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trol，arebasedon冗∈rL（G）andf∈TQ，reSpeC－  

tively．   

Wedenote by L（7r／G）andLU（7r／G），reSpeC－  

tively，thelanguageandtheinfinitelanguagegen－  

eratedbythesystemsupervisedunder冗，andby  

L（冗／G，S）thelanguagesimilarlyasL（冗／G）but  

Withaninitialstate6（s，qO）．AndLetLU（訂／G，S）  

bethesimilarsetofinfinitestrings・  

3 0画五malCo打止roIMode丑   

SupervisorycontrolofDESsbelongstothelogic  

levelforcontrolofDESs［1】，Sinceitsessentialtask  

istoconstrainthesystem’sbehavior，describedby  

asetofstringsofoccumngeventsorastatesubset  

inaglVenreglOn．   

Thecontroltaskforthesupervisorycontrolis  

hard where some behaviors are allowed and other  

behaviorsarestrictlyprohibited．   

ThenewframeworkfortheoptimalcontroIprob－  

1em ofDESs presentedin this paper belongs to  

the performancelevelamong allpossible strings  

that the system generates．Its performance mea－  

sureis to minimize the maximaldiscounted total  

cost．Then thisframework can describe soft con－  

trolproblemswhereitisbetterifsomebehaviors  

arerealized．W占willshowtheoptimalityequation  

andobtainitsoptimalsolution．   

Supposethatthereisacostfunctionc（s，J）for  

OCCurringaneVentロ・afterastrings．Letβ＞Obe  

adiscount factor．Let  
m  

り8（f）＝∑βたc（塙，グた）  
た＝O  

bethediscountedtotalcostoccurrlngt＝qo‥・qn  
afters hasbeen occurred，Wheretk＝qo・・・qk＿1  

fork≧1（to＝e）・Whenthestringtisinfinite，  

n＝∞．Wecal1vs（t）thecostofta允ers．   

WbintroduceafictitiouseventJJ¢∑anda  
fictitiousstateqJ¢QsuchthatqJleadsthesystem  
fromanystatetoqJWithoutanycost．   

Fbrconvenience，WealsowritethisnewDESby  

G・Thenanyfinitestrings∈L（G）iscorrespond－  

ingtoaninfinitestringsqヂinthenewDES，and  

皿Im屯rodⅧC七iom   

Discreteevent systems（DESs）are thosesys－  

temsthataredrivenfbroftenoccurrlngfiniteevents．  

SupervisorycontrolofDESswaspresentedbyRa－  

madgeand Wonham［1】withtwobran－Ches，the  

eventfbedback controlandstatefbedbackcontrol．   

Passinoand Antsaklis【2】studied an optimal  

COntrOlproblemtominimizethetotalcostamong  

StringsfromtheinitialstatetosomeglVentarget  

StateSubset・Tsitsiklis【3】presentedadynamicpro－  

grammingmodeltosoIvethesupervisory controI  

Synthesizingproblem・KumarandGarg【4】studied  
an optimalstatic controIproblem with two cost  

functionsc（q，q）andp（q）thatoccuronlyonce．  

Butalltheaboveresearcheshavenotconcerned  

OngeneralframeworksforoptimalcontrolofDESs．  

Thispaperwillpresentandstudyanewframework  

andananalysisfortheoptimalcontrolproblemof  

DESs．   

2 No七a也ioms amd pre且im五ma‡・ies   

Adiscreteeventsystembasedonautomatons  

isG＝（Q，∑，6，qO），WhereQisacountablestate  

SpaCe，∑isafiniteeventset，6isapartialfunction  

from∑×QtoQ，Whileqo∈Qistheinitialstate．  

Wbdenoteby∑さ（of‡㌣）thesetofa11finite（or  

infinite）stringson∑includingtheemptystringE．  

6isgeneralizedto6（s，q）fors∈∑♯，and6（s，q）！  

denotesthat6（s，q）iswelldefined．   

Let∑（9）＝（坤（グ，q）！）and∑（β）＝（可∂（βグ，  

qo）！）besetsofeventsthatmayoccuratstateq  
Or afterstring．s，reSpeCtively．Thelanguageand  

theinfinitelanguagegeneratedbyGisdefinedby  

エ（C）＝（β∈∑＊】∂（β，90）！）and上U（C）＝（β∈  

∑Ult∈L（G），∀t≦s），reSPeCtively．  

Theeventset∑isdividedintoauncontro11able  
eventset∑uandacontrouableeventse七∑c．The  

SetOfcontrolinputsisr：＝（7：∑u⊂7⊂∑）・A  

policy（orsupervisor）isamap冗：L（G）→r・A  

Stationarypolicy（orstatefeedback）isf：Q→r．  

The twobranchesin thesupervisory control，the  

eventfeedbackcontrolandt，hestatefeedbackcon－  
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4 LinktoLogicLevel   

Byapplyingtheabovemodelandresultstothe  

SuperVisorycontrol，WeCOuldresultthatthestate  

feedbackcontrolis astationarycaseoftheevent  

feedbackcontrol．   

FbranygivenlanguageL⊂L（G），SuppOSethat  

thecostfunctionc（s，J）isnonnegativeandsatis－  

fiestheconditionthatc（s，q）isboundedins∈L  

andJ∈∑w出1ec（β，J）＝∞brβ¢エ，J∈∑■  

Then，L’＝（sLI＊（s）＜∞）isthemaximalcontrol  

invariantsub－1anguageofLandMC（L’）‥＝（s∈  

L＊（l∈L＊foral1t≦s）is themaximalclosed  
COntrO11ablesub－1anguageofL．   

For the statefeedback control，for anygiven  

predicateP⊂Q，SuppOSethatc（q，J）isbounded  

inq∈P andcr∈∑whilec（q，q）＝∞for q≠  

考q∈∑．Then，P＊＝（qII＊（q）＜∞）isthe  

maximalcontrol－invariantsub－predicateofP．   

L＋andP＊arenotonlythesolutionsinthesu－  
pervisorycontrol，butalsothesolutionswithfinite  

Optimalvaluesforanoptimalcontrolproblem．So  

themeanlngOfcontrolinvariantlanguagesismore  

StrOngthanjust“controlinvariance”inthesuper－  

Visorycontrol【1】・   

Hence，WeShowalinkexistingbetweenthelogic  

levelandtheperformancelevelforthecontrolof  

DESs．   

5 Conclusion   

In this paper，WepreSented anewframework  

andananalysisforoptimalcontrolofdiscreteevent  

SyStemSbasedonthesupervisorycontrol・Wede－  
rivedtheoptimalityequationandobtaineditsop－  

timalsolution．   
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Vs（t）＝Vs（tqデ）forstringssandt・Therefore，We  

definetheobjectivefunctionby  

Jれβ）＝ 
柁上，β） 

tobethemaximaldiscountedtotalcostunderpol－  

1Cy汀，Whichshouldbeminimizedasfollows：  

J＊（β）＝ 

汀。， 

fors∈L（G）・Wesayasupervisor汀＊tobeoptimal  

ifJ（が，β）＝J＊（β）払rallβ∈エ（C）・  

Condition（N）：C（s，7）isnonpositive・  

Condition（P）：C（s，7）isnonnegative．  

Condition（D）：C（s，7）isuniformlyboundedbya  

POSitiveconstantM，andβ∈（0，1）・   

Under（N），（P）or（D），Vs（t）andthereforeI（汀，S）  

arewelldefinedandarenonpositive，nOnnegative，  

orareuniformlyboundedby（1－β）．1M，reSpeC－  
tively．   

Fbr7∈rand汀∈rL（G），let∑7（s）＝∑（s）∩7・  
Undercondition（D）or（P），I’（s）isasolutionof  

thefo1lowingoptimalityequation（OE）：  

榊＝ 
J） 

Ifasupervisor訂＊attainstheminimumofOE，then  

がisoptimal・Moreover，Z＊istheunique（orthe  

Sma11estnonnegative）solutionofOEunder（D）（or  

（P））・Whileunder（N），I＊（s）isthelargestnonpos－  

itivesolutionofOEandasupervisor汀■isoptimal  

ifZ（汀＊）isasolutionofOE．   

Wethenconsiderthe stationarycostfunction  

C（q，J）definedinQx∑suchthatc（s，Cr）＝C（6（s，qO），  

q）・Letvq（t）＝∑畏0βkc（qk，qk）bethediscounted  
totalcostduringstringt＝JoCrl・‥atthestateq，  

Whereq左＋1＝6（q左，Jk）withq占＝qandk≧0・   

WedefineI（f，q）＝maX（vq（t）ft∈LLJ（f／G，q））  
tobethemaximaldiscountedtotalcostofthesys－  

tem supervised by fin the state q，and define  

I＊（q）＝minfEFI（f，q），q∈Qtobetheoptimal  

valuefunction．WesayrtobeoptimalifZ（r，q）＝  

J＊（q）brallq∈Q・   

Therefore，I＊（6（s，qO））≧I＊（s）．Under condi－  

tion（D）or（N），thereversecaseisalsotrue，and  

SOZ＊（s）＝（＊（6（s，qO））fbrs∈L（G）・Moreover，the  

OEhasthefo1lowingsimplerform：  

㈲＝ 
ケ） 
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