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xv}tm xSwQB u=tR xm CU= |}xvwo x@ `@=vt X}YND CU=}U p=@vO x@ MRCPSP
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njml �Nl
Nl

9>>>=>>>; (5)
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xt=vQ@ |=QH= u=tR 'x}v=F 5000�0 01 = 50 |O=yvW}B ?U=vD `@=D R= xO=iDU= =@
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QO xOWu=wva C=_Lqt uDiQoQ_vQO R=TB "CU=yV}=tv R= |[a@ QO pt=mD Ov}=Qi
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&CU= xOW xDiQo ltm �ML� |}=QH= |=yCr=L CUQyi R= '=yC}r=ai R= l} Qy x@
ML w RK ?}DQD x@ � w � xm '(I = (�; �))� w � Q=OQ@ wO =@ I pLx=Q Qy =Pr

"CU= xOW xO=O u=Wv 'OvyO|t V}=tv =Q
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|=yQopta u=wvax@ VyH w `]=kD |=yQopta [32]"CU= |QwQ[ l}DvS sD} wor=
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"OwW xDiQo Q_v QO |D=R=Ht u=OvRQi
�2001�utDQ=y "Ov=xOWh} QaD?U=vD `@=D xUuwvm =D 'MRCPSP C=}@O= QO
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u=R}t \ki w xOWv ^=Lr u; x@ \w@ Qt |xSwQB u=tR '|vOWv pLx=Q Qy |=Q@ "1
Rw=HD u=R}t =@ pLx=Q wO '=Pr "CU= xOW ^=Lr Q}PB=vO}OHD `@=vt R= Rw=HD
|v=Um} ?U=vD Q}O=kt '�xSwQB u=tR ^=Lr uwO@� u=Um} Q}PB=vO}OHD `@=vt R=

"CU}v CUQO xm CW=O Oy=wN
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f(I) =
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mak(I); If ERR(�)
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|OQ=wt QO w '�2 pmW� CU= u=Um} ,=@} QkD ?U=vD `@=D wO Qy R= xO=iDU= =@ sD} Qwor=
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QO "CU= xOW pY=L |rw@k p@=k G}=Dv w xOW xDiQo Q=mx@ RCPSP pL
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Qw]x@ 'pLx=Q l} =} w Cw=iDt |=ypLx=Q R= C}r=ai OvJ '=yC}r=ai C} wrw= |wQ Q@
R}v Q}O=kt u}= xm � |Qo}O O}OH Q}O=kt x@ =yu; C} wrw= w xOW ?=NDv= |iO=YD
|=yCr=L CUQyi Q}}eD CyH "CU= xDi=} Q}}eD �OvwW|t u}}aD |iO=YD Qw] x@
|=ypLx=Q =@ xH=wt QO u; Q=DiQ xm CU= xOW h} QaD |O}OHVyH Qopta '|}=QH=

106



"""w
Q=W

i==[
QOt

Lt
'\@

Uu
UL

OtL
t

"(NRC) Q}PB=vO}OHD `@vt hQYt u=R}t w MM-FBI Q=QmD l} "7 pmW

ZQi "CU= xOW |R=UxO=}B MM-FBI R= s=o l} 'VywSB CtUk u}= QO
pLx=Q l} '(�) |}=QH= Cq=L CUQyi w (�) =yC}r=ai C} wrw= CUQyi xm OwW

"�3 pwOH� CU= CQwY u}O@ QmPr=jwi |xSwQB CyH |vOW
'hr=7pmW QO SSGS Ov}=Qi R= xO=iDU= =@ 'xOWQmPpLx=Q x@ \w@ Qt `@=vt h=Qo

"�CU= 2 |}=QH= Cr=L =@ 3 C}r=ai |=vat x@ "3"2� CU= xOW xO=O V}=tv
xO=iDU= =@ �hr=7 pmW� xOWQmP pLx=Q x@ \w@ Qt `@=vt h=Qo s}UQD CyH
O}=@ xrLQt J QO s}UQD u}= %CU= xOW pta ?}DQD u}= x@ MSSGS Ov}=Qi R=
|}=yDv= w |}=OD@= |=yC}r=ai� |R=HtQ}e |=yC}r=ai hPL R= TB xm OwW s=Hv=
l} xrLQt Qy QO '�OvDUy xSwQB u=}=B w R=e; |xOvyOu=Wv xm 9 w 0 |xQ=tW x@
OwHw xrLQt Qy QO C}r=ai |xawtHt wO "OwW|t |Ov@u=tR w ?=NDv= C}r=ai

%OQ=O
&(j = 1; :::; J)Sj |xOW |Ov@u=tR |xawtHt "1

u=W}=yR=}vV}B xm |}=yC}r=ai pt=W &(j = 1; :::J)Dj s}tYD |xawtHt "2
"Ov=xOW |Ov@u=tR `@=vt h=Qo QO =yR=}vV}B u}= |va} &CU= xO}UQ s=Hv= x@

OwW|t ?=NDv= |Ov@u=tR CyH s}tYD |xawtHt R= |D}r=ai 'xrLQt Qy QO
pLx=Q Qy x@ \w@ Qt �CUQyi QOC}r=ai QyC} wrw= Q=Okt� OQ=O |QDW}@C} wrw= xm
h=Qo QO Q}PBO}OHD `@=vt C}OwOLt C}=aQ =@ C}r=ai u}= w �CU= xOW XNWt
|xawtHt x@ s}tYD |xawtHt R= QwmPt C}r=ai TBU "OwW|t |Ov@u=tR `@=vt

"O@=}|t p=kDv= xOW|Ov@u=tR
pta ?}DQD u}= x@ xOWQmP pLx=Q QO C}r=ai u}rw= |Ov@u=tR CyH p=Ft |=Q@

%OwW|t
CU= 4 w 3 '2 '1 |=yC}r=ai pt=W xm s}tYD |xawtHt p}mWD R= TB
'QwmPt C}r=ai 4 xm CU= u}= s}tYD |xawtHt QO C}r=ai 4 u}= |Q}oQ=Qk Cra�
CyH 's}tYD |xawtHt R= 1 C}r=ai '��O}v}@@ =Q 6 pmW� OvQ=Ov |R=}vV}B
C} wrw= Q=Okt � CUQyi uwJ� OwW|t ?=NDv= xSwQB QiY |x]kv QO |Ov@u=tR
u}= |=yC}r=ai Q}=U |Ov@u=tR CyH "�OyO|t V}=tv C}r=ai u}= |=Q@ =Q |QDW}@

"OwW O}rwD ,qt=m hr=7 pmW h=Qo =D 'OwW|t pta ?}DQD u}ty x@ R}v pLx=Q

|Ov@u=tR QDOwR xm |}=yC}r=ai xm CU= u}= MM-FBI Ov}=Qi ha[ x]kv
u}= Q@ x@reCyH "OvQ=O Q}PB=vO}OHD `@=vt R= xO=iDU=CyH |QDW}@Tv=W 'OvwW|t
x@ \ki |iO=YD Qw]x@ |}=QH= Cr=L Ow@y@ Ov}=Qi ' ẁ[wt C=}@O= QO ha[ x]kv
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1. project scheduling
2. project planning
3. resource constrained project scheduling problem
4. multi-mode resource constrained project scheduling problem
5. linear programming approach
6. arti�cial immune system
7. simulated anealing

8. particle swarm optimization
9. ant colony
10. a multi-agent learning approach
11. shu�ed frog-leaping algorithm
12. Taguchi method of design of experiment
13. estimation of distribution algorithm
14. critial path method
15. Matlab
16. non-e�cient and non-excusable modes
17. redundant non-renewable resources
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18. project scheduling problem library (PSPLIB)
19. mating pool
20. top individuals
21. elicit strategy
22. infeasible tackling procedure and feasible tackling procedure
23. multi-mode Serial schedule generation scheme
24. multi-mode forward backward iteration
25. forward-backward iteration
26. mode improvement procedure
27. best known solutions
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