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NP-hard ẁv R= |R=Uxv}y@ |xO}J}B |xr�Ut l} MTSP xm =Hv; R=
OQwt xR=Ov= QO w |ak=w |=yOQ@ Q=m QO |@U=vt |}=Q=m j}kO |=ysD} Qwor= 'CU=
|=y?=wH x@ pw@k p@=k u=tR l} QO Ovv=wD|tv w OvQ=Ov |RwQt= |=}vO QO R=}v
|Q=mD@= |=ysD} Qwor= R= p�=Ut R= xvwou}= pL |=Q@ xH}DvQO "Ov@=} CUO xv}y@
p@=k u=tR l} QO =Q xv}y@ Q} R ?=wH Ovv=wD|t xm OwW|t xO=iDU= |Q=mD@==Qi w
?=wH x@ ?U=vt u=tR QO xm |Q=mD@= |=ysD} Qwor= R= |[a@ "OvQw; CUO x@ pw@k
,qwtat w Ov=|rLt |xv}y@ \=kv R= Q=Qi |=Q@ sRq Q=DN=U Ok=i 'OvUQ|t xv}y@ Q} R
x�=Q= sD} Qwor= u}rw= '=ysD} Qwor= u}= |xvwtv "OvwW|tv =Qoty |@ wN |=y?=wH x@
R= |m} R}v w [25]�MTSP� OQoxQwO |xOvWwQi u}OvJ |xr�Ut pL |=Q@ xOW
[26]"CU= MTSP pL |=Q@ 12pU=Q\UwD xOWx�=Q= |Q=mD@= |=yVwQ u} QD|t}Ok
QO Qo}O hQ] R= [27]"CU= xOW x�=Q= R}v |Qo}O |=yVwQ xr�Ut u}= pL |=Q@
?=wH u}}aD QO |iO=YD Q=DN=U |=Q=O xm xOW O=yvW}B |}=ysD} Qwor= Q}N= |=yp=U
R= u=mt= OL =D Ovv=wD|t OvwW|t xO}t=v �|Q=mD@==Qi� xm =ysD} Qwor= u}= "OvDUy
u=wD|t p=Ft Qw]x@ "OvwW =Qoty ?wN Q=}U@ |=y?=wH x@ w QwO |rLt |=yxv}y@
|wHwCUH VwQ R}v w [30]l}DvS sD} Qwor= [29w28]'|@Ya |=yxm@W |=yVwQ x@
R}t;C}kiwt Qw]x@ l}DvS sD} Qwor= VwQ Q}N= |=yp=U QO "OQm xQ=W= [31] ẁvtt
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"n = 12 w m = 3 =@ MTSP |xr�Ut ?=wH l} "1 pmW
u=wD|t swRr CQwY QO "OvyO|t u=Wv =Q =yu=tm xawtHt w =yxQo xawtHt ?}DQDx@
p}O@D pt=m h=Qo l} x@ O=} R Q=}U@ |xv} Ry =@ |R=Ht |=yp=} uOwRi= =@ =Q h=Qo
(i; j = 0; 1; 2; :::; n; i 6= j) |=Q@ �1 pmW� |}=yv ?=wH QO Qo = u}vJty "OQm
u}= Q}e QO w 'xij = 1 x=ov; Ovm CmQL j xQo x@ i xQo R= s}kDUt Qw]x@ xOvWwQi
|vOW ?=wH l} 1 pmW Qo = p=Ft Qw]x@ "OwW|t xDiQo Q_v QO xij = 0 CQwY
Qo = xr�Ut u}= QO "OvDUy 1 Q@=Q@ x04; x410; :::; x80 Q}O=kt x=ov; 'OW=@ xr�Ut
|R} Qxt=vQ@ pOt x=ov; 'OW=@Gh=Qo |wQ xv} Ry T} QD=t |xOvyOu=Wv C = [cij ]

%R= CU= CQ=@a xr�Ut 1 w QiY
min

nX
i=0

nX
j=0

cijxij (1)

nX
i=0

xij =

8<:1 j = 1; :::; n
m j = 0

(2)

nX
j=0

xij =

8<:1 i = 1; :::; n
m i = 0

(3)X
i;j2S xij � jSj � 1 (S � f1; :::; ng; jSj � 2) (4)

xij 2 f0; 1g i; j = 0; :::; n (5)

\ki Q=@v= R= Q}e x@ j xQo Qy x@ xm OyO|t u=Wv 2 C}OwOLt xDUO 'pOt u}= QO
Ovv=t 3 C}OwOLt xDUO u}vJty "OwW|t OQ=w p=} m Q=@v= xQo x@ w 'p=} l}
GQ=N p=}l}\ki Q=@v= R= Q}ex@ i xQo Qy R= xm OQ=O xQ=W= xDmv u}= x@ swOC}OwOLt
?@U 4 C}OwOLt xDUO "CU= m Q=@v= xQo |=Q@ O=OaD u}= xm |r=L QO OwW|t
p@=k ?=wH u=wvax@ 'Q=@v= uwO@ QwO Q} R l} =@ |}=y?=wH R= sD} Qwor= xm OwW|t
OvwW|t ?@U 3 w 2 |=yC}OwOLt xDUO 'Qo}O CQ=@ax@ "Ovm |WwBsWJ'pw@k
C=kqt OQwt =yxOvWwQi O=OaD x@ Q=@v= xQo w 'Q=@l} \ki �Q=@v= R= Q}e� xQo Qy xm
|vOW xOt; CUO x@ ?=wH CU= umtt u; QO xm |Dr=L =yvD u}=Q@=v@ "OvQ}o Q=Qk
?@U 4 C}OwOLt "OW=@v Q=@v= xQo pt=W xm OwW Ci=} |QwO xm CU= u; OW=@v
\}=QW x@ 5 C}OwOLt xDUO s=Hv=QU "ODi}v j=iD= pta QO R}v Cr=L u}= xm OwW|t
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"OwW|t |O=YDk= �|a=tDH= CqmWt pL?@U =yu; pL w OvQ=}U@ xQtRwQ|oOvR

x}rkv |xr}Uw |Ov@u=tR |xr�Ut QO OQ@ Q=m |=Q@ w l}DvS sD} Qwor= R= xO=iDU= =@
'OwW|t pt=W =Q|}=yC}OwOLt pwtat Qw]x@ xr�Ut u}= [35w34]"CU= xOw@ �VSP�
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pLxDiQ}PB |Dr=L =yvD =t= OQ=O OwHw |irDNt |=yCr=L |v} Ro}=H u}= |=Q@ xm OQm

"Ovm jOY xr�Ut |=yC}OwOLt QO xm OwW|t
syt j]=vt uDi=} |=Q@ |QU=QU |wHwCUH hOy 'sD} Qwor= R= xrLQt u}= =D
x@ C}atH w OQm |}=U=vW 8 |x]@=Q |xr}Uwx@ =Q syt j]=vt u}= O}=@ p=L "CU=
=Q |=y|QwD=QBt= CQOk sQ=yJ |xrLQt QO u}=Q@=v@ "OwW =Qoty j]=vt u}= CtU

%OQ}o|t s=Hv= 8 |x]@=Q |xr}Uwx@ pta u}= "O}HvU O}=@
hj = fj � �(sj) j = 1; :::; I (8)

CQOk '|QwD=QBt= Qy pm CQOk |xOvyOu=Wv ?}DQDx@ � w sj 'fj 'hj u; QO xm
|QwD=QBt= QO xDU@=w |=yQwWm CQOk u}ov=}t '�hOy `@=D Q=Okt� pkDUt QwWm Qy
C}ty= xm CU= 1 w QiY u}@ |OOa Q}F-=D ?} Q[ "CU= Q}F-=D ?} Q[ w 's=j
"Ovm|t u}}aD =Q |QwD=QBt= l} QO pkDUt QwWm x@ C@Uv xDU@=w |=yQwWm CQOk
|QwD=QBt= u} QD|wk x@ =Q OwN |xDU@=w QwWm u} QDh}a[ 'QDh}a[ |QwD=QBt= p=L
u}@ R= OW=@v xDU@=w |QwWm |=Q=O QDh}a[ |QwD=QBt= Qo = xm OQm xHwD O}=@ "OyO|t

"O@=}|t X=YDN= |QwD=QBt= u} QD|wk x@ xDU@=w |QwWm u=wvax@ OwN w OwQ|t
QO &OQ}o|t Q=Qk |UQQ@ OQwt sD} Qwor= |v=}=B \QW xrLQt u}= QO "5 |xrLQt
sD} Qwor= CQwY u}= Q}e QO w OUQ|t u=}=B x@ sD} Qwor= 'QwmPt \QW jkLD CQwY

"OwW|t Q=QmD xQ=@ wO swU |xrLQt x@ CWoQ@ =@
=} Q=@ T u}at O=OaD x@ sD} Qwor= Q=QmD \QW wO R= sD} Qwor= |xtD=N |=Q@
Q=QmD Qy u=}=B QO u=tRty Qw]x@ xm OwW|t xO=iDU= |QwD=QBt= l} \ki uOv=t |k=@
ODi}@ j=iD= QDOwR xm \QW wO u}= R= s=Om Qy "OQ}o|t Q=Qk |UQQ@ OQwt sD} Qwor=
CU= xOt; CUO x@ uwvm =D xm |Q=Okt w ?=wH u} QDy@ w OUQ|t u=}=B x@ sD} Qwor=

"OwW|t |iQat xr�Ut |}=yv ?=wH u=wvax@

|D=@U=Lt G}=Dv "5
Q@ =yxt=vQ@ u}= xm |}xv=}=Q &CU= xOW xDWwv C u=@ R x@ xt=vQ@ u}= |=yOm s=tD
u}vJty "CU= x_i=L C}=@ =o}o l} =@ AMD 3GHz ẁv R= xOW =QH= u; |wQ
x@ G}=Dv VN@ u}= QO "CU= XP RwOv} w xv=}=Q u}= |wQ xOW ?Yv pt=a sDU}U
xDUO wO Qw_vtu}O@ "CU= xOW xO=O u=Wv ICA sD} Qwor= |xr}Uwx@ xOt; CUO
|xv=N@=Dm R= xDiQoQ@ w xr�Ut 6 pt=W pw= |xDUO "Ov=xOW xDiQo Q_v QO p�=Ut R=
=yp=Ft R= xDUO u}= xJQo = [50]"CU= xr�Ut 21 pt=W swO |xDUO w 'CU= TSP

=yxOvWwQi O=OaD Q_v R= =t= OvQ=O |QDsm ẁvD pw= xDUO x@ C@Uv xQo O=OaD Q_v R=
"OvwW|t pt=W =Q xOvWwQi 30 =D 3 R= |r�=Ut w OvQ=O |@U=vt xR=@

OQ=Ov=DU= |=yMTSP =Q =yu; u=wD|t TSP Qy |=Q@ =yxOvWwQi O=OaD u}}aD =@
pt=m C=}YwYN "CU= 1002 =D 76 u}@ =yxQo O=OaD p�=Ut u}= QO "OQm p}O@D
xOW x�=Q= 1 pwOH QO |O=yvW}B sD} Qwor= |D=@U=Lt G}=Dv =@ x=Qty p�=Ut pw= xDUO
O=OaD Qou=Wv swU uwDU w (n) =yxQo O=OaD Qou=Wv pwOH u}= swO uwDU "CU=
C=kqt |=yxQo O=OaD u}@ pO=aD |Q=QkQ@ |=Q@ "CU= xr�Ut Qy QO (m) =yxOvWwQi
|=Q@ C=kqt p@=k |=yxQo O=OaD u} QDW}@ u=wvax@ l OOa 'xOvWwQi Qy \UwD xOW
CU= |Q=QmD O=OaD |xOvyOu=Wv sHvB uwDU QO tb "CU= xOW u}}aD xOvWwQi Qy
Q=QmD O=OaD Qou=Wv sWW uwDU QO T "OyO|t s=Hv= pkDUt Qw]x@ sD} Qwor= xm
xDiQo Q_v QO xr�Ut Qy xQo O=OaD Q@=Q@ w CU= xtD=N \}=QW R= |m} u=wvax@ sD} Qwor=
Q=QmD tb QO xDUv=wD sD} Qwor= xm |Q}O=kt u} QDy@ sDiy uwDU QO s=Hv=QU "OwW|t

"CU= xOW xO=O u=Wv 'OQw; CUO x@ pkDUt

u=wva x@ [2 6 5 3 1 11 9 6 8 10 4 j 2 4 5] QwWm w pkDUt QwWm u=wva
ẁQW CU= xDU@=w QwWm xQo u}rw= xm 2 R= p=L "O} Q}o@ Q_v QO =Q xDU@=w QwWm

C=kqt uwvm =D xm 6 w 5 '4 |va} �� =Q 2 |x}=Uty QwWm wO w O}vm CmQL x@
C=kqt |}x}=Uty Qo =� O} R} Q@ S |xawtHt QO =Q =yu; w xDiQo Q_v QO �� Ov=xOWv

"�O}yO Q=Qk S QO =Q xOWvC=kqt uwvm =D xQo Qy x=ov; CW=Ov OwHw xOWv
j 2 S xQo Qy C=kqt p=tDL= |LqY= |x}=Uty u} QDl}ORv VwQ j@]
|xrY=i cij u; QO w O};|t CUO x@ 7 |x]@=Q R= xm CU= �ij =@ Q@=Q@ i xQo QO
x}rw= C}atH QO TB OwW xO} RoQ@ 4 O}vm ZQi "CU= j xQo =@ i xQo |UO}rk=
|=Q@ xwqax@ "OQ=O OwHw [2 4 � � � � � � � � � j 2 4 5] uwvm =D
uwJ =t= OwW|t ?wULt x}=Uty QwWm wO u=wvax@ 10 w 3 '2 '1 xQo Q=yJ '4
p}mWD =Q O}OH S |xawtHt xm 10 w 3 '1 u}@ R= xDiQo Q=Qk C=kqt OQwt 2 ,q@k
|x}k@ uDi=} =D pta u}= "OwW|t ?=NDv= |r=tDL= |x}=Uty u} QDl}ORv 'OvyO|t
|=yQwWm |t=tD |=Q@ w [2 4 � � � � � � � � � j 2 4 5] QO =yxQo
Q=@l} \ki =yxQo |t=tD VwQ u}= QO xm CW=O xHwD O}=@ "O@=}|t xt=O= xDU@=w

"CU= umtt ?=wH l} ,=tDL xOt; CUO x@ ?=wH =Pr 'OvwW|t ?=NDv=
�ij = 1=cijP

k2S
1=cik (7)

|i=m ẁvD |=Q=O |=y|QwD=QBt= 'xDU@=w |=yQwWm R= OYQO � pwLD =@ xrLQt u}ty QO
|UQQ@ OQwt =y?=wH pw= CtUk '|r@k |xrLQt QO uwJ "�G4 pmW� OvwW|t
u}= QO 'Ov=xDi=} =kDQ= |r=tDL= |x}=Uty u} QDl}ORv sD} Qwor= j@] w xDiQo Q=Qk
|=Q@ "OQ}o|t Q=Qk KqY= w |UQQ@ OQwt |vOW |=y?=wH Q=OQ@ swO CtUk xrLQt
|=Q@ "OwW|t xi=[= u; x@ OL=w l} w ?=NDv= hO=YD x@ =yx}=QO R= |m} Qw_vtu}=
"O} Q}o@ Q_v QO =Q [2 11 8 9 10 6 5 3 7 1 4 j 2 4 5] |vOW ?=wH p=Ft
"OwW|t xi=[= u; x@ OL=w l} w OwW|t ?=NDv= swO CtUk R= 4 O}vm ZQi
w 2 |va} '4 |=yx}=Uty OwW p}O@D umtt ?=wH l} x@ ?=wH xm u}= |=Q@ p=L
|m} R= OL=w l} u}=Q@=v@ 'xOW xi=[= 4 x@ OL=w l} uwJ "O} Q}o@ Q_v QO =Q 5
w OwW|t sm OL=w l} 5 R= p=Ft Qw]x@ "OwW|t sm |iO=YD Qw]x@ =yx}=Uty R=

"O};|t OwHw x@ [2 11 8 9 10 6 5 3 7 1 4 j 2 5 4] O}OH ?=wH
x@U=Lt xDU@=w |=yQwWm R= OYQO � |=Q@ O}OH Q=Okt w ?=wH xm u}= R= Oa@
xwQo QO pkDUt QwWm x@ C@Uv |QDW}@ CQOk |=Q=O =yQwWm u}= CU= umtt 'OW
=@ w ?=NDv= |QwD=QBt= Qy QO Q=Okt u} QDy@ =@ xDU@=w |QwWm u}=Q@=v@ "OvwW OwN
u=Um} Q=Okt |=Q=O xDU@=w QwWm OvJ xm |DQwY QO "OwW|t xU}=kt pkDUt QwWm
w xU}=kt OwN |QwD=QBt= pkDUt QwWm =@ w ?=NDv= hO=YD x@ =yu; R= |m} 'OvW=@

"OwW|t =Hx@=H swRr CQwY QO
"OQ}o|tv CQwY =yQwWm QO |Q}}eD Qo}O sD} Qwor= Q=QmD |=yDv= =D "4 |xrLQt
'Q=QmD Qy QO Qw_vt u}O@ "OwW xQ}NP hOy `@=D Q=Okt w ?=wH u} QDy@ O}=@ u}=Q@=v@
Q}O=kt =@ xDU@=w |=yQwWm |xr}Uwx@ pkDUt |=yQwWm |v} Ro}=H pta xm u}= R= Oa@
|Q=H ?=wH u} QDy@ u=wvax@ pkDUt |=yQwWm u}@ QO ?=wH u} QDy@ 'OW s=Hv= QDy@
|wHwCUH 'OW=@ QDy@ |r@k |=y?=wH x@ C@Uv xm |DQwY QO w 'OwW|t ?=NDv=
|r@k Q=Okt w ?=wH u} Ro}=H O}OH ?=wH w OwW|t =QH= u; |wQ xv=owO |rLt

"OwW|t
T=U=Q@ 'CU= xOW xO=O u=Wv O4 w G4 pmW QO xm Qw]u=ty 'VwQ u}=
u}= "OwW|t =QH= QD?U=vt p=} wO =@ u; uOQm u} Ro}=H w xr�Ut R= p=} wO hPL
xHwD O}=@ "OW=@ |r@k ?=wH R= QDy@ O}OH ?=wH xm OwW|t xDiQ}PB |v=tR Q}}eD
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}O}
Ht "CU= xOQm Q=Qi |rLt |xv}y@ \=kv R= |rm Qw]x@ w CU= Q=OQwNQ@ |@ wN

CUO x@ ?=wH u} QDy@ T=U=Q@ =Q 2 pwOH |=ysD} Qwor= u=wD|t ẁtHt QO
?DQt ICA w MACO 'MGA CQwYx@ |wk x@ h}a[ R= ?}DQDx@ 'xOt;

"OQm
sD} Qwor= Qy \UwD xOt; CUO x@ |=y?=wH u}ov=}t uwDU Qo = Qo}O hQ] R=
x]w@ Qt p=Ft VW |=Q@ TBU w xDiQo Q_v QO 2 pwOH QO |r=wDt Q=QmD 10 QO
|=Q@ 200180 8 'ICA |=Q@ 183285 7 Q}O=kt x=ov; 'OwW x@U=Lt =yv; u}ov=}t
sD} Qwor= R}v Q_v u}= R= "O};|t CUO x@ MACO |=Q@ 187332 2 w MGA

"CU= xOQm x�=Q= =Q =y?=wH u} QDy@ ICA

'51 |=Q=O p�=Ut u}= "CU= xr�Ut 21 C=YNWt |xOvyOu=Wv 3 pwOH
O=OaD |xOvyOu=Wv m 'swO uwDU QO w pwOH u}= QO "OvDUy xQo 150 w 100
ICA w GGA-SS 'GA2PC 'GGA sD} Qwor= Q=yJ xwqax@ "CU=yxOvWwQi
wO |=Q=O pw= sD} Qwor= xU "CU= xOW xO=O u=Wv sWW =D swU |=yuwDU QO
uwDU w 'x]w@ Qt VwQ |xr}Uwx@ xOt; CUO x@ u}ov=}t pw= uwDU xm OvDUy uwDU
R= "CU= sD} Qwor= Q=QmD 10 QO x}v=F ?ULQ@ sD} Qwor= |=QH= u=tR u}ov=}t swO
xOW xDio uwDU wO Q@ xwqa '?=wH u} QDO@ w ?=wH u} QDy@ *uwDU wO Qo}O hQ]
|=y?=wH xm CU= QmP x@ sRq "OQ=O OwHw ICA sD} Qwor= |=Q@ 'u=tR w u}ov=}t
CQOk =@ 4 sw}DvB C=YNWt =@ |}xv=}=Q |xr}Uwx@ GGA-SS VwQ QO xOW VQ=Ro

u}ov=}t u} QDy@ =@ xU}=kt QO ICA sD} Qwor= u}ov=}t Gap G}=Dv "5 pmW
"xOt; CUO x@ |=y?=wH

"|D=@U=Lt G}=Dv w OQ=Ov=DU= p�=Ut C=}YwYN "1 pwOH
|D=@U=Lt G}=Dv V}=tR; OQwt p�=Ut C=}YwYN

ICA T tb l m n xr�Ut
157442 76 10 20 5 76 Pr76
127839 152 10 40 5 152 Pr152
166819 226 10 50 5 226 Pr226
82098 299 10 70 5 299 Pr299
161955 439 10 100 5 439 Pr439
383178 1002 10 220 5 1002 Pr1002

xOW VQ=Ro 1 pwOH p�=Ut |=Q@ |Q=mD@==Qi |=ysD} Qwor= G}=Dv 2 pwOH QO
G}=Dv?}DQDx@ sQ=yJ w swU |=yuwDU QO w 'ICA sD} Qwor= G}=Dv swO uwDU QO "CU=
[51]�MACO� u=oJQwt |LqY= w [36]�MGA� l}DvS |LqY= |=ysD} Qwor=
R= l} Qy pwOH u}= QO xm CW=O xHwD O}=@ "CU= xOW GQO ẁ[wt C=}@O= R=
uwDU xU u}= "OvwW|t s}UkD uwDUQ} R xU x@ MACO w MGA |=yuwDU
10 QO sD} Qwor= |=QH= u=tR u}vJty w Q}O=kt u}ov=}t 'Q=Okt u} QDy@ pt=W
xOW xDio OQ=wt Q@ xwqa w OQ=O uwDUQ} R Q=yJ ICA uwDU xwqax@ "CU= Q=QmD
|=yuwDU QO Qo}O hQ] R= "CU= xO=O u=Wv R}v =Q Q=QmD 10 QO ?=wH u} QDO@
�Best� =ysD} Qwor= |xty |xr}Uwx@ xrY=L ?=wH u} QDy@ ?}DQDx@ sWW w sHvB
xOW x�=Q= 'xOt; CUO x@ 9 |x]@=Q |xr}Uwx@ xm |O=yvW}B sD} Qwor= Gap w

"CU=
Gap = 100� Value of the Best�Value of the ICA

Value of the Best
(9)

x@ C@Uv |O=yvW}B sD} Qwor= xm CiQo xH}Dv u=wD|t =y?=wH |xU}=kt =@
C}i}m OQ=wt 0 80 R= V}@ QO w xDi=} CUO |@ wN |=y?=wH x@ MGA

VwQ =@ u; G}=Dv xm |tD} Qwor= u}twO xwqax@ "CU= xO=O V}=Ri= =Q =y?=wH
sD} Qwor= u}= xm u}= seQ|ra "CU= MACO VwQ xOW xU}=kt |O=yvW}B
'CU= xDi=} CUO |QDy@ |=y?=wH x@ Pr1002 w Pr439 |xr�Ut wO QO
|O=yvW}B sD} Qwor= x@ C@Uv |QDy@ |=y?=wH xDUv=wDv Qo}O |xr�Ut Q=yJ QO
Q=}U@ CQOk R= ICA sD} Qwor= xm CiQo xH}Dv u=wD|t u}=Q@=v@ "OQw; CUO x@

"|Q=mD@==Qi |=ysD} Qwor= |xU}=kt "2 pwOH

Gap Best
MACO MGA ICA xr�Ut

u=tR u}ov=}t u} QDy@ u=tR u}ov=}t u} QDy@ u=tR u}ov=}t u} QDO@ u} QDy@
+0 00 157444 51 180690 178597 43 160574 157444 6 24 159231 167342 157442 Pr76
0 00 127839 128 136341 130953 91 133337 127839 12 87 130712 134877 127839 Pr152

+0 00 166827 143 170877 167646 165 178501 166827 20 62 170923 175361 166819 Pr226
+0 01 82106 288 83845 82106 363 85796 82176 21 97 83812 85110 82098 Pr299
0 00 161955 563 165035 161955 623 183698 173839 65 81 167907 172861 161955 Pr439
�0 26 382198 2620 387205 382198 2892 459179 427269 234 65 387129 392314 383178 Pr1002
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|xr

�Ut
pL"l}DvS sD} Qwor= hrDNt |=yxNUv =@ |O=yvW}B sD} Qwor= |xU}=kt "3 pwOH

Gap
ICA [53] GGA-SS [50] GA2PC [52] GGA

m xr�Ut
u=tR u}ov=}t u} QDO@ u} QDy@ u=tR u}ov=}t u=tR u}ov=}t u=tR u}ov=}t

0 45 4 95 447 447 447 3 94 449 300 543 300 924 3
MTSP� 510 00 4 23 479 485 473 3 38 479 300 586 300 882 5

0 00 5 07 584 588 583 3 54 584 300 723 300 1001 10
0 00 9 15 22100 22100 22100 6 22 22100 - - 600 79347 3

MTSP� 100� I
0 00 8 89 23398 23398 23398 8 56 23398 - - 600 70871 5
1 48 7 54 27942 28231 27593 6 42 28356 - - 600 89778 10
2 13 8 12 40688 41121 39321 7 02 41554 - - 600 137805 20
0 00 7 90 22051 22051 22051 6 33 22051 600 26653 - - 3

MTSP� 100� II
0 00 9 11 23678 23678 23678 8 05 23678 600 30408 - - 5
2 02 6 45 27925 28765 27702 6 45 28488 600 31227 - - 10
�0 23 8 73 40985 42311 39742 7 68 40892 600 54700 - - 20
0 00 10 89 6632 6632 6632 24 02 6632 - - 900 33888 3

MTSP� 150� I

�4 89 8 43 7098 7192 6843 15 52 6751 - - 900 26851 5
2 46 9 65 7696 7790 7599 7 72 7885 - - 900 37771 10
0 00 9 61 10399 10551 9801 8 26 10399 - - 900 43699 20
9 35 11 24 13652 13856 13275 8 05 14929 - - 900 52564 30
�2 21 25 32 39342 39993 38531 15 38434 900 47418 - - 3

MTSP� 150� II

0 00 11 09 39962 39962 39962 11 58 39962 900 49947 - - 5
�0 85 10 11 44652 44870 44133 9 3 44274 900 54958 - - 10
0 00 12 23 56412 58201 55593 11 11 56412 900 73934 - - 20
1 14 13 67 71965 72331 70923 6 9 72783 900 99547 - - 30

QO =QH= u=tR xm CiQo xH}Dv u=wD|t Ov=x}@W sy x@ Q=}U@ GGA-SS sD} Qwor= w
"CU= u=Um} ,=@} QkD sD} Qwor= wO Qy

|Q}oxH}Dv "6
Q=Qk xO=iDU= OQwt MTSP pL |=Q@ ICA |Q=mD@==Qi O}OH sD} Qwor= xr=kt u}= QO
QO XwYNx@ '|O=yvW}B VwQ '|Q=mD@==Qi |=ysD} Qwor= Q}=U =@ xU}=kt QO "CiQo
Q=Qi |rLt |=yxv}y@ R= umtt OL =D Ov=wD|t w xOw@ Q=OQwNQ@ 'nQR@ xR=Ov= =@ p�=Ut
Q}_v '|D=@}mQD *|R=Uxv}y@ p�=Ut Qo}O |=Q@ VwQ u}= OQ@ Q=m OUQ|t Q_v x@ "Ovm
Q@ QO |@ wN G}=Dv Ov=wD|t 'u; |=yVQDUo =} x}rkv |xr}Uw |@=} Q}Ut |xr�Ut
nQR@|r}N p�=Ut ?=wH uDi=} |=Q@ sD} Qwor=|}=Q=m uwJ Qo}O hQ] R= "OW=@ xDW=O
'u=oJQwt sD} Qwor= Ovv=t |Q=mD@==Qi |=yVwQ Qo}O =@ sD} Qwor= u}= ?}mQD 'CU=
w u; Ow@y@ |=Q@ ?U=vt |Q=my=Q ẁvtt |wHwCUH =} |r}v; |R=Ux}@W 'l}DvS

"CU= QDC}i}m =@ |}=y?=wH uDi=}

C=YNWt xm |r=L QO "CU= xOt; CUO x@ x_i=L C}=@=ot 512 =@ w 3GHz

x_i=L C}=@ =o}o 1 =@ w 3 GHz CQOk =@ sw}DvB ẁv R= ICA sD} Qwor= xv=}=Q
"CU=

|}=Q=m ICA sD} Qwor= xm CiQo xH}Dv u=wD|t xOt; CUO x@ Q}O=kt |xU}=kt =@
w GGA sD} Qwor= wO x@ C@Uv CU= xDUv=wD =Q} R OQ=O p�=Ut u}= pL |=Q@ |@ wN
=y?=wH u}ov=}t |=Q@ |QDy@ |=y?=wH V}=tR; OQwt p�=Ut |t=tD QO GA2PC

QO xDUv=wD R}v GGA-SS sD} Qwor= =@ xU}=kt QO sD} Qwor= u}= xwqax@ "Ovm ?Um
QO w OyO V}=Ri= =Q =y?=wH u}ov=}t C}i}m 'V}=tR; OQwt |xr�Ut 21 R= OQwt 7

"Ovm =O}B CUO |v=Um} |=y?=wH x@ OQwt 10
QO u; G}=Dv 5 pmW QO |O=yvW}B sD} Qwor= u}ov=}t C}i}m R= |y=o ; |=Q@
"CU= xOW xO=O u=Wv xOt; CUO x@ uwvm =D |=y?=wH u}ov=}t u} QDy@ =@ xU}=kt
|@ wN Q=}U@ |=y?=wH xDUv=wD sD} Qwor= xm OwW|t xOy=Wt pmW u}= QO Kw[wx@
"OyO V}=Ri= =Q =y?=wH C}i}m xDUv=wDv xm CU= p=Ft 4 QO \ki w OQw; CUO x@
|O=yvW}B sD} Qwor= QO xO=iDU= OQwt |=yxv=}=Q C=YNWt uwJ Qo}O hQ] R=
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1. multiple traveling salesmen problem (MTSP)
2. traveling salesman problem (TSP)
3. vehicle routing problem (VRP)
4. single depot multiple traveling salesmen problem (SDMTSP)
5. multiple depot multiple traveling salesmen problem

(MDMTSP)
6. multiple traveling salesmen problem with time window (MT-

SPTW)
7. vehicle scheduling problem (VSP)
8. overnight security service problem
9. printing press scheduling
10. Yadlapalli
11. Gromicho
12. Russell
13. hot rolling problem
14. GuoXing
15. imperialist competitive algorithm (ICA)
16. cultural algorithm
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