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|oDN}Uo K]U p}mWD s=ovy xm OwW|t Qw;O=} xD@r= "OwW|t x@U=Lt |OOa
|@Uv CaQU Q=OQ@ |=Q@ sRq \}=QW xQ=wty '�s=ox@s=o CQwYx@� lwr@ wO Qy u=}t

"OwW|t pQDvm lwr@ wO u}@
|tU}v=mtZQi =@ '?mQt|Q=PoQ=@ QF=CLD |Q=wv |=y|B |Q@ Q=@C}iQ_u}}aD
"CU= Q}PBu=mt= =RHt |r=kDv= w |v=QwO |=yCmQL |=Q=O lwr@ xU R= pmWDt
sD} Qwor= w q=@ RQt |OL p}rLD |x} Q_v Q@ |vD@t |}xt=vQ@ j}kLD u}= QO Qw_vtu}O@
p}mWD %CU= xOW u} wOD |rY= VN@ xU QO xt=vQ@ u}= "CU= xOW x}yD |O=yvW}B
w '|[Qi sU}v=mt Qy =@ Q_=vDt |OL |Q@ Q=@ C}iQ_ u}}aD '|oDN}Uo sU}v=mt

%u}=Q@=v@
EF = (r1Sin��)tg(�+ �� � �=2) (5)

Q@ D |x]kv QO ED \N xQ=B 'Ovm|t p}t QiY CtU x@ �� xm |OL Cr=L QO
\NxQ=B u}vJty "OR=U|t � |x} w=R V1 Q=OQ@ =@ w CU= T=tt |oDN}Uo K]U

%CWwv u=wD|t ?}DQDu}O@ "Ovm|t p}t dr CtU x@ EF

�1 = �1 + � (6)

dr = (r1d�)tg(�1 + �� �=2) (7)

"O}; CUO x@ xr�Ut |=yQDt=Q=B T=U=Q@ O}=@ w CU= pwyHt �1 |x} w=R u; QO xm
Q=OQ@ u=}t |x} w=R w xOW ?=NDv= |oDN}Uo K]U |wQ x=wNrO |}x]kv Qw_vtu}O@
ZQi  Q@=Q@ �G3 pmW� x]kv u}= QO V Ov}=Q@ CaQU Q=OQ@ w r! |v=QwO CaQU

%OwW|t
 = �/2� � (8)

~V0 ^ ~r! = �V � � (9)

Sin = (V0=V )Sin j�V � �j (10)

%xH}Dv QO
� = ArcCos[(V0=V )Sin j�V � �j] (11)

xm
V =

q
V 20 + (r!)2 + 2r!V0Cos(�V � �) (12)

CUO x@ Q_v OQwt K]U x@ \w@ Qt p}Uv=Qi}O |xrO=at 'jwi \@=wQ R= xO=iDU= =@
%O};|t

dr
r

= tg[(�� �=2) + ']:d� (13)

%u; QO xm
� = ArcCos

�
V0p

V 20 + (r!)2 + 2r!V0Cos(�V � �)
�Sin(�V � �)

�
(14)

w |r}rLD CQwYx@ u; K} QY pL u=mt= 'pY=L |xrO=at |oO}J}B x@ xHwD =@
xO=iDU= j}kLD u}= QO u; pL Qw_vtx@ w 'OQ=Ov OwHw Q_v OQwt K]U |xrO=at u}}aD
CaQU� |v=QwO sU}v=mt X=N Cr=L QO "O@=}|t CQwQ[ |OOa |=yVwQ R=

%s} Q=O �V0 = 0 'QiY =@ Q@=Q@ |r=kDv=
dr
r

= tg('):d� (15)

r = r0 � e�:tg(') (16)

Qo = 'X=N Cr=LQo}O QO "CU= I}B Q=t nwr hwQat K]U |xrO=at 16 |x]@=Q
'OwW ZQi �! = 0� QiY |v=QwO CaQU w �V0� |r=kDv= CaQU |=Q=O sU}v=mt
Q=OQ@ =@ xm CU= |wDUt |L]U |xrO=at 'x]@=Q u}= "O};|t CUO x@ 17 |x]@=Q

"OR=U|t � |x} w=R V0 |r=kDv= CaQU
r = c0/Cos(� � �V + �) (17)
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"OwW|t x@U=Lt 'QwmPt |vLvt wO `]=kD pLt |va}
CQwY pw= lwr@ =@ x@=Wt R}v lwr@ u}= |xUOvy u}}aD "swO lwr@ p}mWD �?
T=U=Q@ w xOW ẁQW E |x]kv R= �EF |vLvt� lwr@ u}= hm |vLvt "OQ}o|t
R}v 3 w 2 |=ylwr@ u=}t RQt |vLvt u=tRsy "OwW|t u}}aD lwr@ u}= |=yQ}eDt
Q}eDt R}v w 3 w 2 |=ylwr@ |=yQ}eDt T=U= Q@ w '24 =D 18 \@=wQ R= xO=iDU= =@
XNWt �F x]kv� QwmPt |vLvt wO `]=kD pLt ?}DQDu}O@ "OwW|t u}}aD b

"OwW|t
x@ xHwD =@ R}v �FG |vLvt� lwr@ u}= hm |xUOvy "swU lwr@ p}mWD �G
�G |x]kv� |v=wQ}W K]U =@ `]=kD pLt =D F |x]kv R= lwr@ u}= |=yQ}eDt

"O};|t CUO x@

|[Qi |oDN}Uo sU}v=mt =@ Q_=vDt |Q@ Q=@ C}iQ_ "6
|=ywQ}v u=wD |x@U=Lt 'q=@ RQt VwQ QO |B Q@ OQ=w �Qu� |OL Q=@ u}}aD |=Q@
CaQU |oDUw}B=v u=O}t x@ xHwD =@� |oDN}Uo |x_Lr QO |HQ=N w |rN=O
|wQ l =N |WQ@ Ctw=kt R= |W=v |rN=O |=ywQ}v u=wD "O@=}|t CQwQ[ �|[Qi
25 |x]@=Q R= xO=iDU= =@ �|v=}t Kw]U w =ylwr@ hm Kw]U� |oDN}Uo Kw]U

%CU= x@U=Lt p@=k

Ui = Cos':

" 3X
i=1

Z
cs(Vi)sds+

2X
j=1

Z
cs(Vj;j+1)sds

#
(25)

Q=Okt (Vi)s 's=s K]U <RH =@ Q_=vDt jta QO l =N|oOv@UJ?} Q[ cs u; QO xm
(Vj;j+1)s w K]U <RH ds 's=i lwr@ hm K]U Q@ `k=w s=s K]U <RH CaQU
j |=ylwr@ lQDWt K]U QO `k=w s=s K]U <RH x@ \w@ Qt |@Uv CaQU Q=Okt

"CU= s=j + 1 w
|v=wQ}W Q@ `k=w |B Q@ OQ=w |wQ}v w l =N uRw pt=W R}v |HQ=N |=ywQ}v
R= xO=iDU= =@ |B *|OL Q=@ u=wD w '26 |x]@=Q R= xO=iDU= =@ uRw |wQ}v u=wD "OvDUy

"OwW|t u}}aD 27 |x]@=Q

Uw =
3X
i=1

Z
v(Vvi)vdv (26)

UQ = Q:f!1[(y01 + a+B=2 + e):Cos�+ x01Sin�]

+V01[Cos�V 1Cos�+ Sin�V 1Sin�]g (27)

w s=v sHL <RH =@ Q_=vDt jta QO l =N XwYNt uRw v 'xOWO=} \@=wQ QO
|=yQDt=Q=B Q}=U "CU= s=ilwr@ QO `k=w s=v sHL <RHCaQU s�=k |xir-wt (Vvi)v

"Ov=xOW xO=O u=Wv 4 pmW QO jwi \@=wQ QO xO=iDU= OQwt
'|HQ=N w |rN=O |=ywQ}v u=wD |w=UD pY= w 27 =D 25 \@=wQ R= xO=iDU= =@

"�28 |x]@=Q� OwW|t x@U=Lt |[Qi |oDN}Uo sU}v=mt =@ Q_=vDt |OL Q=@

Ui = UW + UQ (28)

|mwr@xU sU}v=mt Kw]U |xrO=at u}}aD QO xO=iDU= OQwt |=yQDt=Q=B "4 pmW
"|r=kDv= w |v=QwO CmQL |=Q=O

u} QDh}a[ =@ Q_=vDt xv}tm |Q@ Q=@ C}iQ_ x@ |@=}CUO |=Q@ sU}v=mt |R=Uxv}y@
"|oDN}Uo sU}v=mt

|[Qi |oDN}Uo sU}v=mt p}mWD "5
p}mWD 4 pmW QO xOW xO=O u=Wv |=yQ}eDt Q=Okt ZQi =@ |oDN}Uo sU}v=mt
'y01'x02'y02'x03'y03� =ylwr@ u=QwO Rm =Qt C=YDNt pt=W =yQ}eDt u}= "OwW|t
'V01'�V 1'!2'V02'!3'V03'�V 3�lwr@ Qy =@ Q_=vDt|r=kDv= w|v=QwO|=yCaQU'�x01
hrDNt pL=Qt "OvDUy �b� swU w swO |=ylwr@ u=}t RQt ẁQW |x]kv w '�!1

%R= CU= CQ=@a '?4 pmW x@ xHwD =@ '|oDN}Uo sU}v=mt p}mWD
|=yx]@=Q T=U=Q@ �DE |vLvt� lwr@ u}= hm |xUOvy "pw= lwr@ p}mWD �hr=
"OwW|t u}}aD �lwr@ u}= |=yQ}eDt T=U=Q@� D |x]kv R= ẁQW =@ '14 w 13
R}v 2 xQ=tW lwr@ w lwr@ u}= lQDWt pYi Q@ `k=w \=kv C=YDNt u=tRsy
|=yQ}eDt T=U=Q@� C |x]kv R= ẁQW =@ '24 =D 18 |=yx]@=Q R= xO=iDU= =@
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CU= xDW=O |QDQ@ |} wOwO VwQ Q@ QwmPt VwQ R= xO=iDU= Q[=L j}kLD QO p}rO
|xOwOLt =@ |}=yxR=@ |DL QD`}Uw |wHwCUH |=yxvt=O R= xO=iDU= "1 %xrtH R=
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OR=U|t umtt =Q xR=@ u}= QO `@=D uOw@|H} QOD C}Y=N R= xO=iDU= |a}@] O=Oa=
OR=U|t Ovtv=wD |rLt CQwYx@ =yQ}eDt |R=Uxv}y@ QO =Q sD} Qwor= j} Q] u}= R= w
CU= l}ORv p�=Ut ?re= |a}@] |Ov@pwtQi x@ "3 "CU= xS} w |R=}Dt= u}= xm ��
QO "OQ=Ov |R=}v l}DvS sD} Qwor= VwQ QO pwtat |}=WoRtQ w |Q=PoOm pL=Qt x@ w
|k}kL O=Oa= R= |w[a16 |}xawtHt 'xr�Ut \}=QW x@ xHwD =@ 'Q[=L j}kLD

"Ov=xOW xDiQo Q_v QO �swRwtwQm � Q=OQ@ l} CQwYx@
x}rw= C}atH O=H}= "2"1"7

=y?=wH R= |}x}rw= C}atH O}=@ '�pUv O}rwD� =y?=wH |@=}xv}y@ R=e; R= p@k
Qy QO =[a= O=OaD 'xOWs=Hv= |=yp}rLD QO "OW=@ xDW=O OwHw �pw= pUv�
x@ xHwD =@ x}rw= C}atH O}rwD "CU= xOW xDiQo Q_v QO 24 =D 18 *Q@=Q@ pUv
hrDNt |=yxR=@ QO |iO=YD CQwYx@ 'u; OQ@ Q=m xR=@ w Q}eDt Qy |=yC}OwOLt

"OQ}o|t CQwY
hOy `@=D T=U=Q@ =y?=wH |@=} RQ= "3"1"7

=@ Q_=vDt hOy `@=D Q=Okt x@ xHwD =@ =yQ}eDt |xawtHt =} swRwtwQm Qy VRQ=
?=wH u} QDlJwm uDi=} '|@=}xv}y@ R= hOy j}kLD u}= QO "OwW|t |@=} RQ= u;
VwQ x@ |@=}xv}y@ G}=Q p�=Ut QO xm =Hv; R= =t= "CU= �|Q@ Q=@ C}iQ_� q=@ RQt
R}v Q[=L j}kLD QO 'CU= `@=D l} |xv}W}@ Q=Okt u}}aD hOy 'l}DvS sD} Qwor=
QO xm CU= QmP u=}=W "CU= xOW xDiQo Q_v QO |Q@ Q=@ C}iQ_ Twmat 'hOy `@=D
|=yQ}eDt R= l} Qy xJv=vJ w xOW pQDvm xr�Ut X=N |=yC}OwOLt xrLQt u}=
hOy `@=D Q=Okt 'OvW=@ xDW=Ov =Q Q_v OQwt \}=QW |@=NDv= swRwtwQm x@ \w@ Qt
QO u; hPL p=tDL= w OwW|t ?=NDv= QiY x@ l}ORv swRwtwQm u}= =@ Q_=vDt
xt} QH xDU}=W Q}e |=yswRwtwQm Qo}O CQ=@ax@ "O@=}|t V}=Ri= |Oa@ |=ypUv

"OvwW|t
|R=Uxv}y@ C}=im Q=}at "4"1"7

C}=im '|Oa@ pUv O}rwD xNQJ x@ OwQw R= p@k w =y?=wH |oDU}=W |@=} RQ= R= TB
sOa CQwYQO w OwW|t pQDvm xOW xDiQo Q_v QO Q=}at x@ xHwD =@ |R=Uxv}y@
QO xOW u} wOD |xt=vQ@ QO "O@=}|t xt=O= |@=}xv}y@ Ov}=Qi 'Q_v OQwt \}=QW |=[Q=

|v=QL@ |oDN}Uo sU}v=mt u}}aD "7
|Q@ Q=@ C}iQ_ xH}Dv QO w |O=yvW}B |oDN}Uo sU}v=mt pmW 'OW xQ=W= xm u=vJ
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"OwW|t xQ=W= xO=iDU= OQwt |=yVwQ |rm

l}DvS sD} Qwor= "1"7
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=@ 'OwW Ci=} swRwtwQm u}= h=Q]= QO QDsm |Q@ Q=@ C}iQ_ =@ Q_=vDt |WRer K]U

"OwW|t pY=L C}@ wr]t Q=Okt QO |a[wt Ow@y@ w OwW|t =H@=H u;
OQ}o|t CQwY |}=yxt=vQ@ Q} R ?}mQD R= xO=iDU= =@ xrLQt Qy QO |rLt V} wB
� QDt=Q=B |x}rw= Q=Okt xm ZQi u}= =@ "OvQ}eDt l} |R=Uxv}y@ XDNt l} Qy xm
Q=@l} Q}eDt |x}rw= Q=Okt R= '\@DQt |xt=vQ@ Q} R R= xO=iDU= =@ R}v w OW=@ 0 64 Q@=Q@
*Cr=L xU u=}t R= QDy@ ?=wH &OwW|t xi=[= u; x@ Q=@l} w xDU=m � |xR=Ov=x@
Q=QmD ,=OOHt xrLQt u}= '?=wH |@Uv *Ow@y@ CQwYQO "OwW|t ?=NDv= |UQQ@ OQwt
Q=QmD =]N w |aU w '���=2� hYv � Q=Okt CQwYu}= Q}e QO w OwW|t
'=Pr "OW=@ \@DQt =yQ}eDt Qo}O =@ CU= umtt Q}eDt Qy |R=Uxv}y@ xD@r= "OwW|t
xO=iDU= |@}mQD pmWx@ w u=tRsy CQwYx@ xOWO=} |=yxt=vQ@ Q} R R= |OQ=wt QO

"OwW|t

xO=iDU= OQwt l}DvS sD} Qwor= |}=Q=m |UQQ@ "3"7
|=yQDt=Q=B |NQ@ |=Q@ ?U=vt Q}O=kt ?=NDv= w sD} Qwor= u}= |}=Q=m |UQQ@ Qw_vtx@
pUv Qy QO ?U=vt C}atH O=OaD w sRq |=ypUv O}rwD O=OaD p}@k R= '\@DQt
|QDt=Q=B |=yp}rLD '|Q@ Q=@ C}iQ_ p�=Ut R= |}=yxvwtv uDiQo Q_v QO =@ '�Np�
l}U}@ p=wS} w \}Lt QO xOWu} wOD Q=Ri=sQv R= xO=iDU= =@ =yp}rLD u}= "OW s=Hv=
|@=}xv}y@ OvwQ Q@ �Np� pUv Qy C}atH u=R}t Q}F-=D 6 pmW QO "Ov=xDiQo CQwY
u=Wv |Q@ Q=@ C}iQ_ u}}aD |xvwtv |xr�Ut |=Q@ xv}y@ ?=wH x@ uO}UQ CaQU w
?=wH x@ uO}UQ OvwQ QO Np QDt=Q=B V}=Ri= =@ xm OwW|t x_Lqt "CU= xOW xO=O

w xOW h} QaD xt=vQ@ |OwQw u=wvax@ xOvwWO=H}= |=ypUv u} QDW}@ 'Q[=L j}kLD
uOWxv}y@ 'pFt O}rwD |xNQJ Qy ẁQW R= p@k 'pw= pUv 50 O}rwD R= TB |xt=vQ@
|=yp}rLD x@ xHwD =@ "Ovm|t pQDvm |r@k pUv 50 |=y?=wH x@ C@Uv =Q =y?=wH
OvwQ 'OW=@ xDW=Ov |Ow@y@ |r@k pUv 50 x@ C@Uv xv}y@ ?=wH xJv=vJ 'xOWs=Hv=
Q_v QO pUv 200 O=OaD x@ xOWO=H}= |=ypUv xv}W}@ "OwW|t hkwDt |R=Uxv}y@

"CU= xOW xDiQo
?=NDv= "5"1"7

|=yswRwtwQm|oDU}=W w VRQ= x@ xHwD =@ 'pFt O}rwD |xNQJ |xt=O= swRr CQwYQO
?=NDv= u}Or=w u=wvax@ QDQ@ |=yswRwtwQm '|Dq=tDL= u}v=wk ltmx@ w |r@k pUv
=Q O}OH pUv R= |WN@ 'VyH w ?}mQD |=yQorta |] 'Oa@ |xrLQt QO w xOW
xU}=kt QO ?=wH Qy =@ Q_=vDt hOy `@=D Q=Okt x@ xHwD =@ O}=@ =OD@= "Ovvm|t O}rwD
"OwW x@U=Lt u; ?=NDv= p=tDL= w XNWt ?=wH u; |oOvR=Q@ '=y?=wH Q}=U =@
QDt=Q=B x@ u=wD|t xrtH R= xm OvQ}o|t Q=Qk xO=iDU= OQwt |irDNt h} Q=aD Qw_vtu}O@
QDnQR@ Q=Okt ?=NDv= =@ w xOw@ 1 R= QDnQR@ xQ=wty QDt=Q=B u}= Q=Okt "OQm xQ=W= SP

QO "Ow@ Oy=wN QDW}@ 'QDy@ hOy `@=D =@ Q_=vDt |=y?=wH ?=NDv= p=tDL= u; |=Q@
u}}aD Qw_vtx@ "CU= xOW xDiQo Q_v QO 1 9 =@ Q@=Q@ QDt=Q=B u}= Q=Okt Q[=L j}kLD
xO=iDU= |]N Q}e w |]N VwQ wO x@ =y?=wH |Ov@x@DQ R= ,=@r=e =y?=wHC}@ wr]t
=y?=wH =OD@= �Q[=L j}kLD QO xO=iDU= OQwt� |]N |Ov@x@DQ VwQ QO "OwW|t
?=wH Qy C}akwt w xOW ?DQt �|OwaY ?}DQDx@� hOy `@=D jr]t Q=Okt ?ULQ@
CQ=@ax@ "OwW|t ZQi �pUv Qy C}atH� Np =D 1 u}@ |a}@] |OOa CQwYx@
Qy |oOvR=Q@ TBU "Ow@ Oy=wN Np ?=wH u} QDy@ =@ Q_=vDt �Pos� C}akwt 'Qo}O

%OwW|t x@U=Lt 29 |x]@=Q R= xO=iDU= =@ ?=wH
Fitness(Pos) = 2� SP + 2(SP � 1)Pos� 1

Np� 1 (29)

%=@ Ow@ Oy=wN Q@=Q@ ?=wH Qy ?=NDv= p=tDL= |DQ=@ax@ w '|@Uv C}@ wr]t

Pr ob(Pos) = Fitness(Pos)PNp
j=1 Fitness(j)

(30)

R= |O=OaD ?=NDv= |=Q@ 9u=OQo MQJ VwQ R= '?=wH Qy ?=NDv= p=tDL= u}}aD =@
Q[=L swRwtwQm =} ?=wH Qy VwQ u}= QO "CU= xOW xO=iDU= u}Or=w u=wvax@ <=[a=
=y`=]k u}= CL=Ut xD@r= "OyO|t p}mWD =Q u=OQo MQJ R= |a=]k 'C}atH QO

"CU= ?=wH ?=NDv= p=tDL= =@ Q_=vDt
G} wRD =} ?}mQD "6"1"7

C}@ wr]t =@ |=yswRwtwQm 'O}OH pUv QO xDi=}Ow@y@ |=yswRwtwQm O=H}= Qw_vtx@
=yv; ?}mQD R= w xOW ZQi u}Or=w u=wvax@ Ov=xOW ?=NDv= |r@k s=o QO xm QDW}@
|=yVwQ 'xO=iDU= OQwt |Q=PoOm ẁv x@ xHwD =@ "OvwW|t OrwDt O}OH |=yswRwtwQm
|} wOwO =} w |a}@] |Q=PoOm =@ |=ysD} Qwor= QO =yswRwtwQm ?}mQD |=Q@ |irDNt
R= '|a}@] |Q=PoOm sDU}U ?=NDv= x@ xHwD =@ 'Q[=L j}kLD QO "CU= xOW |iQat
P1� u}Or=w ?=NDv= R= TB VwQ u}= QO "CU= xOW xO=iDU=10x]U=w ?}mQD VwQ
O}OH swRwtwQm QO Q_=vDt uS x@ 31 |x]@=Q j@] w =yuS |]N ?}mQD R= '�P2 w

%s}@=}|t CUO

V arnewi = V arP 1
i � ai + V arP 2

i � (1� ai);
i 2 f1; 2; :::; 16g (31)
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|}xt=vQ@ u} wOD =@ 'I}B Q=t nwr K]U |=Q=O |v=QwO sU}v=mt |=Q@ pY=L G}=Dv
xOt; CUO x@ j}kLD u}ty u=} QH QO w q=@ RQt |OL p}rLD VwQ Q@ |vD@t xO=U

"CU=

p}=t |QwLt Q=@ QF= CLD |B "2"8
|vD@t xm [10]u=Q=mty w G=}H \UwD xOW x�=Q= G}=Dv =@ pY=L G}=Dv VN@ u}= QO
xO=iDU= =@ u=W}= xm CU= QmP x@ sRq "OwW|t xU}=kt CU= |OL p}rLD VwQ Q@
u}}=B w q=@ |=yRQt '|OL p}rLD VwQ Q@ |vD@t |OOa |xDiQW}B |=yxw}W R=
OYQO 3 QFm =OL� ?U=vt CkO =@ =Q ?Qwt |Q=PoQ=@ CLD |Q=wv |B |Q@ Q=@ C}iQ_
x�=Q= QwLt R= GQ=N Q=@ CLD |B |xv}tR QO |}xH}Dv =t= 'Ov=xOQm x�=Q= �hqDN=

"Ov=xOQmv
C}iQ_ C@Uv w �Nc� |Q@ Q=@ C}iQ_ ?} Q[ '?}DQDx@ 3 w 2 pw=OH QO
|Q=PoQ=@ CLD B=2c = 0 5 uRw |=Q=O l =N Q@ `k=w |Q=wv |B �q/c� |Q@ Q=@
pY=L |q=@ w u}}=B |=yRQt w |O=yvW}B sD} Qwor= R= pY=L p}=t w s�=k |QwLt

"CU= xOW x�=Q= u=Q=mty w G=}H \UwD |OOa |=yp}rLD R=
|vD@t |O=yvW}B sD} Qwor= R= pY=L |q=@ RQt ?}=Q[ xm OwW|t x_Lqt
QO w |OOa |=yVwQ OQ@ Q=m R= pY=L G}=Dv x@ l}ORv Q=}U@ ?rY lwr@ xU Q@
|}=Q=m O} -wt ?r]t u}= xm CU= xOw@ q=@ RQt |=y?=wH R= QDsm |DL 'OQ=wt |NQ@

"CU= xO=iDU= OQwt |oDN}Uo sU}v=mt |q=@

sD} Qwor= R= xO=iDU= =@ |@=}xv}y@ OvwQ Q@ �Np� pUv Qy C}atH u=R}t Q}F-=D "6 pmW
"l}DvS

Q=Okt x@ 200 R= QDsm |=ypUv QO xr�Ut ?=wH p=L Qy QO "OwW|t `} QUD xv}y@
"OwW|t l}ORv xv}y@

|O=yvW}B sD} Qwor= R= pY=L G}=Dv |UQQ@ "8
pY=L G}=Dv w |O=yvW}B |oDN}Uo sU}v=mt |=yC} Rt w =y|oS} w |UQQ@ |=Q@
OQwt Cr=L xU QO |Q=wv |B |Q@ Q=@ C}iQ_ 'j}kLD u}= QO xOWx�=Q= sD} Qwor= R=
p}=t |QwLt Q=@ p=ta= '|B Q@ |QwLt s�=k Q=@ p=ta= %OQ}o|t Q=Qk EL@ w xU}=kt

"|B Q@ QwLt R= GQ=N Q=@ p=ta= '|B Q@

s�=k |QwLt Q=@ QF= CLD |B "1"8
|O=yvW}B sD} Qwor= R= pY=L �Nc; Nq; N � |Q@ Q=@ C}iQ_ ?}=Q[ 1 pwOH QO
OwW|t x_Lqt "CU= xOW xU}=kt [5w2'1]u}W}Bu}kkLt\UwD |O=yvW}B?}=Q[ =@
=@ |=yl =N OQwtQO XwYN x@ G}=Dv '|O=yvW}B VwQ uOw@ q=@ RQt x@ xHwD =@ xm
l}Uw G}=Dv x@ w xOw@ Q=OQwNQ@ |@U=vt CkO R= xHQO 40 R= QDsm l =m]Y= x} w=R

�"CU= |QwLt s�=k Q=@ CLD |Q=wv |B� "Q[=L j}kLD sD} Qwor= G}=Dv =@ hrDNt |=yVwQ R= pY=L |Q@ Q=@ C}iQ_ ?}=Q[ |xU}=kt "1 pwOH
Q[=L j}kLD |v=QwO sU}v=mt |r=kDv= sU}v=mt l}Uw hwyQ}=t |k=RQD N �

5 17 5 50 5 29 5 14 5 14 5 70 Nc 01 00 1 02 � 1 00 1 00 1 00 Nq

8 38 9 15 8 74 8 34 8 34 9 6 Nc
102 50 2 60 � 2 50 2 50 2 7 Nq

0 85 1 05 0 87 1 22 0 37 1 2 N

15 0 16 97 15 98 14 83 14 83 17 7 Nc
206 52 7 17 � 6 40 6 40 7 4 Nq

4 79 8 01 5 01 5 39 2 87 5 0 N

30 7 39 8 34 2 30 14 30 14 37 2 Nc
3019 0 22 1 � 18 4 18 4 22 5 Nq

22 0 41 8 24 9 22 40 15 67 19 7 N

79 8 96 2 94 8 75 31 75 31 95 7 Nc
4069 7 84 5 � 64 1 64 1 81 3 Nq

140 0 259 155 5 109 4 93 70 100 4 N
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"Ov=xOW xU}=kt Qo}Om} =@ hrDNt |Q=PoQ=@ \}=QW QO uwDH} Qmw= \UwD xOWx�=Q=
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|v=wNsy Qo}Om} =@ hrDNt \}=QW QO C=Q}}eD OvwQ xm OwW|t x_Lqt R}v QwLt R=
Cr=L QO G}=Dv 'OW=@ xDW=O Q=Qk x_Lqt p@=k u=tt CLD |B xm |OQ=wt QO "OQ=O

"OvyO|t u=Wv Qo}Om} =@ |QDW}@ Cw=iD 1

X=N p�=Ut QO |O=yvW}B sU}v=mt |xS}w |}=Q=m "9
|OQ@ Q=m OQ=wt xrtH R= �9 pmW� sm ,=D@Uv j=ta= QO |ovU ?rY QDU@ |Q}oQ=Qk
"OQ=O p=@vO x@ =Q |L]U |=y|B |Q@ Q=@ C}iQ_ u}}aD p�=Ut |oO}J}B xm CU=
uOWOwOLt?@U '|B Q} R|oDN}Uo sU}v=mt VQDUo xOwOLt QO QDU@nvU OwHw

"Ow@ Oy=wN u; pmW Q@ |Q=PoQF= w sU}v=mt jta
xDiQo Q_v QO Q@ R CQwYx@ QDU@ nvU 'uwvm =D xDiQoCQwY C=k}kLD xOta QO

"QwLt R= GQ=N Q=@ CLD OwOLt Ct=N[ =@ x}q Q@ `k=w |B "9 pmW

G}=Dv =@ Q[=L sD} Qwor= R= pY=L Nc |Q@ Q=@ C}iQ_ ?} Q[ |xU}=kt "2 pwOH
�"CU= p}=t w s�=k |QwLt |=yQ=@ QF= CLD |Q=wv |B� [10]"C=k}kLD Qo}O

sD} Qwor= [10]C=k}kLD Qo}O G}=Dv � �

|O=yvW}B U.B. L.B. �xHQO� �xHQO�
6 48 6 56 6 47 5

011 04 11 15 10 90 15
30 66 30 88 29 74 30
79 80 77 23 74 35 40
4 29 4 33 4 25 5

157 00 7 04 6 93 15
17 48 17 79 17 29 30
41 20 40 65 38 95 40

B=2c = 0 5 =@ l =N Q@ `k=w|B q/c |Q@ Q=@C}iQ_C@Uv |xU}=kt "3 pwOH
CLD |Q=wv |B� [10]"C=k}kLD Qo}O G}=Dv =@ '|O=yvW}B sD} Qwor= R= xOt; CUO x@

�"CU= p}=t w s�=k |QwLt |=yQ=@ QF=
sD} Qwor= [10]C=k}kLD Qo}O G}=Dv � �

|O=yvW}B U.B. L.B. �xHQO� �xHQO�
6 76 6 79 6 71 5

044 0 43 47 42 16 30
157 0 141 49 136 29 40
2 03 2 05 2 04 5

308 68 8 77 8 63 30
22 65 21 56 20 97 40

QwLt R= GQ=N p}=t Q=@ QF= CLD |B "3"8
Q=@ p}t QF= p=ta*= |@ QHDxt}v ?}=Q[ '|Q@ Q=@ C}iQ_ u}}aD G}=Q |=yVwQ QO
R= GQ=N p}=t Q=@� |@}mQD Cr=L QO w xOW x�=Q= �ie� u; C} QwLt R= GwQN w �i��
xO=iDU= |Q@ Q=@ C}iQ_ |xOvy=m pt=a u=wvax@ �ie�� =yv; ?Q[pY=L R= �QwLt
xOWv xDiQo Q_v QO 5 pmW QO 2 w 1 |=yCr=L hqDN= ,=@r=e u}= Q@=v@ "OwW|t

"CU=
|m} 1998 p=U QO [8]u=Q=mty w uwDH} Qmw= \UwD xOWs=Hv= |=y|UQQ@
u; C} QwLt R= GwQN w Q=@ p}t QF= u; QO xm CU= xOWs=Hv= C=k}kLD OwOat R=
|=y|B |Q@ Q=@ C}iQ_ xOW O=} j}kLD QO "CU= xOW |UQQ@ u=tRsy CQwYx@
p}rLD Q@ |vD@t |OOa |=yVwQ R= xO=iDU= =@ xOv@UJ |=yl =N Q@ `k=w |Q=wv
|=yCr=L QO|B |Q@ Q=@C}iQ_ hqDN= '|}=yQ=Owtv |x�=Q= =@ w xOW x@U=Lt |OL
QO |O=yvW}B sD} Qwor= "CU= xOW |UQQ@ �7 pmW QO xOW xO=O u=Wv� hrDNt
QF= u=wD|t lwr@ xU ]ki uDiQo Q_v QO =@ xm CU= C}r@=k u}= |=Q=O Q[=L j}kLD
|UQQ@ OQwt |m =m]Y= R}v w xOv@UJ |=yl =N QO =Q p}=t Q=@ C} QwLt R= GwQN
?}=Q[ u}}aD QO |O=yvW}B sD} Qwor= |}=Q=m |UQQ@ Qw_vtx@ VN@ u}= QO "O=O Q=Qk
G}=Dv =@ |}=yxU}=kt 'u; CyH uDiQo Q_v QO =@ p}=t Q=@ QwLt R= GwQN |xOvy=m

"CU= xDiQo CQwY [8]1998 p=U C=k}kLD R= pY=L
?}=Q[ w |O=yvW}B sD} Qwor= R= pY=L �ie�� xOvy=m ?}=Q[ 8 pmW QO
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1. yield function
2. associated ow rule
3. encoding
4. �tness
5. selection
6. recombination
7. mutation
8. reinsertion
9. roulette wheel
10. intermediate recombination
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