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xty p}tmD u=tR ẁtHt Vy=m hOy =@ OwN Q=DWwv QO [8]u=Q=mty w =DUm
VwQ x�=Q= =@ =Q |v=} QH O}rwD |r=wD x@ xDU@=w |ywQo |Ov@u=tR |xr�Ut 'C=a]k
7'(BRS) xv=[Qet |iO=YD |Q}oxvwtv |wHwCUH w l}DvS sD} Qwor= pL
l}DvS |Q=mD@==Qi sD} Qwor= wO R= xO=iDU= =@ [9]u=Q=mty w sy=Q@}= "OvOQm |UQQ@

86

u=Q=
mty

w|
t_=

mOt
Lt

/"""
=@=}

wB|
rwrU

O}rw
DsD

U}U
l}

QO|
Ov@u

=tR



1|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt |[=} Q pOt "3

w hOy `@=D w x�=Q= \rDNt K}LY OOa |]NQ}e |[=} Q pOt l} VN@ u}= QO
"OwW|t |R=U|]N xOW x�=Q= pOt TBU w OwW|t K} QWD u; |=yC}OwOLt

xr�Ut KQW "1"3
CQwY x@ GS w CF |xr�Ut Q} R wO OQwt QO Q=DWwv u}= QO xOW x�=Q= pOt
u; QO xm s} Q=O |rwrU O}rwD sDU}U l} xr�Ut u}= QO "Ovm|t |Q}os}tYD u=tRsy
u}OvJ O}=@ xa]k Qy p}tmD |=Q@ "OQ=O OwHw xa]k w u}W=t 'pwrU |YNWt O=OaD
OwHw u} Ro}=H VR=OQB |=yQ}Ut C=}rta s=Hv= |=Q@ "OwW s=Hv= u; |wQ C=}rta
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&OQ=Ov OwHw Q=m CUmW u=mt= |DQ=@a

&CU= C@=F =yu}W=t O=OaD w C=a]k O=OaD �
&CU= xOWv xDiQo Q_v QO =yu}W=t |@=QN �

&CU= XNWt w C@=F =ypwrU u}}=B w q=@ OL �
&CU= XNWt w C@=F VQ=iU uOw@ TQDUO QO u=tR �
"CU= xOWv xDiQo Q_v QO |R=UxO=t; w s}_vD |=yu=tR �

xawtHt �
&C=a]k C=}rta x@ \w@ Qt T}Ov= %o = f1; 2; : : : ; Og

&C=a]k x@ \w@ Qt T}Ov= %p = f1; 2; : : : ; Pg
&|v=tR |=yxQwO x@ \w@ Qt T}Ov= %t = f1; 2; : : : ; Tg

&=yu}W=t x@ \w@ Qt T}Ov= %m = f1; 2; : : : ;Mg
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[27]'u=Q=mty w u=}t}ra "OvOQm x�=Q= u=tRsy Qw] x@ |rwrU O}rwD sDU}U QO C=a]k
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|R=Ux}@W |@}mQD sD} Qwor= l} R= u=W|O=yvW}B pOt pL |=Q@ =yv; "CU= p}tmD
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8o; p; t;m; bm; c; (3)
JX
j=1

Xoptmbmj = eopm:dpt:
CX
c=1

Zoptmbmc

8o; p; t;m; bm; (4)
OX
o=1
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PX
P=1

Xoptmbmj � 1 8m; bm; j (5)

CX
c=1

Wmbmcj � 1 8m; bm; j; (6)

M (1�Wmbmcj0) �
j0+RTmX
j=j0

Wmbmc0j

8m; bm; c; c0 6= c; j0; (7)

X1ptmbmj = 0 8p; t;m; bm; c; j � Apt; (8)
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TX
t=1

PX
P=1

JX
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BmX
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COoptmbm = max
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(Xoptmbmj :j) 8o; p; t;m; bm; (12)

SToptmbm
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j
[j +M (1�Xoptmbmj)] 8o; p; t;m; bm; (13)
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Zoptmbmc
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&p |xa]k |=Q@ |rwrU uwQO |}=Hx@=H |xv} Ry %�p
&p |xa]k |=Q@ |rwrU u}@ |}=Hx@=H u=tR %IEp

&p |xa]k |=Q@ |rwrU uwQO |}=Hx@=H u=tR %IAp
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Ovyt "OW=@ QDW}@ |rwrU u}@ |}=Hx@=H u=tR w xOW s=Hv= Qo}O |rwrU QO |v}W=t

m u}W=t |wQ p |xa]k o C=}rta xm |DQwY QO Ovm|t ?=H}= 16 C}OwOLt
QO 'OwW s=Hv= pwrU u=ty QO |Qo}O u}W=t |wQ o � 1 C=}rta w c pwrU QO
C=}rta s=tD= u=tR ẁtHt R= O}=@ p |xa]k o C=}rta ẁQW u=tR CQwY u}=
|rwrU uwQO |}=Hx@=H u=tR w xOW s=Hv= Qo}O |v}W=t |wQ xm xa]k u; |r@k
l} |r=wDt C=}rta wO xm |DQwY QO Ovm|t u}t[D 17 C}OwOLt "OW=@ QDW}@
s=tD= u=tR R= '|Oa@ C=}rta ẁQW u=tR 'OQ}o CQwY u}W=t l} |wQ Q@ xa]k
17 w 16 '15 C}OwOLt xU QO 1+ OwHw "OW=@ QDW}@ xa]k u; |r@k C=}rta
p |xa]k p}tmD u=tR 18 C}OwOLt "CU= u=tR uDiQo Q_v QO xDUUo Cra x@
=Q xQwO Qy QO C=a]k pm p}tmD u=tR 19 C}OwOLt "Ovm|t x@U=Lt =Q t xQwO QO
=yQ}eDt OwOL w ẁv u}}aD |=yC}OwOLt 21 w 20 |=yC}OwOLt "Ovm|t x@U=Lt

"OvDUy

|R=U|]N "2"3
|R=U|]N |=Q@ xm OvDUy |]NQ}e CQwY x@ CqO=at R= |NQ@ xOW x�=Q= pOt QO

"s}vm|t pta Q} R CQwY x@ =yv;
'WPmbmcj+WMmbmcj = jWmbmcj �Wmbmcj+1j|Q=Po}=H =@
xi=[= =yC}OwOLt xawtHt x@ Q} R C}OwOLt '(1; 2) CQ=@a |R=U|]N |=Q@

%OwW|t

Wmbmcj �Wmbmcj+1 = WPmbmcj �WMmbmcj

8m; bm; c; j; �22�

|Qv}=@ Q}eDt wO ?Q[ pY=L |=H x@ 15 C}OwOLt w (1; 3) CQ=@a QO
s}yO|t Q=Qk =Q Yoptmbmm0bm0cc0 |Qv}=@ Q}eDt Zoptmbmc:Zo+1ptm0bm0c0

%s}vm|t xi=[= pOt x@ =Q Q} R O}k w

Yoptmbmm0bm0cc0 � Zoptmbmc + Zo+1ptm0bm0c0 � 1 5
8o; p; t;m; bm
;m0; bm; c 6= c0;

�23�

Q}eDt Zoptmc:Zo+1ptm0c CQ=@a |=H x@ (1; 4) CQ=@a uOQm |]N |=Q@
%s}vm|t xi=[= pOt x@ =Q Q} R O}k w s}yO|t Q=Qk =Q Y 1optmm0c

Y 1optmbmm0bm0c � Zoptmbmc
+Zo+1ptm0bm0c � 1 5

8k; p; h;m 6= m0

; bm; bm0c;
�24�

Q=Qk =Q X1optmbmcj Q}eDt Xoptmbmj :Wmbmcj |=H x@ 3 C}OwOLt QO
"OwW|t xi=[= pOt x@ Q} R |=yC}OwOLt w s}yO|t

X1optmbmcj � Xoptmbmj 8o; p; t;m; bm; c; j; (3; 1)

X1optmbmcj �Wmbmcj 8o; p; t;m; bm; c; j; (3; 2)

X1optmbmcj � Xoptmbmj +Wmbmcj � 1 5
8o; p; t;m; bm; c; j; (3; 3)

w s}vm|t xO=iDU= Foptmbmj |mtm Q}eDt R= 12 C}OwOLt |R=U|]N |=Q@

8o; p; t;m; bm; c; j; (20)

Cmaxt; Cpt; SToptmbm ; COoptmbm � 0 8o; p; t;m; bm; c; (21)

u=tR u; pw= CtUk xm CU= CQ=@a OvJ ẁtHt |R=Uxv}tm ẁv R= hOy `@=D
|=y|}=Hx@=H O=OaD (1; 2) CQ=@a "OyO|t u=Wv =Q xQwO Qy QO C=a]k pm p}tmD
|=y|}=Hx@=H O=OaD?}DQD x@ (1; 4) w (1; 3) C=Q=@a w Ovm|t x@U=Lt =Q =yu}W=t

"Ovvm|t x@U=Lt =Q C=a]k |rwrU uwQO w |rwrU u}@
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VR=OQB u=mt= pOt u}= QO "OW=@ xDW=O OwHw xa]k u; |=Q@ |}=[=kD xm |DQwY
C=}rta Qo = xm Ovm|t u=}@ 3 C}OwOLt "OQ=O OwHw hrDNt |=yQ}Ut QO C=a]k
s=Hv= m ẁv u}W=t R= b |xNUv |wQ c pwrU QO t |xQwO QO P |xa]k s=o
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|va} &Ovm|t u}t[D =Q m ẁv u}W=t |}=Hx@=H u=tR COt C}=aQ 7 C}OwOLt
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CtU OW=@ c pwrU QO j0u=tR QO m u}W=t R= b |xNUv Qo = xm ?}DQD u}= x@
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ẁQW u=tR 13 |xrO=at "Ovm|t x@U=Lt =Q m u}W=t R= b xNUv |wQ t xQwO QO
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x@ |v=tR OL=w wO QFm =OL u=wD|t =Q C=}rta u}ty "OQm pkDvt AJ CtU x@

"OwW s=Hv= QDQ}O |v=tR OL=w wO |va} O=O p=kDv= CU=Q
u}W=t x@ u}W=t l} |wQ R= xa]k l} x@ \w@ Qt C=}rta l} p=kDv= "2
\w@ Qt� C=}rta OvJ u=}t R= xm CU= u}= Q@ =t VqD VyH ẁv u}= QO %Qo}O
|m} OvQ=O =Q Cw=iDt |=yu}W=t |wQ Q@ VR=OQB u=mt= xm �uwo =vwo C=a]k x@
%s}vm |}=tv=H Qo}O |v}W=t |wQ =Q u; Q} R pt=wa x@ xHwD =@ w xOQm ?=NDv= =Q

&xa]k u=ty |Oa@ C=}rta R=e; w |r@k C=}rta u=}=B u=tR �
x@ xHwD =@� Q_v OQwt |xa]k |=Q@ OYkt u}W=t |wQ |r=N |=H uOQm =O}B �

"�O}OH u}W=t |wQ C=}rta VR=OQB u=tR
VyH u}= 'CU= O=} R Cr=L u}= QO |vOWv ?=wH O}rwD p=tDL= xm =Hu; R=
pw@k p@=k C=}rta l} u=wD@ =D OwW|t V}=tR; umtt |=yC=}rta xty |wQ
Q=PoQF= hOy `@=D |=yVN@ s=tD Q@ Ov=wD|t VyH u}= "OQm =O}B |}=Hx@=H |=Q@

"OW=@
%p=Ft

x}rw= MU=B

M2 =

0BBBBBBBBBB@

2 1 3 2 1 3
1 2 1 2 1 1
1 1 1 1 2 2
2 9 13 16 23 27
5 12 15 19 25 30
1 1 1 1 2 2

1CCCCCCCCCCA
)

O}OH MU=B

M2 =

0BBBBBBBBBB@

2 3 2 1 3
1 1 2 1 1
1 1 1 2 2
2 13 16 23 27
5 15 19 25 30
1 1 1 2 2

1CCCCCCCCCCA

M5 =

0BBBBBBBBBB@

1 3
1 2
1 1
5 16
7 20
1 2

1CCCCCCCCCCA
)M5 =

0BBBBBBBBBB@

1 1 3
1 2 2
1 1 1
5 8 16
7 11 20
1 1 2

1CCCCCCCCCCA

l} x@ \w@ Qt C=}rta l} VR=OQB u=}=B w R=e; u=tR |xOvyOu=Wv R}v uwDU Qy
"OwW|t s=Hv= u; QO VR=OQB u}= xm CU= |rwrU w X=N |xQwO l} QO xa]k
Ov=wD|t =yuwDU O=OaD =t= 'CU= u=Um} =yQ]U O=OaD 'VN@M�bm u}= QO u}=Q@=v@
'OW=@ QDW}@ u}W=t l} x@ \w@ Qt |WR=OQB |=yuwDU O=OaD xJQy "OW=@ Cw=iDt

"OwW|t VR=OQB u; |wQ |QDW}@ C=a]k
x}rw= MU=B ?=NDv= "6"1"4

pw= C=}rta =OD@= |va} 's}vm|t pta s=o x@ s=o CQwY x@ x}rw= MU=B O}rwD |=Q@
x@ =Q u; 'sRq \}=QW |t=tD uO=O Q=Qk Q_vOt =@ w xDiQo Q_v QO =Q xa]k l} x@ \w@ Qt
|Qo}O |xa]k pw= C=}rta p=L "s}yO|t X=YDN= OwHwt |=yu}W=t R= |m}
^iL Q@ xwqa xm s}yO X=YDN= |Qw] =Q u; s}vm|t VqD w xDiQo Q_v QO =Q
l} pw= C=}rta "OW=@ xDW=Ov pN=OD |r@k C=}rta =@ 'xr�Ut QO ?wr]t \}=QW
xDW=Ov pN=OD |r@k C=}rta wO =@ xm s}yO|t X=YDN= |Qw] R}v =Q Qo}O |xa]k
Qo = "s}yO|t xt=O= xa]k l} x@ \w@ Qt C=}rta Qy |=Q@ =Q VwQ u}ty w OW=@
?=wH l} OvwW xO=O X=YDN= C}kiwt =@ C=a]k xty x@ \w@ Qt C=}rta xty
p@=k xm s}UQ@ C=}rta l} x@ xrLQt Qy QO Qo = =t= "CU= xOt; CUO x@ |vOW
Qo = =} OW=@ xDW=Ov u; VR=OQB |=Q@ |i=m u=tR |v}W=t I}y |va} OW=@v VR=OQB
xOt; CUO x@ MU=B 'OyOv =Q u; R= xO=iDU= xR=H= =ypwrU C}iQ_ C}OwOLt OQ=O
pw= R= =Q Ov}=Qi w xDW=Po Q=vm |rm x@ =Q MU=B u}= CQwY u}= QO "Ow@ Oy=wNv |vOW
"OwW O}rwD |vOW MU=B l} xQNq=@ =D s}yO|t xt=O= =Q VwQ u}= "s}vm|t ẁQW
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s=Hv= u}W=t l} |wQ pw= |xa]k C=}rta wO Qy xOt; CUO x@ MU=B QO xm
CQwY QO� Ow@ Oy=wN QDy@ R}v O}OH MU=B u}= x@ \w@ Qt hOy `@=D 'OwW|t

&�\}=QW Q}=U uOw@ C@=F
pwrU l} R= u}W=t l} |wQ xOW VR=OQB |=yC=}rta R= |WN@ p=kDv= "3
VR=OQB C=}rta l} w u}W=t l} =OD@= 'VyH u}= s=Hv= |=Q@ %Qo}O pwrU x@
|WR=OQB pwrU xm s}vm|t VqD w xOW ?=NDv= |iO=YD CQwY x@ u; QO xOW
x@ R=}v =ypwrU u}@ u}W=t l} p=kDv= xm =Hu; R= "s}yO Q}}eD =Q u; x@ \w@ Qt
O=H}= ?@U Ov=wD|t C=}rta l} |WR=OQB pwrU Q}}eD 'OQ=O |YNWt u=tR
uOw@ |vOW ^iL w xOt; CUO x@ MU=B KqY= |=Q@ "OwW |vOWv MU=B l}

%s}vm|t pta Q} R VwQ x@ u;
CtU� u; R= p@k xm |DQwY QO 'x]w@ Qt C=}rta |WR=OQB pwrU Q}}eD R= TB
C=}rta 'OW=@ xDW=Ov OwHw u}W=t p=kDv= |=Q@ |i=m |=H �Q_v OQwt C=}rta AJ
|i=m u=tR 'sy C=}rta u}= R= V}B Qo = "s}yO|t p=kDv= O}OH pwrU x@ R}v =Q |r@k
C=}rta l} x@ uO}UQ =D =Q OvwQ u}ty 'OW=@ xDW=Ov OwHw �u}W=t p=kDv= |=Q@�
|xty 's}UQ@ pw= C=}rta x@ Ov}=Qi u}= QO Qo = CU= |y}O@ "s}yO|t xt=O= ?U=vt
C=}rta CU=Q CtU |=Q@ "Ov=xDi=} p=kDv= O}OH pwrU x@ AJ CtU |=yC=}rta
u}W=t p=kDv= |=Q@ |r=N |=[i l} x@ =D s}yO|t s=Hv= =Q Q=m u}ty sy Q_v OQwt

"s}UQ@ Q_v OQwt C=}rta u} QN; x@ =}
x@ =Q |rai u}W=t |wQ OwHwt C=}rta R= |WN@ =} xty Ov=wD|t VyH u}=
QO xm CU= QmP u=}=W "Ovm O}rwD |O}OH |vOW MU=B w xOQm pkDvt O}OH |rwrU
QO R}v =Q |v=tR OL=w Qy QO x]w@ Qt pwrU hm w hkU O}=@ =yp=kDv= u}= R= s=Om Qy
p=kDv= |xv} Ry '=yu}W=t |}=Hx@=H |xv} Ry VN@ xU Q@ VyH u}= "s} Q}o@ Q_v

"CU= QF-wt C=a]k |rwrU uwQO p=kDv= |xv} Ry w C=a]k |rwrU u}@
%p=Ft

M2 =

0BBBBBBBBBB@

2 1
1 1

3 2
1 2

1 3
1 1

1 1
2 10

1 1
13 16

2 2
23 27

5 12
1 1

15 19
1 1

25 30
2 2

1CCCCCCCCCCA
OYk R}v =t w xOw@ OL=w 3 =@ Q@=Q@ M2 u}W=t p=kDv= u=tR q=@ p=Ft QO s}vm ZQi
"s} Q=O =Q 2 pwrU x@ �swU uwDU� 1 |xQwO x@ \w@ Qt 3 |xa]k 1 C=}rta p=kDv=
|i=m u=tR u; AJ w CU=Q CtU QO =Hv; R= '2 pwrU x@ swU uwDU p=kDv= R= TB
p=kDv= 2 pwrU x@ R}v =Q sQ=yJ uwDU w swO uwDU 'OQ=Ov OwHw u}W=t p=kDv= |=Q@
uwDU w OQ=O OwHw |r=N |=H OL=w GvB swO w pw= uwDU u}@ xm =Hv; R= "s}yO|t
VyH w Ow@ Oy=wN |vOW xOt; CUO x@ MU=B 'OwW|t s=Hv= 2 pwrU QO R}v sHvB

%Ot; Oy=wN QO Q} R T} QD=t pmW x@ Q_v OQwt

92

u=Q=
mty

w|
t_=

mOt
Lt

/"""
=@=}

wB|
rwrU

O}rw
DsD

U}U
l}

QO|
Ov@u

=tR



1|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt [31]"p=Ft QO C=a]k x@ \w@ Qt C=aq]= "3 pwOH

|}=Hx@=H u=tR �VR=OQB u=tR� m ẁv u}W=t xQ=tW
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"|}=Hx@=H u=tR uDiQo Q_v QO uwO@

xa]k Qy p}tmD u=tR w ẁQW u=tR xQ=tW
k = 5 k = 4 k = 3 k = 2 k = 1 xa]k
38 '34 33 '27 26 '24 23 '12 11 '4 1

19 '15 14 '5 4 '1 2
26 '22 21 '15 14 '11 10 '3 3

35 '22 21 '18 6 '5 4
8 '4 3 '1 5
6 '4 3 '1 6

28 '25 24 '19 18 '12 11 '7 3 '1 7

|OOa p=Ft "2"5
\UwD Rto Q=Ri=sQv R= xO=iDU= =@ |iO=YD |=yxO=O =@ |OOa p=Ft l} xrLQt u}= QO
=@ w Intel r
 Core i7� CPU2 30GHz C=YNWt =@ |}xv=}=Q sDU}U l}
w =yQ}eDt O=OaD "CU= xOW pL x}v=F 4239 u=tR COt QO 16 0GB RAM

p=Ft u}= QO "CU= 185686 w 85096 ?}DQD x@ |xr�Ut u}= |=yC}OwOLt
QO |v=tR C}akwt 31 w xQwO 2 'pwrU 2 'u}W=t 6 'C=}rta 3 'xa]k 11 O=OaD
5 pwOH "CU= 2 w 4 ?}DQD x@ =ypwrU u}}=B w q=@ OL "CU= xOW xDiQo Q_v
x@ \w@ Qt C=aq]= w |rwrU u}@/uwQO |}=Hx@=H x@ \w@ Qt |=yu=tR w =yxv} Ry
xa]k Qy C=}rta s=Hv= u=tR x@ \w@ Qt C=aq]= u}vJty "OyO|t u=Wv =Q =[=kD
4 xa]k swO C=}rta p=Ft u=wva x@ "OyO|t Q=Qk Q=}DN= QO =yu}W=t l}miD x@ =Q
"CU= s=Hv= p@=k 5 w 4 '6 |=yu=tR =@ ?}DQD x@ 5 w 4 '3 |=yu}W=t |wQ Q@

"CU= xOW x�=Q= 6 pwOH QO R}v =yu}W=t x@ \w@ Qt C=aq]=

"GA sD} Qwor= |=yQDt=Q=B Q}O=kt "2 pwOH
|QPoty MQv C}atH xR=Ov= VyH MQv Q=QmD O=OaD

0 7 swRwtwQm xR=Ov= Q@=Q@ 1 5 0 15 150

|O=yvW}B GA QO xO=iDU= OQwt |=yQDt=Q=B Q}O=kt x�=Q= x@ 2 pwOH "CU= xOW
"OR=OQB|t

|D=@U=Lt G}=Dv w pOt |HvUQ=@Da= "5
s=Hv= CU= Q=Qk xm =Q xJv; |O=yvW}B pOt =}; xm Ovm|t |UQQ@ pOt |HvUQ=@Da=
pOt =}; xm Ovm|t |UQQ@ |HvUQ=@Da= 'Qo}O CQ=@a x@ #Q}N =} OyO|t s=Hv= OyO
[34]#Q}N =} OQ=O =Q xar=]t OQwt sDU}U Q=DiQ R= pwkat |v}@V}B l} x�=Q= |}=v=wD
CU= CQ=@a j}kLD u}= QO pOt |HvUQ=@Da= w O}}-=D |=Q@ xDiQo CQwY C=t=Ok=

%R=
R= "CU= xOW pL xOW x�=Q= pOt R= xO=iDU= =@ C=}@O= R= |OOa p=Ft l} =OD@= "1
p=Ft x@ C@Uv |QDW}@ |=y|oS} w |=Q=O j}kLD u}= QO xOW x�=Q= pOt xm =Hu;

&CU= xDiQo CQwY |R=UxO=U =y|oS} w u; OQwt QO 'CU= xOW ?=NDv=
CU= xOW K} QWD pt=m CQwY x@ w pL |iO=YD |=yxO=O =@ |OOa p=Ft l} "2

&OwW xO=O u=Wv pOt |DUQO =D
w xOW xDW=Po Q=vm pOt R= lDlD CQwY x@ pOt R}=tDt |=y|oS} w |t=tD "3
OwHw pOt QO |oS} w u}= xm |Dr=L =@ w CU= xOW pL |oS} w u}= Ow@v QO pOt
OQwt QO jkLt |=aO= =D 'CU= xOW K} QWD G}=Dv w xDiQo Q=Qk xU}=kt OQwt OQ=O

&OwW O}}-=D w |UQQ@ Q_v OQwt |oS} w uOw@ Q=PoQ}F-=D
xDiQo Q=Qk xO=iDU= OQwt Qo}O Cq=kt QO uwvm =D xm pOt |=y|oS} w Q}=U OQwt QO "4

&CU= xOW O=vDU= =yv; x@ l}miD x@ 10 pwOH QO CU=
=@ xOt; CUO x@ G}=Dv w xOW s=Hv= pOt |=yQDt=Q=B |wQ C}U=UL p}rLD l} "5

"CU= xOW xU}=kt Q=_Dv= OQwt G}=Dv

j}kLD C=}@O= R= |xr�Ut l} |UQQ@ "1"5
[31]u}W}B C=ar=]t R= |r=Ft 'xOW x�=Q= pOt CLY uO=O u=Wv |=Q@ CtUk u}= QO
w xa]k 7 pt=W xr�Ut "CU= xOW pL |O=yvW}B pOt R= xO=iDU= =@ w ?=NDv=
w u}}=B OL "OQ=O OwHw xNUv wO 5 u}W=t R= \ki xm CU= u}W=t ẁv VW
C=}rta ?}DQD x@ \w@ Qt C=aq]= 3 pwOH "CU= 4 w 2 ?}DQD x@ pwrU |q=@
s=Hv= =Q C=}rta u; Ovv=wD|t xm |irDNt |=yu}W=t |wQ C=}rta Qy u=tR 'C=a]k
xO=iDU= =@ p=Ft u}= pL |=Q@ "OyO|t u=Wv =Q |rwrU u}@ |}=Hx@=H u=tR w OvyO
Q=QmD |=Q@ u}vJty "CU= xOWv xDiQo Q_v QO |v=tR |=yxQwO |O=yvW}B pOt R=
x@ G}=Dv "CU= xOWv ^=Lr xQwO pw] QO u}W=t |}=Hx@=H u=mt= 'p=Ft \}=QW
u}ty 'xt=O= QO "CU= u=Um} [31]|r@k xOt; CUO x@ G}=Dv =@ ,qt=m xOt; CUO
OW=@ xDW=O OwHw xQwO pw] QO =yu}W=t |}=Hx@=H u=mt= xm u}= ZQi =@ p=Ft
QO G}=Dv s}=xDiQov Q_v QO xv} Ry w u=tR |}=Hx@=H |=Q@ =Hv}= QO "CU= xOW pL
u=Wv =Q p}tmD u=tR |OYQO 17 Ow@y@ 'G}=Dv |xU}=kt "CU= xOW x�=Q= 4 pwOH

"OyO|t
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"hOy `@=D |wQ hrDNt |=yQDt=Q=B QO C=Q}}eD QF= "3 pmW

jkLt |=aO= =@ xOt; CUO x@ G}=Dv |xU}=kt �
|Ov@u=tR w |R} Qxt=vQ@ ẁQW |=Q@ xm CU=vat u}O@ pYDt |=yxQwO OwHw
p@k xQwO |=yVQ=iU |t=tD p}tmD w s=tD= x@ |R=}v xQwO l} |=yVQ=iU
|R} Qxt=vQ@ p@=k OwW sDU}U OQ=w xm |v=tR R= x_Lr Qy QO VQ=iU Qy w CU}v
xOW pL 'OQ=Ov OwHw |oS} w u}= xm |Dr=L QO xr�Ut =Hv}= QO "CU= O}rwD w
Ea=@ |oS} w u}= OwHw 'OyO|t u=Wv G}=Dv w CiQ|t Q=_Dv= xm Qw]u=ty "CU=
|oS} w u}= xm |v=tR x@ C@Uv �7 smCUO sDU}U |=yxv} Ry xm CU= xOW

"O@=} Vy=m OW=@ xDW=Ov OwHw
xQwO pw] QO u}W=t |}=Hx@=H u=mt= sOa %V}=tR; OQwt |oS}w "2"3"5

G}=Dv 'CU}v umtt xQwO pw] QO =yu}W=t |}=Hx@=H xr�Ut u}= QO xm u}= ZQi =@
"CU= xOt; 9 pwOH QO

=yxv} Ry V}=Ri= ?Hwt xm u}= Q@ xwqa 'Cq;u}W=t |}=Hx@=H u=mt= sOa =@ �
u=} QDWt C}=[Q Vy=m x@ Ov=wD|t xm O@=}|t V}=Ri= R}v p}tmD u=tR 'OwW|t

"OwW QHvt
jkLt |=aO= =@ xOt; CUO x@ G}=Dv |xU}=kt �

QO =yu}W=t |}=Hx@=H u=mt= pOt QO xOW xDiQo Q_v QO |=y|oS} w R= Qo}O |m}
QO w OW=@ R=}v OQwt Qo}O pwrU l} QO |v}W=t xJv=vJ |va} "CU= xQwO pw]
w OW=@ xDW=O OwHw xQwO pw] QO u}W=t |}=Hx@=H u=mt= 'OW=@ Q=m}@ |Q=H pwrU
|oS} w u}= xm |Dr=L QO xr�Ut =Hv}= QO "OW=@v |}=Hx@=H |=Q@ xQwO s=tD= x@ |R=}v
sDU}U |=yxv} Ry xm OyO|t u=Wv G}=Dv 'Q=_Dv= j@=]t "CU= xOW pL 'OQ=Ov OwHw

"O@=}|t Vy=m OW=@ xDW=Ov OwHw |oS} w u}= xm |v=tR x@ C@Uv �1 smCUO

C}U=UL p}rLD "4"5
|HvUQ=@Da= w|}=tR;|DU=Q Ov}=Qi x@ \w@ Qt C=t=Ok= R=|m} u=wva x@CtUk u}= QO
u=R}t w Q}F-=D =D s}=xDN=OQB pOt |=yQDt=Q=B |wQ C}U=UL p}rLD x@ '|O=yvW}B pOt
xt} QH |UQQ@ OQwt |=yQDt=Q=B "s}vm |UQQ@ =Q hOy `@=D |wQ =yQDt=Q=B u}= C}ty=
u=tR w |rwrU u}@ |}=Hx@=H |xv} Ry '=yu}W=t |}=Hx@=H |xv} Ry 'p}tmD u=tR
hOy `@=D Q@ =Q C=Q}}eD u}= R= pY=L G}=Dv 3 pmW "CU= =yu}W=t |}=Hx@=H

"OyO|t u=Wv

u=tR w xv} Ry 'xa]k Qy C=}rta s=Hv= u=tR x@ \w@ Qt C=aq]= "5 pwOH
"C=a]k |}=Hx@=H

"Cq; u}W=t =@ \@DQt |=yxO=O "6 pwOH
M6 M5 M4 M3 M2 M1
32 32 32 32 32 32 TMm

3 2 4 5 4 4 RTm

35 20 80 75 45 60 �m

"C=a]k |Ov@u=tR w |r=wD w =ypwrU |Ov@ Qm}B V}=tv "2 pmW

p}tmD u=tR u}vJty w hOy `@=D hrDNt |=yCtUk Q}O=kt R= pY=L G}=Dv
"CU= xOW x�=Q= 7 pwOH QO xQwO Qy

C=a]k |Ov@u=tR R}v w hrDNt |=yu=tR QO =ypwrU Q=DN=U R}v 2 pmW QO
pw] QO 5 u}W=t CU= XNWt xm Qw]u=ty "CU= xOW xO=O u=Wv =yu}W=t |wQ

"CU= xDi=} p=kDv= 1 pwrU x@ 2 pwrU R= xQwO

pOt |=y|oS} w p}rLD "3"5
pYDt |=yxQwO OwHw sOa %V}=tR; OQwt |oS}w "1"3"5

|t=tD s=tD= R= Oa@ =Q swO |xQwO |=yVQ=iU CU= Qw@Ht sDU}U Cr=L u}= QO
xQwO s=tD= R= p@k =yVQ=iU u}= R= |NQ@ Qo = |DL 'Ovm ẁQW pw= xQwO C=WQ=iU

"CU= xOW x�=Q= 8 pwOH QO xOt; CUO x@ G}=Dv "OvW=@ sDU}U Q=}DN= QO pw=
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Ovyt "1 p=Ft QO hOy `@=D hrDNt |=yCtUk Q}O=kt "7 pwOH

Cmax2 Cmax1
|}=Hx@=H

Cmaxt hOy `@=D|rwrU uwQO |rwrU u}@ u}W=t
29 16 128 105 20 1800 2053

"2 p=Ft QO hOy `@=D hrDNt |=yCtUk Q}O=kt "8 pwOH
Cmax2 Cmax1

|}=Hx@=H
Cmaxt hOy `@=D|rwrU uwQO |rwrU u}@ u}W=t

34 16 131 76 0 2000 2207
�17 uwO@ �2 �28 �100 �11 �7 =@ xU}=kt
V}=Ri= Q}}eD V}=Ri= Vy=m Vy=m V}=Ri= V}=Ri= 1 p=Ft

"3 p=Ft QO hOy `@=D hrDNt |=yCtUk Q}O=kt "9 pwOH
Cmax2 Cmax1

|}=Hx@=H
Cmaxt hOy `@=D|rwrU uwQO |rwrU u}@ u}W=t

30 16 137 94 0 1840 2071
�3 uwO@ �7 �10 �100 �2 �1 =@ xU}=kt

V}=Ri= Q}}eD V}=Ri= Vy=m Vy=m V}=Ri= V}=Ri= 1 p=Ft

"|[=} Q pOt QO xOW p=ta= R}=tDt |=y|oS}w |UQQ@ "10 pwOH
G}=Dv pOt QO xO=iDU= QO xv}W}@ |oS} wC=}@O=

|=ypOt Q}=U Ovv=t R= |Q=}U@ Ovv=t R}v pOt u}= QO
[20�13]

CFC=}@O= QO OwHwt |yOpmW C=}@O= QO OwHwt |=ypOt
[29�24]"OwW|t s=Hv= |Ov@u=tR =@ u=tRsy pwrU

|=ypOt Q}=U Ovv=t QO OwHwt |=ypOt R= |Q=}U@ Ovv=t
[31w21'19'18'3]

|=yQ}Ut
C=}@O= QO OwHwt u} Ro}=H VR=OQB |=yQ}Ut C=}@O=

[26w23]

VR=OQB
"CU= xOW xDiQo Q_v QO u} Ro}=H

Q_v QO u=mt= |=yxQwO Q=@ u}rw= |=Q@ pOt u}= QO

�
|=yxQwOu=tR uDiQo Q_v QO pYDt CQwY x@ |v=tR |v=tRw u}W=t |}=Hx@=H OwHwt |=ypOt QO "CU= xOW xDiQo pYDtxv} Ry Vy=m "OQ=O OwHw |rt=m l}miD =yxQwO u}@

CaQU V}=Ri=

|}=Hx@=H u=mt= Q=@ u}rw= |=Q@
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"OwW|t Qw_vt |}=Hx@=H

G}=Dv "CU= xDiQo Q=Qk xU}=kt OQwt GAMS Q=Ri= sQv R= pY=L |=y?=wH
|=yp=Ft QO 'OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q= 11 pwOH QO xU}=kt
sD} Qwor= R= pY=L|=y?=wH 'Ov=xOW pL GAMS Q=Ri=sQv \UwD xm 6 =D 1
|v=tR ^=Lr x@ w OvQ=O |tm hqDN= xv}y@ |=y?=wH =@ GA w SA |O=yvW}B

|O=yvW}B |=ysD} Qwor= |@=} RQ= "5"5
|O=yvW}B |=ysD} Qwor= R= xO=iDU= =@ hrDNt |=yxR=Ov= QO p=Ft 10 VN@ u}= QO
=@ ?=wH C}i}m w |v=tR ^=Lr R= xOt; CUO x@ G}=Dv w CU= xOW pL
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pw@k p@=k |xOvyOu=Wv Ov=wD|t xm OvUQ|t ?=wH x@ |QDtm Q=}U@ u=tR QO
GAMS Q=Ri= sQv R}v 10 =D 7 |=yp=Ft QO "OW=@ |O=yvW}B |=ysD} Qwor= uOw@
|v=tR |xU}=kt G}=Dv "OyO x�=Q= pw@k p@=k ?=wH CUv=wDv Ca=U 10 R= Oa@
xOy=Wt p@=k R}v 4 pmW QO GAMS Q=Ri=sQv w |O=yvW}B |=ysD} Qwor= u}@

"CU=

|Q}oxH}Dv "6
CQwY x@ C=a]k |xO=wv=N |Ov@u=tR w pwrU |yOpmW p�=Ut Q=DWwv u}= QO
|}=Hx@=H C}r@=k xOW x�=Q= pOt QO "CU= xOW x�=Q= |[=} Q pOt l} QO xJQ=Bl}
'C=}rta |r=wD '|}=Hx@=H |xv} Ry w u=tR uDiQo Q_v QO =@ xQwO pw] QO =yu}W=t
|=yxNUv OwHw 'u}W=t C}iQ_ '=ypwrU xR=Ov= C}OwOLt '|rwrU u}@ |}=Hx@=H
"CU= xOW ^=Lr u} Ro}=H VR=OQB |=yQ}Ut u}vJty w u}W=t l} R= u=Um}
|}=Hx@=H |=yxv} Ry Vy=m w p}tmD u=tR Vy=m xOW x�=Q= |]N Q}e pOt hOy
x�=Q= pOt xm =Hu; R= "CU= xOW |R=U|]N pOtTBU "CU= Cq;u}W=t w C=a]k
sD} Qwor= l} w O} Q@D |R=Ux}@W |Q=mD@==Qi sD} Qwor= l} CU= NP-hard xOW
GvB QO xOW x�=Q= pOt "CU= xOW O=yvW}B QDoQR@ |=yxR=Ov= QO pOt pL |=Q@ l}DvS
pOt QO OwHwt |=y|oS} w xm OyO|t u=Wv G}=Dv "CU= xOW |HvUQ=@Da= xrLQt
V}=Ri= u}vJty w u=oOvvmO}rwD |=yxv} RyVy=m QO Ov=wD|t Q=DWwv u}= QO xOW x�=Q=
|=ysD} Qwor= R= xOt; CUO x@ G}=Dv |xU}=kt "OW=@ OvtOwU u=} QDWt |OvtC}=[Q
x�=Q= |=ysD} Qwor= |}=Q=m 'CPLEX R= xOt; CUO x@ |=y?=wH =@ GA w SA

|QDtm u=tR QO SA sD} Qwor= xm OyO|t u=Wv G}=Dv u}vJty "OyO|t u=Wv =Q xOW
u=wD|t '|rai j}kLD VQDUo |=Q@ "OwW|t =Qoty xv}y@ ?=wH x@ GA x@ C@Uv
Q_v QO |a]k Q}e =Q C=a]k |=[=kD w C=}rta s=Hv= u=tR Q}_v =yQDt=Q=B R= |NQ@

"OwW xO=iDU= R}v |Q=mD@==Qi |=yVwQ Qo}O R= OwW|t x}YwD u}vJty "CiQo

"GAMS Q=Ri= sQv w |O=yvW}B sD} Qwor= |D=@U=Lt u=tR xU}=kt "4 pmW
"GAMS =@ SA sD} Qwor= |xU}=kt "11 pwOH

=yCWwv=B
1. Dynamic Cellular Manufacturing System (DCMS)
2. Cell Formation
3. Group Scheduling
4. Scatter Search
5. Nested Tabu Search
6. Biogeography-Based Optimization
7. Biased Random Sampling
8. Particle Swarm Optimization
9. Non-Dominated Sorting Genetic Algorithm
10. Cell Layout
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