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Abstract

A growingnumberof industrial applicationsuserule-basedporogramming Frequentlytheimplementation
of theinferenceengineembeddeth theseapplicationsis basedon the RETEalgorithm. Someapplications
supervise flow of eventsin which time throughthe occurrencedatesof theevents playsanimportantrole.
Theseapplicationsneedto be able to recanizepatternsinvolving events. However the RETEalgorithm
doesnot provide supportfor the expressionof time-sensitivgpatterns.This paperproposesan extensionof
RETEthroughthe conceptof time-stampedventsand temporl constaints betweerevents. Thisallows
applicationsto write rulesthat processhothfactsandevents.

Category, Track, and Topics

Regular paper Track 1: Tempoal Repesentatiorand Reasoningn Al. Topics: temporallanguagesind
architecturesseasoningaboutactionsandchangetime andnonmonotonism.

1 Intr oduction

Incrementalpatternmatchingalgorithms,andin particularthe RETE algorithm, are extensvely usedin
industrial applicationsimplementingpatternmatchingproblems. However, time is not specificallycon-
sideredin thesealgorithms.As a consequenceapplicationswvhich monitora flow of time-stampeadvents
cannotusethe patternmatchingalgorithmfor the recognitionof time-sensitie patterns.

This paperpresentsan extensionof the RETE algorithmthat supportstemporalconstraintshetween
time-stampedvents,andincrementallymatcheshe occurrence®f patternsincluding eventsaswell as
regularfacts.

In the next sectionwe review somerelatedworks, bothaboutincrementapatternmatchingalgorithms
andaboutrecognitionof temporalpatterns.n Section3 we introduceanexampleof arule involving facts
andevents. Section4 presentour extensionof the RETE algorithm,andillustratesit usingthe example
rule. Finally, Section5 discusseshe benefitsof integrating event managemenin the rule engine,and
Section6 concludesandproposeguturework directions.

2 RelatedWorks

Incrementapatternrmatchingalgorithmshave beenstudiedfor sometime now. Thetwo mostwidely known
areRETE[7] andTREAT [18]; the Gatoralgorithm[12] is derivedfrom them. As mentionedbefore these
algorithmsdo not specificallyconsidertime andthus offer no time-relatedconstructs.Several industrial



productamplementvariationsof theRETEalgorithm:ILOG JRuleq13], Rete++11], OPSJ20], or JESS
[21] to mentiona few of them.

On-linerecognitionof temporalpatternshasbeenformalizedunderthe term of chronicle recaynition
by Doussor4, 9, 3]. Sereral chroniclerecognitionalgorithmshave beenpublished[16, 4, 6]. Likewise,
several chroniclerecognitionsystemshave beendeveloped,suchasIxTeT [10], two system:iamedCRS
[8,19], or FONSYNT/[14].

Unlike thework describedn this paperthesealgorithmsandtheirimplementationslo not aim at pro-
viding advancedpatternmatchingfeatures.They concentraten partial orderhandling,andaim primarily
atidentifyingthesetsof eventswhich satisfythetemporalkonstraintsOnly thendo they addresshepattern
matchingcriteria,asfar assuchcriteriacanbeformulatedin thesesystems.

All theseworkseitherfocuson the patternmatchingproblemwithout encompassintme, or they only
reasonon the event occurrencedateswithout providing more thanvery basicpatternmatchingfeatures.
Applicationswhich wantto bothapply elaboratepatternmatchingoperationsanddetectthe occurrencef
temporalpatternspn complex objectsandevents,would demandheintegrationof eventmanagemerinto
acommonlyimplementecpatternmatchingalgorithmsuchasRETE.

A coupleof start-upcompaniegApama[1], SpiritSoft[22]) have recentlyannouncedhferencesngines
with adwancedfeaturesin temporalpatternsrecognition. Unfortunatelythe accesgo the algorithmsused
by the productsof thesecompaniess restrictedby theircommerciahature.

3 Example

We startwith an exampleof a rule matchingboth factsand events. The examplemodelsthe following
situation. A supervisorreceves eventsfrom equipmentghat may be off-line, on-line, or active. The
eventsare of threetypes: alarms,relatedto an equipment;confirmationsof alarms,which meanthat the
reasonthattriggeredthe alarmstill holds; andcancellation®f alarms. The supervisomaintainsinternal
representationsf the monitoredequipmentsandof the events,asobjects(e.g. instancef Java classes).
Theseare processediccordingto rules. Oneof themis given belov (anotherwill be given later). It is
expressedn the ILOG JRuleslanguagea Java-like variant of the OPS5language.The rule monitorsa
sequencef alarmsoccurringon an active equipmentmadeof an initial alarmfollowed within 5 clock
ticks with a confirmationsignal.

rul e Al armmConfirmation {

when {

?e: Equi pnent (state == ACTI VE);

?a:. event Alarnmeqpt == ?e);

?c: event Confirmation(alarm== ?a; ?this after[1,5] ?a);
} then {

assert new ConfirmedAl arn( ?a, ?c);
}

b

This rule readsasfollows:
For all factsof the Equi pnent classwith ast at e field having the ACTI VE value;

For all eventsof the Al ar mclasswith aneqgpt field matchingan Equi pnent satisfyingthe pre-
viouscondition;

For all eventsof theConf i r mat i on classrelatedto an Al ar mmatchedy the secondcondition,
andoccurringbetweenl and5 clock ticks after this alarm;

Createaninstanceof theConf i r nedAl ar mclassandasserit asanew fact.



This exampleintroducessomenew conceptscomparedo constructsof non-temporakule systems:
event as opposedto fact, event condition versusfact condition, temporalconstraint. It also presentsa
rule matchingtogethertime-stampedavents,andfactswhich have no temporalreference All this will be
detailedin thenext section.

Comparedto chroniclerecognitionsystemsthe rule languageillustratedabove is lessconcisethan
Carles CRS,which usesexpressiongloseto regularexpressiongo describesequencesf events.Also, in
contraswith Doussors CRS theeventtime-stampsreimplicit!: temporalkonstraintareformulatedasif
the eventsthemseleswerecomparedThesechoicesaim at keepingin line with the style of therestof the
patternmatchinglanguage.Temporalconstraintdetweenthe eventsarewritten asstandardestsapplied
to the objectsmatchedoy therule.

Yet this languagegivesthe rule developeran appreciablgpower of expression.Partial orderbetween
two events,for instance canbe expressedsimply by extendingthe rangeof a temporalcondition, asin
?this after[-10, 10] ?a. Expressingartialorderin regularrule systemss usuallypainful.

4 Incremental Algorithm for Temporal Pattern Matching

4.1 Summary of RETE

A rule engineimplementingthe RETE algorithmappliesa setof rulesto asetof facts.A rule is madeof a
collectionof conditions(theexamplerule above hasthreeconditions)associateavith asequencef actions
to beappliedto eachcollectionof factsmatchingtherule conditions.

Therulesarecompiledinto agraph,commonlyknovn asthe RETEnetwork Thenodesof this network
representhetestsexpressedn therule conditions. Therearethreetypesof nodes correspondingo three
typesof tests.Classnodedfilter factsaccordingo their classesgiscriminationnodesetainfactsaccording
to the valuesof their attributes;join nodescombinefactssatisfyinga givenrelationinto tuples.In figure 1
on pageb classnodesarenotrepresentedhediscriminationnodesrepresentinghethreeconditionsof the
rule arerespectrely leftl, right2, andright3; the join2 andjoin3 nodesarethe join nodesof the lasttwo
conditions.

The rule engineonly considershe objectsstoredin the working memorywhenlooking for factsto
matchthe rule conditions. Threeoperationsaredefinedon the working memory: assertaddsa factto the
working memory; retract removes a fact from the working memory; and updateinstructsthe engineto
reconsidethe matchingstateof afact.

When a fact is assertednto the engineworking memory it is submittedto the classnodesof the
network. If thefactsatisfieghe testsheld by thesenodesit is storedthereandpassedo the next level of
nodes.Thisis repeatedintil eitherthefactfails on atest,or it waitsfor anotherobjectto match,or it exits
thenetwork in atupleandaruleis fired.

At ary time, the RETE network storesthe factsand combinationf factsthat matchasmuchof the
conditionrules as possible. Eachoperationon the working memoryincrementallyupdateshe network
state.

Using the examplerule aborve, let us assumehat one active Equi pment andtwo Al ar mon this
equipmenthave beenassertedAt this point, the RETE network is in the statedescribedy figure 1, with
the exceptionthatnoderight3 is still empty An instanceof the Conf i r mat i on classis createdor the
secondalarmwithin 5 time unitsandassertednto the engineworking memory:

e It is storedin theclassnodefor theConf i r mat i on class.
e Thenit is passedo theright3 discriminationnode,which storest.

Althoughthey areaccessiblaisingthet i meof primitive.



e Thenit is passedo the join3 join node,which evaluatests testson the Conf i r mat i on instance
andon the pairsstoredin theleft2 node. Thetestssucceedvith the secondpair, sothe nodecreates
atriple from the matchingpair andinstance.

e Theactionsof therule arethenexecutedon thistriple.

4.2 Intr oducing Time and Events

In orderfor the engineto supporttemporalreasoningye equipit with aclodk. Theoperationgequiredon
theengineclock are: afunctionreturningthe currenttime, anda functionincrementinghe currenttime by
onetick.?2 Whentheclocktime s actuallyincrementedis left to theapplicationembeddingherule engine.
Obsere thatthe clock needsot be connectedo areal-timeclock.

In theregular RETE algorithmthefacts,thatis, the objectsstoredin the engineworking memory bear
no temporalinformation. In particular our extension,in the absenceof events,is strictly equivalentto
classicaRETE. Herewe introducethe conceptof event An eventcanbe storedin the working memory
justlike afact,andthe enginemaintainsa time-stampfor eachevent. In the simplestcase the time-stamp
of aneventis thevalueof the engineclock whenthe eventis asserted.

Sincethereis no differencen structurebetweerafactandan event,whatmakesthe enginedistinguish
betweerthemis the way they areassertedThe factsarethe objectsassertedvith theassert primitive,
whereaghe eventsarethe objectsassertedvith theassert - event primitive. The conditionsin rules
explicitly indicatewhetherthey matchfactsor events.

In orderto specifytempoal constaints betweerevents,we usebef or e andaf t er predicatesThe
eo after[m, M] e; predicates trueiff dy — dy € [m, M|, whered; is thetime-stampof thee; event.
Theboundsmay be infinite. Temporalconstraintscanbe combinedtogetherandwith non-temporatests,
usingdisjunction,conjunctionandnegationoperators.

Of course,temporalconstraintscan only be specifiedbetweenevents. Note that thereis always a
temporalconstraintoetweenwo eventsin arule. If noneis explicitely specified,jt meanghatthe events
canoccurin ary order which correspond$o a constrainwith two infinite bounds.

4.3 Focuson the Join Node

Thejoin nodesarethe placeswhereobjectswhich individually satisfythe conditionsof arule arematched
againsteachother Whenthey match,they areassembledhto tupleson which the actionsof therulesare
eventuallyexecuted.

In the RETE algorithmthis assemblyis incremental: objectsmatchingthe first two conditionsof a
rule areassembledhto pairs,which in turn areassemblednto triples with the objectsmatchingthe third
condition,andso on. Eachjoin nodehastwo inputsand oneoutput. The inputsare an n-tuple coming
from the join nodes parentleft node andan objectcomingfrom its parentright node the outputis an
(n + 1)-tupleandis sentto a child node,whichin turnis the parentieft nodeof anotherjoin node.

Figurel representtheleft, right, andjoin nodescorrespondingo the conditionsof therule introduced
in theprevioussection.Let's illustrateonthis figurethebehaiour of RETEwhenthe secondalarmandits
confirmationareasserted.

¢ Whenthesecondalarm(notedAl ar n2 in thefigure)is assertedit is storedin theright2 nodeand
submittedto the join2 node. The join hode matchegshe alarmagainstthe sole elementin its left
nodes storagethatis, [ EQui prent 1] .

¢ Thematchis successfulsoapair[ Equi prrent 1, Al ar n2] is formedandtransmittedo theleft2
node,which storest andsubmitsit to thejoin3 node.

2\We considertime asa discretesuccessiomf ticks.



leftl

join2
?a.eqpt == ?e

[ Equi pnent 1, Al a
Equi prent 1, Al a

[ ?e, ?a] ?c

join3
?c.alarm== ?a
?c after[1,5] ?a

[ Equi pnent 1, Al ar n2, Confirmati on2]

Figurel: Focusonthejoin nodesof the RETE network implementingthe examplerule

e Thejoin3 noderecevesthenew pairandmatchest againstll theobjectsin its right nodes storage,
thatis, nonefor thetime being. This stopsthe propagatiorof Al ar n2.

¢ Whenthe confirmationfor the secondalarm (notedConf i r mat i on2 in the figure) is asserted,
it is storedin the right3 nodeand submittedto the join3 node. The join nodematchest against
all the pairsin its left nodes storage.Only the matchwith the[ Equi prent 1, Al ar nR2] pairis
successfulsoatriple is formedandsentdown.

Notethat parentnodesof a join nodestoretuplesandobjects,andthattheseareusedby the join node
eachtime a nhew elementis submitted.In otherwords,the parentnodesstoreall the candidategor future
matchedy thejoin node.

4.4 Extending RETE

Whentime is notinvolved, eachparentnodestoresall thetuplesor objectsit receves,sothatthejoin node
may matchthemwith new objectsor tuplescoming from the otherparentnode. Furthermore the node
muststorethemuntil they areexplicitly retractedrom theworking memory sincea new objectmatching
themmaybeassertedtary time.

On the other hand,when a condition includestemporalconstraints this gives a limit in time to its
satisfiability Thislimit is usedto boundthetime duringwhich objectsandtuplesarestoredin parentnodes
of ajoin node.

For instance the third condition of the examplerule includesthe constraint?c after[ 1, 5] ?a,
thatis, “the confirmationmustoccurbetweenl and>5 ticks afterthe alarm”. Assumethatthe first alarm



occurredat date10: after datel15, the conditionwill never matchthis alarmwith ary confirmation,be-
causethe temporalconstraintwill never be satisfied. This meansthatthe left2 nodeneedsonly storethe
[ Equi prrent 1, Al ar ml] pairuntil datel5,andcanthenreleast.

In contrastthe temporalconstraintin join3 indicatesthat confirmationsonly matchwith alarmsthat
occurredbeforehand.This meansthat the right3 nodenever needsto storeConf i r nat i on instances.
Similarly, instance®f the Al ar mclassneednot be storedby right2.

In our extensionof the RETE algorithm,we implementthis by addinga dialog betweerthejoin node
andits parentnodes:

¢ Whenanelemenitupleor object)is submittedto a join nodeby aparent(left or right) node thejoin
nodecomputeghe elements expiry datewith respecto thetemporalconstraintst stores.This date
is computedfrom the time-stampf the eventsborneby the element,andfrom the boundsin the
temporalconstraintsheld by thejoin node.

o If theexpiry dateof theelementhasnotyet beenreachedthe parentnodekeepsthe elementat least
until this date,sothatthejoin nodemay matchit againstnewn objectsor tuplesbeingthatit may be
submitted.On the contrary if the elementhasexpired, thereis no needfor the parentnodeto store
it. In bothcasesthejoin nodeinformsits parentnodeof whetherthe elementshouldbe keptor not.

¢ In thecasewherethe expiry dateof the elementis in the future, the join nodepostsa requesto be
notifiedatthatdate.Whenit is notified, the parenthodewill nolongerneedstoringtheelement.The
join nodetheninformsits parentnode which canthusremove the elementfrom its storage.

Thedialogtakesplaceattwo moments Firstwhenthepareninodesubmitstheelemento thejoin node,
asananswerfrom the join nodeto its parent telling whetherthe parentnodeshouldstorethe elementfor
futurematchesSecondvhenthe expiry dateof theelemenfor thejoin nodeis reachedasamessagérom
thejoin nodeto its parenttelling thattheparentnodecannow stopstoringtheelement.Thejoin nodemust
thusbe notified of time changesor at leastof therelevantones.This canbeimplementedhroughatimer
mechanismmanagedy theengineandbasednits clock.

Notethatthe computatiorof the elementexpiry date,aswell asthe dialogbetweerthe join nodeand
its parentnodes,alwaysoccur They do not dependon whetherthe elementcould be matchedoy the join
nodeor not. In ourexample alarmsandconfirmationsarenever storedin theright nodesyetthey take part
to tupleswhenthey matchotherfactsandevents. Thisis becaus¢he matchingtrials areperformedon data
previously assertedwhereaghe expiry datecomputatioraddressefutureassertions.

Obsere alsothat, in the RETE network resultingfrom the compilationof the rule set,a left or right
nodecanbethe parentof seseraljoin nodes.This happensvhensimilar conditionsappeatin seseralrules.
As aresultthe parentnodeshouldstorean elementaslong asat leastoneof thejoin nodesrequestst.

4.5 Matching FactsWith Events
Let usconsideranextensionof our examplewith thefollowing rule:

rul e Al arnCancel | ed {
when {
?a: event Alarm);
?c. event Cancellation(alarm== ?a; ?this after[1,4] ?a);
} then {
retract ?a;
}
1

Thefirst conditionof this rule concernghe Al ar mclassandcontainsno discriminationtests justlike
theseconcconditionof the Al ar nConf i r mat i on rule. In the RETE network, thesetwo rule conditions



will sharetheright2 node. Whenassertedalarmswill be storedin right2, andthenpassedoth to join2
andto a new join node(nameit join4) representinghetestsin the secondconditionof the Al ar mCan-
cel l ati onrule.

Becausdhis new join4 nodecontainsthe?c after[ 1, 4] ?a temporalconstraintthe dialog be-
tweenright2 andjoin4 will concludethatthe alarmsshouldbe keptfor 4 ticks by right2. (Whereagoin2
doenotrequireright2 to keepthealarms.)

Assumenow thatan Al ar nB is occurs(at date30, say)on an equipmentwhich stateis ‘on-line’ and
not‘active’. Theright2 nodewill keepthealarmuntil date34. Supposédhatthe equipmenbecomesctive
atdate32, it will becomeeligible for a matchwith Al ar nB in thejoin2 node. Would the Al ar nCan-
cel | ati on rule nothave beenin therule set,this matchwould not have occurred.Thisis not normal.

Whatis not normalis that a condition may or not match,dependingon the presencenr absenceof
otherrules. Thejoin2 nodeshouldbehae identically regardlesof the resultof the dialog betweerright2
andjoin4. Namely it shouldbehae asif Al ar n8 hadnot beenkept by right2, andignoreit whenthe
equipmenit submittedfrom leftl

We integratethis behaiour into our extensionof RETE by formulatingthefollowing principle:

In a rule matchingfactsand events,all fact conditionsmustbe satisfiedas soonasthe first
eventconditionhasbeensatisfied anduntil thelastonehasbeensatisfied.

This principleis suficientto solve our problemasexplainedbelov. Considerarule with factconditions
andeventconditions.

¢ Whenan event satisfiesthe first event condition, it is submittedby the discriminationnodeof this
conditionto thechild join node,to be matchedagainsthetuplesin the parentieft node.

¢ Sincethisis thefirst eventcondition,thetuplesin theleft nodeonly containfacts. Thesearethefacts
thatsatisfied(andstill satisfy)thefactconditionsprecedingheeventconditionin therule.

e For successfumatchesaugmenteduplesare passeddown to the join noderepresentinghe next
condition. Eventconditionswill simply addmatchingeventsto thetuples.

e Whenthenext factconditionis reachedthetuplecontainingeventsis matchedgainsthefactsstored
in the parentright node.Thesefactssatisfied(andstill satisfy)thenewly reachedactcondition.

e Becausadt is a fact condition, the dialog betweenthe join noderepresentinghe conditionandits
parentleft nodewill concludethatthetuplesneednot bekeptby theleft node.

e Thepropagatiorcontinuesuntil eitherall the conditionshave beensatisfiedandtheruleis triggered,
or no matchsucceeds$n a join node. Along the propagatiorpath, the tuplescontainingeventsare
only storedin nodeswvhicharepareninodesof join nodesepresentingventconditions.Parentnodes
of join nodesrepresentindactconditionsdo not storetuplescontainingevents.

¢ In the casewherea nodeis, like right2, the parentof several join nodes,someof which represent
eventconditionsandotherrepresentactconditions,t is thejob of thosegjoin nodesrepresentindact
conditionsto ignorethe objectsstoredin its parentnodewhena new factsatisfieghefactcondition.

Theprinciple exposedabove statesn which time spacdactsare“visible” to events. For eacheventit
dividestheworld of factsinto their statesbeforethe eventwasassertedandtheir statesafterthe eventwas
asserted(The stateof afactcanbe definedasthe collectionof the valuesof its attributes.) Only thefacts
in their statesbeforean eventwasassertec@reconsideredor matcheswith theevent.

Thesecondoartof the principle (“until the lastonehasbeensatisfied”)addressedymmetricalissues,
for examplethe casewherethe equipmenstatewould changdrom ‘active’ to ‘on-line’ betweerthe occur
rencef analarmandof its confirmation.



5 Benefits

5.1 Non-monotonism

It is usuallydifficult to write a rule thatrecognizesa changen the valueof an attribute of a fact. Indeed
sucha rule would typically includetwo conditionsdescribingthe initial andfinal valuesof the attribute,
but theseconditionscan not be matchedsimultaneously A commonsolutionis to introducea control
objectwhich statesthattheinitial valuehasbeenreachedandto write a rule on this objectandthe final
value. Sucha solutionatrtificially addsintermediaryobjectsandincreaseshe numberof rules,leadingto a
programwhichis harderto write, understandandmaintain.

Instead we canleveragethe eventconcepto expressthata facthasreacheda given state,or changed
its statefrom someinitial to somefinal value. This canbe doneeitherby introducingstatechangeevent
classesn the applicationmodel,or by augmentingherule languagewith dedicatedconstructsvhich will
synthesizeheevents.Onceusingevents therule programmecanevenusetemporalconstraintdo express
additionalconditionson the statechanges.

As anexample,considetthefollowing rule. It will betriggeredwhenanalarmoccursonanequipment
within two ticks afterthe equipmenbecameactive.

rule AlarnDnActivation {

when {
?act: event change ?e: Equiprment(state == ONLINE) to (state == ACTI VE);
event Alarmegpt == ?e; ?this after[0,2] ?act);

} then {
nmodi fy ?e { state = OFFLINE;, }

}

b
Thisruleuseghe“event change ... to0” construcwhichrecognizesninitial andafinal state

onafact,andgenerateaneventwhenthe statechangeoccurs.Temporalconstraintcanthenbe expressed
betweerthis andotherevents.

This illustrateshow integrating event managemenin the rule engineallows to directly addresshe
expressiorof non-monotonisnin therules.

5.2 GarbageCollection of Events

Anotherbenefitof integratingeventmanagemernin the rule engineis the managementf eventretraction.
In anapplicationwhich monitorsa flow of events,thefactsin theworking memoryarecommonlyusedto
describethe currentstateof the monitoring system,andeventsare assertecsthey occurto be processed
accordingto therules. Factsremainin the working memoryuntil the applicationdecidedo retractthem,
basednits modelof the monitoringsystem Eventsneedto remainin theworking memoryaslong asthey
participateto the processingogic, but shouldbe retractedassoonaspossibleoncethey nolongerplay a
role, in ordernotto affect performance.

The handlingof event retractionby the applicationrequiresthe programmetto take into accountall
therulesandthetemporalconstraintghey include. It canbeimplementedusingadditionalrulesor in the
applicationproceduratode.In all caseghis partof the programis very fragile, anddifficult to test,delug
andmaintain.

Wheneventmanagemernh integratedn therule engine thistaskcanbeperformedoy theengineitself.
The expiry dateof eacheventis computedat the join nodelevel, asexplainedin section4.4, eachtime a
temporalconstraintinvolvesthe event. The enginecanthusdetectwhenan event hasexpired throughout
the RETE network, andthenretractit from the working memory



This automaticretractionmechanisnmimics the work of garbagecollectorsin regular programming
languages.Hereit appliesto eventsin the engineworking memory to be comparedwith objectsin the
programheap.

6 Conclusion

In this paperwe presentedan extensionof the RETE algorithmto integrateevent managemenin arule
engine. This extensionusesthe conceptof event, and of temporalconstraintbetweenevents. It allows
rule-basegrogramgo recognizepatternanvolving time-independerfiactsandtime-stampedvents. The
expressiorpower availableto rule programmerss augmentedthanksto amoreintegratednandlingof non-
monotonismandto the automaticretractionof obsoleteevents. More generally the rule-basedrograms
becomesasierto write, delug, understandandmaintain.

The work describedn this paperhasbeenimplementedn the ILOG JRule§] product. This prod-
uct includesa rulesenginewhoseimplementatioris basedon the RETE algorithm,aswell asadwanced
rule programmingools, suchashusinessule languagesa delugger andan extensiblerule management
ervironment.

Futurework directionscouldbetwofold. Thealgorithmpresentethereis in essenc@ncremental Other
work on chroniclerecognitionusetechniguesuchasdomainpropagatioro leveragepropertiesattherule
or attherulesetlevel, andit couldbeinterestingto integratethesetechniquesrosswisdo theincremental
approachAlso, the acquisitionof expertiseis acommonproblemin A.l. systemsandimportantpiecesof
work [2, 15, 17, 5] exist on the subjectof extractingandlearningtemporalpatternsrom setsof datasuch
asalarmlogs,which oftenexist in monitoringapplications.
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