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|YYND |=yx}YwD 'OvDUy NP-hard ẁv R= �VRP� x}rkv |xr}Uw |@=} Q}Ut p�=Ut
|}xar=]t 'Q[=L Q=DWwv QO "CU= |Q=mD@==Qi |=ysD} Qwor= \UwD =yu; pL Q@ |vD@t

C=ar=]t G}=Dv "CU= xDiQo CQwY Qw@vR |vwrm sD} Qwor= |Q}oQ=mx@ |xv}W}B Q@ |r}YiD
hrDNt p�=Ut |=yMU=B Ow@y@ QO QwmPt sD} Qwor= xHwDp@=k |}=v=wD R= |m =L 'u}W}B
=@ |awvYt Qw@vR |vwrm sD} Qwor= |R=UpOt G}=Dv 'xOWu=}@ OQ=wt p}tmD QO "CU=
|xr�Ut 2 ?r=k QO 'sD} Qwor= OQmQ=m <=kDQ= |=Q@ xOvyOOw@y@ |=yQorta |Q}oQ=mx@
|xO}= Q@ |O}}-=D R}v u=oOvU} wv \UwD x}rkv |xr}Uw |@=} Q}Ut w OQoxQwO |xOvWwQi

Ow@y@ R= u=Wv 'Q@Dat |xvwtv p�=Ut Q@ sD} Qwor= |=QH= G}=Dv xm|Qw]x@ "CU= xOWKQ]t
=@ C}i}m =@ |=yMU=B O}rwD Q@ |y=wo Qt= u}= xm 'OQ=O QwmPt |xr�Ut 2 |=yMU=B QO

=@ T=}k QO u; jiwt OQmrta w xO}J}B p�=Ut pL |=Q@ Qw@vR |vwrm sD} Qwor= R= xO=iDU=
"CU= G}=Dv Ow@y@ QO QwLtC}atH |=ysD} Qwor= Q}=U

amrahimi@znu.ac.ir
hamidi@znu.ac.ir

'OQoxQwO |xOvWwQi |xr�Ut '|awvYt Qw@vR |vwrm '|R=Uxv}y@ %|O}rm u=oS=w
"x}rkv |xr}Uw |@=} Q}Ut |xr�Ut

xtOkt "1
|D}OwOLt I}y |OwQw |=yQ}eDt 'CU=O}B R}v u; s=v R= xm Qw]u=ty 'C}OwOLt

[1]"OvQ=Ov
|=yxv=Wv w s�qa =yu; QO xm OQ=O CrqO |}=ysD} Qwor= Q@ |r=tDL= |R=Uxv}y@
R= |r=tDL= |R=Uxv}y@ QO "OQ=O OwHw wHDUH Ov}=Qi QO p=tDL= w uOw@|iO=YD
|=yQ=QmD =@ |}=yVwQ pt=W =ysD} Qwor= u}= w OwW|t xO=iDU= |iO=YD |=yQ}eDt
xm 'OvwW|t s}UkD xDUO 3 x@ |Q=mD@= |=ysD} Qwor= "OvDUy xr�UtpL|=Q@|iO=YD
|=ysD} Qwor= "3 '|Q=mD@= =Qi |=ysD} Qwor= "2 '|Q=mD@= |=ysD} Qwor= "1 %R= Ov=CQ=@a

"|Q=mD@= jwi
|=ysD} Qwor= =@ T=}k QO QDxDi=}xaUwD w q=@ |L]U QO |Q=mD@= =Qi |=yVwQ
|}=yxvwtv\UwD xOWsy=Qi |=yl}D=DU= R= xO=iDU= =@ |y=o w Ovvm|t pta |Q=mD@=
|=yxO}OB R= |rOt |=v@t Q@ |DL w |iO=YD w |r=tDL= Qw] x@ 'wHDUH |=[i R=
|xaUwD Q}N=|=yp=U|] xm '|Q=mD@==Qi|=ysD} Qwor= R=|NQ@ "Ovvm|tpta|a}@]
|DQ=QL O} Q@D sD} Qwor= '�GA� l}DvS sD} Qwor= %OvQ=Qk u}= R= 'Ov=xDW=O |v=w=Qi
|awvYt |@Ya |xm@W sD} Qwor= '�TS� xawvtt |wHDUH sD} Qwor= '�SA�
|vwrm |R=Uxv}y@ sD} Qwor= '�PSO� C=QP sm =QD |R=Uxv}y@ sD} Qwor= '�ANN�
|QDm =@ |@=}=Pe |R=Uxv}y@ sD} Qwor= '�FA� ?=D?W sQm sD} Qwor= '�ACO� xJQwt
|awvYt Qw@vR |vwrm sD} Qwor= w �CO� xDN=i |R=Uxv}y@ sD} Qwor= '�BFO�

Vy=m w u=tR C} Q}Ot '|Q=m Qy G}=Dv C}i}m uOQ@q=@ |=Q@ OvtDQOk |=yQ=R@= R= |m}
'|twta h} QaD QO "CU= |R=Uxv}y@ |QwQ[Q}e w h=Ro |=yxv} Ry R= |Q=}U@
hOy '`k=w QO "OwW|t xDio R}J Qy QO u} QDy@ CN=U Ov}=Qi =} pta x@ |R=Uxv}y@
l} |wU x@ =Q =t xm CU= |}=yQ}eDt Q}O=kt uDi=} '|R=Uxv}y@ |xr�Ut l} QO
xm OyO|t u=Wv =Q |R=Uxv}y@ Ov}=Qi '1 pmW "Ovm C}=Oy hOy `@=D R= xv}y@ Q=Okt
|HwQN |=yxvwtv '|R=Uxv}y@ |xUwQB s=Hv= w |OwQw |=yQ}eDt h} QaD =@ u; QO

"OvDUy G=QNDU= p@=k umtt Cr=L u} QDxv}y@ x@
w '|a]k |R=Uxv}y@ %|rm |xDUO 2 x@ u=wD|t =Q |R=Uxv}y@ |=ysD} Qwor=
OQ=O |}=ysD} Qwor= Q@ CrqO |a]k |R=Uxv}y@ "OQm s}UkD |r=tDL= |R=Uxv}y@
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Qy |=Q@ C=@U=Lt u=tR w xOQm pta xJQwt sD} Qwor= R= QDy@ |tm Qw@vR sD} Qwor=

[7]"CU= xOw@ x@=Wt wO
|awvYt Qw@vR|vwrm sD} Qwor= QO|rQDvm |=yQDt=Q=B R=|m} '=yQw@vRC}atH |xR=Ov=
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C=YDNt |wU x@ s}kDUt CmQL |=Q@ u=@xO}O |=yQw@vR u; QO xm 'CU= xOW
|vwrm sD} Qwor= QO u; VR=Q@ Q}O=kt w |L=Q] 'QoQ=m Qw@vR |wU R= xOWXNWt
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Ci=} QO w p}wLD =@ x}rkv |xr}Uw |@=} Q}Ut |xr�Ut "3
q=m u=tRsy

Cr=L l} 'q=m u=tRsy Ci=} QO w p} wLD =@ x}rkv |xr}Uw |@=} Q}Ut |xr�Ut
u=wD|t xm 'CU= x}rkv |xr}Uw |@=} Q}Ut |xr�Ut l}Uqm Cr=L R= xDi=}\U@
u; QO xm |i=Qo u=wva x@ G = (V;A) uO=OQ=Qk =@ %OQm |R=UpOt xvwou}= =Q u;
A = f(vi; vj)jvi; vj 2 V; i 6= jg w Q=OQ@ |xawtHtV = fvo; v1::::vng
T} QD=t l} w dij Ci=Ut T} QD=t l} 'A =@ \=@DQ= QO "CU= u=tm |xawtHt
|x}rkvxr}Uw m =@ |} wBO |xOvyOu=Wv v0 Q=OQ@ "OQ=O OwHw tij QiU u=tR
Q=Okt l} '|QDWt Qy "Ovm|t |yOT} wQU |QDWt n x@ xm 'CU= uoty
si T} wQU u=tR l} w 'qi p} wLD |ivt=v Q=Okt l} 'pi |Qw;`tH |ivt=v
OL=w Qy QO Q}eDt |xv} Ry 'f C@=F |xv} Ry 'x}rkv |xr}Uw Qy Qw]u}ty "OQ=O
|=yQ}eDt "OQ=O =Q D |yOT} wQU u=tR C}OwOLt w 'Q C}iQ_ 'g Ci=Ut
xm CU= u; |xOvyOu=Wv xm |Qv}=@ Q}eDt l} xijk %OvDUy KQW u}O@ R}v s}tYD
|xr}Uw Qo = 'xijk = 0 'CU= xOW |] k |x}rkv |xr}Uw \UwD (i; j) u=tm
(i; j) Q}Ut k x}rkv |xr}Uw Qo = 'xijk = 1 'Ovm |] =Q (i; j) u=tm k |x}rkv
=Q (i; j) u=tm xm CU= |v=tR QO 'k |x}rkv |xr}Uw Q=@ yijk "Ovmv |] =Q
k |x}rkv |xr}Uw \UwD i |QDWt |yOT} wQU u=tR ẁQW �ik w Ovm|t |]

"CU=
Ow@ Oy=wN KQW u}= x@ QwmPt |xr�Ut |=yC}OwOLt w hOy `@=D p=L

%�12 |r= 1 |=yx]@=Q�

MinZ = f
mX
k=1

nX
j=1

x0jk + g
nX
i=0

n+1X
j=1

mX
k=1

dij xijk (1)

Subject to
nX
i=0

mX
k=1

xijk = 1 for 1 � j � n (2)

nX
j=0

xjik =
n+1X
j=1

xijk for 1 � i � n; 1 � k � m (3)

nX
j=1

x0jk � 1 for 1 � k � m (4)

�ik + si + tij � �jk � (1� xijk)M for 0 � i � n;
1 � j � n+ 1; 1 � k � m (5)

�n+1;k � �0k � D for 1 � k � m (6)

yijk � xijkQ for 0 � i � n; 1 � j � n+ 1; 1 � k � m (7)
nX
j=1

y0jk =
nX
j=1

qj

nX
i=0

xijk for 1 � k � m (8)
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"CU= xOW O=H}= Ow@y@ 'l}ORv |o}=Uty `=aW QO2-opt sD} Qwor= R= uDiQoltm
QwO Qy |=yDv= QO 'l}Uqm 2-opt sD} Qwor= R= xO=iDU= |=Hx@ xOWx�=Q= sD} Qwor= QO
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QO Ow@y@ |}=v=wD |NU=B Qo = R}v |awvYt Qw@vR |vwrm sD} Qwor= QO "OwW|t =yQ
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"CU= Ca}@] QO
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pO=@D w Ovvm|t |oOvR xDUUo |=}vO l} QO =yQw@vR 'sD} Qwor= wO Qy QO ��

"OwW|t s=Hv= |Qw@vR XkQ j} Q] R= C=aq]=
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|iO=YD Q=DiQ Q@ \@DQt |t=LOR= Vwy |=v@t QO pUaQw@vR |vwrm sD} Qwor= ��
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nX
i=0

yijk + (pj � qj)
nX
i=0

xijk =
n+1X
i=1

yijk for 1 � j � n;

1 � k � m (9)

xijk 2 �0; 1	 for 0 � i � n; 1 � j � n+ 1; 1 � k � m
(10)

yijk � 0 for 0 � i � n; 1 � j � n+ 1; 1 � k � m (11)

�ik � 0 for 0 � i � n; 1 � j � n+ 1; 1 � k � m (12)

|xv} Ry pt=W xm |@=} Q}Ut |xv} Ry O}=@ pOt u}= xm OyO|t u=Wv '1 hOy `@=D
Qy X}YND '4 |r= 2 |=yx]@=Q "OR=U xv}tm =Q 'CU= pkv w ptL Q}eDt w C@=F
|QDWt Qy xm OvyO|t u=Wv u}vJty "Ovm|t OwOLt =Q Q}Ut l} \ki |QDWt
=yQ}eDt u=tR u}@ |x]@=Q '5 C}OwOLt "OwW|t C=kqt x}rkv |xr}Uw \UwD ,=k}kO
Cq}yUD ?}DQDx@ '9 |r= 6 |=yC}OwOLt "OvyO|t KQW =Q pOt u}= |=yQDt=Q=B w
|=yC}OwOLt w Ovvm|t u}t[D =Q |D}iQ_ C=_Lqt w u=tR =@ j@=]t |R} Qxt=vQ@

[19]"OvDUy u=} QH |=yQ}eDt Q@ 1 w 0 |=yC}a[w |xOvvmp}tLD '|}=yDv=
|@=} Q}Ut |xr�Ut 'OQ=O Q=@v= l} R= V}@ x@ R=}v |v=Btm l} xm |}=yxv} Ro QO
|@=} Q}Ut |xr�Ut wQ u}= R= "OQ=Ov |@U=vt |}=Q=m 'OL=w |wBO =@ x}rkv |xr}Uw
|R=UxQ}NP |=Q@ wBOl} R=V}@ u; QO xm OwW|t KQ]t wBO u}OvJ =@ x}rkv |xr}Uw
|xr�Ut x@ u=wD|t VRP |=yxN=W Q}=U R= "CU= Q_vOt =yq=m w CqwYLt
|xr�Ut '4�VRP-SPD� q=m u=tRsy p} wLD wCi=} QO =@ x}rkv |xr}Uw|@=} Q}Ut
Q=OCUwO |x}rkv |xr}Uw |@=} Q}Ut |xr�Ut '5�PVRP� l}Ow} QB |@=} Q}Ut

"OQm xQ=W= 6�GVRP� CU} R \}Lt

|awvYt Qw@vR |vwrm sD} Qwor= "4
|R=Uxv}y@ p�=Ut pL QO =B wv |Q=mD@==Qi VwQ l} |awvYt Qw@vR |vwrm sD} Qwor=
pUaQw@vR OvtWwy |=yQ=DiQ R= u; QO xm 'CU= xOW|iQat 2005 p=U QO xm 'CU=
sD} Qwor= '`k=w QO "CU= xOW xDiQo s=yr= wOvm h=Q]= QO OyW `@=vt uOQm =O}B QO
|iO=YD pLx=Ql} O=H}= =@ xm 'CU= xOvwWQ=QmD sD} Qwor=l}|awvYt Qw@vR|vwrm
OwW|t ẁQW |}=Pe `@vt l} x@ 7QoQ=m Qw@vR Qy X}YND w =Pe `@vt u=wvax@
|=Pe `@vt x@ l}ORv |=Pe `@vt l} QoQ=m Qw@vR Qy 'Q=QmD Qy pw] QO TBU w

[10]"Ovm|t =O}B =Q �|r@k `@vt� xOWX}YND
w �xv}y@ |=yMU=B� |ve |}=Pe `@=vt uDi=} |=Q@ VqD 'Qw@vR |vwrm hOy
V}=Ri=� QwmPt |}=Pe `@vt OyW Q=Okt =@ \=@DQ= QO |D=aq]= uDN=Uxv}W}@
Qw@vR |vwrm sD} Qwor= '|rm Q=DN=U QO "CU= wOvm <=[a= |=Q@ �=yMU=B VR=Q@
u}rw= "OvQ=O xv}y@ |=yMU=B O}rwD |=Q@ |}=yC}r=ai =@ Qw@vR xDUO 3 '|awvYt
C}r=ai x@ ẁQW 'x}rw= |=yMU=B O}rwD R= TB xm OvDUy QoQ=m |=yQw@vR 'xwQo
|x_i=L QO u; C}akwt KqY= =@ |}=Pe `@vt l} uDi=} =yu; |xi}_w w Ovvm|t
|OQwt uOQBU x_i=L x@ w O}OH |}=Pe `@vt Qy OyW Q=Okt |@=} RQ= w V} wN
?=NDv=� OQ=O `@=vt Q}=U x@ C@Uv OyW u=R}t ^=Lr R= |QDy@ \}=QW xm CU=

"�xv=Y} QL
|}=Pe `@vt =@ \=@DQ= QO |Wv=O I}y ?=}=Pe Qw@vR l} 'Ov}=Qi ẁQW |=OD@= QO
l} |=Q@ ptDLt |xv} Ro wO Cr=L u}= QO xm 'CW=O Oy=wNv wHDUH |=[i QO

%OQ=O OwHw Qw@vR
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|vw
rms

D}Qw
or=

|}=Q
=m|

@=}RQ
=CyH |o}=Uty |=yQorta R= 'xDUw}B |OOa CqO=at R= xO=iDU= |=H x@ 'u=@xO}O

u=tR Vy=m =@ xOWxDiQo Q=m x@ |o}=Uty |=yQorta "OwW|t xO=iDU= MU=B Ow@y@
|vwrm sD} Qwor= C}i}m <=kDQ= x@ QHvt =yMU=B |}=Qosy CaQU V}=Ri= w C=@U=Lt

%R= Ov=CQ=@a |o}=Uty |=yQopta R= |NQ@ "OvwW|t |awvYt Qw@vR
=D 'CU= xOW p}mWD |iO=YD |o}=Uty QwD=QB= l} R= xm '|}=Hx@=H Qorta ��
l} |=y|QDWt =@ w ?=NDv= |iO=YD |xOwOLt l} QO =Q |mD |=y|QDWt

"Ovm =Hx@=H Qo}O |iO=YD |xOwOLt
|iO=YD |}xrY=i =@ =y|QDWt R= |r=wDt |xr=@vO l} '|R=UTwmat Qorta ��
'Qo}O |DQ=@a x@ "Ovm|t =Hx@=H =Q ZwQit |=y|QDWt C=kqt ?}DQD w ?=NDv=
|=y|QDWt ?}DQD TBU w ?=NDv= |k=iD= CQwYx@ j w i |=y|QDWt C}akwt

"OwW|t Tmar=@ =yu; u}@=t
Q_v QO =Q =y|QDWt R= |r=wDt w |B QO|B |xr=@vO l} '�GQO� j=Lr= Qorta ��
'xt=O= QO "Ovm|t ?=NDv= =Q =y|QDWt R= |m} |iO=YD ,qt=m CQwYx@ w OQ}o|t
Cw=iD "OQ}o|t Q=Qk |O}OH C}akwt QO w O@=}|t Q}}eD ?NDvt |QDWt C}akwt
?=NDv= |QDWt l} \ki 'j=Lr= QO xm CU= u; |}=Hx@=H Qorta =@ Qorta u}=

"O@=}|t p=kDv= 'xr=@vO QO u; x=o}=H w OwW|t
p�=Ut 'xOWx�=Q= |xDi=}<=kDQ= |awvYt Qw@vR |vwrm sD} Qwor= OQmrta |@=} RQ= |=Q@
2 QO xvwtv |xr�Ut 14 pt=W xm '�1999� |ov w |yrU OQ=Ov=DU= |xvwtv
|rY= |xr�Ut 7 R= OwN xm 'Ov=xDiQo Q=Qk xO=iDU= OQwt 'OvDUy Y w X |xDUO
x}rkv |xr}Uw |@=} Q}Ut |xr�Ut |=Q@ xm '�1979� EwD w |RDwov}t 'RO}iwDU} Qm
X |xDUO 2 QO xr�Ut 10 pt=W w 'Ov=xOW T=@Dk= 'OvDUy C}iQ_ C}OwOLt =@

"OvDUy Y w
l} '=yu; |t=tD w OvDUy |QDWt 199 =D 50 pt=W xOWKQ]t |xvwtv p�=Ut
QO |O=yvW}B sD} Qwor= u}vJty "OvQ=O uoty |x}rkv \�=Uw u=ow=v w OL=w |wBO
|=yQ}Ut Q} wYD '2 pmW QO "CU= xOW |U} wvO)m MATLAB |xt=vQ@ \}Lt
pY=L |=yMU=B R= |r=Ft u=wvax@ CMT3X |xvwtv |xr�Ut |=Q@ xOWp}mWD
xOWx�=Q= Qw@vR |vwrm sD} Qwor= "OwW|t xOy=Wt u; |=yMU=B VR=Q@ Q=Owtv R}v w
=@ OL=w 160 C}iQ_ x@ x}rkv |xr}Uw 3 w |QDWt 50 =@ CMT1X |xvwtv QO
w |QDWt 100 =@ CMT3X |xvwtv QO w �0 41 u=R}tx@ 464 83 pm |xv} Ry
�1 35 Q=Okt x@ 711 52 pm |xv} Ry =@ OL=w 200 C}iQ_ x@ x}rkv |xr}Uw 5
u}vJty "CU= xOQm O=H}= Ow@y@ =yVwQ |xty |xOWxDN=vW MU=B u} QDy@ x@C@Uv
|=yMU=B '3 pwOH QO "CU= xOw@ �4 R= QDtm =]N u=R}t 'Qo}O |xvwtv 8 QO

"CMT3X |xvwtv VR=Q@ Q=Owtv w =yQ}Ut h=Qo "2 pmW

[21]"|awvYt Qw@vR |vwrm sD} Qwor= Om x@W "1 pwOH
Initialization 1
Evaluation 2
cycle = 1 3
repeat 4

Employed Bees Phase 5
Calculate Probabilities for Onlookers 6
Onlooker Bees Phase 7
Scout Bees Phase 8
Memorize the best solution achieved so far 9
cycle = cycle + 1 10

until cycle = Maximum Cycle Number 11

|awvYt Qw@vR |vwrm sD} Qwor= |Q}oQ=mx@ "5
OQoxQwO |xOvWwQi |xr�Ut |wQ Q@ ABC |=QH= "1"5

CmQL QO |D=LqY= R= xO=iDU= =@ '�|Q=Uv=wN|v=[tQ-|t}LQ� 1393 p=U QO
|vwrm sD} Qwor= 'h=WDm = w QoQ=m |=yQw@vR uDN=UO}kt u}vJty w u=@xO}O |=yQw@vR
x@ "OvOQm x�=Q= OQoxQwO |xOvWwQi |xr�Ut pL |=Q@ |}xDi=}<=kDQ= |awvYt Qw@vR
|x�=Q= w u; p�=Ut pL CyH 'OQoxQwO |xOvWwQi |xr�Ut |q=@ C}ty= p}rO
|=yxO=O wQ u}= R= 'CU= u=QoWywSB O}}-=D OQwt xm CU= xOW |R=Ov=x=Q |D}=U 'G}=Dv

%CU= xOW G=QNDU= TQO; u}= R= xr�Ut h} QaD |=Q@ x}rw=
http://www.iwr.uni-heidelberg.de/groups/comopt/software/

"TSPLIB95/tsp/�2012 10 01�
QwmPt sD} Qwor=|}=v=wD R= u=Wv 'hwQat |xr�Ut OvJ pL QO xOt;CUOx@ G}=Dv
=yVwQ Q}=U MU=B x@ C@Uv �0 371 |=]N \UwDt =@ TSP |xr�Ut pL QO
|awvYt Qw@vR |vwrm sD} Qwor= KqY= |=RUx@ Q}F-=D |=vat x@ Qt= u}= "CU= xDW=O
|=y?=wH Ow@y@ QO xOWO}kt h=WDm = Qw@vR w |O=yvW}B u=@xO}O |=yQw@vR ltm =@
G}=Dv w |U} wvO)m MATLAB Q=Ri=sQv QO xOWx�=Q= sD} Qwor= "CU= xOt; CUOx@
|OQ@ Q=m |UQQ@ Qw_vt x@ u}vJty "CU= xOW x�=Q= 2 pwOH QO u; R= pY=L
xO=iDU= =@ xr�Ut Qy '|R=Uxv}y@ |=yQ=Ri=sQv =@ xU}=kt QO |O=yvW}B sD} Qwor= uOw@
R= pY=L G}=Dv =@ xOt; CUOx@ |=yMU=B TBU w pL R}v CPLEX Q=Ri=sQv R=

[22]"CU= xOW xU}=kt 1 pwOH QO |O=yvW}B pUaQw@vR sD} Qwor=

=@ x}rkv |xr}Uw |@=} Q}Ut |xr�Ut |wQ Q@ ABC |=QH= "2"5
�Q[=L VywSB� q=m u=tRsy p}wLD w Ci=} QO

Qw_vt x@ u; R= '|awvYt Qw@vR |vwrm sD} Qwor= |=yOQ@y=Q QO C=Q}}eD |NQ@ p=ta= =@
'|rY= sD} Qwor= QO "CU= xOW xO=iDU= VRP-SPD pL |=Q@ |Q=oR=U O=H}=
sD} Qwor= QO =t= 'OyO|t MQ xDUw}B |=[i QO w |iO=YD CQwYx@ x}rw= MU=B O}rwD
xDUUo |R=Uxv}y@ ẁv R= xm 'x}rkv |xr}Uw |@=} Q}Ut |xr�Ut pL |=Q@ |O=yvW}B
u}vJty "OvwW|t O}rwD |iO=YD |DWo}=H Ov}=Qi l} =@ x}rw= |=yMU=B 'CU=
'hOy `@=D Q@ |@=} Q}Ut |xr�Ut |=yC}OwOLt p=ta= |=Q@ xO=iDU= OQwt OQm} wQ
|=yQw@vR w QoQ=m |=yQw@vR uOWpta OQ=w |xrLQt QO "CU= xt} QH `@=D T=U=Q@
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u=Qt
a|

UOv
yt "TSP pL |=Q@ |Q=Uv=wN|v=[tQ - |t}LQ |O=yvW}B ABC sD} Qwor= G}=Dv |xU}=kt "2 pwOH

=]N OYQO sD} Qwor= MU=B u} QDy@ Q=Ri=sQv ?=wH MU=B u} QDy@ xr�Ut s=v
ABC�C

C
ABC�B

B �ABC� |O=yvW}B �C� CPLEX �B� =yVwQ xty
0 298 0 00 9074 1 9074 148 9074 148 bayg29
0 000 0 00 33523 7085 33523 7085 33523 709 att48
0 000 0 674 428 8718 428 8718 426 Eil51
0 000 0 00 7544 3659 7544 37 7544 Berlin52
0 000 0 313 677 1096 677 1096 675 St70
0 112 0 112 108280 4566 108159 4383 108159 Pr76
2 094 1 903 555 7688 544 369 545 388 Eil76
0 353 0 075 512 6912 510 886 512 309 gr96
0 120 0 136 21311 21285 4432 21282 Kroa100
0 624 0 624 20880 2012 20750 7625 20750 763 kroaC100
1 019 1 019 14529 5632 14382 9959 14382 996 lin105
2 423 �1 031 1649 3278 1610 307 16666 509 gr120
�4 216 1 449 6199 4062 6472 286 6110 861 ch130
�3 715 2 007 6659 6915 9233 6528 ch150
�0 192 �8 884 510 1347 502 1008 549 998 gr202
�15 301 3 287 4044 7201 4775 3886 3916 Tsp225
�4 558 4 594 2697 4771 2826 307 2579 A280
"CU= u; =@ xU}=kt OQwt ?=wHx@ C@Uv |O=yvW}B sD} Qwor= |QDQ@ |vatx@ w QiY R= QDtm |=]N OYQO |ivt O=Oa= �

"�Q[=L VywSB� xOWxDN=vW MU=B u} QDy@ =@ VRP-SPD pL |=Q@ |O=yvW}B sD} Qwor= G}=Dv |xU}=kt "3 pwOH
hqDN= OYQO sD} Qwor= MU=B u} QDy@ |xty MU=B u} QDy@ xr�Ut s=v
(ABC�BB ) �ABC� |O=yvW}B �B� =yVwQ

�0 41 464 83 466 77 CMT1X

2 65 479 18 466 77 CMT1Y

�1 35 711 52 721 27 CMT3X

3 31 745 16 721 27 CMT3Y

2 87 1058 88 1029 25 CMT5X

2 80 1058 03 1029 25 CMT5Y

4 02 867 45 833 92 CMT11X

1 63 843 92 830 39 CMT11Y

0 19 645 95 644 70 CMT12X

0 31 661 56 659 52 CMT12Y

?=wH x@ C@Uv |O=yvW}B sD} Qwor= |QDQ@ |vatx@ w QiY R= QDtm |=]N OYQO |ivt O=Oa= �
"CU= u; =@ xU}=kt OQwt
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@=}RQ
="CU= |O=yvW}B sD} Qwor= |q=@

pL |=Q@ |awvYt Qw@vR |vwrm sD} Qwor= l} xv=o =OH Qw] x@ ,=OOHt u}vJty
x}rw= |=yMU=B u; QO xm 'CU= xOW |L=Q] x}rkv |xr}Uw |@=} Q}Ut |xr�Ut
'|R=UTwmat |o}=Uty |=yQwD=QB= ltm x@ w O=H}= |iO=YD CWo}=H l} \UwD
=@ x}rkv |xr}Uw |@=} Q}Ut |xr�Ut pL QO |@U=vt |=yMU=B 'j=Lr= w '|}=Hx@=H

"CU= xOW O}rwD q=m u=tRsy p} wLD w Ci=} QO
|=yMU=B O}rwD |}=v=wD '|O=yvW}B sD} Qwor= xm OyO|t u=Wv xOt; CUOx@ G}=Dv
|=yMU=B O}rwD =@ xm |}xvwox@ 'OQ=O =Q VRPSPD |=Q@ =vDa= p@=k w ?U=vt Q=}U@
"CU= xOQm O=H}= Ow@y@ �1 35 w �0 41 u=R}t x@ OQ=Ov=DU= |xvwtv wO |=Q@ O}OH
xOWxDN=vW MU=B u} QDy@ R= xDiQ Q=mx@ |xvwtv 10 |=]N OYQO u}ov=}t u}vJty

"CU= xOw@ �1 60 Q=Okt =@ Q@=Q@
|m} |awvYt Qw@vR |vwrm sD} Qwor= xm CiQo xH}Dv u=wD|t |rm Qw]x@ =yDv= QO
|@}mQD |R=Uxv}y@ p�=Ut pL QO Ot;Q=m w OvtwvD QwLtC}atH |=ysD} Qwor= R=
|=ysD} Qwor= Q}=U C@Uv |Q}osWJ |=y|QDQ@ 'C=LqY= |NQ@ s=Hv= =@ xm 'CU=
s}_vD |=yQDt=Q=B uDW=O Cra x@ sD} Qwor= u}= u}vJty "CW=O Oy=wN |Q=mD@==Qi
|}=Qosy CaQU 'Ca}@] R= xDiQos=yr= |=ysD} Qwor= Q}=U x@ C@Uv QDtm ?D=Qt x@
'TSPw VRP pL QO xm |Qw] x@ 'OQ=O xv}y@ |=yMU=B x@ uO}UQ QO |@U=vt

"CU= xHwD p@=k pt=a l} |}=Qosy CaQU
QmWD w Q}OkD

u=UL= TOvyt |=k; |Qmisy R= Ovv=O|t |QwQ[ Q[=L Q=DWwv u=oOvU} wv
x=oWv=O '|Q@=QD w x=QV}=Qo QO u=Qta|UOvyt |QDmO |wHWv=O� |Q=Uv=wN|v=[tQ
OwN |Q=RoU=BU p=tm w |v=OQOk 'Q[=L VywSB s=Hv= pL=Qt QO �Q}@mQ}t= |DavY

"Ovvm R=Q@= =Q

xU}=kt =ysD} Qwor= |xty R= xOWxDN=vW |=yMU=B u} QDy@ =@ |O=yvW}B sD} Qwor=
Q=Okt u}= xm 'CU= 1 60 =@ Q@=Q@ xDiQQ=mx@ |xvwtv 10 |=]N u=R}t u}ov=}t "Ov=xOW
Qo}O |m} "CU= |O=yvW}B sD} Qwor= pw@kp@=k w ?U=vt Q=}U@ OQmrta R= |m =L
Qw@vR |vwrm sD} Qwor= |xNQJ Qy |D=@U=Lt u=tR '|@=} RQ= OQwt |=yXN=W R=
=D sD} Qwor= |=QH= s=ovy R=� C=@U=Lt pm u=tR =@ Q@=Q@ Q=Okt u}= "CU= |awvYt
"CU= xOW xDiQo Q_v QO sD} Qwor= Q=QmD O=OaD Q@ s}UkD �xv}y@ MU=B x@ |@=}CUO
|xvwtv 10 |=Q@ xNQJ Qy |D=@U=Lt u=tR u}ov=}t xm CU= u; |xOvyOu=Wv G}=Dv
|QDWt O=OaD =@� lJwm |=yxvwtv QO u}vJty "CU= x}v=F 0 0516 =@ Q@=Q@ QwmPt
QDnQR@ |=yxvwtv |=Q@ |D=@U=Lt u=tR u} QDW}@ w 0 0412 =@ Q@=Q@ u=tR u}= '�QDtm

"CU= x}v=F 0 0797 =@ Q@=Q@

|Q}oxH}Dv "6
sD} Qwor= |Q}oQ=mx@ |xv}W}B|UQQ@ x@ |QwQt Q=ml}?r=k QO =OD@= 'Q[=L Q=DWwv QO
u; Q@ xOWp=ta= C=Q}}eD u}vJty w hrDNt |R=Uxv}y@ p�=Ut pL QO Qw@vR |vwrm
CUOx@ G}=Dv |xU}=kt w |@=} RQ= =@ "CU= xOW xDN=OQB `t=H Qw] x@ <=kDQ= CyH
'xOWQwQt `@=vt QDW}@ QO xm CU= xOW XNWt hrDNt |=ysD} Qwor= R= xOt;
xDW=O =yMU=B O}rwD QO ?U=vt |D}i}m w q=@ |}=Q=m '|awvYt Qw@vR |vwrm sD} Qwor=
xDi=}<=kDQ= |awvYt Qw@vR |vwrm sD} Qwor= |R=UpOt =@ ẁ[wt u}= C=@F= |=Q@ "CU=
|xvwtv |xr�Ut wO xm CU= xOW XNWt TSP |xr�Ut pL |=Q@ u; |Q}oQ=mx@ w
|=Q=O '=yVwQ Q}=U |=yMU=B x@ C@Uv =yMU=B w xDW=O Ow@y@ 'gr 202 w gr 120

R= xOWpY=L |=yMU=B �0 5 R= QDtm hqDN= "Ov=xOw@ �0 371 \UwDt |=]N
|}=v=wD R= |m =L 'xvwtv |xr�Ut wO Ow@y@ u}vJty w xOWxDN=vW |=y?=wH u} QDy@

=yCWwv=B
1. traveling salesman problem
2. non-deterministic polynominal hard
3. Foraging Bee
4. vehicle routing problem with simultaneous pickup and delivery
5. periodic vehicle routing problem
6. environmental vehicle routing problem
7. Employed Bee
8. Onlooker Bee
9. Limit
10. Scout Bee
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