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=@ CU= xOW |aU Q=DWwv u}= QO "CUq=m |xOvvmVNB |q=@ |Q}PBh=]av= OQ=O
R= |YNWt |=yxawtHt =} u=} QDWt lDlD `k=w sr=a QO xm ẁ[wt u}= Q@ x}mD
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%OQ=O OwHw pt=a ẁv wO pOt u}= QO "Ovm|t xO=iDU= Q=mty p}=@ wt |=ypt=a
w Ovm wHwCUH xm@W QO xm OQ=O xi}_w pt=a ẁv u}= %17wQV}B |=yxJQwt
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&Ovm|t Cav=tt u=} QDWt R= |}xawtHt QO =y �13Q}UtQ} R� |Q}opmW R= "1

sr=a QO "Ovvm|t `=iO OwQv QD=Qi R=Ht OL R= O}k Qy C}iQ_ xm xDmv u}= R= "2
%CU= pwtat 6 pwtQi CQwYx@ b(s) h} QaD `k=w

[
X

i2S qi=Q] (6)

sD} Qwor= |x�=Q=
QDW}@ |}=vW; |=Q@ 'CU= 14CU=v@t pt=a sD} Qwor= AntNet xm u}= x@ xHwD =@

"s} R=OQB|t |U=U= ?}=Q[ |NQ@ |iQat x@

|ywQo Vwy "1
|OQi |}=v=wD xm CU= OvtWwy Q}e |=ypt=a R= |O=} R xwQo CiY �|ywQo Vwy�
OwN R= |}xv=OvtWwy Q=DiQ Qo}Om} =@ pt=aD =@ |atH CQwYx@ w OvQ=Ov |O=} R
u}@ s}kDUtQ}e C=]=@DQ= |xr}Uwx@ |@ w=vD Qw]x@ xv=OvtWwy Q=DiQ "OvyO|t u=Wv
xr�Ut pL OQwtQO |Wv=O xvwoI}y |OQi Qw]x@ =ypt=a "OwW|t O=H}= =ypt=a

"OwW|t O=H}= xv=OvtWwy Q=DiQ l} |a=tDH= p=ta= =@ w 'OvQ=Ov
=yxwQo u}= X=wN �hr=

&OvQ=Ov |RmQt |xOvvmpQDvm I}y x@ R=}v w Ov=xOW `} RwD qt=m �
&OvQ=Ov \}Lt R= |rm O}O I}y =ypt=a �

&OvR=OQB@ u; Q}UiD x@ w Ovvm T=UL= =Q u=Wh=Q]= \}Lt Ovv=wD|t =ypt=a �
&Ovvm Q}}eD \}Lt QO Ovv=wD|t =ypt=a �

'=y|QDm =@|oOvR xrtHR="OvQ=O OwHwCa}@] QO|ywQo Vwy R= |O=} R |=yxvwtv �
|O=} R pmWt |=yQ=m |ywQo Vwy ltm =@ C=OwHwt u}= """w =yQw@vR '=yxJQwt

&xrtH R= "OvyO|t s=Hv= =Q
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=Q]%OwW|t x@U=Lt 9 pwtQi T=U=Q@
p0nd = pnd + �ln

1 + �(Nk � 1)
(9)

x@ =Q s=k xQo xm |mv}r |iY pw] 'qn x@ xmCU= [0; 1] u}@ xOWQ=Hvy |Q=Okt ln
"OyO|t u=Wv =Q \=@DQ= u}= 10 pwtQi "OQ=O |oDU@ 'Ovm|t pYDt n V=x}=Uty
"p0nd |x@U=Lt QO ln x@ uO=OuRw |=Q@ (0 2 < � < 0 5) CU= |OOa R}v �
ln = 1� qnPNk

n0=1 qn0
(10)

xQ=@v= R= =Q xkrL QO OwHwt |=yxQo xJQwt 'OW xO=O X}NWD 20xkrL l} Qo = -

xQo w 'Ovm|t O=R; Ow@ xOW p=eW= =yv; |=Q@ xm =Q |}x_i=L s=tD w xOQm GQ=N
"Ovm|t ?=NDv= CmQL |=Q@ |Qo}O

xO}t=v wQTB |xJQwt xm |Qo}O pt=a 'O}UQ OYkt xQo x@ wQV}B pt=a |Dkw -

VOwN w xOQm pkDvt w= x@ =Q V}=yxO=O w =yx_i=L s=tD w Ovm|t O}rwD OwW|t
"OwQ|t u}@ R=

"Ovm|t |] Tma CyH QO =t= 'wQW}B |xJQwt x@=Wt |Q}Ut wQTB |xJQwt -

O=H}= Q}}eD xQo u; |xO=O Q=DN=U wO QO 'xQo Qy x@ OwQw s=ovy wQTB |xJQwt -

"Ovm|t
"OwQ|t u}@ R= sy wQTB |xJQwt 'OYkt x@ uO}UQ R= TB -

OwHwt *l@O}i |=yp=vo}U j} Q] R= =yvD |@=} Q}Ut pw=OH uOQw;QO RwQx@
|}=yxQo O=OaD� |m} R}i pw] Q@ CU= |vD@t xv}y@ Q}Ut ?=NDv= "OQ}o|t CQwY
x=oO}O =@ u}vJty w =yxQo VR=OQB CaQU '=ylv}r C}iQ_ '�Ovm|t Qw@a =yv; R= xm
I}y w Ovvm|t xO=iDU= =yxO=O hY u=ty R= wQV}B |=yxJQwt "sm =QD R= |Q}owrH
"OvUQ|t QD`} QU w OvQ=O |QDq=@ C} wrw= wQTB |=yxJQwt =t= "OvQ=Ov =yv; Q@ |tOkD
[17w16]"CU=TQDUO QOhrDNt `@=vt QO|@=} Q}Ut pw=OHuOQm RwQx@|ovwoJ
u=wD|t |DL=Qx@ "CNwt; =Q pw=OH uOQm RwQx@ VwQ |vWwQx@ u=wD|t `@=vt u}= QO
umtt =Q ?wN ,=D@Uv |=y?=wH O}rwD CU= |OvtWwy VwQ 'VwQ u}= xm O}O

"OR=U|t

V}=tR; G}=Dv w |L=Q]
|=Q@ "OwW@ |Q=PoxLY jwi pOt CU= sRq '|O=yvW}B pOt uOw@O}OH x@ xHwD =@
xOWQWDvt Q@Dat |=ypOt =@ xOt; CUO x@ |=y?=wH |O=yvW}B pOt Q=@Da= C=@F=
OQwt =Q |}=} wB swyit Q=@u}rw= |=Q@ |O=yvW}B pOt xm u}= x@ xHwD =@ "Ov=xOW xU}=kt
=Q |O=yvW}B pOt R=|}=yVN@ =D s}=xOW Qw@Ht |Q=PoxLY |=Q@ =Pr 'xO=O Q=Qk xHwD
xU Qy OQwtQO AntNet sD} Qwor= OQwtQO xOW xO=O KQW |=yZQi "s}vm p=aiQ}e
'1 pwOH QO "CU= xOt;QO =QH= x@ 'CU= xOt; 1 pwOH QO xmC1; C2; C3 |xr�Ut
|@=} Q}Ut |xr�Ut QO |QDy@ ?=wH x@ xm =Q sD} Qwor= R= |irDNt Cq=L xOW |aU

"OwW V}=tR; �xOW?=NDv= |=yu=mt pw@k p@=k |=yCWo}=H Ovv=t� OUQ|t
xOW x�=Q= Q}Ut QO xOWO}Ov=m |=yu=mt R= |QUm '1 pwOH sHvB uwDU QO
Q=DWwv u}= QO "OHvU|t =Q uwo =vwo |=y?=wH 'hrDNt |=yQUm V}=tR; =@ xm
u} QDy@ [19w18]OwHwt `@=vt QO "CU= xOW VqD x}rw= AntNet |Q}oQ=mx@ |=Q@
=@ xr�Ut xU Qy |=Q@ ?=wH u} QDy@ w [20]QW}i xr=kt QO pw= |xr�Ut |=Q@ ?=wH

"CU= |UQDUO p@=k [21]OQq}=D |xr=kt QOTabu search ltm

u=}t |ak=w |=yxJQwt Q=DiQ &=yxJQwt \UwD Q}Ut u} QDx=Dwm ?=NDv= "2 pmW
"=Pe `@vt w xv=}W;

"O};|t 7 pwtQi QO u; C=}�RH xm Mi s=vx@ |}x}=Q; "2

Mi = [(�j ; �2
j ; !bestj )] (7)

j Qy |=R=x@ i xQo 'OW=@ xm@W |=yxQo pm O=OaD N s}vm ZQi Qo =
w Tv=} Q=w 'u}ov=}t u; w 'Ovm|t C@F =Q jwi |Q=t; C=aq]= (j = 1; :::; N)

u}= "Ov=xOQm hQY j x@ i R= uO}UQ |=Q@ =ypt=a uwvm =D xm CU= |v=tR u} QDx=Dwm
"CU= xO}O xm@W pm R= uwvm =D xQo u}= xJv; R= CU= |}x_i=L =yxO=O

AntNet sD} Qwor= hrDNt pL=Qt �hr=
|OYkt CtU x@ xm@W xQo Qy R= wQV}B |xJQwt l} s_vt |v=tR |=yxQwO QO
Cr=L R}v w 'hWm OYkt u; x@ =Q xv} Rysm Q}Ut l} =D O};|tQO CmQL x@ XNWt
CUO x@ 8 pwtQi w |m}i=QD Q=@ T=U=Q@ =yOYkt "Ovm|t |UQQ@ =Q xm@W l}i=QD

%O};|t

pd = fsdPN
d0 fsd0

(8)

R= wQV}B |xJQwt uO=DUQi p=tDL= "CU= xDiQ s x@ d R= xmCU= |}xO=O sHL fsd
xOWC=kqt |=yxQo |xU=vWCmQL s=ovy wQV}B |xJQwt "CU= d OYkt x@ s xQo
xQ=@v= sHL l} QO =Q =yxQo u}= C=kqt =D CmQL |=OD@= R= xOWhQY u=tR w

"Ovm|t xQ}NP �19lDU=�
|Q=H xQo |@=} Q}Ut pwOH QO xm |D=aq]= R= |Oa@ xQo uDi=} |=Q@ pt=a Qy
xQo Qy QO "Ovm|t xO=iDU= hrDNt |=ylv}r QO hY pw] u}vJty w xOW xQ}NP
'Ov=xOWv C=kqt p=Lx@ =D xm |}=yx}=Uty u}@ R= =Q |Oa@ xQo wQV}B |xJQwt 'k
s=k xQo |=yx}=Uty s=tD u}@ R= OvW=@ xOW C=kqt =yx}=Uty s=tD xm |DQwYQO w
p0nd "OwW|t ?=NDv= |Oa@ xQo u=wvax@ p0nd p=tDL= =@ x}=Uty Qy "Ovm|t ?=NDv=
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"""w
xr=L

uU
L'

|tR
QQi

aH "AntNet |=y?=wH "1 pwOH
?=wH Ow@y@ OQ=Ov=DU= h=QLv= CU}r u}ov=}t CU}r pk=OL |=yu=mt R= |QUm xr=Ut OQm} wQ

��� xOW O}Ov=m
2 99 3 84 551 98 504 3 1 3

C1 AntNet
0 04 2 89 528 9 524 8 1 5
0 77 1 91 532 85 528 6 1 7
2 91 4 95 548 18 539 8 1 9
5 47 9 4 891 21 871 3 1 3

C3
3 72 7 24 876 71 856 8 1 5
3 39 6 53 868 19 854 2 1 7
3 41 5 31 865 65 854 2 1 9
14 6 8 52 1197 43 1178 61 1 3

C4
12 22 9 89 1170 47 1154 15 1 5
10 48 8 38 1154 4 1136 16 1 7
10 06 6 29 1143 43 1131 83 1 9

"=yODt Qo}O =@ xr=kt G}=Dv |xU}=kt "2 pwOH
xOt; CUOx@ ?=wH Cw=iD Ant Net Ranked ACO[9] [11]?=wH u} QDy@ � =yu}W=t C}iQ_ =yu}W=t O=OaD p�=Ut

?=wH u} QDy@ =@
0 524 61 524 61 524 61 0 160 50 C1

1 8 824 34 832 32 826 14 0 200 100 C3
�35 13 1063 55 1061 55 1028 42 0 200 150 C4

OwHwt ?=wH u} QDy@ =@ xU}=kt QO |O=yvW}B sD} Qwor= =@ xOWO}rwD ?=wH '�N Q=Okt�
"OQ=O |W}=Ri= |}xrY=i

|Q}oxH}Dv
VL=i V}=Ri= C=a@D Q}Ut CUQO=v =} CUQO ?=NDv= 'pkvwptL sDU}U l} QO
Q}Ut ?=NDv= 'xOWhQY u=tR w x}=tQU 'Q=m ẁv x@ xHwD =@ "OyO|t u=Wv =Q xv} Ry
|rOt Q=DWwv u}= QO "OwW QHvt Q[=L |D@=kQ Q=R=@ QO |RwQ}B x@ Ov=wD|t ?U=vt
Q@ |aU xOWx�=Q= pOt QO "OW x�=Q= pkvwptL p�=Uw |@=} Q}Ut p�=Ut R= O}OH
Ovv=wD|t xm � u=} QDWt lDlD |=Q@ q=m p} wLD |xQwO ?}=Q[ p=ta= =@ xm Ow@ u}=
Q=@ u}rw= |=Q@ xm =Q u; l}Uqm pOt '�OvQ}o@ T} wQU |ywQo =} xv=o =OH CQwYx@
|ak=w |=}vO\}=QW x@ QDW}@ xJQy 'Ci=} s}taDTBU w [10]OW x�=Q= 1985 p=U QO
AntNet sD} Qwor= xm O=O u=Wv xDi=} Q=WDv= p@k R= |xr�Ut OvJ pL "Ovm l}ORv
?}mQD =@ u=wD|t "OUQ|t ?U=vt ?=wH x@ 'xv}y@ ?=wH x@ |m}ORv Q=}U@ OYQO =@
O=a@= =@ |r�=Ut |DL� R}v |QD=Q=m w QDy@ |=y?=wH x@ =yVwQ Qo}O =@ VwQ u}=
|xr�Ut pL QO sD} Qwor= u}= |R=UxO=}B OUQ|t Q_v x@ "Ci=} CUO �QDnQR@

"Ot=Hv=|t QDy@ ?=wH O}rwD x@ �VRP� |@=} Q}Ut

QmWD w Q}OkD
|=yxOmWv=OT}OQB 'u=QyD x=oWv=O|r=t|v=@}DWB R= xr=kt u}= u=oOvU} wv xr}Uwv}O@
|v=OQOk w QmWD jwi xar=]t s=Hv= QO 8108023 1 11 xOvwQB xQ=tW x@ |vi

"Ov}=tv|t

"=yODt Qo}O =@ AntNet R= pY=L G}=Dv |xU}=kt "3 pmW

=@ ?=wH u} QDy@ Q@ xwqa =Q xrY=L G}=Dv 'u; ?=wH w pOt QDy@ |@=} RQ= |=Q@
x@ '2 pwOH |=yxO=O x@ xHwD =@ [9]"s}=xOQm xU}=kt R}v xOW |Ov@x@DQ ACO ODt
Qo}O =@ =Q |D@=kQ p@=k G}=Dv CU= QO=k AntNet sD} Qwor= |HwQN OUQ|t Q_v
|=y?=wH Cra xm OUQ|t Q_v x@ sRq xDmv u}= |Qw;O=} "OQw; OwHw x@ =ysD} Qwor=
O}OH |O=yvW}B pOt R= |}=yCtUk uOW p=aiQ}e R= |W=v u=wD|t =Q xOWvxv}y@
|ov}y@ Vy=m x@ xr�Ut QO O}OH |=yC}OwOLt uOQmOQ=w xm CU= |a}@] "CUv=O
QDsm �1 |@} QkD Q=Oktx@ xOWO}rwD ?=wH C1 |xr�Ut |=Q@ p=Ft Qw]x@ "OwW QHvt
pY=L |H}=Dv u}vJ ,=OwOL R}v p�=Ut Qo}O |=Q@ "CU= `@=vt Qo}O |xv}y@ pL R=
l}D=tW CQwYx@ AntNet sD} Qwor= w =yVwQ |xU}=kt 3 pmW QO "CU= xOW
=y=O}Ov=m O=OaD V}=Ri= =@ OW|t |v}@V}B p@k R= xm u=vJ "CU= xOW xO=O V}=tv
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1. vehicle routing problem (VRP)
2. agent based
3. high complex
4. tour sets
5. depot
6. time window
7. classical VRP
8. traveling salesman problem
9. exact
10. dynamic
11. binary
12. node
13. subrouts
14. agent based
15. stigmergy
16. pheromone
17. forward ant
18. backward ant
19. stackOvUQ@ Q}Ut |=yDv= x@ Ovv=wDv �=yxJQwt�=ypt=a xmv}= p=tDL= '|@=} Q}Ut p�=Ut QO "20
|Dr=L u}vJ x@ 'CU= O=} R 'Ov}=tv CmQL sw=Ot Qw]x@ XNWt Owv OvJ u}@ =yvD w

"Ov} wo |t (loop) xkrL
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