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w C}iQ_ C}OwOLt =@ x}rkv p}=Uw |@=} Q}Ut
|xQ=H= =} O} QN OQwtQO u=tRty |Q}os}tYD

x}rkv p}=Uw
�Q=}O=DU=� �|OtLtQ}t O}tLO}U

�OWQ= T=vWQ� � |a}iW|H=L ?v} R
u=yiY= |DavY x=oWv=O '=ysDU}U w `}=vY |UOvyt xOmWv=O

Vy=m hOy =@ pkv w ptL p}=Uw |@=} Q}Ut |xr�Ut QO xOW |UQQ@ |=ypOt QDW}@
QF= p}=Uw u}t-=D |xwLv pta QO xm u; p=L 'CU= xOW s=Hv= p}=Uw O=OaD =} pm Ci=Ut
QO =@ Q[=L |xr=kt QO "OQ=O =yQ}Ut |L=Q] |xwLv u}vJty w =yxv} Ry QO |yHwD p@=k
=QJ 'CU= xOW xO=O xaUwD xr�Ut u}= pOt 'x}rkv p}=Uw |xQ=H= =} O} QN Cr=L uDiQoQ_v
=Hv; R= "CU= Q=PoQF= =yQ}Ut |Q}opmW |xwLv Q@ x}rkv p}=Uw O} QN =} xQ=H= Q@ s}tYD xm
pL OQm} wQ l} xr=kt u}= QO 'CU= QU}t lJwm O=a@= QO \ki xr�Ut u}= |xv}y@ pL xm

pOt pL |=Q@ T}]=vetwQDmr= sD} Qwor= w |R=wt |O} Q@D |R=Ux}@W sD} Qwor= R= |@}mQD
xvwtv p�=Ut |O=OaD QO |O=yvW}B |@}mQD VwQ 'u=}=B QO "CU= xOW x�=Q= xDi=}xaUwD

|O} Q@D |R=Ux}@W R= QDy@ |O=yvW}B sD} Qwor= OyO|t u=Wv xrY=L G}=Dv xm xOW xOwtR;
"Ov=xO}UQ ?=wH x@ GAMS Q=Ri=sQv x@ C@Uv |QDx=Dwm u=tR QO R}v =yxvwtv w xOQm pta

h mirmohammadi@cc.iut.ac.ir
haji 7z@yahoo.com

'O} QN w xQ=H= C}iQ_ C}OwOLt =@ x}rkv p}=Uw |@=} Q}Ut %|O}rm u=oS=w
"T}]=vetwQDmr= |R=wt |O} Q@D |R=Ux}@W

xtOkt "1
|O} Q@D |R=Ux}@W |@}mQD sD} Qwor= TBU "OwW xr�Ut OQ=w pwB |v=tR VRQ=
%CU= xOW x�=Q= CQwYu}= x@ xDi=}xaUwD pOt pL |=Q@ T}]=vetwQDmr= � |R=wt
|=y?=wH 'OvO}UQ pO=aD Cr=L x@ SA |R=wt |=yOv}=Qi |t=tD xm u; R= Oa@
u; R= TB w Ovvm|t CmQL T}]=vetwQDmr= sD} Qwor= R= xO=iDU= =@ =yOv}=Qi |Q=H
=tO Vy=m Ov}=Qi TBU "OwW|t p=ta= =y?=wH |wQ |rLt |wHw CUH l}
xt=O= u=}=B \QW x@ uO}UQ =D Ov}=Qi u}= "OwW|t |UQQ@ u=}=B \QW w xOW s=Hv=

"O@=}|t
|=yVwQ w Ov=xDW=O xar=]t CVRP |xr�Ut XwYNQO |O=} R u}kkLt
|=yZQi uOQmxi=[= =@ u}vJty [3]'Ov=xOQm x�=Q= xr�Ut u}= |=Q@ =Q |Dw=iDt pL
VwQ R= xO=iDU= =@ u=v; "Ovvm O=H}= =Q |O}OH |=ypOt Ov=xDUv=wD u; x@ Cw=iDt
C=LiY |xt=vQ@ QO �6�TS� w@=D Q=DUH� R= 'CVRP |=Q@ 5VQ@ w xN=W j}kO
|=Q@ |Q=mD@= |=ysD} Qwor= R= 'u}kkLt R= Qo}O |ywQo [5w4]"OvOQm xO=iDU= VQ@
|=Q@ 1964 QO C}=Q w lQqm "OvOQm xO=iDU= xv}y@ x@ l}ORv ?=wH l} x@ uO}UQ
C}OwOLt "OvOQm xO=iDU= 7wHxiQY sD} Qwor= R= x}rkv p}=Uw |@=} Q}Ut p�=Ut pL
ZQi TBU 'Ovm|v=UQCtON |QDWt x@ Oy=wN|t xr}Uw l} xm CU= u}= x}rw=
|v=UQCtON O}=@ xm OQ=O OwHw �|QDWt� =[=kD |x]kv N w Q}Ut N xm OwW|t

QO OwHwt p�=Ut u} QDOQ@ Q=mQB R= |m} 1�VRP� x}rkv |xr}Uw |@=} Q}Ut |xr�Ut
OW KQ]t �1959� QUt=Q w nv} RDv=O \UwD Q=@u}rw= xr�Ut u}= "CU= u=yH `}=vY
CU= p}rO u}= x@ xr�Ut u}= |oO}J}B "OQ}o|t Q=Qk NP-hard p�=Ut xDUO QO w
QO [2w1]"CU= 3|Ov@xDU@ |xr�Ut w 2OQoxQwO |xOvWwQi |xr�Ut wO pt=W xm
C}OwOLt =@ x}rkv p}=Uw |@=} Q}Ut |xr�Ut |x}=B pOt Q@ |}xaUwD =OD@= xr=kt u}=
O} QN OQwtQO |Q}os}tYD xm CQwYu}=x@ 'CU= xOW x�=Q= �CVRP� 4C}iQ_
pkvwptL |=yxv} Ry pm w s}vm OQ=w CVRP pOt QO =Q x}rkv p}=Uw |xQ=H= =}
�� u=ow=v lQ=OD x@ \w@ Qt |=yxv} Ry w |@=} Q}Ut x@ \w@ Qt |=yxv} Ry R= sa= ��
s=Om |x}rkv p}=Uw s}vm XNWt 'xr�Ut |R=UpOt ut[ w s} Q}o Q_v QO sy =@ =Q
|QDsm |xv} Ry ,=awtHt =D OvwW xQ=H= =yQ}Ut s=Om x}rkv p}=Uw w '|Q=O} QN =yQ}Ut

"OwW hQY
w ODi=|t j=iD= |rai u=tR QO O} QN |xv} Ry xm u}= x@ xHwD=@ Qt= u}= |=Q@
CU= sRq 'O};|t V}B |R} Qxt=vQ@ ji= QO hrDNt |=yxQwO QO xQ=H= |xv} Ry

pw�Ut xOvU} wv �
"1392 9 5 VQ}PB '1392 8 14 x}LqY= '1392 5 13 Ci=} QO %M} Q=D
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QpOt u}= "CiQo s=v 17 CCVRP xm OvOQm x�=Q= =Q CVRP R= |O}OH pOt
C}OwOLt C}=aQ =@ =y|QDWt x@ uO}UQ |=yu=tR ẁtHt |R=Uxv}tm p=@vOx@
|xv} Ry =} Q}Ut pw] |=Hx@ hOy `@=D QO |va} 'CU= x}rkv p}=Uw C}iQ_
|ak=wt QO ẁ[wt u}= "CU= Q_v Ot =y|QDWt x@ uO}UQ |=yu=tR ẁtHt 'QiU
j=iD= |D=}L |=yq=m |xQ}HvR u}t-=D =} |a}@] |=}q@ R= Oa@ O=Qi= C=Hv pFt

"ODi=|t
=} xQ=H= Cq=L |=v@tQ@ xr�Ut u}= |xDi=}xaUwD pOt 2 VN@ QO xt=O= QO
sD} Qwor= wO |=v@tQ@ xr�Ut |@}mQD pL VwQ 3 VN@ QO "OwW|t |iQat O} QN
Qw_vtx@ 4 VN@ QO "OwW|t u=}@ T}]=vetwQDmr= w |R=wt |O} Q@D |R=Ux}@W
|Ov@`tH 5 VN@ QO w "CU= xOW xOQw; |D=@U=Lt G}=Dv 'pL VwQ |}=Q=m |UQQ@

"OwW|t x�=Q= Q[=L xar=]t |Q}oxH}Dv w

=@ x}rkv p}=Uw |@=} Q}Ut |xDi=}xaUwD pOt "2
O} QN w xQ=H= Cr=L |Q}oQ_vQO

xDi=} xaUwD pOt |v=@t "1"2
xOW xDiQo Q_v QO x}rkv p}=Uw |@=} Q}Ut |xr�Ut |=Q@ |irDNt h=Oy= p=L x@ =D
'O} QN =Q R=}v OQwt |x}rkv p}=Uw O}=@ xm CU= u}= Q@ ZQi p�=Ut QDW}@ QO "CU=
x@ =Q `} RwD C=}rta w xOQm |Q=BUuwQ@ =Q Q=m u}= OvQO=k =yCmQW R= |[a@ =t=
p}=Uw O} QN |xv} Ry xm =Hv; R= "Ovvm xQ=H= =Q p}=Uw =} OvQ=BU@ |Qo}O CmQW
xHwD =@ xm CU= u}= syt |xr�Ut 'CU= Cw=iDt =yu; |xQ=H= |xv} Ry =@ x}rkv
xQ=H= =Q |O=OaD xJ w O} QN =Q x}rkv p}=Uw R= |O=OaD xJ O}=@ |R} Qxt=vQ@ ji= x@
|xr�Ut xr=kt u}= QO Ck}kL QO "OwW xv}tm =yxv} Ry |rai VRQ= ẁtHt =D OQm
p}O@D 18|}xQwO |x}rkv p}=Uw |@=} Q}Ut |xr�Ut l} x@ x}rkv p}=Uw |@=} Q}Ut
u}= QO "CU=yxv} Ry |rai Xr=N VRQ= ẁtHt uOQm xv}tm u; hOy `@=D xm xOW
"CU= u=Um} w C@=F u=} QDWt |=[=kD hrDNt |=yxQwO QO xm xOW ZQi Cr=L
OQm} wQ wO "OyO|t Q}}eD =Q xr�Ut |xv}y@ ?=wH 'O} QN w xQ=H= Cr=L |Q}oQ_v QO
OQm} wQ wO u}= "CiQo Q_v QO O} QN w xQ=H= Cr=L |Q}oQ_vQO |=Q@ u=wD|t Cw=iDt

%R= Ov=CQ=@a
|xr}Uw Qy |=Q@ TBU w xOQm pL O} QN w xQ=H= |Q}oQ_v QO uwO@ =Qxr�Ut =OD@= "1
XNWt =Q O} QN w xQ=H= Cr=L '=yxv} Ry x@ xHwD =@ O}=@ xv}y@ ?=wH QO x}rkv

"CN=U
TBU w xOQm Qw_vt =Q O} QN w xQ=H= Cr=L pOt hOy `@=D QO =OD@= u=ty R= "2

"OwW pL pOt
CUO R= xr�Ut |xv}y@ ?=wH CU= umtt 'OwW xO=iDU= pw= OQm} wQ R= Qo =

"OQ=Po|t Q}F-=D =yQ}Ut |Q}opmW |xwLv Q@ O} QN w xQ=H= Q@ s}tYD uwJ 'OwQ@

|[=} Q pOt "2"2
:CU= Q} R C=}[Qi pt=W xDi=} xaUwD pOt

&CU= xQ=H= =} |Q=O} QN p@=k x}rkv |xr}Uw K O=OaD QFm =OL "1
&CU= u=Um} x}rkv p}=Uw |xty �QiY xQo � OYkt w <=O@t "2

&CU= C =@ Q@=Q@ w u=Um} x}rkv p}=Uw |xty C}iQ_ "3

|}=H =D w OwW|t x@U=Lt =yQ}Ut ?}mQD R= |W=v xOW |} wHxiQY |xv} Ry "OvwW
'OW=@ xDW=Ov OwHw |Ow@y@ u=mt= w OyO xR=H= x}rkv |xr}Uw C}iQ_ C}OwOLt xm
wO pt=W '8|}xrLQtwO |=yVwQ u}kkLt R= |NQ@ [6]"OwW|t ?}mQD =yQ}Ut
=OD@= Q}Ut � xWwN VwQ QO "OvOQm x�=Q= =Q xWwN � Q}Ut w Q}Ut � xWwN |xDUO
� Q}Ut VwQ QO "OwW|tXNWt xDUO Qy Q}UtTBU w xOW |Ov@xDUO u=} QDWt
x@ xHwD =} Q}Ut u}= TBU w xOW p}mWD u=} QDWt |t=tD R= |rt=m Q}Ut =OD@= xWwN
QDmJwm |=yQ}Ut x@ x}rkv p}=Uw C}iQ_ C}OwOLt p}@k R= hrDNt |=yC}OwOLt

[6]"OwW|t s}UkD �=yxWwN�
QO [7]'OQ=O Q=Qk NP-hard p�=Ut xDUO QO xr�Ut u}= xm u}= x@ xHwD =@
xOW xO=iDU= CVRP pL |=Q@ R}v |Q=}U@ |Q=mD@==Qi |=yx=oO}O Q}N= |=yp=U
QO "OvOQ@ Q=m x@ xr�Ut u}= pL |=Q@ =Q 9 ẁvtt Q}Ut VwQ u=Q=mty w w} QOvH "CU=
x@ uO}UQ w |rLt |xv}y@ R= uOW =Hx@=H |=Q@ ẁvtt CU}r R= ẁvtt Q}Ut VwQ
|=Q@ 10�GA� l}DvS sD} Qwor= R= wJ}; w Qm}@ [8]"OwW|t xO=iDU= QDy@ |=y?=wH
OvOQm O}rwD |iO=YD CQwYx@ =Q x}rw= ?=wH =yu; "OvOQm xO=iDU= =yQ}Ut uO}J
sD} Qwor= l} R}v wr w nv=w [9]"OvOQ@ Q=m x@ xQw_vtwO VwQ l} 'VyH |=Q@ w
u=Q=mty w wR=t [10]"OvO=O x�=Q= xr�Ut u}= |=Q@ xrLQt xU pt=W |@}mQD l}DvS
sD} Qwor= l} u=Q=mty w u}r [11]"OvOQm x�=Q= 11�ACO� u=oJQwt sD} Qwor= l}
xr�Ut pL |=Q@ �TS� ẁvtt |wHw CUH w 12�SA� O} Q@D |R=Ux}@W R= |@}mQD
VwQ wO =@ =Q 13�PSO� u=oOvQB sD} Qwor= R}v [12]u=Q=mty w |; [6]"OvO=O O=yvW}B
Qy pw= VwQ QO "OvOQ@ Q=m x@ CVRP |=y?=wH V}=tv |=Q@ Cw=iDt uOQm Om
OQ=O p}=Uw R= xm |rY=wi j@] |QDWt Qy w OwW|t xO=O u=Wv Oa@ wO =@ xr}Uw
Oa@ xU =@ xr}Uw Qy swO VwQ QO "OwW|t |yOT} wQU xr}Uw u} QDl}ORv =@
OwW|t KQ]t xr}Uw Qy |=Q@ R}v VWwB `=aW xm CQwYu}O@ 'OwW|t XNWt
"OvQ=O Q=Qk xr}Uw u; VWwB `=aW QO xm OyO|t T} wQU =Q |v=} QDWt xr}Uw Qy w
u=tR |rw 'pw= VwQ R= QDy@ swO VwQ |=y?=wH C}i}m 'xOt; CUOx@ G}=Dv j@]
pL u=tR w ?=wH C}i}m QO |O=yvW}B PSO u}vJty "CU= xOw@ QD|vqw] pL
xr�Ut u}= pL |=Q@ Qo}O Cw=iDt |=yuOQmOm =@ PSO |=yVwQ Qo}O R= QDQF-wt
w 14�EM� T}]=vetwQDmr= |@}mQD sD} Qwor= l} [13]pt= w u=QmCQw} "CU= xOw@
'C=W}=tR; j@] "OvOQm x�=Q= xr�Ut u}= |=Q@ 15�ISP� |rLt |wHw CUH ẁv l}
Crax@ |rw OQm pta QDy@ T}]=vetwQDmr= =@ xU}=kt QO =yu; |@}mQD sD} Qwor=
=@ ISP w EM |@}mQD sD} Qwor= u}= "OW QD|vqw] pL u=tR '|rLt |wHw CUH
l}DvS sD} Qwor= '�SA� O} Q@D |R=Ux}@W '�TS� ẁvtt |wHw CUH sD} Qwor= GvB
j@] w OW xU}=kt �ACO� u=oJQwt sD} Qwor= '�PSO�u=oOvQB sD} Qwor= '�GA�
|O=} R Cw=iD xOt; CUOx@ ?=wH =} 'OW pY=L u; R= |QDy@ |=y?=wH 'G}=Dv
C=QP `tHD |R=U xv}y@ |xDUUo sD} Qwor= R= |k}irD "CW=Ov ?=wH u} QDy@ =@
O=yvW}B CVRP pL |=Q@ xOvwWQ=QmD |rLt |wHw CUH l} w 16�DPSO�

[14]"CU= xOW
xm xOW xDio u; QO xm OW x�=Q= CVRP R= |O}OH pOt '2010 p=U QO
|R=Uxv}tm ,qFt 'hOy l} ,qwtat VRP p�=Ut QO Q}Ut u} QDx=Dwm u}}aD QO
CU= umtt =t= [15]OQ}o|t Q=Qk Q_v Ot """'Q}Ut pw] |R=Uxv}tm 'QiU u=tR
=Q |Dw=iDt VN@C}=[Q G}=Dv '=yu=tm |=y|oS} w x@ xHwD =@ ?w=vDt |=yQ}Ut
xOWO=} |xar=]t QO =Pr "Ov=xDiQov Q=Qk ?=wH |=[i QO xm OW=@ xDW=O p=@vOx@
=y?=wH w =ysD} Qwor= Q@ u; QF= w OW xDiQo Q_v QO ?w=vDt |=yQ}Ut =@ VRP

j}kO VwQ l} R= xr�Ut u}= pL |=Q@ u=QoWywSB "CiQo Q=Qk |UQQ@ OQwt
R}v [16]u=Q=mty w ww=v "OvOQm xO=iDU= |Q=mD@= sD} Qwor= l} w =} wB |R} Qxt=vQ@
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Objective Function :

Min Z =�
P
A
; r
rnum

; rnumN
��

M
rnum

�
X
i

X
j

tij
X
k

HC hk xijk +
X
k

CP pk

�
�
P
F
; r
rnum

; rnumN
�X

k

SV pk

+
�
P
A
; r
rnum

; rnumN
��

M
rnum

�
X
i

X
j

tij
X
k

FC pk xijk

+
�
P
A
; r
rnum

; rnumN
��

M
rnum

�
X
i

X
j

tij
X
k

NC pk xijk (1)

Constraints :
KX
k=1

yik = 1; 8i 2 V n f0g (2)X
j2V

xijk =
X
j2V

xjik = yik; 8i 2 V; k = 1; :::;K (3)

uik �ujk +C xijk � C � dj ; 8i; j 2 V n f0g ;
i 6= j; k = 1; :::;K (4)

dj � ujk � C; 8j 2 V n f0g ; k = 1; :::;K (5)

pk +hk � 1; k = 1; :::;K (6)X
i2V

X
j 6=i2V

xijk � jV j2 (pk +hk) ; k = 1; :::;K (7)

xijk 2 f0; 1g (8)

yik 2 f0; 1g (9)

pk 2 f0; 1g (10)

hk 2 f0; 1g (11)

uik � 0 (12)

u=Wv =Q =yxv} Ry |rai Xr=N VRQ= uOQm xv}tm 1 |x]@=Q QO pOt u}= hOy `@=D
Ct}k pt=W �� O} QN |xv} Ry 'pwB |v=tR VRQ= uDiQo Q_vQO =@ =Hv}= QO "OyO|t
�� x}rkv |xr}Uw|]=kU= VRQ= w C=Q}taD w |Q=Oxov |xv} Ry 'CNwU |xv} Ry 'x}rw=
|R} Qxt=vQ@ ji= pw] QO xm xQ=H= |xv} Ry u}vJty 'xOt;QO |rai VRQ= CQwYx@
|x]@=Q "Ov=xDiQo Q=Qk hOy `@=D QO w xOt;QO |rai VRQ= CQwYx@ R}v ODi=|t j=iD=
3 |x]@=Q "OwW C=kqt x}rkv |xr}Uw l} \UwD |QDWt Qy xm Ovm|t u}t[D 2
Qo = xm Ovm|t u}t[D x]@=Q u}= Qo}O CQ=@ax@ "OyO|t u=Wv =Q u=} QH |xvR=wt
4 |=yx]@=Q "OQm Oy=wN lQD =Q xQo u; =tDL OwW OQ=w xQo l} x@ |}x}rkv |xr}Uw
=Q x}rkv |xr}Uw C}iQ_ C}OwOLt w |Q}owrH |aQi |=yQwD uOt;OwHwx@ R= 5 w
Qw;s=Rr= 4 |x]@=Q C}OwOLt 'OW=@ xijk = 0 Qo = xm CQwYu}O@ "Ovvm|t =[Q=

&CU= QDlJwm x}rkv p}=Uw C}iQ_ R= u=} QDWt |xty |=[=kD "4
&CU= u=Um} w C@=F u=} QDWt |=[=kD hrDNt |=yxQwO QO "5

&OQ}o|t s=Hv= p=U Qy QO Q=@ M w p=U N QO `} RwD C=}rta "6
C=Q}taD w |Q=Oxov w CNwU 'O} QN |xv} Ry pt=W x}rkv p}=Uw O} QN |xv} Ry "7

&CU=
&CU= xOW xDiQo Q_v QO R}v |]=kU= VRQ= xOW |Q=O} QN |x}rkv p}=Uw |=Q@ "8
Q=}DN= QO u=tR OL=w Qy |=R=x@ xQ=H= |xv} Ry pt=W x}rkv p}=Uw xQ=H= |xv} Ry "9

"CU= x}rkv |xr}Uw uDW=O
|=yQ}eDt "CU= xOt; 1 pwOH QOxr�Ut |[=} Q pOt |=yQDt=Q=B w =yO=tv

%R= Ov=CQ=@axr�Ut s}tYD
OQ}o|t 1 Q=Okt xijk 'OwW xOwt}B k |x}rkv |xr}Uw \UwD i� j u=tm Qo = %xijk

"OQ}o|t QiY Q=Okt CQwYu}= Q}e QO w
w OQ}o|t 1 Q=Okt yik 'OwW C=kqt k |x}rkv |xr}Uw \UwD s=i xQo Qo = %yik

"OQ}o|t QiY Q=Okt CQwYu}= Q}eQO
CQwYu}= Q}e QO w OQ}o|t 1 Q=Okt hk 'OwW xQ=H= k |x}rkv |xr}Uw Qo = %hk

"OQ}o|t QiY Q=Okt
CQwYu}= Q}e QO w OQ}o|t 1 Q=Okt pk 'OwW |Q=O} QN k |x}rkv |xr}Uw Qo = %pk

"OQ}o|t QiY Q=Okt
uOQm C=kqt R=TB k |x}rkv |xr}Uw\UwD xOW xO=OMU=B |=[=kD pm u=R}t %uik

"|O=yvW}B pOt |=yQDt=Q=B w =yO=tv "1 pwOH
h} QaD QDt=Q=B

TQDUO QO |x}rkv p}=Uw xv}W}@ O=OaD K

x}rkv |xr}Uw Qy C}iQ_ C

xv=}r=U |xQy@ MQv r

p=U QO xQy@ MQv uOW ?mQt O=OaD rnum

x}rkv p}=Uw CmQL <=O@t w u=} QDWt |xawtHt V

V|xawtHt |xR=Ov= jV j
p=U O=OaD ?ULQ@ |R} Qxt=vQ@ ji= N

p=U Qy QO `} RwD O=OaD M

x}rkv |xr}Uw Qy O} QN |xv} Ry CP

|R} Qxt=vQ@ xQwO u=}=B QO xOW |Q=O} QN |x}rkv p}=Uw |]=kU= VRQ= SV

u=tR OL=w Qy |=R=x@ x}rkv p}=Uw CNwU |xv} Ry FC

u=tR OL=w Qy |=R=x@ x}rkv p}=Uw xQ=H= |xv} Ry HC

u=tR OL=w Qy |=R=x@ x}rkv p}=Uw C=Q}taD w |Q=Oxov |xv} Ry NC

�CmQL =O@t w u=} QDWt pt=W� xQo wO Qy u}@ CmQL u=tR tij

"s=j (j = 1; :::; n) |QDWt |=[=kD dj
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"""|
xr�U

tp
L|

=Q@|
@}mQD

|Q=
mD@=

=QiO
Qm}w

Q%R= CU=

qi = exp

 
�n f

�
xi
�� f �xbest�Pm

k=1 (f (xk)� f (xbest))

!
(13)

hOy `@=wD Q=Okt f(xk) w f(xbest) 'f(xi) 'CU= i |xQP SQ=W qi u; QO xm
n w CU= C}atH xR=Ov= R}v m "OyO|t u=Wv =Q k |xQP w ?=wH u} QDy@ 'i |xQP
%R= CU= CQ=@a =yxQP x}k@ R= i Q@ OQ=w |wQ}v QF= "OyO|t u=Wv =Q ?=wH |=[i Oa@

F i =

8>>><>>>:
mP
i 6=j

(xj � xi) qi qj

kxi � xjk2 if f(xj) < f(xi)

mP
i 6=j

(xi � xj) qi qj

kxi � xjk2 if f(xj) � f(xi)
8i (14)

pm |x@U=Lt w |rLt |wHwCUH 'x}rw= C}atH u}}aD pt=W EM |rY= VwQ
[17]"CU= =yxQP CmQL |wQ}v

|O=yvW}B |@}mQD VwQ "3"3
j@=]t xOW x�=Q= pOt pL |=Q@ Q[=L |xr=kt QO |O=yvW}B sD} Qwor= u=} QH Q=Owtv
|=tO =@ |R=wt Qw]x@ |O} Q@D |R=Ux}@W Ov}=Qi n VwQ u}= QO "CU= 1 pmW
TBU "Ovvm|t R=e; |iO=YD \=kv R= =Q ?=wH |=[i |wHwCUH 'u=Um} |x}rw=
|R=Ux}@W sD} Qwor= j@] pO=aDCr=L x@ uO}UQ =D wHwCUH C=}rta 'Ov}=Qi Qy QO
CQ=@a |R=wt |=yOv}=Qi R=l} Qy QO C=}rta u}= s=Hv= VwQ "OQ}o|t s=Hv= |O} Q@D
u; hOy `@=D Q=Okt w xOW O}rwD |Q=H ?=wH R= x}=Uty ?=wH l} =OD@= %R= CU=
u} Ro}=H ?=wH u}= 'Ow@ QDQ@ |Q=H ?=wH R= x}=Uty ?=wH Qo = "OwW|t x@U=Lt

"T}]=vetwQDmr= � |R=wt |O} Q@D |R=Ux}@W sD} Qwor= u=} QH Q=Owtv "1 pmW

w 'ujk � dj w uik � C %s} Q=O 5 |x]@=Q T=U=Q@ =Q} R 'CU= O�=R w CU}v
uik Q}eDt h} QaD x@ xHwD =@ xm 'ujk � uik + dj x=ou; OW=@ xijk = 1 Qo =
x@ QHvt u; |=[=kD uOQm xOQw;Q@ w i |QDWt R= Oa@ j |QDWt x@ |yOT} wQU
xQ=H= u=wD|t =Q x}rkv |xr}Uw Qy xm OyO|t u=Wv 6 |x]@=Q "OwW|t QwDQ} R hPL
|x}rkv |xr}Uw uOw@ |OQ@ Q=m CQwYQO xm OyO|t u=Wv 7 |x]@=Q "O} QN =} OQm
\@=wQ "OW=@ xOW |Q=O} QN =} xQ=H= xr}Uw u; CU= sRq �u; \UwD |v=tm |]� k

"Ov=s}tYD |=yQ}eDt h} QaD |=yC}OwOLt 12 =D 8

pL VwQ "3
|DQwY QO 'OQ=O Q=Qk MINLP p�=Ut xDUO QO Q[=L |xr=kt QO xDi=}xaUwD pOt
OwHw p}rOx@ "CU= MIP pOt l} x}rkv p}=Uw |@=} Q}Ut l}Uqm pOt xm
|@=} Q}Ut l}Uqm pOt xm =Hv; R= w Q_v OQwt |xr�Ut QO |@=} Q}Ut |xr�Ut
xDUO QO R}v QwmPt |xr�Ut [7]'OQ=O Q=Qk NP-hard p�=Ut xDUO QO x}rkv p}=Uw
|R=wt |O} Q@D |R=Ux}@W sD} Qwor= R= u}=Q@=v@ "OQ}o|t Q=Qk NP-hard p�=Ut
x@ =D CU= xOW xO=iDU= xr�Ut pL Qw_vtx@ 19�PSAEM� T}]=vetwQDmr= �
QO �SA� O} Q@D |R=Ux}@W sD} Qwor= CQOk "s}@=} CUO sD} Qwor= wO Qy |=yC} Rt
|vwo =vwo T}]=vetwQDmr= sD} Qwor= Qo}O hQ] R= "CU= |rLt |xv}y@ \=kv R= Q=Qi

[17]"Ovm|t O=H}= =y?=wH C}atH QO |r=a ẁvD w

|R=wt |O} Q@D |R=Ux}@W sD} Qwor= "1"3
|R=Ux}@W sD} Qwor= |xDi=}xaUwD Cr=L '20|R=wt |O} Q@D |R=Ux}@W sD} Qwor=
xm CU= wHwCUH |r=tDL= VwQ l} |O} Q@D |R=Ux}@W "CU= �SA� |O} Q@D
O}rkD |@}mQD |R=Uxv}y@ |xr�Ut ?=wH uDi=} |=Q@ Ot=H O=wt |m} R}i ?wP R=
?=wH |=[i R= |}x]kv R= w CU}v =QoC}atH sD} Qwor= u}= xm =Hv; R= [18]"Ovm|t
CQwYx@ |O} Q@D |R=Ux}@W Ov}=Qi u}OvJ R= =Hv}= QO 'Ovm|t R=e; =Q wHwCUH

"CU= xOW xO=iDU= ?=wH |=[i |wHwCUH |=Q@ |R=wt

T}]=vetwQDmr= sD} Qwor= "2"3
QO [19]nv=i w p@} Q@ \UwD Q=@u}rw= �EM� T}]=vetwQDmr= ẁv R= |=ysD} Qwor=
p�=Ut pL |=Q@ |@}mQD T}]=vetwQDmr= sD} Qwor= R= TBU "OW x�=Q= 2003 p=U
|=Q@ EM R= u; QO xm Ow@ |}xar=]t u}rw= u}= [20]"OW xO=iDU= |@}mQD |R=Uxv}y@

"OW xO=iDU= |@}mQD p�=Ut pL
C}atH Q@ |vD@t |Q=mD@==Qi VwQ l} T}]=vetwQDmr= sD} Qwor= 'Ck}kL QO
Qy 'OwW|t ẁQW umtt |=[i R= |]=kv |iO=YD ?=NDv= =@ OQm} wQ u}= "CU=
x@ xDU@=w R}v SQ=W u}= Q=Okt "OQ=O SQ=W |Q=Okt w CU= ?=wH l} �xQP� x]kv
=Q |QDW}@ SQ=W 'hOy `@=D |xv}y@ Q=Okt xm CQwYu}O@ 'CU= hOy `@=D C}i}m
|=Q@ Vv=Q � V}=@ Q Q=mwR=U l} 'SQ=W Q=Okt u}ty |=v@tQ@ TBU "OyO|t xH}Dv
'xv}y@ |x]kv l} xm CQwYu}O@ 'OwW|t =QH= xv}y@ ?=wH CtU x@ \=kv CmQL
OwN R= =Q Qo}O \=kv 'O@ |x]kv l} w Ovm|t ?PH OwN CtU x@ =Q Qo}O \=kv
wO SQ=W |oQR@ =@ s}kDUt |x]@=Q 'x]kv wO u}@ l}D=DU=wQDmr= |wQ}v "Ovm|t `iO
CQ=@a R}v xQP Qy C@=F SQ=W "OQ=O x]kv wO |xrY=i `@ Qt =@ Tma |x]@=Q w x]kv
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|a}
iW|

H=L
?v}

Rw
|Ot

LtQ
}tO

}tL
O}U hOy `@=wD Q}O=kt u=}t xrY=i u} QDW}@ w u} QDsm �max w �min '16 |x]@=Q QO

"OvwW|t x@U=Lt 19 w 18 \@=wQ R= w OvDUy =yx}=Uty
�min = min

i;j

�
fi� fj	 (18)

�max = max
i;j

�
fi� fj	 (19)

�=tO Vy=m � O} Q@D Ov}=Qi "4"3"3
[22]%CU= xOW xO=iDU= 20 |x]@=Q R= =tO Vy=m Ov}=Qi QO

Tc = Tc�1
1 + � Tc�1

(20)

|x]@=Q R= u; Q=Okt xm CU= C@=F ?} Q[ � w 'c |xrLQt QO =tO Tc 'u; QO xm
%O};|t CUO x@ 21

� = T0�Tf
EC � T0 �Tf (21)

"CU=tO Qy QO Q=QmD O=OaD EC 'x]@=Q u}= QO
pO=aD \}=QW "5"3"3

"CU= pO=aD Cr=L x@ Ov}=Qi uO}UQ |=vatx@ �EC� =tO Qy QO Q=QmD XNWt O=OaD
|o}=Uty O}rwD "6"3"3

%OwQ|t Q=mx@ |o}=Uty O}rwD |=Q@ u=Um} p=tDL= =@ Q} R VwQ xU R= |m}
Q}O=kt w xOQm ?=NDv= |iO=YD CQwYx@ =Q ?=wH |x}=Q; QY=va R= =D wO �hr=

"OvwW|t Z} waD Qo}Om} =@ =yu;
=yu; Q}O=kt w xOQm ?=NDv= |iO=YD CQwYx@ =Q ?=wH |x}=Q; QY=va R= =D xU �?

"OvwW|t Z} waD Qo}Om} =@
Q}O=kt w xOQm ?=NDv= |iO=YD CQwYx@ =Q ?=wH |x}=Q; QY=va R= =D Q=yJ �G

"OvwW|t Z} waD Qo}Om} =@ =yu;
hOy `@=D |x@U=Lt |xwLv "7"3"3

?=wH x@ =yx}=Q; u}= p}O@D "OvDUy |k}kL O=Oa= R= |}=yx}=Q; CQwYx@ =y?=wH
%OwW|t s=Hv=xrLQt xU |]

&u=} QDWt C=kqt ?}DQD uOQm =O}B �
&hrDNt |=yC}OwOLt x@ xHwD =@ x}rkv p}=Uw x@ u=} QDWt X=YDN= �

"O} QN =} xQ=H= Cr=L u}}aD �
=Q |k}kL O=Oa= |=yx}=Q; 'R-K VwQ R= xO=iDU= =@ O}=@ pw= |xrLQt QO
|xrLQt QO "OwW XNWt u=} QDWt C=kqt |r=wD =D OQm ?DQt |OwaY CQwYx@
C}iQ_ C}OwOLt w u=} QDWt C=kqt R= xOt; CUO x@ |r=wD x@ xHwD =@ O}=@ |Oa@
Qw_vt u}= |=Q@ "Ov@=} X=YDN= hrDNt |x}rkv p}=Uw x@ u=} QDWt 'x}rkv p}=Uw
Oa@ |xr}Uw d=QU x@ u; C}iQ_ s=tD= R= Oa@ w xOQm ẁQW pw= |x}rkv |xr}Uw R=
XNWt =Q O} QN =} xQ=H= Cr=L x}rkv |xr}Uw Qy |=R=x@ O}=@ u; R= TB "s} wQ|t
&OwW|t x@U=Lt O} QN =} xQ=H= |xv} Ry 'x}rkv |xr}Uw Qy |=R=x@ xrLQt u}= QO "OQm
Q}e QO w xQ=H= =Q x}rkv |xr}Uw 'OW=@ O} QN |xv} Ry R= QDsm xQ=H= |xv} Ry xJv=vJ

"OwW|t x@U=Lt hOy `@=D Q=Okt ',=D}=yv "Ovvm|t |Q=O} QN =Q u; CQwYu}=

|x]@=Q j@=]t p p=tDL= =@ x}=Uty ?=wH CQwYu}= Q}e QO w OwW|t |Q=H ?=wH
Ov}=Qi |Q=H |=tO T w hOy `@=D C=Q}}eD �f x]@=Q u}= QO "OwW|t xDiQ}PB 15

"CU=
p = e�

�f
T (15)

|t=tD xm u}= R= TB "O@=}|t xt=O= pO=aD Cr=L x@ uO}UQ =D |o}=Uty O}rwD Ov}=Qi
R= xO=iDU= =@ =yOv}=Qi |Q=H |=y?=wH 'OvO}UQ pO=aD Cr=L x@ SA |=yOv}=Qi
=y?=wH Q}=U '?wN |=y?=wH `k=w QO "Ovvm|t CmQL T}]=vetwQDmr= sD} Qwor=
TB "Ovvm|t `iO OwN R= =Q =y?=wH Q}=U R}v O@ |=y?=wH w ?PH OwN CtU x@ =Q
Vy=m Ov}=Qi TBU "OwW|t p=ta= =y?=wH |wQ |rLt |wHwCUH l} 'u; R=
xOWv =[Q= �|}=yv |=tO x@ uO}UQ� u=}=B \QW xm |DQwY QO w xOW s=Hv= =tO
C}r=ai x@ R=e; |Q=H |=y?=wH R= ẁQW =@ |O} Q@D |R=Ux}@W |=yOv}=Qi 'OW=@

"Ovvm|t
u}}aD 'xr�Ut |=y?=wH |Q=PoOm |xwLv O}=@ |O=yvW}B |@}mQD sD} Qwor= QO
'pO=aD p=L '�=tO Vy=m � O} Q@D Ov}=Qi '|}=yv |=tO 'x}rw= |=tO 'x}rw= |=y?=wH
w =y?=wH CmQL |xwLv 'hOy `@=D Q=Okt |x@U=Lt |xwLv '|o}=Uty O}rwD

"OwW u}}aD |rLt |wHwCUH |xwLv
xr�Ut |=y?=wH |Q=PoOm |xwLv "1"3"3

pL |=Q@ xm CU= C}atH Q@ |vD@t |Q=mD@==Qi VwQ l} T}]=vetwQDmr= sD} Qwor=
CQwYx@ =y?=wH |Q=PoOm O}=@ CQwY u}= QO 'xOW O=yvW}B xDUw}B p�=Ut |=Q=m
Qw_vtu}=x@ "OvW=@ xO=iDU= p@=k T}]=vetwQDmr= sD} Qwor= QO =D OvW=@ |k}kL O=Oa=
s} Q=O |k}kL O=Oa= R= |}x}=Q; VwQ u}= QO "CU= xOW xO=iDU= R-K OQm} wQ R=
"O};|t CUO x@ O=Oa= R= |@}DQD '|rwRv =} |OwaY CQwYx@ =yu; uOQm?DQt =@ xm
QO |k}kL O=Oa= u}= |DU}=@ O=Oa= |oOQDUo R= |Q}owrH |=Q@ VwQ u}= QO xD@r=
QO |k}kL O=Oa= p=Ft u}= QO "�2 pwOH� OvW=@ xOW h} QaD X=N |xrY=i l}

"Ov=xOW h} QaD [0; 10] |xrY=i
u=tR x@ R}v O=Oa= R= |}xawtHt uOQm ?DQt u=tR xm CU= u}= VwQ u}= ?}a

"OwW|t xi=[= pL
x}rw= |=y?=wH u}}aD "2"3"3

[l; u] |xR=@ QO |iO=YD CQwYx@ Ov}=Qi Qy |x}rw= |=y?=wH 'pL VwQ u}= QO
"OwW|t O}rwD

|}=yv |=tO w x}rw= |=tO u}}aD "3"3"3
x@ xHwD =@ x}rw= |=tO l} uOt; CUO x@ |=Q@ |rm |LQ] |x�=Q= 'VwQ u}= R= hOy
?=wH l} =OD@= 'x}rw= |=tO uOQw;CUO x@ |=Q@ "CU= xOw@xr�Ut Qy C=}YwYN
xt=O= QO "OwW|t O=H}= x}=Uty ?=wH 100 O=OaD x@ TBU w '|iO=YD CQwYx@

[21]"OwW|t x@U=Lt 17 w 16 \@=wQ R= |}=yv w x}rw= |=tO
T0 = �min +0 1

�
�max� �

min

�
(16)

Tf = 0 08T0 (17)

"R-K VwQ R= |r=Ft "2 pwOH
10 9 8 7 6 5 4 3 2 1
5 6 7 1 0 1 4 2 8 2 2 2 9 3 9 6 0 5 p@k
2 6 9 10 7 3 4 5 7 8 Oa@
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"""|
xr�U

tp
L|

=Q@|
@}mQD

|Q=
mD@=

=QiO
Qm}w

Q"OwW|t Z} waD sy =@ w[a wO u}= u=mt %2 s=o
?=wH 4 =D OwW|t Z} waD u=Wx}=Uty u=mt wO =@ w[a wO u}= u=mt %3 s=o

"OwW O}rwD
"OwW|t x@U=Lt =y?=wH u}= hOy `@=D Q}O=kt %4 s=o

?=wH u} Ro}=H ?=wH u; 'Ow@ QDy@ |rY= ?=wH R= ?=wH u} QDy@ Qo = %5 s=o
"OwW|t hkwDt xvQow OOQo|tQ@ 1 s=o x@ w OwW|t |rY=

|D=@U=Lt G}=Dv "4
C=}@O= QO |}xr�Ut xDUO w xvwtv I}y xm OW |iQat O}OH pOt l} xr=kt u}= QO
|xvwtv xDUO l} u}=Q@=v@ "CU= xOw@v TQDUO QO O}OH pOt u}= |=Q@ ẁ[wt
w |QDWt 30 pw= \UwDt� \UwDt |xvwtv xDUO wO '�|QDWt 8 =D p�=Ut� lJwm
|QDWt 100 pw= nQR@ p�=Ut� nQR@ |xvwtv xDUO wO w �|QDWt 50 swO \UwDt
sD} Qwor= QF= =D OwW|t O}rwD |iO=YD CQwYx@ �|QDWt 200 swO nQR@ p�=Ut w
|O=yvW}B sD} Qwor= G}=Dv 'lJwm p�=Ut xDUO QO "OQ}o Q=Qk |UQQ@ OQwt '|O=yvW}B
"OW xO}HvU SA sD} Qwor= =@ p�=Ut Qo}O QO w OW xU}=kt GAMS Q=Ri=sQv =@
4GBRAM =@ |}xv=}=Q |wQ w OW Om Delphi7 =@ PSAEM |@}mQD sD} Qwor=

"OW =QH= Intel Core2 Duo 2 GHZ C=YNWt =@ CPU w

QDt=Q=B s}_vD "1"4
O}rwD |xR=@ '�EC� pO=aD Cr=L %OQ=O |rY= QDt=Q=B xU PSAEM sD} Qwor=
'20 Q}O=kt =@ ?}DQDx@ xOt; ptax@ C=W}=tR; =@ xm C}atH |xR=Ov= w �GR� ?=wH

"Ov=xOW s}_vD 10 '[�10; 10]

|iO=YD |=yxvwtv "2"4
|xQy@ MQv 'p=U 5 =yu; |R} Qxt=vQ@ ji= xm xOW O}rwD xr�Ut 10 'pw= |xDUO QO
|xr}Uw OQmQ=m R= u=tR OL=w Qy |=R=x@ pwB OL=w 3 |Q=Oxov |xv} Ry '�22 xvq=U
|xv} Ry w 'u=tR OL=w Qy |=R=x@ pwB OL=w 144 x}rkv p}=Uw CNwU |xv} Ry 'x}rkv
O} QN |xv} Ry 'pwB OL=w 250 =@ Q@=Q@ u=tR OL=w Qy |=R=x@ x}rkv p}=Uw |xQ=H=
w 14000000 =@ Q@=Q@ ?}DQDx@ x}rkv |xr}Uw Qy x}rkv |xr}Uw |]=kU= VRQ= w
wO u}@ u=tR w CU= OL=w 1 Q@=Q@ w C@=F u=} QDWt |=[=kD "CU= 8500000
QO p�=Ut u}= G}=Dv "CU= xOW O}rwD [0; 100] |xR=@ QO |iO=YD CQwYx@ xQo
xv}y@ CQwYx@ =Q lJwm p�=Ut Ov=wD|t PSAEM OyO|t u=Wv w xOt; 4 pwOH

"Ovm pL

=y?=wH CmQL w wQ}v |x@U=Lt "8"3"3
|x@U=Lt|=Q@ [20]u}kkLt\UwD |O=yvW}B\@=wQ |wQ Q@|LqY= Q[=L Q=DWwv QO
Q=Okt 22 |x]@=Q R= xO=iDU= =@ =OD@= =yu; "CU= xDiQo s=Hv= =y?=wH CmQL w =ywQ}v
|x]@=Q j@] =Q Qo}O |xQP |wQ Q@ xQP Qy R= OQ=w |wQ}v TBU w x@U=Lt =Q qij

"OvOQm ?=UL 23

qij =
f
�
xi
�� f �xj�

f (xworst)� f (xbest)
(22)

F ij =
�
xj �xi� qij (23)

=Q i |xQP j |xQP 'OW=@ QDnQR@ f(xj) R= f(xi) hOy `@=D Qo = ?}DQD u}= x@
CmQL |xwLv R= |Q=PoOm l} sD} Qwor= QO 'xOW QmP OQ=wt x@ xHwD =@ "Ovm|t ?PH

"CU= xOt; =y?=wH
%=y?=wH CmQL w wQ}v |x@U=Lt "1 sD} Qwor=

1: F i  0
2: for j = 1 to m do

3: if xi 6= xj then

4: qij = f(xi)�f(xj)
f(xworst)�f(xbest)

5: F ij  
�
xj �xi� qij

6: xi  xi +F ij

7: end if

8: end

"OvwW|t GQ=N =y?=wH O}rwD |xvt=O R= =y?=wH Q}O=kt 'Q=QmD |O=OaD R= TB
R= |m} xm |DQwY QO w xOW |UQQ@ =y?=wH Q}O=kt Qt= u}= R= |Q}owrH |=Q@
QO =y?=wH |t=tD Q}O=kt 'OW=@ QDlJwm u}}=B OL R= =} QDnQR@ q=@ OL R= =yu;
pm QO =y?=wH Q}O=kt |x}rm ?}DQD u}= x@ "OwW|t ?Q[ (0 � � � 1) �

xOW ZQi 0 01 Q@=Q@ � Q=Okt xr=kt u}= QO "OwW|t QDlJwm Q@=Q@ � C}atH
"CU=

ISP |Q=QmD Z}waD VwQ %|rLt |wHwCUH "9"3"3
|=yVwQ Q}=U x@C@Uv xmCU= ISP VwQ '|rLt |wHwCUH |=yVwQ R= |m}
[23]"CU= O}OH w `} QU ,=D@Uv """w 3-Opt '2-Opt p}@k R= |rLt |wHwCUH
sD} Qwor= ?wJQ=J QO =y?=wH Ow@y@ Qw_vtx@ 2003 p=U QO Q=@u}rw= VwQ u}=
|rY= ?=wH R= ?=wH GvB VwQ u}= QO [24]"OW xO=iDU= |Ov@u=tR |=Q@ l}DvS
|] 'xOW xO=O V}=tv 3 pwOH QO xm ?=wH 5 u}= "OwW|t O}rwD �Parent�

%OvwW|t O}rwD Q} R |=ys=o
"OwW|t ?=NDv= |iO=YD CQwYx@ |rY= ?=wH R= w[a wO %1 s=o

"ISP VwQ R= |}xvwtv "3 pwOH
Or=w 0 15 5 2 11 1 3 2 0 2 1 9 9 2 8 1 6 5 4 8
OvRQi
C1 : 0 15 5 2 1 9 3 2 0 2 11 1 9 2 8 1 6 5 4 8
C2 : 0 15 5 2 1 9 3 2 11 1 0 2 9 2 8 1 6 5 4 8
C3 : 0 15 5 2 1 9 3 2 0 2 9 2 11 1 8 1 6 5 4 8
C4 : 0 15 1 9 5 2 3 2 0 2 11 1 9 2 8 1 6 5 4 8
C5 : 0 15 5 2 5 2 1 9 0 2 11 1 9 2 8 1 6 5 4 8
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O}U p}=Uw C}iQ_ w u=} QDWt |=[=kD 'xQo wO u}@ u=tR 'Qo}O p�=Ut xDUO QO

[50; 200] '[1; 20] '[0; 10] |=yxR=@ QO ?}DQDx@ CN=wvm} `} RwD |xr}Uwx@ x}rkv
"Ov=pw= p�=Ut xDUO |=yQDt=Q=B x}@W Qo}O |=yQDt=Q=B "CU= xOW h} QaD

xDUO u=} QDWt O=OaD w '50 w 30?}DQDx@ swU w swOp�=Ut xDUO u=} QDWt O=OaD
|iO=YD CQwYx@ xr�Ut Owtv 50 xDUO Qy QO "CU= 200 w 100 sHvB w sQ=yJ
"CU= xOW pL VwQ wO \UwD xr�Ut Qy w CU= xOW O}rwD 'OW xDio xm |WwQ x@
( SA�PSAEM

SA ) xr�Ut Owtv Qy QO SA x@ C@Uv PSAEM VwQ |QDQ@ OYQO
xOW VQ=Ro 5 pwOH swU uwDU QO xr�Ut Owtv 50 QO u; \UwDt w xOW x@U=Lt
|=Q@ xr�Ut Owtv 50 QO pL u=tR \UwDt pwOH u}= sHvB w sQ=yJ uwDU "CU=
w xOW pL xr�Ut 50 QO xm |D=aiO O=OaD "OyO|t u=Wv =Q VwQ wO R= s=Om Qy
QO xr�Ut xDUO Qy QO 'xO=O x�=Q= |QDy@ ?=wH SA x@ C@Uv PSAEM sD} Qwor=

"CU= xOt; pwOH sWW uwDU
OQmrta 'p�=Ut R= |Q=}U@ QO u=} QDWt O=OaDV}=Ri= =@ xOt;CUOx@ G}=Dv j@]
xr�Ut 22 QO 'swO p�=Ut xDUO QO p=Ft u=wva x@ "CU= xOw@ SA R= QDy@ PSAEM

|r=LQO CU= xOQm pta SA R= QDy@ PSAEM 'xr�Ut 28 QO w xOw@ u=Um} G}=Dv
QDy@ PSAEM xr�Ut 44 QO w xOw@ u=Um} G}=Dv xr�Ut 6 QO '|QDWt 200 =@ xm
SA R= QDW}@ \UwDt Qw]x@ PSAEM pL u=tR xD@r= "CU= xOQm pta SA R=

"CU= xOw@

|Q}oxH}Dv "5
|=Q@ xQ=H= w O} QN Cr=L |Q}oQ_vQO =@ CVRP pOt Q@ |}xaUwD xr=kt u}= QO
sD} Qwor= 'CU= NP-hard 'xOW |iQat |xr�Ut xm =Hv; R= "OW KQ]t 'x}rkv p}=Uw
O=O u=Wv |D=@U=Lt G}=Dv w OW O=yvW}B xr�Ut u}= pL |=Q@ PSAEM |@}mQD
Ov=wD|t w CU= Q=OQwNQ@ |}q=@ |}=Q=m R= lJwm p�=Ut pL QO sD} Qwor= u}= xm
u}vJty "Ovm pL GAMS Q=Ri=sQv R= QDtm |v=tR QO w xv}y@ CQwYx@ =Q p�=Ut
w OW xU}=kt SA =@ nQR@ w \UwDt p�=Ut QO ?=wH x@ uO}UQ |=Q@ PSAEM

"OW OQw;Q@ SA R= QDy@ u; OQmrta

"lJwm p�=Ut xDUO QO GAMS G}=Dv =@ PSAEM |xU}=kt "4 pwOH
hOy `@=D `@=D xv}y@ Q=Okt Qy C}iQ_ p}=Uw O=OaD O=OaD xQ=tW

PSAEM �GAMS� hOy xr}Uw x}rkv u=} QDWt
42635906 4 42635906 4 3 2 5 1
52409740 52409740 2 3 5 2

51228931 3 51228931 3 3 2 6 3
44583484 9 44583484 9 4 2 6 4
60013225 6 60013225 6 2 3 6 5
39951876 39951876 4 2 7 6

36116556 6 36116556 6 5 2 7 7
47443481 7 47443481 7 3 3 7 8
52283643 5 52283643 5 4 2 8 9
55396823 55396823 3 3 8 10

"hrDNt p�=Ut xDUO QO SA w PSAEM xU}=kt "5 pwOH
|QDQ@ C=aiO O=OaD \UwDt \UwDt \UwDt O=OaD xDUO50 QO PSAEM pL u=tR pL u=tR Ow@y@ OYQO u=} QDWt

xOW pL Owtv SA PSAEM PSAEM

28 0 022 0 21 0 84 30 swO
35 0 05 0 5 1 12 50 swU
45 0 16 1 66 3 68 100 sQ=yJ
44 0 6 6 23 3 11 200 sHvB

=yCWwv=B
1. vehicle routing problem
2. travel salesman problem (TSP)
3. bin packing problem
4. capacitated vehicle Routing Problem (CVRP)
5. branch and cut
6. tabu search
7. savings algorithm
8. two-step
9. tabu route
10. genetic algorithm
11. ant colony optimization
12. simulated annealing
13. particle swarm optimization (PSO)
14. electromagnetism-like
15. iterated swap procedure
16. discrete particle swarm optimization

17. cumulative capacitated vehicle routing problem
18. periodic vehicle routing problem
19. parallel simulated annealing { electro magnetism algorithm
20. parallel simulated annealing
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