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|}=Q;R=@ R= CU= CQ=@a C=}rta |r=wD OOHt u}}aD "OyO|t u=Wv ptar=Tma
uDiQo Q_v QO =@ OwHwt |=yC}OwOLt jkLD hOy =@ <=}W= R= xOW xO=O |r=wD l}
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u=wvax@ O}=@ wQOwN C=}rta |r=wD |=yC}OwOLt p=L u}a QO w CU= R=}v OQwt
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pw=ODt |DvU |=yVwQ Q@ |L[=w ,qt=m CQwYx@ sD} Qwor= u}= xm Ov=xO=O u=Wv
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Minimize(Z1) =
NcpX
cp=1

NPosX
i=1

gcp;i (1)

Minimize(Z2) =
NPosX
i=1
jC2i � C1ij (2)

Subject to :
NPosX
i=1

pk;i = �k (3)

NConfX
k=1

pk;i = 1 (4)

NPosX
i=1

NConfX
k=1

APcp;k � pk;i = dcp (5)

rcp;i � 0 (6)

rcp;1 =
NConfX
k=1

APcp;k:pk;1 (7)

rcp;i = rcp;(i�1) +
NConfX
k=1

APcp;k:pk;i (8)

gcp;i � 0 (9)

gcp;i � rcp;i +
Qcp�1X
m=1

EPcp;m �Ncp (10)

gcp;i � rcp;i � rcp;(i�Qcp) �Ncp (11)

C2i = i:pk;i (12)

Minimize(�: z1 � z�1
z�1 � z�1 + (1� �): z2 � z�2

z�2 � z�2 ) (13)
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%CU= Q_v OQwt hOy wO xr�Ut u}= QO "CU= pqDN= O=ONQ R= TB xOv=t|k=@
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QDDU=Ov=QB |xar=]t |x}=B Q@ pOt u}= "OwW|t x�=Q= xr�Ut |[=} Q pOt xt=O= QO
Q=@u}rw= |=Q@ xr=kt u}= QO CU= K}[wD x@ sRq "CU= xDi=} xaUwD [22]u=Q=mty w
C=@F hOy `@=D 'wQOwN C=}rta |r=wD u}}aD |xr�Ut l}Uqm hOy `@=D Q@ xwqa
R}v C}OwOLt l} =DU=Q u}ty QO w xOW xDiQo Q_v QO xr�Ut |[=} Q pOt QO R}v

"CU= xOW xi=[= xr�Ut |=yC}OwOLt xawtHt x@
xr�Ut |=yQDt=Q=B "1"2"3

&OwHwt |=y|Ov@ Qm}B O=OaD %NConf
&OwW XNWt O}=@ =yv; |r=wD xm |}=ywQOwN pm O=OaD %NPos

Qcp pt=W |r=wD l} QO |va} "cp |xa]k |=Q@ |@Uv C}OwOLt %Ncp=Qcp
&OW=@ cp |xa]k |=Q=O Ov=wD|t =yv; R= wQOwN Ncp =yvD 'wQOwN

&k |Ov@ Qm}B =@ wQOwN |=Q@ =[=kD %�k
cp |xa]k 'k |Ov@ Qm}B QO =}; OyO|t u=Wv xm 1 w QiY T} QD=t l} %APcp;k

&Q}N =} CU= xDiQ Q=m x@
R= OwHwt wQOwN u}t)=m =}; OyO|t u=Wv xm 1 w QiY T} QD=t l} %EPcp;m

&Q}N =} CU= xOw@ cp |xa]k |=Q=O p@k |R} Qxt=vQ@ |xQwO
"CU= R=}v OQwt cp |xa]k xm |D=aiO O=OaD %dcp

|Q}os}tYD |=yQ}eDt "2"2"3
|=Q=O i C}akwt QO OwHwt |wQOwN =}; OyO|t u=Wv xm 1 w QiY Q}eDt %pk;i

&Q}N =} CU= k |Ov@ Qm}B
&OyO|t u=Wv =Q i C}akwt =D cp |xa]k R= xO=iDU= u=R}t xm |Q}eDt %rcp;i

pw] QO cp |xa]k \UwD |D@Uv |=yC}OwOLt Zkv O=OaD xm |Q}eDt %gcp;i
&OyO|t u=Wv =Q O@=}|t u=}=B i C}akwt QO xm |}xQHvB

&x}rw= |r=wD =@ j@=]t s=i wQOwN p}tmD u=tR %C1i
&pqDN= O=ONQ R= TB x} wv=F |r=wD =@ j@=]t s=i wQOwN p}tmD u=tR %C2i

&|D@Uv |=yC}OwOLt Zkv 'pw= hOy `@=D %Z1
|r=wD x@ C@Uv pqDN= R= TB |r=wD QO =ywQOwN |}=Hx@=H 'swO hOy `@=D %Z2
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xDiQo Q=Qk Q_v OQwt p}P VwQ wO 'xOv=t|k=@ |=ywQOwN |r=wD u}}aD QO |Wvm =w
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wQOwN C=}rta |r=wD u}}aD |xr�Ut Q=@ u}rw= |=Q@ xr=kt u}= QO =Pr "OwW |m}DUHr
|=ywQOwN|r=wDu}}aD QO w xOW xDiQo Q_v QO|Wvm =w OQm} wQ =@ w on line CQwYx@
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"CU= xOW sqa= 0 75 =@ Q@=Q@ C} Q}Ot |wU R= (�)

xr�Ut pL |=ys=o "1"5
pw= Q=QmD "1"1"5

&optimizer |xt=vQ@ x@ xOW u}}aD |=yQDt=Q=B OwQw "1
uDiQo Q_v QO w x}rw= |wQOwN 20 |xawtHt |=Q@ optimizer |xt=vQ@ |=QH= "2
\}Lt QO xm QwmPt xt=vQ@ |HwQN "� = 1 |=R= x@ 1 pwOH C=aq]= xawtHt

=Q rcp;i Q}eDt uOw@ |ivt Q}e 6 |w=Ut=v "OwW|t s=Hv= 8 w 7 CqO=at \UwD
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z��z� |x]@=Q R= xO=iDU= =@ hOy `@=D wO u}= 'uOW Q}PB`tH |=Q@ "Ov=pY=L
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pw= hOy `@=D |R=Uxv}y@ |xr�Ut 'x}rw= |r=wD u}}aD |=Q@ "OvwW|t S=Dvwt ur=U
CLD xm optimizer |xt=vQ@ ?r=k QO �z1 %|@Uv |=yC}OwOLt Zkv u=R}t�
jwi |xr�Ut CU= K}[wD x@ sRq "OwW|t pL 'xDi=} xaUwD GAMS Q=Ri=sQv
xt=vQ@ u}= |HwQN "CU= 11 |r= 3 |=yC}OwOLt w 1 hOy `@=D Q@ ptDWt
O}=@ |R} Qxt=vQ@ ji= QO xm |}=ywQOwN |xawtHt QN-=D w sOkD R= CU= CQ=@a R}v
=yv; S=Dvwt Ov}=Qi QO |}xa]k |QUm xvwoI}y xm ZQi u}= =@ &OvwW |r=wD u}}aD
u}t-=D QO pqDN= xOWv |v}@V}B w |v=yo =v CQwYx@ TBU "OW=@ xDW=Ov OwHw
"OyO|t MQ S=Dvwt C=}rta s=Hv= |=Q@ R=}v OQwt C=a]k R= |NQ@ |QUm CQwYx@
sRq u}=Q@=v@ 'OQ=Ov OwHw pqDN= O=ONQ OQwt QO p@k R= |aq]= xvwoI}y xm =Hv; R=
\NQ@ CQwYx@ O}rwD \N x@ |OwQw |=ywQOwN |r=wD 'pqDN= =@ xyH=wt QO CU=
Q_v QO |iO=YD O=ONQ l} u=wvax@ xa]k |QUm O=ONQ `k=w QO "OwW |v=UQRwQx@
xOv=t|k=@ |=ywQOwN |r=wD '|Wvm =w OQm} wQ P=ND= =@ 'u; ẁkw R= TB w xOW xDiQo
hPL p=Ft u=wvax@ "CU= QwYDt |Dw=iDt |=yxv} Ro Qw_vtu}O@ "OwW|t XNWt
R= xO=iDU= sOa w O}rwD u=R}t Vy=m `@Dx@ w O}rwD |xt=vQ@ R= Q=O|QUm |wQOwN
CU= C=t=Ok= xvwou}= R= |m} 'C=a]k |QUm p}rOx@ |O}rwD OwHwt |=yC}iQ_
u; x@ xr=kt u}= QO xm |}xv} Ro "OQ}o|tv Q=Qk Q_v OQwt u; ha[ \=kv p}rO x@ xm
x@ C@Uv xv} Ro u}= CU= |y}O@ "CU= u} Ro}=H |xa]k R= xO=iDU= 'xOW xDN=OQB
"CU= C} Rt |=Q=O |O}rwD |=yC}iQ_ R= |Q=OQ@xQy@ sw=OD Q_vt R= |r@k |xv} Ro
|=[=kD uDiQo Q_v QO =@ |UOvyt |=yC}r=ai |=QH= sRrDUt Q=my=Q u}= jkLD xD@r=
|YNWt C=QF= |=Q=O =yxv} Ro u}= R= l} Qy "CU= u=oOvvmu}t-=D C=v=mt= w |QDWt
pt=wa uRw uDiQo Q_v QO =@ CU= sRq xm CU= |O}rwD |=ywQOwN C=}rta |r=wD Q@
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"xOv=t|k=@ |=yQ=m |=Q@ pqDN= O=ONQ R= TB |r=wD O}OHD "4 pmW
"� = 0 75 |=R=x@ VwQ wO R= pY=L |=y?=wH xU}=kt "2 pwOH
Z

Z2
Z2

Z1
Z1xOW p=tQv xOW p=tQv

0 75 0 0 1 16 x}rw= |r=wD |xt=O=
0 25 1 14 0 15 |O=yvW}B VwQ

u}}aD cp2 |=Q@ |v} Ro}=H |xa]k 'O}rwD sw=OD |=Q@ =Pr CU= xOv=t |k=@ Qo}O
|@Uv C}OwOLt |r@k |xa]k =@ xOW u}t-=D |xa]k Cw=iD x@ xHwD =@ "OwW|t

"Ovm|t Q}}eD 1 3 x@ 1 2 R= O}OH |xa]k =@ Q_=vDt
swO Q=QmD "2"1"5

|rY= |=yQDt=Q=B 'p@k Q=QmD QO S=Dvwt \N x@ |OwQw |=ywQOwN x@ xHwD =@ "1
"OwW|t |v=UQRwQx@ pOt

|r=wD "OwW|t =QH= xOv=t|k=@ |wQOwN 12 xawtHt |=Q@ optimizer |xt=vQ@ "2
hOy `@=D 'pw= hOy `@=D Q@ xwqa |r=wD u}= QO "CU= 4 pmW j@=]t pY=L
|R=Uxv}tm ut[ O}OH|r=wD QOCU= xOW|aU|va} "CU= xOW xv}y@ R}v swO
hOy `@=wD Q}O=kt "OwW O=H}= x}rw= |r=wD x@ C@Uv Q}}eD u} QDsm 'pw= hOy `@=D
|r=wD "OwW|t x@U=Lt 14 w 15 =@ Q@=Q@ ?}DQD x@ |r=wD u}= |=Q@ swO w pw=

"CU= 4 pmW j@=]t sD} Qwor= swO Q=QmD QO pY=L
S=Dvwt \N OQ=w pqDN= O=ONQ uwO@ xOv=t|k=@ |wQOwN 12 %sD} Qwor= u=}=B

"OvwW|t

|OOa p=Ft |=ypL x=Q |xU}=kt w p}rLD "2"5
|r=wD |xt=O= VwQ Q@=Q@ QO u; |WN@ QF= 'xOW x�=Q= pL sD} Qwor= |xU}=kt |=Q@
|v} Ro}=H w pqDN= O=ONQ R= TB w xOt; CUO x@ pw= Q=QmD QO xm |r=wD �� x}rw=
"OQ}o|t Q=Qk xU}=kt OQwt �� O@=}|t xt=O= Q}}eD uwO@ 'xOW pqDN= Q=JO |xa]k
=Pr 'OvwW|t S=Dvwt \N OQ=w x}rw= |r=wD j@=]t =ywQOwN |xOv=t|k=@ 'VwQ u}= QO
|r=wD u}= QO hOy `@=D Q=Okt =t= "CU= QiY Q@=Q@ x}rw= |r=wD x@ C@Uv Q}}eD Q=Okt

"OwW|t 16 Q=Okt =@ Q@=Q@ w xDi=} V}=Ri= |O=yvW}B VwQ x@ C@Uv
Z2 w Z1 xOW |R=Up=tQv Q}O=kt |vRw ẁtHt |va} |@}mQD hOy `@=D Q}O=kt
Q=Okt OwW|t xOy=Wt xm u=vJ "CU= xOW xOQw; 2 pwOH QO jwi VwQ wO R= pY=L
|R=Up=tQv "CU= OwN |xv}tm Q=Okt QO C=}rta |r=wD O}OHD VwQ R= pY=L Z

xrY=L |=y?=wH u} QDO@ w u} QDy@ x@ xHwD =@ hOy `@=wD R= l} Qy |=Q@ =yxO=O
"CU= xOW s=Hv=

|D=@U=Lt |=yuwtR; "6
www.csplib.org C}=U QO OwHwt p�=Ut R= |D=@U=Lt |=yuwtR; s=Hv= |=Q@
u}}aD pt=W =yv; R= l} Qy xm xOw@ OQwt 70 p�=Ut u}= O=OaD [24]"CU= xOW xO=iDU=
"CU= wQOwN Tqm 17� 30 w X=N |xa]k 5 =@ wQOwN 200 C=}rta |r=wD

"xr�Ut pL |=Q@ |O=yvW}B sD} Qwor= "2 pmW
"|OOa p=Ft |OwQw C=aq]= "1 pwOH

�k Cp4 Cp3 Cp2 Cp1
4 1 1 0 1 K1
3 1 0 1 1 K2
4 0 1 1 0 K3
5 1 0 1 0 K4
4 0 1 0 1 K5

1 1 1 1 Ncp
2 2 2 2 Qcp

|=Q@ Oa@ x@ t = 8 u=tR R= pqDN= O=ONQ w wQOwN 20 |x}rw= |r=wD "3 pmW
"cp2 |xa]k |=Q=O |=ywQOwN

u=wva CLD |r=wD u}= "Ow@ Oy=wN 3 pmW j@=]t 'CU= xDi=} xaUwD GAMS

pw= hOy `@=D |xv}y@ Q=Okt |r=wD u}= QO "OwW|t xDN=vW xv}y@ |x}rw= |r=wD
u}}aD Q=Ri=sQv \UwD 14 Q@=Q@ �� |@Uv |=yC}OwOLt Zkv ẁtHt Q=Okt ��

"OwW|t
"OwW|t wQx@ wQ pqDN= =@ cp2 |xa]k u}t-=D 'td = 8 u=tR QO %pqDN= O=ONQ
|wQOwN 20 � 8 = 12 O=OaD pw= wQOwN CWy R= Q}e xm u}= x@ xHwD =@ "3
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|U
Ovyt "|D=@U=Lt |=yuwtR; |=yxO=O "3 pwOH

Q=Okt pt=a
Uniform (5; 30) dt pqDN= |v=tR xR=@

[1; 3] |v=QL@ |xa]k
[4; 5] Q0 u} Ro}=H |xa]k =@ \@DQt |@Uv C}OwOLt

"pqDN= O=ONQ R= TB p�=Ut |=yxYNWt "4 pwOH

Q0
|xa]k

dt K xwQo Q0
|xa]k

dt K xwQo|v=QL@ |v=QL@
4 1 12 26

80

5 1 9 24

60

4 3 29 25 5 3 23 17
4 3 12 28 4 3 5 24
4 2 30 24 4 3 6 18
5 1 11 25 4 3 27 20
4 2 18 25 5 1 9 24
4 1 12 24 5 3 30 21
5 1 13 24 5 3 13 21
4 3 27 25 5 1 20 19
5 2 10 25 5 1 7 24
4 3 27 26

85

4 3 29 26

65

5 3 12 26 4 3 12 22
4 1 16 30 4 2 30 25
5 1 24 26 5 1 11 21
5 2 10 26 5 3 23 23
4 1 21 27 5 1 12 24
5 3 23 26 5 1 13 24
5 2 9 26 4 3 27 21
5 1 7 24 5 3 13 22
5 1 9 27 5 1 7 25
5 3 30 27

90

5 3 12 26

70

5 1 9 27 4 1 16 23
5 1 7 26 5 1 24 27
5 3 23 30 4 3 9 23
4 3 5 26 4 1 21 24
4 3 6 28 4 2 14 25
4 3 5 27 5 2 9 24
5 1 9 27 5 1 9 22
4 3 6 28 5 3 23 22
5 3 23 26 5 1 20 25
5 1 20 25 75 5 1 9 26

75
5 2 10 24 (continue)

5 1 7 24
5 3 30 23 5 3 23 27
5 3 13 25 4 3 6 23
5 1 20 25 4 3 6 24

|Q=OQ@xQy@ MQv =yv; R}=tD |x]kv xm Ov=xOW |Ov@xk@] xDUO 7 QO p�=Ut u}=
|xa]k l} x@ xm |}=ywQOwN OYQO '60 xwQo QO qFt "CU= X=N C=a]k R=
u}= R= l} Qy "CU= OYQO 60 =@ Q@=Q@ =ywQOwN pm x@ C@Uv OvQ=O R=}v X=N

"Ov=xr�Ut 10 pt=W =yxwQo
CU= |QwQ[ pqDN= O=ONQ |R=Ux}@W |=Q@ =yv; u}}aD xm |rY= pt=wa
w OwW|t u}t-=D QO pqDN= Q=JO xm |}xa]k 'pqDN= |v=tR xR=@ %R= Ov=CQ=@a
=yQwDm =i u}= Q}O=kt u}}aD |ovwoJ "u} Ro}=H |xa]k =@ \@DQt |@Uv C}OwOLt

%R= CU= CQ=@a
pmWt Q=}U@ p�=Ut xOQ QO xr�Ut xm u}= x@ xHwD =@ %pqDN= |v=tR xR=@ ��
QO nQR@ O=a@= =@ p�=Ut |xv}y@ ?=wH u}}aD =Pr 'OQ}o|t Q=Qk (NP-Hard)

|O=yvW}B pL VwQ xm u}= x@ xHwD =@ 'Qw_vtu}O@ "CU}v Q}PBu=mt=?U=vt u=tR
QDt=Q=B '?U=vt=v pL |=yu=tR R= R=QDL= Qw_vtx@ w xO=O x�=Q= =Q xv}y@ ?=wH
5 OOa u}@ �� pqDN= |v=tR xR=@ |va} �� xr�Ut xR=Ov= |xOvvmu}}aD |rY=
QO hOy `@=D Q}O=kt \UwDt OQw;Q@ O=H}= |=Q@ "CU= xOW xDiQo Q_v QO 30 w
Q=Qk xO=iDU= OQwt jwi xR=@ |wQ CN=wvm} `} RwD 'lJwm w nQR@ R}=U =@ p�=Ut

"CU= xDiQo
C}=U QO OwHwt |}xv=N@=Dm |xr�Ut 70 |UQQ@ =@ %|v=QL@ |xa]k |xQ=tW ��

%=@ CU= Q@=Q@ C@=F CQwYx@ =yv; |=Q@ Qcp w Ncp Q}O=kt '`HQt
Ncp : 1; 2; 1; 2; 1
Qcp : 2; 3; 3; 5; 5
C=a]k R= |m} CU= sRq '|v=QL@ |xa]k |v} Ro}=H Q=my=Q QO xm u}= x@ xHwD =@
C=a]k |=Q@Qcp Q}O=kt xm u}= uDiQo Q_v QO =@ w OwW xH=wt u}t-=D QO pqDN= =@
|UQQ@ uwtR; p�=Ut |L=Q] R= hOy xm =Hv; R= R}v w 'CU= 5 Q@=Q@ 5 w 4 xQ=tW
=Pr 'CU= pmWt p�=Ut |=Q@ ?=wH x@ uO}UQ QO |O=yvW}B pL VwQ CQOk
"OwW|t ?=NDv= 3 w 1 '2 C=a]k u=}t R= |iO=YD CQwYx@ |v=QL@ |xa]k
p�=Ut QO |vwo =vwo O=H}= Qw_vtx@ %u} Ro}=H |xa]k =@ \@DQt |@Uv C}OwOLt ��
'3 w 2 '1 C=a]k |=Q@ Ncp Q}O=kt uDW=O x=ov C@=F =@ 'xOW |L=Q] uwtR;
"CU= xOW ?=NDv= 5 w 4 O=Oa= R= |m} |iO=YD CQwYx@ Qcp Q_=vDt Q}O=kt
"CU= 3 pwOH j@=]t 'jwi OQ=wt =@ Q_=vDt |iO=YD |=yQ}eDt |xYNWt
=yv; R= l} Qy |=Q@ 'CSPLib C}=U QO OwHwt x}rw= |xr�Ut 70 pL R= TB
C=YNWt "CU= xOW |R=Ux}@W pqDN= O=ONQ 3 pwOH |=yxO=O R= xO=iDU= =@

"CU= 4 pwOH j@=]t 'xOW pL p�=Ut
=@ Intel Core i5 QDw}Bt=m x=oDUO l} R= |D=@U=Lt |=yuwtR; s=Hv= |=Q@

"CU= xOW xO=iDU= 3 GB Ckwt x_i=L w 3 09 GHz QoWR=OQB
p�=Ut pm R= OQwt 36 QO xm OyO|t u=Wv QwmPt |xr�Ut 70 pL G}=Dv
|r=wD |xt=O= VwQ R= pY=L |k}irD hOy `@=D Q=Okt '�xvwtv OYQO 50 R= V}@�
VwQ R= pY=L |xv}y@ Q=Okt R= OYQO 67 pk=OL '�hrDNt Kw]U |=R=x@ x}rw=
267 =D QiY R= hqDN= u}= R}v OQ=wt Q}=U QO "CU= QDq=@ C=}rta |r=wD O}OHD
u=wvax@ C=}rta |r=wD O}OHD VwQ |Q}oQ=mx@C}ty= Qou=}@ p}rLD u}= "CU= OYQO

"OyO|t Q=Qk Q_v Ot =Q hOy `@=D wO Qy u=tRty |R=Uxv}y@ xm CU= |WwQ
x}rw= |r=wD xt=O= VwQ wO R= pY=L |k}irD hOy `@=D Q}O=kt |xU}=kt Q=Owtv
?Um G}=Dv u}ov=}t u}vJty "CU= xOW xOQw; 5 pmW QO C=}rta |r=wD O}OHD w
u=vJ "CU= xOW xOQw; 5 pwOH QO � hrDNt Kw]U |=R=x@ xr�Ut 70 |=Q@ xOW
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Otu}=Q@=v@ 'OQ=Ov |OQmrta xvwoI}y hOy u}= |R=Uxv}y@ QO x}rw= |r=wD |xt=O= VwQ

K]U |=R=x@ ,=D}=yv w xOW QDW}@ |k}irD hOy `@=D QO u; Vkv 'u; uRw V}=Ri= =@
|}xU}=kt Q=Owtv "OUQ|t 0 66 OOa x@ VwQ wO ?=wH hqDN= u=R}t � = 1

"CU= xOW xOQw; 6 pmW QO VwQ wO u}=
|=Q@ R=}v OQwt u=tR '� K]U V}=Ri= =@ OwW|t xOy=Wt 5 pwOH QO xm u=vJ
|D=@U=Lt VqD V}=Ri= R= |W=v ẁ[wt u}= "O@=@|t V}=Ri= C=}rta |r=wD O}OHD

"CU= xr�Ut |R=Uxv}y@ |=DU=Q QO

|Q}oxH}Dv "7
CQwYx@ xm |Dr=L QO wQOwN C=}rta |r=wD u}}aD |xr�Ut Q[=L Q=DWwv QO
hOy `@=D wO uDiQo Q_v QO =@ w s} wW wQx@ wQ u}t-=D QO pqDN= Ot=W}B =@ xQ_DvtQ}e
'x}rw= |r=wD x@ C@Uv Q}}eD |R=Uxv}tm w |@Uv |=yC}OwOLt Zkv |R=Uxv}tm
pOt l} xr�Ut u}= QO |[=} Q pL |x�=Q= |=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt
xDi=} xaUwD GAMS 23 Q=Ri=sQv R= xO=iDU= =@ K}LY OOa |]N |R} Qxt=vQ@
=@ xyH=wt QO =ywQOwN |r=wD uOQw; CUO x@ |=Q@ pL sD} Qwor= l} TBU "CU=
l} '|O=yvW}B VwQ K} QWD |=Q@ "CU= xOW x�=Q= xOWv |v}@V}B u}t-=D CqqDN=
R= pY=L |r=wD ,=D}=yv w |Q}o}B |O=yvW}B sD} Qwor= |=ys=o w KQ]t |OOa p=Ft

"CU= xOW x�=Q= |O=yvW}B VwQ
TB x}rw= |r=wD xm |Dr=L =@ |O=yvW}B VwQ OQ@ Q=m R= pY=L K}=Dv u}vJty
u=Wv xrY=L G}=Dv "CU= xOW xU}=kt 'Ovm =O}B xt=O= Q}}eD uwO@ 'pqDN= O=ONQ R=
C}@ wr]t Ok=i pw= hOy `@=D |ov}y@ Q_vt R= x}rw= |r=wD |xt=O= VwQ xm OyO|t
VwQ OQ@ Q=m =Pr "OQ=O u; |xv}y@ pL =@ |O=} R |xrY=i 'OQ=wt ?r=e QO w xOw@
Qy u=tRty xm |}=y?=wH uOQm TQDUO QO Q_vt R= C=}rta |r=wD O}OHD |O=yvW}B
\w]N |D=}rta |=yC}OwOLt |R=UxOQw;Q@ Qw_vtx@ Ovm|t xv}y@ =Q hOy `@=D wO
|R=UwQOwN C=Hv=NQ=m u}t-=D |xQ}HvR pw] QO O=wt u=} QH C=@F ^iL R}v w S=Dvwt

"CU= QF-wt Q=}U@
%OwW|t O=yvW}B |UQQ@ OQwt |xr�Ut |xv}tR QO xar=]t |xt=O= |=Q@

V}=Ri= u; O=a@= V}=Ri= =@ |UQQ@ OQwt |xr�Ut pL u=tR xm u}= x@ xHwD =@ ��
u}= QO xOW x�=Q= OQm} wQ |}=Q=m V}=Ri= QO |Q=mD@==Qi |=yVwQ |x�=Q= 'O@=}|t

"Ow@ Oy=wN QF-wt xr=kt
x@ |Q}os}tYD u=Rw= X}YND j} Q] R= xiOywO |xr�Ut 'Q[=L Q=DWwv QO ��
Qw_vtx@ xiOyOvJ OQm} wQ OQ@ Q=m =Pr "CU= xOW p}O@D xiOylD |xr�Ut l}

"OwW|t x}YwD wDQ=B |xv}y@ |=y?=wH xawtHt u}}aD
pwYLt |i}m K]U Q}}eD Ea=@ u} Ro}=H C=a]k R= xO=iDU= xm u}= x@ xHwD =@ ��
|[=} Q pOt OQ=w |Q}os}tYD Q}eDt l} u=wvax@ ẁ[wt u}= 'OwW|t |HwQN
hrDNt u} Ro}=H C=a]k R= pY=L |i}m K]U hOy p@=kD j} Q] u}= R= w xOW

"OQ}o Q=Qk |UQQ@ OQwt x}rw= |r=wD C=@F ^iL hOy Q@=Q@ QO

"VwQ wO QO u=tR w hOy `@=D Q=Okt |xU}=kt "5 pwOH
x}rw= |r=wD xt=O= C=}rta |r=wD O}OHD

� K]U
u=tR `@=D Q=Okt u=tR `@=D Q=Okt
0 19 0 17 1 21 0 15 0 25 1
0 21 0 33 1 95 0 24 0 5 2
0 23 0 50 3 20 0 16 0 75 3
0 22 0 66 4 33 0 00 1 4

|xr�Ut 70 |=Q@ VwQ wO |=R=x@ pqDN= O=ONQ R=TB hOy `@=D |xU}=kt "5 pmW
"uwtR;

Kw]U QO uwtR; p�=Ut QO pY=L hOy `@=D Q}O=kt u}ov=}t |xU}=kt "6 pmW
"� hrDNt

|xt=O= VwQ R= pY=L ?=wH u=}t hqDN= '� Q=Okt V}=Ri= =@ OwW|t xOy=Wt xm
xm CU= ?@U u=O@ xH}Dv u}= "O@=}|t V}=Ri= C=}rta |r=wD O}OHD w x}rw= |r=wD
xm u}= x@ xHwD =@ w O@=}|t V}=Ri= pw= hOy `@=D uRw `k=w QO � Q=Okt V}=Ri= =@

=yCWwv=B
1. resequencing

2. reactive approach
3. integer linear programming
4. mixed-model sequencing
5. level scheduling
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Ovyt 6. iterated beam search algorithm

7. scattered branch & bound algorithm
8. bu�er
9. overload
10. stability
11. turbulence
12. normalize
13. optimizer
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