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^=Lr VN@ VRQ= w xrt=at Q=Okt pk=OL '�O@U QO syU � ẁv� O=OaD w O@U QO syU
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'CavY Q}_v |}=yu=wva =@ |=y|Ov@xOQ u}= "OQ}PB|t CQwY �� =yv; C}r=ai
Oqwi 'wQOwN 'R=owCiv CavY x@ u=wD|t xrtH u; R= xm OvwW|t u=}@ """w 14VN@
|=yxOQ R= QDW}@ xOQ l} QO xOWs=Hv= |=yxrt=at sHL w VRQ= Qo = "OQm xQ=W= """w
xH}DvQO w [24]CW=O Ovy=wN |QDy@ OQmrta xOQ u; uwQO |=ysyU 'OW=@ Qo}O
"O@=} X=YDN= QDVRQ= =@ |=yxOQ |=ysyU x@ x}=tQU R= |QDW}@ syU CU= QDy@
OQmrta R= QDO@ 'Q=R=@ *QDVRQ==@ |xOQ QO CmQW l} OQmrta CU= umtt xD@r=
|=yxrt=at VRQ= xm s}vm ZQi Qo = ,qFt 'OW=@ QDVRQ=sm |xOQ QO `k=w |=yCmQW
OQmrta CU= umtt 'OW=@ wQOwN VN@ R= V}@ |t}WwQDB w |}=}t}W VN@ s=yU
R= "OW=@ QDO@ wQOwN VN@ |=yCmQW |xty OQmrta R= �V� |t}WwQDB CmQW

"OQ}ov Q=Qk C} wrw= QO |DmQW u}vJ |wQ |Q=Pox}=tQU xm CU= |a}@] 'wQ u}=
TQDUO QOCmQWN s=yU |wQ xm u; |=H x@VN@ VRQ=C}OwOLt 'u}=Q@=v@

xOW ^=Lr 2 C}OwOLt CQwYx@ Q=Pox}=tQU Q=_Dv= OQwt xOR=@ xv}tm uOW xOQw;Q@
|=yC@Uv ẁtHt u; j@] xm CU= xHOw@ C}OwOLt Qou=}@ 3 |x]@=Q "CU=
|Q=Pox}=tQU x@ xHOw@ pm X=YDN= u; swyit w OW=@ 1 =@ Q@=Q@ O}=@ |Q=Pox}=tQU
|ivt=v |=yOOa |Q=Pox}=tQU |=yC@Uv xm Ovm|t u}t[D 4 C}OwOLt "CU=

"OvW=@
x@ VN@ VRQ= w |D}r=v}OQ=m 'xrt=at Q=Okt u} QDsm |=yC}OwOLt uOwRi= =@

%CU= u}vJ u; *u=}@ xm s}UQ|t OwN Q_v OQwt |xDi=}pt=mD pOt

min �2
Rp =

NX
i=1

NX
j=1

wiwj Cov( �Ri; �Rj) (5)

%u; QO xm
wi = xicizi

NP
j=1

xjcjzj
(6)

w
NX
i=1

zi = M � N; M;N 2 N; 8i = 1; :::; N zi 2 f0; 1g (7)

%xm |}xvwox@
NX
i=1

xicizi �Ri � BR (8)

NX
i=1

xicizi � B (9)

0 � BLowi � xici � BUpi � B (10)X
is

Wis �
X
is0

wis0 8ys; ys0 6= 0; s; s0 2 f1; :::; sg; s < s0

(11)

%u; QO xm

ys =

8>><>>:
1 if

P
is
zi > 0

0 if
P
is
zi = 0

(12)

"is; is0 2 f1; :::; Ng w
�

%R= Ov=CQ=@a q=@ |=yx]@=Q QO xDiQ Q=m x@ |=yC@=F w =yQ}eDt
Q=Okt u} QDsm QO s=i syU Ct}k ?Q[ pY=L %ci &X}YND p@=k |xHOw@ %B
syU uOw@v =} uOw@ xm l} w QiY Q}eDt %zi &�K}LY OOa� =yci O=OaD %xi &xrt=at
&O@U |xR=Ov= = O@U QO R=Ht |=ysyU O=OaD %M &Ovm|t u}}aD =Q O@U QO s=i
|xHOw@ xv}W}@ %BUpi &s=i syU |wQ |Q=Pox}=tQU p@=k |xHOw@ xv}tm %BLowi
%� &CU= s=sVN@ x@ jraDt xm |tyU T}Ov= %is &s=i syU |wQ |Q=Pox}=tQU p@=k
uOW?=NDv= xm l} w QiY Q}eDt %ys w &�syU� CmQW N |=Q@ =yVN@ pm O=OaD

"OyO|t u=Wv O@U QO =Q s=sVN@ R= |tyU uOWv =}
,qFt "CU}v umtt x=wNrO O=OaD Qy x@ =ysyU VwQi w O} QN '|ak=w Q=R=@ QO
=ysyU |xrt=at 'xmr@ OQm xrt=at =Q CmQW l} s=yU R= syU 2 u=wD|tv RoQy
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=yxQ
Pxw

Qo|
R=Ux

v}y@
R=x

O=iD
U==@

s=yU
O@U

?=N
Dv=O};|tQ@ u}vJ |@ QHD |=yxH}Dv R= [38]"OW=@ �sD} Qwor= Q=QmD =}� u=tR R= |]NQ}e

[39]"OQ=O p=@vO x@ |@ wN |}=Qosy c1 = c2 = 1 49618 w w = 0 7298 xm

=yxQP xwQo *|}wOwO |R=Uxv}y@ "1"3
xm CU= |Dr=L [40]OW |iQat 1997 p=U QO xm =yxQP xwQo *|} wOwO |R=Uxv}y@
jq]= |D}@ |xDWQ l} hrDNt |=yCr=L |=[i x@ wHwCUH |=[i 'u;QO
|D}@ |xDWQ "OQ}o|t OwN x@ =Q 1 =} QiY Cr=L wO R= |m} u; C}@ Qy xm OwW|t
Q}}eD p=tDL= 'xQP CaQU Q=OQ@ |x}=QO Qy w OyO|t p}mWD =Q xQP C}akwt Q=OQ@
|R=Us=ovyx@ |=yx]@=Q "Ovm|t u}}aD =Q C}akwt Q=OQ@ QO Q_=vDt |x}=QO Cr=L

%R= Ov=CQ=@a =yxQP xwQo |} wOwO |R=Uxv}y@ QO C}akwt w CaQU8>>>>>>><>>>>>>>:
vid(t) = vid(t� 1) + c1ri1(pid � xid(t� 1))+

c2ri2(pgd � xid(t� 1))

xid(t) =

8<:1 �id < sig (vid(t)) Qo =
0 OQ=wt Q}=U

(14)

`@=D "OwW|t O}rwD [0; 1] |xR=@ QO xm CU= |iO=YD OOa l} �id 'u;QO xm
%OwW|t x@U=Lt 15 |x]@=Q T=U=Q@ sig(vid)

sig(vid) = 1
1 + exp(�vid) (15)

"CU= |}=tv `@=D exp(�vid) 'u; QO xm

Q=OC}OwOLt |=yxr�Ut |R=Uxv}y@ w PSO "2"3
h} QaD u}vJ u=wD|t =Q �O}kt� Q=OC}OwOLt |R=Uxv}y@ p�=Ut R= |m} |rm pmW

%OQm
Min: or Max:f(~x); ~x = (x1; x2; :::; xn) 2 Rn (16)

%x@ \wvt
gi(~x) � 0; i = 1; 2; :::; p
hj(~x) = 0; j = 1; 2; :::;m

"xli � xi � xui ; i = 1; 2; :::; n %=yu; QO xm
xm CU= pwtat [41]"OvQ}PBjDWt w xDUw}B `@=wD =yh w =yg 'f 'h} QaD u}= QO

%Ovvm p}O@D |Q@=Q@=v C}OwOLt x@ 17 |x]@=Q T=U=Q@ =Q |Q@=Q@ |=yC}OwOLt
jhj(~x)j � " � 0 (17)

'=yC}OwOLt "CU= �lJwm Q=}U@ C@Ft Q=Okt l}� R=Ht Tv=QrwD " u; QO xm
"Ovvm|t s}UkD umtt=v w �F � umtt |x}L=v wO x@ =Q wHwCUH |=[i

l} R= xm OW |iQat �IPSO� xDi=}<=kDQ= PSO sD} Qwor= l} 2007 p=U QO
R= |Q}oW}B w wHwCUH |=[i QO =RHt |=yx}L=v QO Vw=m |=Q@ VyH Qorta
uOQm`tH =@ u}vJsy sD} Qwor= u}= [42]"OQ@|t xQy@ |rLt |=yxv}y@ QO uO=Di=Q}o

"OyO|t C}atHQ} R OvJ O}OH |WwQx@ 'sy x@ l}ORv w x}=Uty O=Qi= |NQ@

xOW?=NDv= CmQW M s=yU |wQ �=yCmQW� =ysyU ?=NDv= R= TB 'OwW p=ta=
xDW=Po Q=vm ?=NDv= C} wrw= R= �V� |t}WwQDB CmQW ?}DQD u}=x@ "OwW|t p=ta=
u}= 12 |x]@=Q j@] "OwW|t h} QaD ys l} w QiY Q}eDt 'Q=m u}= |=Q@ "OwW|t
u; R= syU l} smCUO xm OQ}o|t OwN x@ 1 Q=Okt |v=tR s=s VN@ |=Q@ Q}eDt

"OwW|t QiY u; Q=Okt CQwY u}= Q}e QO "OW=@ xDiQo Q=Qk O@U QO VN@
pOt QO =t= 'xDiQo 15�xOQ C}OwOLt� u=wva `@=vt R= |NQ@ QO C}OwOLt u}=
OQ=w s=yU O@U ?=NDv= pOt QO Q=@u}DUNv |=Q@ C}OwOLt u}= [11]"CU= xOWv OQ=w
|x]@=Q R= VRQ= C}OwOLt u=}@ |=Q@ =Hu}= QO [24]"CU= xOW xDiQo Q=m x@ w xOW
[24]C=ar=]t Qo}O QO xOW xDiQo Q=mx@ |=yx]@=Q Qo}O R= xm OwW|t xO=iDU= 11
w u} QDVRQ= =@ 1 VN@ xm OwW|t ZQi 'C=ar=]t Qo}O uwJty "CU= QDj}kO
?DQt |rwRv ?}DQDx@ VRQ= Q_v R= =yVN@ w CU= VN@ u} QDVRQ=sm s=� VN@
xDiQo Q=Qk O@U QO |}=ysyU '(s > s0)s0 w sVN@ wO R= xm O}vm ZQi "OvwW|t
ẁtHt xm OQ=O|t u=}@ 11 |x]@=Q CQwYu}= QO "�ys; ys0 6= 0 |va}� OW=@

|=ysyU Q=R=@ |=yVRQ= ẁtHt R= 's=sVN@ R= |@=NDv= |=ysyU Q=R=@ |=yVRQ=
"CU= QDW}@ s=s0 VN@ R= |@=NDv=

=yxQP xwQo |R=Uxv}y@ "3
u; QO xm [37�35]CU= |R=Uxv}y@ sD} Qwor= l} '16�PSO� =yxQP xwQo |R=Uxv}y@
|=[i QO xm OvDUy |}xwkr=@ |=y?=wH =yu; 17C}akwt QDj}kO CQ=@ax@ w =yxQP
l} |x@U=Lt =@ 'XNWt Q=}at l} x@ uO}UQ =D w Ov};|tQO R=wQB x@ wHwCUH
|D}atH =OD@= 'u}=Q@=v@ "OvOQo|t hOy `@=D Q=Okt u} QDy@ p=@vO x@ ?U=vD |x]@=Q
QO w X=N |=yx]@=Q j@] TBU "OwW|t p}mWD x}rw= |=yC}akwt =} =yxQP R=
Q}Ut |] QO "Ov};|tQO VOQo x@ wHwCUH |=[i QO '|B=}B *|v=tR |=ys=o
`@=D Q=Okt u} QDy@ R= CU= CQ=@a xm 'xQP Qy �18�pbest� *|YNW *u} QDy@� R=wQB
QO u}vJty "OwW|t C@F 'u; C}akwt Q=OQ@ w xQP u; |=Q@ xOt; CUOx@ hOy
|YNW |=yu} QDy@ u=}t R= Q=Okt u} QDy@ �� �19�gbest� *|rm *u} QDy@� 's=o Qy
Q=OQ@ R= s=d |x}=QO 't s=o Qy QO "OwW|t C@F �� u; C}akwt Q=OQ@ w =yxQP |xty
*C}akwt Q=OQ@ w �~vi(t) = (vi1; vi2; :::; viD)� |}=Hx@=H |xrY=i =} CaQU
|=ypwtQi j@] 'wHwCUH |=[i QO s=i|xQP �~xi(t) = (xi1; xi2; :::; xiD)�

"OwW|t s=ovyx@ Q} R |DWoR=@8>>>><>>>>:
vid(t) = vid(t� 1) + c1ri1(pid � xid(t� 1))+

c2ri2(pgd � xid(t� 1))

xid(t) = xid(t� 1) + vid(t)

(13)

&OvwW|t xOv=wN �?=DW?} Q[� w Ov=C@=F ,qwtat |=yOOa c2 w c1 '=yx]@=Q u}= QO
&OvwW|t O}rwDCN=wvm} `} RwD =@ [0; 1] |xR=@ QO xm Ov=|iO=YD |=yOOa ri2 w ri1
w (~pi = (pi1; pi2; :::; piD))i |xQP |YNW *u} QDy@ Q=OQ@ R= s=d |x}=QO pid

"CU= (~pg = (pg1; pg2; :::; pgD)) *|rm *u} QDy@ Q=OQ@ R= s=d |x}=QO pgd
Ov=t uRw w Vmax QDt=Q=B wO R= 'wHwCUH |=[i QO =yxQP CaQU pQDvm |=Q@
'x@U=Lt R= TB (vid(t)) CaQU Q=OQ@ |x}=QO Qy [38w37]"OwW|t xO=iDU= �w�
QO '13 pwtQi QO �w� Ov=t uRw "OwW|t [�Vmax; Vmax] |xR=@ x@ OwOLt
|rm |wHwCUH u=}t pO=aD O=H}= w Vkv "OwW|t ?Q[ vid(t� 1) |xrtH
=} |]N |a@=D =} C@=F C@Ft OOa l} Ov=wD|t w "CU= |rLt |wHwCUH w
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p[
=iO

=WQy
tw

|v=m
tpo

=[Q
O}tL pm QO |vwvm pbest u} QDy@ R= '�1 pmW QO C |xQP pFt� =yxQP |xOv=t|k=@

[42]"Ovvm|t xO=iDU= �gbest� C}atH
w C}akwt xm [42]CU= xOW xi=[= PSO x@ =} wB VyH MQv l} u}vJty
Qorta 'OwW|t =QH= sD} Qwor= xm |Dkw "OyO|t Q}}eD u=tRsy =Q =yxQP CaQU
O=} R |r}N VyH MQv xJv=vJ w OvR|t syQ@ =Q =yxQP �CaQU w C}akwt� VyH
|=yxQP O=OaD O}=@ 'u}=Q@=v@ "OQ=Po|t Q}F-=D xv}y@ |x]kv |=Q@ wHwCUH Q@ 'OW=@

%R= CU= CQ=@a xO=iDU= OQwt VyH MQv "Ov@=} Vy=m xDi=}VyH
temp = gen=max ge (19)

pmutation = 2(1� temp)2=var num (20)

w =yQ=QmD pm O=OaD max gen 'sD} Qwor= |vwvm Q=QmD |xQ=tW gen u; QO xm
tempCkwt Q}eDt "CU= xQP CaQU w C}akwt uDi=} VyH p=tDL= pmutation
pmutation xH}DvQO w OwW|t QDnQR@ sD} Qwor= |=QH= u}L =yQ=QmD O=OaD V}=Ri= =@
|xQP |=Q@ VyH "Oy=m@ QN; |=yQ=QmD QO =yxQP uOQwNsyQ@ R= =D O@=}|t Vy=m

%OwW|t u=}@ u}vJ s=i
vid = � � vid � 2 � random (21)

xid = xid + vid; d = 1; 2; :::; D (22)

|OOa random w |iO=YD Qw]x@ xOWO}rwD *CyH � 2 f�1; 1g u; QO xm
"CU= i |xQP C}akwt s=d Oa)@xid "CU= (0; 1) |xR=@ QO |iO=YD

|=yxQP xwQo |R=Uxv}y@ ?}mQD %|O=yvW}B sD} Qwor= "4
21 (CBIPSO) |}wOwO w xOW KqY=

XwYNQO xm|DtUk %CU=\@DQt|rw =RHtCtUk wO Q@|vD@t|O=yvW}B sD} Qwor=
?}mQD l} |=Q@ xm |DtUk w Ovm|t pta TQDUO QO *syU N R= syU M ?=NDv=
|=yC@Uv p=@vO x@ K}LY �|=yOOa� |=[i QO 'Q=QmD Qy QO xOWu}}aD *|tyUM
CU= pw]sy C}akwt Q=OQ@ wO |=Q=O xQP Qy 'T=U= u}=Q@ "CU= xv}y@ |Q=Pox}=tQU
w �=yzd� CU= l} w QiY *|} wOwO |=[i QO xQP C}akwt Q=OQ@ =yu; R= |m} xm
&OyO|t u=Wv =Q TQDUOQO *syU N R= syU M ?=NDv= XwYNQO |Q}os}tYD
|=y?=NDv= |=v@tQ@ xm CU= K}LY |=[i QO xQP C}akwt Q=OQ@ 'Qo}O Q=OQ@
�OvQ}o|t 1 Q=Okt xm |Q_=vDt |=yx}=QO� |} wOwO C}akwt Q=OQ@ QO xDiQoCQwY
QO "Ovm|t u}}aD =Q |Q=Pox}=tQU |=yC@Uv 'Q=OQ@ u}= "�=yxd� OwW|t s=ovyx@
C}akwt |Q]U Q=OQ@ p}mWD x@ sy Q=vm QO 'xOWxDio C}akwt Q=OQ@ wO 'sD} Qwor= u}=

"�2 pmW� Ovt=Hv=|t xQP
"�3 pmW� OwW|t p}mWD CtUk wO R= R}v xQP CaQU *|Q]U Q=OQ@ u}vJty
pt=W w CU= |} wOwO |Q}os}tYD |=[i QO xQP CaQU |xOvvmu}}aD pw= CtUk
VmaxBd CQ=@a "CU= ��VmaxBd; VmaxBd� |xR=@ QO |k}kL |=yOOa
'swO CtUk "CU= |} wOwO CtUk QO s=d �syU� Oa)@ |=Q@ Vmax QDt=Q=B Qou=Wv
|L}LY |=yOOa R= u; |=yx}=QO w OyO|t u=Wv K}LY |=[i QO =Q xQP CaQU
|=Q@ Vmax QDt=Q=B 'VmaxId "OwW|t p}mWD ��VmaxId; VmaxId� |xR=@ QO
'|} wOwO wK}LYCtUk wO |R=Us=ovyx@ "CU=K}LYCtUk QO s=d �syU� Oa)@
xwQo |} wOwO |R=Uxv}y@ w xOW KqY= IPSO |=yVwQ j@] ?}DQDx@ w xv=o =OH

"OQ}PB|t CQwY 'OW xO=O K}[wD QDV}B xm '=yxQP

x@ |Q@=Q@ |=yC} wOwOLt 17 |x]@=Q j@] =OD@= =yC}OwOLt uOQm^=Lr |=Q@
|x@U=Lt QO [43]'u}kkLt R= |NQ@ |xw}Wx@ R}v =Hv}= QO "OvwW|t p}O@D |Q@=Q@=v
w Qo}Om} R= =yxQP C}akwt |@Uv |xrY=i xm xOW xO=iDU= xt} QH `@=D R= ?U=vD
Q_v QO =Q C}OwOLt RQt x@ C@Uv xQP |Q=wHsy |xHQO |va} 'umtt |x}L=v R=

%OwW|t x@U=Lt 18 |x]@=Q R= �Ffit� xQP ?U=vD `@=D Q=Okt "OQ=O

Ffit =

8>>>><>>>>:
f(~x); ~x 2 F
max (gi(~x); (jhj(~x)j � ") j ) +N ; ~x =2 F

i = 1; 2; :::; p; j = 1; 2; :::;m
(18)

sD} Qwor= QO '|rY= PSO hqNQ@ "CU= nQR@ C@Ft Q=Okt l} N u; QO xm
C}atHQ} R Qy QO =yxQP "OwW|t s}UkD C}atHQ} R |O=OaD x@ C}atH IPSO

Q@yQ |xQP �*|YNW *u} QDy@� pbest Q=Okt R= =Q OwN �|rm u} QDy@� gbest Q=Okt
C@=F ,=twRr x}=Uty |=yxQP w =y|o}=Uty =Hv}= QO "Ovvm|t Ci=} QO 20C}atHQ} R
xm =Q |}xQP IPSO w Ovm|t C@F =Q gbest Q=Okt =yC}atHQ} R R= |m} "OvDU}v
?=NDv= C}atHQ} R Q@yQ u=wvax@ OW=@ pbest u} QDy@ |=Q=O |vwvm C}atH QO
l}ORv |=yxQP 'wHwCUH |=[i QO|UO}rk= |xrY=i T=U=Q@ 'TBU [42]"Ovm|t
C}akwt |x@U=Lt QO xm OvyO|t p}mWD =Q |D}atHQ} R sy =@ C}atHQ} R Q@yQ x@
p}mWD |=Q@ "OQ}o|t Q=m x@ OwN CaQU pwtQi QO =Q Q@yQ |xQP pbest '|Oa@
Q@yQ =@ TBU &OwW|t hPL C}atH R= |r@k C}atHQ} R =OD@= '|Oa@ C}atHQ} R
|=yx}=Uty u}}aD w OQ=O xOv=t|k=@C}atH QO =Q pbest u} QDy@ xm |}xQP uO=OQ=Qk
=yC}atHQ} R |xty?}DQD u}tyx@ w OwW|t p}mWD |Oa@C}atHQ} R 'w= x@l}ORv

"�1 pmW� OvQ}o|t pmW
u}=Q@=v@ w OQ=O =Q �|YNW *u} QDy@� pbest Q=Okt u} QDy@hr= |xQP 1 pmW QO
,qFt� hr= |xQP x@ l}ORv |xQP "OwW|t ?=NDv= C}atHQ} R l} Q@yQ u=wvax@
R=wQB u; |wU x@ w OQ}o|t Q_v QO xDUy w RmQt u=wvax@ =Q hr= |xQP �? |xQP
=Q =yxQP xm OvyO|t p}mWD =Q 1 C}atHQ} R �hr= |xQP pt=W� =yxQP u}= "Ovm|t
3 w 2 |=yQ@yQ "Ovm|t C}=Oy q=@ *AJ CtU umtt |x}L=v QO wHwCUH |=Q@
u}}=B CU=Q umtt |x}L=v QO wHwCUH |=Q@ =Q 3 w 2 |=yC}atHQ} R ?}DQDx@
'OUQ|t xOWu}}aD V}B R= OL x@ =yC}atHQ} R O=OaD xm |Dkw "Ovvm|t |Q@yQ

[37]"IPSO sD} Qwor= |=Q@ =yC}atHQ} R p}mWD "1 pmW

117



=yxQ
Pxw

Qo|
R=Ux

v}y@
R=x

O=iD
U==@

s=yU
O@U

?=N
Dv=xm CU= u}= hkwD \QW '=yxQP C}akwt w CaQU |R=Us=ovyx@ |xkrL QO

|=yC}akwt xv}W}@ Q@=Q@ xO R= Q=QmD O=OaD =} OwW xv}W}@ umtt |=yC}akwt O=OaD
umtt |x}L=v QO xQP Qo = "OwW|t x@U=Lt xQP Qy |=Q@ ?U=vD Q=Okt "OQPo@ umtt

%OwW|t x@U=Lt 23 |x]@=Q j@] xQP ?U=vD 'OW=@
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P
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P
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Q=Okt "ys0 6= 0 u; |=Q@ xm CU= sVN@ R= Oa@ VN@ u}rw= |xQ=tW s0 'u; QO xm
%s} Q=O ys; ys0 6= 0 xm |r=wDt s0 w s Qy |=Q@ '=t= O};|t CUO x@ 12 |x]@=Q R=
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xDW=Ov OwHw Q=QmD u; QO |vmtt |xQP I}y Qo = "OwW|t u}}aD umtt |x}L=v QO

'pmW u}= QO "u; |=RH= w CBIPSO sD} Qwor= QO xQP C}akwt Q=OQ@ "2 pmW
"CU= 4 �M � O@U |xR=Ov= w 8 �N � TQDUO QO |=ysyU pm O=OaD

"u; |=RH= w CBIPSO sD} Qwor= QO xQP CaQU Q=OQ@ "3 pmW
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CaQU "OvwW|t x}rw=|yOQ=Okt �ubdd =
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x}rw= |yOQ=Okt ��VmaxId; VmaxId� |xR=@ QO K}LY |iO=YD |=yOOa =@ R}v
[44]"O};|tCUO x@ |QDy@ G}=Dv 'Oa)@ Qy QO Vmax = Xmax uO=O Q=Qk R= "OwW|t
Qy |=Q@ Ov=wD|t u}=Q@=v@ w 'CU= Oa)@ Qy QO wHwCUH |=[i |q=@ u=Qm Xmax

OwW|t xDiQo Q_vQO |}=DN Q=OQ@ l} CQwYx@ 'VmaxI "OW=@ Cw=iDt |OOa Oa@
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=iO

=WQy
tw
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=[Q
O}tL Wmax = 1 05 '=Hv}= QO "CU= xOW xO=O Q=Qk u}at OL x@ umtt |=yC}akwt

VyH MQv u}}aD |=Q@ xw}W u}ty x@=Wt [38]"Ov=xOW ?=NDv= Wmin = 0 4 w
%CU= xOW xDiQo V}B QO

pmutation = 0 25
�

1� Noof Feasible Positions
MaxFeasible Positions

�2
(30)

Vy=m u}= lrPat 'O@=}|t Vy=m sD} Qwor= |=QH= =@ VyH MQv xJQo = R}v =Hv}= QO
VwQ =@ xU}=kt QO |O=yvW}B VwQ QO |Qo}O R}=tD xHw ẁ[wt u}= "CU}v |]N

"�O}}=tQi x_Lqt =Q 20 |x]@=Q� "OW=@|t u}W}B
|=y?} Q[ Q=Okt 'K}LY w |} wOwO CtUk |=Q@ CaQU |R=Us=ovyx@ QO

"Ov=xOW ZQi 1 496 pO=at 3 VN@ T=U=Q@ c2 w c1 ?=DW
|R=Us=ovyx@ "OwW|t s=ovyx@ =yxQPC}akwt wCaQU|} wOwOCtUkCUNv
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"OQ}o|t CQwY C}akwt |R=Us=ovyx@
VyH MQv xm |r=tDL= =@ 'OvW=@ Q=QkQ@ Q} R |=y\QW |xty Qo = xQP Qy |=Q@

"OwW|t p=ta= |} wOwO C}akwt |wQ VyH 'Ovm|t u}}aD
%xH}DvQO w �M < N � OW=@ TQDUO QO |=ysyU R= QDsm O@U |xR=Ov= �

&9d 2 f1; 2; :::; Ng; zd = 0
&OW=@ 1 xQP |} wOwO C}akwt R= �Oa)@� C}@ l} smCUO �
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|wHwCUH =yC}@ |x}k@ u=}t QO 'xrLQt u}= R= TB "OwW =O}B 1 C}@ l} xm

"OwW p}O@D 1 x@ u; Q=Okt =D OwW|t s=Hv= OW=@ 0 xm |D}@ uDi=} |=Q@ |iO=YD
Q=Okt xm OwW|t s=Hv= |}=yOa)@ QO K}LY CtUk |R=Us=ovyx@ 'xQP Qy |=Q@
'Qo}O CQ=@ax@ "OW=@ 1 =@ Q@=Q@ |} wOwO CtUk QO =yu; Q}_v |} wOwO �Oa)@� C}@
Q=m u}= "OW=@ xOW ?=NDv= O@U |=Q@ xm OwW|t xO=O Q}}eD|tyU |Q=Pox}=tQUC@Uv
"Oy=m|t C=@U=Lt sHL R= |yHwD p@=k Q=Okt 'OUQ|t Q_v x@ |k]vt xm u; ut[
=@ [45]"OvwW|t ?=NDv= [0 5; 1 5] |xR=@ R= |iO=YD Qw]x@ ?=DW |=y?} Q[
CU= O@U QO s=d |}=Q=O C@Uv |xOvvmu}}aD xdcd ?Q[ pY=L xm u; x@ xHwD
=@ wd QO xd Q}}eD OL=w l} R= |W=v Q}F-=D 'Ov=Cw=iDt sy =@ =ycd R}v w �6 |x]@=Q�
|=Q@ wQ u}= R= "CU= Cw=iDt �d 6= j xm � wjQO xj Q}}eD OL=w l} R= |W=v Q}F-=D
|R=Up=tQv ?} Q[ l} R= =[i hrDNt |=yOa)@ QO wHwCUH Q}F-=D |R=Up=tQv
CUO x@ 31 |x]@=Q R= xm s}vm|t xO=iDU= K}LY CtUk C}akwt R= Oa)@ Qy |=Q@

"O};|t
nd = (maxfcdjd = 1; 2; :::; Ng)=cd) (31)

pwtQi 'u}=Q@=v@ "OwW|t ?Q[ Ov=t uRw QO ?} Q[ u}= 'CaQU |R=Us=ovyx@ QO

|=Q@ |ikU 'Qo}O |wU R= "OwW|t Qw_vt 1 =@ Q@=Q@ =yC}atHQ} R u=Q@yQ O=OaD 'OW=@
QDq=@ hkU u}= R= umtt |=yxQP O=OaD Qo = &�10 ,qFt� OwW|t ^=Lr O=OaD u}=
u} QDW}@ =@ Q@=Q@ xm u=Q@yQ O=OaD "OwW|t |w=Ut hkU Q=Okt =@ u=Q@yQ O=OaD 'OW=@
j}kLD u}= XDNt w O};|t CUO x@ 28 pwtQi T=U=Q@ CU=yC}atHQ} R O=OaD
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1 @~xi 2 F
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ZQi 10 =@ Q@=Q@ cte C@=F 'j}kLD u}= QO "CU= umtt |x}L=v F 'u; QO xm
"OwW|t

CU= xOW xDiQo V}B QO =yC}atHQ} R p}mWD |=Q@ Q=DWwv u}= QO xm |WwQ
*u} QDy@ T=U=Q@ =yxQP =OD@= 'VwQ u}= QO "OQ=O Cw=iD [42]u}W}B |=yVwQ =@
ẁQW xQP u} QDy@ R= TBU "OvwW|t ?DQt �� u} QDO@ =D u} QDy@ R= �� u=W|YNW
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Q=Okt �� Qo}O |=yxQP =@ xU}=kt QO �� sy x@ l}ORv |xQP OvJ Qo = xm OwW|t
OvwW C}atHQ} R l} |=[a= |oty 'OvW=@ xDW=O C}atH QO |@ wN |r}N ?U=vD
Qo}O |wHwCUH Q}F-=D ,qta w 'OvW=@ xDW=O |i}a[ |Q@yQ Qo}O |=yC}atHQ} R w
VwQ =t= "OUQ@ OL u} QDsm x@ xv}y@ MU=B x@ |@=}CUO CaQU QO =yC}atHQ} R
u=Wv sy =@ VwQ wO u}= |rta |xU}=kt "OR=U hQ]Q@ =Q xY}kv u}= Ov=wD|t O}OH

"CU= xDW=O |QDy@ |xH}Dv w OQmrta O}OH VwQ xm OyO|t
`=aW l} =@ 'K}LY |wHwCUH |=[i QO Q@yQ R= =yxQP |UO}rk= |xrY=i
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%CU=
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MaxFeasible Positions
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umtt |=yC}akwt O=OaD |xOvQ=tW Noof Feasible Positions 'u; QO xm
uwJ "CU= umtt |=yC}akwt xv}W}@ MaxFeasible Positions w uwvm =D
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1024KB DDRII RAM, FSB 533MHz Intel r |=y|oS} w =@ |}xv=}=Q
R= X=N s}_vD Qy wxr�Ut Qy |=Q@ "Ov=xOt;QO =QH= x@ Pentium r 4 3 0GHz,

�|=ylU} Q� |=y?=wH *|Q=t;G}=DvTBU "Ov=xOW =QH= Q=@ 20 =ysD} Qwor= '=yQDt=Q=B
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O=OaDCBIPSO QO "CU}v Q=QkQ@ CBIPSO QO xD@r= Qt= u}= "CU= 1 =@ Q@=Q@
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