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SoMngresoⅦ陀e－COnStrai血eds血e血払mgproblemby  
COtLStr＆int－bsedscheduling  

★程宇 CⅡENGl知   

ス  

constraint programming. It propagates more by using 
domain－dependant knowledge through bi－directional  

COnStraint propagation，斤om activities to resources and  

斤omresourcestoactivities．   

・ Propagation斤omactivitiestoresources  

lnfbrmation about the start and end times of activities  
updates the minimal resource capacities required or 

providedovertime・Forexample、incasewhenthestar［  

timeofaconsumingactivityisknown・   

・ Propagation斤omresourcestoactivities  

Minimal（already required or proviqed）and maximal  

CaPaCitiesovertimeupdateearliestandlateststartandend  
times・Forexample，inc 
timefbrarequiringactivity．   

By this way，the constraint propagation perfbrmedin  

COnStraint－based schedulinglS COmpletewith respect to  
temporalconstraints・ThismeanSPOStlngtheconstraintsis  

Su印cient to determine whether．a set of temporal  
constraintsis consistent．In addition the earliest and tatest  
Startandend、timesofactivitiesareupdatedtoguarantee：  
thatthe earliest startand endtimes representa solution，  
andthatthelateststartandendtimesrepresentasoIution、  
i．e．a set of values fbr the start and end times which  

satisfyallofthetemporaIconstraints．   

4．C8～OS血dy   

Theproblemusedforcasestudyherewasproposedby  
ProfSalahE．Elmaghraby（NorthCarolinaStateUniv・）in  

hisspeechtitled“RecentAdvancesinPrdectScheduling’’  

fbr COM（Computer Optimized Manufacturing）research  

groupofORSJ（Jan．13th，1997，Tbkyo）・  

The Problem：Considerthe fbllowlng PrqeCtin which  
activitylisadummyactivitydenotingtheustartMofthe  
prqiect，andactivityllisalsoadummyactivitydenoting  
the“end”oftheprq）eCt・   

Therearethreeresources：Rl．R2，R3，eaChavailablein4  
units per period. 
Eachactivityisrepresentedbyanode，andhasaduration  

03000500アイログ（株）  
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1．血trodⅦetion   

Giventhelimitedavailabilityofresources，Whatisthebest  
scheduleoftheactivitiesinordertocompletetheprqjectin  
the shortest possible time？Thisis called the RCPSP  
（resource－Constrained prqiect scheduling problem）・The  
m句OrOqeCtiveoftheRCPSPistopositiontheactivities  

onthetimelineinoptlmalwaysoasnottoexceedthe  
resourcecapacity．Prqjectmanagerswhoareinterestedin  
the scheduling aspects．of their prqjects・are tyPica11y  
seekingthewaytogetthebestansweraseasyaspossible，  
withtheminimumbudgetandshorttime・  

Theapproachsuggestedbythispaperistouseaconstraint－  
basedschedulingcomponent，Whichmakesitpossibleto  
soIvecomplexschedulingprob］emveryquickly・Through  
this approach，SCheduling effbrts which used to take  
monthsnowtakedays．   

2．Constr＆intprogr＆mmlng   

OneofthemainadvantagesofconstraintprogrammlnglS  
thatitenablesyoutorepresentyourproblemexplicitlylna  
naturalandintuitivemode）．Aconstraintisamathematical  
relation between possible values of variables. Constraint 
programmlnglS aWay OfsoIving constraint satisfhction  
problems，Whichconsistsofanumberofvariablesanda  
numberofrelationsonandamongthosevariables・Finding  
solutiontoaconstraint－PrOgrammlngprOblemistoasslgn  
valuestotheconstraintvariablesoftheprobleminsucha  
waythatalltheconstraintsimposedonthevariablesare  
Satis貞edsimultaneo也sly．  

ThesetofpossibleasslgnmentSOfvaluestovariablesis  
known as the search space．Constraint programmlnglS  
efncientbecause，ratherthan searchingthatsearch space  
blindly，lteXPloitstheconstraintsthemse］vesbyconstraint  
propagation to reduceits effbrtin the search・The  
constraint propagation is known as the most powerful 
ftaturesoftheconstraintprogrammlng・   

3．Con8tmht・b且8d盲血¢血Ihg  

Constraint－basedschedulingexploitsallthefhcilities、ofthe  
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a［A71precedesa［All］；   

ぬr811（tinl鹿ks）（  

a【t】requires（requiredRcsourceRl【t】）Rl；  

a［t）requ！res（requiredResourceR2［t］）R2；  

a（t】requ］reS（rcquiredResourceR3tt］）R3；）  

）；  

Se訂Ch（  

SetTimes（a）；）；   

TheresultsonPCPentium150MHzunderWindows95is  

ShownaSfollows．The totalmemory usedis 48476  
（bytes），and CPU timeis O．11（second）．The Optimurn  

Valueis13．  
＞All【13－－0－－＞13］  

＞AlO［＄一一3－－＞11】  

＞A9【5－－1－一＞6】  

＞A8【1l…2－－＞13】  

＞A7【l－－3－－＞4］  

＞A6【6－－2－・＞3】  

＞A5【4－－トー＞5】  

＞A4【0－－1－一＞l】  

＞A3【0－－3一一＞3】  

＞A2【3－－3一一＞6】  

＞Al【0－－0－・＞0】   

5．Rem8rb   

lnthepaper，COnStraint－based schedulinglS′SuggeSted to  

SO］veresource－COnStrainedschedulingproblem．Atypical  

RCPSPproblemisglVenaSaCaSeStudy，andsoIvedbyan  

efncient constraint－based scheduling componentsILOG  

SCHEDULER，Whicho舵rsanaturalo句ectmodelforthe  
representationof鰯nite capacityschedulingand resource  

allocation problems andis alibrary oftime－VS－CapaCity  

COnStraintsdennedintermsof‖resourcesTland‖activities‖．  

WithILOGSCHEDULER，itiseasierandfastertomodel  
and soIveyourresource－COnStrained schedulingproblem，  

toreducecompIexityofyourcombinatoria］problems by  

COnStraintpropagation．   

The constraint－based scheduling can also be used to  

e餌ciently soIve DTCTP（discrete time／cost trade－0ff  
problem），MRCPSP（multi－mOde resource－COnStrained  
Prqject scheduling prob］em）and ARCPSP（acquired  
resource－COnStrained prqiect scheduling problem）  
PrOblems．   

5．熟慮m弧此  

【1］SalahE．Elmaghraby，＄cheduIiqginactivityNetworks：   

Theresource－COnStraintedprqIeCtSChedu］ingproblem，   

Lecturenotes，NorthCarOlinaStateUniv．，1997．  

【2］lLOGSCHEDULER，UserManual，VerSion4．0，May，   

1997．  

【3］ILOG SCHEDULER，Refbrence Manual，VerSion4．0，  

叫ay，1997．  

d【i］writtenontopofthenode．1tsresourccrequirements  

aregiven below the node．Forinstance，aCtivity8has  

durationd【8］＝2，andrequiresforeachtimeperiod，3units  

Of resource Rl，2units of resource R2，and none of  

resourceR3．  

WhatistheminimaJdurationoftheprqject，andwhatis  
theoptimalsequencetoperformtheactivity？  

（1，2，2）  

Thewayofmodemizationisverynatural．  
Stepl：Declareactivitiesandresources；  

Step2：Posttempora）andresourcerequlrementCOnStraints；  

Step3：SearchforasolutionuslngCOnStraintpropagation  
andBranch＆Bound．  

The whole source code onILOG SoIver Studiois as  
fb1lows．  

EnumPrbsks〈Al，A2，A3，A4，A5，A6，A7，A8，A9，AlO，A11）；  
in（duration［Thsks】＝【0，3，3，l，l，2，3，2，1，3，0）；  
intrequiredResourceRl【Tbsks】＝【0，2，3，），2，4，1，3，1，2，0］；  
血requiredRcsollrCeR2（Tasks】＝【0，2，l，0，2，0，2，2・1・2，0】；  
lntrequiredResourceR3［TbsksJ＝［0，2，］，1，2，1，2，0，0，3，0］；  
SCheduleHorizon＝Sum（tinTbsks）duration［tl；  

DiscreteResourceRl（4）；  

DiscreteResourceR2（4）；  

DiscreteResourceR3（4）；  

Activやa［tinTbsks］（duration［t］）；  

mlnlm】Ze  

a【All】．印d  
Sll句ectto（   

a［Al】precedesa【A2］；   

alA2】precedesa【A恥   

a【A8］precedesa【AIl】；   

a【Al】precedesa【A3】；   

a【Al】precedesa【A4】；   

a【Al】preced¢Sa【A7】；   

a【A31precedesa【A51；   

a【A3】precモdes叫Aq；   

a【A3】preced蛮a【A9】；   

atA51precedes8【Å8】；   

a【A6】precedesa【AlO】；   

a【A4】prece血sa【AlO】；   

a【A9】precedesa【A11】；   

a【AlO】precedesa【All】こ  
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