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xOW xDiQo Q_v QO u=Um} =yQ=@v= C@=F |xv} Ry =Hv}= QO� 'i Q=@v= C@=F |xv} Ry %Oi

&�CU=
"|}=Hx@=H OL=w l} |=R= x@ pkvwptL |xv} Ry %cijk

s}tYD |=yQ}eDt "3"2
&(xi; yi) 2 R2'i Q=@v= C=YDNt %Ai(xi; yi)

i xQo x@ |yOCtON R= TB k |x}rkv |xr}Uw QO xOv=t|k=@ |OwHwt Q=Okt %yijk
&j xQo x@ OwQw s=ovy w

&OQ}o|t p} wLD k pw= K]U |x}rkv |xr}Uw R= i Q=@v= xm |Q=@ Q=Okt %Bik
CQwY u}= Q}e QO '1 Q@=Q@ O@=} X}YND i Q=@v= x@ j |QDWt xm|DQwYQO %uij

&QiY Q@=Q@
Q@=Q@ CQwY u}= Q}e QO '1 Q@=Q@ OwQ@ j x@ i R= k |x}rkv |xr}Uw xm|DQwYQO %tijk

"QiY
%CU= Q} R CQwYx@ VywSB u}= |O=yvW}B |Ov@pwtQi

Min
X

k2fKg

X
i2fIg[fJg[f0g

X
j2fIg[fJg[f0g

tijkcijk

q
(xi � xj)2 + (yi � yj)2 +

�lX
k=1

X
i2I

X
j2f0g[fIg

Oitijk

+
�lX

k=1

X
i2I

Fkt0ik +
�l+�pX
k=l+1

X
i2I

X
j2J

Fktijk (1)

Subject to :
�l+�pX
k=l+1

X
i2fIg[fJg

tijk = 1 (j 2 J) (2)

97



"""|
xr�U
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=Q@|

@}Qk
DpL

Vw
Q|

x�=Q==@ =OD@= xrLQt u}= QO sD} Qwor= %wHwCUH 11O}OWD w |WN@ ẁvD |xrLQt "3
?=wH p=@vO x@ 'OriR} w |@=}u=mt G}=Dv QwO ,=D@Uv |=y|o}=Uty QO wHwCUH
h=Q]= |[}@ l} xm CU= xvwou}= xYqN Qw]x@ xrLQt u}= OvwQ "OOQo|t QDy@
uwQO x]kv N w OwW|t O=H}= OriR} w VwQ R= Q=@v= Qy |=Q@ xOt;CUOx@ u=mt
l} Qy uDiQoQ_v QO =@ |@=} Q}Ut w X}YND TBU "OwW|t O}rwD |[}@
?=NDv= xOt;CUOx@ ?=wH u} QDy@ w =QH= Q=@ N 'xOWO=H}= O}OH \=kv R=
Q=@v= |=Q@ OvwQ u}= O}OH |@=} Q}Ut w 'X}YND 'u=mt uDiQo Q_v QO =@ "OwW|t
|=Q@ '=yQ=@v= s=tD |=Q@ |WN@ ẁvD |xrLQt |=QH= R= Oa@ "OwW|t xO=}B |Oa@
|Oa@ |=yQ=QmD QO |rw "O@=}|t xt=O= OvwQ u}= O}OWD |xrLQt QO ?=wH Ow@y@
"OwW|t RwQx@ u; uwQO |xOWO}rwD \=kv O=OaD w QDlJwm |[}@ |=y`=aW
|rai ?=wH R= |QDl}ORv |=y|o}=Uty 'xrLQt u}= Q=QmD u}OvJ =@ ?}DQDu}O@
Q=QmD wO QO xm |v=tR =D w OwW|t wHwCUH QDy@ *?=wH uOQw;CUOx@ |=Q@
xt=O= s=o u}= 'OwWv O=H}= |@U=vt Ow@y@ ?=wH QO 'O}OWD |xrLQt |r=wDt

"Ci=} Oy=wN

x}rw= |@=}u=mt "1"3
C}iQ_ C}OwOLt OwHw =@ 12xDUw}B X}YND � |@=}u=mt |xr�Ut VN@ u}= QO
Qy 'X}YND � |@=}u=mt |xr�Ut u}= QO "OwW|t |UQQ@ C@=F |=yxv} Ry w
"CU= XNWt=v |@=}u=mt |=Q@ C=R}yHD O=OaD w OQ=O |OwOLt C}iQ_ R}yHD
XNWt =yu; |=[=kD w u=mt xm u=} QDWt R= |}=Dm |}xawtHt x@ O}=@ u}vJty
'xr�Ut u}= hOy "OwW x�=Q= C=tON 'xOWO=H}= |=yQ=@v= x@ X}YND =@ 'CU=
"CU= C=R}yHD x@ \w@ Qt C@=F |=yxv} Ry w pkvwptL |=yxv} Ry ẁtHt uOQmxv}tm
u}= QO "CU=xOW xDiQo ltm [16]13OQ |xk]vt sD} Qwor= R= sOk u}= pL |=Q@
|=Q@ |r@k |xOWxDiQoQ_vQO |=yu=mt x@ l}ORv X=N j]=vt ?=NDv= OQm} wQ
Ea=@ u}= "CU= ẁvtt xOv=t|k=@ O}OH C=R}yHD ?=NDv= |=Q@ 'C=R}yHD O=H}=
l}ORv |r}N |r@k |xOW?=NDv= C=R}yHD x@ x}rw= ẁQW |=yu=mt =D OwW|t
|=[i u} QDlJwm =OD@= "OvW=@ xOvm =QB u=} QDWt K]U QO C=R}yHD w OvW=@v
CU= xOvvmO}rwD |xv=NQ=m w u=} QDWt s=tD pt=W xm K]U QO OwHwt |r}]DUt
w xmax = max(xj ; j = 0; 1; :::;m) 'x QwLt QO "OwW|t xDiQoQ_vQO
w ymax 'y QwLt QO "OwW|t xO=O Q=Qk xmin = min(yj ; j = 0; 1; :::;m)

xQ}=O l} =@ OwOLt |xk]vt l} R}yHD Qy |=Q@ "OwW|t h} QaD x@=Wt Qw]x@ ymin

%CU= Q} R KQW x@ OwOLt |xk]vt |=Q@ C@=F `=aW s}_vD "OOQo|t XNWt
%|r}]DUt |x}L=v (�y) ZQa w (�x) pw] |x@U=Lt �

�x = (xmax � xmin) ; �y = (ymax � ymin)

%y w x |=yQwLt QO s}UkD O=OaD |x@U=Lt �
�x = 
 (�x=n) ; �y = 
 (�y=n)

"(0 < 
 < 1) CU= s}_vD QwDm =i 

%xQ}=O `=aW s}_vD �

r = min f�x; �yg (22)


 QDt=Q=B '[16]�2009� Vv=Q=mty w T}�wr O=yvW}B w x}rw= |=yV}=tR; T=U= Q@
|xwkr=@ \=kv (
 ! 1) OW=@ nQR@ |r}N xQ}=O |xR=Ov= Qo = &OW xO=O Q=Qk 0 5 Q@=Q@

|x]@=Q u}vJty "Ovm|t lQD =Q Q=@v= Q=@l} QFm =OL 'swO K]U |x}rkv |xr}Uw
xv=NQ=m Q=@l} QFm =OL 'pw= K]U |x}rkv |xr}Uw Qy xm Ovm|t u}t[D R}v 6
u=}@ =Q swO K]U |x}rkv p}=Uw C}iQ_ C}OwOLt 7 |x]@=Q "Ovm|t lQD =Q
Q=@v= x@ k pw= K]U |x}rkv |xr}Uw xJv=vJ 'Ovm|t u}t[D 8 C}OwOLt "Ovm|t
'OQw;|t i Q=@v= |=Q@ k pw= K]U |x}rkv |xr}Uw xm |Q=@ Q=Okt 'OyOv C=tON i

K]U |x}rkv p}=Uw \UwD xm |Q=@ ẁtHt Ovm|t u}t[D 9 |x]@=Q "CU= QiY
u=} QDWt |=[=kD ẁtHt =@ Q@=Q@ O}=@ 'OwW|t xO=O p} wLD |v=}t Q=@v= Qy x@ l}
K]U |x}rkv p}=Uw C}iQ_ C}OwOLt 10 |x]@=Q "OW=@ Q=@v= u; x@ xDi=}X}YND
Q=@v= l} x@ ,=k}kO |QDWt Qy xm Ovm|t u}t[D 11 C}OwOLt "Ovm|t u=}@ =Q pw=
u=} QDWt |=[=kD ẁtHt '=yQ=@v= C}iQ_ C}OwOLt x@ xHwD =@ "O@=}|t X}YND
C}OwOLt QO Qt= u}= 'OW=@ QDtm Q=@v= u; C}iQ_ R= O}=@ 'Q=@v= u; x@ xDi=}X}YND
xmv}= pw= "OwW|t xO=iDU= Qw_vt wO x@ 13 C}OwOLt "CU= xOW xDiQo Q_v QO 12
|OwHwt Q=Okt 'Ovm|tv CmQL xQo wO u}@ |}xr}Uw I}y xm|v=tR 'Ovm|t u}t[D
Q=Okt Ovm|t u}t[D xmv}= swO "CU= QiY Q@=Q@ R}v OwW|t ptL xQo wO u}= u}@ xm
"CU= xr}Uw u; C}iQ_ =@ |w=Ut =} QDlJwm Ovm|t ptLxr}Uw Qy xm |OwHwt
=y|OwHwt u=} QH uOw@ pO=aDt w |OwHwt u=} QH ^iL 15 w 14 |=yC}OwOLt
OwN j}kLD QO [14]u=Q=mty w w} "Ovvm|t u}t[D =yQ=@v= w |WwQixOQN |=Q@ =Q
9QwDQ} R uOt;OwHwx@ R= Qo}Om} x=Qty x@ 14 w 13 |=yC}OwOLt xm Ovvm|t C@=F
Qo}Om} x=Qtyx@ 'R}v 15 w 13 |=yC}OwOLt u}vJty "Ovvm|t |Q}owrH xr�Ut QO
u=}t \=@DQ= 16 |x]@=Q "Ovvm|t |Q}owrH pw= K]U QO QwDQ} R uOt; OwHw x@ R=
Q=Okt Ovm|t u}t[D 17 C}OwOLt "Ovm|t u=}@ =Q pOt QO |@=} Q}Ut w X}YND
Q@=Q@ Ovm|t ptL Q=@v=l} R= GwQN s=ovy swO K]U |x}rkv |xr}Uw Qy xm |OwHwt
"Ovvm|t Ci=} QO CtON x}rkv |xr}Uw u}= R= xm CU= |v=} QDWt |=[=kD ẁtHt
K]U |x}rkv |xr}Uw Qy xm |OwHwt Q=Okt Ovm|t u}t[D u}vJty 18 C}OwOLt
xm CU= |}=yQ=@v= |=[=kD ẁtHt Q@=Q@ Ovm|t ptL xv=NQ=m R= GwQN s=ovy pw=
Q=@v= C=YDNt uOw@xDUw}B 19 C}OwOLt "OvQ}o|t C=tON x}rkv |xr}Uw u}= R=
Ovm|t u=}@ =Q Bik w yijk Q}O=kt uOw@ |ivtQ}e 20 |x]@=Q "OyO|t u=Wv =Q i
"OyO|t u=Wv =Q uij w tijk s}tYD |=yQ}eDt uOw@ l} w QiY 21 |x]@=Q w
K}LY OOa |]NQ}e |R} Qxt=vQ@ pOt l} |[=} Q |R} Qxt=vQ@ u}= xm|}=Hv;R=
xv}y@ ?=wH \UwDt |xR=Ov= =@ |}xr�Ut |=Q@ |DL xm CU= O}a@ 'CU= \rDNt
x�=Q= |Q=mD@==Qi VwQ |Oa@ VN@ QO xr�Ut u}= pL |=Q@ ?}DQDu}O@ "OwW Ci=}

"OwW|t

xr�Ut pL ?wJQ=J "3
%R= Ov=CQ=@a pL=Qt u}= xm CU= xrLQt xU pt=W |O=yvW}B sD} Qwor=

O=OaD =D OwW|t pL X}YND � |@=}u=mt |xr�Ut %x}rw= ?=wH |xrLQt "1
=yQ=@v= x@ u=} QDWt |x}rw= X}YND w '=yQ=@v= |x}rw= u=mt 'R=}vOQwt |=yQ=@v=

"OQ}o|t s=Hv= `} RwD K]U wO QO |@=} Q}Ut TBU "OwW XNWt
l} QO x}rw= ?=wH uOQw;CUOx@ R= Oa@ %10OriR} w VwQ =@ Ow@y@ |xrLQt "2
O};|t CUOx@ =yQ=@v= |=Q@ |O}OH u=mt [15]OriR} w VwQ =@ xOvwWQ=QmD VwQ
|r@k ?=wH R= QDtm xv} Ry Qo = &OwW|t Q=QmD |@=} Q}Ut w X}YND |xrLQt w
QO 'OwW|t Q=QmD OriR} w VwQ O}OH |@=} Q}Ut w X}YND R= xO=iDU= =@ Ow@

"OwQ|t Oa@ |xrLQt x@ sD} Qwor= CQwY u}= Q}e
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QW
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Q}Ot

w`}
=vY

|U
Ovyt Zkv CQwY QO "OW=@v Q}PBu=mt= |Ow@y@ I}y xm|v=tR =D O@=}|t xt=O= O}OH

QO "O@=}|t xt=O= OvwQ '|Oa@ umtt Q}}eD p=@vO x@ 'Q=@v= C}iQ_ C}OwOLt
x@ |QDWt wO X}YND Z} waD Qo = 'X}YND |xrLQt Ow@y@ swO |xrLQt
Ow@y@ Ea=@ 'Q=@v= Qy C}iQ_ C}OwOLt C}=aQ CQwY QO 'Cw=iDt |=yQ=@v=
CQwY QO "O@=}|t xt=O= O}OH X}YND R= xO=iDU= =@ Ov}=Qi u}= 'OwW xv} Ry
xt=O= OvwQ '|Oa@ umtt |}=DwO Z} waD p=@vO x@ 'Q=@v= C}iQ_ C}OwOLt Zkv

"O@=}|t

|@=} Q}Ut "4"3
xDi=}X}YND u=} QDWt w |@=}u=mt |xrLQt QO xOWCi=} \=kv R= l} Qy |=Q@
u=wvax@ =yQ=@v= uDiQoQ_v QO =@ 14x}rkv |xr}Uw |@=} Q}Ut |xr�Ut '=yu=mt u}= x@
xm 15xOWKqY= |} wHxiQY VwQ R= Qw_vt u}= |=Q@ "CU= xOW pL 'Cq}yUD
QO xOWKqY= |} wHxiQY pwtQi "OwW|t xO=iDU= 'Ov=xOQm x�=Q= [18]umv= w pv}Dr;

"CU= xOW xO=O 25 |x]@=Q
Sij =D (i; 0) +D (0; j)� �D (i; j) + � jD (i; 0)�D (0; j)j

+ �
�
di + dj

�d

�
(25)

&(i; j = 1; :::; n; j 6= i) CU= j w i |QDWt u}@ |UO}rk= |xrY=i D(i; j)

u=R}t sij &OQ=O xQ=W= xOWO}rwD |x]kv n R= |m} x@ xm CU= Q=@v= |xOv}=tv QiY
uDW=O |=Hx@ Q}Ut O=H}= |=Q@ j |QDWt x@ i |QDWt uDUw}B syx@ R= |} wHxiQY
uRw |xOvyOu=Wv (�; �; �) "(i; j = 1; :::;m; j 6= i) CU=RHt Q}Ut wO
"CU= 25 |x]@=Q QO xO=iDU= OQwt QwDm =i xU R= l} Qy =@ \=@DQ= QO x]w@ Qt
VwQ x@ 25 |x]@=Q (�; �; �) = (1; 0; 0; ) xm|v=tR "CU=[=kD u}ov=}t �d

u=} QDWt 25 |x]@=Q QO "OwW|t xO=U [19]C}=Q w lQqm l}Uqm |} wHxiQY
'OvwW@ |QDW}@ |xrY=i |} wHxiQY x@ QHvt Q}Ut l} QO uOW?}mQD =@ xm |oQR@
=@ Q}Ut Qy |=Q@ |@=} Q}Ut |xrLQt R= xOt;CUOx@ ?=wH "OvwW|t ?=NDv= =OD@=
V}q=B 'CU= |rLt |wHwCUH wO pt=W xm |@}mQD |Q=mD@= VwQ l} R= xO=iDU=
|Q=mD@= VwQ l} R= xO=iDU= =@ Q=@v= Qy |=Q@ xOt;CUOx@ |=yQ}Ut TBU "OwW|t
x@ xm |WwQ R= 'Q}Ut Qy |=Q@ pw= |rLt |wHwCUH QO "OOQo|t V}q=B |@}mQD
|QDWt wO u=mt Z} waD Qo = VwQ u}= QO "CU= xOW xO=iDU= 'xOW xDN=vW swap

xm CU= |}xvwox@ Q}}eD u}= w OvwW|t ?=NDv= 'OwW Q}Ut Ow@y@ Ea=@ Q}Ut QO
|Ow@y@ I}y xm|v=tR =D O}OH Q}Ut R= xO=iDU= =@ Ov}=Qi "OwW|t ^iL QwD Q=DN=U
|WwQ R= 'Q}Ut Qy |=Q@ swO |rLt |wHwCUH QO "O@=}|t xt=O= 'OW=@v Q}PBu=mt=
l} 'OQm} wQ u}= QO "CU= xOW xO=iDU= [5]'CU= xOW xDN=vW insertion x@ xm
xO=O Q=Qk Q}Ut u=ty QO Qo}O |=H QO w OwW|t GQ=N OwN C}akwt R= |QDWt
?=NDv= 'OwW Q}Ut Ow@y@ Ea=@ Q}Ut Qy QO |QDWt |}=Hx@=H u}= Qo = 'OwW|t
uOt;CUOx@ R= Oa@ "O@=}|t xt=O= 'O}OH Q}Ut R= xO=iDU= =@ Ov}=Qi u}= w OwW|t
sy u; xm |@}mQD |Q=mD@= VwQ l} R= xO=iDU= =@ u; Ow@y@ x@ 'Q=@v= Qy |=yQ}Ut
pw= |rLt |wHwCUH QO "OwW|t xDN=OQB 'CU= |rLt |wHwCUH wO pt=W
u}= =@ "CU= xOW xO=iDU= insertion OQm} wQ u=ty R= Q=@v= Qy |=yQ}Ut |=Q@
C}OwOLt C}=aQ CQwY QO w OwW|t GQ=N OwN C}akwt R= |QDWt l} xm Cw=iD
Q=@v= u=ty R= Qo}O Q}Ut QO Qo}O |=H QO Q=@ u}= 'Q}Ut Qy |x}rkv p}=Uw C}iQ_
xO=iDU= swap OQm} wQ u=ty R= R}v swO |rLt |wHwCUH QO "OwW|t xO=O Q=Qk

"OwW|t =Hx@=H Cw=iDt |=yQ}Ut QO |QDWt wO u=mt u; QO xm CU= xOW

\=kv OwOLt j]=vt QO xOWO}rwD |iO=YD |x]kv Qo = "OvwW OQ CU= umtt |O=} R
QO xmv}= =D O@=}|t xt=O= O}OH |iO=YD |x]kv O}rwD OvwQ 'OW=@ |r@k |xOWO}rwD
'OwWv `iQ Q=QmD OvJ R= Oa@ pmWt u}= Qo = |rw "OW=@ xDW=Ov Q=Qk OwOLt j]=vt
xQ}=O |xR=Ov= Qo = [16]"OwW|t xO=O Vy=m �10 xOWxDN=U |=yxQ}=O s=tD |xR=Ov=
Ovv=t OvwQ w OQ=Ov OwOLt |xk]vt Q@ |Q}F-=D I}y (
 ! 0) OW=@ lJwm |r}N

"Ovm|t Q=DiQ xO=U |iO=YD |wHwCUH l}

Q=@v= uOwRi= "2"3
K]U QO ,qwtat xm CU= |tyt |=ypt=a R= |m} C=R}yHD O=OaD u}}aD 'pta QO
Oa@ 'xar=]t u}= QO "OQ=O R=}v |t}_a |x}=tQU x@ =Q} R 'OwW|t |Q}os}tYD |OQ@y=Q
'CU=yQ=@v= O=OaD u}}aD w |@=}u=mt |xrLQt xm 'sD} Qwor= |}=OD@= |xrLQt |=QH= R=
Q=@v= uOwRi= |=Q@ "Ovm|tv |Q}}eD w Ov=t|t C@=F sD} Qwor= |=yDv= =D Q=Okt u}=
'xO=U VwQ u}= QO "CU= xOW xDiQo ltm [17]Vv=Q=mty w T}�wr OQm} wQ R=
uDiQq=@ x@ ẁQW xv} Ry ẁtHt xm|v=tR w OwW|t pL n R= ẁQW =@ xr�Ut
xOW xOQw; 23 |x]@=Q QO u}}=B OL u}= |x@U=Lt "OW Oy=wN hkwDt Ovm|t

"CU=

n =

&
(
mX
j=1

dj)=V

'
(23)

Qy xm CU= xOW ZQi xr�Ut QO xm|}=Hv;R= "CU=yQ=@v= C}iQ_ u}ov=}t V
O=OaD n =@ xm CU= umtt 'OwW|t xO=O X}YND Q=@v= l} x@ ,=k}kO |QDWt
O@=}|t V}=Ri= u}}=B OL 'CQwY u}= QO "O}=}v CUO x@ umtt ?=wH sy Q=@v=
|=Hx@ |Q=mD@= VwQ R= xO=iDU= p}rO x@ u}vJty "OwW pY=L umtt ?=wH =D
|aU "OwW O}rwD �CUQO=v |xv}tm� l} CU= umtt 'j}kO VwQ R= xO=iDU=
pL x=Q QO %OwW hQ]Q@ pL x=Q wO =@ |OwOL =D pmWt u}= CU= xOW
q=@ xv} Ry pm |B QO|B |wHwCUH wO QO xm|DQwYQO =yvD wHwCUH 'pw=
pL x=Q QO "OwW|t ?=NDv= =y?=wH u}@ R= ?=wH u} QDy@ w hkwDt 'OwQ@
u}OvJ |] x}rw= ?=wH xm CU= xOW|L=Q] |}xvwox@ |Q=mD@= VwQ 'swO
|xv}tm QO =y=QH= s=tD xm CU= O}a@ &OwW ?=NDv= xv} Ry u} QDxv}tm w Q=QmD
Q} R KQW x@ X}YND � |@=}v=mt |xr�Ut |xv} Ry `@=D "ODi}@ s=O x@ CUQO=v

%CU=X
i2I

X
j2J

uijCijk
q

(xi � xj)2 + (yi � yj)2 +
X
i2I

OiRi (24)

X}YND "3"3
OwW|t ?=NDv= QDW}@ �=[=kD� uRw =@ |QDWt =OD@= 'xr�Ut pL R= xrLQt u}= QO
"OwW|t xO=O X}YND 'C}iQ_ C}OwOLt C}=aQ =@ Q=@v= u} QDl}ORv x@ TBU w
|Oa@ Q=@v= u} QDl}ORv x@ |QDWt 'OW Zkv Q=@v= C}iQ_ C}OwOLt xm|DQwYQO
xO=iDU= =@ X}YND |xrLQt R= xOt;CUOx@ ?=wH TBU "OwW|t xO=O X}YND
V}q=B 'CU= |rLt |wHwCUH wO pt=W xm |@}mQD |Q=mD@= VwQ l} R=
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1. supply chain management
2. neural network algorithm
3. self-organizing map
4. sequential approaches
5. savings procedure
6. diversi�cation
7. intensify
8. mixed integer non-linear problem
9. subtour
10. Weiszfeld
11. intensi�cation
12. continuous location-allocation problem
13. region-rejection
14. vehicle routing problem
15. modi�ed saving
16. spawning
17. RAM
18. GB
19. GAMS
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