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1・Introduction Sincethemiddleof80，s，theeconomicanalysisofqueuelngSyStemShas  

beendrawlngreSearChers’attentioninthefieldofMISstudyaswellasOperationsManage－  
ment・Inthispaper，Wefocusonthesocialwelfareanalysisofabalkingsystemwithhetero－  

geneoususers・AsNaor（1969）pointedout，thequeueingsystemalwaysinvolvesabuilt－in  

ine氏ciency，Cal1edthecongestionexternality．Weinvestigatetherelationshipsbetweenthe  

SOCialwelfareandtheusers’demandfunctionundertheexistenceoftheexternality．Wbalso  

investigatetheroleofprlCemeChanismasacontroIstrategyfortheexternality・  

2・BalkingSystemwith HeterogeneousUsers Weconsideraslngleserverqueue  
WithexponentialserverwithservicerateIL＞0．CustomersarriveatthesysteminaPoisson  

StreamWithparameter入＞0・Eachcustomer’sjobhasavalueVwhichisindependently  
andidentical1ydistributed withc・d・f・F（x）＝Pr［V≦x］．Infact，thedistributionfunc－  

tiondeterminesthedemandstructureoftheusers，andwecallit the demanddislribution．  

Customerssubmittheirjobsifthejobvalueisexceedingtothedelqycost，Orleave（balk）  

Withoutsubmittingtheirjobsotherwise．ThebalkingruleofacustomerwithjobvalueVis  

formulated asfo1lows．  
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Wherecn＝C（n＋1）／p，andndenotesthenmberofcustomersinsysteInuPOnthecustomer’s  

arrival・Accordingto（2・1），theeffectivearrlValrateforeachnisln＝入F（cn），n＝0，1，2，・・・   

Thenetsocialwelfareisdefinedasthedifferenceofthetotaldemandsatisfiedinthesystem  

andthedelaycost，i・e・，mS＝mv－mcWheremv≡入∑芸oenj＝xdF（x），mC≡∑註r。en入ncn  

anden，n＝0，1，2，…isthesteadystateprobability．Itisshownthatthenetsocialwelfare  

iswritteninasimpleform．  

Theorem 1 
00  

mβ＝入∑e  
れ＝0  

れ上：柚dご・   （2．2）  

OurprlnaryinterestistoinvestigatetherelationshipsbetweenthedemanddistributionF  

andthesocialwelfaremsundertheexistenceoftheexternality・Inthefo1lowlngSeCtions，We  

derivesu伍cientconditionsformonotonicrelationshipsbetweenthesocialwelfareanddemand  
distributionfunction．  

3．CompleteMonotoneDemandDistribution Itishardtoderivegeneralstatements  

OnSyStembehaviorofthebalkingsystemwithgeneraldemanddistributions．However，ifthe  

demandislimitedtoaclassoffunctions，OneCanSeeniceproperties．  
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Adistributio竺F（x）issaidtobecompletemopotoneisthereexistsadistributionfunction  
G（77）suchthatF（x）＝JTe‾叩dG（77）・Thesetofallcompletemonotonedistributionfunctions  
isdenotedbyCJu．  

Theorem2 SupposethatVl～CJu（Gl（17））andlろ～CJu（G2（17））・IfeitherGl≦ccG2，Or  

Gl≧sIG2，thenmsl≦ms2，Wheremskisthenetsocialwelfareunderthedemandstructurel左・  

4．Constant Demand Distribution Inthis section，Weinvestigatethebalkingsys－  

temwithhomogeneousdemand，i．e．，COnStantjobvalue．Thesystemisthesameonefirst  

introducedbyNaor（1969），、butthecomparativeanalysisofthesocialwelfareinthedemand  

血angeisnew．  

Theorem3 Considerthebalkingsystemwithconstantjobvalues，andletms（v）bethe  

socialwelfareinthesystemwithjobvaluevandletns（v）bethesmallestintegerthatisnot  
belowvFL／c・●Supposethatvl＜v2，thenitisshownthat‥   

a）If O＜mβ（仇）＝mβ（り2），then mβ（仇）＜mβ（v2），   

b）If O＜p≦1andns（vl）＋2≦ns（v2），then ms（vl）＜ms（v2）・   

5・Role ofPrice Mechanism Itiswel－knownthatinmanysimplebalkingsystems，  

theprlCemeChanismise鮎ctiveforinternalizationofthecongestionexternality，andhelpsto  

increasethesocialwelfare．WeapplytheprlCemeChanismtosystemswithmorecomplicated  

demand structure．   

Letpbetheprocessfeechargedtousers．Here，PISCOnSideredasaninternalprlCe，Ora  

tariffcontrolingthedemand・Now，uSerS’balkingruleismodifiedas  
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（5・1）  

Ontheother hand，thedefinitionofthenet socialwelfarestays thesame．Now，OneCan  

decomposethesocialwelfareintotwocomponents：  

Theorem 4 

（5・2）  

mβ（p）＝人員eれ（p）王ニp戸00十填eれ（p）・入几（p）  

Theorem5（ExistenceandUniquenessofOptimalPrice） Supposethatusershave  
randomjobvaluesVwithc．d．f．F（x）＝1－e‾叩，thenthereexistsauniquemaximizerp＝P＊  

forms（p）thatisstriclypositive．  

Theorem6 SupposethatusersinGroup－1andGroup－2haveexponential1ydistributedjob  
Valuest4andV；whichhavemeansE［Vi】＝1hl，E［堀＝1／り2reSpeCtively．Fhrthermore，  

SuppOSethat Gro11P－1and Group－2uSerS facepricesplandp2，re＄peCtively．W占assume  

that c／IL＞1and E［ti］／pl＝E［鴨】／p2・ThenitisshownthatifE［Vl］＜E［V；］，then  

mβ（机，pl）＜mβ（り2，p2）．  

Refbrences N－aor，P・，1969，OntheregulationofqueuesizebylevylngtO11s，Econometrica，  

Vol．38，13－24，etC．  
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