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|O=OaD "CU= xOW xDiQo Q_v QO xv=NQ=m GQ=N QO Q=@v= 'OW xQ=W= xm Qw]v=ty
O=OaD 'xHOw@ C}OwOLt x@ xHwD =@ xm OQ=O OwHw Q=@v= T}U-=D |=Q@ O}Ov=m u=mt
u=wD|t =Q =yQ=R=@ R=}v OQwt |=[=kD R= |WN@ "OwW T}U-=D O}=@ =yv; R= |YNWt
u=wD|t =Q �Q=@v= QO q=m OwHw CQwYQO� Qo}O |WN@ w OQm u}t-=D xv=NQ=m R= ,=t}kDUt

"OQm u}t-=D OwHwt |=yQ=@v= R=

xr�Ut C=[wQit "1"3
%R= CU= CQ=@a pOt |rY= C=}[Qi

"CU= XNWt xa]k ẁv Qy |=Q@ =[=kD u=R}t "1
"CU= XNWt u}W=t ẁv Qy C}iQ_ "2

"CU= XNWt =yu}W=t |Q=Oxov x@ \w@ Qt C@=F |=yxv} Ry "3
"CU= XNWt u}W=t ẁv Qy R= OwHwt |=yu}W=t O=OaD "4

"CU= Cw=iDt |rwrU uwQO w |rwrU u}@ |}=Hx@=H |xv} Ry 'xa]k ẁv x@ xDU@ "5
XNWt p@k R= pwrU xR=Ov= xv}tm w xv}W}@ w OQ}o pmW O}=@ xm |}=ypwrU O=OaD "6

"CU=
C=}rta Qy,qFt "OvQ=O =Q C=}rta l} R= V}@ =} l} s=Hv= u=wD =yu}W=t |t=tD "7
hrDNt VR=OQB |=yu=tR =@ hrDNt u}W=t OvJ |wQ u=wD|t =Q xa]k l} R=

"OQm =QH=
w O=OaD ?ULQ@ 'xQwO Qy |=OD@= QO w CU}v C@=F =yu}W=t O=OaD pOt u}= QO "8

"OwW|t sm w xi=[= u}W=t 'C=a]k ẁv
"CU}v |v=tR OvtR=}v Qo}O pwrU x@ pwrU l} R= =yu}W=t u=mt Q}}eD "9

"CU= QiY |R} Qxt=vQ@ ji= u=}=B w ẁQW QO xOW |Q=Oxov |xa]k |OwHwt "10
"OwW xOQw;Q@ xOW xO=O xQwO QO O}=@ =[=kD pm w CU}v R=Ht xOW Q}N-=D VQ=iU "11
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Ot

+
IX
i=1

HX
h=1

PX
p=1

JX
j=1

X 0jiphcij (10)

+
HX
h=1

MX
m=1

IX
i=1

(
CX
c=1

LNimch � LN 0imh)�im (11)

+
NX
n=1

HX
h=1

PX
p=1

JX
j=1

Q0njphc0nj (12)

+
NX
n=1

HX
h=1

PX
p=1

IX
i=1

QHinphc
00
in (13)

+
NX
n=1

�nLn (14)

Subject to :
PX
p=1

OPX
k=1

tikpmXikpmch � TimNimch 8i;m; c; h (15)

CX
c=1

Xikpmch �M 0: rikpm 8i; k; p;m; h (16)

CX
c=1

MX
m=1

Xikpmch = Din
iph 8i; k; p; h (17)

IX
i=1

X 0ijph +
NX
n=1

Q0njph = Djph 8j; p; h (18)

Din
iph +Qoiph =

NX
n=1

QHinph +
JX
j=1

X 0ijph 8i; p; n (19)

CX
c=1

Nimch � Avimh 8i;m; h (20)

MX
m=1

Nimch � UMic 8i; c; h (21)

MX
m=1

Nimch � LMic 8i; c; h (22)

Nimc(h�1) +K+
imch �K�imch = Nimch 8i;m; c; h (23)

K+
imc1 = Nimc1 8i;m; c (24)

Nimch �M:LNimch 8i;m; c; h (25)
CX
c=1

LNimch �M:LN 0imh 8i;m; h (26)

LN 0imh �
CX
c=1

LNimch 8i;m; h (27)

IX
i=1

PX
p=1

QHinph � Capn 8n; h (28)

IX
i=1

QHinph�1 =
JX
j=1

Q0njph 8n; p; h > 1 (29)

HX
h=1

PX
p=1

IX
i=1

QHinph �M:Ln 8n (30)

&OwW|t s=Hv= i |xv=NQ=m QO
&OwW|t xOQ@ h xQwOQO j Q=R=@ x@ i |xv=NQ=m R= xm p |xa]k O=OaD %X 0ijph

&OwW|t xO=iDU= i |xv=NQ=m c pwrU QO xm m u}W=t O=OaD %Nimch
&OwW|t xi=[= i |xv=NQ=m c pwrU QO xm m u}W=t O=OaD %K+

imch

&OwW|t GQ=N i |xv=NQ=m c pwrU R= xm m u}W=t O=OaD %K�imch
O}rwD |rN=O CQwYx@ i |xv=NQ=m QO h xQwO QO xm p xa]k |=[=kD Q=Okt %Din

iph

&OwW|t
=Hv; QO w ptL n Q=@v= x@ i |xv=NQ=m R= h xQwO QO xm p xa]k |OwHwt %QHinph

&OwW|t pkDvt h+ 1 xQwO x@ w xOW |Q=Oxov
&OwW|t xOQ@ j Q=R=@ x@ n Q=@v= R= h xQwO QO xm p xa]k u=R}t %Q0njph

&OwW|t |Q=BUuwQ@ h |xQwO QO xm p |}=yv |xa]k O=OaD %Qoiph
OwW xO=iDU= i |xv=NQ=m QO h |xQwO QO c pwrU QO m u}W=t Qo = %LNimch

&QiY Q@=Q@ CQwYu}= Q}e QO '1 Q@=Q@
Q}e QO '1 Q@=Q@ OwW xO=iDU= h xQwO QO i |xv=NQ=m QO m u}W=t Qo = %LN 0imh

&QiY Q@=Q@ CQwYu}=
"QiY Q@=Q@ CQwYu}= Q}e QO '1 Q@=Q@ OwW T}U-=D n pLt QO Q=@v= Qo = %Ln

|[=} Q pOt "5"3

min :
IX
i=1

HX
h=1

CX
c=1

MX
m=1

Nimch�imh (1)

+
IX
i=1

HX
h=1

CX
c=1

MX
m=1

PX
p=1

OPX
k=1

tikpmXikpmch�imh (2)

+
�1

2
� IX
i=1

HX
h=1

CX
c=1

PX
p=1

OPX
k=1
k<OP

�inter
iph

�
����� MX
m=1

Xi(k+1)pmch �
MX
m=1

Xikpmch

����� (3)

+
�1

2
� IX
i=1

HX
h=1

CX
c=1

PX
p=1

OPX
k=1
k<OP

 
MX
m=1

��Xi(k+1)pmch�Xikpmch��
�
����� MX
m=1

Xi(k+1)pmch�
MX
m=1

Xikpmch

�����!� �intra
iph (4)

+
IX
i=1

HX
h=1

CX
c=1

MX
m=1

K+
imch�imh (5)

+
IX
i=1

HX
h=1

CX
c=1

MX
m=1

K�imch�0imh (6)

+
NX
n=1

IX
i=1

HX
h=1

PX
p=1

QHinph:PHnph (7)

+
IX
i=1

HX
h=1

PX
p=1

r(i)X
r=1

Din
iph:OSRipr (8)

+
IX
i=1

HX
h=1

PX
p=1

Qoiph:OSFiph (9)
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Q=tW
'32

�1
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt GQ=N |=yu}W=t O=OaD |=yvt 'xOWxi=[= |=yu}W=t O=OaD |xwqax@ 'p@k |xQwO
pwrU Qy QO m ẁv |=yu}W=t O=OaD xm OQ=O|t u=}@ 24 C}OwOLt "CU= xOW
pw= |xQwO QO pwrU Qy QO m ẁv |xOW ?Yv |=yu}W=t =@ Q@=Q@ 'pw= |xQwO QO
|xQwO QO 'c pwrU QO m ẁv u}W=t Qo = xm Ovm|t ?=H}= 25 C}OwOLt "CU=
QiY Q=Okt CQwYu}= Q}e QO w 1 Q=Okt Q}eDt OW=@ OwHwt i |xv=NQ=m QO w h
"Ovvm|t x@U=Lt =Q LN 0imh Q}eDt 27 w 26 |=yC}OwOLt "Ovm|t Q=}DN= =Q
xDW=O OwHw i |xv=NQ=m QO h |xQwO QO m ẁv u}W=t Qo = xm CQwY u}= x@
u=R}t xm Ovm|t u}t[D 28 C}OwOLt "OW Oy=wN 1 Q@=Q@ Q}eDt u}= Q=Okt OW=@
u=R}t u=}t |w=UD Qou=}@ 29 C}OwOLt "Ovmv Rw=HD Q=@v= C}iQ_ R= Q=@v= Qy |q=m
"CU=yQ=R=@ x@ Q=@v= R= xOW xOQ@ |=yq=m u=R}t w Q=@v= x@ xv=NQ=m R= xOWptL |=yq=m
pkDvt Q=@v= pLt x@ Q=@v= T}U-=D CQwYQO xa]k xm Ovm|t u}t[D 30 C}OwOLt
w K}LY OOa w QiY R= QDnQR@ |k]vt |=yC}OwOLt 31 C}OwOLt "OwW|t

"CU= |Qv}=@ C}OwOLt 32 C}OwOLt

|D=@U=Lt G}=Dv "4
|OOa |=yp=Ft "1"4

u}= QO "CU= xOW pL |OOa p=Ft l} pOt OQmrta CLY uO=O u=Wv |=Q@
5 'C=}rta 3 'xa]k 5 'xOvvm u}t-=D 3 'Q=R=@ 4 'xv=NQ=m 3 'xQwO 2 O=OaD p=Ft
w q=@ OL "CU= xOW xDiQo Q_v QO Q=@v= |=Q@ O}Ov=m u=mt 6 w pwrU 2 'u}W=t
'150 '200 '150 ?}DQDx@ =yQ=@v= C}iQ_ '2 w 5 ?}DQDx@ pwrU C}iQ_ u}}=B
100 '95 '90 '90 '90 '100 R}v s=OmQy T}U-=D |=yxv} Ry w 150 '150 '150

"CU=
=Q Q=R=@ Qy |=[=kD u=R}t w Q=@v= Qy QO xa]k Qy |Q=Oxov |xv} Ry 1 pwOH
?} Q[ R}v w 'Q=R=@ w xv=NQ=m Qy u}@ Ci=Ut 2 pwOH "OyO|t u=Wv xQwO Qy QO
Ci=Ut 'Q=R=@ w Q=@v= Qy u}@ Ci=Ut 3 pwOH "OyO|t Q=Qk Q=}DN= QO =Q u; |}xv} Ry

"OyO|t Q=Qk Q=}DN= QO =Q =yv; |xv} Ry ?}=Q[ w 'Q=@v= w xv=NQ=m Qy u}@

pL G}=Dv "2"4
|tDU}U\UwD GAMS 22 9 Q=Ri=sQv R= xO=iDU= =@ p@kVN@ QO xOW KQ]t p=Ft
4GB RAM w Intel r CoreTM i5-2410M 2 3GHz C=YNWt =@

"CU= xO}UQ xv}y@ ?=wH x@ x}v=F 55 u=tR COt QO x}=B p=Ft "CU= xOW pL
|=yQ=@v= 'p=Ft x@ xHwD =@ "Ovm|t ltm xOW x�=Q= p=Ft QDy@ lQO x@ 2 pmW

"xOW |Q=BUuwQ@ |=yq=m pm O=OaD Q@ |Q=BUuwQ@ |xv} Ry V}=Ri= QF= "2 pmW

Nimch;K+
imch;K

�
imch; Xikpmch; Q

0
njph; X

0
ijph; D

in
iph;

QHinph; Q
o
iph � 0& int 8i; j; k; p;m; c; h; n (31)

LNimch; LN 0imh; Ln 2 f0; 1g 8i;m; c; h; n (32)

|Q=Oxov |xv} Ry Qou=}@ 1 CQ=@a "CU= CQ=@a xOQ=yJ pt=W xr�Ut hOy `@=D
|=Q@ =yu}W=t C=}rta |xv} Ry |xOvQ=OQ@ QO 2 CQ=@a "CU= xQwO Qy QO u}W=t
Ca=U Qy QO u}W=t ẁv Qy C=}rta |xv} Ry x@ xm 'CU= hrDNt C=a]k O}rwD
w OwW|t s=Hv= u; |wQ C=}rta xQwO Qy QO xm |D=a]k O=OaD '|v=tR xQwO Qy QO
|xv} Ry Qou=}@ 3 CQ=@a "OQ=O |oDU@ u}W=t ẁv Qy |=Q@ R=}v OQwt C=a=U O=OaD
|}=Hx@=H |xv} Ry |x@U=Lt x@ 4 CQ=@a "CU= C=a]k |rwrU u}@ |}=Hx@=H
Qy QO =yu}W=t ?Yv |xv} Ry |xOvQ=OQ@ QO 5 CQ=@a "OR=OQB|t |rwrU uwQO
CQ=@a "CU=yu}W=t |Q=vmQ@ |xv} Ry Qou=}@ 6 CQ=@a "CU= xQwO Qy QO w xv=NQ=m
|xOvQ=OQ@ QO 8 CQ=@a "CU= Q=@v= QO C=a]k |Q=Oxov |xv} Ry |xOvyOu=Wv 7
9 CQ=@a "OwW|t x}yD xOvvmu}t-=D R= xm CU= s=N |xa]k x@ \w@ Qt |xv} Ry
|xv} Ry 10 CQ=@a "OR=OQB|t |}=yv |xa]k |Q=BUuwQ@ |xv} Ry |x@U=Lt x@
x@ xv=NQ=m R= xa]k ptL |xv} Ry� "Ovm|t x@U=Lt =Q xv=NQ=m |HQ=N pkvwptL

"�Q_v OQwt Q=R=@
p}rOx@ =} wB |rwrU O}rwD sDU}U QO X=N u}W=t ẁv l} OL R= V}@ VNB
=ypwrU u=}t C=a]k |}=Hx@=H |xv} Ry w XYNDt Q=m |wQ}v x@ R=}v V}=Ri=
Cq;u}W=t O=OaD uOWxv}y@ w pO=aDt |=Q@ 11 CQ=@a Qw_vtu}O@ "CU}v |k]vt
u}W=t|v=tRC}iQ_ xm|DQwY QO "CU= xOW|L=Q] Cw=iDt |=ypwrU QO OwHwt
u=wvax@ "O@=}|t V}=Ri= pwrU u=ty QO u}W=t ẁv u; O=OaD 'OW=@v |i=m m ẁv
Qw]x@ ẁvsy u}W=t wO =@ uOQmQ=m |}=v=wD XYNDt QwD=QB= l} O}vm ZQi p=Ft
u}= 'OvQ}o@ Q=Qk Cw=iDt pwrU wO QO u}W=t wO u}= Qo = =t= "OW=@ xDW=O =Q u=tRty
Qw_vtx@ u}=Q@=v@ "s}DUy O}OH Q=m |wQ}v s=ONDU= OvtR=}v w Ow@ Oy=wN umttQ}e Q=m
CtLR Vy=m R}v w 'u}W=t |wQ R= xa]k uOQmR=@ w uDU@ '|R=Ov=x=Q |xv} Ry Vy=m

"OwW|t xO=iDU= CQ=@a u}= R= |}=Hx@=H |xv} Ry w QwD=QB=
13 CQ=@a "Ovm|t x@U=Lt =Q Q=R=@ x@ Q=@v= R= q=m pkvwptL |xv} Ry 12 CQ=@a
|xOvQ=OQ@ QO 14 CQ=@a "Ovm|t x@U=Lt =Q Q=@v= x@ xv=NQ=m R= q=m pkvwptL |xv} Ry

"CU= Q=@v= p}mWD |xv} Ry
xO=iDU= OQwt |=yu}W=t C}iQ_ OwOL R= xm Ovm|t ?=H}= 15 C}OwOLt
16 C}OwOLt "s}vm xOQw;Q@ =Q =[=kD w s}vmv Rw=HD xQwO Qy |=[=kD u}t-=D |=Q@
OQ=O =Q u; s=Hv= u=wD xm |v}W=t |wQ xa]k Qy C=}rta R= s=OmQy xm Ovm|t u}t[D
|=ypwrU QO xOWO}rwD C=a]k O=OaD xm OQ=O|t u=}@ 17 C}OwOLt "OwW s=Hv=
xv=NQ=m pN=O QO xm CU= |D=a]k O=OaD Q@=Q@ 'Cw=iDt |=yu}W=t |wQ w hrDNt
"OwW xOQw;Q@ Q=R=@ l} |=[=kD pm xm Ovm|t u}t[D 18 C}OwOLt "OwW|t O}rwD
O=OaD Q@=Q@ 'OwW|t ptL Q=R=@ l} x@ hrDNt |=yxv=NQ=m R= xm |D=a]k O=OaD
"CU= xv=NQ=m Qy x@ \w@ Qt |rO=aD |xrO=at 19 C}OwOLt "CU= Q=R=@ u; |=[=kD
ẁtHt =@ Q@=Q@ xOW |Q=BUuwQ@ u=R}t w xv=NQ=m Qy |O}rwD |q=m u=R}t ẁtHt
xv=NQ=m R= xOWptL |xa]k u=R}t w |D; |xQwO |=Q@ xOW |Q=Oxov C=a]k O=OaD
m ẁv |=yu}W=t O=OaD ẁtHt xm CU= u; Qou=}@ 20 C}OwOLt "CU=yQ=R=@ x@
xQwO Qy QO TQDUO QO m ẁv |=yu}W=t |w=Ut =} QDsm O}=@ =ypwrU |t=tD QO
C}iQ_ xv}tm w xv}W}@ R= xm Ovvm|t u}t[D 22 w 21 |=yC}OwOLt "OW=@ |v=tR
C}OwOLt "s}vmv Rw=HD pwrU Qy QO xO=iDU= OQwt |=yu}W=t O=OaD OQwtQO pwrU
QO =yu}W=t O=OaD =@ Q@=Q@ |Q=H |xQwO QO =yu}W=t O=OaD xm Ovm|t ?=H}= 23
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R}Qx

t=vQ@
'|rw

rUO
}rwD

|xJ
Q=Bm

}O}O
Hp

Ot"(Djph) Q=R=@ |=[=kD u=R}t w (PHnph) |Q=Oxov xv} Ry |=yQDt=Q=B "1 pwOH
P5 P4 P3 P2 P1

Parameter
h2 h1 h2 h1 h2 h1 h2 h1 h2 h1

0 6 0 4 0 6 0 5 0 5 0 4 0 4 0 3 0 6 0 5 n1

PHnph

0 4 0 2 0 4 0 3 0 5 0 4 0 3 0 2 0 4 0 3 n2

0 4 0 3 0 3 0 2 0 5 0 4 0 3 0 2 0 4 0 3 n3

0 4 0 3 0 3 0 2 0 4 0 3 0 4 0 3 0 5 0 4 n4

0 3 0 3 0 6 0 5 0 4 0 2 0 5 0 4 0 6 0 4 n5

0 5 0 3 0 4 0 3 0 5 0 3 0 6 0 4 0 4 0 3 n6

42 37 44 45 37 41 25 30 68 28 j1

Djph
30 44 36 21 26 56 70 40 52 39 j2

65 40 0 30 44 45 46 50 28 17 j3

40 15 44 36 60 10 50 20 58 41 j4

wO QO =Q =ypwrU QO hrDNt |=yu}W=t R= xO=iDU= |ovwoJ 4 pwOH QO
Q=Qk 1 pwrU QO 4 w 3 u}W=t 1 |xv=NQ=m QO p=Ft u=wvax@ "OyO|t u=Wv xQwO
p=UQ= Q=R=@ Qy x@ xv=NQ=m Qy R= ,=t}kDUt xm |}q=m u=R}t 5 pwOH QO "Ov=xOW xO=O
ẁv |xa]k 28 O=OaD 1 |xv=NQ=m R= p=Ft u=wvax@ "CU= xOW xO=O u=Wv OwW|t

"OwW|t xO=DUQi 1 Q=R=@ x@ ,=t}kDUt 1
|Q=Oxov Qw_vtx@ Q=@v= Qy x@ xv=NQ=m Qy R= |r=kDv= |q=m u=R}t 6 pwOH QO
|Q=Oxov |q=m u=R}t xm =Hv; R= "CU= xOW C@F Oa@ xQwO QO xO=iDU= CyH =yv;
xQwO u=}=B QO pOt u}=Q@=v@ 'OQ=Ov |}xO=iDU= I}y swU xQwO |=Q@ swO xQwO R= xOW
Q=@v= Qy R= xOW p=UQ= |q=m u=R}t 7 pwOH QO "Ovm|tv Q=@v= =Q |}q=m I}y swO
OwHw |Q=@v= I}y QO |}q=m I}y pw= x=t QO xm =Hv; R= "CU= xOW C@F Q=R=@ Qy x@
Q@=Q@ pw= xQwO QO hrDNt |=yQ=R=@ x@ Q=@v= R= xOW ptL |q=m u=R}t TB 'OQ=Ov

"CU= QiY
|Q=BUuwQ@ w xv=NQ=m |rN=O O}rwD |=Q@ xv}y@ s}tYD |ovwoJ R}v 8 pwOH QO
swO xQwO QO 2 |xv=NQ=m p=Ft u=wvax@ "CU= xOW xO=O u=Wv xQwO Qy QO C=a]k
|=yxv} Ry 9 pwOH QO "Ovm|t u}t-=D |Q=BUuwQ@ j} Q] R= =Q 5 ẁv |xa]k 28 O=OaD

"CU= xOW x�=Q= |OOa p=Ft x@ \w@ Qt |}=yv

"(aij) u; |xv} Ry ?} Q[ w (cij)Q=R=@ w xv=NQ=m u}@ |xrY=i "2 pwOH
aij cij

i3 i2 i1 i3 i2 i1
1 1 1 2 1 0 0 65 0 65 0 57 j1
1 1 1 2 1 0 0 65 0 55 0 65 j2
1 1 1 1 1 1 0 72 0 47 0 80 j3
1 0 1 0 1 0 0 38 0 35 0 50 j4

|xOvyOu=Wv ?}DQDx@ |@; w R@U '|mWt \w]N "OwW|t T}U-=D 4 w 3 '2
|=yu=} QH "CU= Q=R=@ x@ Q=@v= R= w Q=@v= x@ xv=NQ=m R= 'Q=R=@ x@ xv=NQ=m R= q=m ptL
QO 'p=Ft u=wvax@ "CU= 5 |xa]k x@ \w@ Qt '2 pmW QO xOW xO=O u=Wv
|Q=Oxov u; QO w xOW ptL 3 Q=@v= x@ 2 |xv=NQ=m R= q=m |Q=Okt pw= xQwO
x@ 3 w 2 |=yQ=R=@ |=[=kD uOQm hQ]Q@ |=Q@ swO xQwO QO TBU "OwW|t
x�=Q= |HwQN Q}O=kt x@ \w@ Qt C=aq]= 'xt=O= QO "OwW|t xO=DUQi =yQ=R=@ u;

"OwW|t

"(a00in) w (a0nj) =yv; |xv} Ry ?}=Q[ w (c00in) Q=@v= � xv=NQ=m '(c0nj) Q=R=@ � Q=@v= u}@ Ci=Ut "3 pwOH
a00in c00in a0nj c0nj

i3 i2 i1 i3 i2 i1 j4 j3 j2 j1 j4 j3 j2 j1
0 7 0 71 0 7 0 2 0 52 0 25 0 47 0 52 0 5 0 5 0 26 0 58 0 47 0 45 n1
0 7 0 71 0 71 0 43 0 55 0 4 0 5 0 51 0 5 0 5 0 21 0 43 0 26 0 21 n2
0 7 0 7 0 7 0 57 0 4 0 67 0 5 0 49 0 49 0 5 0 2 0 15 0 18 0 3 n3
0 7 0 7 0 71 0 27 0 25 0 51 0 48 0 5 0 5 0 51 0 15 0 46 0 45 0 5 n4
0 71 0 7 0 7 0 65 0 29 0 87 0 5 0 5 0 51 0 52 0 33 0 3 0 45 0 6 n5
0 72 0 71 0 7 0 44 0 74 0 21 0 5 0 52 0 51 0 5 0 45 0 63 0 5 0 38 n6
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Ovyt l} QO Q}Ut uOw@ Qw@ar=?aY Crax@ xm O} Q}o@ Q_v QO =Q |]}=QW p=Ft u=wvax@
=@ xv=NQ=m l} u}@ \=@DQ= '�u=DUtR QO hQ@ VR} Q w |wH O@ \}=QW ,qFt� xQwO
|=yQDt=Q=B CQwY u}= QO "OwW|t OwOLt w CNU Q=}U@ =yQ=@v= w =[=kD \=kv
QO xOW O=H}= C=Q}}eD 'OQwt u}= p=ta= QF= QO "�10 pwOH� OQm Oy=wN Q}}eD x]w@ Qt
|xv} Ry V}=Ri= =@ 'OwW|t xOy=Wt xm u=vJ "Ow@ Oy=wN 11 pwOH CQwYx@ ?=wH
Q=@ w OwW|tv xOQ@ =yQ=R=@ x@ xv=NQ=m u}= R= |}xa]k I}y '1 |xv=NQ=m R= Ot;wCiQ
T}U-=D |=yQ=@v= O=OaD u}vJty "OwW|t s}UkD =yxv=NQ=m Q}=U u}@ x]w@ Qt |Q=m
w 2 w 4 '3 |=yQ=@v= p@k Cr=L QO� "CU= p@k Cr=L R= QDW}@ Cr=L u}= QO xOW

�"CU= xOW T}U-=D 6 w 4 '3 '2 |=yQ=@v= Cr=L u}= QO
xOW x�=Q= xv=NQ=m Qy x@ \w@ Qt xOW |Q=Oxov |=yq=m Q}O=kt 12 pwOH QO
R= ptL |xv} Ry V}=Ri= =@ xm s}vm|t xOy=Wt |r@k pw=OH |xU}=kt =@ "CU=

"O@=}|t Vy=m 1 |xv=NQ=m |xOW Q=@v= |=yq=m O=OaD '1 |xv=NQ=m
xOW C@F hrDNt |=yQ=R=@ x@ Q=@v= Qy R= =yq=m p=UQ= |ovwoJ 13 pwOH QO
|q=m u=R}t u}vJty w xv=NQ=m Qy |rN=O O}rwD |=yq=m Q}O=kt R}v 14 pwOH "CU=
|O}rwD |=yq=m u=R}t OwW|t xOy=Wt xm u=vJ "OyO|t u=Wv =Q xOW |Q=BUuwQ@
"CU= xOW pkDvt =yxv=NQ=m Q}=U x@ u; |Q=m Q=@ w xDi=} Vy=m 1 |xv=NQ=m pN=O

=yu}W=t `} RwD x@ \w@ Qt CQ=@a hPL "2"5
=} wB |rwrU O}rwD sDU}U QO X=N u}W=t ẁv l} OL R= V}@ `} RwD xm =Hv; R=
=ypwrU u=}t C=a]k|}=Hx@=H |xv} Ry wXYNDt Q=m |wQ}v x@ R=}vV}=Ri= p}rOx@
Cq;u}W=t O=OaD uOQmxv}y@ w pO=aDt |=Q@ hOy `@=D syOR=} |xrtH 'CU}v |k]vt
u}W=t |v=tR C}iQ_ xJv=vJ "CU= xOW |L=Q] hrDNt |=ypwrU QO OwHwt
u=wvax@ "O@=}|t V}=Ri= pwrU u=ty QO u}W=t ẁv u; O=OaD 'OW=@v |i=m m ẁv
ẁvsy u}W=t wO =@ u=tRty Qw]x@ Ov=wD|t XYNDt QwD=QB= l} O}vm ZQi p=Ft
umttQ}e Q=m u}= 'OvQ}o@ Q=Qk Cw=iDt pwrU wO QO u}W=t wO u}= Qo = =t= "Ovm Q=m
CQwYQO "Ow@ s}y=wN =yv; VRwt; w O}OH Q=m |wQ}v s=ONDU= OvtR=}v w Ow@ Oy=wN
CU= umtt hrDNt pwrU wO QO u}W=t ẁv l} uO=O Q=Qk =@ 'CQ=@a u}= hPL
Qo}O |wU R= =t= O@=} Vy=m C=a]k |rwrU u}@ |}=Hx@=H x@ \w@ Qt |=yxv} Ry
'u}W=t |wQ R= xa]k uOQmR=@ w xDU@ '|R=Ov=x=Q '|D} Q}Ot |=yxv} Ry V}=Ri= x@ QHvt
sDU}U \=@[v= w s_v uDiQ u}@ R= ?@U Qt= u}= "OW Oy=wN VRwt; w s=ONDU=
?D=Qtx@ u; hPL =@ xOW p}tLD xv} Ry xm 'OW Oy=wN |i=[= QoQ=m s=ONDU= R}v w
'|OOa p=Ft QO =yu}W=t `} RwD CQ=@a hPL =@ 'p=Ft u=wvax@ "Ow@ Oy=wN QDW}@
uwQO |}=Hx@=H xv} Ry w Vy=m 24 7 x@ 73 8 R= |rwrU u}@ |}=Hx@=H |xv} Ry

"CU= xDi=} V}=Ri= 166 725 x@ 131 7 R= |rwrU

"=ypwrU QO =yu}W=t |Q}oQ=Qk |xw}W x@ \w@ Qt C=aq]= "4 pwOH
M5 M4 M3 M2 M1

Nimch
C2 C1 C2 C1 C2 C1 C2 C1 C2 C1

1 1 2 h1
i11 1 2 h2

1 2 1 h1
i21 2 1 h2

1 1 1 1 h1
i31 1 1 1 h2

"Q=R=@ Qy x@ xv=NQ=m Qy R= |r=kDv= |q=m u=R}t "5 pwOH
h2 h1

X0ijphP5 P4 P3 P2 P1 P5 P4 P3 P2 P1
33 68 37 33 41 30 28 j1

i1
45 44 56 40 38 j2

10 j3
j4

j1

i2
21 j2

28 40 30 45 36 17 j3
28 60 1 9 15 36 j4

12 j1

i3
1 j2

4 j3
20 24 49 10 20 41 j4

C}U=UL p}rLD "5
Q} R |=yC}U=UL p}rLD w x} RHD '|O=yvW}B pOt p}rLD w CLY uO=Ou=Wv |=Q@

"CU= xOW s=Hv=

C=a]k ptL x@ \w@ Qt |=yxv} Ry Q}}eD "1"5
R= w Q=R=@ x@ Q=@v= R= 'Q=@v= x@ xv=NQ=m R=� C=a]k ptL x@ \w@ Qt |=yxv} Ry Q}}eD
"OwW|t Q=@v= T}U-=D w C=a]k O}rwD |xw}W QO Q}}eD O=H}= Ea=@ '�Q=R=@ x@ xv=NQ=m

"swO |xQwO QO xO=iDU= |=Q@ pw= |xQwO QO xOW |Q=Oxov |q=m u=R}t "6 pwOH
i3 i2 i1

QHinphP5 P4 P3 P2 P1 P5 P4 P3 P2 P1 P5 P4 P3 P2 P1
n1

7 69 4 120 n2
68 36 46 n3

8 103 12 27 n4
n5
n6
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R}Qx

t=vQ@
'|rw

rUO
}rwD

|xJ
Q=Bm

}O}O
Hp

Ot"swO xQwO QO Q=R=@ Qy x@ Q=@v= Qy R= xOW p=UQ= |q=m u=R}t "7 pwOH
j4 j3 j2 g1

Q0njphP5 P4 P3 P2 P1 P5 P4 P3 P2 P1 P5 P4 P3 P2 P1 P5 P4 P3 P2 P1
n1

25 27 70 7 42 4 25 n2
65 46 3 36 n3

12 24 44 26 11 33 n4
n5
n6

"Diniph w Qoiph |HwQN Q}O=kt T} QD=t "8 pwOH
P5 P4 P3 P2 P1

Qoiph Diniph Qoiph Diniph Qoiph Diniph Qoiph Diniph Qoiph Diniph
150 33 101 246 66 i1

h1135 150 45 36 17 i2
20 113 24 49 i3

33 47 66 i1
h228 60 1 37 i2

20 24 49 i3

"|}=yv |=yxv} Ry T} QD=t "9 pwOH
xOvvmu}t-=D |Q=Oxov uO}JQ@ ?Yv |}=Hx@=H |D=}rta |Q=Oxov
s=N O=wt C=a]k |rwrU uwQO |rwrU u}@ u}W=t
131 2 119 8 0 325 131 7 73 8 778 14 1262

xv} Ry T}U-=D xv=NQ=m R= ptL Q=@v= R= ptL C}rBU= xv=NQ=m R= ptL |Q=BUuwQ@
pm Q=@v= Q=@v= x@ Q=R=@ x@ u}W=t Q=R=@ x@ |}=yv xa]k

6794 812 270 135 417 64 98 0 549 775 2953

"Q=R=@ Qy x@ xv=NQ=m Qy R= |r=kDv= |q=m u=R}t "11 pwOH
h2 h1

X0ijphP5 P4 P3 P2 P1 P5 P4 P3 P2 P1
j1

i1
j2
j3
j4

37 j1

i2
10 44 21 40 j2

34 28 40 30 21 50 17 j3
24 26 15 36 20 j4

45 41 30 28 j1

i3
11 56 39 j2

24 j3
24 58 10 41 j4

� xv=NQ=m w Q=@v= � xv=NQ=m =@ \@DQt xv} Ry ?}=Q[ x@ \w@ Qt C=aq]= "10 pwOH
"Q=R=@

a00in aij

n6 n5 n4 n3 n2 n1 j4 j3 j2 j1
2 8 2 7 2 6 2 8 2 5 2 8 4 5 4 3 4 2 4 4 i1
0 71 0 7 0 7 0 7 0 71 0 71 1 0 1 1 1 2 1 2 i2
0 72 0 71 0 7 0 7 0 7 0 7 1 0 1 1 1 1 1 1 i3

'=yu}W=t `} RwD CQ=@a hPL QF= Q@ OwW|t xOy=Wt 15 pwOH QO xm u=vJ
xOW xO=O Q=Qk 2 pwrU QO sy w 1 pwrU QO sy 3 w 2 ẁv u}W=t 2 |xv=NQ=m QO
xOW xO=iDU= pwrU wO Qy QO 2 ẁv u}W=t R}v 3 w 1 |xv=NQ=m QO u}vJty "CU=

"CU=

|Q=BUuwQ@ |xv} Ry u=R}t QO Q}}eD "3"5
|OYQO 10 w 9 '8 '7 V}=Ri= Q}F-=D 'pOt |=yC}r@=k uO=O u=Wv QDy@ Qw_vtx@
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=vY
|U

Ovyt "xOW |Q=Oxov |=yq=m Q}O=kt "12 pwOH
i3 i2 i1

QHinphP5 P4 P3 P2 P1 P5 P4 P3 P2 P1 P5 P4 P3 P2 P1
n1

42 58 29 71 n2
80 46 24 n3

104 2 44 n4
n5

21 34 25 70 n6

"Q=R=@ x@ Q=@v= R= |r=UQ= |=yq=m Q}O=kt "13 pwOH
j4 j3 j2 j1

Q0njph
P5 P4 P3 P2 P1 P5 P4 P3 P2 P1 P5 P4 P3 P2 P1 P5 P4 P3 P2 P1

n1

14 15 26 58 29 42 16 n2

65 12 15 36 12 10 n3

2 44 60 44 n4

n5

2 34 21 25 68 n6

"|Q=BUuwQ@ w xv=NQ=m |rN=O O}rwD |=yq=m Q}O=kt "14 pwOH
P5 P4 P3 P2 P1

Qoiph Diniph Qoiph Diniph Qoiph Diniph Qoiph Diniph Qoiph Diniph

34 25 70 i1
h1289 177 21 74 60 17 i2

45 298 88 120 17 i3

i1
h224 60 38 i2

24 69 i3

"xv=NQ=m Qy |=ypwrU QO =yu}W=t Vv}J Q@ =yu}W=t `} RwD CQ=@a hPL QF= "15 pwOH
M5 M4 M3 M2 M1

Nimch
C2 C1 C2 C1 C2 C1 C2 C1 C2 C1

2 2 h1
i12 2 h2

1 1 1 1 h1
i21 1 1 1 h2

1 1 1 1 h1
i31 1 1 1 h2
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Ot"Cr=L Qy QO =yxv} Ry xU}=kt w |Q=BUuwQ@ xv} Ry V}=Ri= QF= "16 pwOH
10 V}=Ri= 9 V}=Ri= 8 V}=Ri= 7 V}=Ri= p=Ft =yxv} Ry
|OYQO |OYQO |OYQO |OYQO x}=B
1465 1465 1466 1368 1262 Cq;u}W=t |Q=Oxov
948 8 948 8 927 52 848 76 778 14 C=}rta
93 3 93 3 73 8 73 8 73 8 |rwrU u}@ |}=Hx@=H
168 1 168 1 177 075 154 125 131 7 |rwrU uwQO |}=Hx@=H
379 379 376 351 325 u}W=t ?Yv

0 0 0 0 0 u}W=t |Q=vmQ@
124 4 124 4 124 1 122 4 119 8 C=a]k |Q=Oxov
173 19 173 19 170 63 149 07 131 2 s=N O=wt xOvvmu}t-=D
2682 13 2657 747 2669 22 29068 869 2953 |}=yv xa]k |Q=BUuwQ@
557 926 557 926 558 935 541 05 549 775 Q=R=@ x@ xv=NQ=m R= ptL

0 0 0 0 0 u}W=t C}rBU=

73 713 73 713 73 458 74 406 64 98 Q=R=@ x@ Q=@v= R= ptL
129 544 129 544 129 544 129 68 135 417 Q=@v= x@ xv=NQ=m R= ptL

280 280 280 280 270 Q=@v= T}U-=D
7075 103 7050 72 7026 282 6999 16 6794 812 pm xv} Ry

826 826 836 904 970 xOW |Q=BUuwQ@ |=yq=m pm O=OaD

"pm |xv} Ry Q@ |Q=BUuwQ@ |xv} Ry V}=Ri= QF= "3 pmW

QO xm u=vJ "CU= xOW x�=Q= 16 pwOH QO w |UQQ@ pOt Q@ |Q=BUuwQ@ |xv} Ry
|Q=BUuwQ@ C=a]k O=OaD 'Q}}eD u}= p=ta= QF= Q@ OwW|t xOy=Wt R}v 4 w 3 pmW

"CU= xDi=} V}=Ri= Q=R=@ x@ Q=@v= R= ptL w Vy=m xOW

|D; C=O=yvW}B w |Q}oxH}Dv "6
O}rwD |xr�Ut |=Q@ \rDNt K}LY OOa |R} Qxt=vQ@ pOt l} Q=DWwv u}= QO
u}t-=D |xQ}HvR |L=Q] w O}rwD |R} Qxt=vQ@ u=tRty Qw]x@ xm OW x�=Q= |rwrU
x@ =yu}W=t w C=a]k X}YND w =ypwrU |Ov@ Qm}B "OQ}o|t Q_v QO R}v =Q
|wQ C=}rta s=Hv= 'C=a]k |}=Hx@=H R= |W=v |=yxv} Ry Vy=m hOy =@ =ypwrU
'sDU}U QO Cq;u}W=t |Q=Oxov w |}=Hx@=H R= |W=v |=yxv} Ry w =yu}W=t
sDU}U pm |QwxQy@ V}=Ri= x@ QHvt Q=@v= T}U-=D w q=m ptL '|Q=BUuwQ@
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'|Q=PoCt}k |xr�Ut w CqwYLt Ct}k uDiQo Q_v QO ��
NP-Hard ẁv R= |rwrU O}rwD sDU}U |L=Q] |xr�Ut xm u}= x@ xHwD =@ ��
|L=Q] |xr�Ut wO ?}mQD xm 'Q=DWwv u}= QO |UQQ@ OQwt |xr�Ut [17]'CU=
Oy=wN NP-Hard ẁv R= R}vCU= u}t-=D |xQ}HvR|L=Q] w|rwrU O}rwD sDU}U
|Q=mD@==Qi |=ysD} Qwor= |L=Q] 'nQR@ |=yxR=Ov= QO xr�Ut pL |=Q@ =Pr "Ow@

"OwW|t O=yvW}B ?U=vt

uDiQo Q_v QO =@ 'wU Qo}O R= "OwW|t sDU}U QO pO=aD O=H}= Ea=@ w xOW
l} R= V}@ QO ẁvsy |=yu}W=t uO=O Q=Qk R= =yu}W=t `} RwD w C}rBU= |xv} Ry
sDU}U \=@[v= w s_v w |D} Q}Ot |=yxv} Ry Ow@y@ Ea=@ w xOW |Q}owrH pwrU

"OwW|t
%R= Ov=CQ=@a |D; C=k}kLD QO C}=aQ |=Q@ |O=yvW}B OQ=wt

'|r=tDL= |=yQDt=Q=B \}=QW CLD pOt |xaUwD ��
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