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|xQ
wO |=Q@ ẁvtt |wHwCUH sD} Qwor= l} |iQat

u=tO}J |Q]UlD |xr�Ut pL
�OWQ= T=vWQ� |wHWv=O� |OvkQtU Ot=L

�O=DU=� |kWa VQwm
h} QW |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O

|wLvx@ C=R}yHD |O=OaD |=Q@ ?U=vt Vv}J l} u}}aD R= CU= CQ=@a u=tO}J |L=Q]
QO xm |r�=Ut R= |m} "Ovm xv}tm =Q =yCtUk u=}t u=} QH =@ \@DQt |=yxv} Ry pm xm

|xi}OQl} =} |Q]UlD u=tO}J |xr�Ut 'OQ=O |O=} R |rta OQ@ Q=m u=tO}J |L=Q]
w CU= NP-Complete |xOQ R= |}xr�Ut 'xr�Ut u}= "CU= 1�SRFLP� C=v=mt=

u; OOHt |R=UpOt =} xv}y@ x@ l}ORv |=y?=wH uOQw; CUO x@ |=Q@ |v=w=Qi |=yVqD
SRFLP QO X=N |Dr=L |UQQ@ x@ =OD@= Q[=L Q=DWwv QO "CU= xDiQo CQwY

"s}vm|t C=@F= Cr=L u}= |xv}y@ ?=wH =@ x]@=Q QO =Q |OvtOwU |x}[k w s} R=OQB|t
X=N Cr=L |xv}y@ ?=wH ltmx@ =Q 2�TS� ẁvtt |wHwCUH sD} Qwor= l} TBU

G}=Dv "s}vm|t |UQQ@ =Q u; OQmrta |xwLv w xO=O xaUwD SRFLP pL |=Q@ QwmPt
=@ xU}=kt QO |O=yvW}B sD} Qwor= Q}osWJ |D=@U=Lt CQOk w |};Q=m Qou=Wv |D=@U=Lt
|=Q@ xv}y@ x@ l}ORv ?=wH xm |wLvx@ 'CU= xr�Ut pL |=Q@ x@=Wt |=ysD} Qwor= Q}=U
"O};|t CUO x@ |mOv= Q=}U@ u=tR QO OvQ=O CtUk 200 =D |DL xm SRFLP p�=Ut

Hamed.Samarghandy@Gmail.com
Eshghi@Sharif.Edu

sD} Qwor= '|]N |R=U?DQt |xr�Ut 'u=tO}J |xr�Ut %|O}rm u=oS=w
" ẁvtt |wHwCUH

xtOkt
l} |wQ =Q pmWp}]DUt CtUk n s} Q=O OYk %OQm h}YwD u}vJ u=wD|t =Q
i pO=at CtUk pw] li 'xr�Ut u}= QO "s}yO Q=Qk XNWt CyH =@ s}kDUt \N
xOW xO=O C = [cij ] CQwYx@ n� n T} QD=t l} u}vJty "CU= xOW ZQi
|xrY=i "CU= j w i |=yCtUk u=}t u=} QH u=R}t Qou=Wv cij u; QO xm CU=
=yCtUk u}= uO}J xr�Ut hOy "OwW|t |Q}oxR=Ov= u=WRmQt R= R}v CtUk wO u}@

"OwW xv}tm =yCtUk |t=tD u=}t pY=wi |vRw ẁtHt xm |wLvx@ CU=
%Ovv=t 'OQ=O|v=w=Qi|rta|=yOQ@ Q=m SRFLP |xr�Ut 'OW xQ=W= xm Qw]u=ty
CtU l} QO |QDiO u=tDN=U =} u=DUQ=t}@ 'CmQ=tQB wU l} |=yCtUk u=tO}J
|=yC}o X}YND |xwLv 'xv=N@=Dm R= xk@] l} QO =y?=Dm u=tO}J [4]'wQy=Q l}
|=yQOvr}U x@ xv=}=Q l} |=yp}=i X}YND |xwLv [3]'=y=t}B=wy x@ x=oOwQi l}
\UwD xm s}kDUt\N pmWx@ |Q}Ut QO Cq;u}W=t u=tO}J [5]'u;CNUlU}O
|=ysDU}U QO XwYNx@ QN; OQwt [6]"OwW|t xOwt}B 4�AGV� Q=mOwN Q@y=Ql}
OwHwt |=yu=tO}J QDW}@ "OQ=O |v=w=Qi OQ@ Q=m 5�FMS� Q}PBh=]av= O}rwD wCN=U
j}kLD u}= QO xOWKQ]t |xi}OQl} |xr�Ut =@ u=wD|t =Q FMS |=ysDU}U QO
pmW|vLvt Q}Ut l} R= xm |v=tO}J pL |=Q@ u=wD|t =Q pOt u}= =Q} R OQm Q_=vDt
C=R}yHD xm CU= sRq u=tO}J u}= OQwtQO xD@r= "OQ@ Q=m x@ R}v Ovm|t xO=iDU=
xm OwW|t Qw;O=} 'u}vJty "OvQ}o Q=Qk AGV hQ] l} QO Cq;u}W=t u=ty =}
|=yOQ@ Q=m Q@ xwqa u}=Q@=v@ w [7]CU= NP-hard |xr�Ut l} SRFLP |xr�Ut

l} |xOWs=tD Ct}k R= OYQO 50 =D 20 OwOL xm CU= xOW C@=F |rta ^=Lrx@
?U=vt u=tO}J l} R= xO=iDU= =@ w CU= u; pkvwptL |=yxv} Ry R= |W=v pwYLt
|[a@ [1]"O=O Vy=m xOWs=tD Ct}k OYQO 30 =D 20 x@ =Q =yxv} Ry u}= u=wD|t
'CyH u}tyx@ [2]"Ov=xOR u}tND R}v 70 =D 30 u}@ =Q OYQO u}= Qo}O u=ir-wt R=
u=}t u}= QO "Ov=xOQm |UQQ@ =Q u=tO}J |L=Q] p�=Ut |Q=}U@ u=kkLt uwvm =D
|Q]UlD u=tO}J '3|R=U?DQt uwJ|r�=Ut x@ =Q u=tO}J|L=Q] p�=Ut u=wD|t
pt=W pw= xDUO p�=Ut [3]"OQm s}UkD �xi}OQOvJ� |Q]UOvJ u=tO}J w �xi}OQl}�
w pw] uDiQo Q_v QO uwO@ =Q |}=yCtUk s} Q=O OYk =yu; QO xm OvDUy |r�=Ut
|Q]UlD p�=Ut |Oa@ |xDUO "s}yO Q=Qk xOWu}}aDV}B R= \=kv QO =yu; ZQa
"OW Oy=wN KQ]t pt=m Qw]x@ Q=DWwv u}= QO =yu; C=}[Qi xm OvDUy �xi}OQl}�
|R=U?DQt p�=Ut R= QDq=@ |L]U QO |D=@U=Lt |oO}J}B ^=Lr R= p�=Ut u}=
pt=W =Q �xi}OQOvJ� |Q]UOvJ p�=Ut swU |xDUO C}=yv QO [3]"OvQ}o|t Q=Qk
u} QDq=@ R= w OvwW|t |L=Q] xLiY l} QO u=tO}J |L=Q] hOy =@ xm OwW|t

[3]"OvQ=OQwNQ@ |D=@U=Lt |oO}J}B K]U
|Q]UlD u=tO}J'OQ=O|v=w=Qi OQ@ Q=mptaQO xmu=tO}J|L=Q]p�=Ut R=|m}
xi}OQl} u=tO}J |xr�Ut "OwW|t xO}t=v SRFLP Q=YDN=x@ xmCU= �xi}OQl}�

"1389 4 1 VQ}PB '1387 10 22 |Qw=O '1387 6 18 Ci=} QO %M} Q=D
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ẁvtt
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l}
|iQ

atCqO=at w |]N |R} Qxt=vQ@ pOtl} |x�=Q= |=v@tQ@ xr�Ut u}= u}}=B OL uDi=} |=Q@
[17]"Ci=} xaUwD O=R; |=[i |xOvvmOwOLt

O=yvW}B SRFLP |xr�Ut pL |=Q@ uwvm =D xm |Q=mD@= |=yVwQ |UQQ@ =@
|=yha[ R= |m} |=Q=O pk=OL =ysD} Qwor= u}= xm s} wW|t xHwDt 'CU= xOW

[14w13'11'10]%OvQ} R
&Ov=xOW ZQi u=Um} =} 'Ov=xOWv xDiQo Q_v QO =yCtUk xR=Ov= "1

&CU= xOW ZQi XNWt =OD@= R= Cq;u}W=t R= |[a@ |Q}oQ=Qk pLt "2
xDiQo Q_v QO Cq;u}W=t |m} R}i uO=OQ=Qk s=ovy \ki Cq;u}W=t |xR=Ov= "3

"OvDU}v p}NO C=@U=Lt QO w Ov=xOW
|xv}y@ ?=wH w xOQm |UQQ@ =Q SRFLP R= |Y=N Cr=L =OD@= Q=DWwv u}=
TS sD} Qwor= l} |R=Ov=x=Q |=Q@ ?=wH u}= R= TBU "OQw;|t CUO x@ =Q u;
|O=yvW}B sD} Qwor= QO "OR=U QF=|@ =Q jwi CqmWt OQ=O VqD xm OwW|t xO=iDU=
u}}aD V}B R= =yu; |Q}oQ=Qk pLt w xOW ZQi Cw=iDt Qo}Om} =@ =yCtUk |xR=Ov=
CN=OQB s}y=wN SRFLP R= |Y=N Cr=L |UQQ@ x@ |Oa@ VN@ QO "OwW|tv

"OQ=O |O=yvW}B sD} Qwor= |xaUwD QO |tyt Vkv xm

SRFLP QO X=N Cr=L |UQQ@
p=U QO 'ABSMODEL x@ hwQat 'xi}OQl} u=tO}J |xr�Ut |[=} Q pOt

%R= CU= CQ=@a pOt u}= KQW [6]"CU= xOW |iQat 1991

min z =
n�1X
i=1

nX
j=i+1

cijdij (1)

s:t :

dij � 1
2 (li + lj) + sij ; i = 1; 2; :::; n; j = i+ 1; :::; n (2)

dij � 0; i = 1; 2; :::; n; j = i+ 1; :::; n (3)

"CU= s=i CtUk pw] li w j 'iCtUk wO RmQt x@ RmQt |xrY=i dij 'pOt u}= QO
xm CU= j w i |=yCtUk u=}t R=}v OQwt |r=N |=[i sij pOt u}= QO u}vJty

"OwW|t xO=O QDt=Q=B l} u=wvax@
"CU= syt Q=}U@ |Q=mD@==Qi sD} Qwor= |L=Q] s=ovyx@ X=N Cq=L |UQQ@
|=ysD} Qwor= QO xv}y@ x@l}ORv ?=wH x@ uO}UQ|=Q@ R=}v OQwtC=@U=Lt u=R}t xRwQt=
pL |=Q@ R=}v OQwt |D=@U=Lt VqD `k=w QO "CU= xHwD OQwt Q=}U@ |Q=mD@==Qi
|=y?=wH OwHw [18]"CU= |Q=mD@==Qi sD} Qwor= l} |};Q=m R= |}xv=Wv xr�Ut l}
QO wHwCUH R=e; Ea=@ Ov=wD|t X=N Cq=L |=Q@ ?wN |=y?=wH =} xv}y@
Vy=m QO |tyt Vkv Qt= u}= xm OwW ?U=vt ?=wH l} R= |Q=mD@==Qi sD} Qwor=

"CW=O Oy=wN |D=@U=Lt VqD
"8i; j : cij = c u; QO xm s}vm |UQQ@ =Q |Y=N Cr=L s} Q=O OYk =Hv}= QO

%CWwv u}vJ u=wD|t =Q xr�Ut hOy `@=D CQwYu}= QO

min z = c
n�1X
i=1

nX
j=i+1

dij (4)

x@ ?Hwt Qt= u}ty "OQ=O |v=w=Qi |D=k}kLD |=yC}@=PH R}v u=kkLt |=Q@ '|rta
QO xm CU= xOW xr�Ut u}= OQwt QO VQDUo p=L QO w |ve |D=}@O= uOt; OwHw

"CN=OQB s}y=wN u; x@ xt=O=
"CN=OQB s}y=wN SRFLP =@\@DQt|traC=}@O= QwQt x@ =OD@= Q[=L Q=DWwv QO
s} R=OQB|tSRFLP R=|Y=NCr=L|UQQ@ x@ 'C}OwOLtl} uOQm xi=[= =@TBU
|R=Ov=x=Q |=Q@ xv}y@?=wH u}= R= TBU "s}@=}|t =Q Cr=L u}= |xv}y@ |=y?=wH w
&OwW|t xO=iDU= SRFLP |xr�UtpL QO �TS� ẁvtt|wHwCUH sD} Qwor=l}
G}=Dv "O@=}@ =Q |@U=vt |=y?=wH xr�Ut |rm Cr=L |=Q@ OQ=O VqD xm |tD} Qwor=
|O=yvW}B sD} Qwor= ?U=vt Q=}U@ |};Q=m O} -wt 'Ot; Ovy=wN =yDv= QO xm |D=@U=Lt

"CU=yVwQ Q}=U =@ xU}=kt QO

C=}@O= QwQt
|v=w=Qi |Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= [7]'xr�Ut uOw@ NP-hard p}rOx@
|O=yvW}B |x} wQl} QO "Ov=xOW x�=Q= SRFLP pL |=Q@ j}kO |=yVwQ C=R=wtx@
OwW|t xi=[= |vwvm ?=wH |=yDv= x@ CtUk l} s=o Qy QO 'SRFLP pL |=Q@

[8]"OwW pY=L |}=yv ?=wH ?}DQD u}O@ =D
u=R}t T} QD=t |xS} w Q}O=kt R= xO=iDU= |x}=B Q@ |WwQ xr�Ut u}= pL |=Q@
xm |DtUk wO =OD@= QO 'OW KQ]t =yOa@ xm |WwQ j@=]t TBU [9]"OW x�=Q= u=} QH
l} xrLQt Qy QO TBU w OvQ}o|t Q=Qk RmQt QO OvQ=O Qo}Om} =@ =Q \=@DQ= u} QDW}@

[6]"OwW|t xi=[= CtUk wO u}= CU=Q =} AJ CtU x@ CtUk
6�LMIP� xDN}t;syQO |]N |R} Qxt=vQ@ pOt l} Oa@ p=U OvJ O=Qi= u}ty
pL 7xt} QH VwQ j} Q] R= =Q pOt u}= TBU w |iQat SRFLP |xr�Ut |=Q@
l} CQwYx@ 1992 p=U QO xr�Ut u}= OQwtQO |Q=mD@==Qi VwQ u}rw= [6]"OvOQm
xO=iDU= =@ Oa@ p=UOvJ [10]"OW |L=Q] 8�SA� O} Q@D |DQ=QL C=}rta sD} Qwor=
x@ C@Uv �SA w GA� l}DvS |=ysD} Qwor= |=v@tQ@ 9|@}mQD sD} Qwor= l} R=
[11]"OW s=Ok= =yCtUk hrDNt |=y?}DQD QO ?ka x@ CWoQ@ u=R}t |R=Uxv}tm
|=ypLt w Ov=xOW ZQi Q@=Q@ sy =@ =yCtUk |x}rm pw] R}v sD} Qwor= u}= QO
Ci=}yQ =@ sD} Qwor= l} u; R= TB "CU= xOW u}}aD V}B R= R}v =yCtUk |Q}oQ=Qk
|}=yCtUk OQ=O |aU sD} Qwor= u}= "Ci=} xaUwD SRFLP pL |=Q@ 10|OvtR;
l} |wQ Q@ w Qo}Om} Q=vm QO |}=yu=mt x@ =Q OQ=O OwHw O=} R |x]@=Q =yu; u=}t xm
Q@=Q@ =Q =yCtUk |t=tD pw] EL@ OQwt sD} Qwor= =t= "OyO X}YND s}kDUt \N

[12]"CU= xOvvmOwOLt Q=}U@ xm OQ}o|t Q_v QO OL=w
[13]"Ov=xDiQo xQy@ l}DvS sD} Qwor= R= SRFLP |xr�Ut pL |=Q@ u}kkLt
xHwt ?=wH Qy xm CU= u}= Q@ ZQi 'OvOQm O=yvW}B u=v; xm |m}DvS sD} Qwor= QO
x@ pL Ov}=Qi pw] QO xm |}=yuS R= TBU "CU= uS l} |xOvyOp}mWD `k=w QO

"OwW|t xO=iDU= Or=w u=wvax@ Ov=xOt; CUO
|vwrwm |R=Uxv}y@ sD} Qwor= R= EL@ OQwt |xr�Ut pL |=Q@ |Qo}O u}kkLt
|xHQOX}YND pOtl} j}kLD u}= QO [14]"Ov=xOQm xO=iDU= 11�ACO� u=oJQwt
l}vmD R= R}v 2005 p=U QO "CU= xOW |iQat xr�Ut |=Q@ 12�QAP� =} wO
[15]OW xO=iDU= SRFLP pL |=Q@ 13�SDP� u}atxt}v |R} Qxt=vQ@ s=vx@ |O}OH
xO=iDU= SRFLP |=Q@ q=@ OL l} |xaUwD |=Q@ xr�Ut |a}@] uQ=kD R= xm |wLvx@
=Q |WwQ Ci=}yQ u}ty ltmx@ w 2008 p=U QO u=kkLt u}ty TBU "CU= xOW
|WwQ 2009 p=U QO ,=D}=yv [16]"OvOQm |L=Q] xr�Ut u}= |xv}y@?=wH uDi=} |=Q@
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Ot=L s}y=wN |R=UxO=U w 7 |xrO=at=v QO 8 |=yx]@=Q QO xOW xO=O Q}O=kt |Q=Po}=H =@
%CW=O

nX
k=1

(Dik +Djk) >
nX
k=1

(D0ik +D0jk) (9)

%s}vm|t s}UkD xawtHt xU x@ =Q =yCtUk =OD@= 'D Q}O=kt |x@U=Lt |=Q@
u}= "Ov=xDW=O Q=Qk i CtUk AJ CtU x}rw= u=tO}J KQ] QO xm |}=yCtUk "1
"OW=@ m u=WO=OaD xm s}vm|t ZQi w s}t=v|t M |=yCtUk =Q =yCtUk
AJ CtU w i CtUk CU=Q CtU x}rw= u=tO}J KQ] QO xm |}=yCtUk "2
ZQi w s}t=v|t B |=yCtUk =Q =yCtUk u}= "Ov=xDW=O Q=Qk j CtUk

"OW=@ b u=WO=OaD s}vm|t
u}= "Ov=xDW=O Q=Qk j CtUk CU=Q CtU x}rw= u=tO}J KQ] QO xm |}=yCtUk "3

"OW=@ r u=WO=OaD s}vm|t ZQi w s}t=v|t R |=yCtUk =Q =yCtUk
%OQm |U} wvR=@ u=wD|t xOW s=Hv= |=y|Ov@xDUO x@ xHwD =@ =Q 9 |xrO=at p=LX
k2M

(Dik +Djk) +
X
k2B

(Dik +Djk) +
X
k2R

(Dik +Djk) >X
k2M

(D0ik +D0jk) +
X
k2B

(D0ik +D0jk) +
X
k2R

(D0ik +D0jk) (10)

OQwtQO '|}=Hx@=H s=Hv= R= TB u=tO}J KQ] w x}rw= u=tO}J KQ] x@ xHwD =@
%s} Q=O k CtUk Ovv=t 'M |xDUO |=yCtUk

D0ik = Djk + lj � li
D0jk = Dik (11)

%s} Q=O 'k CtUk Ovv=t 'B |xDUO CtUk Qy OQwt QO w

D0ik = Djk

D0jk = Dik (12)

%s} Q=O 'k CtUk Ovv=t 'R |xDUO CtUk Qy OQwtQO u}vJty

D0ik = Djk

D0jk = Dik � lj + li (13)

"=yCtUk RmQt x@ RmQt |xrY=i |x@U=Lt |xwLv "1 pmW

x@U=Lt p@=k 5 |x]@=Q j@=]t j w i |=yCtUk u}@ pY=wi '|rm Cr=L QO
[6]%CU=

dij = li + lj
2 +Dij (5)

x@ swyit u}= QDy@ lQO |=Q@ "CU= j w i |=yCtUk u=}t |=[i Dij u; QO xm
=Q} R 'CU}v sij Q@=Q@ ,=twRr Dij Q=Okt xm O}W=@ xDW=O xHwD "O}vm xHwD 1 pmW
CtUk Ovv=t |Qo}O CtUk j w i |=yCtUk u}@=t |rw 'sij = 0 CU= umtt

"Dij 6= 0 s} Q=O CQwYu}= QO xm OW=@ xDW=O OwHw k
?ULQ@ =Q =yCtUk =OD@= x=ov; '8i; j : cij = c; sij = 0 Qo = %1 |x}[k
=@ CtUk u} QDx=Dwm |va} "s}vm|t |Q=PoxQ=tW w ?DQt |OwaY Qw]x@ u=Wpw]
OQi i Qo = Cr=L u}= QO "OwW|t |}=U=vW nT}Ov= =@ CtUk u} QDOvr@ w 1 T}Ov=

%R= CU= CQ=@a xv}y@ u=tO}J KQ] OW=@

%R= CU= CQ=@a xv}y@ u=tO}J KQ] 'OW=@ GwR i Qo = w

ZQi z u=tO}J KQ] u}= |=Q@ SRFLP |xr�Ut hOy `@=D Q=Okt Qo = %C=@F=
pLt Q}}eD s}vm|t ZQi "s}vm|t xO=iDU= u; C=@F= |=Q@ hrN u=yQ@ R= 'OW=@ xOW
xm |wLvx@ 'OwW|t z0 hOy `@=D =@ |v=tO}J KQ] O}rwD Ea=@ j w i |=yCtUk
KQ] QO i CtUk s}vm|t ZQi 'xr�Ut C}rm x@ |rrN uOWOQ=w uwO@ "z0 < z

"CU= OQi OOa l} =yCtUk O=OaD w OQ=O Q=Qk j CtUk AJ CtU x}rw= u=tO}J
Q}=U =@ j w i |=yCtUk |}=Hx@=H p}rOx@ z hOy `@=DQO Q}}eD 'Qo}O hQ] R=
hOy `@=D j} Q] R= 6 |x]@=Q j@=]t u=wD|t =Q z0 hOy `@=D TB "CU= =yCtUk

%OQm O}rwD z

z0 = z +
nX
k=1

(d0ik + d0jk � dik � djk) (6)

%s}W=@ xDW=O O}=@ `k=w QO 'OW=@ z0 < z xm u}= |=Q@ p=L
nX
k=1

(dik + djk) >
nX
k=1

(d0ik + d0jk) (7)

%xm s}v=O|t

dik = li + lk
2 +Dik

djk=
lj + lk

2 +Djk

d0ik = li + lk
2 +D0ik

d0jk=
lj + lk

2 +D0jk (8)
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D}Qw
or=

l}
|iQ

atu=Wv `k=w QO CqO=at u}= "OQm xO=iDU= VN@ u}= C=}[Qi w \}=QW =@ SRFLP

|}=Hx@=H 'T = 0 xm s}vm ?=NDv= |wLvx@ =Q j w i |=yCtUk Qo = xm OvyO|t
u=wD|t ?}DQD u}O@ "CU= Q}F-=D|@ hOy `@=D Q=Okt Q@ Qo}Om} =@ CtUk wO u}= |DiH
x@ =Q xr�Ut u}= |xv=oOvJ |xv}y@ |=y?=wH 'j w i |=yCtUk ?U=vt ?=NDv= =@

"OQw; CUO

SRFLP pL |=Q@ |O=yvW}B TS sD} Qwor=
u} QDjiwt R= |m} w [19]OW xO=O xaUwD 1986 p=U QO ẁvtt |wHwCUH VwQ
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`@=D w |O=yvW}B sD} Qwor= R= xOt; CUO x@ hOy `@=D Cw=iD OYQO R}v 1 pwOH
=@ |tD} Qwor= |O=yvW}B sD} Qwor= xm =Hv; R= "CU= xOW xOQw; xv}y@ ?=wH hOy
?=wH u} QDy@ w xOW pL u; \UwD Q=@GvB xr�Ut Qy 'CU= |iO=YD |=yQ=DN=U
pw=OH QO |}=yv ?=wH u=wvax@ u; x@ \w@ Qt pL u=tR w =QH= GvB u}= R= pY=L
QO uwvm =D xm OvQ=O OwHw 1 pwOH QO p�=Ut R= |ywQo u}vJty "CU= xOW xOQw;
w Ov=xDiQov Q=Qk |UQQ@ OQwt |k}kOQ}e sD} Qwor= I}y \UwD xr�Ut |tra C=}@O=
"CU= xOWv QmP |D=aq]= =yu; |=Q@ x]w@ Qt |=yh}OQ QO pwOH u}= QO ,=Da}@]
sD} Qwor= R= xOt; CUO x@ |=y?=wH Cw=iD u=R}t u} QDW}@ '1 pwOH QO
hOy `@=D xDUv=wD |O=yvW}B sD} Qwor= w CU= OYQO 2 5 xv}y@ ?=wH w |O=yvW}B
QDsm Q=}U@ |v=tR COt QO =Q |r@k j}kOQ}e |=ysD} Qwor= |t=tD R= xOt; CUO x@
xOW xO=O u=Wv x}rw= |=y?=wH O}rwD QO 1 |x}[k Vkv 1 Q=Owtv QO "Ovm Q=QmD
u=tO}J KQ] R= xm |@=wH u}rw= hOy `@=D Q=Okt Q=Owtv u}= uO}Wm |=Q@ "CU=

KQ] QO =Q =yu; pLt w xOQm ?=NDv= =Q Qw=Ht |=yCtUk ?=wH u}= R= 'AM R=
"s}vm|t Zwa Qo}Om} =@ u=tO}J

xDiQ}PB |}=Hx@=H u}= 'OwW hOy `@=D Q=Okt Vy=m Ea=@ |}=Hx@=H l} Qo =
R= TB "OvwW|t Q=QmD =OD@= R= |}=yv |R=UOvtCQOk pL=Qt |x}rm w OW Oy=wN
"OwW|t xDiQ}PB xr�Ut ?=wH u=wvax@ |}=yv u=tO}J KQ] '=y|}=Hx@=H u}= s=Hv=

=yCtUk u}@ sRq |r=N |=[i "5
|=[i u=R}t 'Ov=xOW G=QNDU= SRFLP |xr�Ut C=}@O= R= xm |r�=Ut |t=tD QO
|O=yvW}B sD} Qwor= QO u}=Q@=v@ "CU= xOw@ QiY Q@=Q@ =yCtUk |t=tD u}@ sRq |r=N

"CU= xOW ZQi QiY Q@=Q@ =[i u}= R}v

sD} Qwor= |=ys=o |xYqN
?=wH uDi=} |=Q@ VqD u=R}t� a '� ẁvtt CU}r pw]� � |=yQDt=Q=B Q}O=kt %1 s=o
C=aiO O=OaD� k w �AM CU}r pw]� L '�OwHwt ?=wH *|o}=Uty QO QDy@

"O}vm u}}aD =Q �sD} Qwor= Q=QmD
xDi=} x}rw= ?=wH xr�Ut |=Q@ R=}v OQwt O=OaD x@ '1 VN@ ?r=]t ltm =@ %2 s=o
?ULQ@ =Q |k@=]D |x_i=L TBU "O}yO Q=Qk AM QO w �?=wH L |va}�
?=wH u; |=Q@ ABSMODEL hOy `@=D Q=Okt `k=w QO xm '?=wH Qy ?UJQ@

"O}vm ?DQt |OwaY Qw]x@ 'CU=
QO u; R= s} Q=O OYk xm AM QO ?U=vt=v ?=wH u}t=i ?=NDv= p=tDL= %3 s=o
'p=tDL= Q}O=kt u}= x@ xHwD =@ "CU= 2i

jLj�jL+1j Q@=Q@ 's}vm xO=iDU= |D; |=ys=o
"O}vm ?=NDv= AM CU}r R= =Q ?=wH l}

QO =Q =yu; |=H w '?=NDv= |iO=YD Qw]x@ =Q jwi ?=wH R= CtUk wO %4 s=o
|}=Hx@=H u}= =@ xr�Ut hOy `@=D Q=Okt Qo = "O}vm Zwa Qo}Om} =@ u=tO}J KQ]
j w i |=yCtUk u}@ O}vm ZQi "OwW|t `k=w VQ}PB OQwt Q}}eD u}= 'O@=} Ow@y@
xi=[= ẁvtt CU}r x@ =Q (i; j) ?DQt Q}e GwR "CU= xDiQo CQwY |}=Hx@=H
|Oa@ Q=QmD � QO j w i |=yCtUk |}=Hx@=H xm CU=vatu=O@ Qt= u}= "O}vm
hOy `@=D Q=Okt xm Ovm O}rwD =Q |@=wH |}=Hx@=H u}= xm u}= Qot CU= ẁvtt
|Qo}O CtUk wO I}y |}=Hx@=H =} OW=@ QDy@ |vwvm |=y?=wH |x}rm R= u;

"OwWv OwHwt ?=wH Ow@y@ Ea=@
Qo}O CtUk wO 'O@=}v Ow@y@ hOy `@=D Q=Okt |}=Hx@=H u}= =@ xm |DQwY QO
Q=QmD Q=@ a QFm =OL Ov}=Qi u}= "O}vm Q=QmD =Q 4 s=o w '?=NDv= |iO=YD Qw]x@ =Q
OwW O}rwD |O}OH VQ}PB OQwt ?=wH Q=QmD O=OaD u}= =@ xm |DQwY QO "OwW|t

"O}OQoR=@ 3 s=o x@ CQwYu}= Q}e QO w 'O} wQ@ 5 s=o x@
"O}vm xi=[= AM CU}r x@ u; ?UJQ@ x=Qtyx@ =Q O}OH |xOWO}rwD ?=wH %5 s=o
hPL u; R= =Q OwHwt ?=wH u} QDO@ w xOQm ?DQt |OwaY Qw]x@ =Q CU}r u}=
TBU "OwWv QDW}@ L QDt=Q=B R= CU}r u}= pw] OwW|t Ea=@ pta u}= "O}vm
|vDiQ}PB AM CU}r QO |Q=QmD |=y?=wH OwHw xm OwW CkO "O} wQ@ 6 s=o x@
"OwW|t |R=UOvtCQOk Ov}=Qi x@ |R=U ẁvDt Ov}=Qi R= Q=Po ?Hwt ,qta w CU=
OvW=@ xOW <=[Q= hkwD \}=QW xm |DQwYQO "O}vm |UQQ@ =Q hkwD \}=QW %6 s=o
7 s=o x@ w xOQm ?=NDv= =Q hOy `@=D ^=Lr R= AM QO OwHwt ?=wH u} QDy@

"O}OQoR=@ 3 s=o x@ CQwYu}= Q}e QO "O} wQ@

40



|kW
aV

Qwm
w|

OvkQ
tU

Ot=L "CU= OwHwt =yu; |xv}y@ ?=wH xm |r�=Ut OQwtQO |D=@U=Lt G}=Dv "1 pwOH
xrY=i xv}y@ ?=wH |O=yvW}B VwQ Q[=L p=L =D j}kO Q}e ?=wH u} QDy@ O=OaD `HQt xQ=tW
��� `HQt OFV u=tR OFV `HQt u=tR OFV u=tDQ=BO xr=Ut
0 [24] 78 00 0 00 78 00 [14] 0 00 78 00 4 [24] 1
0 [21] 638 00 0 00 638 00 - - - 4 [21] 2
0 [21] 151 00 0 00 151 00 - - - 5 [25] 3
0 [18] 1 100 0 00 1 100 [14] 0 00 1 100 5 [26] 4
0 [18] 1 990 0 00 1 990 [14] 0 00 1 990 6 [26] 5
0 [18] 4 73 0 00 4 73 [14] 0 00 4 73 7 [26] 6
0 [18] 6 295 0 00 6 295 [14] 0 00 6 295 8 [26] 7
0 [18] 801 00 0 00 801 00 - - - 8 [4] 8
0 [18] 2; 324 50 0 00 2; 324 50 [14] 0 00 2; 324 50 8 [4] 9
0 [18] 2; 469 50 0 00 2; 469 50 - - - 9 [4] 10
0 [18] 4; 695 50 0 00 4; 695 50 - - - 9 [4] 11
0 [18] 2; 781 50 0 00 2; 781 50 [14] 0 01 2; 781 50 10 [4] 12
0 [18] 6; 933 50 0 016 6; 933 50 [14] 0 03 6; 933 50 11 [4] 13

0 27 [18] 18; 140 23 0 017 18; 190 0 - - - 12 [6] 14
0 [18] 44; 600 00 0 016 44; 600 0 [14] 0 18 44; 599 9 15 [6] 15
0 [18] 6; 305 00 0 031 6; 305 00 - - - 15 [21] 16
0 [18] 119 710 0 034 119 710 [14] 1 8 119 710 20 [6] 17
0 [18] 15; 549 00 0 020 15; 549 0 [14] 2 3 15; 549 0 20 [6] 18

0 28 [18] 4; 618 00 0 038 4; 631 00 - - - 25 [18] 19
0 [18] 37; 116 50 0 039 37; 116 5 - - - 25 [18] 20

1 06 [18] 24; 301 00 0 047 24; 560 0 - - - 25 [18] 21
0 [18] 48; 291 50 0 040 48; 291 5 - - - 25 [18] 22
0 [18] 15; 623 00 0 041 15; 623 0 - - - 25 [18] 23
0 [18] 8; 247 00 0 052 8; 247 00 - - - 30 [18] 24
0 [18] 21; 582 50 0 051 21; 582 5 - - - 30 [18] 25

1 68 [18] 45; 449 00 0 062 46; 212 0 - - - 30 [18] 26
2 5 [18] 56; 873 50 0 059 58; 297 5 - - - 30 [18] 27
0 48 [18] 115; 268 0 0 068 115; 826 0 - - - 30 [18] 28

0 [18] 334 870 0 077 334 870 [14] 37 3 334 8968 30 [6] 29
0 36 [18] 44; 965 00 0 066 45; 126 0 [12] 91 8 44; 466 5 30 [6] 30

QO |iO=YD |=y?=wH w 1 |x}[k R= pY=L |=y?=wH |xU}=kt "1 Q=Owtv
"1 pwOH p�=Ut OQwt

`@=D u}ov=}t 'OwHwt ?=wH u} QDy@ =@ u; Cw=iD u=R}t 'O};|t CUO x@ 1 |x}[k
x@U=Lt OwHwt ?=wH u} QDy@ =@ u; Cw=iD u=R}t w |iO=YD ?=wH 3 R= pY=L hOy
Vkv `k=w QO 1 Q=Owtv "CU= xOW xOQw; Q=Owtv QO Cw=iD OYQO u}= TBU w xOW
"OyO|t u=Wv |@ wNx@ =Q?U=vt |x}rw= |=y?=wH O}rwD |=Q@ 1 |x}[k R= xO=iDU=
O}rwD X=N Cr=L l} QO \ki =Q xr�Ut |xv}y@ ?=wH 1 |x}[k xm u}= =@
'CU}v |rm Cr=L QO =y?=wH uOw@?U=vt |=Q@ |v}t[D u; |Q}oQ=mx@ w xOQm
xU u}ov=}t u; QO xm OQ=Ov OwHw OQwt l} |DL 1 Q=Owtv QO xm OwW|t x_Lqt
OQ=wt |t=tD QO "OW=@ QDy@ 1 |x}[k u=tO}J KQ] *hOy `@=D R= |iO=YD *hOy `@=D
|Qw]x@ CU= |iO=YD |=yVwQ R= QDy@ Q=}U@ 1 |x}[k R= pY=L u=tO}J KQ]
pwOH p�=Ut QO xv}y@ ?=wH w 1 |x}[k \UwD xOWO}rwD ?=wH Cw=iD u}ov=}t xm
w |iO=YD |=y?=wH |xrY=i u}ov=}t xm |r=L QO CU= OYQO 25 40 Q@=Q@ 1

"CU= OYQO 49 67 Q@=Q@ xv}y@ ?=wH
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at"CU}v OwHwt =yu; |=Q@ xv}y@ ?=wH xm |r�=Ut |=Q@ |D=@U=Lt G}=Dv "2 pwOH
Anjos et al. Anjos et al. |O=yvW}B sD} Qwor= O=OaD xQ=tW
[15] CPU u=tR [15] OFV �x}v=F�u=tR OFV u=tDQ=BO xr=Ut

Ca=U 5 1; 493; 704 00 0 820 1,477,840 00 60 1
Ca=U 5 843; 644 00 0 980 842,842 00 60 2
Ca=U 5 656; 272 50 0 900 649,966 5 60 3
Ca=U 5 405; 433 00 0 913 400,732 0 60 4
Ca=U 5 319,501 00 0 762 319; 895 00 60 5
Ca=U 5 1,543,098 00 1 499 1; 551; 131 00 70 6
Ca=U 5 1; 494; 182 00 1 940 1,442,321 0 70 7
Ca=U 5 1,524,171 50 1 761 1; 525; 132 50 70 8
Ca=U 7 974; 856 00 1 233 971,577 06 70 9
Ca=U 7 4; 230; 912 50 1 570 4,220,404 5 70 10
Ca=U 10 2,399,583 50 2 010 2; 408; 270 50 75 11
Ca=U 10 4; 348; 544 00 2 198 4,327,027 0 75 12
Ca=U 10 1; 295; 085 00 2 912 1,251,962 0 75 13
Ca=U 10 3; 949; 276 50 2 516 3,947,484 50 75 14
Ca=U 10 1; 816; 455 00 2 098 1,791,408 00 75 15
Ca=U 10 2; 138; 083 50 3 975 2,071,336 5 80 16
Ca=U 10 1; 939; 938 00 5 641 1,926,748 00 80 17
Ca=U 10 3; 332; 421 00 4 797 3,259,720 0 80 18
Ca=U 10 3; 773; 429 00 3 453 3,769,550 00 80 19
Ca=U 10 1; 611; 495 00 3 769 1,594,664 0 80 20
Ca=U 8 - 2 29 - - u}ov=}t

p�=Ut OQwt QO |iO=YD |=y?=wH w 1 |x}[k |=y?=wH |xU}=kt "2 Q=Owtv
"2 pwOH

=yu; |=Q@ |}xv}y@ ?=wH xm s} R=OQB|t |QDnQR@ p�=Ut |UQQ@ x@ 2 pwOH QO
Ovy=wN xt=O= QO xm CU= xOW Ci=} |}=y?=wH p�=Ut u}= |=Q@ [15]"CU}v OwHwt
u}= |=Q@ xOWCi=} ?=wH u} QDy@ |xOvyOu=Wv nvQQB O=Oa= pwOH u}= QO "Ot;
|=y?=wH Ow@y@?Hwt |O=yvW}B sD} Qwor= 'CU=O}B 2 pwOH R= xmu=vJ "Ov=p�=Ut
?=wH R}v p�=Ut |x}k@ OQwtQO w CU= |UQQ@ OQwt |xr�Ut 20 R= xr�Ut 16
Ow@y@ |=y?=wH QDW}@ xm u}= xDmv "CU= QDW}@ |R}J=v u=R}tx@ u; \UwD xOWCi=}
CQOk |xOvyOu=Wv OwN xm OvDUy nQR@ |=yOwtv =@ p�=Ut x@ \w@ Qt xOW xO=O
|=Q@ xOWhQY u=tR xwqax@ "CU= nQR@ p�=Ut =@ xyH=wt QO |O=yvW}B sD} Qwor=
�|UQQ@ OQwt |xr�Ut 20 |t=tD OQwt QO� |O=yvW}B sD} Qwor= \UwD p�=Ut pL
u} QDW}@ 'p=Ft u=wvax@ "CU}v [15]xOW |iQat sD} Qwor= =@ xU}=kt p@=k u=wva I}yx@
5 641 Q@=Q@ w '17 |xr�Ut pL |=Q@ |O=yvW}B sD} Qwor= \UwD xOWhQY u=tR
5 x@ sm CUO [15]xOW|iQat sD} Qwor= xm CU= |r=L QO u}= "CU= xOw@ x}v=F

"OQ=O R=}v QDlJwm p�=Ut pL |=Q@ u=tR Ca=U
"CU= xOW xO=O u=Wv x}rw= |=y?=wH O}rwD QO 1 |x}[k Vkv 2 Q=Owtv QO
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Ot=L "nQR@ Q=}U@ |=yOwtv =@ O}OH p�=Ut "3 pwOH
QiY QY=va OYQO C=R}yHD O=OaD CPU u=tR

OFV
O=OaD xQ=tW

u=} QH T} QD=t QO =Dm} pw] =} �x}v=F� C=R}yHD xr=Ut
1 85 61 6 612 211; 789; 712 00 100 1
1 77 51 6 206 177; 659; 991 50 100 2

2 58 5 775 212; 974; 033 00 100 3
1 79 56 6 348 200; 447; 292 00 100 4
1 86 61 5 895 206; 042; 390 00 100 5
1 88 60 7 976 332; 329; 744 50 120 6
1 86 63 7 974 358; 955; 505 00 120 7

2 63 7 149 340; 360; 908 50 120 8
1 95 62 6 335 322; 015; 172 50 120 9
2 16 53 6 843 350; 888; 633 00 120 10
1 96 59 25 999 681; 886; 406 50 150 11
2 01 59 24 082 651; 398; 600 50 150 12
1 88 62 26 66 652; 484; 563 00 150 13
2 17 57 25 652 710; 892; 451 50 150 14
2 01 60 27 25 691; 699; 721 50 150 15
1 77 63 49 288 1; 661; 156; 872 00 200 16
2 25 61 50 299 1; 566; 138; 543 50 200 17
2 10 60 48 052 1; 653; 067; 716 50 200 18
1 98 58 47 305 1; 486; 670; 124 00 200 19
2 02 61 48 826 1; 757; 076; 926 50 200 20
1 96 59 4 22 03 u}ov=}t

w |iO=YD |=y?=wH |xrY=i u}ov=}t xm |r=L QO CU= OYQO 24 81 Q@=Q@ 1
"CU= OYQO 60 91 Q@=Q@ xv}y@ ?=wH

OwHw 1 Q=Owtv QO xJv; x@ C@Uv Cw=iD u=R}t u}= 'OwW|t x_Lqt xm u=vJ
O=OaD V}=Ri= =@ xm OyO|t u=Wv xr�Ut u}= "CU= QDW}@ |Q}osWJ wLvx@ OQ=O
R= 1 |x}[k R= xOt; CUOx@ |=yKQ] 'xr�Ut Owtv uOW QDnQR@ w =yCtUk

"O@=}|t Ow@y@ =yu; C}i}m w OQ}o|t xrY=i QDW}@ |iO=YD |=yKQ]
|O=yvW}BTSsD} Qwor=|D=@U=Lt|};Q=m uO=Ou=Wv|=Q@ 'j}kLDu}= QOu}vJty
|L=Q] QO "Ov=xOW pL w |L=Q] nQR@ Q=}U@ |=yOwtv =@ O}OH |xr�Ut 20 O=OaD
'xOw@ 100 =D 20 u}@ w |iO=YD K}LY OOa l} C=R}yHD pw] 'p�=Ut u}=
ZQi 50 =D 0 u}@ |iO=YD K}LY O=Oa= =yCtUk u=}t u=} QH xm |r=L QO
OQwtQO pwOH u}= QO "OQ=O X=YDN= p�=Ut u}= |UQQ@ x@ 3 pwOH "Ov=xOW
|t=tD u=}t QO =Dm} pw] |=Q=O |=yCtUk O=OaD Q@ |v@t |D=aq]= xr�Ut Qy
xOW xOQw; 'xOw@ QiY Q@=Q@ xm u=} QH T} QD=t R= |OYQO w pw] x@ \w@ Qt O=Oa=

"CU=

1 |x}[k u=tO}J KQ] R= xm |@=wH u}rw= hOy `@=D Q=Okt Q=Owtv u}= uO}Wm |=Q@
pY=L hOy `@=D u}ov=}t 'OwHwt ?=wH u} QDy@ =@ u; Cw=iD u=R}t &O};|t CUO x@
w 'xOWx@U=Lt OwHwt ?=wH u} QDy@ =@ u; Cw=iD u=R}t w |iO=YD ?=wH xU R=
xO=iDU= Vkv `k=w QO 2 Q=Owtv "CU= xOW xOQw; Q=Owtv QO Cw=iD OYQO u}= TBU

"OyO|t u=Wv |@ wNx@ =Q ?U=vt |x}rw= |=y?=wH O}rwD |=Q@ 1 |x}[k R=
|R=Ov=x=Q |=Q@ 1 |x}[k R= xO=iDU= C@Ft Q=}U@ Vkv R}v p�=Ut xDUO u}= QO
x@ R= xOt; CUO x@ hOy `@=D Cw=iD Q=Okt u} QDW}@ "CU= XNWt sD} Qwor=
Q@=Q@ 2 pwOH p�=Ut |=yOwtv |x}rm QO OwHwt ?=wH u} QDy@ =@ 1 |x}[k |Q}oQ=m
CUO x@ hOy `@=D xU u}ov=}t Cw=iD u} QDsm xmu; p=L "OYQO 34 18 =@ CU=
78 45 x@ u; |xv}W}@ w CU= OYQO 48 66 |iO=YD u=tO}J |=yKQ] R= xOt;
u}ov=}t u; QO xm OQ=Ov OwHw OQwt l} |DL 2 Q=Owtv QO xwqax@ "OUQ|t OYQO
w 'OW=@ 1 |x}[k R= pY=L u=tO}J KQ] hOy `@=D R= QDy@ |iO=YD hOy `@=D xU
|iO=YD |=yVwQ R= QDy@ Q=}U@ 1 |x}[k R= pY=L u=tO}J KQ] OQ=wt |t=tD QO
pwOH p�=Ut QO xv}y@ ?=wH w 1 |x}[k R= pY=L ?=wH Cw=iD u}ov=}t "CU=
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atxOW C=@F= 1 |x}[k QO =yu; |ov}y@ xm OvDUy X=N Cr=L l} QO SRFLP

"CU=
Q}=U =@ xU}=kt QO |O=yvW}B sD} Qwor= |};Q=m R= |m =L |D=@U=Lt G}=Dv
=@ xU}=kt QO 1 |x}[k ltmx@ xOWO}rwD |=y?=wH |};Q=m R}v w '=ysD} Qwor=
|xv}y@ x@ l}ORv |=y?=wH CU= QO=k |O=yvW}B sD} Qwor= "Ov=|iO=YD |=y?=wH
CUO x@ xk}kO 1 R= QDsm QO 'OvDUy CtUk 200 pt=W xm =Q SRFLP p�=Ut
=yVwQ Q}=U =@ xm SRFLP |xr�Ut Owtv u} QDnQR@ xm CU= |r=L QO u}= "OQw;
|=yVwQ\UwD u; |xv}y@ x@l}ORv pL wCU=CtUk 80 pt=W 'CU= xOW pL

"OQ=O R=}v u=tR Ca=U 10 x@ QwmPt

|Q}oxH}Dv
|=yOQ@ Q=m x@ xHwD =@ xm CU= NP-Complete |xr�Ut l} SRFLP |xr�Ut
j}kOQ}e w j}kO |=ysD} Qwor= \UwD u; pL |=Q@ |O=} R |=yVqD 'u=w=Qi |rta
pL |=Q@ |k}kOQ}e w j}kO |=yVwQ Q}N= |=yp=U QO xm u}= =@ "CU= xDiQo CQwY
x@ l}ORv |=y?=wH Ov=wD@ xm |tD} Qwor= x@ R=}v 'CU= xOW xO=O xaUwD SRFLP

"OwW|t T=UL= COWx@ 'Ovm O}rwD lOv= u=tR QO =Q xr�Ut nQR@ |=yOwtv |xv}y@
O=yvW}B xr�Ut u}= pL |=Q@ TS VwQ |=v@tQ@ O}OH |tD} Qwor= Q=DWwv u}= QO
|xr�Ut |xv}y@ |=yMU=B sD} Qwor= u}= |R=Ov=x=Q |=Q@ x}rw= |=y?=wH "CU= xOW

CWwv=B
1. single row facility layout problem (SRFLP)
2. tabu search
3. ordering
4. automated guided vehicle
5. exible manufacturing system
6. linear mixed-integer programming
7. penalty
8. simulated annealing algorithm
9. hybrid
10. greedy algorithm
11. ant-colony optimization algorithm
12. quadratic assignment problem
13. semi-de�nite programming
14. short term memory
15. diversi�cation
16. intensi�cation
17. aspiration criterion
18. adaptive memory
19. tabu list
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