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Abstract  

This paper describes the research on developing a hybrid Genetic Algorithm（HGA）in  

SOIvingVehicleRoutingProblemswithTimeWindowConstraints（VRPTW）．HGAusesintuitive  

integerstrlngrepreSentationwithgroupinfbrmationattached・Italsoincorporatesothertechniques  
SuChasgroupinfbrmationupdatingandlocalsearchimprovement．Theimplementedheuristicwas  

appliedtosoIveSolomon’s56VRPTWlOO－CuStOmerinstances，andyield15solutionsbetterthanor  

equlValenttothebestsolutionseverpublishedinliterature．  

AnintegerstrlngOflengthNisusedastherepresentationofchromosome，WhereNisthe  

numberofcustomers・Eachgeneinthechromosomeisthecustomernodenumber．Thesequenceof  

thegenesistheorderofvisitingthesecustomers．ThefbnowlnglSOneChromosome：  

258101293761411  （1）  

Forthesamechromosomestrlng，1tmayrepreSentmanyftasiblesolutionsaslongasallthecapaclty  

andtimewindowconstraintsarenotviolated，SuChas：  

（25810）（12937）（61411）and（258）（10129376）（1411）  （2）  

Where each portioninthe parentheses represents one route・The only difftrence between these  

representationsisthegro岬IngOfcustomernodes・WithdifftrentgrouplngOneChromosomecan  
representdifftrentsolutions．InthehybridGA，WeSimplyassociatethegrouplnginfbrmationwith  

eachchromosome，thenthechromosomerepresentationis：  

258101293761411［363】  （3）  

Ineachofthenewrepresentation，thesecondpartinsideparenthesesisthegrouplnginfbrmation・For  

example，［363］indicatesthefirst3customernodesisinthenrstroute，thenext6customernodesis  

inthesecondroute，andthelast3customernodesbelongtothelastroute．The丘tnessvalueofthe  

representationcanbecalculatedeasi）yaccordingtothisgrouplnginfbrmation・  

Toobtainabettergrouplngfbreachchromosome，alocalsearchfbrgrouplnglSCOnductedby  

Changlngthegrouplnginfbrmationuntiloneftasiblebettergrouplngisfbund・Forexample，ifthe  

Originalgroupingis［651】，WeCanCheckthenewgroupingcombinationssuchas［561］，【552］or【4  

53］．Thesearchingorderandoperatorscanbedefinedeasily・Eachofthenewgroupingswillbenrst  

Checkedfbrftasibility，OnlyftasiblegrouplngSwi）lbe underconsideration・Thesearchwillstop  

Whenanewbettergrouplngisfbundorthesearchingtlmeisout・  

After the grouplng upda（e process，Chromosomes willgo through the Local Search  

Improvement（LSI）processfbrfurtherfine－tuning・TheLSIprocessisdennedasfollows：aPOrtionof  
the chromosomes are decodedinto their route conngurations，and then they willundergo九－  

interchangelocalsearchproceduretoimprovesolutions．Theimprovedsolutionsarethenencoded  
backtochromosomeformat．ThisprocessiscalledLocalSearchhlPrOVement（LSI）・Onlysome  

randomlyselectedchromosomeswillundergothisLSIprocess・  

Everylteration befbre golng through the normalselection and reproduction process，the  

Chromosomewi11丘rst gothrough theimprovementprocedures whichincludes both the groplng  
updateprocessandLSIprocess・Noticethatthegrouplnginfbrmationwillnotbeusedinthenormal  
GAprocess．  

The population size ofeach generationis kept atlOOOin our problem・Alltheinitial  
Chromosomesaregeneratedrandomiy・Thetotalgenerationnumberissetat500tolOOO，Whichisa  
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COmPrOmisebetweencomputationaltimeandfinalresults・TheprocessofHGAisshownbelow，  

WherePlandP2aretwopresetnumbers：  

Heuristic ：  

HybridGA－1：  

HybridGA－2：  

HybridGA－3：  

HybridGA－4：  

HybridGA－5：  

HybridGA－6：  

HybridGeneticAIgorithm（hGA）  
InitializechromosomesandsettheiterationcounterN＝0．  

Getinitialgrouplnginfbrmationfbreachchromosome．  

SettheregrouplngCOunterM．  

Updatechromosomegrouplnginfbrmationuslnglocalsearch・  
UndergoLSIProcess，M＝M＋1．  

If（M＞Pl）  

GotoHybridGA－7．  

EIse  

GotoHybridGA－4．  

GAoperations：Selection，CrOSSOVerandmutation．N＝N＋1．  

If（N＞P2）  

GotoHybridGA－9．  

EIse  

HybridGA－7：  

HybridGA－8：  

GotoHybridGA－2．  

HYbridGA－9：Terminate．  

ThisHGAwasappliedtosixVRPTWdatasets，i．e．，Rl，Cl，RCl，R2，C2andRC2which  

WaSgeneratedbySolomonconsistlngOflOOcustomerswithEuclideandistance．  

Tablelcomparestheaveragedistanceobtainedfromninedifftrentheuristicsandthehybrid  

geneticalgorithm・Thebestknownresultseverpublishedinliteraturearealsolistedinthetable．  

Tablel：Comparisonamongdifftrentheuristics，hGAandbestknownresults   

Prob  Rochat  Russell  

Class  and  and   etal．  and   etal．  and   and  Known  

Taillard  Russell  BenglO  Russell  Results   
1995   1999  

Cl  828．45  930．00  909．80  861．00  838．00  828．45  829．50  828．38  828．38  851．05  827．5   

C2  590．32  681．00  684．10  602．50  589．90  590．30  591．88  591．42  589．86  620．12  589．9   

Rl  1197．42  1317．00  1308．82  1294．70  1296．83  1216．70  1264．24  1204．19  1 1220  1174J7   

R2  954．36  1167．00  1166．42  1185．90  1117．70  995．38  1100．33  986．32  969．95  985．69  942．0   

RCl  1369．48  1523．00  1473．90  1465．00  1446．20  1367．51  1414．63  1397．44  1392．57  1366．62  1354．1   

RC2  1139．79  1398．00  1401．50  1476．10  1360．60  1165．62  1341．35  1229，54  1144．43  1108．5  1081．3   

All  57120  65827  65201  64679  62572  57993  61523  58502  57876   57903  56108   

Notice that the best－known results are co11ectively gatheredfrom difftrent papersinliterature  

COVerlngthemostrecentresearchontheoptlmizationofVRPTWinuslngSolomon，sdatasets・We  

Obtainedtotally15better／equivalentsolutions（26．8％outof56instances）．  

Inconclusion，theHGAthatweproposedinthispapernotonlyusesanewchromosome  

representationschemefbrtheVRPWT，butalsoincorporatetwoimprovementmethods・Fromthe  

resultanalysIS，itcanbeseenthatourheuristicisoneofthebestheuristicsinsoIvingVRPTW  

problems．  
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