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1Backgrounds and objec一（1，・・・，n）bethenodeset，E＝（（i，j）：1≦  
i＜j≦n）betheedgeset，andcij∈R笠obe  

thecostofedge（i，j）・Inourfbrmulation，there  

are3typeofconstraints；   

（i）degreeconstraints，   

（ii）subtoureliminations，and   

（iii）0－1constraints・   

For allnodek∈N，let6（k）bethesetofal1  

edgeswhichareconnectedtok・Then，TSPcan  

beformulatedasfollowingIP；  

tives  

TheGroebnerbasesofpolynomialidealwere  

introducedbyBuchbergerin1965・Healsode－  

veloped an algorithm to compute a Groebner  

base．Itis known that this algorithmis ex－  

tremely time－COnSuming・In1991，Contiand  

Traversoproposedanalgorithmforintegerpro－  

gramming problems（IP）using the Groebner  

base・This algorithmmakes good useoftoric  

ideals，aSpeCialclassofpolynomialideal・Our  

Objectivesare；   

（i）tomeasuretheefRciencyofGroebnerbases  

for combinatorialoptimization problems，  

and   

（ii）to analyze the structure ofcombinatorial  

optimization problems鈷・Om the viwe of  

toricidealsand Groebner bases．   

In this paper，We developed an algorithmfor  

traveling salesman problem（TSP），in which  

wecombinedtheConti－naVerSOalgorithmand  

branch andbound method．  

min・∑cけ町  
（i，J）∈β  

s⊥＋∑二 鞠＝2，∀宜∈Ⅳ，  
（た，り∈∂い）  

∑ニ 句＜l呵，∀Ⅳ⊆〃，  
i∈Ⅳ，J∈Ⅳ  

エ亀j∈（0，1），   ∀（宜，J）∈且  

3 The Conti－Traverso algo－  

rithm  

We explain the Conti－naVerSO algorithm  

briefly．Basicrefbrencesare【1］，t2］・Letkbean  

arbitraryjield，andk［y］竺k［yl，．．．，yn］bethe  

polynomialrm9Whereyl，‥・，yn areVariables・  

Furthermore，let＞beatermorderonNn and  

I⊂k［y］beanideal・DenotedaGroebnerbasis  

ofJ肌r．亡．トbyGト（け  

2 The TSP  

WeconsidertheTSPoncompleteundirected  

graphswithdnodes，denotedbyKd・LetN＝  
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VeCtOrby∂．Hence，relaxationproblemscan  ConsiderfollowingIP；  

IPA，C（b）竺min（c・X：Ax＝b，X∈Nn），  

whereA∈Zdxn，b∈Zdandc∈Rn・Inthispa－  

per，aSSumeKer（A）nR笠。＝（0）・Letk［t士1］be  

theLawrent polynomialringandal，．．．，an be  

COlumnvectorsofA．Considerahomomorphism  

¢：柚小→坤土1］パい→伊．   

The kernelof4）is called the toricidealofA，  

denotedbyIA．   

TheConti－Traversoalgorithmisverysimple．   

（1）Findafeasiblesolutionu・  

（2）ComputeaGroebnerbaseofIA W・r・t・the   

Order（clト）・  

（3）Computethenormalformofyuandsetit  
toyV．Then，Visaoptimal．  

（‾三ご  
representedasIPi，6（b），WhereA＝   

6＝（∂，0），andIisnxnidentitymatrix・I  

knownthatthereducedGroebnerbaseofI＾is  

auniversalGroebnerbases，i．e．，itisaGroebner  

baseforeachtermorder［4］．WehavetosoIve  

problemsinthisformmanytimeinbranchand  

boundframework，but we proved thatifonce  

thereducedGroebnerbaseofIACOmputed，this  

relaxationproblemscanbesoIvebyonlychang－  

ingtheorderandapplyingthestep（3）ofthe  
Conti－Ttaversoalgorithm．  

5 Conclusion  

WedevelopedanalgorithmforTSPusingthe  

Groebnerbases．BycombiningwiththeBranch  

and bound method andseveralfact ofuniversal  

Groebner bases，the Conti－Traverso algorithm  

WaSCertainlyimproved．  4 0uralgrithms   

Our algorithm is based on the branch and 

bound method・Details arein［3］・Inour al－  

gorithm，thebranchphaseisdonebysplitting  

the fbasibleresion along asubtour（ll，・・・，l，）・  

TheboundphaseisdonebysoIvingtherelax－  

ation problemin which（i）degree constraints，  

（iii）0－1constrains，andfo1lowingadditional  

COnStraintsareconsidered；  

fiⅩll，…，l，＿1tOuSe，l，nOttOuSe，  

fiⅩlltOuSe，l2nOttOuSe，  

fiⅩllnOttOuSe．   

LetAbetheincidencematrixofKd，andMbe  

a sufncient big number．Then additionalcon－  

straits“to useH and“not to use”can befoト  

mulated by replaclng COSt Ofthe edges to M，  

LM respectively，and denote the renewed cost  
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