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=yv; C}=yv QO "OvDiQo Q_v QO =Q |twta Q=@v= l} R= V}@ R= x}rkv |xr}Uw l}

[21]"OvOQm pL |Q=mD@==Qi sD} Qwor= l} =@ =Q KQ]t |xr�Ut
\UwD xOW ptL |=yq=m Q@ p}=Uw \UwD xOW xOwt}B |=yQ}Ut Q}F-=D x@ xHwD =@
sOa 'x}rkv p}=Uw x@ =ywmU X}YND Q@ xOW ptL |=yq=m Q}F-=D xH}Dv QO w =yu;
uO}UQ Ea=@ =ywmU x@ x}rkv p}=Uw X}YND w p}=Uw |@=} Q}Ut x@ xJQ=Bl} xHwD
xJQ=Bl} |]N |[=} Q pOt l} xr=kt u}= QO "OW Oy=wN xv}y@ Q} R |=y?=wH x@
"CU= xOW x�=Q= |Qw@a |=yQ=@v= |=Q@ =ywmU X}YND w |@=} Q}Ut |xr�Ut |=Q@

xr�Ut h} QaD "3
OwHw u=} QDWt w u=oOvvmO}rwD pt=W xQo |O=OaD w |Qw@a Q=@v=l} KQ]t |xr�Ut QO
|x�=Q= hOy "OvQ=O OwHw |Q=PoQ=@ w |Q}oQ=@ |=Q@ x}rkv xr}Uw |O=OaD u}vJty "OQ=O
X}YND u}vJty w x}rkv p}=Uw x@ u=oOvvmO}rwD w u=} QDWt R= xv}y@ X}YND l}
Q=@v= pN=O s=LOR= w pkvwptL |=yxv} Ry xm CU= |}xvwo x@ =ywmU x@ x}rkv p}=Uw
C=}[Qi "O@=} Vy=m u=tRsy Qw]x@ x}rkv p}=Uw |@=} Q}Ut |=yxv} Ry w |Qw@a
p=UQ= w CU=ywmU O=OaD =@ Q@=Q@ x}rkv p}=Uw O=OaD %CU= CQwY u}= x@ xr�Ut
|vat u}O@ ZQi u}= "CU}v Q}PBu=mt= u=WwQixOQN x@ u=oOvvmu}t-=D R= s}kDUt
|yOCtON u=oOvvmu}t-=D =} u=} QDWt x@ Ov=wD|t \ki x}rkv |xr}Uw l} xm CU=
VN@ x@ \w@ Qt x}rkv p}=Uw C}iQ_ w OQ=O |YNWt C}iQ_ x}rkv |xr}Uw Qy "Ovm
�=y|QDWt� VNB x@ \w@ Qt x}rkv p}=Uw C}iQ_ R= QDnQR@ �=yxOvvmO}rwD� |Qw;`tH
=} q=m �Ci=} QO� |Q}oQ=@ C=}rta R= |m} |=Q@ \ki x_Lr Qy QO wmU Qy "CU=
C=}rta sy Ovv=wD|t =ywmU pm QO =t= "OwW xO=iDU= Ov=wD|t q=m �p=UQ=� |Q=PoQ=@
l} |QDWt Qy w xOvvmO}rwD Qy |=Q@ "|Q=PoQ=@ C=}rta sy w OvyO s=Hv= |Q}oQ=@
Ci=} QO CQwY QO "CU= xOWXNWt q=m p} wLD =} |Qw;`tH |=Q@ |v=tR |xQHvB
l} '|v=tR |xQHvB u}= R= GQ=N QO u=} QDWt x@ q=m p} wLD =} u=oOvvmO}rwD R= q=m
w pkvwptL |xm@W l} 1 pmW QO "OW Oy=wN p}tLD sDU}U x@ xt} QH Q=Okt
xOW xO=O u=Wv u=} QDWt w =yxOvvmO}rwD '|Qw@a Q=@v= pt=W X}YND w |@=} Q}Ut

"CU=
|}=[=kD Ov=wD|t |QDWt Qy w Ovm O}rwD q=m ẁv OvJ Ov=wD|t xOvvmO}rwD Qy
Ci=} QO q=m ẁv OvJ =D Ov=wD|t wmU Qy ,=@k=aDt "OW=@ xDW=O q=m ẁv OvJ R= pmWDt
w x}rkv |xr}Uw Qy |=Q@ Qo}O xQo x@ xQo l} R= CmQL |=Q@ xv} Ry "Ovm p=UQ= =}
xOW xO=iDU= |rY= s�qa xt=O= QO "CU= Cw=iDt Ci=Ut x@ xDU@ hrDNt |=yxQo

"OvwW|t xO=O K}[wD w |iQat xr=kt u}= pw] QO

=yT}Ov= w =yxawtHt "1"3
RE � V w u=oOvvmu}t-=D xawtHt P � V '=yxQo |t=tD |xawtHt %V

&\w@ Qt |=yT}Ov= i; j w |Qw@a Q=@v= i = 1 u; QO xm 'u=} QDWt |xawtHt
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=Q=xO=iDU= =yu; x@ XwYNt |x}rkv p}=Uw R= |=y|QDWt =} u=WwQixOQN xm Ovm|t
s=k |x}rkv |xr}Uw Qo = xm Ovm|t u}t[D 6 |x]@=Q "�QDlJwm |x}rkv p}=Uw� Ovvm
hPL x@ \w@ Qt 8 w 7 |=yC}OwOLt "OwW GQ=N u; R= O}=@ 'OwW OQ=w xQo l} x@
p}=Uw x@ u=} QDWt w u=oOvvmu}t-=D X}YND x@ \w@ Qt 9 C}OwOLt "OvDUy QwDQ} R
xr}Uw l} x@ xm |DqwYLt u=R}t xm Ovm|t u}t[D 10 C}OwOLt "CU= x}rkv
|=yC}OwOLt "OW=@ x}rkv xr}Uw C}iQ_ =@ |w=Ut =} R= QDtm 'O@=}|t X}YND
14 w 13 |=yC}OwOLt "Ov=x}rkv p}=Uw x@ =ywmU X}YND x@ \w@ Qt 12 w 11
u}t[D 13 C}OwOLt "OvDUy =ywmU R= |HwQN w |OwQw |=yQ=@ pO=aD x@ \w@ Qt
p=UQ= u=R}t =@ Q@=Q@ |OwQw |wmU l} x@ r ẁv R= xOW OQ=w Q=@ u=R}t xm Ovm|t
xm Ovm|t u=}@ 14 C}OwOLt "CU= |HwQN |=ywmU x@ wmU u; R= q=m ẁv u;
wmU u; R= u=} QDWt x@ |r=UQ= |q=m u=R}t =@ r ẁv |q=m R= |OwQw Q=@ u=R}t
"Ovm|t XNWt =Q =ywmU R= u=} QDWt x@ xOW p=UQ= |=yq=m u=R}t "CU= |w=Ut
CQ=@a xm Ovm|t x@U=Lt =Q j xQo x@ x}rkv |xr}Uw l} uO}UQ u=tR 15 C}OwOLt
xQo R= uDiQ |=Q@ R=}v OQwt u=tR |xi=[=x@ (i) |r@k xQo x@ uO}UQ u=tR R= CU=
OQmQ}O R= |W=v |xt} QH u=R}t 17 w 16 \@=wQ "(j) Q_v OQwt xQo x@ (i) |r@k
x@ \w@ Qt 18 |x]@=Q w Ovvm|t XNWt =Q xQo Qy x@ =yVQ=iU p} wLD OQmOwR =}
i� j u=tm uOQm |] |=Q@ R=}v OQwt u=tR OQwt QO "CU= pOt |=yQ}eDt C}a[w

"OW Oy=wN x�=Q= sRq C=L}[wD |Oa@ |=yVN@ QO

pOt |R=U|]N "5"3
QO p}yUD |=Q@ VN@ Q} R u}= QO "CU= |]NQ}e pOt l} xr�Ut |[=} Q pOt
p}O@D |]N |[=} Q pOt l} x@ xOW x�=Q= |]NQ}e |[=} Q pOt C=@U=Lt
O}vm ZQi "OwW|t xO=iDU= p@=kt |[=} Q swyit R= |R=U|]N |=Q@ "OwW|t
Q}eDt wO u}= ?Q[pY=L R= xr�Ut pOt QO w OvW=@ y w z xr�Ut l} |=yQ}eDt
x u}@ |x]@=Q xm s}vm h} QaD x s=v x@ O}OH Q}eDt l} Qo = "OwW xO=iDU= (z; y)

u}= QO 'x � y + z � 1 &x � z&x � y %OW=@ p@=kt CQwY x@ z w y w
=Q xr�Ut u=wD|t O}OH Q}eDt =@ Q}eDt wO u}= ?Q[pY=L |v} Ro}=H =@ CQwY
u}vJty w 14 w 13 \@=wQ xOW x�=Q= pOt QO "OQm p}O@D |]N |xr�Ut l} x@
ZY kiq = Zki Y kq h} QaD =@ "Ov=xOW xr�Ut pOt uOW |]NQ}e Ea=@ 17 |x]@=Q
uOQm xi=[= u}vJty w |r@k Q}eDt wO ?Q[ |=H x@ O}OH Q}eDt uOQm u} Ro}=H

"OwW|t |]N pOt 'pOt x@ Q} R C}OwOLt xU
ZY kiq � Zki (19)

ZY kiq � Y kq (20)

ZY kiq � Zki + Y kq � 1 (21)

\@=wQ w s}vm|t pta p@k Ovv=t R}v 17 |xQ=tW |xrO=at |R=U|]N |=Q@
"s}vm|t u} Ro}=H pOt QO =Q Q} R

T kij = AT �i xkij (22)

T kij � AT i (23)

T kij �M�xkij (24)

T kij � ATi �M�(1� xkij) (25)

T kij � 0 (26)

MinimizeX
i2V

X
j2V

X
k2K

CijXk
ij +

X
l2L

X
q2L

X
r2R

DlqCDrNlqr

+
X
j2v

(Plj :V lj + Puj :V uj) (1)

St :X
j2V

Xk1j = 1 k 2 K (2)X
i2V

X
k2K

Xk
ij = 1 j 2 V=1 (3)X

i2RE

X
j2V

X
k2K1

Xk
ij = 0 (4)X

i2P

X
j2V

X
k2K2

Xk
ij = 0 (5)X

i2V
Xk
ij �

X
i2V

Xk
ji = 0 k 2 K; j 2 V (6)X

k2K
Uk1 = 0 (7)

Uki + 1 � Ukj +M(1�Xk
ij)

i 2 V; j 2 V=1; k 2 K (8)X
i2V

Xk
ij = Zkj j 2 V=1; k 2 K (9)X

i2V

X
r2R

dpirZki � CP k k 2 K (10)X
q2L

Y kq = 1 k 2 K (11)X
k2K

Y kq = 1 q 2 L (12)X
k2K

X
i2P

dpirZki Y
k
q =

X
l2L

Nqlr

q 2 L; r 2 R (13)X
k2K

X
i2RE

dpirZki Y
k
q =

X
l2L

Nlqr

q 2 L; r 2 R (14)

ATj = (ATi + tij) �X
k2K

xkij 8i; j 2 v=1 (15)

ATj < ubj + V uj 8j 2 v (16)

ATj � lbj � V lj 8j 2 v (17)

Xk
ij ; Z

k
i ; Y

k
q 2 f0; 1g;

Nlqr; Uki 2 R+ (18)

pkvwptL |=yxv} Ry pt=W =yxv} Ry pm ẁtHt xm 'CU= xr�Ut hOy `@=D 1 |x]@=Q
Ovm|t u=}@ 2 C}OwOLt "CU= |Qw@a Q=@v= pN=O pkvwptL |=yxv} Ry w =yxQo u}@
s=tD xm Ovm|t u}t[D 3 |x]@=Q "OvwW GQ=N |Qw@a Q=@v= R= x}rkv p}=Uw s=tD xm
x@ xm |}x}rkv p}=Uw R= u=oOvvmO}rwD xm Ovm|t u}t[D 4 |x]@=Q "OvwW O}OR=@ \=kv
u}t[D 5 w �QDnQR@ |x}rkv p}=Uw� Ovvm xO=iDU= 'CU= xOW xO=O X}YND =yu;
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Ovyt x@ CWoR=@ R= |Q}owrH |=Q@ CUQyi u}= R= "Ov=t@ |k=@ xDWQ QO Q}}eD u}= xOW

'Ov=xOW xr�Ut ?=wH QO Ow@y@ O=H}= Ea=@ w Ov=xOW |UQQ@ ,q@k xm |}=y?=wH
u=tR Vy=m p=L u}a QO w sD} Qwor= |}=Q=m V}=Ri= x@ QHvt xm OwW|t xO=iDU=
xr=kt u}= QO xOW xO=iDU= xawvtt |wHwCUH sD} Qwor= QO "OwW|t u; |=QH=
=@ "OwW|t O}rwD (ActionList) pw@k p@=k |=y?=wH R= CUQyi l} =OD@=
?=wH V}=tv pw] x@ xDU@=w xr=kt u}= QO KQ]t CUQyi pw] 'x}rw= |=yV}=tR;
CU= xOW xO=iDU= VyH Qopta xU R= (ActionList) O}rwD QO "OW h} QaD
RL =@ Q@=Q@ xDWQ pw] ZQi =@ "OwW|t x�=Q= xt=O= QO =yQorta u}= KQW xm
O=OaD 'Scramble VyH R= xO=iDU= =@ |o}=Uty RL(RL � 1)=2 O=OaD
2RL O=OaD w 'Reversion VyH R= xO=iDU= =@ |o}=Uty RL(RL� 1)=2
uOW XNWt R= TB "OW O}rwD Insertion VyH R= xO=iDU= =@ |o}=Uty
(TobuList) xawvtt CUQyi pw] '(ActionList) pw@k p@=k |=y?=wH O=OaD
|rw] =@ xawvtt CUQyi l} xm OvO=O u=Wv =yV}=tR;V}B G}=Dv "OwW|t XNWt
x@U=Lt p@k QO xm '|UQQ@ |=Q@ pw@k p@=k |=y?=wH CUQyi pw] 1 4 =@ Q@=Q@

"Ovm|t x�=Q= |@ wN OQmrta 'OW

O} Q@D |R=Ux}@W sD} Qwor= "3"4
w l} QD=BmQm \UwD 1983 p=U QO Q=@ u}rw= |=Q@ O} Q@D |R=Ux}@W sD} Qwor=
w xO}J}B p�=Ut R= |O=} R O=OaD pL |=Q@ sD} Qwor= u}= "OW |iQat [23]u=Q=mty
sD} Qwor= u}= |rY= |oS} w [24]"CU= xOW xDiQo Q=m x@ |ak=w |=}vO x@ \w@ Qt p�=Ut
'|o}=Uty |wHwCUH Q@|vD@t |Q=mD@==Qi |=ysD} Qwor= Q}=U hqNQ@ |Q=mD@==Qi
&OOQo|tv |rm |xv}y@ p=@vO x@ |rai ?=wH |o}=Uty QO sD} Qwor= u}= xm CU= u}=
Q@ w OwW|t ?=NDv= |rai ?=wH |o}=Uty R= |iO=YD pL x=Q l} SA xmr@
u}= "OwW|t OQ =} xDiQ}PB O}OH pL x=Q u}= u; |xv} Ry `@=D =} |oOvR=Q@ `@=D T=U=
Q@ xm Ovm|t sy=Qi R}v =Q |rLt |xv}y@ R= uOW GQ=N |=Q@ sRq \}=QW sD} Qwor=
|rai |=tO x@ ?wr]t=v |=y?=wH VQ}PB p=tDL= [25]"O}=Ri=|t sD} Qwor= |}=Q=m
CmQL xv}y@ ?=wH CtU x@ 1 p=tDL= =@ |]QW x@ SA sD} Qwor= "OQ=O |oDU@
CQwY u}= Q}e QO &OW=@ sm =tO Vy=m CaQU w O=} R Q=}U@ x}rw= |=tO xm Ovm|t
Ov=wD|t|rLt |xv}y@ u}= xm OW Oy=wN =Qoty|rLt |xv}y@l}CtU x@ sD} Qwor=
uOW OQU Ov}=Qi |R=Ux}@W |=Q@ =tO swyit R= sD} Qwor= u}= QO "OW=@ |v=yH |xv}y@
?=wH VQ}PB |=Q@ QDW}@ p=tDL= |vat x@ QDq=@ |=tO w OwW|t xO=iDU= |m} R}i
|=y?=wH O}rwD |=Q@ SA sD} Qwor= Q=DN=U |L=Q] QO xr=kt u}= QO "CU= O}OH
KQW xm OW xO=iDU= xawvtt |wHDUH sD} Qwor= x@=Wt VyH ẁv xU R= x}=Uty
x�=Q= 3 pmW CQwY x@ O} Q@D |R=Ux}@W sD} Qwor= Om x@W "Ot; Oy=wN xt=O= QO u;

"OwW|t

|o}=Uty O}rwD |=yQorta "4"4
"OW xOQ@ xQy@ KQ]t |=ysD} Qwor= QO |o}=Uty O}rwDhrDNt ẁv xU R= xr=kt u}= QO
|R=UTwmat VyH w (Insertion) j=Lr= VyH '(Scramble) u=mD VyH
=yV}=tR;V}B QO xm Ov=VywSB u}= QO xOW xO=iDU= |=yVyH (Reversion)

?=wH xDWQ l} R= hO=YD x@ x]kv wO 'u=mD VyH QO "Ov=xOQm x�=Q= |@ wN G}=Dv
"�4 pmW� OvR}t;|t sy QO|iO=YD Qw]x@ x]kv wO u; u}@ QY=va w OvwW|t ?=NDv=
QO ?=wH |xDWQ pw] QO w OwW|t ?=NDv= hO=YD x@ QYva l} 'j=Lr= VyH QO
x]kv wO '|R=UTwmat VyH QO C}=yv QO w �5 pmW� OQ}o|t Q=Qk |Qo}O pLt

"?=wH V}=tv R= |OOa p=Ft l} "2 pmW

xr�Ut pL OQm} wQ "4
K}[wD |Q=mD@==Qi |=yVwQ QO xOW xO=iDU= |O=yvW}B |xDWQ =OD@= QOVN@ u}= QO
sD} Qwor= Q@|vD@t |O=yvW}B |Q=mD@==Qi sD} Qwor= K}[wD x@ xt=O= QO &OwW|t xO=O
xDN=OQB (TS) xawvtt |wHwCUH |Q=mD@==Qi sD} Qwor= w (SA) O} Q@D |R=Ux}@W

"OwW|t xO=O K}[wD sD} Qwor= |=yQDt=Q=B s}_vD |xwLv C}=yv QO w OwW|t

?=wH V}=tv "1"4
V}=tv l} h} QaD '|Q=mD@==Qi |=yVwQ R= xO=iDU= =@ xr�Ut l} pL QO s=o u}rw=
|=y|oS} w =@?U=vDt O}=@ ?=wHV}=tv Q=DN=U x}rw=C}atH O}rwD |=Q@ "CU=?=wH
xDWQ l} R= xr=kt u}= QO Qw_vt u}= |=Q@ "OW=@ xOW O}rwD |=y?=wH w xr�Ut
"CU= xOW xO=iDU= (P +K1�1) + (RE+K2�1) + (L) pw] =@ ?=wH
P +K1�1 O=OaD "OvDUy l} w QiY u}@ |O=Oa= ?=wH xDWQ QO OwHwt Q}O=kt
|xv=N RE + K2 � 1 "CU=yq=m |Qw;`tH |@=} Q}Ut x@ \w@ Qt pw= |xv=N
X}YND x@ \w@ Qt |}=yv |xv=N L w CU= `} RwD |@=} Q}Ut x@ \w@ Qt |Oa@
|}xr�Ut |=Q@ xOW h} QaD |xDWQ R= |}xvwtv 2 pmW "CU=ywmU x@ x}rkv p}=Uw
ẁv x}rkv |xr}Uw 2 w 1 ẁv x}rkv |xr}Uw 2 w |QDWt 3 w xOvvmO}rwD 3 =@

R= |Qw;`tH VN@ |@=} Q}Ut x@ \w@ Qt pw= |xv=N Q=yJ "OyO|t u=Wv =Q 2
x@ =yxv=N pN=O O=Oa= ?=wH V}=tv R= VN@ u}= Q}UiD |=Q@ "CU= u=oOvvmu}t-=D
X}YND \w@ Qt |xv=N x@ =yv; |}x@DQ Q}O=kt w OvwW|t ?DQt |OwaY ?}DQD
|xQ=tW K1 � 1 w CU= u=} QDWt |r=wD xOvyOu=Wv pw= |xQ=tW P "O@=}|t
1 u=} QDWt xOW x�=Q= p=Ft QO "CU= x}rkv p}=Uw l}miD \=kv xOvyOu=Wv |Oa@
|xr}Uw =@ 3 swO |QDWt w OvwW|t |v=UQCtON pw= |x}rkv |xr}Uw =@ 2 w
"CU= pw=VN@ Ovv=t R}v xDWQ swOVN@ Q}UiD "OwW|t |v=UQCtON swO |x}rkv
x@ xDi=}X}YND |wmU |xOvyOu=Wv xDWQ QN; VN@ QO pY=L |}x@DQ O=Oa=

"OvDUy x}rkv |xr}Uw Qy

xawvtt |wHwCUH sD} Qwor= "2"4
Qwqo OQi \UwD Q=@ u}rw= |=Q@ 1989 p=U QO xawvtt |wHwCUH sD} Qwor=
|@=} Q}Ut p�=Ut pL |=Q@ xm |Q=mD@==Qi |=ysD} Qwor= u=}t QO "OW |iQat
Oa@ [22]"CU= xDW=O |@ wN |}=Q=m sD} Qwor= u}= 'Ov=xOW xO=iDU= x}rkv p}=Uw
Q=DN=U w xOW |iQat u; Ow@y@ |=Q@ |awvDt |=yVwQ sD} Qwor= u}= |iQat R=
O}rwD x}rw= ?=wH l} =OD@= xm CU= CQwY u}= x@ |rm Cr=L QO sD} Qwor= u}=
|DQwY QO "OR=OQB|t x}rw= ?=wH h=Q]= QO |o}=Uty O}rwD x@ TBU 'OwW|t
Q}}eD w OwW|t xDiQ}PB Q}}eD u}= 'OwW ?=wH QO Ow@y@ ?@U xDWQ QO |Q}}eD xm
XNWt p@k R= s=o u}OvJ QO =D OQ}o|t Q=Qk xawvtt CUQyi l} QO xOW O=}
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"O} Q@D |R=Ux}@W sD} Qwor= Omx@W "3 pmW

=yV}=tR; |L=Q] "5"4
=yV}=tR;V}B QOsD} Qwor= Qy|=yQDt=Q=BhrDNtKw]UxOW|L=Q]|=ysD} Qwor= QO
1 pwOH "CU= xOW xDiQo Q_v QO =yV}=tR; s=Hv= |=Q@K]U u} QDy@ w Ov=xOW|UQQ@
|R=Ux}@W sD} Qwor= w (TS) xawvtt |wHwCUH sD} Qwor= |=Q@ ?NDvt Kw]U

"OyO|t u=Wv =Q (SA) O} Q@D
lJwm O=a@= QO |Q=mD@==Qi |=ysD} Qwor= OQmrta |UQQ@ x@ CtUk u}= QO
K}[wD xvwtv p�=Ut O}rwD |xwLv =OD@= QO Qw_vt u}O@ "OwW|t xDN=OQB nQR@ w
lJwm O=a@= QO =ysD} Qwor= R= pY=L G}=Dv |UQQ@ x@ xt=O= QO w OwW|t xO=O
O=yvW}B sD} Qwor= wO |}=Q=m |xU}=kt w |UQQ@ Qw_vtx@ "OwW|t xDN=OQB nQR@ w
|U} wvOm MATLAB 2014 \}Lt QO sD} Qwor= wO Qy 'xr=kt u}= QO xOW
'Intel(R) Core(TM) i5 C=YNWt =@ |}xv=}=Q \UwD =ysD} Qwor= u}= "Ov=xOW
=ysD} Qwor=|}=Q=m |xU}=kt |=Q@ "Ov=xOW =QH= 4 GB of RAM 'CPU 3 2 GHz

G}=Dv wCU= xOW |U} wvOm R}v GAMS23 7 Q=Ri=sQv QO xOW KQ]t |xr�Ut pOt
C}OwOLt l} GAMS Q=Ri=sQv QO xvwtv p�=Ut pL |=Q@ "Ov=xOW xU}=kt sy =@

"CU= xOW xDiQo Q_v QO |}x}v=F 3600 |v=tR

xvwtv p�=Ut O}rwD "6"4
|=Q@ |}xvwtv p�=Ut xDUO I}y xr=kt u}= QO KQ]t |xr�Ut uOw@ O}OH p}rO x@
R= xO=iDU= =@ =D CU= xOW |L=Q] xvwtv |xr�Ut |O=OaD TB "OQ=Ov OwHw xU}=kt

"OQm xU}=kt =Q =ysD} Qwor= OQmrta u=wD@ =yu;
|R=Ul}ORv Qw_vtx@ |D=Q}}eD =@ xr=kt u}= QO xOW xO=iDU= |xvwtv p�=Ut
QO OwHwt u=Q=mty w C=Qo ; |xvwtv p�=Ut R= KQ]t |xr�Ut x@ xvwtv p�=Ut
R= xDUO u}= QO "Ov=xOt; CUO x@ http://neo.lcc.uma.es/vrp/ C}=U?w
x�=Q= OwOLt C}iQ_ =@ |@=} Q}Ut |xr�Ut |=Q@ xvwtv |xr�Ut 27 'xvwtv p�=Ut
u=} QDWt w =yxOvvmO}rwD x@ \w@ Qt |=yxQo O=OaD uOQm XNWt |=Q@ "CU= xOW

"u=mD VyH "4 pmW

"j=Lr= VyH "5 pmW

"|R=UTwmat VyH "6 pmW

"�6 pmW� OvwW|t TmaQ@ x]kv wO u}= u}@ QY=va w OvwW|t ?=NDv= hO=YD x@
=@ ?U=vDt |=y?=wH x@ =y?=wH xDWQ p}O@D |=Q@ VyH Qorta |=QH= R= Oa@

"OvwW|t Q=QmD |r@k pL=Qt xr�Ut Q=DN=U
QO |r=wDt Q=QmD 50 QO ?=wH Ow@y@ sOa xr=kt u}= QO =ysD} Qwor= u=}=B Q=}at

"CU= xOW xDiQo Q_v
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|U
Ovyt "O} Q@D |R=Ux}@W sD} Qwor= w xawvtt |wHwCUH sD} Qwor= QDt=Q=B s}_vD "1 pwOH

sD} Qwor= QDt=Q=B K]U sD} Qwor= QDt=Q=B K]U QDt=Q=B ẁvO} Q@D |R=Ux}@W xawvtt |wHwCUH
50 50 (MaxIt) ?=wH Ow@y@ uwO@ sD} Qwor= hkwD =D Q=QmD O=OaD

RL(RL� 1)=8 RL(RL� 1)=2 Q=QmD Qy QO u=mD VyH R= |o}=Uty O}rwD
RL(RL� 1)=8 RL(RL� 1)=2 Q=QmD Qy QO j=Lr= VyH R= |o}=Uty O}rwD

RL=2 2:RL Q=QmD Qy QO |R=UTwmat VyH R= |o}=Uty O}rwD
� 1=4:(ActionList) (TabuList) xawvtt CUQyi pw]

hOy `@=D u}ov=}t
� (t0) x}rw= |=tOx}rw= ?=wH 10

xOW O}rwD
10 � (MaxIt2) swO Q=QmD O=OaD |xv}W}@

0 99 � � QDt=Q=B Q=Okt

"lJwm O=a@= QO p�=Ut |=Q@ xawvtt |wHwCUH w O} Q@D |R=Ux}@W |=ysD} Qwor= 'Rto Q=Ri=sQv R= pY=L G}=Dv "2 pwOH

# P RE K
CPLEX SA TS

Opt Sol Time Opt Sol Time Gap� Opt Sol Time Gap�
1 2 2 2 6905 0 03 6905 5 98 0 0000 6905 0 05 0 0000
2 2 4 2 7475 0 5 7475 30 34 0 0000 7475 0 12 0 0000
3 2 6 3 8666 0 14 9480 37 19 0 0859 8666 0 48 0 0000
4 3 6 3 9116 0 14 9962 36 92 0 0849 9953 0 50 0 0841
5 4 6 3 10864 0 09 10864 37 26 0 0000 10914 0 65 0 0046
6 3 8 3 9583 0 14 10450 39 02 0 0830 10460 0 92 0 0838
7 3 8 4 11494 8 84 11494 41 08 0 0000 11557 1 51 0 0055
8 5 8 4 13909 7 17 14147 41 41 0 0168 14071 2 72 0 0115
9 6 8 4 13553 14 75 13553 41 47 0 0000 13553 2 83 0 0000
10 6 10 4 15150 35 47 15232 40 47 0 0054 15205 4 71 0 0036
11 6 10 5 15995 1095 06 16387 47 35 0 0239 16506 6 42 0 0310
12 6 12 5 16151 204 61 16166 42 14 0 0009 16151 8 96 0 0000
13 8 12 5 16740 991 02 16815 42 31 0 0045 16831 13 35 0 0054
14 8 13 5 7102 0 03 7102 5 99 0 0000 7102 0 07 0 0000
15 8 14 5 7675 0 05 7675 30 84 0 0000 7675 0 13 0 0000
16 8 15 5 8832 0 14 9423 37 18 0 0627 9518 0 44 0 0721

u}ov=}t 0 0230 0 0188

O}rwD |iO=YD CQwY x@ q=m Qy R= O}rwD =} =[=kD u=R}t "OvOW xDiQo Q_v QO 20
Qy O}rwD u=R}t w 20 =D 1 |xR=@ QO |iO=YD CQwYx@ =[=kD u=R}t "CU= xOW
u=R}t |xvR=wt Qw_vtx@ C}=yv QO "CU= xOW O}rwD 40 =D 1 |xR=@ QO q=m ẁv
R= R}v \UwDt w lJwm p�=Ut "OW p=ta= O}rwD u=R}t Q@ |D=Q}}eD =[=kD w O}rwD
"Ov=xOW pY=L u=oOvvmu}t-=D w u=} QDWt R= |O=OaD hPL =@ w nQR@ |xvwtv p�=Ut
|rY= |xr�Ut |xv}y@ |=yQwD pw] QFm =OL u=} QDWt |v=tR |xQHvB O}rwD Qw_vtx@
p=L "OW xDiQo Q_v QO TQDUO QO |v=tR |xR=@ u=wva x@ w OW ?Q[ 2 OOa QO
OOa u}= "OW O}rwD |iO=YD |OOa xOW x@U=Lt |v=tR |xR=@ QO xQo Qy |=R= x@
|v=tR |xQHvB pw] w OW xDiQo Q_v QO xQo |v=tR |xQHvB u}}=B OL u=wva x@
CUO x@ 10 Q@ s}UkD TQDUOQO |v=tR |xR=@ QO |iO=YD |OOa O}rwD =@ |QDWt

"Ot;

Q=@v= uDiQo Q_v QO uwO@� =yxQo pm O=OaD swU wO %CU= xOW pta CQwY u}= x@
QO =y|QDWt x@ \w@ Qt |=yxQo O=OaD u=wva x@ w xOW OQo q=@ hQ] x@ �|Qw@a
|x@U=Lt |=Q@ "OvOW xO=O X}YND =yxOvvmO}rwD x@ =yxQo |k=@ w OvOW xDiQo Q_v
|x}rkv p}=Uw C}iQ_ xr�Ut Qy QO xm OW pta CQwY u}O@ x}rkv p}=Uw C}iQ_
x}rkv p}=Uw |=Q@ w OW xDiQo Q_v QO lJwm |x}rkv p}=Uw |=Q@ xvwtv |xr�Ut
u}}aD |DQwY x@ x}rkv p}=Uw O=OaD "OW ?Q[ 1 5 OOa QO x}rw= C}iQ_ nQR@
wO xvwtv p�=Ut s=tD |=Q@ "OW=@ =[=kD 1 2 OwOL QO x}rkv p}=Uw C}iQ_ xm OW
|=Q@ |Qw@a Q=@v= pN=O QO q=m OL=w Qy p=kDv= |xv} Ry "OW xDiQo Q_v QO q=m ẁv
|xrY=i "OW xDiQo Q_v QO 2 =@ Q@=Q@ 2 ẁv |q=m |=Q@ w 1 =@ Q@=Q@ 1 ẁv |q=m
wQx@ wQ |=ywmU xm OW x@U=Lt CQwY u}= x@ |Qw@a Q=@v= pN=O QO =ywmU u}@
=@ Q@=Q@ =ywmU |xrY=i CQwYu}= Q}e QO w 10 =@ Q@=Q@ |}xrY=i sy Qw=Ht =}
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=Q="nQR@ O=a@= QO p�=Ut |=Q@ xawvtt |wHwCUH w O} Q@D |R=Ux}@W |=ysD} Qwor= R= pY=L G}=Dv "3 pwOH
# P RE K

SA TS

Opt Sol CPU Time Gap� Opt Sol CPU Time Gap�
1 10 21 5 20927 42 63 0 210750 42 49 0 0070
2 10 22 5 19219 42 82 0 19751 46 48 0 269
3 10 22 6 17736 46 20 0 18099 71 65 0 0200
4 11 22 5 30487 42 66 0 30558 47 87 0 0023
5 11 24 5 20387 43 63 0 21161 45 44 0 0366
6 12 24 5 19470 46 39 0 19510 53 54 0 0020
7 12 24 6 23091 50 10 0 23471 73 34 0 0162
8 12 25 5 20299 41 97 0 20683 81 78 0 0186
9 12 26 5 21614 45 57 0 22116 74 14 0 0227
10 12 26 6 21391 45 46 0 22152 101 76 0 0344
11 14 29 7 25272 54 01 0 25867 157 00 0 0230
12 14 30 6 25681 51 44 0 26233 125 41 0 0210
13 14 30 7 28002 54 84 0 29190 152 77 0 0407
14 15 30 7 24420 54 50 0 24620 174 44 0 0081
15 15 32 7 27252 55 34 0 29696 163 30 0 0823
16 17 35 7 26261 54 70 0 28391 228 32 0 0750
17 17 36 7 29192 53 78 0 30745 251 72 0 0506
18 18 36 9 30908 61 68 0 32846 312 83 0 0590
19 19 40 9 32637 61 73 0 35165 409 10 0 0719
20 20 40 9 32089 62 01 0 34186 482 81 0 0613
21 20 41 8 31511 58 29 0 32568 422 60 0 0325
22 20 42 9 35342 58 05 0 36918 506 13 0 0427
23 20 42 10 34428 63 97 0 36035 495 18 0 0446
24 21 42 9 35537 56 04 0 37349 553 20 0 0485
25 21 43 9 31813 59 60 0 33873 469 24 0 0608
26 22 46 9 34639 61 57 0 36808 737 66 0 0589
27 26 53 10 45166 67 90 0 46731 1014 94 0 0335

u}ov=}t 53 21 0 270 19 0 0371

u} QDy@BObj w |Q=mD@==Qi sD} Qwor= R= pY=L hOy `@=D Q=OktObj xrO=at u}= QO
"CU= xr�Ut |=Q@ xOW =O}B ?=wH

'CU= XNWt lJwm O=a@= QO p�=Ut pL x@ \w@ Qt 2 pwOH R= xm xvwou=ty
u=tR Q_v R= =t= &Ov=xDW=O |@U=vt OQmrta �2 OwOL QO |=]N =@ sD} Qwor= wO Qy
=]N |xv}W}@ "CU= xOQm x�=Q= =Q |QDy@ OQmrta xawvtt |wHwCUH sD} Qwor= pL
|wHDUH sD} Qwor= wO Qy "CU= 0 08 =@ Q@=Q@ xm CU= u=Um} sD} Qwor= wO QO
xv}y@ ?=wH x@ xvwtv |xr�Ut 16 R= xr�Ut 7 O=OaD QO O} Q@D |R=Ux}@W w xawvtt

"Ov=xO}UQ

nQR@ O=a@= QO G}=Dv "2"5
O} Q@D |R=Ux}@W w xawvtt |wHDUH |=ysD} Qwor= OQmrta |UQQ@ x@CtUk u}= QO
XNWt 3 pwOH QO xm xvwou=ty "OwW|t xDN=OQB xOW KQ]t |xr�Ut pL QO
QDy@ |@=wH nQR@ O=a@= =@ p�=Ut s=tD QO |O=yvW}B O} Q@D |R=Ux}@W sD} Qwor= 'CU=

G}=Dv "5
"OwW|t |UQQ@ nQR@ w lJwm O=a@= QO p�=Ut pL G}=Dv VN@ u}= QO

lJwm O=a@= QO G}=Dv "1"5
|L=Q] sD} Qwor= wO w GAMS Q=Ri=sQv =@ xvwtv p�=Ut pL R= xOt; CUO x@ G}=Dv
GAMS Q=Ri=sQv 'CU=XNWt pw=OH QO xm Qw]u=ty "Ov=xOW x�=Q= pw=OH QO xOW
5 R= QDW}@ |x}rkv p}=Uw O=OaD w 20 R= QDW}@ |=yxQo O=OaD =@ p�=Ut pL x@ QO=k
xHwt ?=wH x@ x}v=F 3600 OwOLt u=tR QO 14 |xr�Ut QO j}kO VwQ "CU}v
nQR@ w \UwDt p�=Ut u=wva x@ QDnQR@ p�=Ut |x}k@ w 14 |xr�Ut TB &O}UQv

"OW xDiQo xQy@ 27 |x]@=Q R= =]N Q=Okt |x@U=Lt Qw_vtx@ "OW xDiQo Q_v QO

Gap = Obj �BObj
BObj

(27)
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Ovyt sD} Qwor= OQmrta |UQQ@ Qw_vtx@ "OW xOQ@ xQy@ hrDNt |o}=Uty ẁv xU R=

G}=Dv w OW pL nQR@ O=a@= QO xr�Ut 27 w lJwm O=a@= QO xr�Ut 16 |O=yvW}B
OQmrta lJwm O=a@= QO |Q=mD@==Qi sD} Qwor= wO Qy OQmrta Q_v R= "OW |UQQ@
|QDQ@ xOvyOu=Wv nQR@ O=a@= =@ p�=Ut pL R= pY=L G}=Dv =t= "OvDW=O sy x@ l}ORv
"CU= xawvtt |wHwCUH sD} Qwor= x@C@Uv |O=yvW}B O} Q@D |R=Ux}@W sD} Qwor=
|wHDUH sD} Qwor= R= pY=L |=y?=wH O} Q@D |R=Ux}@W sD} Qwor= O=a@= u}= QO
|R=Ux}@W sD} Qwor= R}v pL u=tR Q_v R= "O=O Ow@y@ OYQO xU OwOL QO =Q xawvtt
|r=L QO "OQm pL =Q xr�Ut Qy \UwDt Qw]x@ x}v=F 53 OwOL QO |v=tR QO O} Q@D
pL |=Q@ x}v=F 270 OwOL QO |v=tR \UwDt Qw]x@ xawvtt |wHDUH sD} Qwor= xm
Q}=U OQmrta u=wD|t |D; |=yC}r=ai w C=k}kLD s=Hv= Qw_vtx@ "OQm hQY p�=Ut
|=ysD} Qwor= w u=Qm w xN=W VwQ Ovv=t j}kO |=ysD} Qwor= R= sa= =ysD} Qwor=
x@ xHwD =@ =Q |Ov@u=tR EL@t u=wD|t u}vJty "OQm |UQQ@ =Q Qo}O |Q=mD@==Qi
xr�Ut l} QO u=tRsy Qw]x@ xOW x�=Q= |xr�Ut QO u; uOw@ |OQ@ Q=m w C}ty=
|HwQN w |OwQw |x}rkv p}=Uw |v=tR |ovy=ty EL@t Qo}O |wU R= "OQm |UQQ@
|UQQ@ xOW KQ]t pOt QO Ov=wD|t xm CU= |D}ty= QB xr�Ut |Qw@a Q=@v= l} QO

"OwW

sD} Qwor= R=}v OQwt u=tR p=L u}a QO "Ovm|t x�=Q= xawvtt |wHwCUH sD} Qwor= R=
"CU= xawvtt |wHwCUH sD} Qwor= R=}v OQwt u=tR R= QDtm Q=}U@ O} Q@D |R=Ux}@W

|Q}oxH}Dv "6
|=yQ=@v= |HQ=N w |rN=O pkvwptL |=yxv} Ry |R=Uxv}tm Qw_vt x@ xr=kt u}= QO
x@ x}rkv p}=Uw X}YND |xr�Ut |=Q@ xJQ=Bm} O}OH |[=} Q pOt l} |Qw@a
l} QO =ywmU X}YND |xr�Ut pL "OW x�=Q= x}rkv p}=Uw |@=} Q}Ut w =ywmU
|=Q@ =Q=mQ}e |=y?=wH |Qw@a Q=@v= l} QO |@=} Q}Ut |xr�Ut pL =} |Qw@a Q=@v=
u=tRsy uDiQo Q_v QO "OvQ=Po|t Q}F-=D sy Q@ xr�Ut wO u}= =Q} R &Ovvm|t O=H}= xr�Ut
Ov=wD|t =ywmU x@ x}rkv p}=Uw X}YND w |Qw@a Q=@v= QO |@=} Q}Ut |xr�Ut wO
uOw@ NP-Hard x@ xHwD =@ "OW=@ xDW=O x=Qty x@C} Q}Ot |=Q@ =Q |QD=Q=m |=y?=wH
O} Q@D |R=Ux}@W w xawvtt |wHDUH |Q=mD@==Qi sD} Qwor= wO 'xOW KQ]t |xr�Ut
=@ ?U=vDt ?=wHxDWQ Q=DN=U xOWx�=Q= |=ysD} Qwor= QO "OvOW O=yvW}B xr�Ut |=Q@
|o}=Uty O=H}= |=Q@ 'sD} Qwor= wO Qy QO u}vJty "CU= xOW |L=Q] xr�Ut Q=DN=U
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