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1．Introduction Abirth－deathtypequeueisconsideredwhereeachcustomerbrings  
arandomvaluedjobtobeprocessedinthesystem．EacharrivlngCuStOmerJOlnSthequeue  
onlyifthedelaycostislessthanthejobvalue，Otherwisethecustomerleavesthesystem・The  
delaycostdoesnothavetobelinearbutanincrea・Slngfunctionofthenumberofcustomersin  
thesystem．Weanalyzehowthedistributionofjobvaluewouldaffectthesocialbenefitofthe  
systemwhichisdefinedastheexpectednetvalueprocessedinthesystemperunitoftime・  
Sincecustomersrushingtothesystemcouldcausealmgecongestionwhichwouldincrease  
thedelaycost，thestochastical1yhigherjobvaluedoesnotalwayspr9ducethehighersocial  
benefit．Howeverweshowthatthismonotonicrelationshipholdsintheexponentialjobvalue  
case．WealsoinvestigateageneralizedprlClngStrategy・  

2．TheModel Weconsideraslngleserverqueuewithexponentia・1serverwithservice  
rateIL＞0・CustomersarriveatthesysteminaPoissonstreamwithparameter入＞0・The  
jobvalueforthei－tharrlVlngCuStOmerisarandomvariablewhichisdenotedbyliwhere  
V：arei．i．d．withacorrmondistributionfunctionF（x）＝Prob［Ⅵ≦x］・Thecorresponding  
genericrandomvariableisdenotedbyV・   
Customersobservethesystemstatusontheirarrivalanddecidetosubmittheirjobs，OrtO  

leave（balk）withoutsubmittingtheirjobsbycomparingtheirjobvalueswiththeexpected  
delaycosts・TheexpecteddelaycostispossiblynonlinearintheexpectedsojOurntime・Letcn  
betheexpecteddelqycostforanarrlVlngCuStOmerWhoobservesncustomersinthesystem・  
Weassumethatcnispositiveandanon－decreaslngfunctionofn，l・e・，0くCo≦cl≦c2≦…，  
andthatlimn→∞Cn＝∞．Thesteadystateprobabilityofncustomersinthesystem，en，is  
easilyobtained．Wedefinemsby  

（1）  mβ＝人員eれ上：坤）一差eれ入几Cれ＝儲骨佃，  
i．e．，mSistheexpectedsumofthenetjobvalueprocessedinthesystemperunitoftime・We  
takeaviewpointthatmsisthepublicgoodwhichshouldbeoptimized）andwecal1msthe  
socialbenefitofthesystem．  

3．E鮎ctofTheHigherJobVilueonTheSocialBenefit  

Theoreml∫叩pOβe班欄fαJJvβe和んαγeαCO乃β加り0ぁり血e…祝亡んαβCo＜り，血和紙e  
mo乃や几輌げmβ（uい乃タe几叫i5 

Theorem2ぶ叩pOβe班αf祝朗rβ盲乃gyβまem－J肌d眈郎rβ盲n伽ねm－gんαγe e叩…e花王盲αり0あ  

γαJ祝eβⅥαれd鴨r叩eC王宮γeJy．エe碩（∬）＝P【Ⅵ＞∬】＝e‾榊αれd為（∬）＝ク［鴨＞ご】＝e‾榊  

〝Ⅵ≦きf鴨，・班e托mβ（り1）≦mβ（り2）・  
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4・  The（k，P）Price StrategyWeconsiqerasocial1yoptimalpolicyintroducinga  

generalizedprlCeStrategy．TheprlCePnischargedforarrivlngCuStOmerSWhofindncustomers  

insystem，iftheyjointhesystem．Consequentlythiskindofpricechargeacceleratesthem  

tobalk，andthenita鮎ctstheeffectivearrivalrates・Wt 

thismodelinthesamemannerasthenopr19emOdel，that’is，  

00  

（2）  mβ（p）≡入∑  
れ＝0  

＝入至  
れ＝0  

∞  

∑eれ（p）・入れ．（pm）・Cれ  
り＝0  

∞  

∑eれ（p）・入几（恥）・恥  
れ＝0  

eれ（p）上二恥甜（可－  

eれ（p）上二恥瑚机  

Particularly，Yedealwiththe（k，P）pricestrategywhichiswrittenaPn＝0forn≦k－1  

andpn＝Pfor n≧k．．ThistypeofprlCeStrategylnCludesthefollowlngStrat■egies．   

●Thefreeよccessstrategy（b＝00rk＝∞）   

●Thecompletechargestrategy（k＝0）  

・TheN－gatedstrategy（p＝∞and 

ThenexttheoremguaranteesapositivepricepwhidlStrictlyincr占asesthesocialbenefit  
inthe（k，P）pricestrategyforanarbitraryintegerk▲≧0．  

Theorem3Suppose that users have random job value V with the distribution function  

顆）＝トe叩・me托′か…舶mry極d五花物erた≧0′班汀e■紺融＝り那祓靴q画一  
mdJpγ盲cep＝〆びん盲cんmαエ盲m2ZefんeぶOC五αJゐe几びfmβ（恒）び融fウe作，pノpわceβ細物y・  

Theorem4β叩pO5e娩αfαJJ祝5er5ん肌eαCO乃5玩mり0ゐuαJ祝eγα几dα5云祝meO＜p＜1．  

βび花e肌盲花物erⅣ（た，p）αβ  

C〃仲，p）＋pⅣ（わ） ＜u≦cⅣ（ん，p）十1＋pⅣ（た，p）＋1，  

α氾dd頭乃e 

i＋1 t  

g（去）≡（1一声2）∑〆（u－Cれ）－（ト〆3）∑〆（リーCれ），  
れ＝0 れ＝0 

α氾dⅣ査β班ec声古豪古cαJ陀祝mゐerβMん豪んαfc〃＜り≦cⅣ叶   

〝如〃－1）≧0翫托娠働ノβf和桓β㍑Cん助〃（恒）＝〃五β叩f盲mαJ・   

〝タ（Ⅳ一1）＜0班e打払ereeご盲βね班e混和3叩e乃祝mゐer壱＊仲＜盲＊＜〃－りβWCん亡んαfg（壱⊥1）＞0  

α几dタ（り＜0，α乃d班e作，pノβ細物yβ祝Cん銑αfⅣ（た，p）＝盲＊ねopわmαJ．   
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