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x]U=w Cq}yUD uDiQo Q_v QO =@ |@D=Qt xrUrU
=}wB Cr=L QO

�OWQ= |U=vWQ� |wHWv=O� |=xtQo Tvw}
�O=DU=� �|Q}W@ |Oyt

Oy=W x=oWv=O '|UOvyt w |vi |xOmWv=O '`}=vY |UOvyt xwQo

R= |m} =[=kD \=kv VWwB |R=Uxv}W}@ Qw_vtx@ Cq}yUD |H} QOD VWwB |@=}u=mt
OQwt Cq}yUD Q[=L j}kLD QO "CU= |@=}u=mt p�=Ut |xRwL QO OQ@ Q=mQB w syt p�=Ut
QO xm =Hv; R= "CU= xOW xDiQo Q_v QO Cw=iDt |=yC}iQ_ =@ w |@D=QtxrUrU CQwYx@ Q_v

Q}_v |a=tDH= p�=Ut Crax@� =yv; VWwB |=y`=aW w Cq}yUD O=OaD |ak=w |=}vO
CQwYx@ |O=yvW}B pOt 'CU= Cw=iDt hrDNt |v=tR |=yxQwO QO �"""w =wy w ?; 'l}i=QD
X}YND pOt u}= QO &CU= xOW x�=Q= =} wB |@D=QtxrUrU u=@}DWB |H} QOD VWwB pOt

xOW xDiQo Q_v QO =} wB CQwYx@ \U=w Cq}yUD |Q}oQ=Qk u=mt w Cq}yUD x@ =[=kD \=kv
|=ypOt =@ xU}=kt QO �� |O=yvW}B pOt xm OyO|t u=Wv |OOa |=yp=Ft |UQQ@ "CU=
|=Q@ xt=O= QO "OyO VWwB u=Um} C=v=mt= =@ =Q =[=kD R= |QDq=@ sHL Ov=wD|t �� OwHwt
&CU= xOW xO=iDU= O} Q@D |R=Ux}@W |Q=mD@==Qi VwQ R= QDnQR@ |=yxR=Ov= =@ p�=Ut pL

"CU= xr�Ut pOt w |O=yvW}B pL VwQ ?wr]t |}=Q=m |xOvyOu=Wv |OOa G}=Dv

yoones.garmehiy@gmail.com
bashiri@shahed.ac.ir

p}yUD '|}=} wB 'u=@}DWB VWwB '?D=QtxrUrU '|H} QOD VWwB %|O}rm u=oS=w
"x]U=w

xtOkt "1
RwQ |DL w xDiy 'x=t Ovv=t hrDNt |=yu=tR pw] QO l}i=QD |xr�Ut xrtHR=
1981 p=U QO Q=@u}rw= =} wB Cr=L QO VWwB "OwW `kwtx@ |v=UQO=Ot= `v=t Ov=wD|t
x�=Q= 'Tv=SQw= C=tON VWwB |xr�Ut QO p}yUD O=OaD u} QDsm x@ p}v hOy =@ w
C=tON pOt Q}N= |=yp=U |] 'Tv=SQw= C=tON |rm VWwB EL@t QO [6]"OW
`=aW r2 'QDsm u=tR |DQ=@ax@ w QDlJwm `=aW r1� r2 w r1 u=tR wO =@ Tv=SQw=
'�xk}kO 2 R= QDsm p=Ft u=wvax@� r1 u=tR QO 'CU= xDiQo Q=Qk |UQQ@ OQwt �QDnQR@
|t=tD �xk}kO 10 R= QDsm p=Ft u=wvax@� r2 u=tR QO w =[=kD \=kv R= OYQO �

[7]"OwW|t xO=O VWwB =[=kD \=kv
u=tR COt x@ xHwD Q}_v |}=yC}OwOLt uOQm xi=[= =@ 'Qo}O |D=ar=]t QO
p=ta= pOt QO C}iQ_ C}OwOLt '=[=kD CU=wNQO u=tR QO QwD=QB= |r=eW=
Ovv=t 'VWwB K]U QO |�RH C=Q}}eD =@ R}v u}kkLt R= |NQ@ [8]"CU= xOW
=[=kD \=kv R= OYQO � VWwB |=Q@ Tvqw@t; wO pk=OL uDiQo Q_v QO
=Q pOt r2 u=tR QO pm VWwB |=Q@ Tvqw@t; l} pk=OL w r1 u=tR QO
XNWt p@k R= =yu=DUQ=t}@ u=mt [10w9]C=ar=]t R= |NQ@ QO [8]"OvO=O Q}}eD
p=U QO "CU= xOWv xDiQo Q_v QO \=kv |=Q@ |v=@}DWB VWwB I}y w CU=
|yHwD p@=k Ow@y@ '=} wB |R} Qxt=vQ@ R= xO=iDU= w pL VwQ Q}}eD =@ 2012
p}yUD ẁv wO [11]Qo}O |}xar=]t QO [10]"OW pY=L CtON |R=Uxv}W}@ QO

|oOvR QO |O=} R OQ@ Q=m |@=}u=mt p�=Ut R= |}xawtHt Q} R u=wvax@ VWwB swyit
|@=}u=mt |xr�Ut 'VWwB |�RH w |rm |=y|Ov@xDUO R= |m} QO [1]"OQ=O xQtRwQ
"OwW|t s}UkD |@D=QtxrUrU w u=@}DWB '|D@=kQ '|H} QOD %VWwB `=wv= x@ VWwB
x@ VWwB 'Qo}O ẁv QO w VWwB `=aW 'VWwB xr=Ut R= |Qo}O |Ov@ xk@] QO
OQwtQO|@D=QtxrUrUVWwB [2]"OwW|t s}UkD `=aW uOw@ u}at=v w u}at |=yCr=L
Ovm|t EL@ CtON ẁv OvJ |xOvyOx�=Q= Cq}yUD x@ \=kv X}YND w |@=}u=mt
hOy `@=D w |oDU@=w 'CtON ẁvD 'u=} QH |wor= Q_vt Q=yJ R= pwtat Qw]x@ w
|m} |@D=QtxrUrU |H} QOD VWwB uDiQo Q_v QO [3]"OyO|t Q=Qk xHwD OQwt =Q
|xr�Ut QO [4]"O=O Q=Qk Q}F-=D CLD Q=}U@ =Q l}Uqm VWwB xm Ow@ |}=ypOt R=
p}yUD R= |QDWt Ci=Ut x@ xDU@=w VWwB hOy `@=D '|H} QOD VWwB |@=}u=mt
|xOQDUo |xawtHt R= Qo}O syt |=yVN@ R= |m} [5]"CU= T} wQU |xOvyOx�=Q=
|rY= hOy "CU= Tv=SQw= C=tON VWwB |xr�Ut 'VWwB |@=}u=mt |xr�Ut
Q=}U@ ẁ[wt u}=Q@=v@ &CU=yu=Uv= nQt w u=Ykv 'GvQ w OQO Vy=m xr�Ut u}=
p@=k Q}e |=yQQ[ x@ QHvt CU= umtt =]N xvwoQy w CU= |yHwD p@=k w T=UL
"CU= xr�Ut |=} wB |UQQ@ CQwQ[ Qou=Wv |]}Lt pt=wa OwHw =t= "OwW u=Q@H

pw�Ut xOvU} wv �
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=}wB Cr=L QO |H} QOD VWwB |xr�Ut |R=UpOt "2
Q_v OQwt |xr�Ut |R=UpOt VN@ u}= QO '|D=k}kLD |=y<qN uDiQo Q_v QO =@
pOt QO "OwW|t |iQat pOt |=y|oS} w R= |NQ@ =OD@= Qw_vtu}O@ &OwW|t x�=Q=
R= &OwW|t xO=iDU= =[=kD \=kv QDW}@ VWwB Qw_vtx@ \U=w Cq}yUD R= |O=yvW}B
R= GQ=N \=kv |=Q@ O=Ot= QDB wm|ry w Tvqw@t; Ovv=t |Dq}yUD R= xO=iDU= =@ wQu}=
'OvQ=O |QDq=@ |yOCtON K]U x@ G=}DL= xm =yu=DUQ=t}@ VWwB `=aW |xOwOLt
V}=tv x]U=w p}yUD ltmx@ X}YND 1 pmW QO "OwW|t x�=Q= |QDW}@ VWwB
"OQ=O xOyaQ@ =Q u=DUQ=t}@ VWwB |x}L=v =D Q=t}@ p=kDv= |xi}_w w CU= xOW xO=O
Kw]U C=tON |t=tD QDq=@ Kw]U w 'CU}v =Dm} u=} QH |wor= pOt u}= QO
K]U =@ �O=Ot= QDB wm|ry w Tvqw@t;� \U=w Cq}yUD "Ovvm|t x�=Q= =Q QDu}}=B
|t=tD |x�=Q= =@ |YYND u=DUQ=t}@ w QDq=@ K]Ul} =@ u=DUQ=t}@ '|}=OD@=T} wQU
QO xOW xDiQo Q=m x@ ?D=QtxrUrU hQat 2 pmW "CU= xOW xDiQo Q_v QO C=tON

"CU= xr=kt
xDiQo Q_v QO Cw=iDt VWwB |=y`=aW =@ |v=tR hrDNt |=yxQwO xr=kt u}= QO
|v=}=B C=a=U w =yxQ=O= Q=m x@ R=e; |}=OD@= C=a=U QO u=Q}= QwWm QO ,qFt &CU= xOW
Qy QO =Pr w 'OQ=O |yHwD p@=k Vy=m VWwB `=aW w CU= u}ovU l}i=QD Q=m
pOt |}=Q=m u=wD@ =D xOW Qw_vt Cq}yUD |=Q@ |Y=N |WWwB `=aW |v=tR xQwO

"OQm QDW}@ |ak=w |=}vO x@ C@Uv =Q
&OwW|t XNWt =DU}= w =} wB CQwY wO x@ Cq}yUD u=mt pOt u}= QO

"x]U=w p}yUD =@ VWwB `=aW R= GQ=N |x]kv l} VWwB "1 pmW

C@=F VWwB `=aW w 'xOW KQ]t =DU}= VWwB Cr=L QO |v}tR w |}=wy Cw=iDt
"CU=

uwJ |k}kO |=yVwQ &OQ=O OwHw |O=} R |=yxw}W VWwB p�=Ut pL |=Q@
Q}_v |Q=mD@==Qi |=yVwQ w 'w} Rvo}= sD} Qwor= Q}_v |Q=mD@= |=yVwQ 'u=Qm w xN=W
QO =@ u=@}DWB |H} QOD VWwB |xr�Ut QO [13w12]"Ov=xrtH u; R= O} Q@D |R=Ux}@W
V}=Ri= =@ =} wB Cr=L QO hrDNt Kw]U =@ Cw=iDt w \U=w Cq}yUD uDiQo Q_v
=@ w O@=}|t V}=Ri= COWx@ pL u=tR Cq}yUD ẁv w |v=tR |=yxQwO '=[=kD \=kv
|=yVwQ R= xO=iDU= 'CU= O=} R =[=kD \=kv O=OaD |ak=w |=}vO QO xm u}= x@ xHwD

"CW=O Oy=wN |QDW}@ CQwQ[ |Q=mD@==Qi
Q_v OQwt |=y|oS} w 'Q[=L j}kLD w u}W}B C=ar=]t QDy@ |xU}=kt Qw_vtx@

"CU= xOW xU}=kt w |UQQ@ 1 pwOH QO Q[=L j}kLD =@ C=ar=]t Q}=U QO
QO =Q |}=} wB xm |OL=w |xar=]t 'OwW|t xOy=Wt 1 pwOH QO xm u=vJ
|@D=QtxrUrU Q=DN=U =@ 'xr�Ut QO p}yUD u=mt w X}YND |x@vH wO Qy
xm |r=L QO 'CU= xOWv s=Hv= OQ}o@ Q_v QO |H} QOD VWwB |=Q=O u=@}DWB
wQOwNO=Ot= |xr�Ut u}vJty w xFO=L RwQ@ `k=wt QO |v=UQO=Ot= Q}_v |r�=Ut QO
pL w pOt |x�=Q= xr=kt u}= hOy "CU= |QwQ[ QwmPt C=[wQit C}=aQ
=@ Cw=iDt w x]U=w Cq}yUD uDiQo Q_v QO =@ u=@}DWB |H} QOD VWwB |xr�Ut
|}xvwox@ "CU=} wB Cr=L QO C}iQ_ C}OwOLt x=Qtyx@ |yOCtON ?D=QtxrUrU
ltm =@ �u=DUQ=t}@� X=N p}yUD l} |xOwOLt R= GQ=N |x]kv l} xm
'Q[=L j}kLD |O=yvW}B pOt "OwW `k=w VWwB CLD �Tvqw@t;� Qo}O p}yUD
|wQ}B u=} QH u}OvJ |wor= R= w CU= �?D=Qt xrUrU� hrDNt Kw]U |=Q=O

"Ovm|t
xOW |]N pOt '|O=yvW}B pOt K} QWD R= TB Q=DWwv u}= |Oa@ VN@ QO
R= pY=L G}=Dv 3 VN@ QO "CU= xOW u=}@ xr�Ut QDW}@ s}yiD |=Q@ p=Ft l} w
QO "OwW C=@F= pOt CLY =D xOW xU}=kt OwHwt |=ypOt G}=Dv =@ |O=yvW}B pOt
xO=iDU= =@ w |[Qi |=yxO=O =@ ẁvDt |=yp=Ft ?r=k QO |O=yvW}B pOt 4 VN@
QO R}v |D; C=O=yvW}B w |Q}oxH}Dv "CU= xOW pL O} Q@D |R=Ux}@W sD} Qwor= R=

"CU= xOW u=wva xr=kt |=yDv=
"|}=}wB w u=@}DWB VWwB '|H} QOD VWwB '?D=QtxrUrU 'Cq}yUD Q_v R= OwHwt |=ypOt =@ |O=yvW}B pOt |xU}=kt "1 pwOH

Cq}yUD ?D=QtxrUrU VWwB ẁv u=@}DWB VWwB |}=}wB EL@ OQwt |=ypOtl} OvJ lD |L]U OvJ l}Uqm |H} QOD l}Uqm u=@}DWB |}=H@=H QO QO xr=kt QOẁv ẁv K]U u=} QH u}OvJ u=} QH lD p}yUD X}YNDp p p p p p |O=yvW}B pOtp p p p [4]|H} QOD VWwB pOtp p p p p [7]=} wB p@ wO OQ=Ov=DU= VWwBp p p p p p [8]Q=_Dv= OQwt VWwB u} QDW}@p p p p p p [9]=} wB p@ wO OQ=Ov=DU= VWwB
p p p p p}yUD wO x=Qty x@ VWwB pOt

[11]O=Ot= QDB wm|ry w Tvqw@t;
p p p l} =@ |L]U wO |@D=Qt xrUrU

[5]C}iQ_ w u=} QH
p p p p [3]|@D=QtxrUrU |H} QOD VWwBp p p p [13]|WWwB |@D=QtxrUrU QwLt
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=vY
|U

Ovyt |xr�Ut l}Uqm pOt "CU= 1 R= V}@ ,qwtat =[=kD xm |r=L QO '1 R= QDW}@ sy
%R= CU= CQ=@a |H} QOD VWwB

z = max
nX
i=1

nX
j=1

cijxij (2)

s:t :
nX
j=1

yj = p 8i = 1; :::; n (3)

xij � yj 8i; j = 1; :::; n (4)
nX
j=1

xij = 1 8i = 1; :::; n (5)

yj ; xij f0; 1g i; j = 1; :::; n (6)

Qou=}@ 3C}OwOLt "CU=VWwB K]U uOQmxv}W}@ pOt u}= QO 2C}OwOLt hOy
\=kv xm OyO|t u=v}t]= 4 C}OwOLt "OwW |@=}=H O}=@ xm CU= |Dq}yUD O=OaD
C}OwOLt "OQ=O OwHw p}yUD u; j u=mt QO xm Ov@=}|t VWwB |r}yUD =@ \ki
"OwW|t xOv=WwB X=N p}yUD l} |xr}Uwx@ \ki |QDWt Qy xm Ovm|t u=}@ 5
yj Q}eDt "CU= xr�Ut s}tYD |=yQ}eDt uOw@ 1 w QiY |xOvyOu=Wv 6 C}OwOLt
QiY Qo = w 'OQ}o|t Q=Qk x]kv u; QO p}yUD xm OyO|t u=Wv OQ}o@ 1 Q=Okt Qo =
|x]kv xm CU= 1 |v=tR xij Q}eDt &OQ}o|tv Q=Qk x]kv u; QO |r}yUD I}y OW=@
|O=yvW}B pOt QO [12]"OwW xO}v=WwB OQ=O Q=Qk j |x]kv QO xm |r}yUD \UwD i

%OvwW|t u=}@ u}vJ =yQ}eDt w =yQDt=Q=B '=yT}Ov=
T}Ov= "1"1"2

&Tvqw@t; |Q}oQ=Qk |=Q@ ?U=vt \=kv xawtHt %a
&u=DUQ=t}@ |Q}oQ=Qk |=Q@ ?U=vt \=kv xawtHt %b

&O=Ot= QDB wm|ry |Q}oQ=Qk |=Q@ ?U=vt \=kv xawtHt %h
&|YYND u=DUQ=t}@ |Q}oQ=Qk |=Q@ ?U=vt \=kv xawtHt %r

&=[=kD \=kv xawtHt %i
&|v=tR |=yxQwO xawtHt %t

"CtON K]U T}Ov= %l
QDt=Q=B "2"1"2

&Tvqw@t; VQ}PB C}iQ_ %M1
&O=Ot= QDB wm|ry VQ}PB C}iQ_ %M2

&u=DUQ=t}@ VQ}PB C}iQ_ %M3
&|YYND u=DUQ=t}@ VQ}PB C}iQ_ %M4

&t xQwO QO a u=mt Tvqw@t; \UwD i =[=kD |x]kv VWwB K]U %ciat
&t xQwO QO h u=mt O=Ot= QDB wm|ry \UwD i =[=kD |x]kv VWwB K]U %c0iht

b u=mt u=DUQ=t}@ \UwD l T} wQU K]U =@ i =[=kD |x]kv VWwB K]U %cibtl
&t xQwO QO

|YYND u=DUQ=t}@ \UwD lT} wQU K]U =@ i =[=kD |x]kv VWwB K]U %c0irtl
&t xQwO QO ru=mt

u=mt u=DUQ=t}@ \UwD l T} wQU K]U =@ i =[=kD |x]kv VWwB K]U %ciabtl
&t xQwO QO a u=mt QO `k=w Tvqw@t; w b

u=mt u=DUQ=t}@ \UwD l T} wQU K]U =@ i =[=kD |x]kv VWwB K]U %c00ihbtl
&t xQwO QO h u=mt QO `k=w QDB wm|ry w b

"j}kLD pOt QO ?D=QtxrUrU V}=tv "2 pmW
|D@=F u=mt hrDNt |=yxQwO QO |YYND u=DUQ=t}@ 'u=DUQ=t}@ Ovv=t |Dq}yUD
|xv} Ry x@ xHwD =@ Tv=SQw= QDB wm|ry w Tvqw@t; Ovv=t |Dq}yUD w OvQ=O
hrDNt |=yxQwO QO |Dw=iDt |=yu=mt QO QDW}@ VWwB K]U w |}=Hx@=H

"OvwW|t |@=}=H
|=}vO QO xm u; p=L xOW xHwD QDsm Cq}yUD O=OaD ẁ[wt x@ =ypOt QO
Cq}yUD O=OaD O}=W hrDNt |Q=m C=a=U QO "CU= Q=PoQ}F-=D w syt Q=}U@ |ak=w
=} Tvqw@t; O=OaD ,qwtat "CU= Cw=iDt Q=m x@ xO=t; Cq}yUD O=OaD |rw 'OW=@ C@=F
w |R=Ov=x=Q |}=v=wD xm |v=Um |rw CU= C@=F RwQ xv=@W pw] QO Tv=SQw= QDB wm|ry
QO \U=w Cq}yUD O=OaD 'pOt QO wQu}= R= "Ov=Cw=iDt OvQ=O =Q Cq}yUD |Q}oQ=mx@
'Cq}yUD O=OaD R= Qw_vt "CU= xOW xDiQo Q_v QO Cw=iDt Qw]x@ hrDNt |=yxQwO

"CU= x]w@ Qt |v=tR |xQwO QO p=ai Cq}yUD
C}OwOLt u}= xm xDiQo Q=Qk xHwD OQwt R}vC}iQ_C}OwOLt |O=yvW}B pOt QO
X}YND |=[=kD \=kv x@ =yvDxv |}=OD@= R= Q}e |yOCtON K]U =@ |Dq}yUD |=Q@
"OwW|t p=ta= 'OvwW|t xOQw;\U=wp}yUD\UwD xm|}=y=[=kD x@ xmr@ OwN x@ xDi=}
|WWwB `=aW QO pk=OL O}=@ =[=kD |x]kv Qy xm CU= |DQwYx@ |R=UpOt
xO=O VWwB x]kv u; uRw pt=m Qw]x@ =D OQ}o Q=Qk Cq}yUD `=wv= R= |m} QDlJwm

"OwW|t KQ]t u=@}DWB VWwB u=wva CLD xm OwW

|R=UpOt "1"2
\=kv Q}=U x@ C@Uv xm CU= |]=kv pLt u}}aD hOy |H} QOD VWwB pOt QO

%OwW|t h} QaD u}vJ cij QDt=Q=B "OvQ=O =Q (cij) VWwB K]U u} QDW}@

cij =

8>>>><>>>>:
wi if dij < lj

wifij(dij) if lj < dij < uj

0 if dij > uj

(1)

|WWwB `=aW R= QDsm j p}yUD R= i |QDWt |xrY=i Qo = xm OQ=O|t u=}@ 1 |x]@=Q
xDiQo Q=Qk u; QO i |x]kv xm CU= |}x]kv uRw =@ Q@=Q@ VWwB K]U 'OW=@ j p}yUD
Q@=Q@ VWwB K]U 'OW=@ QDnQR@ w QDlJwm `=aW u}@ |QDWt Ci=Ut Qo = "CU=
|oDU@ p}yUD =D |QDWt Ci=Ut x@ xm |a@=D QO i |x]kv �=[=kD� uRw =@ CU=
"Ow@ Oy=wN QiY Q@=Q@ VWwB K]U 'OW=@ QDnQR@ `=aW R= V}@ xrY=i Qo = w OQ=O
w OW=@ 1 w QiY u}@ Ov=wD|t sy xm CU= u; pOt u}= QO uRw R= xO=iDU= Cra
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s:t :

cibtlxibtl � ZBibtl 8i 2 I; l 2 L; t 2 T; b 2 B (8)X
a2A

ciatxiatciabtlxiabtl � ZBibtl

8i 2 I; l 2 L; t 2 T; b 2 B (9)X
h2H

c0ihtx0ihtc00ihbtlx00ihbtl � ZBibtl

8i 2 I; l 2 L; t 2 T; b 2 B (10)

c0irtlx0irtl � ZRirtl 8i 2 I; l 2 L; t 2 T; r 2 R (11)X
a2A

ciatxiatc0iartlx0iartl � ZRirtl

8i 2 I; l 2 L; t 2 T; r 2 R (12)X
h2H

c0ihtx0ihtc000ihrtlx000ihrtl � ZRirtl

8i 2 I; l 2 L; t 2 T; r 2 R (13)X
a2A

ciatxiat +
X
h2H

c0ihtx0iht +
2X
l=1

X
i2I

cibtlxibtl

+
3X
l=1

X
i2I

c0irtlx0irtl � w (i) 8i 2 I; t 2 T (14)X
a2A

yta � P1t 8t 2 T (15)X
b2B

ybb � P3 (16)X
h2H

yth � P2t 8t 2 T (17)X
r2R

yrr � P4 (18)X
i2I

ciatxiat �M1yta 8a 2 A; t 2 T (19)

2X
l=1

X
i2I

cibtlxibtl +
2X
l=1

X
i2I

ciatxiatciabtlxiabtl

+
2X
l=1

X
i2I

c0ihtx0ihtc00ihbtlx00ihbtl �M3ybb

8a 2 A; b 2 B; h 2 H; t 2 T (20)X
i2I

c0ihtx0iht �M2yth 8h 2 H; t 2 T (21)

3X
l=1

X
r2R

c0irtlx0irtl +
3X
l=1

X
i2I

ciatxiatc0iartlx0iartl

+
3X
l=1

X
i2I

c0ihtx0ihtc000ihrtlx000ihrtl �M4yrr

8a 2 A; b 2 B; h 2 H; t 2 T; r 2 R (22)

xiat � yta 8a 2 A; i 2 I; t 2 T (23)

xibtl � ybb 8b 2 B; i 2 I; t 2 T; l = 1; 2 (24)

|YYND u=DUQ=t}@\UwD lT} wQU K]U =@ i =[=kD |x]kvVWwB K]U %c0iartl
&t xQwO QO a u=mt QO `k=w Tvqw@t; w r u=mt

|YYND u=DUQ=t}@\UwD lT} wQU K]U =@ i =[=kD |x]kvVWwB K]U %c000ihrtl
&t xQwO QO h u=mt QO `k=w O=Ot= QDB wm|ry w r u=mt

&s=i |=[=kD |x]kv uRw %wi
&t xQwO QO Tvqw@t; O=OaD %P1t

&t xQwO QO O=Ot= QDB wm|ry O=OaD %P2t
&u=DUQ=t}@ O=OaD %P3

&|YYND u=DUQ=t}@ O=OaD %P4
&t xQwO QO a0 C}=U x@ a C}=U R= Tvqw@t; |}=Hx@=H |xv} Ry %F taa0

"t xQwO QO h0 C}=U x@ h C}=U R= O=Ot= QDB wm|ry |}=Hx@=H |xv} Ry %F thh0
Q}eDt "3"1"2

&OQ}o Q=Qk t xQwO QO a u=mt QO Tvqw@t; xm CU= 1 =@ Q@=Q@ |v=tR %yta
&OQ}o Q=Qk t xQwO QO h u=mt QO O=Ot= QDB wm|ry xm CU= 1 =@ Q@=Q@ |v=tR %ytb

&OQ}o Q=Qk b u=mt QO u=DUQ=t}@ xm CU= 1 Q@=Q@ |v=tR %ybb
&OQ}o Q=Qk r u=mt QO |YYND u=DUQ=t}@ xm CU= 1 Q@=Q@ |v=tR %yrr

'OwW xO=O X}YND t xQwO QO a u=mt QO `k=w Tvqw@t; x@ i |QDWt Qo = %xiat
&CU= 1 Q@=Q@

xO=O X}YND t xQwO QO h u=mt QO `k=w O=Ot= QDB wm|ry x@ i |QDWt Qo = %x0iht
&CU= 1 Q@=Q@ 'OwW

t xQwO QO b u=mt QO `k=w u=DUQ=t}@ x@ l T} wQU K]U =@ i |QDWt Qo = %xibtl
&CU= 1 Q@=Q@ 'OwW xO=O X}YND

r u=mt QO `k=w |YYND u=DUQ=t}@ x@ l T} wQU K]U =@ i |QDWt Qo = %x0irtl
&CU= 1 Q@=Q@ 'OwW xO=O X}YND t xQwO QO

\UwD b u=mt QO `k=w u=DUQ=t}@ x@ l T} wQU K]U =@ i |QDWt Qo = %xiabtl
&CU= 1 Q@=Q@ 'OwW xO=O X}YND t xQwO QO 'a u=mt QO `k=w Tvqw@t;

r u=mt QO `k=w |YYND u=DUQ=t}@ x@ l T} wQU K]U =@ i |QDWt Qo = %x0iartl
&CU= 1 Q@=Q@ 'OwW xO=O X}YND t xQwO QO 'a u=mt QO `k=w Tvqw@t; \UwD

\UwD b u=mt QO `k=w u=DUQ=t}@ x@ l T} wQU K]U =@ i |QDWt Qo = %x00ihbtl
&CU= 1 Q@=Q@ 'OwW xO=O X}YND t xQwO QO 'h u=mt QO `k=w O=Ot= QDB wm|ry

r u=mt QO `k=w |YYND u=DUQ=t}@ x@ l T} wQU K]U =@ i |QDWt Qo = %x000ihrtl
&CU= 1 Q@=Q@ 'OwW xO=O X}YND t xQwO QO 'h u=mt QO `k=w O=Ot= QDB wm|ry\UwD
\UwD t xQwO QO lT} wQU K]U =@ i =[=kD |x]kv VWwB u=R}t QFm =OL %ZBibtl

&b u=mt QO `k=w u=DUQ=t}@
\UwD t xQwO QO lT} wQU K]U =@ i =[=kD |x]kv VWwB u=R}t QFm =OL %ZRirtl

"r u=mt QO `k=w |YYND u=DUQ=t}@

Maximize :(
X
i2I

X
a2A

X
t2T

ciatxiat +
X
i2I

X
h2H

X
t2T

c0ihtxxiht

+
X
b2B

X
i2I

X
l2L

X
t2T

ZBibtl +
X
r2R

X
i2I

X
l2L

X
t2T

ZRirtl)

�X
t2T

X
a2A

X
a02A

F taa0y
t�1
a yta0

�X
t2T

X
h2H

X
h02H

F thh0y
t�1
h yth0 (7)
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1x

Q=tW
'32
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|xQ

wO'
�13

95
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt |QU wO w CU}@ w O}OH Q}eDt |QU CWy '|]N pOt \@=wQ x@ xHwD =@
O}OH |=yQ}eDt O=OaD 'pm Cr=L QO "OwW|t xi=[= u}W}B pOt x@ C}OwOLt
xOW xi=[= |=yC}OwOLt O=OaD w 4N 2T (NL + 1) Q@=Q@ pOt x@ xOW xi=[=
'\=kv O=OaD N &Ow@ Oy=wN N 2T (10 + N + N 2 + 12NL + 9L) =@ Q@=Q@

"CU= |v=tR |=yxQwO O=OaD T w Cq}yUD Kw]U O=OaD L
R=U|]N |mtm |Qv}=@ |=yQ}eDt "1"2"2

&CU= xiat � xiabtl =@ Q@=Q@ %Z1iabtl
&CU= x0iht � x00ihbtl =@ Q@=Q@ %Z10ihbtl
&CU= xiat � x0iartl =@ Q@=Q@ %Z2iartl
&CU= x0iht � x000ihrtl =@ Q@=Q@ %Z20ihrtl

&CU= ybb � yta =@ Q@=Q@ %Z3tab
&CU= ybb � yth =@ Q@=Q@ %Z4tbh
&CU= yrr � yta =@ Q@=Q@ %Z5tra
"CU= yrr � yth =@ Q@=Q@ %Z6trh

Maximize :(
X
i2I

X
a2A

X
t2T

ciatxiat +
X
i2I

X
h2H

X
t2T

cihtxiht

+
X
b2B

X
i2I

X
l2L

X
t2T

ZBibtl +
X
r2R

X
i2I

X
l2L

X
t2T

ZRirtl)

�X
t2T

X
a2A

X
a02A

F taa0Z
t(t�1)
aa0

�X
t2T

X
h2H

X
h02H

F thh0ZZ
t(t�1)
hh0 (35)

S:t :(3); (6); (9); (10); (11); (12); (13); (14); (16); (18); (19);

(22); (23); (26)X
a2A

ciatciabtlZ1iabtl � ZBibtl 8i 2 I; l 2L; t 2T; b 2 B
(36)X

a2A
ciatciabtlZ1iabtl � ZBibtl 8i 2 I; l 2L; t2 T; b 2BX

h2H
c0ihtc00ihbtlZ10ihbtl � ZBibtl 8i 2 I; l 2L; t 2T; b 2B

(37)X
a2A

ciatc0iartlZ2iartl � ZRirtl 8i 2I; l 2L; t 2T; r 2R
(38)X

h2H
c0ihtc000ihrtlZ20ihrtl � ZRirtl 8i 2I; l 2L; t 2T; r 2R

(39)

2X
l=1

X
i2I

cibtlxibtl +
2X
l=1

X
i2I

ciatciabtlZ1iabtl

+
2X
l=1

X
i2I

c0ihtc00ihbtlZ10ihbtl �M3ybb

8a 2 A; b 2 B; h 2 H; t 2 T (40)

xiabtl � ybb � yta 8a 2 A; b 2 B; i 2 I; t 2 T; l = 1; 2
(25)

x00ihbtl � ybb � yth 8h 2 H; b 2 B; i 2 I; t 2 T; l = 1; 2
(26)

x0iht � yth 8h 2 H; i 2 I; t 2 T (27)

x0irtl � yrr 8r 2 R; i 2 I; t 2 T; l 2 L (28)

x0iartl � yrr � yta 8a 2 A; r 2 R; i 2 I; t 2 T; l 2 L
(29)

x000ihrtl � yrr � yth 8h 2 H; r 2 R; i 2 I; t 2 T; l 2 L
(30)

xiat 2 f0; 1g ; xibtl 2 f0; 1g ; xiabtl 2 f0; 1g ; x00ihbtl 2 f0; 1g ;
x0iht 2 f0; 1g ; x0irtl 2 f0; 1g ; x0iartl 2 f0; 1g ; x000ihrtl 2 f0; 1g ;
yta 2 f0; 1g ; ybb 2 f0; 1g ; yrr 2 f0; 1g ; yth 2 f0; 1g
8a 2 A; r 2 R; b 2 B; h 2 H; i 2 I; t 2 T (31)

|=yT} wQU K]U =@ u=} QDWt |H} QOD VWwB |R=Uxv}W}@ hOy pOt u}= QO
|}=Hx@=H|xv} RyuOQmsm =@Cw=iDtCq}yUDj} Q] R= 'hrDNt|=yu=tR QOCw=iDt
Qy VWwB u} QDW}@ Qou=}@ 10 w 9 '8 \@=wQ "CU= O=Ot= QDB wm|ry w Tvqw@t;
'11 \@=wQ w CU= s=t xQwO QO T} wQU K]U Qy =@ |QDWt Qy |=R=x@ u=DUQ=t}@
Qy =@ |QDWt Qy |=R=x@ |YYND u=DUQ=t}@ Qy VWwB u} QDW}@ Qou=}@ 13 w 12

"CU= s=t |xQwO QO T} wQU K]U
O=OaDC}OwOLt "CU= xOW xi=[= xr�Ut x@ u=@}DWBC}OwOLt 14 |x]@=Q QO
Cq}yUD C}iQ_ C}OwOLt "CU= xOW u=}@ 18 =D 15 \@=wQ QO Cq}yUD
u}= R}v 30 =D 23 C}OwOLt "CU= xOW xO=O u=Wv 22 =D 19 \@=wQ QO
|r}yUD xm OQ}o|t CQwY X}YND l} |v=tR xm OvR=U|t XNWt =Q ẁ[wt
u}}aD =Q pOt |Qv}=@ |=yQ}eDt 31 C}OwOLt ,=D}=yv &OW=@ OwHwt VWwB |=Q@

"Ovm|t
|R} Qxt=vQ@ Cr=L QO pOt |]NQ}e |=yC}OwOLt O=} R O=OaD x@ xHwD =@
w O}UQ ?=wH x@ X=N |=yxOvvmpL =@ O}=@ xm \rDNt K}LY OOa |]NQ}e
s=Ok= pOt |R=U|]N x@ C@Uv 'O@=}|t V}=Ri= |}=tv CQwYx@ xm pL u=tR
u=tR l} QO w OwW p}O@D \rDNt K}LY OOa |R} Qxt=vQ@ Cr=L x@ =D OW
pL QDW}@ |=yxOvvmpL =@ �� |]NQ}e Cr=L =@ xU}=kt QO �� pw@k p@=k

"OwW

|O=yvW}B pOt |R=U|]N "2"2
|R=U|]N |=Q@ &O@=}|t Vy=m |yHwD p@=k Qw]x@ pL u=tR pOt uOQm|]N =@
=@ "OvwW|t ?Q[ Qo}Om} QO xm OvW=@ |Qv}=@ Q}eDt wO yj w xi O}vm ZQi pOt
O}OH |=yC}OwOLt w Q}eDt wO ?Q[ |=Hx@ |Qv}=@ O}OH Q}eDt l} uOQmxi=[=

[14]"OwW|t pY=L |]N |x]@=Q 34 =D 32 |=yx]@=Q CQwYx@
xiyj = zij 2 f0; 1g (32)

xi + yj � 2zij 8i; j (33)

xi + yj � zij + 1 8i; j (34)
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"""u
=@}DW

B|
H}Q

ODV
WwB

|xr
�Ut

pL
w|

R=Up
Ot

Z1iabtl; Z10ihbtl; Z2iartl; Z20ihrtl; Z3tab; Z4tbh; Z5tra;
Z6trh 2 f0; 1g 8a; a0 2 A; r 2 R; b 2 B; h; h0 2 H;

i 2 I; t 2 T (64)

|=yQ}eDt R= xmCw=iDu}= =@CU= 30 =D 7 |=yC}OwOLt Ovv=ty 41 =D 35C}OwOLt
|=yC}OwOLt 63 =D 42|=yC}OwOLt &CU= xOW xO=iDU= |R=U|]N|=Q@|mtm
QO R}v |R=U|]N |=Q@ |Qv}=@ |mtm |=yQ}eDt &CU= |R=U|]N |=Q@ |mtm

"CU= xOW |iQat 64 C}OwOLt

G}=Dv |UQQ@ w |OOa p=Ft l} |x�=Q= "3"2
QO "O}}=tQi xHwD Q} R p=Ft x@ pOt C}U=UL p}rLD w |R=UpOt QDW}@ u}}@D |=Q@
&O}vm ZQi 2 pwOH j@=]t =Q Cq}yUD |=Q@ VWwB |=y`=aW |O=yvW}B pOt
Tvqw@t; '2 |rwtat u=DUQ=t}@ '3 =@ Q@=Q@ |YYND u=DUQ=t}@ |=Q@ Cq}yUD O=OaD
|ry w Tvqw@t; |=Q@ |}=Hx@=H |xv} Ry "CU= xOW ZQi 1 =@ Q@=Q@ QDB wm|ry w 1
u=Wv 3 pmW QO Qo}Om} R= =[=kD \=kv |xrY=i "CU= 3 pwOH CQwYx@ QDB wm

"CU= xOW xO=O
swO w pw=|v=tR xQwO QOCq}yUD |Q}oQ=Qk |=yu=mt 'Q=Ri=sQv =@ pOtpL R=TB
VwQ |=y?=wH |t=tD OwW|t Qw;O=} "CU= xOW xO=O V}=tv 5 w 4 |=ypmW QO
"CU= xOW x@U=LtCPLEX |xOvvmpL w GAMS Q=Ri=sQv R= xO=iDU= =@ j}kO
w CU= x0022413 = 1 CQwYx@ pOt R= xOt; CUO x@ |=yX}YND R= |m}
'swO u=mt QO xDiQo Q=Qk xU CU=wNQO K]U =@ =[=kD |x]kv xm CU=vat u=O@

"Q_v OQwt p=Ft QO Cq}yUD |WWwB |=y`=aW "2 pwOH
swO |v=tR xQwO pw= |v=tR xQwO

p}yUD ẁv`=aW `=aW `=aW `=aW
QDlJwm QDnQR@ QDlJwm QDnQR@

30 70 60 100 |YYND u=DUQ=t}@
40 100 50 150 u=DUQ=t}@
20 50 30 80 Tvqw@t;
80 150 100 200 O=Ot= QDB wm|ry
50 120 90 180 Tvqw@t; x=Qty x@ |YYND u=DUQ=t}@
110 220 160 300 O=Ot= QDB wm|ry x=Qty x@ |YYND u=DUQ=t}@
60 150 80 230 Tvqw@t; x=Qtyx@ u=DUQ=t}@
120 250 130 280 O=Ot= QDB wm|ry x=Qtyx@ u=DUQ=t}@

"xar=]t OQwt p=Ft QO =[=kD \=kv u}@ Ci=Ut |xm@W "3 pmW

3X
l=1

X
r2R

c0irtlx0irtl +
3X
l=1

X
i2I

ciatc0iartlZ2iartl

+
3X
l=1

X
i2I

c0ihtc000ihrtlZ20ihrtl �M4yrr

8a 2 A; b 2 B; h 2 H; t 2 T; r 2 R (41)

xiabtl � Z3tab 8a 2 A; b 2 B; i 2 I; t 2 T; l = 1; 2
(42)

x00ihbtl � Z4tbh 8h 2 H; b 2 B; i 2 I; t 2 T; l = 1; 2
(43)

x0iartl � Z5tra 8a 2 A; r 2 R; i 2 I; t 2 T; l 2 L (44)

x000ihrtl � Z6trh 8h 2 H; r 2 R; i 2 I; t 2 T; l 2 L (45)

2 � Zt(t�1)
aa0 � yt�1

a + yta0 8a; a0 2 A; t 2 T (46)

Zt(t�1)
aa0 + 1 � yt�1

a + yta0 8a; a0 2 A; t 2 T (47)

2 � Z1iabtl � xiat + xiabtl

8i 2 I; a 2 A; b 2 B; t 2 T; l 2 L (48)

Z1iabtl + 1 � xiat + xiabtl

8i 2 I; a 2 A; b 2 B; t 2 T; l 2 L (49)

2 � Z10ihbtl � x0iht + x00ihbtl
8i 2 I; h 2 H; b 2 B; t 2 T; l 2 L (50)

Z10ihbtl + 1 � x0iht + x00ihbtl
8i 2 I; h 2 H; b 2 B; t 2 T; l 2 L (51)

2 � Z2iartl � xiat + x0iartl
8i 2 I; a 2 A; r 2 R; t 2 T; l 2 L (52)

Z2iartl + 1 � xiat + x0iartl
8i 2 I; a 2 A; r 2 R; t 2 T; l 2 L (53)

2 � Z20ihrtl � x0iht + x000ihrtl
8i 2 I; h 2 H; r 2 R; t 2 T; l 2 L (54)

Z20ihrtl + 1 � x0iht + x000ihrtl
8i 2 I; h 2 H; r 2 R; t 2 T; l 2 L (55)

2 � Z3tab � ybb + yta

8a 2 A; b 2 B; t 2 T (56)

Z3tab + 1 � ybb + yta 8a 2 A; b 2 B; t 2 T (57)

2 � Z4tbh � ybb + yth 8h 2 H; b 2 B; t 2 T (58)

Z4tbh + 1 � ybb + yth 8h 2 H; b 2 B; t 2 T (59)

2 � Z5tra � yrr + yta 8r 2 R; a 2 A; t 2 T (60)

Z5tra + 1 � yrr + yta 8r 2 R; a 2 A; t 2 T (61)

2 � Z6trh � yrr + yth 8r 2 R; h 2 H; t 2 T (62)

Z6trh + 1 � yrr + yth 8r 2 R; h 2 H; t 2 T (63)
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u=DU
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h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt

\UwD swU T}wQU K]U =@ swO |=[=kD |x]kv X}YND Q=Owtv "6 pmW
xQwO QO sQ=yJ u=mt QO|YYND u=DUQ=t}@CtU x@ swO u=mt QO `k=w QDBwm|ry

"|UQQ@ OQwt p=Ft QO swO |v=tR
u=DUQ=t}@ x@ 'pw= |v=tR xQwO |] 'u=mt u=ty QO `k=w O=Ot= QDB wm|ry \UwD

"�6 pmW� Ovm|t =O}B X}YND 'sQ=yJ u=mt QO xDiQo Q=Qk |YYND

Q_vt R= OwHwt |=ypOt =@ |O=yvW}B pOt |xU}=kt "3
xOt; CUO x@ |=y?=wH

|=y?=wH CLY |UQQ@ |=Q@ |@D=QtxrUrU |H} QOD VWwB pOt R= xr=kt u}= QO
pOt u} QDpt=m w u} QDO}OH |rut nvwH pOt "OwW|t xO=iDU= xOt; CUO x@
|H} QOD VWwB |xr=kt pOt "CU= |@D=QtxrUrU |H} QOD VWwB |xv}tR QO

[3]%OwW|t h} QaD u}vJ |@D=QtxrUrU

T}Ov= "1"3
&=[=kD \=kv xawtHt %i

&p}yUD |Q}oQ=Qk |=Q@ ?U=vt \=kv xawtHt %j
&T} wQU ẁv %k
"p}yUD K]U %l

QDt=Q=B "2"3
&k T} wQU K]U QO j p}yUD \UwD i |QDWt VWwB K]U %cijk

&OvQ=O k T} wQU K]U x@ R=}v xm |v=} QDWt C}atH %fik
&k T} wQU x}=Q= |=Q@ j p}yUD C}iQ_ %tjk

"l K]U QO Cq}yUD O=OaD %pl

Q}eDt "3"3
&OwW xO=O VWwB k T} wQU K]U QO j p}yUD \UwD i |QDWt %xijk

"OQ}o Q=Qk j u=mt QO l K]U =@ p}yUD Qo = %yjl
Max

X
i2I

X
j2J

X
k2K

cijkxijkfik (65)

s:t :

xijk �
KX
l=k

yjl 8i; j; k (66)X
j2J

xijk � 1 8i; k (67)X
j2J

yjl � pl 8l (68)

QO hrDNt |v=tR |=yxQwO QO QDBwm|ry w Tvqw@t; |}=Hx@=H |xv} Ry "3 pwOH
"|UQQ@ OQwt p=Ft

QDBwm|ry Tvqw@t; |}=Hx@=H|v=tR xQwO |v=tR xQwO |v=tR xQwO |v=tR xQwO =yu=mt QOswO pw= swO pw=
0 0 0 0 1 1

0 24 0 2 0 72 0 6 1 2
0 3 0 3 0 9 0 9 1 3
0 4 0 4 1 2 1 2 1 4
0 24 0 2 0 72 0 6 2 1

0 0 0 0 2 2
0 1 0 08 0 3 0 24 2 3
0 12 0 14 0 36 0 42 2 4
0 1 0 1 0 3 0 3 3 1
0 16 0 16 0 48 0 48 3 2

0 0 0 0 3 3
0 3 0 3 0 9 0 9 3 4
0 12 0 12 0 36 0 36 4 1
0 1 0 1 0 3 0 3 4 2
0 16 0 16 0 48 0 48 4 3

0 0 0 0 4 4

OQwt p=Ft QO pw= |v=tR xQwOQO Cq}yUD |Q}oQ=Qk |=yu=mt Q=Owtv "4 pmW
"xar=]t

OQwt p=Ft QO swO |v=tR xQwOQO Cq}yUD |Q}oQ=Qk |=yu=mt Q=Owtv "5 pmW
"xar=]t
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p=Ft`@=D Cq}yUD u=mt `@=D u=DUQ=t}@ u=mt u=mt QDBwm|ry u=mt u=mt

|yOCtON
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hOy hOy |YYND u=DUQ=t}@ O=Ot= Tvqw@t; Cq}yUD =[=kD
4 3; 2; 1 7 4 - - 2 2; 1 1 3

4
1

8 3; 2; 1 13 7 - 4; 1 - 1 2 3 2
12 4; 3; 2; 1 14 42 2 4 1 1 3 4 3
6 6; 3; 2; 1 10 7 - - 6; 3 2; 1 1 4

6
4

12 6; 3; 2; 1 15 6 - 5; 4 - 2; 1 2 4 5
18 6; 5; 4; 2; 1 21 3 3; 6; 4; 3 - - 1 3 5 6
9 8; 7; 6; 5; 4; 1 14 2 - - 8; 1 5; 3; 2; 1 1 6

9
7

18 9; 8; 6; 5; 4; 3; 1 20 8 - 9; 6; 4; 3; 2 - 9; 4 2 7 8
27 9; 8; 6; 5; 4; 3; 1 31 7 7; 6; 5; 3; 1 5 - 1 3 7 9
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60 15 100 0 95 0 05 1
40 10 80 0 85 0 1 2
50 5 120 0 75 0 01 3
30 20 70 0 65 0 5 4

X
i2I

xijkfik � tjk 8j; k (69)X
l2L

yjl � 1 8j (70)

yjl = f0; 1g 8j; l xijk = f0; 1g 8i; j; k (71)
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p}yUD xm OQ}o|t CQwY i |QDWt VWwB |v=tR xm CU= syt u}= Qou=}@ 66
T} wQU R= QDq=@ =} Q@=Q@ T} wQU K]U w OQ}o Q=Qk j |x]kv QO T} wQU |xOvyOx�=Q=
T} wQU ẁv Qy =@ |QDWt Qy 67 |x]@=Q QO "OW=@ xDW=O |QDWt |xOvvmCU=wNQO
'K]U Qy |=R=x@ 68 |x]@=Q QO "OwW|t xO=O VWwB p}yUD l} \UwD \ki
"Ow@ Oy=wN K]U u; Cq}yUD =@ Q@=Q@ QFm =OL j |=yu=mt QO Cq}yUD ẁtHt
Q@=Q@ OwW|t xO=O u=} QDWt x@ xm |U} wQU QFm =OL xm OQ=O|t u=}@ 69 |x]@=Q
70 |x]@=Q QO "CU= T} wQU ẁv u; uOQm xOQw;Q@ QO p}yUD C}iQ_ u=R}t =@
E=OL= T} wQU K]U l} =@ p}yUD l} =yvD j u=mt Qy QO xm OwW|t XNWt
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QO %CU= xOW xDiQo Q_v QO |D=[wQit Qo}Om} x@ pOt wO uOQm x}@W |=Q@
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R= "OwW C}=aQ Cr=L Qy QO |v=@}DWB \QW xm xDiQo Q=Qk Q_v Ot |Qw] Cq}yUD
xDiQo Q=Qk 1 =@ Q@=Q@ =yxQwO O=OaD w xOW xO=iDU= |O=yvW}B pOt QO p}yUD ẁv l}

"CU= xOW p}O@D l}D=DU= pOt x@ |O=yvW}B pOt w
"CU= xOW x�=Q= VwQ wO R= xOt; CUO x@ |=y?=wH u}@ |xU}=kt 4 pwOH QO
'Tvqw@t;� Cq}yUD x@ xDi=} X=YDN= u=mt 'Cq}yUD ẁtHt '=[=kD \=kv O=OaD
pwOH u}= QO hOy `@=D Q}O=kt w �|YYND u=DUQ=t}@ 'u=DUQ=t}@ 'O=Ot= QDB wm|ry

"CU= xOW QmP
\=kv pm VWwB pOt wO |xU}=kt |=v@t 'OW u=wva R}v C=[wQit QO xm u=vJ
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714 06 72 61 2 4 1 1 1 1
428 13 72 28 3 2 2 2 1 2
368 46 72 82 4 1 3 3 1 3
288 88 71 11 3 4 4 4 1 4
2098 19 74 44 4 3 4 1 2 5
207 51 71 36 1 3 3 2 2 6
429 95 71 73 2 4 2 3 2 7
231 15 72 03 4 1 1 4 2 8
2381 63 74 44 3 2 2 1 3 9
1089 76 72 96 2 4 1 2 3 10
138 63 70 74 1 3 4 3 3 11
207 77 72 70 2 2 3 4 3 12
2024 81 73 90 1 1 3 1 4 13
418 44 71 71 4 4 4 2 4 14
169 47 71 56 3 2 1 3 4 15
54 16 70 74 2 1 2 4 4 16

|R=Ux}@W hOy `@=D |=Q@hrDNt Kw]U QO =yQDt=Q=B SN ratios Q=Owtv "8 pmW
"O} Q@D

|R=Ux}@W C=@U=Lt u=tR hrDNt Kw]U QO =yQDt=Q=B u}ov=}t Q=Owtv "9 pmW
"O} Q@D

|R=Ux}@W hOy `@=D |=Q@ hrDNt Kw]U QO =yQDt=Q=B u}ov=}t Q=Owtv "7 pmW
"O} Q@D

pL u=tR x@ x=ov =@ Q=QmD xORv=W u}= QO xOt; CUO x@ |=y?=wH 6 pwOH QO
"CU= xOW x�=Q= '?=wH C}i}mw

V}=tR; R= xOt; CUO x@ SN ratios 8 pmW QO w u}ov=}t 7 pmW QO
O=tHv= |=tO =ypmW u}= j@] "OwW|t xO=O V}=tv hOy `@=D |xv}tR QO |Jwo =D
QO (tf) ?wP |=tO 'pw= K]U QO (f) uOW OQU ?} Q[ 'swU K]U QO (t0)

C=aiO O=OaD w swU K]U QO �nlimit� =tO Qy QO sD} Qwor= Q=QmD O=OaD 'swU K]U
"OQ=O Q=Qk swO K]U QO �nover� Q=QkDU= Q=OQ@ pw@k
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QO t0 =ypmW u}= j@] "OwW|t xO=O V}=tv C=@U=Lt u=tR |xv}tR QO |Jwo =D
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QO "O@=}|t V}=Ri= R}v xr�Ut CkO w OwW|t QDW}@ |yOVWwB K]U Cq}yUD
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Kw]U |t=tD xm CU= |r}yUD xm =QJ 'xOQm p=ta= |QDW}@ Q}}eD hOy `@=D QO
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"OQ=O Q=Qk pw= K]U QO nover w SN ratios x@ xHwD =@
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4 538 6 0406 10 3 591 6 0406 10 1
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1
4 682 8 5493 10; 1 4 682 8 5493 10; 1 2 2
4 686 9 3206 10; 2; 1 4 686 9 3206 10; 2; 1 3 3

5 324 12 7725 20 14 60 12 7725 20 1

20

4
5 437 17 6867 17; 16 13 54 17 6867 17; 16 2 5
5 521 19 7037 20; 19; 18 13 55 19 7037 20; 19; 18 3 6
5 698 20 20; 18; 17; 5; 1 13 51 20 20; 18; 17; 5; 1 5 7

6 516 10 678 29 105 883 10 678 29 1

30

8
6 524 17 455 24; 1 104 764 17 455 24; 1 2 9
6 711 23 256 24; 13; 1 105 886 23 256 24; 13; 1 3 10
6 805 25 28; 13; 12; 10; 2 103 591 25 28; 13; 12; 10; 2 5 11

6 985 31 7445 17 205 04 31 7445 17 1

50

12
7 112 43 2406 29; 17 202 74 43 2406 29; 17 2 13
7 135 46 0524 33; 16; 10 205 36 46 0524 33; 16; 10 3 14
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10 760 61 389 29; 18 692 65 60 7029 60; 9 2 17
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35 975 58 7191 18 4365 45 58 7191 18 1

100

21
16 677 90 6654 78; 29; 18 3505 54 90 6654 78; 29; 18 3 22
7 939 93 6889 85; 77; 68; 45; 1 2505 06 95 6889 97; 20; 10; 6; 1 5 23
6 432 97 135 57; 52; 45; 7; 5; 4; 3; 2 1668 58 99 8675 90; 87; 71; 68; 67; 65; 50; 18 8 24
6 229 98 489 61; 57; 45; 11; 7; 5; 4; 3; 2 1572 83 100 98; 90; 87; 74; 65; 21; 20; 8; 5 9 25
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Ot"O} Q@D |R=Ux}@W =@ =}wB Cr=L QO |H} QOD VWwB |xr�Ut w xO=U Cr=L QO |H} QOD VWwB |xr�Ut wO pL C=U}=kt "9 pwOH

|R=Ux}@W R= xO=iDU= =@ |H} QOD VWwB |xr�Ut pL |R=Ux}@W R= xO=iDU= =@ j}kLD pOt |xr�Ut pL O=OaD O=OaD
p=FtO} Q@D O} Q@D Cq}yUD \=kv

u=tR hOy `@=D Cq}yUD |Q}oQ=Qk u=mt u=tR hOy `@=D Cq}yUD |Q}oQ=Qk u=mt =[=kD
0 248 6 0406 10 3 591 6 0406 10 1

10
1

0 271 8 5493 10; 1 4 682 8 5493 10; 1 2 2
0 280 9 3206 10; 2; 1 4 686 9 3206 10; 2; 1 3 3

0 423 12 7725 20 14 60 12 7725 20 1

20

4
0 478 17 6867 17; 16 13 54 17 6867 17; 16 2 5
0 493 19 7037 20; 19; 18 13 55 19 7037 20; 19; 18 3 6
0 501 20 20; 18; 17; 5; 1 13 51 20 20; 18; 17; 5; 1 5 7

0 697 10 678 29 105 883 10 678 29 1

30

8
0 992 17 455 24; 1 104 764 17 455 24; 1 2 9
0 968 23 256 24; 13; 1 105 886 23 256 24; 13; 1 3 10
0 911 25 28; 13; 12; 10; 2 103 591 25 28; 13; 12; 10; 2 5 11

2 526 31 7445 17 205 04 31 7445 17 1

50

12
3 234 43 2406 29; 17 202 74 43 2406 29; 17 2 13
3 125 46 0524 33; 16; 10 205 36 46 0524 33; 16; 10 3 14
2 876 48 8226 45; 24; 12; 10; 5 201 99 48 8226 45; 24; 12; 10; 5 5 15

4 256 46 242 29 744 46 43 2906 33 1

75

16
4 456 61 389 29; 18 692 65 60 7029 60; 9 2 17
4 443 68 985 68; 30; 18 676 49 67 3876 60; 45; 9 3 18
4 435 74 1768 17; 9; 7; 5; 1 690 57 72 1785 73; 71; 27; 5; 1 5 19
4 598 75 17; 16; 9; 6; 5; 3; 2; 1 696 00 75 73; 70; 52; 48; 45; 35; 25; 13 8 20

4 987 58 7191 18 4365 45 58 7191 18 1

100

21
5 700 90 6654 78; 29; 18 3505 54 90 6654 78; 29; 18 3 22
5 685 95 6889 97; 20; 10; 6; 1 2505 06 95 6889 97; 20; 10; 6; 1 5 23
5 721 99 8675 90; 87; 71; 68; 67; 65; 50; 18 1668 58 99 8675 90; 87; 71; 68; 67; 65; 50; 18 8 24
5 894 100 98; 90; 87; 74; 65; 21; 20; 8; 5 1572 83 100 98; 90; 87; 74; 65; 21; 20; 8; 5 9 25
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Ovyt "j}kLD pOt xOW |R=Ux}@W |=yp=Ft pL "10 pwOH

u=tR `@=D
Cq}yUD |Q}oQ=Qk u=mt Cq}yUD O=OaD O=OaD |=yxQwO p=FthOy u=DUQ=t}@

u=DU
Q=t}

@ pLt pLt u=DUQ=t}@

u=DU
Q=t}

@ O=OaD O=OaD \=kv |v=tR|YYND QDBwm|ry Tvqw@t; |YYND QDBwm|ry Tvqw@t;
=[=kDxQwO xQwO xQwO xQwO

2 907 17 2 1 1 2 1 1 1 1 1

4

1 1

5 043 34 5 1 1 2� 1
1� 2

1� 1
4; 3� 2

1 1 1� 1
1� 2

1� 1
2� 2

2 2

41 364 43 120 1 2
4� 1
2� 2
1� 3

4� 1
3; 2� 2
1� 3

1 1
1� 1
2� 1
3� 1

1� 1
2� 2
3� 1

3 3

1 : 45 476 22 1 4 1 2 5 1 1 1 1

7

1 4
1 : 10 854 27 9 1 1 4 5; 3 1 1 1 2 1 5
1 : 42 164 27 3 2 1 7; 2 5 1 1 2 1 1 6
2 : 04 122 27 1 4 5; 1 5 5 1 2 1 1 1 7
1 : 57 110 28 6 4; 1 1 2 5 2 1 1 1 1 8
1 : 48 353 39 32 1 2; 1 7; 2 5; 2 1 2 2 2 1 9
1 : 44 252 48 46 2; 1 2; 1 5; 3 5; 2 2 2 2 2 1 10

8 : 25 689 40 020 1 1 5� 1
4� 2

5� 1
3� 2

1 1 1� 1
2� 1

1� 1
2� 1

2 11

4 : 49 947 54 8 1 1 6; 1� 1
4� 2

5� 1
3; 1� 2

1 1 1� 2
2� 1

1� 1
2� 2

2 12

9 : 22 481 112 23 6; 2; 1 1; 2 6; 5; 2� 1
4� 2

5; 1� 1
4; 3; 2� 2

3 2 1� 3
2� 1

1� 2
2� 3

2 13

"u=Um} C=v=mt= R= xO=iDU= =@ QDW}@ VWwB 'x]U=w Cq}yUD ltm =@ 'QDq=@
C=O=yvW}B OwHwt |=y<qN w j}kLD u}= QO xOW s=Hv= C=ar=]t x@ xHwD =@

%OwW|t u=wva |D; C=k}kLD |=Q@ Q} R
|v=tR hrDNt |=yxQwO QO |r=tDL= CQwYx@ Cq}yUD `=aW uDiQo Q_v QO �

&xr�Ut uOQm QD|ak=w Qw_vtx@
XwYNx@ =[=kD \=kv x@|v=UQCtON|x�=Q= |=Q@ sDU}U|rweWtuDiQo Q_v QO �

&x]U=w Cq}yUD QO
pOt QO VWwB QDy@ |x�=Q= |=Q@ Cq}yUD QO |m =QDW= VWwB uDiQo Q_v QO �

&j}kLD
pL |=Q@ =} wB |R} Qxt=vQ@ w |Q=mD@==Qi VwQ Q}_v pL |=yVwQ Q}=U R= xO=iDU= �

&|O=yvW}B |xr�Ut
|xr�Ut R= xO=iDU= w '\U=w p}yUD |=Q@ CmQL |=yQ}Ut uDiQo Q_v QO �

"|@=} Q}Ut

CQwQ[ x@ xHwD =@ xm 'OW |L=Q] =y|oS} w u}= =@ |rOt �TQDUO QO |}x]U=w
xt=O= QO "OW |]N 'u=tR xHwD p@=k Vy=m w QDW}@ |=yxOvvmpL =@ pOt pL
OW xO=O u=Wv |@D=QtxrUrU |H} QOD VWwB pOt w |O=yvW}B pOt |xU}=kt =@
O=H}= |QDW}@ VWwB 'u=Um} C=v=mt= =@ u=wD|t |R=UpOt CLY Q@ xwqa xm
VWwB pOt =@ xOW x�=Q= pOt O} Q@D |R=Ux}@W |Q=mD@==Qi VwQ R= |Q}oxQy@ =@ "OQm
sD} Qwor= CLY w |R=UpOt CLY Qou=Wv G}=Dv xm OW xU}=kt xO=U |H} QOD
|=y|oS} w xYqN CQwYx@ =yDv= QO "CU= pOt QO xDiQ Q=mx@ O} Q@D |R=Ux}@W
hrDNt |@=}u=mt '=} wB C=Y}YND '=} wB |WWwB `=aW %OwW|t QmP j}kLD u}=
|@D=QtxrUrU 'Cq}yUD ẁv QO Cw=iD 'Cw=iDt |v=tR |=yxQwO QO x]U=w Cq}yUD
QO |H} QOD VWwB R= xO=iDU= '=[=kD \=kv |=Q@ u=@}DWB VWwB 'Cq}yUD uOw@
|xOvyOx�=Q= Cq}yUD |=Q@ s-=wD C}iQ_ uDiQo Q_v QO '|Uv=SQw= C=tON |xr�Ut
|}=Hx@=H |xv} Ry uDiQo Q_v QO 'x]U=w Cq}yUD OwHw =@ QDq=@ T} wQU K]U
'hrDNt |v=tR |=yxQwO QO x]U=w Cq}yUD O=OaD QO Cw=iD 'x]U=w Cq}yUD
T} wQU K]U |xOvyOx�=Q= Cq}yUD |WWwB `=aW R= GQ=N |xOwOLtl}VWwB
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