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ThispaperdiscussescontinuoustimeMarkovdecisionprocesseswithcriterionofexpected  

discountedtotalrewards・Underthenecessaryconditionthatthemodeliswelldefined，the  

modelisreducedintoasmallsubmodelwithfiniteoptimalvalue，bygeneralizingpoliciesand  

eliminatingsomeworstactions・Thenthevalidityoftheoptimalityequationisshownand  

someitspropertiesarediscussedaboutthesubmodel・   

Markovdecisionprocesses（MDP）havebeenstudiedwellsinceitsbeginnipgin1960s．The  

standardresultsincludethreeaspects：1）themodeliswelldefined，eg．，thestochasticprocess  

underanypOlicylSWelldefined，theobjectivefunctioniswelldefined，andoftenisfinite；  

2）theobtimalityequationholdsndtheoptimalvaluefunctionsatisfiesit，。risauniq。。  

solutionofit；3）anystationarypolicyachievingthe（e二）supremumoftheoptimalityequation  

willbe（E’－）optimal・  

Inliterature，a MDP modelwa5Studied byfirst presenting some conditions，under  

dlich，thestandardresultsl），2）1and3）arestudiedsuccessively．SoonecanSaythatthese  

variousconditionsareonlysuLRcientconditionsforMDP．Fbrtheexpecteddiscountedtotal  

rewards，tWOSimplercasesarethatdiscountratebelongsto（0，1）withmiformbounded  

re☆ards，andthediscountrateisnonnegativewithnonnegativeornon－pOSitiverewards．On  

thecontrary，WetrytOStudythenec岱SaryCOnditions，i・e．，WeWanttOSeeWhatresultscan  

beobtainedunder・the60nditionthattheMDPmodeliswellde丘ned・Thisconditionisonly  

thestandardresultl），andisobviouslythepreconditionforstudyingMDP／Itisinteresting  

toseeifwecanObtainthestandardresults2）and3）byl）．Ⅶhavestudieditfordiscrete  

timeMDPwithexpecteddiscountedtotalrewards．   

WbconsiderthefollowingCTMDPmodel（S，A（i），qij（a），r（i，a），仇），WhereSiscount－  

able，r（i，a）isextendedreal－Valuedandthediscountrateαisarealnumber．’Thenecessary  

conditionsareasfbllows．   

CONDITIONA・Fbranypolicy7T∈Ⅲ，n，theQ（汀，l）－PrOCeSS（P（7T，S，t），0≦s≦t＜∞）  
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existsuniquelyandistheminimalone；mOreOVer，fbranyO≦s≦i≦u＜∞，  

坤，S，f）＝坤湘帥，り，顆，β，W）＝坤調P（…），  

∑瑞（町，S，f）＝1，彗j（町，S，5）＝毎，一わ∈β・  
J   

CONDITIONB．U。（打）iswelldefined（maybeinfinity）foreach汀∈口m（s）・   

FbranysubsetS′⊂S，de丘neS′・beasetofstatesthatcanreaChS／andS，iscalled  

closedifitsstatecannotreachoutofS′．LetS／－CTMDPbetheCTMDPrestrictedinSI  

withitsobjectivebeingUS′（7T，i）．   

THEOREMl．FbranyclosedsetS′⊂S，7T∈nm（s）andiES［，軋（打，i）＝U：′（7T，i）．   
Let㌫＝伺昭（壱）＝＋∞），g－∞＝（査I昭（り＝－∞），晶＝（豆卜血＜昭（豆）＜∞）．   

THEOREM2．FbrieSb，A（i）canbereducedas  

A′（豆）＝（α∈A（盲）い（五，α）＞－∞and ∑勒（α）＝0），  
ブ∈g－∞  

andthereis7r∈rImsuchthattheLebesguemeasureof  

E（訂，i，a）∩【0，t】ispositiveforeacht＞0，Ui（汀，i）＞－∞）   

whereE（汀，i，a）＝（t17Tt（aIi）＞0）・Afterthisreducing，＆isclosed．   

SothestatespaceSisdividedintothreedi＄jointsubsetS∞，㌫andSbwheretheoptimal  

ValtlefunCtionisfiniteandtheactionsetisA’（i）・Sowecanconsiderthissub－CTMDPin  

thefbllowing．Undersomemildconditions，Wehave  

A2（電）＝（α∈Al（電）t∑恥（α）昭（j）＞－00），緩5  
j  

CONDITION C・FbranygiveniESand a∈A（i），there are fand t＞Osuchthat  

J（豆）＝αand仇（J，い）＞－∞・   

THEOREM3・UnderConditionC，U：satisfiesthefo1lowlngOptimalityequation：  

α昭（五）＝Sup（γ（電，α）＋∑勒（α）昭（j）），緩β  
d∈A（り  j  

THEOREM4．Supposethatu∈Wisasolutionoftheoptimalityequationandi∈S．   

1）ifthereisapolicy町∈Ⅲ，n（s）withUi（打，i）＞－∞，thenu（i）≦昭（i）；   

2）iffbreach訂∈rI，n（s）with軋（7T，i）＞－∞，uSatisfies  

li甲SupeXp（－αt）∑nj（7T，t）u（j）≧0  
t→00  

then祝（豆）≧昭（ま）・  
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