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|Qo}O w lJwm O=a@= QO |m} '|W}=tR; |xr�Ut wO QO u; G}=Dv w OwW|t O=yvW}B xr�Ut
R= xOt; CUO x@ |=yMU=B 'lJwm O=a@= =@ p=Ft QO 'u}vJty "OvwW|t x�=Q= |ak=w O=a@= QO
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|=Q@ |y@=Wt l}DvS sD} Qwor= 'OvDw=iDt �hOy `@=D Q_v R= xv� |Q}PBu=mt= |x}L=v
VN@ |O=OaD pt=W swRwtwQm Qy 'sD} Qwor= u}= QO "CU= xOW xO=iDU= =yv; pL
=yQ}owryB O=OaD =@ =yVN@ u}= O=OaD "Ov=xOW =OH Qo}Om} R= QiY OOa =@ xm CU=
l} x@ |OwQw |=y|DWm |xQ=tW xm CU= K}LY O=Oa= R= |@}DQD VN@ Qy w Q@=Q@
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|iO=YD ?=NDv= pt=W [4w3]=Qwt}W}v w |=t}= C=k}kLDQO xOW xO=iDU=?}mQD Qorta
O}OH swRwtwQm wO O}rwD |=Q@ =yv; ?}mQD TBU w |rai pUv R= swRwtwQm CiH l}
TBU w swRwtwQm wO pw] |wQ |iO=YD VQ@ |x]kv wO O}rwD =@ ?}mQD u}= "CU=
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'xH}Dv QO "OwW|t QOv@ |QwxQy@V}=Ri=?Hwt =yu=tR u}= R=l} QyVy=m xm|Qw]
QO=v@ |D} Q}Ot |=yVwQ R= |m} QOv@ |OwQw |=y|DWm x@ Q}owryB ?U=vt X}YND
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x@ =Q xDUUo Q}owryB X}YND |xr�Ut 'jta C}OwOLt uOQm ^=Lr =@ u=kkLt
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pOt QO |Q}os}tYD K}LY |=yQ}eDt �x}v=F CkO =@� tBi w �QDt CkO =@� pi
"OvDUy

COt u} QDtm =@ xrmU= pw] QO |}x]kv |xYDNt Mi xm CU= sRq QmPD u}=
|DWm u; |Qv}vD=m Q=@v= pLt =D p}kFQH pLt R= i |DWm Qy |=yQv}Dv=m ptL u=tR
|xwLv x@ �|Qv}Dv=m |=yQ=@v= pLt uOw@ swrat ZQi =@� Mi xm CU= K[=w "CU=
w =yQr} QD Q=DWwv u}= QO OvJ Qy "CU= xDU@=w =y|DWm x@ p}kFQH w Qr} QD X}YND
X}YND |xr�Ut 'OvwW|t ZQi C@=F |DWm Qy x@ xDi=} X}YND |=yp}kFQH
QO=v@ C} Q}Ot QO QD|twta |}xr�Ut smL QO p}kFQH w Qr} QD 'Q}owryB u=tRsy

"CU= KQ]t |Qv}Dv=m

pOt C=}[Qi �hr=
% xm OwW|t ZQi xOW x�=Q= X}YND pOt QDu=U; u=}@ |=Q@
&OQ=Ov OwHw QOv@ x@ =y|DWm uO}UQ QO |Q}N-=D xvwoI}y �

|DWm |Q}owryB C}akwt |xrY=i =@ ?U=vDt |DWm Qy |Q}oQ=@ w x}rND u=tR �
?}W =@ w |]N CQwY x@ 'OQ}o@ wryB Ov=wD|t xm |D}akwt u} QDy@ =@ xU}=kt QO
u=wD|t =Q |DWm l} |Q}oQ=@ w x}rND u=tR ?}DQD u}O@ "O@=}|t V}=Ri= �i � 0

[9]%OQm u=}@ Q} R |x]@=Q CQwY x@
Ci = CMi + jpi �Mij�i;

|Q}owryBC}akwt u} QDy@ QO i |DWm |Q}oQ=@ w x}rND u=tR COtCMi u; QO xm
x@ �i Q=Okt xm CU= sRq QmPD u}= "CU= �|Q}oQ=@ w x}rND u=tR COt u} QDy@�

&CU= xDU@=w QOv@ |rN=O C=R}yHD OQmrta |ovwoJ
QO =y|DWm pw] QO |R=Ov=Qovr |=Q@ =y|DWm u=}t R=}v OQwt |xrY=i pk=OL �

&OwW|t xDiQo Q_v
|Q}oQ=@ w x}rND u=tR COt QO =y|DWm |Q}owryB s=ovy QO xOW hrD u=tR �

"OwW|t xDiQo Q_v QO =y|DWm

O}rwD� l}DvS sD} Qwor= u}= Q=QmD O=OaD "CU= swRwtwQm Qy R= uS wO |iO=YD Z} waD
x}rw= C}atH OQwt QO |D=aq]= xvwoI}y w xOW xDiQo Q_v QO 1000 =@ Q@=Q@ �pUv

"CU= xOWv x�=Q= [4w3]u=W}= C=k}kLD QO |}=Qox@Nv w
hOy `@=D =@ w xDUw}B CQwY x@ Q=@ u}rw= |=Q@ =Q =yQ}owryBX}YND |xr�Ut s}r
|Q}owryB ZQi w u=tR Qy QO xrmU= |xOW xO=iDU= |=[i u} QDW}@ |R=Uxv}tm
Q}N= |xr�Ut u=Q=mty w u=wo [5]"OQm |UQQ@ QOv@ x@ uO}UQ ZLt x@ =y|DWm
|Ov@pwtQi xrmU= QO =y|DWm |xOW hQY u=tR pm |R=Uxv}tm hOy `@=D =@ =Q
|R} Qxt=vQ@ pOt l} CQwY x@ =Q xDUw}B X}YND |xr�Ut s}m w lQ=B [6]"OvOQm
QO Q}N-=D R= |W=v |=yxv} Ry |R=Uxv}tm hOy `@=D =@ '\rDNt K}LY |]NQ}e
VwQ R= w |Ov@pwtQi 'xv}y@ Q}e |=yC}akwt QO =y|DWm |Q}owryB w =y|DWm s=Ra=
pOt [8]uwt w s}m [7]"OvOQm xO=iDU= u; pL |=Q@ xOW |R=Ux}@W |R=U OQU w sQo
"OvOQm pL u=}O=QoQ} R VwQ =@ Qo}O Q=@ =Q [7]s}r w lQ=B C=k}kLD QO xOW x[Qa
X}YND |xr�Ut |=Q@ \rDNt K}LY |]NQ}e pOt l} u=Q=mty w |=t}= ,=Q}N=
x@ =y|DWm |Q}oQ=@ w x}rND u=tR COt pOt u}= QO [9]"Ov=xOQm x�=Q= xDUw}B Q}owryB
xOW xDiQo Q_v QO Q}owryB QO =y|DWmC}akwt R= |a@=D CQwY x@C@=F |Q=Okt |=H
u; QO xm Ov=xOQm O=yvW}B OwN pOt |=Q@ |Q=QmD pL VwQ l} u=v; 'u}vJty "CU=
xDUUo X}YND |xr�Ut l} ?}DQD u}O@ w s}UkD Q}owryB |O=OaD x@ xrmU= pw]
T=U= Q@ w pL [2]u=Q=mty w |=t}= VwQ =@ xr�Ut u}= 'TBU "OwW|t pY=L
"OwW|t K}LYD |Q=mD@= VwQ l} =@ |Oa@ Q=QmD |=Q@ =yQ}owryB pw] u; G}=Dv
R}J=v |r=wDt Q=QmD wO QO =yQ}owryB pw] Cw=iD xm|Dkw =D OwW|t Q=QmD pL VwQ
s}kDUt pL |=Q@ l}DvS sD} Qwor= Q@ |vD@t |WwQ |x�=Q= Q=DWwv u}= R= hOy "OwW

"CU= [9]u=Q=mty w |=t}= pOt
|[=} Q |Ov@pwtQi 'pw= VN@ %CU= xOW s}_vD Q} R KQW x@ Q=DWwv |xt=O=
&C=}�RH QO |O=yvW}B pL VwQ u=}@ 'swOVN@ &xDUw}B Q}owryBX}YND |xr�Ut
p}rLD w nQR@ w lJwm O=a@= =@ p=Ft wO |=Q@ pOt pL G}=Dv |x�=Q= 'swU VN@

"|Q}o xH}Dv '|}=yv VN@ w &G}=Dv

Q}owryB X}YND |xr�Ut |Ov@pwtQi
|Oa)@ wO |=[i l} CQwY x@ u=wD|t =Q xrmU= l} QO =y|DWm xOW p=eW= |=[i
|xrmU= l} QO |DWm 3 |=Q@ =Q |W}=tv u}vJ 1 pmW "O=O u=Wv u=mt w u=tR
CQwY x@ |DQ=mO C=YDNt QO |DWm Qy pmW u}= QO [8]"OyO|t u=Wv ZwQit
|DWm pw] =@ Q@=Q@ p}]DUt pw] xm|Qw] x@ 'CU= xOW xO=O V}=tv p}]DUt l}
QO xOW xO=iDU= |=yO=tv "OyO|t u=Wv =Q |Q}oQ=@ w x}rND u=tR COt u; `=iDQ= w

%R= OvDQ=@a xr�Ut |[=} Q pOt
&=y|DWm xQ=tW |xawtHt %i(= 1; :::; T ) 2 V

&i |DWm uO}UQ u=tR %Ai
&i |DWm pw] %Li

&xrmU= pw] %Q
&(Li=2 �Mi � Q�Li=2) i |DWm |Q}owryB C}akwt u} QDy@ xYDNt %Mi

&i |DWm |Q}oQ=@ w x}rND u=tR COt %Ci
&xrmU= QO i |DWm C}akwt %pi

&i |DWm |Q}oQ=@ w x}rND C=}rta ẁQW u=tR %tBi
&i |DWm |Q}oQ=@ w x}rND C=}rta p}tmD u=tR %tFi (= tBi + Ci)
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u}= QO xOW xO=iDU= l}DvS sD} Qwor= |=yQ=QmD O=OaD "OwW|t xO}t=v sD} Qwor= Q=QmD
"CU= xOW xDiQo Q_v QO 1500 Q=DWwv

x}rw= C}atH �hr=
C}ty= x}rw= |=yMU=B 'C}atH O=H}= l}DvS xrtH R= |Q=mD@= |=ysD} Qwor= |=Q@
xr�Ut pL CaQU V}=Ri= ?Hwt x}rw= |=yMU=B CUQO h} QaD =Q} R 'OQ=O |Y=N
R= |Q}owrH |=Q@ w Q=DWwv u}= Q_v OQwt |xr�Ut C}y=t x@ xHwD =@ "OW Oy=wN
=yswRwtwQm '=QH= u=tR V}=Ri= xH}DvQO w xOW O}rwD |=yswRwtwQm pw] uOW|vqw]
swRwtwQm l} h} QaD |ovwoJ "OvwW|t h} QaD K}LY O=Oa= R= |@}DQD CQwY x@
u}= QO xm Qw]u=ty "CU= xOW xO=O u=Wv 2 pmW QO |DWm T =12 |xr�Ut |=Q@
C}akwt Q}O=kt x@ swRwtwQm CU=Q |xt}v QO OwHwt |=yuS 'OwW|t xOy=Wt pmW
w x}rND C=}rta ẁQW u=tR x@ R}v u; AJ |xt}v QO OwHwt |=yuS w pi =y|DWm

"OvQ=O X=YDN= tBi =y|DWm |Q}oQ=@
xm CU= swRwtwQm 100 pt=W x}rw= pUv C}atH '|O=yvW}B pL VwQ QO
|xR=@ QO �CrwQ MQJ ?=NDv= Qorta R= xO=iDU= =@� |iO=YDQw]x@ =yv; R= l} Qy
=yMU=B u}= R= l} Qy |=Q@ 'u}vJty "OvwW|t O}rwD 10 w 7 '6 '5 |=yC}OwOLt
x}rND C=}rta p}tmD |=yu=tR '9 |x]@=Q R= Ci |Q}oQ=@ w x}rND |=yu=tR COt

"OvwW|t x@U=Lt 1 |x]@=Q R= Z hOy `@=D w 8 |x]@=Q R= tFi |Q}oQ=@ w

|oOvR=Q@ `@=D �?
|=yC}OwOLt 'xDU@=w |=yQ}eDt uOQw; CUO x@ w |iO=YD |=yMU=B O}rwD R= TB
|UQQ@ Ovvm|t xDm}O =Q u=mt w u=tR O=a@= QO =y|DWm l =QDW= sOa xm 4 w 3 '2
CQwY u}= Q}e QO w ,=t}kDUt Ovm jOY =yC}OwOLt u}= QO xm MU=B Qy "OvwW|t
xDiQ}PB u; x@ \w@ Qt Z hOy `@=D Q=Okt x@  |xt} QH l} uOW xi=[= R= TB
MU=B u; |oOvR=Q@ `@=D MU=B Qy x@ \w@ Qt |xt} QH w hOy `@=D ẁtHt "OW Oy=wN
|=yMU=B u=wD|t |oOvR=Q@ `@=D QO xt} QH VN@ ?U=vt h} QaD =@ "OwW|t xO}t=v

"OQm hPL xOv}; |=ypUv C}atH R= G} QOD x@ =Q Q}PB=vu=mt=
KQ]t u=tR w u=mt |DQ=mO |=[i QO X}YND |xr�Ut xmv}= x@ xHwD =@
lQDWt |=yCtUk CL=Ut R= |oOvR=Q@ `@=D QO xt} QH VN@ p=ta= |=Q@ 'OwW|t
|=Q@ ?r]t u}= Qov=}@ 12 |x]@=Q "OwW|t xO=iDU= u=mt w u=tR O=a@= QO =y|DWm

%CU= j w i ZwQit |DWm wO
ij = (Aij �Bij)0=5 (12)

%u; QO xm
Aij := Max

�
Li + Lj

2 � jpi � pj j ; 0
�
;

Bij := Max

 
Ci + Cj

2 �
����� tBi + tFi

2 � tBj + tFj
2

����� ; 0
!
;

Q=Okt R}v ij w OvDUy j w i |=y|DWm lQDWt |v=tR |xR=@ w pw] ?}DQD x@
QO Q}N= lQDWt C}tm wO ?Q[pY=L R= xm CU= |DWm wO u; l =QDW= |xt} QH

|[=} Q pOt �?
Q} R \rDNt K}LY |]NQ}e |R} Qxt=vQ@ pOt =@ xDUw}B Q}owryB X}YND |xr�Ut

[9]%OwW|t h} QaD

Min Z =
X

i2V
�
tFi �Ai

�
(1)

s:t: jpi � pj j �pij � Li + Lj
2 �pij 8i; j(6= i) 2 V; (2)����� tBi + tFi

2 � tBj + tFj
2

����� �tij � Ci + Cj
2 �tij 8i; j(6= i) 2 V; (3)

�pij + �tij � 1 8i; j(6= i) 2 V; (4)

pi � Li
2 � 0 8i 2 V; (5)

pi + Li
2 � Q 8i 2 V; (6)

tBi � Ai 8i 2 V; (7)

tFi = tBi + Ci 8i 2 V; (8)

Ci = CMi + jpi �Mij�i 8i 2 V; (9)

pi; tBi � 0 K}LY OOa w 8i 2 V; (10)

�pij ; �
t
ij 2 f0; 1g 8i; j(6= i) 2 V: (11)

p=ta= j w i |=y|DWm |=Q@ u=mt Oa)@ QO l =QDW= sOa C}OwOLt Qo = u; QO xm
sOa C}OwOLt Qo = w CU= QiY =@ Q@=Q@ CQwYu}= Q}e QO w l} =@ Q@=Q@ �pij 'OwW
Q}e QO w l}=@ Q@=Q@ �tij 'OwW p=ta= j w i |=y|DWm |=Q@ u=tR Oa)@ QO l =QDW=

"CU= QiY =@ Q@=Q@ CQwYu}=
xrmU= QO =y|DWm |xOW hQY |=yu=tR ẁtHt |xOvyO u=Wv 1 hOy `@=D
"OwW|t KQ]t =y|DWm GwQN w OwQw u}@ |v=tR |=yxrY=i `tH CQwY x@ xmCU=
QO l =QDW= sOa |=yC}OwOLt |xOvyOu=Wv ?}DQD x@ R}v 3 w 2 |=yC}OwOLt
?r]t u}= |xOvyO u=Wv 4 C}OwOLt "OvDUy =y|DWm |=Q@ u=mt w u=tR Oa)@
"OW=@ Q=QkQ@ u=tR =} w u=mt l =QDW= sOa |=yC}OwOLt R= |m} |DU}=@ xm CU=
|Q}owryB xrmU= pw] QO O}=@ |DWm Qy xmOvyO|t u=v}t]= 6 w 5 |=yC}OwOLt
QOv@ x@ uO}UQ u=tR R= Oa@ O}=@ =y|DWm xm Ovm|t ?=Ht R}v 7 C}OwOLt w Ovm

"Ovvm |Q}owryB

pL VwQ
OwHw xv=Qm w xN=W VwQ Ovv=t |irDNt |=yVwQ K}LY |]NQ}e p�=Ut pL |=Q@
"OvyO|t CUO R= =Q OwN |}=Q=m nQR@ O=a@= =@ p�=Ut |=Q@ =yVwQ u}= |rw 'OvQ=O
pL |=Q@ wHDUH |=ysD} Qwor= R= xO=iDU= |wQ |QDW}@ RmQtD ,=Q}N= 'p}rO u}= x@
CU= xDiQW}B |wHDUH sD} Qwor= l} 'l}DvS sD} Qwor= "CU=xOW p�=Ut ẁv u}=
|a}@] Ov};Qi T=U= Q@ w |v} wQ=O KrY= C}atH Q}FmD |xOa=k R= uDiQoxO}= =@ xm
QDy@ |=yMU=B pt=W |D}atH x@ =Q |rai pUv |=yMU=B pt=W |D}atH '|m}DvS
swRwtwQm Qy "OwW|t xO}t=v swRwtwQm l} MU=B Qy 'VwQ u}= QO "Ovm |t p}O@D
=} l} 'QiY OOa l} ?re= uS Qy w OwW|t h} QaD =yuS R= |}xDWQ CQwY x@
l} |rai C}atH R= |Oa@ pUv C}atH O}rwD Q=@ Qy 'xwqa x@ "CU= K}LY OOa
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CN=wvm} `} RwD |=Q=O |iO=YD OOa xU Qy� OvwW|t ?}mQD sy =@ Q} R CQwY x@

%�OvwW|t ZQi
child1 = [� parent1 + (1� �)parent2] + 1;
child2 = [� parent2 + (1� �)parent1] + 1;
child2 w child1 'QO=t w QOB |=yuS ?}DQD x@ parent2 w parent1 =yv; QO xm
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TBU w 'y 6 jxj 6 z � 1x=ov; 'OW=@ (y 6)z w y K}LY OOa wO |]N
swO w pw= u=OvRQi |=yuS Q}=U '|v=}t |=yuS O}rwD R= TB "�y 6 jxj+ 1 6 z
w 7 ' 6 ' 5 \@=wQ '?}DQD u}O@ "OvwW|t u}}aD QO=t w QOB |=yuS x@=Wt ?}DQD x@
'OwOLt |} wHDUH QO 'u=oOvU} wv "Ow@ Ovy=wN Q=QkQ@ O}OH |=yswRwtwQm |=Q@ 10

"OvDi=}v `H=Qt QO =Q Q}N= ?}mQD Qorta
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|=yQ}eDt x@ \w@ Qt Qo = w �0 5LiwQ� 0 5Li� |xR=@ QO K}LY |iO=YD OOa
QOkx@ OOa l} M xm '�AiwM � |xR=@ QO K}LY |iO=YD OOa l} OW=@ tBi
swRwtwQm Qy CQwY u}= QO "OwW|t uS u; |r@k Q=Okt u} Ro}=H 'CU= nQR@ |i=m

"OQm Oy=wN jOY 10 w 7 ' 6 ' 5 \}=QW QO O}OH
Q=DWwv u}= l}DvS sD} Qwor= R= Q=QmD Qy QO VyH Qorta p=ta= C=aiO O=OaD

"CU= |rai pUv C}atH OYQO9 Q@ dr=@

|}=Qox@Nv �y
wO =@ xOW O}rwD O}OH |=yswRwtwQm 'QN; Q=QmD RH x@ 'l}DvS sD} Qwor= Q=QmD Qy QO
Vy=m ?}DQD x@ p@k pUv C}atH |=yswRwtwQm x=Qty x@ VyH w ?}mQD Qorta
CUQyi |q=@ QO QDQ@ |=yswRwtwQm ?}DQD u}= x@ "OvwW|t xDWwv |oOvR=Q@ `@=D
R= 'swRwtwQm 100 |va} 'x}rw= C}atH |xR=Ov= x@ |D}atH x=ov; "OvQ}o|t Q=Qk

"OvwW|t ?=NDv= |Oa@ pUv C}atH |xrRvt x@ QDQ@ |=yswRwtwQm
|xt} QH u} QDtm =@ |=yswRwtwQm |xawtHt =OD@= 'sD} Qwor= Q=QmD u} QN; R= TB
u=}t R= �|oOvR=Q@ `@=D swO CtUk |va}� P ij

�P
max
ij |Q}PB=vu=mt=

"OwW|t u}}aD p@k pUv |=yswRwtwQm w Q=QmD u; QO xOW O}rwD |=yswRwtwQm
CU= |@=} RQ= `@=D Q=Okt u} QDW}@ |=Q=O xm Q}N= |xawtHt R= swRwtwQm l} 'TBU

Q@ 12 |x]@=Q QO 0 5 u=wD R= xO=iDU= "O};|t CUOx@ u=tR w u=mt |DQ=mO |=[i
|v=tR MU=B l} umtt |=]N |xv}W}@ "CU= hrDNt |=y=QH= R= x@ QHD T=U=

%=} OvQ}o Q=Qk sy |wQ |DWm wO xm OyO|t MQ
max
ij =

�
A0ij �B0ij�0=5 ; (13)

%u; QO xm
A0ij := Li + Lj

2 ;

B0ij := Ci + Cj
2 ;

|xt} QH max
ij w &j w i |=y|DWm lQDWt |v=tR |xR=@ w pw] |xv}W}@ ?}DQD x@

"CU= |DWm wO u; l =QDW= |xv}W}@
|xR=@ QO 13 |x]@=Q Q@ 12 |x]@=Q s}UkD =@ u=wD|t =Q ij |xt} QH Q=Okt
tFi �Ai � Ci %s} Q=O 8 w 7\@=wQ R= 'i|DWm Qy|=Q@ '|iQ] R= "OQmT=}kt �1w0�
|x]@=Q |v} Ro}=H "tFi � Ai � CMi %Ovm|t u}t[D 9 |x]@=Q x@ xHwD =@ xm
%CWwv u=wD|t xH}DvQO w Z �Pi2V CMi %OyO|t xH}Dv 1 |x]@=Q QO Q}N=

�Z =

 
Z �X

i2V
CMi

!�X
i2V

CMi � 0

�0 w +1� |xR=@ QO w QDs}qt|rwZ C=Q}}eD =@CyH sy �Z C=Q}}eD xmCU=K[=w
1>1/exp(x)�0 xm |}=tv `@=D C}YwYN u}= R= xO=iDU= =@ "OQ}o|t CQwY
|xR=@ QO 1= exp( �Z) CQwY x@ u=wD|t R}v =Q Z hOy `@=D '0 6 x Qy |=Q@
Q} R CQwY x@ Q=DWwv u}= |O=yvW}B |oOvR=Q@ `@=D 'T=U= u}= Q@ "OQm T=}kt �0w1�

%OwW|t h} QaD

Fitness =

 
exp

 
(Z �X

i2V
CMi)

�X
i2V

CMi

!!�1
�0@ X

i; j ( 6=i)2V
ij
� X

i; j ( 6=i)2V
max
ij

1A :

xm CU= xOW p}mWD CtUk wO R= xOW O}rwD MU=B Qy |=Q@ q=@ |oOvR=Q@ `@=D
|Q}PB=vu=mt= |xt} QH =@ Q_=vDt swO CtUk w hOy `@=D Q=Okt =@ Q_=vDt pw= CtUk
hOy `@=D Vy=m =@ xm OwW|t ?Hwt |oOvR=Q@ `@=D pw= CtUk "CU= MU=B u;
u=R}t V}=Ri= =@ xm OwW|t ?Hwt R}v swO CtUk w O@=} V}=Ri= |@=} RQ= `@=D Q=Okt
|oOvR=Q@ `@=D Q=Okt R= 'u=tR w u=mt O=a@= QO l =QDW= sOa |=yC}OwOLt R= h=QLv=
T=}kt �0w1� w �0w1� |=yxR=@ QO ?}DQD x@ CtUk wO u}= xm =Hv; R= "OwW xDU=m
'u=oOvU} wv Vv=O Q@ =v@ "Ow@ Oy=wN ��1w1� |xR=@ QO |@=} RQ= `@=D C=Q}}eD 'Ov=xOW

"OwW|t ?wULt Q=DWwv u}= |rY= |Qw;wv 14 |oOvR=Q@ `@=D

?}mQD Qorta �G
O}rwD |=Q@ l}DvS sD} Qwor= QO xO=iDU= OQwt |=yQorta R= |m} ?}mQD Qorta
'Qorta u}= p=ta= Q=@ Qy QO "CU= |rai pUv |=yMU=B |wQ R= Oa@ pUv |=yMU=B
=@ w ?=NDv= |iO=YDQw] x@ �QO=t w QOB� |rai pUv |=yswRwtwQm R= CiH l}
"OwW|t O}rwD �swO w pw= u=OvRQi� O}OH swRwtwQm CiH l} =yv; |iO=YD ?}mQD
CU= CQwY u}O@ Q=DWwv u}= pL VwQ QO QO=t w QOB |=yswRwtwQm ?}mQD |xwLv
wO u=wva x@ '�0w2T � |xR=@ QO K}LY |iO=YD OOa wO C}OwOLt uwO@ O}rwD =@ xm
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5 583 150 6 : 00 : 00 1
7 1167 200 6 : 30 : 00 2
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5 1750 150 12 : 00 : 00 13
7 2333 200 12 : 30 : 00 14
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x@ hOy `@=wD |@Uv w jr]t |=yhqDN= 1 pwOH 'u}vJty "OQw; CUOx@ �RwQ QO
x_Lqt pwOH u}= QO xm Qw]u=ty "OyO|t u=Wv =Q Q}N= VwQ wO R= xOt; CUO
OYQO 0 5 R= QDtm Q}N= VwQ wO QO hOy `@=wD |@Uv hqDN= QFm =OL 'OwW|t

"CU=
=@ Q@=Q@ w C@=F |v=tR pY=wi =@ RwQ QO |DWm 30 O=OaD 'nQR@ O=a@= =@ p=Ft QO
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|}xv=}=Q |xt=vQ@ l} CQwY x@ pL VwQ u}= "OwW|t x�=Q= nQR@ O=a@= =@ p=Ft l} w
CaQU =@ PENTIUM IV l} QO w xDWwv MATLAB[10]Q=Ri= sQv \}Lt QO
|=Q=O xOW x�=Q= |=yMU=B |xty xm CU= sRq QmPD u}= "OwW|t =QH=2 8GHz

"OvDUy QiY Q@=Q@ |Q}PB=vu=mt= |xt} QH
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'QDt 250 w 200 '150 ?}DQD x@ |DWm xU u}= |=ypw] "OvwW|t XNWt
QO =yv; |Q}owryB C}akwt u} QDy@ '8 w 7 ' 6 C=a=U ?}DQD x@ =yv; OwQw |=yu=tR
|Q}oQ=@ w x}rND |=yu=tR COt u} QDy@ w xrmU= pw] 0 75 w 0 05 '0 25 pY=wi
`@=D Q}O=kt "OvDUy Ca=U 9 w 7 ' 5 ?}DQD x@ �|Q}owryB C}akwt u} QDy@ QO� =yv;
R= pY=L �Ca=U ?UL Q@ xrmU= QO =y|DWm |xOW hQY u=tR pm � Z hOy
900 =D 250 |xOwOLt QO hrDNt |xrmU= pw] 14 O=OaD |=Q@ l}DvS sD} Qwor=
uO}UQ QO |O=yvW}B VwQ C}r@=k uO=O u=Wv |=Q@ "Ov=xOW xOQw; 1 pwOH QO QDt
LINGO[11] wov}r Q=Ri= sQv R= xOt; CUOx@ hOy `@=wD 'xr�Ut |xv}y@ MU=B x@
xN=W |R=Uxv}y@ VwQ R= |Q}oxQy@ =@ wov}r Q=Ri= sQv "Ov=xOW xOQw; 1 pwOH QO R}v
|DWm 5 QFm =OL� u; lJwm O=a@= |=Q@ =Q xr�Ut |xv}y@ MU=B CU= QO=k xv=Qm w

"|DWm 3 |xr�Ut |=Q@ wov}r w l}DvS G}=Dv "1 pwOH

xrmU= pw] �Ca=U� hOy `@=D hOy `@=D hqDN= `@=D hqDN= OYQO

�QDt� wov}r l}DvS �l}DvS�wov}r� wov}r��wov}r hOy
100��l}DvS�

250 35 5000 35 5083 0 0083 0 02
300 35 2500 35 2500 0 0000 0 00
350 28 0000 28 0083 0 0083 0 03
400 27 7500 27 8500 0 1000 0 36
450 25 2493 25 2544 0 0051 0 02
500 25 5000 25 5000 0 0000 0 00
550 25 1598 25 1644 0 0046 0 02
600 21 7500 21 7500 0 0000 0 00
650 21 5000 21 5000 0 0000 0 00
700 21 2500 21 2500 0 0000 0 00
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850 21 0650 21 0650 0 0000 0 00
900 21 0000 21 0000 0 0000 0 00
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V}=Ri= xm CU= |y}O@ "OvyO V}=Ri= xrmU= |xaUwD w CN=U |=yxv} Ry hQY
|xS} w |=yxv} Ry l} Qy '|Q}oQ=@ w x}rND C=R}yHD |QwxQy@ V}=Ri= w xrmU= pw]
xiQY x@ uwQkt hOy `@=D Vy=m |=Q@ =yVwQ u}=R= l}s=Om xm u}= "OvQ=O =Q OwN

"xrmU= pw] p@=kt QO |DWm 30 |xr�Ut hOy `@=D C=Q}}eD "3 pmW

"�V}=Ri= p@=kt QO |DWm 30 |xr�Ut hOy `@=D C=Q}}eD "4 pmW

|=Q@ |O=yvW}B l}DvS sD} Qwor= =@ =Q Q}N= |xr�Ut pL G}=Dv 3 pwOH "Ov=xOW
u}= "OyO|t u=Wv QDt 3500 |xrmU= pw] w �i |DWm Qy |=Q@� � = 0 005
'|Q}oQ=@ w x}rND C=}rta ẁQW u=tR '|Q}oQ=@ w x}rND u=tR COt pt=W =y|HwQN

"OvDUy |DWm Qy |Q}owryB C}akwt |xYDNt w
|DWm 30 |xr�Ut |=Q@ xrmU= pw] p@=kt QO =Q hOy `@=D C=Q}}eD 3 pmW
Q=Okt 'OwW|t x_Lqt pmW u}= QO xm Qw]u=ty "OyO|t u=Wv � = 0 005 =@
pY=iOL QO "CU= Ca=U 398 4 OwOL QDt 250 |xrmU= pw] |=Q@ hOy `@=D
xm |Qw] x@ CU= Q}osWJ ,qt=m hOy `@=D C=Q}}eD QDt 3500 =D 2500 |=ypw]
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584 6 : 01 : 00 5 005 1
1267 6 : 32 : 00 7 500 2
1543 7 : 02 : 00 10 035 3
2227 7 : 34 : 00 5 530 4
2916 8 : 04 : 00 7 005 5
379 8 : 32 : 00 10 020 6
179 9 : 01 : 00 9 940 7
1776 9 : 34 : 00 7 130 8
2434 10 : 00 : 00 9 505 9
3381 10 : 31 : 00 7 320 10
770 11 : 00 : 00 7 935 11
1042 11 : 30 : 00 9 625 12
1964 12 : 02 : 00 6 070 13
2672 12 : 31 : 00 8 695 14
2973 15 : 06 : 00 9 280 15
589 13 : 31 : 00 5 030 16
1269 14 : 04 : 00 7 510 17
1733 24 : 11 : 00 9 085 18
2234 15 : 02 : 00 5 495 19
3201 15 : 34 : 00 8 420 20
389 18 : 34 : 00 9 970 21
1454 17 : 08 : 00 6 435 22
1757 17 : 07 : 00 7 035 23
2443 19 : 32 : 00 9 550 24
3381 18 : 01 : 00 7 320 25
615 18 : 58 : 00 7 160 26
1166 21 : 38 : 00 9 005 27
1935 19 : 30 : 00 5 925 28
2210 20 : 34 : 00 7 615 29
2717 21 : 13 : 00 10 000 30
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