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\UwD xOW|iQat |Q=mD@= |=yVwQ R= |Q=mD@==Qi |=yVwQ xm OvO=O u=Wv =yv;
p}=Uw |Ov@u=tR |xr�Ut x@ [5]T=}rwo w Qwvwm "Ovm|t pta QDy@ [1]wr@o = w w}
XNWt =yuw}t=m OwQw u=tR xm ZQi u}= =@ OvDN=OQB |a]=kD R=Ov=Q=@ QO x}rkv
|R=Uxv}tm x@ xm OvOQm x�=Q= |WwQ |a]=kD R=Ov=Q=@ |xr�Ut pL |=Q@ w CU}v
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&k
&k |q=m |x}rND |=Q@ j |r=wD QO i |OwQw |x}rkv |xr}Uw x}rND u=}=B u=tR %fxijk
&t|q=m |Q}oQ=@ |=Q@ s|r=wD QO r|HwQN|x}rkv |xr}Uw|Q}oQ=@ ẁQWu=tR %syrst
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|QDxv=v}@ `k=w O}O xm CU= |Ov@xDU@ CQwYx@ q=m ẁv l} |Q}oQ=@ w x}rND 'u}W}B
xm OvQ=O OwHw |D=k}kLD "Ovm|t O=H}= |ak=w |a]=kD R=Ov=Q=@ |=ysDU}U x@ C@Uv
[22�20]'OvQ}o|tQ_vQO =Q xOvwWQ=QmD |=y|HwQN w =y|OwQw Q[=L |xr=kt Ovv=t
O=OaD Ov=wD|t |HwQN/|OwQw uw}t=m l} xm OwW|t ZQi C=k}kLD u}= QO =t=
|OL =D Qt= u}= xm Ovm |Q}oQ=@/x}rND �|Q=Okt Qy =@� =Q q=m ẁv l} R= R=}v OQwt
l} Qo = ,qFt xm xOW ZQi C=k}kLD u}= QO 'Qo}O u=}@ x@ "CU= C}ak=w R= QwO
u=mt= u}= 'OW=@ 2 ẁv |q=m OL=w b w 1 ẁv |q=m OL=w a pt=W |OwQw uw}t=m
'OwW x}rND 1 ẁv |q=m R= (1 < a1 < a) OL=w a1 pw= Q=@ xm OQ=O OwHw
OL=w a2 swU Q=@ 'OwW x}rND 2 ẁv |q=m R= (1 < b1 < b) OL=w b1 swO Q=@
s=tD =D CQwY u}ty x@ w OwW x}rND 1 ẁv |q=m R= (1 < a2 < a) Qo}O
x@ \w@ Qt C=_Lqt uDiQoQ_vQO =@ OwW|t xOy=Wt xmu=vJty "OvwW x}rND =yq=m
"CU}v |rta `k=wt |NQ@ w |OL =D x}rND |xwLv u}= C}ak=w QO =yq=m |Ov@xDU@
Q=Qk =yCr=B uwQO w |Ov@xDU@ CQwYx@ uw}t=m QO =yq=m '`k=wt |Q=}U@ QO =Q} R
uw}t=m pN=O QO =yq=m R= |O=OaD |R=U=OH w |Ov@xDU@ |}=WoR=@ w OvwW|t xO=O
p=Ft "CU= Q}PBu=mt= xOW |Ov@xDU@ Cr=B l} pt=m |x}rND =t= &CU}v Q}PBu=mt=
ẁvD ,qwtat |ak=w p�=Ut QO =t= CU= xr�Ut u}= u=}@ |=Q@ xO=U p=Ft l} jwi

|=Q@ C=L}[wD u}= "CU= QDRQ=@ R}v xr�Ut u}= w CU= ẁv wO R= QDW}@ Q=}U@ =yq=m
l} R= |WN@ |Q}oQ=@ w CU= jO=Y R}v |HwQN |=yuw}t=m QO =yq=m |Q}oQ=@
OwW|t ZQi xr=kt u}= QO u}=Q@=v@ "CU}v |rta `k=wt |NQ@ w |OL =D q=m ẁv
w x}rND |=yx=o}=H x@ QQmt CQwYx@ Ovv=wD|t |HwQN w |OwQw |=yuw}t=m xm
x@ OwQw Q=@ Qy QO =t= 'OvyO s=Hv= =Q |Q}oQ=@ w x}rND C=}rta w OvwW OQ=w |Q}oQ=@
|Qw]x@ Ovvm |Q}oQ=@ w x}rND =Q q=m R= |YNWt O=OaD =@ |}=yxDU@ O}=@ x=o}=H
CU= umtt Qo}O CQ=@ax@ "OW=@ q=@ x@ 1 R= Ov=wD|t xDU@ uwQO |=yq=m O=OaD xm
CQwY u}= QO xm OW=@ xDW=O Q=Qk xDU@ l} QO q=m Q}O=kt s=tD 'q=m ẁv l} |=Q@
|Ov@xDU@ QDtm O=OaD =@ |}=yxDU@ QO q=m CU= umtt =} OwW x}rND q=m s=tD O}=@

"CU= |Q}oQ=@ =} x}rND p@=k =yxDU@ R= |O=OaD CQwY u}= QO xm OW=@ xOW
|[=} Q pOt 3 VN@ %CU= xOW |yOu=tR=U CQwY u}= x@ xr=kt |xt=O=
G}=Dv w |OOa p�=Ut 4 VN@ 'Ovm|t x�=Q= =Q xr�Ut pL |=Q@ |O=yvW}B VwQ w

"OR=OQB|t xr=kt |Q}oxH}Dv x@ 5 VN@ w OyO|t u=Wv =Q |D=@U=Lt

pL |O=yvW}B VwQ w |[=} Q pOt "3
w OvDUy xar=]t w |UQQ@ p@=k |irDNt C=[wQit =@ |a]=kD R=Ov=Q=@ |=ysDU}U
|=Q@ =Q |irDNt |=ypOt u=wD|t =yCU=}U w C=}rta \}=QW 'Cq}yUD x@ xDU@
QO xm |a]=iD R=Ov=Q=@ sDU}U C=[wQit w C=YNWt "CiQo Q_v QO =ysDU}U u}=

%CU= Q} R j@=]t CU= xOW xDN=OQB u; x@ xr=kt u}=
p=UQ= x=o}=H Q=vm QO Ckwt VQ=@v= |=[i l} xm CU= xOW ZQi pOt u}= QO �

"OQ=O OwHw
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fxijk � sxijk + �ik; i = 1; :::; I;

j = 1; :::; J ; k = 1; :::; U (12)

syr1t = 0; r = 1; :::; R; t = 1; :::; U (13)

syrs0t � fylst �M(1� qss0); r = 1; :::; R;

l = 1; :::; R; s = 1; :::; S; s0 = 1; :::; S;

t = 1; :::; U where r = l (14)

syrst � fyls0t �Mqss0 ; r = 1; :::; R;

l = 1; :::; R; s = 1; :::; S; s0 = 1; :::; S;

t = 1; :::; U where r = l (15)

syrs0t � fylst +D �M(1� qss0); r = 1; :::; R;

l = 1; :::; R; s = 1; :::; S; s0 = 1; :::; S;

t = 1; :::; U where r 6= l (16)

syrst � fyls0t +D �Mqss0 ; r = 1; :::; R;

l = 1; :::; R; s = 1; :::; S; s0 = 1; :::; S;

t = 1; :::; U where r 6= l (17)

fyrst � sxijk + v + 
ijrs �M(1� vijrs);
i = 1; :::; I; j = 1; :::; J ; k = 1; :::; U ;

r = 1; :::; R; s = 1; :::; S; t = 1; :::; U (18)

fyrst � syrst +
UX
t=1

�rt;

r = 1; :::; R; s = 1; :::; S; t = 1; :::; U (19)


ijrs �Mvijrs; i = 1; :::; I; j = 1; :::; J ;

r = 1; :::; R; s = 1; :::; S (20)


ijrs � �ik; i = 1; :::; I; j = 1; :::; J ;

r = 1; :::; R; s = 1; :::; S; k = 1; :::; U (21)


ijrs � �rt; i = 1; :::; I; j = 1; :::; J ;

r = 1; :::; R; s = 1; :::; S; t = 1; :::; U (22)

sxijk �Mxijk; i = 1; :::; I; j = 1; :::; J ;

k = 1; :::; U (23)

fxijk �Mxijk; i = 1; :::; I; j = 1; :::; J ;

k = 1; :::; U (24)

syrst �Myrst; r = 1; :::; R; s = 1; :::; S;

t = 1; :::; U (25)

fyrst �Myrst; r = 1; :::; R; s = 1; :::; S;

t = 1; :::; U (26)

all variables � 0 (27)

"Ovm|t xv}tm =Q C=}rta u=tR xm OyO|t u=Wv =Q xr�Ut hOy `@=D 1 |x]@=Q

|q=m |Q}oQ=@ |=Q@ s |r=wD QO r |HwQN |x}rkv |xr}Uw |Q}oQ=@ u=}=B u=tR %fyrst
&t

|x}rkv |xr}Uw x@ j |r=wD QO i |OwQw |x}rkv |xr}Uw R= xm |}q=m O=OaD %
ijrs
"OwW|t p=UQ= s |r=wD QO r |HwQN

l} � QiY |=yQ}eDt "3"1"3
Q@=Q@ Ovm x}rND =Q k |q=m j |r=wD QO i |OwQw |x}rkv |xr}Uw xm|DQwY QO %xijk

&CU= QiY Q@=Q@ CQwY u}= Q}e QO '1
Q@=Q@Ovm x}rND =Q t |q=m s |r=wD QO r |HwQN |x}rkv |xr}Uw xm|DQwY QO %yrst

&CU= QiY Q@=Q@ CQwY u}= Q}e QO '1
|OwQw |x}rkv |xr}Uw x@ j |r=wD QO |OwQw |x}rkv |xr}Uw xm|DQwY QO %pjj0

&CU= QiY Q@=Q@ CQwY u}= Q}e QO '1 Q@=Q@ OW=@ xDW=O sOkD j0 |r=wD QO
|HwQN |x}rkv |xr}Uw x@ s |r=wD QO |HwQN |x}rkv |xr}Uw xm|DQwY QO %qss0

&CU= QiY Q@=Q@ CQwY u}= Q}e QO '1 Q@=Q@ OW=@ xDW=O sOkD s0 |r=wD QO
|x}rkv |xr}Uw x@ j |r=wD QO i |OwQw |x}rkv |xr}Uw R= xm|DQwY QO %vijrs
"CU= QiY Q@=Q@ CQwY u}= Q}e QO '1 Q@=Q@ OwW xO=DUQi q=m s |r=wD QO r |HwQN

"CU= Q} R CQwYx@ |O=yvW}B |[=} Q pOt
min : T (1)

s:t:

T � fyrst; r = 1; :::; R; s = 1; :::; S; t = 1; :::; U (2)
IX
i=1

UX
k=1

xijk = 1; j = 1; :::; J (3)

RX
r=1

UX
t=1

yrst = 1; s = 1; :::; S (4)

JX
j=1

xijk = 1; i = 1; :::; I; k = 1; :::; U (5)

SX
s=1

yrst = 1; r = 1; :::; R; t = 1; :::; U (6)

sxi1k = 0; i = 1; :::; I; k = 1; :::; U (7)

sxij0k � fxljk �M(1� pjj0); i = 1; :::; I;

l = 1; :::; I; j = 1; :::; J ; j0 = 1; :::; J ;

k = 1; :::; U where i = l (8)

sxijk � fxlj0k �Mpjj0 ; i = 1; :::; I;

l = 1; :::; I; j = 1; :::; J ; j0 = 1; :::; J ;

k = 1; :::; U where i = l (9)

sxij0k � fxljk +D �M(1� pjj0); i = 1; :::; I;

l = 1; :::; I; j = 1; :::; J ; j0 = 1; :::; J ;

k = 1; :::; U where i 6= l (10)

sxijk � fxlj0k +D �Mpjj0 ; i = 1; :::; I;

l = 1; :::; I; j = 1; :::; J ; j0 = 1; :::; J ;

k = 1; :::; U where i 6= l (11)
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Ovyt CQwY u}= Q}e QO w OQ}o@ Q=Okt Ov=wD@ 
ijrs Q}eDt '�OwW 1 Q@=Q@ vijrs Q=Okt

|q=m Q=Okt xm Ovm|t u}t[D 21 C}OwOLt "Ow@ Oy=wN QiY Q@=Q@ 
ijrs Q}eDt
QO r |HwQN |x}rkv |xr}Uw x@ j |r=wD QO i |OwQw |x}rkv |xr}Uw R= xOWp=UQ=
i ẁv |OwQw |x}rkv |xr}Uw QO k ẁv |q=m O=OaD� �ik |w=Ut =} QDmJwm s |r=wD
xOWp=UQ= |q=m Q=Okt xm Ovm|t u}t[D 22 C}OwOLt "OW=@ �OwW x}rND O}=@ xm
s |r=wD QO r |HwQN |x}rkv |xr}Uw x@ j |r=wD QO i |OwQw |x}rkv |xr}Uw R=
r ẁv |HwQN |x}rkv |xr}Uw QO O}=@ xm t ẁv |q=m O=OaD� �rt |w=Ut =} QDmJwm
|xr}Uw xJv=vJ xm Ovvm|t u}t[D 24 w 23 |=yC}OwOLt "OW=@ �OwW |Q}oQ=@
'(xijk = 0) OW=@ xDW=Ov OwHw j |r=wD QO k |q=m |x}rND |=Q@ i |OwQw |x}rkv
CQwY u}= Q}e QO w 'OwW xDiQo Q_v QO QiY Q}eDt u}= |=Q@ x}rND u=}=B w ẁQW u=tR
xJv=vJ xm Ovvm|t u}t[D 26 w 25 |=yC}OwOLt "QiY |w=Ut =} QDoQR@ |Q=Okt
OW=@ xDW=Ov OwHw s |r=wD QO t |q=m |Q}oQ=@ |=Q@ r |HwQN |x}rkv |xr}Uw
'OwW xDiQoQ_vQO QiY Q}eDt u}= |=Q@ |Q}oQ=@ u=}=B w ẁQW u=tR '(yrst = 0)

=Q =yQ}eDt s=tD 27 C}OwOLt "QiY |w=Ut =} QDoQR@ |Q=Okt CQwYu}=Q}e QO w
"OQ}o|t Q_v QO QiY |w=Ut =} QDoQR@

|O=yvW}B pL VwQ "2"3
R= |m} l}DvS sD} Qwor= "CU=} wB l}DvS sD} Qwor= Q@ |vD@t |O=yvW}B VwQ
O}rwD 'uS 'swRwtwQm 'C}atH Ovv=t |}=yxYNWt R= xm CU= |rt=mD |=ysD} Qwor=
l} =OD@= "Ovm|t xO=iDU= wHwCUH C=}rta s=Hv= |=Q@ =yQorta |NQ@ w OOHt
TBU w 'OwW|t O}rwD |iO=YD CQwYx@ =yuS w =yswRwtwQm pt=W x}rw= C}atH
`]=kD Q}_v |irDNt C=}rta '�u=OvRQi pUv� |Oa@ |=yC}atH x@ |@=}CUO |=Q@
s=Hv= �pUv� Q=QmD Qy QO pL=Qt u}= "OwW|t s=Hv= x}rw= C}atH |wQ Q@ VyH w

"OwW pY=L hkwD |=yQ=}at T=U=Q@ umtt ?=wH u} QDy@ =D OwW|t
pta =DU}= CQwYx@ VyH w `]=kD |=yQorta |DvU l}DvS sD} Qwor= QO
'Ov=t|t |k=@ C@=F =yQ=QmD pw] QO VyH w `]=kD p=tDL= xm |vat u}O@ 'Ovvm|t
=yQ=QmD pw] QO =Q VyH w `]=kD p=tDL= xr=kt u}= |O=yvW}B l}DvS sD} Qwor= =t=

"OyO|t Vy=m
|}xOQDUo |=[i x}rw= |=yQ=QmD QO xm OyO|t =Q u=mt= u}= sD} Qwor= x@ Qt= u}=
xv}y@ ?=wH x@ w OwQ|t V}B =ypUv QO sD} Qwor= xm u=vJty w Ovm wHwCUH =Q
"OwW QDOwOLt wHwCUH |=[i VyH w `]=kD p=tDL= Vy=m =@ 'OwW|t QDm}ORv
VN@ 'CU= l}DvS sD} Qwor= T=U= Q@ xr=kt u}= |O=yvW}B VwQ xm|}=Hv; R=
'CU= KQ]t swRwtwQm s=v x@ l}DvS sD} Qwor= QO xm '?=wH Q=DN=U |x�=Q= x@ "1"2"3

"OR=OQB|t
swRwtwQm Q=DN=U "1"2"3

"CU= 2 pmW j@=]t |L]UxU Q=DN=U l} '|O=yvW}B VwQ QO =y?=wH Q=DN=U
|xQ=tW |xOvyOu=Wv swO K]U 'CU= uw}t=m |xQ=tW |xOvyOu=Wv pw= K]U
O}=@ xm CU= |}q=m O=OaD |xOvyOu=Wv swU K]U w �pwYLt ẁv� pwYLt
VN@ wO R= |O=yvW}B sRwtwQm OwW|t xOy=Wt xmu=vJty "OwW |Q}oQ=@/x}rND
pt=W swOVN@ w |OwQw |=yuw}t=m C=aq]= pt=W pw=VN@ %CU= xOW p}mWD

"CU= |HwQN |=yuw}t=m C=aq]=
w OwQw C}r@=k |OwQw |=yuw}t=m sRwtwQm u}= QO 'OwW|t xOy=Wt xmu=vJty
uw}t=m xU pmW u}= QO "OvQ=O p=UQ= w Ci=} QO x=o}=H x@ =Q xQ=@OvJ |=yGwQN
184 O=OaD x@ ,=awtHt q=m ẁv 4 |Q}oQ=@ wx}rND |=Q@ |HwQN uw}t=m xU w |OwQw

|Q}oQ=@ u=}=B u=tR |w=Ut =} QDoQR@ C=}rta u=tR xm Ovm|t u}t[D 2 C}OwOLt
l} \ki s=j |r=wD QO xm Ovm|t u}t[D 3 C}OwOLt "CU= x}rkv p}=Uw s=tD
|r=wD QO xm Ovm|t u}t[D 4 C}OwOLt "OW=@ xDW=O OwHw x}rND |=Q@ x}rkv |xr}Uw
u}t[D 5 C}OwOLt "OW=@ xDW=O OwHw |Q}oQ=@ |=Q@ x}rkv |xr}Uw l} \ki s=s
C}OwOLt "Ovm x}rND |r=wD l} QO \ki =Q k ẁv |q=m i |x}rkv |xr}Uw Ovm|t
|Q}oQ=@ |r=wD l} QO \ki =Q t ẁv |q=m r |x}rkv |xr}Uw Ovm|t u}t[D 6
Q@=Q@ OyO|t s=Hv= =Q x}rND u}rw= xm |}x}rkv |xr}Uw ẁQW u=tR 7 C}OwOLt "Ovm
|xr}Uw l} |x}rND ẁQW u=tR xm Ovm|t u}t[D 8 C}OwOLt "OyO|t Q=Qk QiY
x}rkv |xr}Uw |x}rND ẁQW u=tR |w=Ut =} QDoQR@ �|Oa@ |r=wD� j0 |r=wD QO x}rkv
OW=@ u=Um} |r=wD wO Qy QO x}rkv |xr}Uw ẁv Qo = CU= �|r@k |r=wD� j |r=wD QO
sOkD j0 |r=wD QO x}rkv |xr}Uw x@ j |r=wD QO x}rkv |xr}Uw xJv=vJ "(i = l)

QF-wt C}OwOLt l} x@ p}O@D 8 C}OwOLt 'OwW|t 1 Q@=Q@ pjj0 uwJ 'OW=@ xDW=O
x}rkv |xr}Uw xm|DQwY QO w OwW|t O�=R C}OwOLt l} x@ p}O@D 9 C}OwOLt w
p}O@D 8 C}OwOLt 'OW=@ xDW=O sOkD j |r=wD QO x}rkv |xr}Uw x@ j0 |r=wD QO
Qo = "OwW|t QF-wt C}OwOLt l} x@ p}O@D 9 C}OwOLt w O�=R C}OwOLt l} x@
w 10 |=yC} wOLt '(i 6= l) OW=@v u=Um} |B QO|B |r=wD wO QO x}rkv |xr}Uw
u=}=B u=tR |w=Ut =} QDoQR@ |Oa@ |r=wD QO x}rND ẁQW u=tR xm Ovvm|t u}t[D 11
wO QO x}rkv p}=Uw |Dkw� CU= x}rkv p}=Uw |}=Hx@=H u=tR |xwqax@ |r@k |r=wD
"�Ov=xOW =Hx@=H x}rkv p}=Uw xm CU= |vat u}= x@ 'OvW=@v u=Um} |B QO|B |r=wD
=} QDoQR@ x}rkv |xr}Uw l} |x}rND u=}=B u=tR xm Ovm|t u}t[D 12 C}OwOLt
x}rkv |xr}Uw QO k ẁv |q=m O=OaD� �ik |xwqax@ x}rND ẁQW u=tR |w=Ut
u}rw= |Q}oQ=@ ẁQW u=tR 13 C}OwOLt "CU= �OwW x}rND O}=@ xm i ẁv |OwQw
C}OwOLt "OyO|t Q=Qk QiY Q@=Q@ =Q |HwQN |x}rkv p}=Uw |r=wD QO x}rkv |xr}Uw
|r=wD� s0 |r=wD QO x}rkv |xr}Uw l} |Q}oQ=@ ẁQW u=tR xm Ovm|t u}t[D 14
�|r@k |r=wD� s |r=wD QO x}rkv |xr}Uw |Q}oQ=@ ẁQW u=tR |w=Ut =} QDoQR@ �|Oa@
|xr}Uw xJv=vJ "(r = l) OW=@ u=Um} |r=wD wO Qy QO x}rkv |xr}Uw ẁv Qo = CU=
Q@=Q@ qss0 uwJ 'OW=@ xDW=O sOkD s0 |r=wD QO x}rkv |xr}Uw x@ s |r=wD QO x}rkv
x@ p}O@D 15 C}OwOLt w QF-wt C}OwOLt l} x@ p}O@D 14 C}OwOLt 'OwW|t 1
|xr}Uw x@ s0 |r=wD QO x}rkv |xr}Uw xm|DQwY QO w OwW|t O�=R C}OwOLt l}
w O�=R C}OwOLt l} x@ p}O@D 14 C}OwOLt 'OW=@ xDW=O sOkD s |r=wD QO x}rkv
|r=wD wO QO x}rkv |xr}Uw Qo = "OwW|t QF-wt C}OwOLt l} x@ p}O@D 15 C}OwOLt
u=tR xm Ovvm|t u}t[D 17 w 16 |=yC} wOLt '(r 6= l) OW=@v u=Um} |B QO|B
|xwqax@ |r@k |r=wD u=}=B u=tR |w=Ut =} QDoQR@ |Oa@ |r=wD QO |Q}oQ=@ ẁQW
u=Um} |B QO|B |r=wD wO QO x}rkv p}=Uw |Dkw� CU= x}rkv p}=Uw |}=Hx@=H u=tR
u}t[D 18 C}OwOLt "�Ov=xOW =Hx@=H x}rkv p}=Uw xm CU= |vat u}= x@ 'OW=@v
u=tR |w=Ut =} QDoQR@ s |r=wD QO r |x}rkv |xr}Uw |Q}oQ=@ u=}=B u=tR xm Ovm|t
x=o}=H R= q=m p=kDv= u=tR |xwqax@ j |r=wD QO i |x}rkv |xr}Uw |x}rND ẁQW
|OwQw |x}rkv |xr}Uw R= xm |}q=m O=OaD� 
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OQwt uS xm Ovm|t O}}-=D 17 \N "OwW|t x@U=Lt |Q}oQ=@ ẁQW u=tR w |UQQ@
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xr�Utpt=m VQ=tW pL VwQ C=}rta u=tR C=}rta pt=m VQ=tW VwQ CqwYLt pwYLt |HwQN |OwQw

YE |O=yvW}B YE |O=yvW}B
0 009 3 33 18 68 130 826 696 436 5 4 4 1
0 009 3 06 16 95 101 697 596 344 6 4 4 2
0 036 4 22 19 37 136 838 702 427 5 5 4 3
0 042 5 08 21 07 158 908 750 467 6 5 4 4
0 164 5 17 21 00 168 968 800 484 6 6 4 5
0 169 6 69 18 52 163 1043 880 544 7 6 4 6
0 039 4 94 18 09 131 855 724 439 6 4 5 7
0 044 5 83 17 79 140 927 787 479 7 4 5 8
0 195 3 97 18 57 127 811 684 412 4 5 5 9
0 195 5 00 20 10 168 1004 836 511 6 5 5 10
0 201 6 94 22 16 199 1097 898 524 7 5 5 11
0 874 4 72 19 14 138 859 721 421 5 6 5 12
0 878 6 53 19 24 167 1035 868 506 6 6 5 13
0 160 4 33 17 68 125 832 707 407 6 4 6 14
0 165 5 83 16 50 130 918 788 467 7 4 6 15
0 850 5 69 19 05 149 931 782 433 5 5 6 16
0 872 8 17 16 49 153 1081 928 569 7 5 6 17
1 006 4 11 18 05 120 785 665 377 4 6 6 18
1 022 6 19 16 65 137 960 823 472 5 6 6 19
1 061 9 72 21 80 213 1190 977 592 7 6 6 20

[1]"pt=m VQ=tW VwQ w |O=yvW}B VwQ C=}rta u=tR "11 pmW

wO C=}rta u=tR h=QLv= OYQO |xv}tm OwW|t xOy=Wt xmu=vJty "OyO|t u=Wv
w 22 16 Q@=Q@ VwQ wO C=}rta u=tR h=QLv= OYQO |xv}W}@ '16 49 Q@=Q@ VwQ
|xOvyOu=Wv xm CU= 18 84 Q@=Q@ VwQ wO C=}rta u=tR h=QLv= OYQO u}ov=}t
u=tR 11 pmW "CU= [1]pt=m VQ=tW VwQ x@ C@Uv |O=yvW}B VwQ |QDQ@
[1]pt=m VQ=tW VwQ w xOW |Q=PoCtqa PM =@ xm =Q |O=yvW}B VwQ C=}rta

"OyO|t u=Wv 'Ov=xOW |Q=PoCtqa YE =@ xm =Q
'[1]pt=m VQ=tW VwQ w |O=yvW}B VwQ C=}rta u=tR |Q=t; |xU}=kt |=Q@
12 pmW "CU= xOW xO=iDU= pkDUt |=yxvwtv T uwtR; w |}x@aH Q=Owtv R=
QwLt pmW u}= QO "OyO|t u=Wv VwQ wO C=}rta u=tR |=Q@ =Q |}x@aH Q=Owtv

"CPU u=tR w C=}rta u=tR |i}YwD Q=t; "3 pwOH
h=QLv= u}ov=}t xv}W}@ xv}tmOQ=Ov=DU=
97 375 780 6 977 596 |O=yvW}B VwQ C=}rta u=tR
121 288 928 25 1190 697 YE pt=m VQ=tW C=}rta u=tR
26 817 147 65 213 101 C=}rta u=tR h=QLv=
1 698 18 845 22 16 16 49 C=}rta u=tR h=QLv= OYQO
1 615 5 476 9 72 3 06 |O=yvW}B VwQ CPU u=tR
0 412 0 399 1 061 0 009 YE pt=m VQ=tW CPU u=tR

|=yuwDU xwqax@ "OvyO|t u=Wv =Q VwQ wO u}@ C=}rta u=tR h=QLv= OYQO w
pL u=tR '�YE pt=m VQ=tW CPU u=tR� w �|O=yvW}B VwQ CPU u=tR�
=@ p�=Ut s=tD xm CU= K}[wD x@ sRq "OvyO|t u=Wv =Q VwQ wO \UwD p�=Ut
u=tR "Ov=xOW =QH= RAM C}=@=o}o 4 w Core i5 CPU (2 6 GHz) xv=}=Q l}
=t= 'CU= |O=yvW}B VwQ R= QDtm xr�Ut 20 u}= QO [1]pt=m VQ=tW VwQ CPU

=Q} R 'CU= QDtm ?D=Qt x@ |O=yvW}B VwQ CPU u=tR nQR@ T=}kt p�=Ut |=Q@
VwQ R= xO=iDU= =@ |HwQN uw}t=m 10 w |OwQw uw}t=m 10 =@ |}xr�Ut p=Ft |=Q@
xm CU= ?=wH 10!� 10! = 1 316� 1013|UQQ@ OvtR=}v [1]pt=m VQ=tW

"OwW|t VwQ u}= h}a[ Q=}U@ |}=Q=m Ea=@ Qt= u}= w CU= Q@ u=tR Q=}U@
C=}rta u=tR |=Q@ =Q OQ=Ov=DU= h=QLv= w u}ov=}t 'xv}W}@ 'xv}tm Q}O=kt 3 pwOH
=Q VwQ wO CPU u=tR w 'VwQ wO C=}rta u=tR h=QLv= OYQO w u=R}t 'VwQ wO

135



"""|
=ysD

}Qwo
r=Q@

|vD
@tO

}OH
Vw

Ql
}"C=QP s=LOR= |R=Uxv}y@ sD} Qwor= =@ l}DvS sD} Qwor= xU}=kt "4 pwOH

CPU u=tR
h=QLv= OYQO u=tR h=QLv=

C=}rta u=tR
pm O=OaD ẁv O=OaD
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