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Abstract  

Theserviceprovisionproblemdescribedinthispapercomesh・Omanapplicationofdis－  
tributedprocesslngintelecommunicationnetworks．Theobjectiveistomaximizeaservice  

PrOVider，sprofitfromo鮎ringcomputationalba5edservicestocustomers．Theservicesare  

builtfromsoftwareapplicationscalledsubservices．Theserviceproviderhaslimitedca－  

pacityofsomereso11rCeSandthereforem11StChoose丘omasetofsoftwaresubservicesthose  
hewouldliketoo鮎r・Hemaximizesprofitwhichdependsbothonthenumberofrequests  
metandfixedchargesforinstallingthesubservices・AfiⅩedchargeispositivewhenitis  
Chargedbytheserviceproviderandnegativeifitisanamounttheserviceprovidermust  

payforexampletolicensethesubservice・   
Ourmaininterestinthisproblemcomesfromitbeingasubprobleminascenariode－  

COmpOSitionoftheserviceprovisionproblemwithstochasticdemand．Weassumestochas－  

ticityisrepresentedintermsofscenariosffomadiscreteprobabilitydistribution．ThefiⅩed  

ChargescanbeinterpretedasdualprlCeSOnthelinkingconstraintsinavariablesplitthat  
makesthestochasticproblemseparableinitsdemandscenarios．   

ThemaincontributionofthepaperistoglVeapSeudo－pOlynomialtimealgorithmto  

SOIve thefixedcharge problemand describe howthis algorithmcanbeusedin afu11y  

polynomialtime approximation scheme・Itis alsoindicated how the results丘om this  
PaperareuSedinadecompositionschemeforthestochasticserviceprovisionproblem．   

Keywords：distributedprocesslng，telecommunications，SerViceprovision，dynamic  

programming，（stochastic）integerprogramming，fu11ypolynomialapproximation  

scheme．  

1Introduction   

Theserviceprovisionproblemcomesfromanapplicationintelecommunications．It  

COnSidershowtoinstalldiffbrentprvcessm9basedservicesonasetofcomputernodes  

inanetworkwithdistributedprocesslngCapabilities・Thecomputerstypicallyhave  
limitedresourcessuchasmemory，prOCeSSingcapacityandstoragecapacity．Allthe  

SerVicesarebuiltfromasetofsubservices・Thesubservicesaresoftwareapplications  
thatruninadistributedmannerinthenetwork．Theseapplicationscommunicate  

uslnganunderlyingtransportationnetwork・Thefocusofthispaperisonhowto  
a1locatecomputationalresourcestoasetofsubservicesinordertomaximizethe  

profitgainedthroughmeetingcustomerdemandfbrservices．Becausetheresources  

arelimited，itmaybenecessarytorqiectsomecustomers．   

Theshiftoffbcusftomtransportationtocomputationalresourcesinthetelecom  

industryfo1lowsasaconsequenceofthreefactors：teChnologlCaldevelopments，SuCh  
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asdigitaltechnologyandarchitectureslikeATM［1，8】，incringthetran甲Ortation  

Capabilitiesofnetworks；neWSerVices，likeVoiceMail，requlrlngmOreCOmputational  
resources；■andthecomputingindustry’sinfluenceuponaderegulatedtelecommu－  
nicatiohmarket．Ftomtheprognosisthattheproblemofallocatingnoderesources  
willbeimportahtinnearfuture（c．ftheInternet）wewereaskedbythefinancial  

COntributortoexaminethesituationwithsolefocusonprocesslng．   

Itis assumed that the transportation network，the telecom markets and the  

distributedprocesslngCapabilitiesofthenetworknodesaresuchthatthefbllowlng  
hold．Firstly，Subservicedemandmaybeconsideredindependentlyoftheservices  

that generatedit・Secondly，tranSpOrtation and customerldcation need not be  

COnSidered［9］・Thispaperconcernstheproblemwithonlyonenodetoi．nstallspb－  

SerViceson，Withaslngleconstrainedcomputingresource，e・9・，prOCeSSlngCapaCity．   

This paper examines the situation where thereis afiⅩed cost or revenue as－  

SOCiatedwithinstallingasubservice．Thereareseveralwaysofinterpretingthis  

fixedamount．Onenaturalsituationexplainingbothpositiveandnegativevaluesis  

Wherethe■SerViceproviderprovidesasubservicefbrathirdparty．Inthecaseoflow  

demandforthesubservice，theserviceproviderchargesafiⅩed amounttoinstall  

it．Fbrhighdemand，heinsteadofferstopayafixedamounttobeabletoofferthe  

Subservice．Inbothcases，prOfitisalsogainedfromeachfulfi1ledsubservicerequest．  

Intheremainderthi云iscalledafiⅩedcharge，denotedcj・forsubservicej，regardless  
dfwhetherthefixedamountispositiveorpegative・   
Demandforsubservice31SglVenintermsofrequestedcapacityunits，dj・Each  
unitofdemandmetforsubservice］galnSチprOfitofqj・EachsubserviceusesaglVen  
amountofcapacityjustbeingavailable，independentofthedemandmet．Thisis  

Calledtheinstallatioわrt，quirementofthesubservice）denotedbyrjforsubserviceJ・   

Tbformalizethemodel，therearensubserviceswithrj，dj，qj∈Z＋，Cj∈Z，  

j＝1，．・．nandS∈Z＋・Thebinarydecisionvariableszjindicatewhensubservicej  

isinsta11edonthenode，Zj．＝1，OrnOt，Zj＝0，j＝1，・・・，n・・Thedecisionvariables  

XjglVedemandmetforsubservice］1nnOdecabacityunits，］＝1，…，n・   

Theobjectiveistomaximizeprofit．The cqpacity constTuintensuresthenode  

CapaCityisnotexceededandtheinstallationconstraintsrequiredemandforasub－  

SerVicetobemetonlyifthesubserviceisinstalled．  

AssumptionlFbrsirvlicitydemandsarepre－PrOCeSSedsothat4j≦S●－rj，Vj・   

The mathematicalprogrammlng fbrmulatiop ofthefixed charge slngle node  

SerViceprovisionproblem（FSP）isgivenby  

Il †l  

max ∑cjZJ＋∑晒  
J＝1  メ＝1  

n †l  

s・t・∑γj勺＋∑丸≦ぶ，  
j＝1  j＝1  

dブZゴ ー勺≧0・j＝1，…，m，  

Zj∈（0，1），こり ≧O j＝1，…，托・  

（1）   

This problemisimpQrtantinitsown right，andalsohas applicationsoutside  

telecommunications・Fbr example，it can be usedin production plannlng On a．  

Singlemachine‥thetimeavailableisS，thereisaset－uptime，rj，Onjobj and  

norequirementthatjobsarecompleted・Profitdependslinearlyontheprocesslng  
timeofeachjob，Withafixedcost，Cj，forstartingjobj・   

Theresultsffomthispaperalsohaveimplicationsforsolutionmethodsforthe  

StrOnglyNP－hardstochasticserviceprovisionproblemwheredemandisuncertain．  

TheproblemaddregsedinthispaperarisesasasubproblemwhenaLagranglanre－  

1axationisusedtodecomposedintoscenariosatwo－StageVerSionofthestochastic  
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SerViceprovisionproblemwithoutfiⅩedcharges．Inthiscontextascenariorepre－  

SentSOnerealisationofthestochasticdemandvariables．Thedecompositionscheme  

leadstosoIvingmanydeterministic（FSP）problems．   

Solutionmethodsforothervariantsoftheproblemhavebeendiscussedinthe  

literature．Fbasibilityoftheserviceprovisionproblemwithmultiplenodesanda  

requirementthatalldemandbemetisdescribedin［4】andshowntobestronglyNP－  
COmplete・WhentherearenofiⅩedchargesthemultiplenodeproblemwhereprofit  
ismaximizedisalsostronglyNP－hard【2】，eVenfbraconstantnumberofnodes．Fbr  

thesinglenodeproblemwithoutfiⅩedcharges（SP）（thisis（FSP）withcj＝0，Vj），  

afullypolynomialtimeapproximationscheme（Q）taS）exists［2】．Theanalysisof  

（SP）hasmanysimilaritieswiththeknapsackproblem［7］・Thestochasticsingle  
nodeproblem，Withuncertaindemand，isstronglyNP－hard，unlessthenumberof  

SCenariosdescribingtheprobabilitydistributionofthedemandsisfiⅩed［3］・   
Thecontributionofthispaperistoshowthatpseudo－pOlynomialtimealgo－  
rithmsexistfbr（FSP）・Section2disc？SSeStheLP－relaxationthenSection3gives  
pseudo－pOlynomialdynamicprogrammlngalgorithmsfor（FSP）・A（fbtas）basedon  
DPandscalingisgiveninSection4．   

2 LP＿relaxa七ion   

TheLPrelaxation（FSPLP）of（1），CanbesoIvedinO（n）timeanditsoptimalvalue  

isatmosttwicetheoptimalvalueof（1）．   

TheLP－relaxationha5manySimilaritieswithbothcontinuousknapsack［7］and  
WiththeLP－relaxation，（SPLP），Of（SP）【2】・In［2】itisshownthat（SPLP）mqy  

besoIvedbylittlemorethanorderingthesubservicesbydecreaslngprOfitperunit  

CapaCity，qjdj／（rj＋dj），uSingthealgorithmforthecontinuousknapsackproblem  

WithitemprlCeqjdjandsizerj＋dj・   
Fbr（FSPLP），thealgorithmneedsanextensiontoa1lowforthepossibilityof  

installingaservicebutnotmeetinganydemandwhenthefixedchargeisfavourable．  

ThesubservicesarepartitionedintothreesetsA，BandC．Ccontainssubservices  

thatwillneverbeinstalledinanLP－SOlutionbecausecj＋qjdj≦0・Acontains  
SubservicesnotinCwhereitisnomoreprofitableperunitcapacitytoinstallthe  

Subservicewithoutmeetinganydemandthanitistomeetalldemand，Cj＋qj4j＞O  

andq／rj≦qj・Bcontainssubservicesforwhichitismoreprofitableperunit  
CapaCitytoinstallthesubservicewithoutmeetinganydemandthanitistomeet  

alldemandforit・Fbrj∈Bcj／rj＞qj（＞0）・   

Onesetofknapsackitems，Ao，is createdfromset A．Fbrj∈A thereis a  

knapsackiteminAowithsizerj＋dj andprlCeCj＋qjdj・Twosetsofknapsack  
items，BzandB昔，areCreatedh・OmSetB．Fbrj∈Bthereisitemiz∈Bzwithsize  

rjandpricecjanditemi＝∈Bxwithsize4jandpriceqjdj・Fbrthesesubservices  
itismoreprofitabletoincreasezj than xj・The．continuousknapsackproblem  

WithcapacitySanditemsAouBzuBxisequivalentto（FSPLP）．Thenumberof  

knapsackitemsisatmost2n．   

Anoptimalsolutiontothiscontinuousknapsackcanbefoundaddingtheitems  

bydecreaslngprOfitperunitcapacityuntileitherallitemsareaddedorcriticalitem  

tisreachedandfractionallyaddedtofu11yusethecapacity・Suchasolutionmaybe  
foundinO（n）time【7】・Thissolutioncorrespondstoasolution 

． 

Subservicej・AnyitemaddedfromAo orB＝hasxj＝dj fbrthecorresponding  
Subservicej・Whenthereisacriticalitemt，letlbethecorrespondingsubservice．  

Thenodecapacitywillbefu11ywith usedwithO＜zL＝2L／dL＜1，ift∈Ao，  

0＜zl＜1andxL＝0，ift∈Bz，andO＜xL＜dL，ifl∈B。（inthiscasezL＝1）．  

RemainlngSubserviceshavezj＝Xj＝0・  

－124－   

© 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.



Optimalityofthissolutionfo1lowsfromthedefinitionofA，BandC．Notice  

that，Whent∈Bxthesolutionto（FSPLP）isfbasiblefbr（FSP）．Suchsolutionsare  

Observedincomputationalexperiments．   

Let7TLPandlrOPTbetheoptimalvalueof（FSPLP）and（FSP），reSpeCtively．  

l－1  

汀ムP＝・∑（cメ＋句）＋c′勾＋抑≦2汀OPア  

ブ＝1  

Agreedyheuristicwithperformanceratio2fo1lowsdirectlyffomthis，C・F［7，2】・   

3 Dynamicprogrammingapproach  

Fbr（FSP）itmaybeprofitabletoinstallsubserviceswithnodemandmet‥  

Lemalmere盲…れ0〆血αJβOJ祝如mわ仰りw鵡αfmoβfoれe如c如mαJβ祝む一  

光rU7Ce，J，rC叩ed班ec血豆cαJβ祝わβen′iceノひ鵡0＜∬J＜dト   

CategorizethedecisionforsubservicejasDl：Zj＝Xj＝0，D2：Zj＝1xj＝dj，  

D3：Zj＝1xj∈（0，dj），D4：勺＝1xj＝0・Anyoptimalsolution，（z，X），Withat  

mostonecriticaldemandcanbedescribedasastring【Dl■，…，Dn］whereatmost  

OnejhasDj＝D3andDj∈（Dl，D2，D3，D4）describesthedecisioncategoryfor  

Subservice］＝1，．．．，n．  

Lemma21仇e71ql≧q2≧…≧q．t，thc一、eisa710PtimaEsoEutionwheTt：   

●J由班eれde二r扉αββdecね盲0れ，J由仇eノ言rβfβイdec由わ乃OrJ＝m＋1，αれd   

・巧∈（以，β2）かゴ＜ヱ，αmdβブ∈（以，βイ）かゴ＞～・   

Adynamicprogramfor（FSP）basedQnLemma2isnowgiven・Thesubser－  
vicesare？Ortedbydecreaslngq・ThestagesoftheDP－formulationcorrespondto  
the．subservicesl，…，nandthestatesare（used）・CapaCity・Therecursionfunction  

atstagej，ムgivesthemaximalprofitobtainablefromastate’scapacityusing  

thesubservicesl，．．．，j．Inadditionthestatespaceisextend6dbyaparameterb  

indicatingifastate‘isJlexible（b＝1）orirdlexible（b＝0）accordingtothefo1lowing．  

De丘nitionlAstateatsta9ejispe3；ibleげ 
uαJⅦet〟豆兢0れJy以dmdββdecぬわmβ叩ねαmd豆mchdれタβねタeJ．  

Definition2Astateatsta9ejisirtflexibleぴithasachieveditsrecursion舟nction  
uαheむy哀れChdi喝αβ∫or上）イdecぬわ乃αfβねタeJoreαrJier・   

Thestatespaceisd6finedbypairs（s，b）∈（1，・．・，S）×（0，1）with2Sstates．  
fj（s，1）isthemaximumprdfitachievablewithcapacitysusingsubservicesl，∴，j  

where（s，1）isaflexiblestate・ム（s，0）issimilarbut（s，0）isaninflexiblestate・Tb  

Simplif＊notationwriteム（s，1）as巧（s）andム（s；0）asI巧（s）・   

StartingfromPb（0）＝0，巧（s）＝－？，fbr（s，j）≠（0，0），andIFh（0）＝0，  
I巧（s）＝q∞，for（s，j）≠（0，0）1eads，for］＝1，…，n，tOtherecursions：   

巧（β）＝maX（ろ－1（β－rゴー句）＋cJ＋9メdj，巧－1（β））  

J榊）＝。 
メ 

Fbrthe巧（s），thetwotermscorresp9ndtoextending▲aflexiblestateatstagej－1  

withaD2andDldecision，reSpeCtively・FbrtheI巧（s），thefirsttermcorresponds  

toextendinga8exiblestateatstagej－1withaD30r・D4decisionwhilethelast  
twotermscorrespondtoextendinganinnexiblestateatstageJ－1withaD4and  
Dldecision，reSpeCtivbly．Theoptimalsolutionisthehighestof賞1（S）AndI君1（S）．   

Thealgorithinbasedontheaboverecursionistogenerate：  
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Flexible七0In且exibleTransition＃1  

procedureFlexInFlex（varrI，VarL，ⅢF，LF，j，q，C，r，d，S）  

begin  

fbri：＝OtoSstepl  

Ⅲ（り：＝0；エ（り‥＝¢；  

end tbr  

fbrx：＝Otod－1stepl  

fbri：＝r＋xtoS5tepl  

net〟訂：＝n（i－r－た）＋c＋壷  

irⅢ（i）＜れet〟汀andログ（i）＜net〟訂then  

n（i）‥＝n蝕町 ム（i）：＝エ（i－r－た）∪（幻；  

endif  

end tbr  

end fbr   

end  

Figurel：StraightforwardimplementationofFZexInFZex．  

1・irポexiblestatesatstagejfromPexiblestatesatj－1，Dj∈（D3，D4）・   

2．ird7exibte states at stagej丘omirdle3：ible states atj－1．Thisis as with  

knapsackwithitemsizerjandprofitcj，Dj∈（Dl，D4）・   

3．Pexiblestatesatstagejfromjlexiblestatesatj－1．Aswithknapsackwith   

itemsizerj＋4jandprofitcj＋qjdj，Dj∈（Dl，D2）・  

Thestraightforwardwayofgeneratinginflexiblestates丘omflexibleonesistocon－  
Siderallxj∈●（0，・・・，4j－1）foreveryaexiblestate・Evaluating巧（s）andIF）（s）  

fors＝0，…，Swithj＝1，…，nthetimecomplexityisO（nS2）．Storingal1inter－  

mediateinformationhasspacecomplexityO（nS）・   

Overa11controlofthethreestepsisstraightfbrward．Steps2and3areasfor  

knapsack．Improvements are most easily madein Stepl．The transition above  

isshowninFigurel・Here，rIisthevectorofnewinflexiblestateprofits，ⅢFis  

thevectorofoldflexiblestateprofitsandLandLFarelistsofsetsdescribingthe  

COrreSpOndingsolutions・jisthecurrentstage（subservice），q，C，randdarethe  

problemparametersforthisstageandSgivesthenodecapacity（maximumstate）．  

Vardeclaresaparametertoactaslnputandoutput．   

FbrtheremainderofthissectionstatesatstageJareaSSumedtobeBexible，  

Whilethoseatstagej＋1areassumedtobeinflexible・Statesatstagejcanbeused  
togerteratestatesatstagej＋1between人（s）＝S＋rjandandp（s）＝S＋rj＋dj－1．  

memma3sl＜s2Canbothbeusedto9enerateSnewqandonlyげsnew∈p（sl，S2）＝  

（入（β2），入（β2）＋1，…，〃（β1）－1，〃（β1））・lp（軋β2）l＝maX（0，dj＋β1「β2）≦dゴー1・  

De丘ni七iom3β1＜β2α柁たmo肌αβOUerJ叩p如血ねβび九eγりp（勘，β2）1＞0．   

memma4凡r如00りerJ叩p玩タβね亡eβ扉βねgej，β1＜β2if由0れJyれeCeββα叩わ  

タeれerαfeβね亡eβiれp（軋β2）α亡βねタeブ＋1如mβ1げ彗（β2）＜彗（β1）＋（β2－β1）勤  

αれd如mβ20娩erびゎe・  

The above can be utilized when the recursion tableis calculated．In current  
StateScu，atStagej examinea11decisionsfromxj∈（e（s。tL，），・・・，dj－1）where  
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FlexibletoInflexibleTransitioh＃2  

。，。。d。，eFl。ⅩInFlex（va，Ⅲ，VarL，mF，LF，j，q，C，，，d，＄）  

begin  

払ri‥＝Oto5stepl  

g（i）：＝0；n（i）：＝0；エ（i）：＝勘  

end tbr  

β蝕，，：＝O  

Whilescu，≦Sdo  

fbrT＝e（sc．L，）todj－1stepl  

β亡αれd：＝β蝕γ寸・ご； βれeu：＝βcl▲r＋r＋エ；  

irβれeU＞ぶthen exit fbr  

i叩ダ（βcαれd）≧ログ（βcur）＋q竺andぶ。。れd＜＞β川rthen  

g（β。αれd）＝Ⅳpddteエi雨（β。αれd）  

exit fbr  

else  

れet川：＝Ⅲダ（β。ur）＋c＋叩  

ifnet仰＞n（βm。1．）andりet〟訂＞nF（βれet〃）then  

Ⅲ（β几。l〟）＝net〟汀；⊥（ぷn。l〟）＝エダ（β川r）uj；g（β。αれd）＝・d－∬；  

endif  

g（β。αnd）＝Up血書eム云雨（β。。れd）  

endif  

end払r  

β。ur＝ダir雨（）  

end while   

end  

Figure2：A‘bettertransitionfromflexibletoinnexiblestates  

e（s）isthelowestxj tOCOnSiderforthestates・■Start．withe（s）＝0’∀s．Each  

X decisionleads to state snew＝S。u，＋rj＋xj at Stagej＋1・AIso consider  

Scand＝Scur＋xjaSaCandidatetogeneratesnew 
higherprofitthanscu，，Scandi苧prefbrred．ina11newstatesin 

if巧（scand）≧巧（scu，）＋qjXj，StateScu，＋1cannowbeconsidered．Otherwise，  

updatee（scand）’・Thenewe（scand）mustsatisfyscand＋rj＋e（s。and）＝P（s。u，）＋1，  
i・e・，e（scand）＝dj－Xj・Thecomputational・COmplexityof叫eDPremainsO（nS2）・  

Preliminarycomputationalresultsfavourthistransition．   

The computationalcomplexity can beimproved by keeplngtraCk’ofasorted  
next－1istofnon－dominatedstatesasfbllows・When s。and dominates 

directlytoit．Otherwise，putS。a正daSearlyaspossibleinthenext－1ist，remOVing  

allstates．Thee（scand）isadjust占dtoreflectthe昼ctthatthefirstelementsinthe  

next－1istareprefbrred．Whenscu，iscompletelyexploredthenextstateexploredis  

thefirst statein the next－1ist．   

Thenext－1istcanbeimplementedasa●circulararr町Oflengthdj－1withfloating  
startandend．TheQVerallcomputationalcomplexitybecomesO（nSlogS）．An  

algorithmbasedonthisisgiveninFigure2・Here，UpdateList（scand）insertss。and  

intothenext－1ist，returningthenewe（scand），andFirst（）returhsthefirststateip  

thenext－1ist，updatingthestartpointer．Thechangesfromthefirstimprovement  

ofthis sect．ion arethe threelines’ma．rk色d＊．  
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Preliminary computationaltests carried out on201generated test problems  

indicatedthatthetwoimprovedDPalgorithmsout－performstandardbranchand  

boundbothintermsofaverageperformanceandinthevariabilityofsolutiontime．   

4 Fullypolynomialapproximationscheme  

FirstlyaDPrecursionisgivenwithprofitasthestatespace．Ascalingapproach  

isemployedtoproducea（Q）taS）・ThestagesoftheDP－formulationcorrespondto  
thesubservices．Take7TaSaStateOftherecursion，thisistheprofittobeachieved．  

巧（訂）istheminimumnodecapacityrequiredtoobtainaprofitofatleast7rina  
flexiblestateusingthesubservicesl，…，j，j＝1，・・・，n・I巧（7T）istheminimumnode  

CapaCityrequiredtoobtainapro飢ofatleast7Tinaninflexiblestate．   

StartingwithFb（0）＝0，E）（7T）＝∞，∀（＊，j）≠（0，0），andIPb（0）＝0，Iろ（7T）＝  

∞，∀（7T，j）≠（0，0），1eads，forj＝1，…，n，tOtherecursion   

巧（打）＝min（巧－1（打－り一函j）＋rj＋句，巧－1（打け  

J榊）＝。葦芝。メ（隼1（汀‾Cj‾エ沌）＋り＋笹行けト1（打‾Cj）叫，〃ト1回）・  

Theoptimalsolutionisfoundinthenthstage．   

EvaluatingF；（7r）andZ巧（汀）usesdj＋1comparisons・Evaluating巧（汀）and  

Zろ（1r）fbra11j＝1，…，nbeforeany巧（打＋1）orZ巧（7T＋1），hastimecomplexity  

O（n7TOPTs）．StoringallintermediateinfbrmationhasO（n汀OPT）spacecomplexity．   

The′recursioncanbeimprovedaswiththeDPofSection3leadingtoacompu－  
tationalcomplexityofO（nlTOPTlogS）．   

Thefo1lowing（わtas）isinspiredbyworkbyIbarraahdKim［5】，Lawler［6］and  

Dye，StougieandTbmasgard【2】・Theproblemisreformulatedwitheachvariablexj  

SCaledbydjtOObtainvariableyj＝Xj／djWithvalu甲in（0，1／dj，…，（4j－1）／4j，1），  

J＝1，‥・，n・Theprofitcoefncientsaremultipliedbythedemand，q；＝qj4j・  

L 告」and  Ftomthisformulation，SCaletheprofitcoe氏cientswithk＞1：毎＝   

ち＝L別，j＝1，・‥：n・UsetheaboveDPthenmultiplythesolutionvalueobtained  

bykasanaPproxlmation，斤，tOthe7TOPT・Lety？PTand9j，j＝1，…，n，bethe  
Optimalsolutionfbrtheorlglnalandthescaledproblems，reSpeCtively．  

TI Il n れ   

方 ＝ た（∑も毎＋∑的）≧た（∑如デPr＋∑ちギアT）  
ブ＝1 ブ＝1 j＝1 ブ＝1   

n †l Il  

≧∑（。上た）げ打＋∑（。ゴーた）zア打≧0打－た∑（げ打．ギ打）．  
メ＝1 j＝1 J＝1  

Thkingk＝e汀G／2n，Where汀Gisthesolutionvaluefromthegreedyheuristic  

mentionedinSection2，itfb1lowsthat  

汀0打一方ノ＿∑芸1（好打＋ギ打）汀G ノ∑完1（げ打＋好打）  
汀OPr ‾ニー  2γl  訂OPr‾二  2γl   

TimecomplexityforthescaledrecursionisO（n訂OPTlogS／k）＝0（n2logS／e）  
as7rOPT／k≦4n／e．Thiscanbeimprovedbytechniqueslikethosesuggestedin［6】．   

5 Conclusions   

Thispaperdiscussesapplicationsandsolutionmethodsforthesinglenodeservice  

provision problem withfiⅩed charges．Theproblemhas applicationsin telecom－  

munications，WherefiⅩed charges comefrom the prlClngStruCture，andin other  
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areaslikeproductionplannlngWithset－upCOStS・Thefixedchargescancome丘om  
dualpricesinascenariodecompositionofthestochasticserviceprovisionproblem  

WithoutfiⅩedcharges．   

ThepapershowshowtheLP－relaxationmaybesoIvedinO（n）time，giving  

theoreticalmotivationandcomputationalresultsthatindicatethatitisworthwhile  

tosolvetheLPandcheckforintegerfbasibility・ThismaybepartiCularlyusefu1in  
ascenariodecompositiohapproachforthestochasticserviceprovisionproblemas  
many（FSP）’saresol寸edahdthecheckmaybeachievedinO（n）tim占．   

Asetofpseudo－pOlynomialtimedyhamicprogrammlngalgorithmsareglVenfor  

theproblem・Preliminary，COmputationalresultsshowthatdynamicprogrammlng  

isafastandrobustapproachtosoIvetheproblemtooptimality二Afu11ypolynomial  
timeapproximationschem 

The orlglnalmotivation was tofind apseudo－pOlynomialalgorithm to soIve  

Subproblemsin ascenario decomposition ofthe stochastic version ofthe service  

PrOVisionproblem・Wbhaveshownthatsuchalgorithmsexist，butonlymorework  

CanShowifsuchdecompositionschemesmakeitpossibletosoIvehardstochastic  

problems・The◆motivationforthisfutureworkondecompositionisnotspeed，bdt  

beingabletosolveorboundproLbleminstances．thataretoodi伍cultforbranchand  

bound wit．h LP based bounds．  
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