm xO=iDU= 'CU= OL=w 2500 xm
VWwB `=aW x@ xHwD =@ w OR=U p=ai |QDsm |=yx=o}=B O=OaD =yxv} Ry |R=Uxv}tm |=Q@
2 pwOH QO O=Oa= u}= "Ovm xO=iDU= xOW T}U-=D |=yx=o}=B C}iQ_ u} QDW}@ R=
|=[=kD u}vJty w pwOH u}}=B Kw]U QO x[Qa w =[=kD u=R}t "CU=xOW XNWt
"CU= syi p@=k pwOH |v=}=B K]U wO x@ xHwD =@ |OwHwt K]U w xOWv xOQw;Q@

=@ xOW xO=O xaUwD pOt QO |OQwt |xar=]t |D=@U=Lt G}=Dv "3"4
C}@wr]t uDiQo Q_v QO

u=oOvvm =Oy= |x@ QHD '|OQwt |xar=]t QO xOW xO=O xaUwD pOt R= xO=iDU= Qw_vt x@
|xv} Ry "CU= xOW xDiQo Q_v QO [100; 0] xR=@ QO C@=F w Q=}U x=o}=B wO Qy |=Q@
|=yQDt=Q=B "CU= xOW xORu}tND|k]vt Q}O=kt =yx=o}=B x@u}aH=Qt|}=Q}PB w C=e}r@D
w 0 4 '�0 5 Q}O=kt ?}DQD x@ � w � '� "OvDUy |}=OD@= pOt Ovv=ty Ci=Ut

"Ov=xDiQo =Q 0 3
pOt u}= QO 11 w 10 '8 '7 '3 C@=F x=o}=B GvB xm CU= K[=w xWkv |wQ
V}=Ri= |=Q@ xm CU= u; R= |m =L pOt u}= QO xOW xOwRi= x=o}=B GvB "Ov=xOW E=OL=
QO "�4 pmW� O@=} V}=Ri= 15 x@ 10 R= O}=@ =yx=o}=B O=OaD u=oOvvm =Oy= C}@ wr]t
xOW C@F xQwO Qy QO xOWE=OL= |=yx=o}=B x@ u=oOvvm =Oy= X}YND 3 pwOH
x@ C@Uv u=oOvvm =Oy= x=oO}O R= C}@ wr]t uDiQo Q_v QO x@ xHwD =@ pOt u}= QO "CU=
uOwt}B =@ =D Ovvm|t xaH=Qt OwN |xk]vt uwQO |=yx=o}=B x@ u=oOvvm =Oy= 'x}=B pOt

"OvQw; CUO x@ |QDq=@ C}@ wr]t QDsm Ci=Ut
xQwO QO '13 w 12 '9 '6 |=yx=o}=B R= 1 xQwO QO uwN u}t-=D u=R}t u} QDW}@
u}=Q@=v@ "CU= xOw@ 12 w 6 x=o}=B R= 5 w 4 xQwO QO '12 w 1 '6 |=yx=o}=B R= 2
QO O=Oa= u}= "OvDUy uwN u}t-=D Qt= QO =yx=o}=B u} QDp=ai R= 12 w 6 |=yx=o}=B

"u=oOvvm =Oy= C}@wr]t uDiQo Q_v QO =@ |F=OL= |=yx=o}=B u=mt "4 pmW

xOW |Qw;`tH |=yuwN "OwW|t x@U=Lt 'xOW G=QNDU= C}atH Qiv 1000 Qy QO
Q_v =@ w |v=QL@ Q}e \}=QW |=Q@ uwN RmQt |=[=kD "OwW|t p=UQ= uwN RmQt x@
"CU=xOW ^=Lr pOt QO |OwQw |xO=O u=wvax@ uwN p=kDv= u=tR=U u=YYNDt
u=}t |xrY=i 'QDtwr}m 6371 1 `=aW =@ |wQm CQwYx@ u}tR uDiQo Q_v QO =@
xOW x@U=Lt 2 pmW x@ xHwD =@ w 21 pwtQi R= xO=iDU= =@ =yx=o}=B w u=oOvvm =Oy=

"CU=
rij = 6371 1� arccos[sin(LATi)� sin(LATj) + cos(LATi)

� cos(LATj)� cos(LONGj � LONGi)] (21)

x@=Wt =yx=o}=B C}iQ_ w =yQDt=Q=B VN@ QO xOWQmP |=yxv} Ry Q}_v =yxO=O Q}=U
"CU= xOW G=QNDU= [6]u}W}B C=ar=]t

x}=B pOt QO |OQwt |xar=]t |D=@U=Lt G}=Dv "2"4
CPLEX |xOvvmpL \UwD TBU w xOW Om GAMS 23 5 Q=Ri= sQv QO pOt
sDU}U w 4G |rN=O x_i=L w Core i5 |xOvR=OQB C=YNWt =@ A=DAr |wQ
3 pmW QO xOW E=OL= C@=F |=yx=o}=B u=mt "CU= xOW pL Win7 pt=a
=yxv} Ry |R=Uxv}tm pt=a x@ xHwD =@ pOt '=yx=o}=B E=OL= QO "CU= xOW XNWt
u; Q@ pOt |aU u}=Q@=v@ 'CU=yxv} Ry |R=Uxv}tm p=@vO x@ hOy `@=D "Ovm|t pta
R}v VWwB `=aW pt=a u}vJty "OvwWE=OL= uwN RmQt x@ l}ORv =yx=o}=B xm CU=

"uwN RmQt C}akwt w u=QyD |Q=OQyW xv=o 22 j]=vt "2 pmW

"xOWE=OL= C@=F |=yx=o}=B u=mt "3 pmW
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=Q="xQwO Qy QO =yx=o}=B x@ u=oOvvm =Oy= X}YND "1 pwOH
(i; j) x=o}=B x@ xOvvm =Oy= X}YND (t) xQwO

'(13 6) '(12 9) '(11 6) '(10 6) '(9 21) '(8 13) '(7 16) '(6 17) '(5 22) '(4 1) '(3 12) '(1 13) 1
(22 21) '(21 22) '(20 12) '(19 21) '(18 19) '(17 21) '(16 12) '(15 17) '(14 19)

'(12 9) '(11 21) '(10 9) '(9 6) '(8 6) '(7 17) '(6 12) '(5 22) '(4 1) '(3 1) '(2 21) '(1 6) 2
(22 22) '(21 22) '(20 13) '(19 17) '(18 9) '(17 19) '(16 17) '(15 19) '(14 12) '(13 13)

'(12 9) '(11 13) '(10 9) '(9 12) '(8 6) '(7 1) '(6 1) '(5 22) '(4 12) '(3 1) '(2 21) '(1 13) 3
(22 22) '(21 22) '(20 17) '(19 9) '(18 19) '(17 21) '(16 6) '(15 17) '(14 19) '(13 6)

'(12 9) '(11 9) '(10 9) '(9 19) '(8 12) '(7 12) '(6 17) '(5 22) '(4 1) '(3 6) '(2 21) '(1 6) 4
(22 22) '(21 22) '(20 12) '(19 21) '(18 19) '(17 9) '(16 19) '(15 17) '(14 19) '(13 6)

'(12 9) '(11 21) '(10 19) '(9 21) '(8 12) '(7 17) '(6 17) '(5 22) '(4 6) '(3 12) '(2 21) '(1 6) 5
(22 22) '(21 22) '(20 19) '(19 9) '(18 9) '(17 21) '(16 6) '(15 19) '(14 17) '(13 12)

"xQ}HvR C}@wr]t Q@ � C=Q}}eD Q}F-=D "5 pmW

x@ C@Uv |OwOL=D R}v u; |Q=Oxov |=yxv} Ry "CU= xDi=} Vy=m |O=} R OL =D
Ow@tm |xv} Ry w xDi=} Vy=m Q=}U@ Ow@tm xm =Hv; R= "CU= xDi=} V}=Ri= x}=B pOt
u}= "O@=}|t Vy=m x}=B pOt x@ C@Uv hOy `@=D 'OQ=O =yxv} Ry QO |}=RUx@ syU

"CU= xOW XNWt 5 pwOH QO =yxU}=kt

C}U=UL p}rLD w x} RHD "5"4
j]vt Vkv "1"5"4

|@=}u=mt pOt QO u=} QDWt j]vt "OyO|t u=Wv =Q u=oOvvm =Oy= j]vt � QDt=Q=B
w Ci=Ut K}HQD QDt=Q=B C@=F Q}O=kt uDiQoQ_v QO =@ "Ovm|t =i}= |tyt Vkv
Ov=|[=} Q pOt QO � w � |=yQDt=Q=B ?}DQD x@ xm C=e}r@D |xv} Ry K}HQD QDt=Q=B
QO |@=}u=mt C=t}tYD Q@ � Cw=iDt Q}O=kt C=Q}F-=D '(� = �0 5; � = 0 4)

C=Q}}eD =@ xQ}HvR pm C}@ wr]t u=R}t C=Q}}eD u}vJty "CU= xOW xYqN 6 pwOH
u=R}t �V}=Ri= =@ OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv 5 pmW QO �
'xOW xO=O u=Wv 6 pwOH QO xm xJv; j@=]t "O@=}|t V}=Ri= xQ}HvR pm C}@ wr]t
R= xm Ovm|t ?=NDv= =Q |}=yu=mt pOt w xOQm Q}}eD |@=NDv= |=yu=mt � C=Q}}eD =@

"xQwO Qy QO xOW E=OL= |=yx=o}=B R= xOW u}t-=D uwN u=R}t "2 pwOH
(t) xQwO C@=F |=yx=o}=B

5 4 3 2 1 (k) xOWE=OL=
2500 2500 2380 1

2500 2500 2500 2500 2478 6
2500 2500 2500 2500 2498 9
2500 2500 2500 2500 2481 12

1973 26 2101 13
914 16

2500 1500 2500 2500 2500 17
2500 2500 2500 2500 2500 19
2500 2500 2500 2500 2500 21
2500 2500 2500 2500 2471 22
17500 16500 21973 20026 22827 x[Qa
19000 15000 22000 20000 30000 =[=kD

u}vJty w pwOH u}}=B Kw]U QO x[Qa w =[=kD u=R}t "CU= xOWXNWt 4 pwOH
syi p@=k pwOH |v=}=B K]U wO x@ xHwD =@ |OwHwt K]U w xOWv xOQw;Q@ |=[=kD

"CU=

|O=yvW}B pOt wO OQmQ=m |xU}=kt "4"4
Q_v QO =Q u=oOvvm =Oy= C}@ wr]t xm |rOt 'OW QmP |r@k |=yCtUk QO xm u=vJ
V}=Ri= =@ xm CU= u; Q@ pOt |SD=QDU= "Ovm|t E=OL= QDW}@ C@=F x=o}=B 5 OQ}o|t
|xv} Ry =Pr 'O@=} Vy=m =yu=Uv= QO uwN Ow@tm R= |W=v Q}twnQt MQv 'uwN u}t-=D
Ow@tm |xv} Ry u}=Q@=v@ 'CU= xH=wt |R}J=v Ow@tm =@ pOt u}= "OQ=O |QDq=@ E=OL=
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Ovyt "xQwO Qy QO =yx=o}=B x@ u=oOvvm =Oy= X}YND "3 pwOH

(i; j) =yx=o}=B x@ u=oOvvm =Oy= X}YND (t) xQwO
'(12 12) '(11 11) '(10 10) '(9 9) '(8 8) '(7 7) '(6 6) '(5 21) '(4 13) '(3 3) '(2 6) '(1 1) 1
(22 22) '(21 21) '(20 19) '(19 19) '(18 9) '(17 17) '(16 16) '(15 17) '(14 12) '(13 7)

'(12 12) '(11 9) '(10 21) '(9 9) '(8 13) '(7 6) '(6 9) '(5 22) '(4 6) '(3 1) '(2 21) '(1 1) 2
(22 22) '(21 22) '(20 19) '(19 19) '(18 21) '(17 17) '(16 9) '(15 17) '(14 12) '(13 13)

'(12 12) '(11 9) '(10 21) '(9 9) '(8 13) '(7 6) '(6 9) '(5 22) '(4 6) '(3 1) '(2 21) '(1 1) 3
(22 22) '(21 22) '(20 19) '(19 9) '(18 21) '(17 17) '(16 9) '(15 17) '(14 12) '(13 13)

'(12 12) '(11 9) '(10 21) '(9 9) '(8 6) '(7 17) '(6 9) '(5 22) '(4 6) '(3 12) '(2 21) '(1 1) 4
(22 22) '(21 22) '(20 19) '(19 21) '(18 21) '(16 9) '(15 19) '(14 19) '(13 12)

'(12 12) '(11 9) '(10 21) '(9 9) '(8 12) '(7 17) '(6 9) '(5 22) '(4 6) '(3 12) '(2 21) '(1 1) 5
(22 22) '(21 22) '(20 19) '(19 21) '(18 21) '(17 17) '(16 9) '(15 19) '(14 19) '(13 6)

pwtQi R= xO=iDU= =@ pm C}@ wr]t "OW=@ xDW=O |QDq=@ C}@ wr]t xOvvm =Oy= x=oO}O
"CU= xOW x@U=Lt 22

pm C}@ wr]t =
X
i

X
j

X
l

atijt � Zjlt +
X
i

X
j

atijt �Xj
(22)

C=e}r@D |xv} Ry p}rLD w x} RHD "2"5"4
QDW}@ pta u}= |=Q@ u=oOvvm =Oy= xJQy u}=Q@=v@ &CU= xv=@r]w=O |Qt= uwN |=Oy=
|krD QD?wr]t =yv; Q_v R= Qt= u}= OwW xDiQo Q_v QO V=O=B u=v; |=Q@ w OvwW j} wWD
Q@ C=e}r@D |xv} Ry Q}F-=D "OvwW|t p}O@D |t�=O |xOvvm =Oy= x@ xDiQxDiQ w OwW|t

"CU= XNWt 7 pwOH QO pm C}@ wr]t
QiU u=tR p}rLD w x} RHD "3"5"4

uOQ@q=@ |=Q@ xm@W 'OwW xHwD QDW}@ =yx=o}=B R= u=oOvvm =Oy= |xrY=i x@ xJQy
R= "Ovm|t E=OL= |QDW}@ |=yx=o}=B O=OaD u=oOvvm =Oy= O=OaD V}=Ri= w C}@ wr]t
Ow@tm ẁtHt 'OwW|t =yx=o}=B x@ u=aH=Qt O=OaD Vy=m ?@U xrY=i V}=Ri= xm =Hv;
"CU= xOW xO=O u=Wv 8 pwOH QO xm CU= V}=Ri= p=L QO �V}=Ri= =@ =yxQwO QO

"xQwO Qy QO xOWE=OL= |=yx=o}=B R= xOWu}t-=D uwN u=R}t "4 pwOH
(t) xQwO C@=F |=yx=o}=B

5 4 3 2 1 xOWE=OL=
2025 103 2500 2500 2025 1

1691 3
2500 2500 2500 2500 2500 6

2459 7
1795 8

2498 2498 2498 2498 2500 9
1564 10
1561 11

2500 2500 2500 2500 2500 12
2426 2104 2500 13

1481 16
1650 1650 2484 2484 2484 17
2475 2475 2339 2339 2339 19
2481 2481 2083 2083 1877 21
1828 1828 1828 1828 615 22
17961 16038 21160 20839 29895 x[Qa
19000 15000 22000 20000 30000 =[=kD

"hOy `@=D C=Q=@a |xv} Ry "5 pwOH
hOy `@=D C=Q=@a x}=B pOt |xv} Ry C}@wr]t pOt |xv} Ry

C@=F |=yx=o}=B E=OL= 15182 300 22773 450
Q=}U =yx=o}=B |}=H x@ =H 0 0

uwN RmQt x@ =yx=o}=B R= ptL |xv} Ry 13040060 15059200
|Q=O xov |xv} Ry 1526 832 1877
Ow@tm |xv} Ry 2151869 850 31396

hOy `@=D 15208640 15115250
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|D; C=O=yvW}B w |Q}oxH}Dv "5
QO "OQ=O |}=RUx@ Vkv x[Qa C} Q}Ot QO uwN =Oy= |=yx=o}=B ?U=vt |@=}u=mt
pOt "OW x�=Q= uwN u}t-=D |xm@W QO|@=}u=mt |R=Uxv}y@ pOtl} =OD@= 'Q=DWwv u}=



"""|
xm@W

QO|
@=}u=

mt
pOt

l}
|x�

=Q="xOW E=OL= C@=F |=yx=o}=B |wQ Q@ � C=Q}}eD Q}F-=D "6 pwOH
� xOW E=OL= C@=F |=yx=o}=B |F=OL= C@=F |=yx=o}=B O=OaD pm C}@wr]t

0 1 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 7; 6; 3; 1 15 1148
0 5 22; 21; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 15 6770
0 75 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 16 20136

1 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 16 548627

"xOW E=OL= C@=F |=yx=o}=B |wQ Q@ � C=Q}}eD Q}F-=D "7 pwOH
� xOW E=OL= C@=F |=yx=o}=B |F=OL= C@=F |=yx=o}=B O=OaD pm C}@wr]t

0 10 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 7; 6; 3; 1 15 511
0 3 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 7; 6; 3; 1 15 1570
0 5 22; 21; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 15 4963
0 75 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 7; 6; 3; 1 15 18622

"xOW E=OL= C@=F |=yx=o}=B |wQ Q@ � C=Q}}eD Q}F-=D "8 pwOH
� xOW E=OL= C@=F |=yx=o}=B |F=OL= C@=F |=yx=o}=B O=OaD Ow@tm ẁtHt
�0 10 22; 21; 19; 17; 16; 13; 12; 11; 10; 9; 7; 6; 3; 1 14 318
�0 75 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 16 634
�1 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 16 2181
�1 5 22; 21; 20; 19; 17; 16; 13; 12; 11; 10; 9; 8; 7; 6; 3; 1 16 3719

CWwv=B
1. logit selection
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