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*K}LY OOa *|]N Q}e |R} Qxt=vQ@ ẁv R= |[=} Q pOt l} 'T=U= u}=Q@ "CU= xOW

|O=yvW}B VwQ |}=Q=m O} -wt C=@U=Lt G}=Dv "CU= xOW x�=Q= j}kLD |xr�Ut |=Q@ \rDNt
"CU= j}kLD |xr�Ut pL |=Q@

zegordi@modares.ac.ir
mahdi.rahimi.gh@gmail.com

|Q=Oxov 'u}W=t x@ |UQDUO 'Q}PBh=]av= |y=oQ=m Q=m |Ov@u=tR %|O}rm u=oS=w
"|Q=mD@= sD} Qwor= 'l}DvS sD} Qwor= '�Cv� C=Q}taD w

xtOkt
u=Q=Pox}=tQU |=Q@ '=yu}W=t pQDvm w O}rwD |xv}y@ |Ov@u=tR w |R} Qxt=vQ@ 'u}=Q@=v@
QO xr�Ut u} QDsyt xRwQt= '\}=QW u}= CLD "OQ=O C}ty= Q=}U@ 'u=oOvvmO}rwD w
|xOa=k 'C=Q}taD w |Q=Oxov |=yCU=}U |O}rwD |=ysDU}U |R=Uxv}y@ |xv}tR
Q=m |Ov@u=tR |=ypOt QFm = QO "CU= =yu}W=t x@ C=a]k X}YND w '|Ov@u=tR
"Ov=TQDUO QO C=kw= s=tD QO =yu}W=t xm CU= u}= Q@ ZQi Q}PBh=]av= |y=oQ=m
ji= pw] QO hrDNt p}qOx@ u}W=t CU= umtt '|ak=w |DavY |=y\}Lt QO =t=
CU= umtt u}W=t x@ |UQDUO sOa 's=a Qw]x@ "OW=@v TQDUO QO |R} Qxt=vQ@
C=Q}taD w |Q=Oxov Q}_v � |a]k =} � u}W=t |oO=Di=Q=m R= =} |@=QN Q}_v � |iO=YD

[4]"OW=@ � |r@k |=y|Ov@u=tR w |U=U= C=Q}taD 'xv=Q}oW}B
CQwQ[w xtOkt QmP R=TB "CU= xOW x}yDVN@CWy?r=k QO Q[=L Q=DWwv
w Q}PBh=]av= |y=oQ=m Q=m |xv}tR wO QO j}kLD |xv}W}B w xr�Ut C=}@O= 'j}kLD
j}kLD |xr�Ut h} QaD x@ TBU "OwW|t x�=Q= u}W=t x@ |a]k |UQDUO C}OwOLt
pL OQm} wQ u=}@ ut[ 'xt=O= QO "OwW|t u=}@ u; |[=} Q |R=UpOt w xDN=OQB
u; pL |=Q@ |Q=mD@= VwQ w l}DvS sD} Qwor= R= xO=iDU= =@ |@}mQD |WwQ 'xr�Ut
R= pY=L G}=Dv w OwW|t |L=Q] |OOa |}=yV}=tR; u; R= TB "OW Oy=wN x�=Q=
w G}=Dv u=}=B QO "OW Oy=wN |UQQ@ |O=yvW}B VwQ |}=Q=m uO=Ou=Wv Qw_vtx@ u;
O=yvW}B |D; C=k}kLD s=Hv= |=Q@ ?U=vt |=yxv}tR w xOWQmP j}kLD |=yOQw=DUO

"OW Oy=wN
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|UQDUO sOa |xQwO Qo}O CQ=@ax@ "CU= u}at=v |UQDUO sOa |xQwO ẁQW u=tR
C}r=ai xD@r= "OOQo|t u}}aD |Ov@u=tR Ov}=Qi pw] QO w OwW|t ZQi Q}PBh=]av=
QO [19]"OwW s=Hv= |YNWt |v=tR |=yxQHvB QO O}=@ �Cv� C=Q}taD w |Q=Oxov
u}= QO "CU= �u}at |UQDUO C}OwOLt =@ Cv� swU u}W=t C}r=ai 1 pmW
=t= "OQ=Ov OwHw Cv C}r=ai s=Hv= R= V}B 'Q=m swU C=}rta s=Hv= u=mt= Cr=L
"CU= u}at=v |UQDUO C}OwOLt =@ Cv C}r=ai |=Q=O swU u}W=t 2 pmW QO
C}r=ai s=Hv= |=Q@ �|v=tR OL=w Q=yJ =@� Q}PBh=]av= |v=tR xQHvB OwHw p}rOx@
xm u=vJ "OQm p}tmD Cv C}r=ai s=Hv= R= V}B u=wD|t =Q Q=m swU |xrLQt 'Cv
'swO Cr=L QO h]avt |v=tR xR=@ OwHw p}rO x@ Q=m swU C=}rta 'OwW|t x_Lqt
|v=tR xQHvB OwHw |@Uv C} Rt Qou=Wv Qt= u}= "OwW|t p}tmD pw= Cr=L R= QDOwR
"OwW|t |Ov@u=tR u}L QO |Q}os}tYD CQOk V}=Ri= ?@U w CU= Q}PBh=]av=
'=yu}W=t x@ |UQDUO C}OwOLt uDiQo Q_v QO =@ |Ov@u=tR p�=Ut C=}@O= QO
C}a[w VR=OQB u}L QO w OvW=@ Q=OQwNQ@ |Y=N |=y|oS} w R= CU= umtt =yQ=m
l} s=Hv= |=Q@ 'C}OwOLt u}= x@ xHwD =@ w |rm Cr=L QO "OvyO RwQ@ |Dw=iDt
7C=}rta |�RH `=]kv= 'C=}rta `=]kv= uOw@ R=Ht %OQ=O OwHw xw}W xU C=}rta
xm CU=vat u}O@ C=}rta `=]kv= uOw@ R=Ht "8C=}rta `=]kv= uOw@ R=Ht sOa w
=} � Qo}O |D=}rta s=Hv= Qw_vtx@ 'u}W=t |wQ VR=OQB C=}rta uOQm`]k u=mt=
,=Oa@ |}xt} QH I}y uwO@ Ov=wD|t C=}rta w OQ=O OwHw � �Cv� C=Q}taD w |Q=Oxov
s=Hv= u}at |v=tR xR=@ l} QO Q=m xJv=vJ C=}rta |�RH `=]kv= QO [20]"O@=} xt=O=
CU= umtt OwW s=Hv= |v=tR xR=@ u}= R= GQ=N QO Qo = |rw 'CU}v R=Ht `=]kv= OwW
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xar=]t OQwt R}v S-R ẁv O}rwD s} SQ w u}at=v |UQDUO sOa |xQwO =@ xv}W=tlD
|R=wt |=yu}W=t |Ov@u=tR |xr�Ut '2000 p=U QO u; R= TB [37]"CiQo Q=Qk
sD} Qwor= R= xr�Ut pL |=Q@ u; QO xm OW |UQQ@ N-R ẁv O}rwD CU=}U =@
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|wQ Q@ Q=m VR=OQB w OW=@ R=Ht u; R= |�RH `=]kv= =} C=}rta pm `=]kv= Qo =
|xt=O= Qw_vtx@ 'O@=}v u=}=B u}W=t |UQDUO sOa |xQwO ẁQW R= V}B 'u}W=t
VR=OQB |xt=O= '9Q=m VR=OQB |xt=O= %CW=O Oy=wN OwHw CU=}U xU VR=OQB
xm u}= R= TB 'Q=m VR=OQB |xt=O= QO "Q=m OOHt |Q}oQU R= VR=OQB '10Q=m |�RH
'CiQo Q=Qk TQDUO QO Q=m OOHt |Q}oQU R= |xt} QH =} u=tR hqD= uwO@ u}W=t
"CU= xOW xO=O u=Wv 3 pmW QO VR=OQB |xw}W ẁv u}= "O@=}|t xt=O= Q=m VR=OQB
Q=m 'CiQo Q=Qk TQDUO QO u}W=t xm |t=ovy 'Q=m |�RH VR=OQB |xt=O= QO
xm =vat u}O@ [23]"OwW|t ẁQW �=OD@= R= xv w xv=}t R=� |�RH CQwYx@ VR=OQB
|wQ Q@ u}W=t |UQDUO sOa |xQwO R= V}B xm |}=yVR=OQB R= |OYQO CU}=@|t
|=yVR=OQB R= |Q=Okt `}}[D ?@U Qt= u}= "OwW s=Hv= ,=OOHt Ow@ xOW s=Hv= Q=m
u}W=t xm |t=ovy 'Q=m OOHt |Q}oQU R= VR=OQB QO "�4 pmW� OW Oy=wN |r@k
|=yVR=OQB |xty w Ovm|t ẁQW =OD@= R= =Q VR=OQB Q=m 'CiQo Q=Qk TQDUO QO
Q=m OOHt |Q}oQU R= w C=}rta `=]kv= u=mt= 5 pmW QO [4]"OwQ|t QOy x@ |r@k

"CU= xOW xO=O u=Wv C}r=ai R= TB
Q=@ u}rw= =yu}W=t x@ |UQDUO C}OwOLt uDiQo Q_v QO =@ |Ov@u=tR |xr�Ut
sOa |=yxQwO =@ |R=wt |=yu}W=t |Ov@u=tR |xr�Ut w 'KQ]t 1984 p=U QO
1989 p=U QO [24]"OW |UQQ@ C=}rta `=]kv= w =yu}W=t x@ hrDNt |UQDUO
sOa |xQwO uOw@XNWt =@ xv}W=tlD |Ov@u=tR |xr�Ut xm OvO=O u=Wv u}kkLt
[25]"CU=NP-hard p�=Ut <RH N-R ẁv O}rwD CU=}U w u}W=t x@ |UQDUO
l} QFm =OL OwHw =@ |R=wt |=yu}W=t |Ov@u=tR |xr�Ut '1991 p=U QO TBU
|Ov@u=tR |xr�Ut 1999 p=U QO [26]"OW KQ]t u}W=t Qy |=Q@|UQDUO sOa xQwO
CU=}U w =yu}W=t x@|UQDUOC}OwOLt uDiQo Q_v QO =@ xv}W=twO|y=oQ=m u=} QH
|=yu}W=t 'xv}W=tlD |Ov@u=tR p�=Ut 2000 p=U QO [27]"OW u=}@ R ẁv O}rwD
xaUwD =yu}W=t x@ |UQDUO C}OwOLt uDiQo Q_v QO =@ |y=oQ=m u=} QH w '|R=wt
Q_v QO =@ xv}W=twO |y=oQ=m u=} QH |Ov@u=tR |xr�Ut 2001 p=U QO [28]"Ci=}

"Q=m VR=OQB |xt=O= CU=}U w C=}rta `=]kv= uOw@ R=Ht "3 pmW

"Q=m |�RH VR=OQB |xt=O= w C=}rta `=]kv= uOw@ R=Ht "4 pmW
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"""u
DiQo

Q_vQ
O=@

Q}PBh
=]av

=|y
=oQ=m

Q=m|
Ov@u

=tRV}=Ri= Qw_vtx@ =yQ=m x}rm p}tmD u=tR u} QDW}@ OQmrta Q=}at |R=Uxv}tm 'xr�Ut
"CU= =yu}W=t R= |Q=OQ@xQy@

|y=oQ=m Q=m |Ov@u=tR |xr�Ut 'j}kLD |xr�Ut |=y|oS} w x@ xHwD =@
CQwYx@ |Q=PoCtqa VwQ T=U=Q@ Cv C}OwOLt uDiQo Q_v QO =@ Q}PBh=]av=

[40]"OwW|t xO=O u=Wv FJSknr,nfakCMax

j}kLD u}= X=N C=}[Qi |xOta '|Ov@u=tR p�=Ut |x}=B C=}[Qi Q@ xwqa
%R= Ov=CQ=@a

"CU= R=Ht C=}rta uOQm `]k "1
"CU}v umtt |Ov@u=tR |xQwO pw] QO =yu}W=t x@ xDUw}B |UQDUO "2

"CU= u}at=v w |a]k ẁv R= Cv C}OwOLt "3
"CU= Q=m OOHt |Q}oQU R= 'VR=OQB CU=}U "4

"CU}v R=Ht Cv C}r=ai uOQm `]k "5
"OQ=O OwHw XNWt |Q=m x=oDU}= l} QO \ki C=}rta s=Hv= u=mt= "6

"Ov=u=Um} |Q=m x=oDU}= Qy QO |R=wt |=yu}W=t "7

xr�Ut Q=DN=U
xU x@ Cv C}OwOLt uDiQo Q_v QO =@ Q}PBh=]av= |y=oQ=m Q=m |Ov@u=tR |xr�Ut
|xr�UtQ} R "OwW|t s}UkD Cv |Ov@u=tR w |r=wD u}}aD '|@=} Q}Ut |xr�UtQ} R
TQDUO QO |=yu}W=t xawtHt R= u}W=tl} x@ C=}rtaX}YND pt=W|@=} Q}Ut
C=}rta |r=wD '|r=wD u}}aD |xr�UtQ} R "CU= xOW u}}aD V}B R= |Q=m x=oDU}=
p}tmD u=tR 'Cv |Ov@u=tR |xr�UtQ} R w Ovm|t u}}aD =Q =yu}W=t x@ xDi=}X}YND

"Ovm|t XNWt =Q Cv |=yC}r=ai R= l} Qy
NP- |y=oQ=m Q=m |Ov@u=tR |xr�Ut xm OvO=O u=Wv u}kkLt 1976 p=U QO
Q_v QO =@ Q}PBh=]av= |y=oQ=m Q=m |Ov@u=tR |xr�Ut xm =Hv; R= [41]"CU= hard

NP- R}v QwmPt |xr�Ut 'CU= |y=oQ=m Q=m |xDi=}xaUwD '|R=wt |=yu}W=t uDiQo
xv}W=tlD |xr�Ut xm OW xO=O u=Wv 1999 p=U QO u}vJty "Ow@ Oy=wNhard

|xr�Ut u}=Q@=v@ [36]"CU= NP-hard 'OOaDt |UQDUO sOa |=yxQwO OwHw =@
'CU= jwi |xr�Ut wO ?}mQD xm xar=]t OQwt Q}PBh=]av= |y=oQ=m Q=m |Ov@u=tR

"Ow@ Oy=wN NP-hard R}v

xr�Ut |[=} Q pOt
\rDNt K}LY OOa |]NQ}e |R} Qxt=vQ@ ẁv R= |[=} Q pOt l} j}kLD u}= QO
|Q=m x=oDU}= L w Q=m n O=OaD 'pOt u}= QO "OwW|t x�=Q= xar=]t OQwt |xr�Ut |=Q@
ml |=Q=O s=l |Q=m x=oDU}= w u}at |r=wD =@ C=}rta oi |=Q=O s=i Q=m "OQ=O OwHw
|=yu}W=t xawtHt R=mlj u}W=t\UwD oik C=}rta "CU= u=Um} |R=wt u}W=t
OL=w piklj COtx@ 'Wl xOW u}}aD V}B R= |Q=m x=oDU}= QO w Mikl TQDUO QO
CU}=@|t xm CU= Cv C}r=ai Rlj |=Q=O mlju}W=t "OwW|t VR=OQB |v=tR
OL=w tljr COtx@ PMljr Cv C}r=ai u}vJty "OvwW s=Hv= |R} Qxt=vQ@ pw] QO
'=yT}Ov= xt=O= QO "OwW|t p}tmD |YNWt |v=tR |xQHvB QO w xOW s=Hv= |v=tR
"OW Oy=wN x�=Q= xr�Ut |[=} Q pOt TBU w '|iQat s}tYD |=yQ}eDt w =yQDt=Q=B

"OvOQm x�=Q= N-R ẁv O}rwD s} SQ w u}W=t Qy |=Q@ |UQDUO sOa xQwO l} u=mt=
|x}=B Q@ |o}=Uty ẁv wO =@ |@}mQD l}DvS sD} Qwor= l} xr�Ut u}= pL |=Q@ =yv;

[19]"OvOQm h} QaD |v=QL@ Q}Ut swyit

j}kLD |xr�Ut
xr�Ut h} QaD

|Q}PBh=]av= OwHwCr=LQO Q}PBh=]av=|y=oQ=m Q=m|Ov@u=tRpt=Wj}kLD|xr�Ut
l} s=Hv= 'C=}rta |Q}PBh=]av= "CU= Cv C}OwOLt uDiQo Q_v QO =@ C=}rta
umtt =Q hrDNt |=yu}W=t |wQ Q@ Cw=iDt |xv} Ry w VR=OQB u=tR =@ C=}rta
ẁv u}= QO "Ovt=v|t R}v �Q}Ut |Q}PBh=]av=� =Q |Q}PBh=]av= ẁv u}= "OR=U|t
xm |}=yC=}rta =t= 'OQ=O OwHw |irDNt |D=}rta |r=wD w =yu}W=t '|Q}PBh=]av=
OQwt j}kLD u}= QO xm |Q}PBh=]av= xD@r= [13]"Ov=C@=F w u}at OvwW s=Hv= O}=@
pt=WCr=L u}= "CU= C=}rta |Q}PBh=]av= R= |Y=NCr=L 'OQ}o|t Q=Qk xar=]t
u}W=t l} R= V}@ |=Q=O x=oDU}= l} pk=OL 'u; QO xm CU= |Q=m x=oDU}= |O=OaD
w |y=oQ=m Q=m l}Uqm s=_v wO |xDi=}s}taD 'xr�Ut u}= "CU= 11u=Um} |R=wt
l} QO \ki C=}rta s=Hv= u=mt= '\}Lt u}= QO "CU= |R=wt |=yu}W=t x=oQ=m
"CU}v umtt u; s=Hv= =yx=oDU}= Q}=U QO w OQ=O OwHw XNWt |Q=m x=oDU}=
|=yu}W=t xawtHt R= u}W=t Qy \UwD CU= umtt 'Q_v OQwt C=}rta u}vJty
Q@ Q=m Qy '\}Lt u}= QO "OwW s=Hv= xOW u}}aD V}B R= |Q=m x=oDU}= TQDUO QO
hrDNt |Q=m |=yx=oDU}= QO C=}rta |r=wD u}}aD OvtR=}v 'OwN VR=OQB Q}Ut |x}=B
|[a@ 'u}vJty "OwW VR=OQB u}W=t l} R= V}@ |wQ xrLQt Qy QO O}=@v w CU=
|wQ =yQ=m VOQo 6 pmW QO "Ovvmv Qw@a =yx=oDU}= |[a@ R= Ovv=wD|t =yQ=m R=

"CU= xOW xO=O u=Wv x=oQ=m QO |Q=m x=oDU}= l} |=yu}W=t
QO =yu}W=t x@ |UQDUO C}OwOLt ?@U CU= umtt xm |rt=wa R= |m}
C}OwOLt j}kLD u}= QO "CU= Cv |=yC}r=ai OwHw 'OwW |R} Qxt=vQ@ ji= pw]
xDiQo Q_v QO Cv C}OwOLt u=wva CLD w |a]k ẁv R= =yu}W=t x@ |UQDUO
sOa |xQwO w xOW |UQQ@ u}at=v |UQDUO Cr=L QO Cv C}OwOLt "OwW|t
QO CU}=@|t Cv C}r=ai Qy xD@r= "CU= Q}PBh=]av= \}=QW u}= QO |UQDUO
"CU}v R=Ht u; uOQm`]k w OwW s=Hv= OwN xOW u}}aD V}B R= |v=tR |xQHvB
w C=}rta `=]kv= uOw@ R=Ht Cr=L QO 'C}OwOLt u}= OwHw =@ =yQ=m C=}YwYN
u}= hOy `@=D u}vJty "OQ}o|t Q=Qk |UQQ@ OQwt Q=m OOHt |Q}oQU R= VR=OQB s} SQ

|y=oQ=m Q=m \}Lt QO |Q=m x=oDU}= l} |=yu}W=t |wQ Q@ =yQ=m VOQo "6 pmW
"Q}PBh=]av=
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|�=k
Wk

|t}
LQ

|Oy
tw

|O
QoP

u}O
r=s=U

LO
}U (chq � cik � phqlj) � xiklj � xhqlj � yikhq � 0

8 fi; h ji 6= hg ; k; q; l; j (4)

(cik � uljr � piklj) � xiklj � (1� vikljr) � 0 8i; k; l; j; r (5)

(uljr � cik � tljr) � xiklj � vikljr � 0 8i; k; l; j; r (6)
LX
l=1

X
j2Mikl

xiklj = 1 8i; k (7)

UEljr � uljr � ULljr 8 l; j; r (8)

cik � 0 8i; k (9)

uljr � 0 8l; j; r (10)

xiklj ; yikhq; vikljr 2 f0; 1g 8 fi; h ji 6= hg ; k; q; l; j; r (11)

=yQ=m x}rm p}tmD u=tR u} QDW}@ OQmrta Q=}at |R=Uxv}tm hOy 1 |xrO=at QO
|wQ Q@ Q=m l} hrDNt C=}rta u}@ sOkD C}OwOLt Qou=}@ 2 |xrO=at=v "CU=
u; s=k C=}rta R= V}B s=i Q=m R= s=(k � 1) C=}rta u; j@] w CU= =yu}W=t
|=yQ=m C=}rta s=Hv= *|v=tRty=v C}OwOLt Qou=}@ 4 w 3 CqO=at=v "OwW|t s=Hv=
x@ u=tRty 'hrDNt C=}rta wO Qo}O CQ=@ax@ "OvDUy u}W=t l} |wQ hrDNt
ẁv R= C}OwOLt wO u}= xm CW=O xHwD O}=@ "OvwW|tv xO=O X}YND u}W=t l}
x@ OwN =yC}OwOLt u}= R= |m} 'u}W=t Qy |=Q@ |va} "Ov=|r=Yiv= |=yC}OwOLt
|v=tRty=v C}OwOLt Qou=}@ 6 w 5 CqO=at=v "OwW|t hPL pOt R= w '<=[Q= OwN
CQ=@ax@ "OvDUy u}W=tl} |wQ Q@hrDNt |=yQ=m C=}rta wCv |=yC}r=ai s=Hv=
u}W=t Qy x@ C=}rta =} Cv C}r=ai l} X}YND u=mt= \ki x_Lr Qy QO 'Qo}O
u=Wv 7 |xrO=at "Ov=|r=Yiv= |=yC}OwOLt ẁv R= R}vC}OwOLt wO u}= "OQ=O OwHw
Qy s=Hv= |=Q@ TQDUOQO |=yu}W=t xawtHt R= u}W=t l} CU}=@|t xm OyO|t
QO CU}=@|t Cv |=yC}r=ai xm Ovm|t u=}@ 8 |xrO=at=v w OwW ?=NDv= C=}rta

"OvwW p}tmD |YNWt |v=tR xQHvB

xr�Ut pL OQm} wQ
|R=Uxv}y@ p�=Ut ,=YwYN 'O}rwD |=ysDU}U QO |R=Uxv}y@ p�=Ut R= |Q=}U@
|R=Uxv}y@ |=yVwQ =@ =yv; pL w xOw@ xO}J}B Q=}U@ 'x=oQ=m QO |Ov@u=tR
R= |}xDUO u=wvax@ |rt=mD |=ysD} Qwor= '1960 p=U R= "CU}v Q}PBu=mt= |rwtat
xO}J}B p�=Ut xvwou}= pL |=Q@ =Q u=kkLt R= |Q=}U@ xHwD |R=Uxv}y@ |=ysD} Qwor=
|wHwCUH Qw_vtx@ 'OvQ=O|iO=YD|}=v@t xm =ysD} Qwor= u}= "Ov=xOQm?rH OwN x@
|xv}y@ \=kv QO QDsm w Ov=?U=vt Q=}U@ xO}J}B |=y=[i QO '|rm |xv}y@ |x]kv
u; pL |=yVwQ w j}kLD |xr�Ut C=}@O= x@ xHwD =@ [13w6]"OvwW|t Q=DiQo |rLt
u} QDxOWxDN=vW R= |m} l}DvS sD} Qwor= xm OQm xQ=W= O}=@ 'OW QwQt 2 VN@ QO xm
Q}PBh=]av= |y=oQ=m Q=m |xr�Ut pL |=Q@ =Q=m |WwQ w CU= |rt=mD |=ysD} Qwor=
\UwDTBU w OW KQ]t 1975 p=U QO Q=@u}rw=|rt=mD sD} Qwor= u}= "OwW|t|krD
pt=mD w |iO=YD |wHwCUH |x}=B Q@ xm VwQ u}= "Ci=} xaUwD |Oa@ u}kkLt
=@ xm ?}DQDu}O@ "OQ=O QF-wt |OQmrta |@}mQD |R=Uxv}y@ p�=Ut pL QO 'xOW Q=wDU=
s=Hv= C}atH QO wHwCUH Ov}=Qi 'xDWPo |=ypUv x@ \w@ Qt C=aq]= R= xO=iDU=
pUv x@ |rUv R= C}atH O=Qi= C=}YwYN 'EQ=wD Q=mwR=U R= xO=iDU= =@ w 'OwW|t

[42]"O@=}|t Ow@y@ Qo}O

%=yT}Ov=
i; h = 1; 2; :::; n =yQ=m
j = 1; 2; :::;ml s=l |Q=m x=oDU}= QO |R=wt |=yu}W=t
k; q = 1; 2; :::; oi C=}rta |r=wD
r = 1; 2; :::; Rlj Cv |=yC}r=ai
l = 1; 2; :::; L |Q=m |=yx=oDU}=

%=yQDt=Q=B
=yQ=m pm O=OaD %n

s=l |Q=m x=oDU}= QO TQDUO QO |=yu}W=t xawtHt %Mikl

oik s=Hv= CyH
=yu}W=t pm O=OaD %m

s=i Q=m C=}rta O=OaD %oi
mlj uOw@ TQDUO QO u=tR %tmlj

s=i Q=m R= s=k C=}rta %oik
mlj |wQ Q@ Cv |=yC}r=ai O=OaD %Rlj

|Q=m |=yx=oDU}= pm O=OaD %L
mlj |wQ Q@ s=r Cv C}r=ai %PMljr

s=l |Q=m x=oDU}= %Wl

PMljr s=Hv= u=tR COt %tljr
s=l |Q=m x=oDU}= QO |R=wt |=yu}W=t O=OaD %ml

PMljr p}tmD u=tR u} QDOwR %UEljr
s=l |Q=m x=oDU}= R= s=j u}W=t %mlj

PMljr p}tmD u=tR u} QDQ}O %ULljr
mlj |wQ Q@ oik VR=OQB u=tR COt %piklj
PMljrp}tmD CyH |v=tR xQHvB : [UEljr; ULljr]

%s}tYD |=yQ}eDt
oik p}tmD u=tR %cik

PMljr p}tmD u=tR %uljr

xiklj =

8<:1 OwW ?=NDv= oik s=Hv= |=Q@ mij Qo =
0 CQwYu}=Q}eQO

yikhq =

8<:1 OwW ?=NDv= ohq R= V}B oik Qo =
0 CQwYu}=Q}eQO

�ikljr =

8<:1 OwW ?=NDv= PMljr R= V}B oik Qo =
0 CQwYu}=Q}eQO

's}vm ZQi =yQ=m |x}rm p}tmD u=tR u} QDW}@ |R=Uxv}tm =Q hOy `@=D Qo =
%OwW|t |Ov@pwtQi Q} R CQwYx@ j}kLD xr�Ut

Min : cMax = Max1�i�n fcioig (1)

S:t: cik � ci;k�1 � piklj � xiklj k = 2; 3; :::; oi; 8i; l; j (2)

(cik � chq � piklj) � xiklj � xhqlj � (1� yikhq) � 0
8 fi; h ji 6= hg ; k; q; l; j (3)
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=|y
=oQ=m

Q=m|
Ov@u

=tR|xDWQ u}vJty "CU= C=}rta u; QoVR=OQB |Q=m x=oDU}= w Q=m l} x@ \w@ Qt
lQO Qw_vtx@ "CU= xOW xO=O u=Wv 12CWo}=H V}=tv VwQ x@ C=}rta |r=wD
O} Q}o@ Q_v QO =Q |Q=m x=oDU}= xU w Q=m Q=yJ =@ xOWx�=Q= p=Ft '|Q=PoOm sDU}U QDy@
u}W=t wO w wO 'xU |=Q=O ?}DQDx@ x=oDU}= Qy w C=}rta xU |=Q=O Q=m Qy 'u; QO xm
CU= xOR=wO pw]x@ xDWQ wO |=Q=O ?=wH =@ Q_=vDt swRwtwQm "CU= u=Um} |R=wt
u=}@ u}vJ swRwtwQm V}=tv |xwLv u}= swyit "OwW|t |Q=PoOm 8 pmW j@=]t w
u=ty VR=OQB Qw_vtx@ C=}rta u}DUNv 'C=}rta |r=wD |xDWQ T=U=Q@ %OwW|t
u}W=t |wQ Q@ 'u}W=t X}YND |xDWQ x@ xHwD =@ xm CU= l} Q=m pw= C=}rta
CQwY u}tyx@ R}v swRwtwQm |=yu=mt Q}=U "OwW|t s=Hv= l} |Q=m x=oDU}= pw=

"OvQ}UiD p@=k

x}rw= C}atH O}rwD
w |iO=YD CQwYx@ �Pop Size� x}rw= C}atH '|O=yvW}B l}DvS sD} Qwor= QO
=@ x]@=Q QO C=aq]= xvwoQy Ok=i w xOW O}rwD |Q=mD@= |=yVwQ R= xO=iDU= uwO@
p=tDL= Vy=m w C}atH QO =yswRwtwQm ẁvD ^iL ?@U Qt= u}= "CU= xr�Ut
[19]"OW Oy=wN |rLt |xv}y@ \=kv QO uO=Di=s=O x@ w Oawt R= V}B w `} QU |}=Qosy

`]=kD C=}rta
O}rwD Qw_vtx@ Or=w swRwtwQm wO ?}mQD ?@U `]=kD C=}rta 'l}DvS sD} Qwor= QO
sD} Qwor= QO [19]"OwW|t 'OvQ=O =Q OwN u}Or=w |=y|oS} w xm 'OvRQi |=yswRwtwQm
|@}mQDCQwYx@ 14QwLt?}DQD w 13QwLtu=mt `]=kDC=}rta wO R= '|O=yvW}Bl}DvS
X}YND |xDWQ |wQ Q@ QwLtu=mt `]=kD Qorta "CU= xOW xO=iDU= Pc MQv =@ w
QO "OvwW|t p=ta= C=}rta |r=wD xDWQ |wQ Q@ QwLt?}DQD `]=kD Qorta w u}W=t
?=NDv= |iO=YD Qw]x@ P1 swRwtwQm |=yuS R= |O=OaD 'QwLtu=mt `]=kD C=}rta
uS l} xm |DQwYQO "OvQ}o|t Q=Qk O1 swRwtwQm R= u=mt u=ty QO ,=k}kO w xOW
P2 swRwtwQm R= u; u=mtsy *uS 'OW=@ xDW=Ov CmQ=Wt C=}rta QO P1 swRwtwQm R=
C=}rta QO "OW Oy=wN pkDvt O1 R= u=mt u=ty x@ w xOQm CmQW C=}rta QO
w '?=NDv= |iO=YD Qw]x@ P1 swRwtwQm |=yuS R= |O=OaD =OD@= 'QwLt?}DQD `]=kD
xOv=t|k=@ |=yuS x=ov; "OvwW|t hPL P2 R= P1 swRwtwQm ?NDvt |=yuS TBU
p}tmD |=Q@ "OvQ}o|t Q=Qk O1 swRwtwQm R= u=mt u=ty QO ,=k}kO P2 swRwtwQm QO
QO CU=Q x@ AJ R= ?}DQD ^iL =@ P1 swRwtwQm ?NDvt |=yuS O1 swRwtwQm
|xwLv 10 w 9 |=ypmW QO "CiQo Ovy=wN Q=Qk O1 swRwtwQm |r=N |=yu=mt

"CU= xOW xO=O u=Wv QwLt?}DQD w QwLtu=mt `]=kD C=}rta s=Hv=
P2 wP1 swRwtwQm wO |=H Z} waD =@ w 'jwi Ov}=Qi j@] R}v O2 swRwtwQm

"xr�Ut ?=wH =@ Q_=vDt swRwtwQm V}=tv "8 pmW

u}}aD '|@=} Q}Ut |xr�UtQ} R xU x@ |rY= |xr�Ut 'OW xQ=W= QDV}B xm u=vJ
R= xr�Ut pL Qw_vtx@ Q[=L j}kLD QO "OwW|t s}UkD Cv |Ov@u=tR w |r=wD
u}}aD w |@=} Q}Ut |xr�UtQ} R wO xm ?}DQDu}O@ "OwW|t xO=iDU= |@}mQD VwQ l}
|OQm} wQ =@ 'xr�UtQ} R wO u}= pL "OvwW|t pL l}DvS sD} Qwor= ltmx@ |r=wD
|r=wD u}}aD w |@=} Q}Ut |xr�UtQ} R wO Qo}O CQ=@ax@ "OQ}o|t s=Hv= xJQ=Bl}
|xr�UtQ} R pL |=Q@ u}vJty "OvwW|t pL w xOW xDiQo Q_v QO u=tRty CQwYx@

"OwW|t xO=iDU= |Q=mD@= sD} Qwor= l} R= Cv |Ov@u=tR
hrDNt `=wv= =@ |R=Uxv}y@ p�=Ut =@ xyH=wt QO OQ@ Q=mQB Q=}U@ VwQ l}
|Q=PoOm Ov}=Qi QO s}tYD |=yQ}eDt R= |O=OaD xm CU= u}= s}tYD |=yQ}eDt
|Q=mD@= |=yVwQ |xr}Uwx@ |}=WoOm Ov}=Qi QO w xOWv xDiQo Q_v QO =yswRwtwQm
OwHw =yswRwtwQm QO s}tYD |=yQ}eDt R= ẁv u}= C=aq]= xJv=vJ "OvwW|t u}}aD
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pL=Qt Q=m xr�UtQFm =OL ẁtHt V}=Ri= u=R}t `@=D u}ov=}t `@=D u} QDtm u=tR u}ov=}t `@=D u}ov=}t `@=D u} QDtm u=tR u}ov=}t `@=D u}ov=}t `@=D u} QDtms=Hv= u=tR COt `@=D u}ov=}t hOy hOy �x}v=F� pL �x}v=F� hOy �x}v=F� hOy �x}v=F� pL �x}v=F� hOy �x}v=F� hOyCv |=yC}r=ai hOy
116 14 31 �6 80 �2 50 0 13 224 63 123 0 12 210 33 120 2

6 lJwm119 27 76 �8 55 �9 76 0 36 352 50 270 0 30 324 74 246 4
119 51 65 �9 09 �5 41 1 21 619 55 507 0 99 567 90 481 8
118 31 24 �8 50 �6 26 0 57 398 89 300 00 0 47 367 65 282 33 lJwm Oa@ u}ov=}t
118 39 93 �4 92 �13 39 1 77 851 43 254 1 51 811 50 224 2

30 \UwDt119 78 71 �8 69 �24 35 3 63 984 88 383 3 59 906 18 308 4
117 1 00 41 �8 35 �12 05 21 78 1303 18 623 20 66 1202 76 556 8
118 73 02 �7 50 �15 81 9 06 1046 50 420 00 8 59 973 48 362 67 \UwDt Oa@ u}ov=}t
117 116 82 �4 18 �17 21 13 06 2908 61 715 13 73 2791 79 610 2

100 nQR@119 119 44 �4 13 �16 45 41 21 3010 68 821 40 33 2891 24 705 4
120 119 95 �3 29 �15 27 252 45 3770 31 1125 251 67 3650 36 976 8
119 118 74 �3 82 �16 15 102 24 3229 87 887 00 101 91 3111 13 763 67 nQR@ Oa@ u}ov=}t
118 74 33 �5 01 �14 08 37 29 1558 42 535 67 36 99 1484 09 469 56 O=a@= x}rm u}ov=}t
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1. exible job shop (FJS)
2. non-�xed availability
3. preemption
4. no resumption (N-R)
5. symbiotic evolutionary algorithm
6. �xed availability constraint
7. semi preemption
8. No-preemption
9. resumption (R)
10. semi resumption (S-R)
11. identical parallel machines
12. permutation presentation
13. position based crossover
14. order based crossover
15. uniform mutation
16. reciprocal exchange mutation
17. super chromosome
18. rejecting strategy
19. repairing strategy
20. penalizing strategy
21. modifying genetic operations strategy
22. uniform parallel machines
23. unrelated parallel machines
24. soft time windows
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