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K}LYD |xr�Ut pL |=Q@ |irDNt |=yVwQ "CU= xDiQo Q=Qk xHwD OQwt Q}N= |=yp=U
|=yxm@W |=Q@ QwmPt |=yVwQ |};Q=m u=R}t |rw 'CU= OwHwt OYkt � -=O@t T} QD=t
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G}=Dv w pL PSO w u=}O=Qo OwHwt sD} Qwor= wO R= xO=iDU= =@ u=QyD QyWuqm |=Q@ OYkt
O}rwDR=@ Q_v R= u=}O=Qo sD} Qwor= xm OvyO|t u=Wv G}=Dv "Ov=xOW xU}=kt sy =@ =yv;

Q_v R= PSO sD} Qwor= |rw 'OQ=O |QDy@ OQmrta |�RH Qw] x@ xOWxOy=Wt |=yu=} QH
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|R} Qxt=vQ@ 'OYkt � -=O@t T} QD=t K}LYD 'pkv w ptL |=[=kD %|O}rm u=oS=w
"(PSO) C=QP `=tDH= |R=Uxv}y@ 'u=}O=Qo VwQ '|L]UwO

xtOkt "1
|=yVwQ |xDUO wO x@ =Q QwmPt |=yVwQ u=wD|t |rm Qw] x@ =t= "OQ=O OwHw
=[=kD pOt l} =OD@= s}kDUtQ}e |=yVwQ QO "OQm |Ov@xDUO s}kDUt w s}kDUtQ}e
T} QD=t TBU w CN=OQB sHL VQ=tW C=aq]= T=U=Q@ �x@P=H |=ypOt ,=twta�
1972 p=U QO Q=@ u}rw= |=Q@ "OwW|t OQw;Q@ =[=kD pOt j} Q] R= OYkt � -=O@t
u}= [1]"CU= xOW xO=iDU= ODMEP ?=wH uDi=} |=Q@ s}kDUtQ}e VwQ l} R=
QO "Ov=xDiQo Q=Qk |UQQ@ w xar=]t OQwt [3w2]'=yVywSB |NQ@ QO =yVwQ R= xDUO
pL w |Ov@pwtQi sHL VQ=tW C=aq]= |x}=B Q@ ODMEP 's}kDUt |=yVwQ
QwmPt ẁv R= =ypOt u} QDpw=ODt [4]'Wardrop pO=aD |x}=B Q@ |=ypOt "OwW|t
Q=@ u}rw= |=Q@ u}vJty "Ov=xO=iDU= p@=k dwrW w sm =QDt |=yxm@W |=Q@ xm OvDUy
pw= pOt [5]"CU= xOW x�=Q= ODMEP |=Q@ |[=} Q pOt wO 1977 p=U QO
'OW=@ Q=}DN= QO =yu=tm |t=tD |=Q@ sHL VQ=tW C=aq]= xm CU= |Dr=L |=Q@
|=yGwR |t=tD |=Q@ =yQ}Ut u} QDx=Dwm C=aq]= xm CU= |Dr=L |=Q@ swO pOt w
CyH u}}aD QO |D=Q}}eD p=ta= =@ R}v Q}N= swO pOt "OW=@ xDW=O OwHw OYkt � -=O@t
'1982 p=U QO u}vJty [6]"CU= xOW pL hrw � lv=Qi X}YND VwQ CmQL
wO |rOt [7]"CU= xOW x�=Q= ODMEP |=Q@ =[=kD C=Q}}eD x@C@Uv ?OLt |rOt
Q_v QO =Q C=Oy=Wt QO OwHwt |=]N xm CU= xOW x�=Q= 1991 p=U QO R}v |L]U
w |L]Ul} |R=Uxv}y@ |=ypOt pL |=Q@ R}v Qo}O |=yVwQ |Q=}U@ [8]"OQ}o|t
|=ypOt QO [13�9]"CU= xOW x�=Q= xm@W QO pO=aD |x}=B Q@ ODMEP |L]U wO

w ptL `t=H C=ar=]t |xv} Ry R= |yHwD p@=k VN@ OYkt � -=O@t |Q}oQ=t;
|=yQiU C=aq]= |Q}oQ=t; u}= QO "OyO|t X=YDN= OwN x@ =Q |QyW pkv
CQwY x@ w CW=OQ@ |QyW |xOwOLt K]U QO u=OvwQyW R= |}xvwtv |xv=RwQ
"OvwW|t xQ}NP pkv w ptL |=yxk} Q] `=wv=l}miD x@ 1OYkt � -=O@t |=yT} QD=t
ptL |=[=kD OQw;Q@ |=ypOt |=y|OwQw u} QDsyt R= OYkt � -=O@t |=yT} QD=t
x@ QHvt Ov=wD|t =yv; CUQO=v u}tND xm |Qw] x@ 'OvwW|t ?wULt pkv w
p}rOx@ |rw "OwW �u=oOvvmxO=iDU= =} u=Q}Ot x=oO}O R=� |O=YDk=Q}e |=yKQ] |x�=Q=
=Pr w CU= |O=YDk=Q}e u; |xv=}r=U s=Hv= 'OYkt � -=O@t |Q}oQ=t; O=} R |xv} Ry
x@ xHwD =@ "OwW|t s=Hv= p=U 20 |r= 10 |v=tR pY=wi QO ,qwtat |Q}oQ=t; u}=
|=yT} QD=t |xvq=U K}LYD 'OYkt � -=O@t |=y|Q}oQ=t; u}@ |vqw] |xrY=i
VQ=tW,qwtat� xm@W |=yu=tm sHL VQ=tW C=aq]= R= xO=iDU= =@ OYkt � -=O@t
xHwD OQwt Q}N= |=yp=U QO u=RQ= |WwQ u=wvax@ �xm@W |=yu=tm �5 R= QDtm
u}= R= 'pkv w ptL |UOvyt sra QO "CU= xDiQo Q=Qk u=QoWywSB R= |Q=}U@
xOQ@ s=v 2�ODMEP� OYkt � <=O@t |=[=kD T} QD=t K}LYD u=wva =@ xr�Ut

"OwW|t
ODMEP pL |=yVwQ |=Q@ |irDNt |=y|Ov@xk@] |aw[wt C=}@O= QO

pw�Ut xOvU} wv �
"1394 10 14 VQ}PB '1394 10 5 x}LqY= '1393 4 11 Ci=} QO %M} Q=D

9�3
"X

'1/
1|

xQ=t
W'

33
�2

|xQ
wO

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

"""K
}LY

DQO
P

SO
wu

=}O=Q
o|

=ysD
}Qwo

r=|
xU}

=kt%CU= xOQm xO=U 2 |x]@=Q CQwYx@ =Q 1 |x]@=Q '=]N C=a@ Qt ẁtHt8>>>><>>>>:
Mind Z(d) = 1

2
P
a2Â

(xa � x̂a)2

s:t: d � 0
x = assign (d)

(2)

|xm@W |=Q@ PSO w u=}O=Qo sD} Qwor= wO R= xO=iDU= =@ '2 |x]@=Q 'Q=DWwv u}= QO
sD} Qwor= \UwD u}}=B K]U p�=Ut 'CQwY wO Qy QO "CU= xOW pL u=QyD QyW

"OvwW|t pL [24]'5 Q}Ut Q@ |vD@t |r}tmD

u=}O=Qo sD} Qwor= "3
ẁQW =Q xr�Ut pL 'x}rw= ?=wH l} R= xm CU= |Q=QmD VwQ l} 'u=}O=Qo sD} Qwor=
=D p}rO u}ty x@ "Ovm|t CmQL hOy `@=D pwRv u} QDW}@ CyH QO Q=QmD Qy QO w
T} QD=t <=RH= VwQ '` Q=QmD Qy QO "Ov=t|t |k=@ x}rw= T} QD=t x@ l}ORv u=mt= OL

[9]%OwW|t K}LYD 3 |x]@=Q CQwYx@ d

d`+1
j =

8<:d̂j for ` = 0;
d`j(1� �`( @Z(d`)

@dj
)) for ` = 1; 2; 3; :::

(3)

Q@ "OvDUy ` Q=QmD QO s=o |xR=Ov= �` w j OYkt � -=O@t GwR |=[=kD d`j 'u; QO xm
|x}rw= Q=Okt =@ ?U=vDt |r=wDt Q=QmD wO Qy QO dj Q=Okt QO Q}}eD '3 |x]@=Q j@]
xOWK}LYD T} QD=t QO xW}ty 'x}rw= T} QD=t QO QiY <=RH= ?}DQD u}O@ "CU= d̂j
CQwYx@ �` s=o pw] w @Z(d)=@dj u=}O=Qo T} QD=t "Ovv=t|t |k=@ QiY R}v

[9]%OvwW|t x@U=Lt 5 w 4 \@=wQ
@Z(d)
@dj

= 1
dj

X
a2Â

(xa � x̂a)
X
k2Kj

hk�ak 8 j 2 J (4)

�` =

P
a2Â

x0a(x̂a � xa)P
a2Â

x02a
(5)

[9]%CU= 6 |x]@=Q CQwYx@ �` x@ C@Uv xa jDWt x0a 'u; QO xm
x0a = �X

j2J
@Z(d)
@dj

(
X
k2Kj

hk�ak) 8 a 2 Â (6)

Q}Ut QO u=} QH hk w j OYkt � -=O@t GwR u}@ |=yQ}Ut xawtHt Kj 'u; QO xm
"CU= k

PSO sD} Qwor= "4
1995 p=U QO xm 'CU= C}atH |x}=B Q@ |iO=YD |Q=QmD |WwQ PSO sD} Qwor=
[29�26]"CU= xOW xO=O xaUwD u=QoWywSB|NQ@\UwD xt=O= QO w [25]'|iQat |Oq}t
u=wvax@ ?=wH Qy 'CU= xDiQo s=yr= u=oOvQB |ywQo Q=DiQ R= xm 'sD} Qwor= u}= QO
=@ i |xQP Qy "OvwW|t xDN=vW 7`=tDH= u=wva =@ =y?=wH |xawtHt w 6xQP l}
Qou=}=tv 'u=mt xm |Qw] x@ 'OwW|t h} QaD Vi CaQU w Pi u=mt |xYNWt wO
CmQL |xR=Ov= w CyH Qou=Wv 'CaQU w xQP u; \UwD xOt;CUO x@ |rai ?=wH

'OYkt � -=O@t T} QD=t uDi=} |=Q@ |R=Uxv}y@ pOt l} 'q=@ K]U pOt '|L]U wO
u=} QH uDi=} |=Q@ |iO=YD =} |a]k l}i=QD X}YND pOt l} 'u}}=B K]U pOt w
|L]U wO pOt l} u}vJty "CU= OYkt � -=O@t T} QD=t Qy x@ \w@ Qt |rO=aD
xOQ@ Q=mx@ u; pL |=Q@ u=}O=Qo |x}=B Q@ |WwQ xm 'CU= xOW x�=Q= xr�Ut pL |=Q@
xO=O xaUwD [17�14]'|Q=}U@ |=yVywSB QO QwmPt VwQ 'xt=O= QO [9]"CU= xOW
\w@ Qt |=ypOt R= |Qo}O |xDUO '3xv}W}@ |B wQDv; |x}=B Q@ |=ypOt "CU= xOW
xOW x�=Q= ẁv u}= R= |}=ypOt R}v |Qo}O C=ar=]t QO "OvDUy s}kDUt |=yVwQ x@
R= =yVywSB |NQ@ QO 'xr�Ut |=y|OwQw QO C}a]k sOa x@ xHwD =@ [21�18]"CU=

[23w22]"CU= xOW xO=iDU= xr�Ut pL |=Q@ |R=i C=}[=} Q
w OwW|t ẁQW x}rw= T} QD=t l} R= [9]'�1990� R}BW= |xOWx�=Q= VwQ
R= pY=L |=ysHL =D OwW|t K}LYD |wLv x@ |rai T} QD=t 'Q=QmD Qy QO TBU
R= p=L u}a QO w 'OwW QDl}ORv xOWVQ=tW |=ysHL x@ xm@W x@ u; X}YND
|R=UxO=}B|oO=U x@ u=wD|t =Q xOWQmP VwQ xmv; seQ|ra "OwWv QwO x}rw=T} QD=t
QDW}@ |UQQ@ x@ R=}v u=QyD |xm@W pFt nQR@ |=yxm@W |=Q@ u; G}=Dv |DUQO 'OQm
|vD@t |Q=mD@= =Qi |tD} Qwor= R}v [13]'�2012� |tqe w xO=R=@=@ VywSB QO "OQ=O
xOWQmP |L]U wO |xr�Ut pL |=Q@ 4�PSO� C=QP `=tDH= |R=Uxv}y@ VwQ Q@
wO |=QH= w |R=UxO=}B 'Q=DWwv u}= hOy "CU= xOW x�=Q= nQR@ |=yxm@W |=Q@

"CU=yv; G}=Dv w |};Q=m p}rLD w u=QyD QyWuqm |=Q@ Q}N= sD} Qwor=

OYkt � -=O@t T} QD=t K}LYD |xr�Ut |Ov@pwtQi "2
|=yu=tm |xawtHt R= pmWDt h=Qo l} CQwYx@ u=wD|t =Q |m}i=QD |xm@W l}
|xawtHt 'Â � A xm O}vm ZQi "CiQo Q_v QO N |=yxQo |xawtHt w A
u=tm QO xOW �VQ=tW� xOy=Wt u=} QH x̂a 'sHL VQ=tW C=aq]= =@ |=yu=tm
� -=O@t T} QD=t d̂ = (d̂j)j2J 'OYkt � -=O@t |=yGwR xawtHt J 'a 2 Â

hOy "OvW=@ Q}PBu=mt= OYkt � -=O@t |=yT} QD=t |xawtHt D w 'x}rw= OYkt
|xrY=i xm |Qw]x@ 'CU= d 2 D T} QD=t uOQw;CUOx@ ODMEP pL R=
QO xOWVQ=tW |=yu=} QH w xm@W x@ u; X}YND R= pY=L |=yu=} QH u}@
T} QD=t w d̂ |x}rw= T} QD=t u}@ |xrY=i p=L u}a QO w OwW xv}tm Â |=yu=tm
CU= |L]U wO |xr�Ut l} 'xr�Ut u}= "OwWv O=} R OL R= V}@ d |xOWK}LYD
X}YND pOt l} u; u}}=B K]U w dT} QD=t uDi=} p=@vO x@ u; |}q=@ K]U xm
h} QaD 1 |x]@=Q CQwYx@ ODMEP |q=@ K]U |xr�Ut "CU= |rO=aD l}i=QD

[9]%OwW|t8>>><>>>:
Mind Z(d; x) = 1Z1(d; d̂) + 2Z2(x; x̂)

s:t: d � 0
x = assign (d)

(1)

K]U |xr�Ut pL sD} Qwor= hQat assign :RjDj ! RjAj CW=ov 'u; QO xm
R= pY=L |rO=aD u=tm QO u=} QH Q=OQ@ x = (xa)a2A 'd T} QD=t <=R= x@ u}}=B
'x}rw= w xOWK}LYD |=yT} QD=t u}@ xrY=i `@=D Z1 w 'u}}=B K]U |xr�Ut pL
w 1 "OvDUy xOWxOy=Wt w xOWxO=O X}YND |=yu=} QH u}@ xrY=i `@=D Z2 w
u}= =@ [9]'R}BW= "Ovvm|t u}}aD =Q Z `@=D VN@ wO C}ty= xm OvDUy |@}=Q[ R}v 2
x}rw= T} QD=t x@ l}ORv |xOWK}LYD T} QD=t u=}O=Qo pL VwQ QO xm pqODU=
CQwYx@ Z2 `@=D h} QaD =@ TBU w hPL hOy `@=D R= =Q Z1 `@=D 'Ov=t|t |k=@
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Q=y@
�h

}QW
u=Qt

a|
UOv

yt |=[i QO 10 w 9 \@=wQ R= xO=iDU= =@ C=QP Q}=U |rw 'Ov=t|t |k=@ x}rw= u=mt
%OvwW|t =Hx@=H ?=wH

Vij(0) = rij � d̂j � � �C � 1� (9)

Pij(0) = d̂j + Vij(0) 8 i 6= 1 (10)

QO |iO=YD |OOa rij 'j CyH QO i |xQP |x}rw= CaQU Vij(0) 'u; QO xm
x@ 0 s=o QO xOWxO=O X}YND |=ysHL C@Uv R= |Q=}at C w '[0; 1] |xR=@

[13]%OwW|t x@U=Lt 11 |x]@=Q CQwY x@ xm CU= xOWxOy=Wt |=ysHL

�C =
P
a2Â Ca
jÂj (11)

u=} QH x@ xOWxOy=Wt u=} QH C@Uv Q@=Q@ a 2 Â u=tm Qy |=Q@ Ca 'u; QO xm
%�12 |x]@=Q� CU= (xa(0)) '0 s=o QO xOWxO=O X}YND

Ca = x̂a
xa(0)

8 a 2 Â (12)

l}ORv =yv; Q=DN=U,qw= xm Ovm|t O}rwD |DQwY x@ =Q x}rw= |=yT} QD=t 'QwmPt VwQ
�i = 1 T} QD=t RH x@� =yv; <=RH= ẁtHt ut[ QO w OW=@ x}rw= T} QD=t Q=DN=U x@

"OW=@ xDW=O xOWxOy=Wt |=yu=} QH =@ |QDW}@ ?U=vD

u=QyD |xm@W |=Q@ |OOa G}=Dv "5
u=}O=Qo |=ysD} Qwor= \UwD u=QyD Q@=at |xm@W |=Q@ ODMEP 'VN@ u}= QO
QO u=}O=Qo sD} Qwor= "Ov=xOW xU}=kt w p}rLD xOt;CUO x@ G}=Dv w pL PSO w
MAT- \}Lt QO PSO sD} Qwor= w VISUAL C++ |U} wvxt=vQ@ \}Lt
QO xOWxDWwv [24]'|r}tmD X}YND |xt=vQ@ x@ =yv; |wO Qy w |R=UxO=}B LAB

"Ov=xOW pYDt VISUAL C++

l}i=QD w pkv w ptL `t=H C=ar=]t CmQW R= xOW?Um C=aq]= T=U=Q@
17790 'xQo 8021 '|m}i=QD |x}L=v 650 pt=W u=QyD Q@=at |xm@W 'u=QyD QyW
|Q=wU pO=at |xk} Q] |=Q@ C@Ft |=[=kD =@ OYkt � -=O@t GwR 117413 w 'u=tm
T=U=Q@ �|Q=wU pO=at ?UL Q@� 1373 p=U |=[=kD T} QD=t u}vJty "CU=
G}=Dv T=U=Q@ 1391 p=U |=[=kD T} QD=t w 'p=U u; QO OYkt � -=O@t |Q}oQ=t;
K}LYD Q=DWwv u}= hOy "OvDUy CUO QO u=QyD QyW |}xrLQt Q=yJ |=ypOt
1391 p=U |xOWxOy=Wt |=ysHL T=U=Q@ 1373 p=U OYkt � -=O@t T} QD=t
p=U T} QD=t K}LYD Ov}=Qi QO 1391 p=U T} QD=t xm CU= sRq QmPD u}= "CU=
wO G}=Dv |@=} RQ= QO hOy T} QD=t u=wvax@ \ki xmr@ 'OwW|tv xO=iDU= 1373

"OW Oy=wN xO=iDU= PSO w u=}O=Qo sD} Qwor=
|=yx=QoQR@ O=ODt= QOVQ@\N xU 'u=QyDl}i=QD wpkv wptL `t=HC=ar=]t QO
'Ov=xOW xDiQo Q_v QO u}WvQU w sHL VQ=tW |Q}oQ=t; |=Q@CFa@ w 'Cty 'TQOt
R= |Qw@a sHL '|Q}oQ=t; u}= QO "OvQ=O sHL VQ=tW x=oDU}= 466 ẁtHt QO xm
194 O=OaD '=yx=oDU}= s=tD u=}t R= "OwW|t VQ=tW CyH 2 =} 1 QO x=oDU}= Qy
u=tm 194 'xar=]t u}= QO "OvQ=O u=QyD |xm@W h=Qo |wQ pO=at |v=tm x=oDU}=
=@ |=yu=tm u=wvax@ 'OvyO|t p}mWD =Q xm@W |=yu=tm �1 1 OwOL xm 'QwmPt
R= =yv; QO xOWxOy=Wt |=yu=} QH w xOW xDiQo Q_v QO sHL VQ=tW C=aq]=
x@ "Ov=xOW u}}aD p=U u; Q@=at |xm@W x@ 1391 p=U T} QD=t X}YND j} Q]

T=U=Q@ C=QP 'sD} Qwor= Q=QmD Qy QO "CU= |Oa@ u=mt x@ uO}UQ |=Q@ xQP u;
CaQU "OvwW|t =Hx@=H xr�Ut |=[i QO Qo}O |v=mt x@ u=mt l} R= OwN CaQU
s=tD \UwD Q=QmD u; =D xOt;CUO x@ ?=wH u} QDy@ T=U=Q@ Q=QmD Qy QO i |xQP
\UwD Q=QmD u; =D xOt;CUO x@ ?=wH u} QDy@ w �P �g 8|v=yH ?=wH u} QDy@� C=QP
Qy �u=mt� ?=wH |@=} RQ= "O};|t CUO x@ �P �i 9|rLt ?=wH u} QDy@� xQP u=ty
x}rw= ?=wH l} R= sD} Qwor= "OwW|t s=Hv= 10|oOvR=Q@ `@=D s=v x@ |a@=D \UwD xQP
|}=Hx@=H =@ Q=QmD Qy QO w R=e; �OwW|t O}rwD |iO=YD ,qwtat xm � xQP Qy |=Q@
?=wH |=[i j Oa)@ QO i |xQP CaQU "Ov};|t CUO x@ |O}OH |=y?=wH 'C=QP

%O};|t CUO x@ 7 |x]@=Q CQwYx@ t Q=QmD Qy QO
Vij(t) =WVij(t� 1) + c1r1(P �ij(t� 1)� Pij(t� 1))

+ c2r2(P �gj(t� 1)� Pij(t� 1)) (7)

w c1 w 'OwW|t ?=NDv= [0 9; 1 2] |xR=@ QO xm CU= |UQv}= uRw 'W u; QO xm
|iO=YD |O=Oa= R}v r2 w r1 w OvQ=O 2 Q=Okt ,=twta xm OvDUy |D@=F ?}=Q[ R}v c2
8 |x]@=Q CQwYx@ j CyH QO i |xQP O}OH u=mt "OvDUy [0; 1] |xR=@ QO

%OwW|t x@U=Lt
Pij(t) = Pij(t� 1) + Vij(t) (8)

l} x@ |@=}CUO'xr�Ut pL u=tR 'Q=QmD O=OaD u=wD|t R}v =Q sD} Qwor= hkwD \QW
hOy `@=D Q=Okt QO Ow@y@ uwO@ XNWt |Q=QmD O=OaD x@ uO}UQ =} w 'X=N CkO

"CiQo Q_v QO
j OYkt � -=O@t GwR |=[=kD Pij 'ODMEP pL |=Q@ PSO sD} Qwor= QO

%CU=ys=o u}= pt=W sD} Qwor= u}= [13]"CU= i �?=wH� |xQP |=Q@
|=[=kD "OwW u}}aD R=}vOQwt ?}=Q[ Q}=U w '|UQv}= uRw 'C=QP O=OaD "0 s=o
x@ =yu=tm |xOWxO=O X}YND |=ysHL "OwW xO=O X}YND xm@W x@ x}rw=
Q=Okt w ?=NDv= Q}PBu=mt= |xR=@ QO xQP Qy CaQU w u=mt "OwW xOQw; CUO
?=wH u} QDy@ "OwW x@U=Lt xQP Qy |=Q@ �2 |xr�Ut hOy `@=D� |oOvR=Q@ `@=D
?=wH u} QDy@ Q@=Q@ |v=yH ?=wH u} QDy@ w 'xQP u; |rai u=mt Q@=Q@ xQP Qy |rLt

"�(t = 0) OwW xO=O Q=Qk QiY Q@=Q@ t� OwW xO=O Q=Qk C=QP u}@ QO |rLt
GwQN CQwY QO w 's=ovy x@ 8 w 7 \@=wQ j@] Q@ xQP Qy u=mt w CaQU "1 s=o

"OwW KqY= R=Ht |xOwOLt R=
u} QDy@ |oOvR=Q@ `@=D R= Qo = w x@U=Lt |oOvR=Q@ `@=D Q}O=kt 'xQP Qy |=Q@ "2 s=o
xO=O Q=Qk O}OH u=mt Q@=Q@ |rLt ?=wH u} QDy@ 'Ow@ QDy@ xQP u; |rLt ?=wH
xO=O Q=Qk C=QP u}@ QO |rLt ?=wH u} QDy@ Q@=Q@ |v=yH ?=wH u} QDy@ "OwW

"OwW
'Ow@ Q=QkQ@ hkwD \QW Qo = "OwW xO=O Q=Qk (t = t+ 1) t+ 1 |w=Ut t "3 s=o
x@ O}=@ CQwYu}= Q}e QO "OwW VQ=Ro |HwQN u=wva x@ |v=yH ?=wH u} QDy@

� "CWoQ@ 2 s=o
w c1 ?}=Q[ [13]'�2012� u=kkLt xOWx�=Q= G}=Dv T=U=Q@ 'sD} Qwor= u}= QO
|]N CQwYx@ |UQv}= uRw w 'Ov=xOW xDiQo Q_v QO 2 1 w 1 9 =@ Q@=Q@ ?}DQD x@ c2
|x@U=Lt |=Q@ "CU= xDi=} Q}}eD QN; Q=QmD QO 0 2 Q=Okt =D pw= Q=QmD QO 1 Q=Okt R=
|x}rw= u=mt u=wvax@ x}rw= |=[=kD T} QD=t =OD@= QO '1 s=o QO C=QP |x}rw= u=mt
u=ty QO i = 1 |xQP TBU "Pij(0) = d̂j =} 'OwW|t xDiQo Q_v QO i |xQP Qy
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|xm@W |=Q@l}i=QDX}YND O=OaD x@C@Uv hOy `@=D sD} Q=or C=Q}}eD "1 pmW
"u=QyD

O=OaD x@ C@Uv xOWOQw;Q@ w xOWxOy=Wt |=yu=} QH u}@ R2 C=Q}}eD "2 pmW
"u=QyD |xm@W |=Q@ l}i=QD X}YND

|m} p}rO x@ 'OwW|t xOy=Wt 1 pmW Q=Owtv |}=yDv= |xt}v QO xm |}=yu=Uwv
w C@=F =yQ=QmD |t=tD QO hk=dj C@Uv u; QO xm CU= u=}O=Qo VwQ C=[wQit R=
x}rw= T} QD=t |xrY=i xJ Qy CU= K[=w "CU= QiY Q=QmD QO u; Q=Okt =@ |w=Ut
1391 w 1373 |=yT} QD=t |xrY=i Ovv=t� OwW QDO=} R xOWK}LYD T} QD=t w
u=}O=Qo sD} Qwor= CU= umtt w OwW|t xDU=m ZQi u}= Q=@Da= R= �Q=DWwv u}= QO

"OwW pmWt Q=JO
C=Q}}eD 'xOWxOy=Wt |=yu=} QH O}rwDR=@ QO sD} Qwor= wO QDy@ |@=} RQ= CyH
X}YND p�=Ut O=OaD x@ C@Uv xOWOQw;Q@ w xOWxOy=Wt |=yu=} QH u}@ R2

sD} Qwor= wO xm OwW|t xOy=Wt "CU= xOW xO=O u=Wv 2 pmW QO xOWpL l}i=QD
=@� 1 |}=yv Q}O=kt x@ ?}DQD x@ R2 = 0 9 |x}rw= Q=Okt R= ẁQW =@ PSO w u=}O=Qo
R}v PSO sD} Qwor= xm OyO|t u=Wv xH}Dv u}= "Ov=xO}UQ 0 977 w �0 001 CkO
sD} Qwor= xm OvJ Qy 'CU= jiwt xOWxOy=Wt |=ysHL O}rwDR=@ QO |i=m |xR=Ov= x@

"CU= QDjiwt E}L u}= R= u=}O=Qo
R2 Q=}at R= 'x}rw= T} QD=t Q=DN=U ^iL QO sD} Qwor= wO CQOk |UQQ@ |=Q@
C=Q}}eD '3 pmW "CU= xOW xO=iDU= xOWK}LYD w x}rw= |=yT} QD=t <=RH= u}@
xm 'OyO|t u=Wv sD} Qwor= wO |=Q@ l}i=QD X}YND O=OaD x@ C@Uv =Q Q=}at u}=
|rw 'Ov=xDiQo xrY=i x}rw= T} QD=t R= Q=QmD V}=Ri= =@ sD} Qwor= wO Qy u; j@=]t
C}=yv QO xm |Qw]x@ 'CU= QDtm |L[=w Qw] x@ PSO sD} Qwor= |=Q@ xrY=i u}=

"CU= xOt; CUO x@ u=}O=Qo |=Q@ R2 = 0 85 w PSO |=Q@ R2 = 0 91
R= xr�Ut |rta |=yOQ@OQ=m QO jwi |=yQ=}at |@Uv C}ty= u}}aD CyH
<=RH= ẁtHt C=Q}}eD "CU= xOW xO=iDU= 1391 p=U hOy T} QD=t C=aq]=
4 pmW QO xOWpL l}i=QD X}YND p�=Ut O=OaD C@Uv xOWK}LYD T} QD=t
sD} Qwor= wO Qy QO �1373T} QD=t� x}rw=T} QD=t <=RH= `tH "CU= xOW xO=O u=Wv

u=}O=Qo |=ysD} Qwor= j} Q] R= xOWK}LYD |=yT} QD=t |@=} RQ= u=mt= 'CQwY u}=
"OwW|t sy=Qi |ak=w T} QD=t =@ xU}=kt QO PSO w

|x}rw= T} QD=t K}LYD QO PSO w u=}O=Qo sD} Qwor= wO |};Q=m |xU}=kt |=Q@
u}}=B K]U |xr�Ut |=ypL hQY =Q |w=Ut |v=tR =yv; |wO Qy O}=@ '1373
Qy QO l}i=QD X}YND p�=Ut ,qw= 'Qw_vt u}O@ "OvW=@ xOQm �l}i=QD X}YND�
\QW ,=}v=F w 'OvwW|t pL 0 001 11|@Uv h=mW =@ pO=at |DkO =@ sD} Qwor= wO
|@Uv h=mW "OwW|t xO=O Q=Qk l}i=QD X}YND O=OaD |wQ sD} Qwor= wO Qy hkwD

%OwW|t h} QaD 13 |x]@=Q CQwYx@
RG =

TC �Pj2J djuj
TC

(13)

OYkt � -=O@t GwR u}@ QiU u=tR u} QDx=Dwm uj w xm@W QiU u=tR pm TC 'u; QO xm
"OvDUy |rai u=} QH QO j

l}i=QD X}YND Q=@l} OvtR=}v 'u=}O=Qo sD} Qwor= Q=QmD Qy xm CU= QmP u=}=W
X}YND xr�Ut C=QP O=OaD x@ O}=@ PSO sD} Qwor= Q=QmD Qy QO xm |r=L QO &CU=
w �l}i=QD X}YND Q=@ 31� Q=QmD 31 =@ u=}O=Qo sD} Qwor= 'pta QO "OwW pL
l} |xwqa x@ l}i=QD X}YND Q=@ 30� Q=QmD 6 w xQP 5 =@ PSO sD} Qwor=
=QH= u=QyD |xm@W |=Q@ �12 |x]@=Q QO Ca |x@U=Lt |=Q@ |i=[= X}YND

%OvDUy xU}=kt p@=k =yQ=}at u}= |=v@t Q@ sD} Qwor= wO u}= G}=Dv "Ov=xOW
&hOy `@=D Q=Okt "1

&xOWOQw;Q@ w xOWxOy=Wt |=yu=} QH u}@ �|oDU@ty ?} Q[� R2 "2
&xOWK}LYD T} QD=t w �1373 T} QD=t� x}rw= T} QD=t <=RH= u}@ R2 "3

&1391 hOy T} QD=t x@ C@Uv xOWK}YLD T} QD=t <=RH= ẁtHt "4
"1391 hOy T} QD=t w xOWK}LYD T} QD=t <=RH= u}@ R2 "5

pw= Q=}at 3 R= ,=@r=e [17�14w9] 'u}W}B C=ar=]t |NQ@ QO xm CU= QmP x@ sRq
QO hOy T} QD=t =Q} R 'CU= xOW xO=iDU= xOWK}LYD |=yT} QD=t |@=} RQ= CyH
p@k R= w CU= xr�Ut Q}eDt `k=w QO 'T} QD=t K}LYD |xr�Ut |rta |=yOQ@ Q=m
wO |}=v=wD u=wD@ =D Ov=xOW x�=Q= R}v 5 w 4 Q=}at wO 'xar=]t u}= QO xD@r= "CU}v swrat
|@=} RQ= QDy@ =Q 'CU= 1391 T} QD=t u}}aD xm '|rY= hOy x@ uO}UQ QO sD} Qwor=
|=yQ=}at |@Uv C} wrw= =D Ovm|t ltm Q=}at wO u}= |x�=Q= 'Qo}O hQ] R= "OQm

"OwW uWwQ xr�Ut |rta |=yOQ@ Q=m QO xO=iDU= CyH |r@k
X}YND p�=Ut O=OaD x@C@Uv =Q 2 |xr�Ut hOy `@=D Q=Okt sD} Q=or '1 pmW
pmW QO xm Qw]u=ty "OyO|t u=Wv sD} Qwor= wO |=yQ=QmD QO xOWpL l}i=QD
|=yQ=QmD QO =Q hOy `@=D Q=Okt Ov=xDUv=wD sD} Qwor= wO Qy 'OwW|t xOy=Wt QwmPt
|Qw] x@ 'OQ=O |QDy@ OQmrtaE}L u}= R= u=}O=Qo sD} Qwor=|rw 'OvyOVy=m|r=wDt
1 36�105 Q=Okt x@ 1 38�108 |x}rw= Q=Okt R= =Q hOy `@=D CU= xDUv=wD xm
xO}UQ 1 23� 107 Q=Okt x@ C}=yv QO PSO sD} Qwor= xm |r=L QO 'OyO Vy=m
xOQm O}rwDR=@ QDy@ =Q xOWxOy=Wt |=ysHL u=}O=Qo sD} Qwor= 'Qo}O CQ=@a x@ "CU=
|=yGwR|=[=kD 'u=}O=QoVwQ QO xmCU=K}[wDp@=kCQwYu}O@ xH}Dvu}= "CU=
OvwW|t s}_vD |wLv x@ 'Ovvm|t Qw@a xOWVQ=tW |=yu=tm R= xm '|OYkt � -=O@t
xOWxOy=Wt |=yu=} QH x@ u=mt= OL =D =yu=tm u; x@ xDi=}X}YND |=yu=} QH xm
u=}O=Qo sD} Qwor= O}m = xHwD "�OwW xv}tm '2 hOy `@=D |DQ=@a x@� OvwW l}ORv
x@ xOWK}LYD T} QD=t Q=DN=U XwYNQO =Q |@}=at xOWxOy=Wt |=yu=} QH x@

"Ov=xDiQo Q=Qk |UQQ@ OQwt xt=O= QO xm 'OQ=O x=Qty
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O=OaD x@C@Uv hOyT} QD=t w xOWK}LYD |=yT} QD=t u}@R2 C=Q}}eD "5 pmW
"u=QyD |xm@W |=Q@ l}i=QD X}YND

"u=QyD |xm@W |=Q@ PSO w u=}O=Qo sD} Qwor= wO |=QH= u=tR "1 pwOH
pL u=tR pm |xr�Ut pL u=tR p�=Ut pL u=tR sD} Qwor=
�xk}kO� xr�Ut �xk}kO� q=@ K]U �xk}kO� u}}=B K]U

58 4 3 1 55 3 u=}O=Qo
56 1 0 8 55 3 PSO

'OyO|t u=Wv =Q |UQQ@ OQwt sD} Qwor= wO \UwD xr�Ut pL u=tR '1 pwOH
hkwDt u=}O=Qo sD} Qwor= R= QDOwR xk}kO 2 3 OwOL QO PSO sD} Qwor= u; j@=]t xm
u}= 'VwQ wO Qy QO u}}=B K]U p�=Ut pL u=tR uOw@ Q@=Q@ x@ xHwD =@ "OwW|t
QwmPt pwOH xm Qw]u=ty "OwW|t q=@ K]U |xr�Ut pL u=tR x@ \w@ Qt Cw=iD
sD} Qwor= R= QD`} QU Q@=Q@ 3 9 =Q q=@ K]U |xr�Ut PSO sD} Qwor= 'OyO|t u=Wv
u=} QH =@ |=yQ}Ut |wQ |=yu=tm s=tD O}=@ u=}O=Qo sD} Qwor= =Q} R "Ovm|t pL u=}O=Qo
PSO sD} Qwor= xm |r=L QO 'Ovm V}=t}B OYkt � -=O@t |=yGwR |xty u}@ =Q C@Ft
|wQ Q@ sD} Qwor= wO Qy xm CU= QmP x@ sRq "Ovm|t pta xO=U |]@=wQ T=U=Q@
=QH= 4 GB |x_i=L w 2 53 GHz |xOvR=OQB C=YNWt =@ xv=}=Q x=oDUO l}

"Ov=xOW

|Q}oxH}Dv "6
VQ=tW C=aq]= T=U=Q@ OYkt � -=O@t |=yT} QD=t K}LYD |=yVwQ xRwQt=
KQ]t OYkt � -=O@t |Q}oQ=t; |=Q@ Ct}ku=RQ= |v} Ro}=H u=wvax@ =yu=tm sHL
T} QD=t K}LYD CyH PSO w u=}O=Qo OwHwt sD} Qwor= wO 'Q=DWwv u}= QO "OvDUy
QO xm@W |=yu=tm R= �1 1 OwOL u=} QH C=aq]= T=U=Q@ 1373 p=U |x}rw=
=yu=tm QO u=} QH C=aq]= "CU= xOW xU}=kt =yv; |};Q=m w V}=tR; 1391 p=U
xr}Uw u}O@ =D 'CU= xOt; CUOx@ 1391 p=U OwHwt T} QD=t X}YND j} Q] R=
xm Ov=xO=O u=Wv G}=Dv "OwW sy=Qi|ak=wT} QD=t =@ sD} Qwor= wO G}=Dv |xU}=kt u=mt=
'OQ=O |�RH |QDQ@ =yu=tm QO xOWxOy=Wt |=ysHL O}rwDR=@ Q_v R= u=}O=Qo sD} Qwor=
Kw[w x@ x}rw= T} QD=t Q=DN=U ^iL Q_v R= PSO sD} Qwor= OQmrta xm |r=L QO
xOWK}LYD |=yT} QD=t 'Q}N= Q=}at wO |@Uv C}ty= u}}aD CyH "CU= QDy@
u; j@=]t xm 'Ov=xOW xU}=kt R}v 1391 p=U hOy T} QD=t =@ sD} Qwor= wO \UwD

O=OaD x@ C@Uv xOWK}LYD w x}rw= |=yT} QD=t <=RH= u}@ R2 C=Q}}eD "3 pmW
"u=QyD |xm@W |=Q@ l}i=QD X}YND

X}YND O=OaD x@ C@Uv xOWK}LYD T} QD=t <=RH= ẁtHt C=Q}}eD "4 pmW
"u=QyD |xm@W |=Q@ l}i=QD

hOy T} QD=t <=RH= `tH �60 ,=OwOL xm 'CU= |Q=wU pO=at 430778 Q@=Q@
|QDy@ OQmrta PSO sD} Qwor= xm OyO|t u=Wv 4 pmW "CU= �1391 T} QD=t�
<=RH= ẁtHt 'l}i=QD X}YND Q=@ 31 R= Oa@ xm |Qw] x@ 'OQ=O Q_vt u}= R=
QO 'CU= xO}UQ �hOy T} QD=t �95� 684652 OOa x@ xOWK}LYD T} QD=t
��77 |@Uv Q=Okt� 55270 Q=Okt Q@=Q@ u=}O=Qo sD} Qwor= QO OOa u}= xm |r=L
u}= xm CU= p}rO u}= x@ u=}O=Qo sD} Qwor= h}a[ OQmrta "CU= xOt; CUO x@
smCUO xm Ovm|t K}LYD =Q |OYkt � -=O@t |=yGwR u; |=[=kD \ki sD} Qwor=
xm |r=L QO 'OW=@ xDW=O OwHw =yv; u}@ |=yQ}Ut QO xOWxOy=Wt u=tm l}
hrDNt T} QD=t OvJ R= xO=iDU= R}v w u; |iO=YD C}y=t Q]=N x@ PSO sD} Qwor=
CU= QO=k |Oa@ Q=QmD |=yT} QD=t O}rwD |=Q@ �T} QD=t 5 =Hv}= QO� Q=QmDQy QO
PSO sD} Qwor= '`k=w QO "OyO Q}}eD R}v =Q OYkt � -=O@t |=yGwR Q}=U |=[=kD
pta u=}O=Qo sD} Qwor= R= QDy@ |yHwD p@=k Qw] x@ =yQiU pm OWQ |v}@V}B QO

"Ovm|t
=Q hOy T} QD=t Q=DN=U x@ uOWl}ORv QO sD} Qwor= wO |};Q=m 'C}=yv QO
"OQm |UQQ@ |}=yv w xOWK}LYD |=yT} QD=t <=RH= u}@ R2 Q=}at =@ u=wD|t R}v
QwO |}=yv T} QD=t R= Q=QmD V}=Ri= =@ sD} Qwor= wO Qy xm OyO|t u=Wv 5 pmW
x@ C@Uv R2 = 0 43 =@ PSO |xOWK}LYD T} QD=t 'C}=yv QO =t= "OvwW|t
'CU= QDl}ORv |}=yv T} QD=t x@ R2 = 0 41 =@ u=}O=Qo |xOWK}LYD T} QD=t

"CU= u; QDy@ |};Q=m |xOvyOu=Wv xm
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QmWD w Q}OkD
w pkvwptL `t=H C=ar=]t CmQW sQDLt pt=a Q}Ot R= Q=DWwv u}= u=oOvU} wv
OwN C}=tL =@ xm |RwQwv u}UL OtLt TOvyt |=k; ?=vH u=QyD QyW l}i=QD

"OvQ=O =Q QmWD p=tm 'Ov=xDN=U QU}t =Q VywSB u}= s=Hv=

xH}Dv T} QD=t QY=va `tH sy w Q=DN=U Q_vt R= sy u=}O=Qo sD} Qwor= `]=k |QDQ@
"CU= xOW

|xr�Ut |rta |=yOQ@ Q=m QO xmCio u=wD|t xar=]t u}= OwOLt G}=Dv T=U=Q@
�x}rw= T} QD=t Q=DN=U ^iL� Q=}at |=Q@ CU= QDy@ 'OYkt � -=O@t T} QD=t K}LYD
"OwW xDiQo Q_v QO |QDW}@ uRw �xOWxOy=Wt |=yu=} QH O}rwDR=@� Q=}at x@ C@Uv

=yCWwv=B
1. origin-destination (OD) matrix
2. origin-destination matrix estimation problem (ODMEP)
3. maximum entropy
4. particle swarm optimization (PSO)
5. path-based complementarity algorithm
6. particle
7. Swarm
8. global best
9. local best
10. �tness function
11. relative gap

�References� `@=vt
1. Low, D. \A new approach to transportation systems

modeling", Tra�c Quart., 26(3), pp. 391-404 (1972).

2. Robillard, P. \Estimation of an O-D matrix from ob-
served link volumes", Transportation Research: Part B,
9, pp. 53-65 (1975).

3. Hoberg, P. \Estimation of parameters in models for traf-
�c prediction: A nonlinear approach", Transpotation Re-
seach: Part B, 10(4), pp. 263-265 (1976).

4. Wardrop, J.G. \Some theoretical aspects of road tra�c
research", Institution of Civil Engineers, Part II, 1(3),
pp. 325-362 (1952).

5. Nguyen, S., Estimating an OD Matrix from Network
Data: A Network Equilibrium Approach, University of
Montreal Publication, 21 p. (1977).

6. Gur, Y., Turnquist, M., Schinedier, M., LeBlance, L.
and Kurth, D., Estimation of an Origin-Destination Trip
Table Based on Observed Link Volumes and Turning
Movements, Final Report, Number DOT-FH-11-9292,
U.S. Federal Highway Administration, Washington, D.C.
(1980).

7. LeBlance, L. and Farhangian, K. \Selection of a trip ta-
ble which reproduces observed link ows", Transporta-
tion Research: Part B, 16(2), pp. 83-88 (1982).

8. Yang, H., Sasaki, T., Lida, Y. and Asakura, Y. \Es-
timation of origin-destination matrices from link traf-
�c counts on congested networks", Transportation Re-
search: Part B (Methodological), 26(6), pp. 417-434
(1991).

9. Spiess, H. \A gradient approach for the OD matrix ad-
justment problem", EMME/2 Support Center, CH-2558
Aegerten, Switzerland, 11 p. (1990).

10. Sherali, H., Narayanan, A. and Sivanandan, R. \Esti-
mation of origin-destination trip tables based on a par-
tial set of tra�c link volumes", Transportation Research:
Part B, 37(9), pp. 815-836 (2002).

11. Lundgren, J. and Petereson, A. \A heuristic for Bi-level
origin-destination matrix estimation problem", Trans-
portation Research: Part B, 42(4), pp. 339-354 (2007).

12. Rodenas, R. and Rayo, D. \A column generation algo-
rithm for the estimation of origin-destination matrices
in congested tra�c networks", European Journal of Op-
erational Research, 184(3), pp. 860-878 (2006).

13. Gholami Shahbandi, M. and Bababzadeh, A. \Appli-
cation of PSO algorithm for OD matrix estimation in
large scale networks", In Proceeding of the 10th Interna-
tional Congress on Advances in Civil Engineering, ACE,
Ankara, Turkey (2012).

14. Mahmud Abadi, M. \Correction of origin-destination
matrix from tra�c counts (case of city of mashhad)",
MS Thesis, Department of Civil Engineering, Sharif Uni-
versity of Technology, Tehran, Iran (1999).

15. Noriega, Y. and Florian, M. \Some enhancement of the
gradient method for OD matrix adjustment", Interuni-
versity Research Center of Enterprise Networks, Logis-
tics and Transportations (CIRRELT), 23 p. (2009).

16. De Villa, A.R., Casas, J., Breen, M. and Perarnau, J.
\Minimum GEH in static OD estimation", Australian
Transport Research Forum Proceedings, Brisbane, Aus-
tralia, 11 p. (October 2013).

17. Walpen, J., Mancinelli, E. and Lotito, A. \A heuris-
tic for the OD matrix adjustment problem in a con-
gested transport network", European Journal of Oper-
ational Research, 242(3), pp. 807-819 (2015).

18. Van Zuylen, H.J. and Willumsen, L.G. \The informa-
tion minimizing method: Validity and applicability to
transport planning", In New Developments in Modeling
Travel Demand and Urban Systems (1980).

19. Willumsen, L.G., Estimation of an O-D Matrix from
Tra�c Counts { A Review, Working Paper 99, Institute
of Transport Studies, University of Leeds (1978).

20. Jornsten, K. and Nguyen, S. \On the estimation of a
trip matrix from network data", Report Lith-MAT-R-
79-36, Linkoping Institute of Technology, Department of
Mathematics, S-58183 Linkoping, Sweden (1983).

8

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

1/
1|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

21. Fisk, S. \Trip matrix estimation from link tra�c counts:
The congested network case", Transportation Research,
Part B, 23(5), pp. 331-336 (1989).

22. Shafahi, Y. and Faturechi, R. \A new fuzzy approach
to estimate the O{D matrix from link volumes", Trans-
portation Planning and Technology, 32(6), pp. 499-526
(2009).

23. Foulds, L., Do Nascimento, H., Calixto, I., Hall, B.
and Longo, H. \A fuzzy set-based approach to origin{
destination matrix estimation in urban Tra�c networks
with imprecise data", European Journal of Operational
Research, 231(1), pp. 190-201 (2013).

24. Javani, B. and Babazadeh, A. \A gradient projection-
based linearization algorithm for tra�c assignment prob-
lem", In Proceeding of the 10th International Congress
on Advances in Civil Engineering, ACE, Ankara, Turkey
(2012).

25. Eberhart, R.C. and Kennedy, J. \A new optimizer using
particle swarm theory", In Proceedings of the 6th In-
ternational Symposium on Micro Machine and Human
Science, IEEE Press, Piscataway, NJ, pp. 39-43 (1995).

26. Shi, Y. and Eberhart, R.C. \A modi�ed particle swarm
optimizer", IEEE World Congress on Computational In-
telligence, pp. 69-73 (1998).

27. Van Den Bergh, F. and Engelbrecht, A.P. \A cooperative
approach to particle swarm optimization", IEEE Trans-
actions on Evolutionary Computation, 8(3), pp. 225-239
(2004).

28. He, Q. and Han, C. \An improved particle swarm op-
timization algorithm with disturbance term", Computa-
tional Intelligence and Bioinformatics, Springer, 4115
pp. 100-108 (2006).

29. Jiao, B., Lian, Z. and Gu, X. \A dynamic inertia weight
particle swarm optimization algorithm", Chaos, Solitons
& Fractals, 37(3), pp. 698-705 (2008).

9

www.SID.ir

