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1Introduction   

Weconsidertwooptimaldesignproblemsofdis－  

tibutionsystems・Eachproblemhasatwo－1evel  
structuresuchthatatthelowerlevelgoodsare  
suppliedto customers withknowndemandsin  

suchwayas tominimize theroutingcost・On  
theotherhand，theupperleveldeterminesthe  

configurationofthedistributionsystem，SuChas  

thelocationofdepots，thenumberofvehiclesas－  

slgnedtoeachdepotっortheasslgnmentOfcus－  
tomerstoappropriatedepots，SOaStOminimize  

thetotalcostofthewholesystem．Wefbrmulate  
thefo1lowlngtWOtyPeSOftheproblem・   
ProblemI‥ Amongpotentiallocationsof  
depotseachofwhichpossessesitsownfixednum－  

ber ofvehicles，the upperlevelchooses NDlo－  

cations to be used as depot sites．Thelower  

levelthenfinds optimalroutes with minimum  

costfrom these selected depots to customers・  

The problem thus becomes a two－1evelcombi－  

natorialoptimizationproblemwhoseupperand  

lowerlevelproblems are anallocation problem  

andavehicleroutingproblem（VRP）withmulti  
depots，reSpeCtively．   

ProblemII：The upperlevelcanentrust  

toNDdistributerstodistributegoods・Thetask  
oftheupperlevelistopartitionthesetofcus－  
tomersintoNDgrOupSandasslgneaChgroupto  

anappropriatedistributer・At thelowerlevel，  

each distributersoIves standard（single depot）  

VRPtofindaminimalcostroutetravellingthe  

asslgnedcustomers・Consequently，inthisprob－  

1em，theupperlevelproblemisasetpartitionlng  
problem，andtheloweroneisasetofVRP，s・   

Bothproblemscanbeformulatedinaframe－  
workofgeneraltwo－1eveloptimizationproblem・  
Leta，，ybedecisionvariablesoftheupperlevel  

respectively・ThenwedefinetheULP andthe  
LLPofthisdistributionproblemasfo1lows：   

（ULP）瑠n 嘩，月匝＊））  
s．t． ご∈ズ，  

月＊＝n 拍，y）  

s．t． y∈y（影）  

（LLP）  

whereXandY（x）denotesthekasiblesetofthe  
ULPandthesetoffeasibleroutesunderglVenX，  

respectively，andR＊（x）standsfortheminimum  
totalcost ofthe LLP．  

2 Problem forrnulation 

FormulationofLLP［1］  

Undergivenx（theconfigurationparameters），  

theLLPisaVRPwithmultidepots（Problem  
I）orasetofVRP，swithsingledepot（Problem  

II）．WeslightlyextendtheVRPfbrmulationby  

Fisher［1］tothecaseofmultidepotsasfo1lows・   

AgraphG＝（N，E）isdefinedEbythesetN  

ofitsnodesandthesetEofitsedges．Wealso  
define C＝（1，‥・，Nc）：SetOfcustomers，Nc  

‥numberofcustomers；D＝（Nc＋1，・・・，Nc＋  

ND）：SetOfdepots，ND：numberofdepots；  

几「主（1，‥・，耽，∧b＋1，…，典フ＋∧b）‥Set  

ofnodes；kd‥ number ofvehicles at depot d；  

Ⅴ＝（1，‥・，た1，た1＋1，・‥，た1＋た2，…，∬）‥Set  

ofvehicles，K＝∑浩kd：numberofvehicles；Q  
：CapaCityofeachvehicle；qi：quantityofgoods  

tobedeliveredtocustomeri；Cij：COStOfdirect  

travelbetweennodeiandj官∈C，j∈N，Cij＝  

り五brall五，J∈C・   

恥rg⊆C，1et∫＝Ⅳ＼g，d（g）＝∑厨憫  
and r（S）＝「d（S）／Ql，Where「aldenotes the  

problem（ULP）andthelowerlevelproblem（LLP）smalle占t’integer’n云tlessthana．Itisnotedthat  
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r（S）standsfortheminimalnumberofvehicles  
thatrequiredtoservecustOmerSinset S，SOaS  

to meet their demands．   

Letyijk＝1ifvehiclek∈V usestheedge  
（i，j）i∈C，j∈N，yijk＝00therwise・Sincethe  

edge（i，j）isundirected，yijkandyjikdenotethe  

same variable．VVe also define  

Y＝（yijkIyijk＝00rlanddefinesaK－tree  

satゆing∑至宝た。＿1＋1∑慧叫Ⅳ。瑚た＝2たd，d∈  
β，（た0＝0）），  
WhereK－treeisdefinedtobeagraphwithNc＋  
ND＋K edges spannlng allnodes．Then the  

problemis  

ⅣcⅣc＋Ⅳβ打  

］，Xij＝00therwise・Thentheproblemis   

Ⅳβ〃p   

増n Z＝∑∑丸勒＋ガ（諾） 
た1J＝1  

（5）  

Ⅳ♪  

s・t・∑句＝1，豆∈β  
j＝1  

（6）  

Ⅳβ  

∑∬わ≦1，ブ∈P  
慮＝1  

（7）  

∬iブ∈（0，1），宜∈刀，J∈P （8）   

Fbrmulation ofULPII  

Letxij＝1ifcustomeriisasslgnedtodepotj  

andthismeansthatcustomeriisservedbythe  

distributeratdepotj，Xij＝00therwise・Then  

the problem is 

ⅣcⅣβ   

聖n Z＝∑∑丸勒＋月＊（訂） 
た1j＝1  

（9）  

〃β  

s・t・∑丸＝1，宜∈C   （10）  

j＝1  

∬五J∈（0，1），豆∈C，J∈か （11）   

3 Computational Results 

Branch and bound type solution method and  

SOmeCOmputationalresultswillbereported．  
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頭注 月＝∑ ∑ ∑ci勅た ∈y  （1）  

y  た1J＝豆＋1た＝1  

入’‘ヽ丁し－・  

s・t・∑∑抑＝2，豆∈C  
た＝1J＝1   

（2）  

〃c Ⅳc  

∑眺画一∑如＝0，た∈りp∈C（3）  
た1  J＝1  

人■  

∑∑∑抑≧2γ（g）  
た＝1i∈gj∈丘  

∀g⊆Ⅳcwithlg‡≧2（4）  

Constraint（2）imposes that each customer  

hastwoedgesincidentonitself．Itmeansthat  

eachcustomermustbevisitedexactlyonce．This  

COnStraint，however，does not necessarilylmply  

thatvisitingvehicleandleavlngVehicleareiden－  

tical・Thusweaddconstraints（3）foreachvehi－  

Cle・Inequalities（4）denotethevehiclecapacity  

constraints．Since each vehicle must enter and  

leavesetS，WemuS！haveatleast2r（S）edges  

between sets S and S．   
IfwesetND＝1，theaboveproblemreduces  

toastandardVRPstudiedin［1】・   

Formulation of ULP I 

Weassumethat thenumberofdepotsandvehi－  

ClestobesetareglVen．Wedefineadditionally  

P＝（1，…，Np）：SetOfpotentiallocations，Np  

‥numberofpotentia1locations；Pij：fiⅩedcost  

Ofplacementofdepotitolocation］．   

Letxij＝1ifdepotiislocatedatlocation  
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