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Bicriterion Shortest Path Problems  
AccordingtoaDecisionMaker，sPreference   

OlOl1600 AshikagaJuniorCollege OKADAShinkoh  

2 Paretooptimality   

VVe consider an order relation between vec－  

tors and define Pareto optimality based on 

theorderrelationbetweenintervalsproposed  

byOkadaetal・［1］・  

DefinitionlLela andb be vectors on R2  

β祝Cん娩αfα＝（α1，α2）α乃dも＝（あ1，あ2）．凡r  

タ哀γeγlαα乃dβ5㍑Cん銑αfO≦α≦β≦1，  

1. Introduction 

Thebicriterionshortestpathproblem（BSP）  
can be described over a directed network  

G（N，A），COnSisting ofafinite set N ofn  

nodes and afinite set A ofm directed arcs．  

Each arcis definedin terms of an ordered  

air（i，j），Whereiandjdenotethestarト  

1ng nOdeand the ending node respectively・  

Inbicriterionshortestpathproblemavector  

Cij＝（c左，Cち）suchas‘cost’，‘distance’，’dura－  
tiontime，andsoonareassociatedwitheach  

arc（i，j）・Cちandcちareassumedtobeposi－  
tive．  

Inthisnetwork，WeSPeCifytwonodes，de－  

notedbysandt，Whicharethesourcenode  

and the destination node，reSPeCtively・We  

defineapathpij aSaSequenCePij＝（i＝  
壱1，（壱1，壱2），五2，‥・，壱J＿i，（壱L＝壱JいJ＝刀ofaト  

ternatingnodesandarcs・Theexistenceof  
atleastonepathpsiinG（N，A）isassumed  

fbreverynodei∈N－（s）・The distance  
vector d（p）along the path pis defined as  

d（p）＝（dl（p），d2（p））＝（∑c左，∑c乙）・  
（五，J）∈p （壱，J）∈p   

TheproblemBSPmaybestatedasthefbl－  

lowlngbi－ObjectivelinearprogrammlngPrOb－  

1em：Pl  

α≦α，βも  

⇔（1－α）α1＋αα2≦（1－α）あ1＋αあ2  

and（1－β）α1＋βα2≦（1－β）あ1十βあ2  
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 Definition2 The striclinequalily relation  

五和β所乃哀わ0乃J壱5d所乃edαβわJJoひβごαく。，βぁ  

げ‘1ゴ。，βあゐ0仏α乃d兢eβr盲cfよ乃e押αJ和んogd5  

立花eよ±んer「りor作ノ・  

Theorderrelation二≦。，β1SCOntentedwiththe  

axiomoforderrelation．Itistotal1yordered  

ncaseofα＝β，Whileitispartial1yordered  

lnCaSeOfα≠β・Hene，thissometimesleads  

totheindecisivecaselnWhichneitheraゴ。，β  

むnorbゴ。，βαholds・  

Lemmal〝α二ゝβb♪rO≦α≦α′≦  
β′≦β≦1，班eγいαゴ。・，β′も・  

Definition3Let3：，y ∈ X be two dis－  

f去れC土井α5壱ゐJeβOJ祝f去0乃βイPJ．£dom主犯αfe5  
yかタ五γe乃αα乃dβ好（cl（諾），C2（£））くα，β  

（cl（y），C2（y））ん0仏  

Definition4LetXg，β＝（x∈Xrjy∈X  

5㍑Cん班d（cl（y），C2（y））ゴ。，β（cl（ヱ），C2（諾））あe  
兢eβe±イdom盲乃αfed50J祝王立0乃5イPJわrタ壱γe乃  

αα乃dβ・rんe乃ズご，β＝ズ＼ズg，βiβ鮎5eまイ  

α，β－乃0乃domi乃αまe（ブβOJ祝如乃βげPJ，0γfんe5ef  

イα，β一夕αreわqpfimαJβOJ祝f査0乃βイPJ．  

A path pst corresponding to a α，β－  

nondominated solution；r Of Plis cal1ed a  

1  （、・I●  

りり  mincl（諾）＝ ∑  

（i，j）∈A  

minc2（£）＝ ∑c乙£ij  

（壱，ゴ）∈A  

S11bject to  
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（3）   

1
 
 

諾ij＝00rlfbrany（壱，ブ）∈A・   （4）  

LetXdenotetheconvexpolyhedrondefined  

byconstraints（3）and（4）・  
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α，β－nOndominated path orα，β－Pareto Op－  

timalpath．Weremarks that thefo1lowlng  

equationholds：  

d（裾）＝（dl（pさt），d2（裾））＝（cl（諾），C2（諾））  
where the path p3t COrreSPOnds to aα，β－  

nondominated sol11tion x ofPl．  

Lemma2ムefズご，βゐeα5eまイ乃0乃dom五乃αfed  

βOJ以上io乃イPJわrダ五γeγlαα乃dβ．〝0≦α≦  

α′≦β′≦β≦1，娩e几ズご，β⊇ズご・，β‥   

3 Algorithm  

On the basis of the multiple labeling 

method［2］，analgorithmforsoIvingbicrite－  

rion shortest path problemsisimmediately  

derived．   

Alabelis composed ofa distanCe VeCtOr  

and two pointers．Let j∈N be a node of  

G（N，A），thek－thlabelassociatedwithjis  

［dk（psj），（i，kl）］k，Wherei（i≠j）isaprede－  

CeSSOrnOdeofthelabel，dk（psj）is the dis－  

tancevector along the pathpsj Ofthe k－th  

labelofj，and klindicates somelabelofi，  

hrwhicbdた（pβJ）＝dた1（p。壱）＋cij・   

LetPandTbesetsofpermanentandtem－  

porarylabelsrespectively■Anelement（i，k）  

inthesetsPorTmeansapointertothek－th  

labelofthe nodei．   

While the permanentlabels remain un－  

changed，thetemporarylabelscanbedeleted  

d11ringtheexecutionofthealgorithm・Ftom  
apermanentlabelofsomenodei∈N，atem－  

porarylabelisasslgnedtoeverynodej∈N，  

suchthat（i，j）isanarCOfG（N，A）・   

Algorithml．  

［stepO］Set the parametersαandβac－   

cording to a decision maker’s preftrence・   

Assignthelabel［（0，0），（－，－）］1tOnOdes・   

Setittotemporarylabelandinitiali2；ethe   

setofpermanentlabelstoemptyasfo1lows：   

r←（1，1）andf）←臥  

［stepl］IfT＝¢，gOtOSteP3・OtherwミSe，   

amongal1thetemporarylabelsdetermlIle   

thelexicographicallysmallest one・Letit   

be the k－thlabelassociated with nodei．   

Setthislabelasthepermanentoneasfbト   
lows：   

r←r＼（壱，ん）andP←クリ（壱，り．  

〔step2］Whilesomenodej∈Nexists，   

SuChthat（i，j）∈A，eXeCute   

dJ（絢）＝dん（p．盲）＋cij・   

Let［dl（p8j），（i，k）］Lbeanewtemporaryla－   

belofthenodej・Updatethetemporary  
labelasfo1lows：   

r←rU（J，り・  

Amongallthetemporarylabelsofnode   

j，deleteal1labels representing a domi－   

natedpath丘omstoj，andalsodiscardtlle   

elementscorrespondingtothelabels丘om   
thesetT・Ret11rntOStePl．  

［step3］Find the nondominated paths   
fromstot・Fbrthat，thetwopointersof   

eachlabelareusedtorecomp’osebackwards   
thelistofnodesofthatpathuntilreaching   

the node s．  

［step4】Terminatetheexecutionoftheal－   
gorithm・  

Itisnotedthatal1theα，β－nOndominated  

Pathsfromthesourcenodestoal1nodesi∈  
N＼（s）canbedeterminedwithAlgorithml．   

4 Conclusion   

WeproposedanalgorithmfbrsoIvingbicri－  

terionshortest pathproblemaccordingtoa  

decisionmaker’spreference．Somenumerical  

exampleswillbepresentedattheconference．   
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