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This chaptempresentanagent-basedpproacttio intelligentinformation
disseminationn dynamicernvironments.We will describea prototype
agent-basedystemcalledthe Anticipator, whichenablesninformation
disseminatiorsystemto adaptto changinginformation needsof users
andprovide theuserswith critical informationrelevantto thosedynamic
changesTheAnticipatormodelstheinformationneedsf eachuserwith
a dynamically adaptableprofile that describeshe currentinformation
needsof that userandhow to adaptthoseinformationneedsaccording
to the changesn the ervironment. The Anticipator employs two types
of agents Profile Agentsand Event Monitoring Agents.Profile Agents
manageruntime user profiles. Event Monitoring Agents watch for
interestingchangesn the ervironmentand reportsuchchangego the
Profile Agentssuchthatthe contentandthefrequeng of theinformation
sentto userscanbe adaptedlynamically

1 Intr oduction

Information disseminatiornvia the “pull” technologydefinesmuch of
today's information users actvity. Gatheringinformation using web
searchenginess onevery commonexampleof this approachHowever,
the “pull” technologyassumeghat the individual user knows about
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2 Intelligent agents

what data sourcesare available, how frequentlyto searchthesedata
sourcedor appropriatenformationor potentialupdatesaswell ashow
to further filter the information gatheredirom thesedatasourcesafter
all the processings doneby the underlyinginformationgatheringtools.
Thereforeinformation “pull” canbe considereda form of exploration
through an information space,and, as such, it is not a reactve or an
anticipatorymechanisnfor informationcollection.Moreover, in “pull”
technology thereis a heavy burdenon the userto collect the needed
information. To have the most appropriateinformation in a dynamic
setting, usersneedto have accessto all necessarydata sourcesto
retrieve theneedednformationandmonitorthe changesn datato detect
interestingevents,andthenlink thesechangedo their own information
needscontinually As a resultof this burdenon the user not all typesof
informationneedscanbe satisfictorily metvia information“pull”.

The capability to anticipatethe information needsof usersis critical

for building informationdisseminatiorsystemgshat operatein dynamic
ervironments.As the ervironment changesthe information needsof

usersmay changedynamically Therefore,information dissemination
systemseedto adaptto thesechangego provide the mostappropriate
information to their usersat ary given time by reactingto interesting
changesin the world and, whenerer possible,by anticipating future

informationneedshasedn the currentstateof theworld.

Contrary to information “pull”, in information “push” the burden is
on the systemfor delivering the neededinformation to the user at
the appropriatetime. The useris assumedto be a direct consumer
of information, and the information is assumedto be delivered
automatically without the user being involved in the information
collection task. In this secondapproachi|t is, therefore,the function
of the systemto know what information will be neededby a given
userat whattime, how frequentlyto deliver this information,and, most
importantly how to adaptto the dynamicchangesn the ervironment
as these changeslead to changing information needs. Therefore a
mechanisnfor anticipatinguserinformationneeddits naturallyinto the
“push” paradigm.

In this chapter we presentan agent-basedapproachto intelligent
information disseminationin dynamic ervironments. Particularly we
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focuson a prototypeagent-basedystem,called the Anticipator, which
enablesan information disseminationsystemto adaptto changing
information needsof usersand provide userswith critical information
relevant to thosedynamicchangesin the Anticipator, the information
needsof eachuserare modeledusinga dynamically adaptableprofile
that describeghe currentinformationneedsof that userandhow those
information needsare to be adaptedaccordingto the changesn the
ervironment.

The Anticipator employs two typesof agents,a setof Profile Agents
(PAs) anda setof Event Monitoring Agents(EMAS) to adaptboth the
contentand frequeng of the information sentto the users.An Event
Monitoring Agentwatchedor aneventthata useris interestedn, andit
reportstheoccurrencef thiseventto aparticularProfileAgent.A Profile
Agent maintainsa parameterizednodel of the changinginformation
needsof a specificuser andit adaptsthis model(i.e., profile) basedon
thedynamicchangesletectedy individual EventMonitoring Agents.

For eachnew userthatneedso be addedto the system the Anticipator
instantiatesa profile that appliesto that user The primary components
of a userprofile areinformationrequestghat can be active or inactive
at arny giventime, and event rulesthat describehow that profile needs
to be adaptedwvheninterestingchangeshappenin the ervironment. A
profile is a predefinedyenerictemplatefor a particulartype of user and
its instantiations baseddn thelatestknown stateof theworld. Fromthis
pointon until theuserleavesthe systemthatprofile livesasa persistent
object continually adaptingthe information sentto the userfor whom
it wasinstantiatedEachuserprofile changeslynamicallyasa resultof
eventsof interestin the ervironmentthat may warrantspecificchanges
or anentirereinstantiationof thatprofile.

When a profile is instantiatedfor a user thereare two typesof Event
Monitoring AgentsthatarecreatedThe AnticipatorcreateanEMA for

eachinformationrequesthatappliesto the currentstateof the userand
theervironment.lt alsocreatesEMASs for eacheventrule in the profile.

Both the informationrequestsandthe eventrulesareinstantiatedbased
on thelatestknown stateof theworld.

Therearetwo typesof EventMonitoring Agentsin the Anticipator: (1)
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time-driven EMAS that periodically take an action suchas submitting
informationrequest®n behalfof usersf2) data-drwvenEMASs thatwatch
for interestingchangesn the ervironmentand subsequentlyotify the
appropriateProfile Agentsso that the user profiles being managedy
thoseProfile Agentscanbeadaptedo the currentsituation.

Our discussionin this chapter will focus on the Anticipator that
operatesasan intelligentcomponenbf anoverall adaptve information
disseminatiorsystem.We will alsodiscusshow dynamicallyadaptable
user profiles persistentlyadaptthe information needsof eachuseras
change®ccurin theenvironment.

Theremainingsectionsn thischapterareorganizedasfollows: Section2
providesanoverview of the AnticipatorsystemandSection3 introduces
the architectureof the Anticipator. Section4 discusseshow Profile
Agentsoperatewithin the Anticipator framewvork. Section5 describes
the profile instantiationand reinstantiationprocessesin Section6, we
describethe details of the profile information requestrepresentation.
Section7 coverstheoperatiornof the EventMonitoring Agents.Section8
present@nexamplethatdemonstratethe fundamentabperationof the
Anticipator. In Section9, we discussotherresearciwork closelyrelated
to this study In Section10, we briefly discussfuture work. Finally,
in Section11, we presentconclusions.Pleasenote that, throughout
this chapter we have edited the format of most of the knowledge
representationand written themin pseudoform to make them easier
to understand.

2  Overview of the Anticipator

The problemwe areaddressings delivering informationto usersat the
right time andadaptingthe contentandfrequeng of the informationto
be delivereddependingon the changesn the environment,so that the
userrecevesonly pertinentinformation.

To accomplishthis task,aninformationdisseminatiorsystemmusthave
accessto both the state of the user and the state of the rest of the
ervironmentthatpertaingo thatuser To beableto adapttheinformation
sentto theuserdynamically theinformationdisseminatiorsystemhasto
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monitor particularaspectof the world thatareof interestto eachgiven
user Thereforefirst we needamechanisnior describingheinformation
needsof a given userunder changingconditions.Second,we needa
mechanisnfor interactingwith the data sourcesthat can provide the
userwith the needednformation. Third, we needan event monitoring
mechanismo watchfor interestingchangesn the ervironmentandalert
the systemof thosechangessothattheinformationneedsf theusercan
be adapteddynamicallyaccordingto the profile.

In the Anticipator, user profiles are managedand adaptedby Profile
Agentsthat stay active in the systemfrom the time a useris entered
into the systemuntil thatuserleavesthe systemEachProfile Agentalso
hasa numberof Event Monitoring Agents (EMAS) associatedvith it.
The EMAs aredynamicallycreatedoasedon the eventdescriptionsn a
profile. SomeEMAs areresponsibldor periodicallysendingnformation
requestdo datasourcesothattheuserrecevesthe needednformation.
SomeEMAs areresponsiblgor monitoring the stateof the world and
alertingthe Profile Agentsthey arelinkedto of thesechangesThe state
of the world is assumedo be reflectedat the datasourcesand,hence,
themonitoringof thestateof theworld happendy periodicallyaccessing
thedatastoredat theselocations.

Becaus®f thiscontinualfeedbackhatEventMonitoring Agentsprovide

to the Profile Agents,onecanview the operationof the Anticipatorasa

closedfeedbacKoop. The goalof the systemis to stabilizethe outputof

thesystemastheernvironmentchangeshenceeducingheerror between
the desiredoutputandthe actualoutput. The outputof the systemis the

information that is being provided to the user and the desiredoutput
is the informationthat shouldbe providedto the userunderthe current
conditions.ThereforeeachProfile Agenttries to adaptthe information
contentandthe frequeng with which thatinformationis sentto theuser
sothatuserrecevesneedednformationat appropriataupdateintervals.
Alternatively, the behaior of the Anticipator can be representedis a

statemachine with the importantdistinctionthat only the currentstate
actively runsin thesystematary giventime,andtheremainingstateday

dormantimplicitly in the userprofile representationvithout ary active

componentn memory
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3 The Anticipator In An Information
DisseminationSystem
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Figurel. AnticipatorArchitectureaspartof alargerinformationdissemination
system

Figure 1 shawvs how the Anticipator fits asa componentin the overall
architectureof aninformationdisseminatiorsystem.The UserRegistry
adds and removes usersfrom the system.The Anticipator Dispatch
Engine createsProfile Agents for each new user managesworking
Profile Agents,and also removes Profile Agentswhen usersleave the
system.The Data Sourcesprovide the neededinformation that users
require by respondingto information requestghat time-driven EMAs
submitto them.We assumehatthe DataSourcesontinuallywarehouse
data about the state of the world (e.g., weatherconditions, medical
recordsJocationsof mobilevehicles etc.) Data-drven EMAs watchfor
interestingeventsin the stateof the world, and,whenthey detectsuch
events, they immediatelyalert the Profile Agentsthey are associated
with of theseevents.In responséo thesealertmessagesrofile Agents
dynamicallymodify the information contentandupdaterate flowing to
the users.As Data Sourcesproducedatato be sentto the users,the
Information Packagingand Delivery componenttoresthe information
intended for each user into an information packageand sendsthat
packageo theappropriataiser
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4  Profile Agents

Thetaskof a Profile Agentis to manageheuserprofile of aspecificuser
Eachuserprofileisinitially dervedfrom agenerigrofiletemplatethatis
designedor a certaintype of user(e.g.,stockbroker, military strateyist,
economistpregnantwoman,computeruser etc.). Uponinstantiationa
userprofile becomesan active objectin the system.The Profile Agent
with the user profile it is managingand all of the Event Monitoring
Agents associatedvith it live as a set of distributed elementsin the
Anticipatorbut work asa collective entity.

Figure2 shaws the generalformat of a userprofile, which is comprised
of threecomponents:

e Profilevariabledefinitions
¢ Informationrequests

e EventRules

Profile <profil e name>

Profile variable definitions:
profile_variable; <= instantiationruley

profile_variabley < instantiationruley

I nformati on Requests:
informationrequest ... informationrequesf;

Event rul es:
eventrule; ... eventruley

Figure2. Generaformatof auserprofile

4.1 Profile variable definitions

Profilevariablesareusedo parameterizdifferentaspect®f agivenuser
profile. Their valuesare assignedoy specialrules, called instantiation
rules (describednext), which are referencedby eachprofile variable
definition. Therecanbe asmary profile variablesasneededn different
partsof a profile.
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4.2 Instantiation rules

Eachinstantiationrule instantiategor reinstantiatesasthe casemaybe)
the value of a specificprofile variable.An instantiationrule decideson
the valueof a profile variabledependingon the particularaspectof the
currentstateof the world. Hencethe valueassignedo a profile variable
may differ dependingon the currentconditions.

4.3 Information requests

Information requestsdescribethe specific information that needsto
be retrieved from available data sourceson behalf of users. They
are parameterizedo allow dynamic adaptationof the contentof the
information that userswill receve. For example, supposethat a user
needstemperatureanformation. An information requestto ask for this
informationcanbe written suchthatlocationcanbe a parameteso that
thetemperaturenformationrequestanbe customizedo ary location.

In the Anticipator, an information requestcan be active or inactive at
ary giventime. Active informationrequestsaretheonesthatwill askfor
thecurrentlyneedednformationfor auser Inactveinformationrequests
arethe onesthatdo not applyto the currentstateof the world; but, upon
changesn theervironment,inactiveinformationrequestganpotentially
beactivated.Thereforehestateof theworld —includingthatof theuser—
drive whichinformationrequestsnustbeactivatedandwhich onesmust
be deactvatedat ary giventime.

Getasatelliteimage
centeredatlocation?user_location |
with resolution?res |

Figure3. An exampleinformationrequestfor obtainingthe satelliteimageof
theareacenteredat users locationwith a certainresolution

For example theinformationrequesgivenin Figure3 obtainsa satellite
image of the region centeredat users current position with a certain
resolution.Let us supposethat the resolutionof the imageis adjusted
basedon the instantiationrule given in Figure 4. This example rule
dependson the terraintype of the currentuserlocation,andthe terrain
information is retrieved from the data sourcethat storesand updates
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information about the user If, for instance,the useris in a densely
forestedarea heresolutionof theimagewill besetto high.

Rule i mage-resol ution

if the user is currently in a desert then
?resol ution <« low

else if the user is currently in an open area then
?resol uti on « medium

else if the user is currently in a densely forested area then
?resol uti on « high

el se
?resol uti on <« normal

Figure4. Exampleinstantiatiorrule thatcanassigndifferentvaluesto a profile
variablebasedn the currentstateof theworld

4.4 EventRules

An eventis a condition that may be true of a setof dataat a given
point in time. Eachevent rule describesan event that is known to be
of interestto the type of the userfor which the profile wasdesignedor,
andhow thecurrentstateof a userprofile needgo be modifiedwhenthat
eventconditionis satisfied Specifically eacheventrule specifiesa setof
actionsto be executedvhenthe eventconditionof thatrule is satisfied.

For this mechanismo work, a Profile Agentcreatesa data-drven Event
Monitoring Agentfor eacheventrule in a profile. The EMA thenstarts
monitoringthe conditionof thecorrespondingventrule. WhenanEMA

detectdhatits eventconditionis satisfiedjt alertsthe Profile Agent,and
the Profile Agent takesthe actionsspecifiedin the correspondingvent
rule.

Figure5 shaws the generalformat of aneventrule, which, in structure,
is very similar to the event-condition-action(ECA) rules in actve
databaseswhich also provide for any numberof actionsthat can be
executeduponthe satistictionof the eventcondition.

5 Profile Instantiation

In the Anticipator, profile instantiationis the very first stepthat takes
placewhenanew useris beingaddedo the system Profileinstantiation
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E: A logical statement
A;: An action

if (E) then
executeaction(4; );
executeaction(As );

executeaction(Ay );
endif

Figure5. Generafformatof aneventrule

happensn two stages.For eachprofile templateto becomean active
entity in the system,the profile variablesin that template must first
be instantiatedby their instantiationrules. Next the active information
requestsin the profile are instantiatednow that all of the profile
variableshave beenassignedgroundvalues.Then, for eachnew user
the Anticipator createsa Profile Agent. Givena profile templatefor each
user the Profile Agentstartsmanaginghatprofile afterinstantiatingthe
profile templateandcreatingthe EventMonitoring Agents.Algorithm 1
gives the algorithm for the operation of a Profile Agent, given a
profile templateand a uniqueuserID for which that templateis to be
instantiated.

To instantiatethe profile variablesin a user profile, a Profile Agent
runs the instantiationrule correspondingo that profile variable.Each
instantiationrule may internally requireinformation aboutthe stateof
theworld to assigna specificvalueto a profile variable.To getthe latest
stateof the world, a Profile Agent asksfor the valuesof neededstate)
variablesfrom datasources.

Oncethe profile variablesandinformationrequestarefully instantiated
basedn thelatestknown stateof theworld, thenthe Anticipatorcreates
the Profile Agent that will managethis newly createdworking profile.

This includesthe initial spavning of the Event Monitoring Agents.
Moreover, all furtherruntimemaodificationgto this profile will becarried
out by this Profile Agent.

Dependingon the profile design,a set of information requestsmay
be initially marked active. Upon the completion of the instantiation
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ALGORITHM 1: OperateProfile Agent(P, U)

P: profile templateto beused

U uniquelD of auser

V;: aprofile variable

R;: instantiatiorrule associatedavith V;

Q;: anactiveinformationrequesin the profile
E;: aneventrulein theprofile

C;: eventconditionof E;

M;: acurrentlyrunningEMA createchasedon E;

/I Instantiateall profile variables
for all V; in P do

Vi < Executerule R;;
end for

/I Instantiateall active informationrequestandspavn time-drivenEMAS
for all Q; in P do

Instantiatenformationrequesty);;

Spavn EMA basedn @Q;;
end for

/I Spavn data-driven/time-drvenEMAS for all eventrules
for all E; in P do

Spavn EMA basecdn E;;
endfor

/I Watchfor eventalertsandadaptthe profile
while (TRUE) do
for all M; do
s « Getthecurrentstatusof EMA M;;

if (s isaneventalert, i.e.,C; is TRUE) then
Executeall actionsin F;;
endif
endfor
endwhile

process,a Profile Agent will spavn a time-driven Event Monitoring
Agentfor eachof theseactive informationrequestsThen,periodically
eachof theseEMAs will automaticallysendaninformationrequesto the
appropriatedatasources.Thenthe resultof theseinformationrequests
will besentby thedatasourcego theuser

A Profile Agent will also spavn as mary data-drven EMAs as the
numberof eventrulesin the profile it is managingEachof theseEMAs
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will monitor the stateof the world by periodically asking appropriate
datasourcedor datathatthey needto checkon their eventcondition.

We must note that it may be critical that the profile variablesbe
reinstantiatedevery time a data-drven EMA alertsa Profile Agent of
aneventsothattheuserprofile is modifiedaccordingo themostcurrent
stateof the world, and hencethe usercanreceve the informationthat
would be mostvaluableto have. In the Anticipator, the implementation
of this behavior depend®n the profile design.In addition,the definition
of whicheventsareinterestingor auserandhow theinformationcontent
sentto ausemeedgo beadaptediepend®ntheapplicationparticularly
theeventrulesin aprofile.

6 ParameterizedInformation Requests

An active information requestin a profile is sentto a particulardata
source (or mediator), which will provide the neededinformation to
the user In the Anticipator, information requestsare describedwith
six attributes. These attributes are frequency language, description
status cycle andbody The frequencyattribute specifieshow often an
information requestneedsto be submittedto the datasourcesso that
a userreceves regular information updates;for example, every hour,
every ten minutes,oncea day, etc. The language attribute specifiesthe
languagehatis usedin implementingthe actualrequesthatwill askfor
the needednformation. Therefore,it is possibleto usemultiple query
languageswithin a profile (for example, SQL, Lorel, MSL, etc.). For
userfriendliness,eachinformation requestalso containsa description
field to allow the profile designerto include an informal descriptionof
what information will be requestedand/orary other information that
would be helpful in indicatingthe purposeof aninformationrequestn
aprofile. The statusattribute specifiesvhetheraninformationrequesis
active or inactive at a given time. Hencethis attribute directly controls
which information requestshe Anticipator will sendto datasources.
The cycle attribute, on the other hand, specifieshow mary times an
informationrequesshouldbesubmittedo thedatasourcesfor example,
acyclevalueof 2 saysthatagiveninformationrequesmustbesubmitted
to the data sourcestwice with a period specifiedby the frequency
attribute,and,uponthe secondsubmissiontheinformationrequesiust
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be deactvated. The deactvation of an information requestmeansthat
the Event Monitoring Agent responsiblefor submittingthat requestto
the datasourceswill automaticallyremove itself from the system.For
persisteninformationrequeststhe cycle value mustbe setto a special
value,infinite. Finally the bodyattribute containsthe formal description
of thecontentof theinformationthatwill berequestedrom datasources.

Information-Request <nanme>

body < <Formal specification of the request>
| anguage + <Language of the fornal specification>
frequency < <val ue> <unit>

status « [active|inactive]

cycle «— [1-Ninfinite]

description « "A textual description of the request”

Figure6. Generaformatof a profile informationrequest

Thegeneraformatof a profile informationrequesis givenin Figure6.

Information-Request Tenperature-in-city

body < Cet the tenperature in city ?city
frequency + ?mins m nut es

status <~ active

cycle «— infinite

Figure 7. Exampleinformation requestthat retrieves the temperaturen a
specifiedcity every ?mins minutes

Figure7 shavs anexampleinformationreques{writtenin pseudacode)
that obtainsthe temperaturein a given city. This active information
requestwill run indefinitely sinceits cycle attribute is setto infinite,

and it will update the temperatureevery ?mi n minutes. Since the

locationis specifiedusing a variable(?ci t y), this information request
can be customizedto the currentlocation of a userduring the profile

instantiation/reinstantiatioprocess.

Figure 8 shows an initially inactive information requestthat retrieves
informationaboutgasstationswithin 5 miles of the currentlocation of
avehicle.Thisinformationrequestouldbe usedin providing thedriver
of avehiclewith alist of closestgasstationsin the casethefuel level in
thatvehiclefalls belov acertainlevel.

Sincetheinformationsentto theuserwill be updatedevery 5 minutesin
this information request,t may be necessaryhat the vehicle position
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Information-Request Near est - gas- st at i ons
body < Cet the list of all gas stations within
5 mile radius of a vehicle' s current
| ocation ?loc
frequency < 5 mnutes
status « inactive
cycle — 1

Figure8. Exampleinactive informationrequesthatretrievesinformationabout
gasstationsclosesto a vehicleslocation

information (?loc) is also updatedat least at the samerate. In the
Anticipator, this canbe doneby defininganeventrule in theuserprofile
that will automaticallyreinstantiatethis information requestevery so
often.

7  EventMonitoring Agents

Event monitoring is a critical componentof the task of anticipating
user information needs.The Anticipator usestwo types of EMAs.
Time-driven EMAs are responsiblefor taking periodic actions such
as submitting information requeststo data sourcesaccordingto the
frequeny parameteof eachinformationrequestanddata-drvenEMAS
areresponsibldor detectingwhetherchangesn datasourcesatisfythe
eventconditionsthey arechecking.

7.1 EventTypes

In the Anticipator representationwe divide the eventtypesinto two as
time-driven eventsand data-drven events.Similar cateyorizationshave
beenusedelsavherein theliterature(Decler etal. 1996).

7.1.1 Time-drivenevents

In the Anticipator, time-driven eventsdependonly uponthe passagef
time. If the requiredupdateperiodhaselapsedsincethe lastoccurrence
of the sameevent, thenthe time-driven eventis saidto have occurred.
In the Anticipator userprofile representatiorthe frequeng attribute of
an information requestspecifiesthe period of an implicit time-driven
event.For example,if thefrequeng valueof ainformationrequesis 15
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secondsthen,every 15 secondsthe event conditionof the time-driven
eventcreatedor updatingthis informationrequeswill betrue.

Thereis alsoanexplicitly representetime-driveneventtypethatis akin
to a periodic“ping” or a (unix) signal. Theseeventsaredefinedto alert
Profile Agentsto take specificactionsregularly. For example,if we are
interestedn the positionof a moving vehicleto decideon whatkind of
informationto sendto the driver of that vehicle,thenwe will have to
make surethat the Profile Agent associatedvith that moving vehicle
gets periodic updateson the position of that vehicle. One method of
implementingthis functionality within the Anticipator architecturds to
explicitly reinstantiateanformation requestghat dependon the vehicle
movementby having a time-driven EMA alert the appropriateProfile
Agent to executereinstantiationactionson the working profile of the
vehicledriver.

7.1.2 Data-drivenevents

Data-drvenevents,on the otherhand,aredependenhot on the passage
of time but on the satisactionof alogical conditioninvolving statedata.
Therefore data-drven eventscan be conditionedon the currentvalues
of statevariablesthat reflectthe currentstateof the world, trendsor
averagesnvolving thosevariablesbesidethertypesof measurements.

We can further divide data-drven events into two subcatgories as
instantaneouandcontinuousinstantaneoudata-drveneventsarethose
with an event condition that dependson the latestvalue of a set of
statevariables Continuousdata-drveneventsarethenthosethatrequire
storageof previous value(s) in some form. For example, an event
conditionthatchecksonarunningaverageor atrendwould beclassified
ascontinuoussinceprior stateinformationwould have to be stored.

The catayorizationof eventsinto time-driven (periodic)anddata-drnven
(non-periodic)have beenusedexclusively in active databaseesearch
(Hansonand Noronha1999). The cateyorization of eventsinto time-
driven anddata-drvenis a usefulone, especiallybecausehe handling
of eachone requiresa totally distinct implementationwith the time-
driven events being simpler to implement,sincethey only dependon
the passagef time. Data-drvenevents,on the otherhand,canbe much
more comple, sincethey needto askdatasourcedor statedatato be
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ableto checkthetruth valueof their eventcondition.

7.2 Time-driven Event Monitoring Agents

The descriptionof a time-driven EMA canbe basedon aninformation
requestor event rule. Since the Anticipator createsa time-driven
EMA for each active information requestbasedon the frequeng
parametem thatrequestthe Anticipatordoesnot have anexplicit event
representatiofor EMAs thatarebasedninformationrequestsTheonly
actionthat suchEMAs take is to submittheir information requestgo
data sourcesHowever, remainingtypesof time-driven EMAs require
explicit eventdescriptiongto allow periodic executionof actionsother
thansubmittinginformationrequestgo datasourcesFor example,this
typeof time-drivenEMAS canbeusedfor pingingtheappropriatdrofile
Agentsfor periodicreinstantiatiorof informationrequests.

ALGORITHM 2: Time-DrivenEventMonitor Operation

T': informationrequesupdateperiod(frequeny)
Q: instantiatednformationrequesto be sent
D: datasourcethatcanproduceresultsfor @

U: uniquelD of auser

while (TRUE) do
Send@ to D andhave theresultsforwardedto U;
Wait T;

end while

A time-driven EMA hasa simplerworking structurethana data-drien
EMA. When a time-driven EMA is spavned by a Profile Agent, the
frequeny of that EMA attribute has a specific numerical value that
may have beenassignedduring profile instantiationor specifiedas a
constantat the time of the correspondingprofile templatedesign. At
regular intervals specifiedby this frequeng value,a time-driven EMA
senddts alreadyinstantiatednformationrequesto the appropriatedata
sourceHow we choosenhich datasourceo sendaninformationrequest
to is largely a questionof mediation,and this issue of mediationis
beyond the scopeof this chapter In our model, we assumethat all
informationrequestsare sentto addressesdesignated priori, andthat
mediatorsdecideto which specificdatasourcego forward information
requestsMoreover, sinceeachrequestontainsa descriptionof a users
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destinationaddressthe datasourcerespondingo thatrequesttansend
its resultsdirectly to thatuser

7.3 Data-driven Event Monitoring Agents

Eachdata-drven EMA in the Anticipator is createdbasedon an event
rule in agivenprofile. The conditionof thateventrule becomeshe event
that the EMA checksfor. An eventis usually madeup of conditions
that require that certain aspectsof the current state of the world be
known. Thereforean EMA asksthe appropriatedatasourcedo retrieve

ALGORITHM 3: Data-DrvenEventMonitor Operation

T': statevariableupdateperiod

C': eventconditionto checkfor

A: Profile Agentthatspavnedthis eventmonitor
S;. astatevariable

while (TRUE) do
for all S; usedin C do
S; « Retrievethevalueof S; from a datasource;
endfor

if (C is TRUE) then
Sendaneventalert to A thatC is now TRUE;
endif

Wait T;
endwhile

the valuesof variables,called statevariablesthat are usedin its event
condition. This actuity is performedperiodically After eachupdateof
statevariablestheEMA checkswhethelits eventconditionis satisfiedIf
so,thenit meanghataneventhasoccurredThentheEMA automatically
alertsthe Profile Agentthatspavnedthis EMA. In responséo anevent
alert,the Profile Agenttakesthe actionsprescribedn the actionsection
of theeventrule in the profile. If, onthe otherhand,the eventcondition
is notsatisfiedthecycle of informationupdatingandconditionchecking
continuesuntil the EMA is removed from the system.Algorithm 3
summarizefiow adata-drvenEMA operates.

The actionsthatthe Profile Agenttakesin response¢o aneventalertare
usedto adaptthe profile to the changegshat were deemedof interest
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to the user For example, theseactions can direct the Profile Agent

to activate currently inactive information requestsdeactvate currently
active informationrequestsor reinstantiate setof informationrequests.
It is alsopossiblethatsomeeventsmay requirethatthe entire profile be

reinstantiatedA reinstantiationcausesall of the existing EMAS to be

removed from the system.Also the profile variablesin the profile are

reinstantiatedAfter the removal of existing EMAS, the Profile Agent

once again createsa time-driven EMA for each active information

requestanda data-drven EMA for eacheventrule. Algorithm 4 gives
thealgorithmfor this profile reinstantiatiorprocess.

ALGORITHM 4 : Reinstantiatérofile (P, U)

D;: adata-drvenEMA
T;: atime-drivenEMA
U : uniquelD of auser
P : profile templateto beused

Sq + Setof currentlyactive data-drvenEMASs
S; + Setof currentlyactive time-drivenEMASs

for all D; in S; do
Remore EMA D;;
endfor

for all T; in S; do
Remwe EMA T3;
endfor

Call Algorithm1( P, U ); I/ Seepagell

8 An Example

In this section,we will presentan example scenarioto demonstrate
how the Anticipator handlesdynamicchangesn an ervironment. This
exampleis in thedomainof battlefieldawarenessWe will startwith the
profile of amilitary unitin active duty. The profile is givenin Figure9.

Supposehatthe military unit hasa uniquelD of acomp001 andthatthis
unit hasalreadybeenaddedasa new userto the system.In the profile
templatefor this user therearethreeinformationrequestsanda single
eventrule. Thefirstinformationrequests theonly requesthatis initially
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Profile mi l'itary-unit
Profile variable definitions:
?lat < Rule_A
?long < Rule_B
?res <« Rule_C

I nformati on Requests:
Information-Request fri endl y-i nfo

body < Cet alist of friendly units within
25 mles radius of user’s current
location (?lat, ?long)

frequency < 10 minutes

status <~ active

cycle «— infinite

Information-Request sat el | i t e-i mage
body + Cet a satellite image of the area
within 25 mles radius of user’'s current
location (?lat, ?long) with resolution ?res
frequency + 15 mnutes
status «~ inactive
cycle «~— infinite

Information-Request hosti |l e-info
body < Cet alist of hostile units within
25 mles radius of user’s current
I ocation (?lat, ?long)
frequency < 5 mnutes
st at us <~ inactive
cycle <« infinite

Event rul es:
Event-Rule eneny-cl ose- by
if there any eneny units within 25 mles then
Rei nstantiate this profile;
Activate information request satellite-imae
Activate information request hostile-infg
endi f

Figure9. Exampleprofile for amilitary unit

activated, since its statusfield is marked actve. Since the remaining
two requestareinactive, the Anticipatorwill notcreateary time-driven
EMAs for thematthetime of thefirst instantiatiorof this profile. Thereis
only oneeventrulein this profile (eneny- cl ose- by) thatcanpotentially
activatebothof theseinitially inactive informationrequests.

Figure 10 shonvs an exampleimplementatiorof one of the instantiation
rules usedin the military unit profile. Instantiationrule Rul e_A first
retrievesafew valuesaboutaunit from datasourcesThen,dependingn
the currentstatusof the unit, it subtractsan offsetvaluefrom the unit's
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Instantiation-Rule Rul e_A
unitlD « CGet unit’s unique ID;
| at < Get current latitude of unit unitlD;
status « Get current status of unit unitlD;

if unit unitID is at highalert t hen
of fset <« 20 mles;
else if unit unitID is at mediumalert t hen
of fset < 30 mles;
else if unit unitID is at lowalert then
of fset <+ 40 mles;
el se
of fset «+ 50 mles;
end if

Instantiate value (lat - offset);

Figure10. Exampleinstantiatiorrule

currentlatitude. This value becomeghe instantiatedvalue for profile
variable?! at 1.

Information-Request fri endl y-i nfo
body < Get all friendly units within a radius of
25 mles around unit’'s current
| ocation (?lat, ?long)
frequency <« 10 ninutes
st at us « active
cycle «— infinite

Figurell. Informationrequesf r i endl y- i nf o afteraninstantiation

After the military unit profile is fully instantiated,the profile starts
runningin the systemin its instantiatedform, andit is managedoy a
uniqueProfile Agentcreatedon behalfof acomp001. For example,the
onlyinitially actvetheinformationrequestf ri endl y-i nf o, mightlook
asshown in Figure 11 afterinstantiation.So whenthe systemcreatesa
time-driven EMA for this informationrequestthatnewly createdime-
driven EMAs will automaticallystartsubmittingits informationrequest
to theappropriatelatasourcesvery 10 minutes.Thisinformationrequest
will thencausehatdatasourceto sendinformationaboutfriendly forces
in the areato useracomp001 every 10 minutes.In addition,the system
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will also createa data-drven EMA for the single event rule, eneny-
cl ose- by, to watchwhetherthereareary enemyunitsapproaching.

Let’'s imaginethat a hostile unit moveswithin 25 miles of the friendly
unit. Whenthat happensthe event condition of the event rule eneny-
appr oachi ng will betrue. Thenthe systemwill executethe actionsof
that event rule, first reinstantiatingthe entire working profile of user
acomp001 andthenactivating previously inactive informationrequests
satel lite-i mage andhostil e-info. Sincethe first action calls for
a completereinstantiationof the profile, the systemwill first remove
all the existing time-driven and date-drven EMAs associatedvith user
acomp001. Thenit will generatenew versionsof thosemonitorsbased
on the reinstantiatecprofile. With this, anothercycle of Profile Agent
operationwill start.

9 RelatedWork

The problem of selectingwhat information is relevant to what users
can be thoughtof asinformation filtering (Belkin and Croft 1992). It

may alsobe referredto asselectve disseminatiorof information(SDI)

(Foltz and Dumais 1992) when userssubmittheir profilesto a system
from which they expectto receve information updates.In the SIFT

systemfor example profilesaremadeup of keywordsthatusersneedto

submitto aninformationdisseminatiorsystem(YanandGarcia-Molina
1995).SIFT differsfrom the Anticipatorin how it representsjisesand
updatesuser profiles. First, a profile in the SIFT systemis a single
query that a user submitsto the systemto get periodic updates SIFT

supportsoththe specificatiorof the updateperiodandhow mary times
aninformationrequestshouldbe submitted;theseactionsare specified
by the frequencyand the cycle attributes in information requestsin

the Anticipator. Therefore sinceusersneedto sendqueriesto SIFT to

identify whatthey areinterestedn, profilesin SIFT arecomposedf a
setof staticqueries,which canonly be changedy the userinsteadof

a higherlevel userprofile constructasin the Anticipator. In addition,
SIFT requiresthat usersinteract directly with the system,which the
Anticipatoraimsto abstractway.

Information requestsin the Anticipator are predefinedin profiles in
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parameterizedorm so thatthey canbe customizedo the currentstate
of the world. Moreover, the userneednot interactwith the underlying
information disseminationsystemto receve information or possess
detailedknowledgeabouthow to retrieve informationfrom datasources.

To filter network news, a SIFT user can modify his/her profile by
adjusting the values of the precision and recall parameters.The
Anticipator, on the other hand, modifies its profiles automaticallyat
runtime as a resultof eventsreportedto Profile Agentsby data-drven
EventMonitoring Agents.

Systemssuch as SIFT can work well dependingon the quality of

the retrieval algorithmthey employ; however, they do not addresshe
problemof adaptingto changinguserinformation needs.On the other
hand, actve databasesystems(Paton and Diaz 1999) provide event
alerters (triggers) that notify applicationsof interesting data events
(Dittrich et al. 1986, Hansonand Noronha1999). However, an alert
mechanismcan only let a user know about relevant changesbut it

doesnot fully supporta userwhoseinformation needschangedue to

changesn anenvironment.Especiallywhenwetake into accountapidly

changing decision ervironments such as battlefields, critical patient
monitoring, or the stock market, it becomesapparentthat we needa

heavily usercentric approachfor dynamicand intelligent information
disseminationWe thereforebelieve that employing userprofilesin the

proactve mannerthat we describedin this chapterwill bring both

increasedexpressibility and adaptabilityto information dissemination
systems.

There is a clear difference betweeninformation systemsthat filter
electronic mail, Usenetnews, and the World Wide Web documents,
and the kinds of information disseminatiorsystemswe focusedon in
this chapter In information filtering and web browsing, the sources
of information are documents.Existing information filtering systems
(PapalonstantinouandVassalosl 998, Armstronget al. 1995,Sorensen
and McElligott 1995, Lieberman1995, Balabaneic 1997) represent
documentaisingdifferentmodelsandthey try to matchuserpreferences
saved in profiles to thesemodels.Corversely in the Anticipator, the
information requestsin profiles directly identify the information that
needsto be sentto the users.That s, the Anticipator doesnot reason
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aboutthe contentsof the material(text documentsmaps,images.etc.)
thatits requestgrom datasourcesn behalfof its users.

Someof the information filtering systemsuse relevancefeedbackand
informationabouttheactionsof usergbrowsing,deletingfiles or emails,
etc.) to learn and adaptuserprofiles. For example,the Letizia system
(Lieberman1995)only usesthe actionsof the usersfor learning,since
thegoalof thatsystemis to minimizeits interactionwith theusers Other
systemssuchasNewT (Sheth1994)andAmalthaeaMoukas1998)use
geneticalgorithmsin conjunctionwith relevancefeedbackirom usersto

evolvetheiruserprofilessuchthatthoseprofilesareadaptedccordingo

changingnterestof theusersovertime. Relevancefeedbacks alsoused
in (Edwardsetal. 1997)to learnuserprofilesbasednruleinductionand
instance-basealgorithms .Geneticalgorithmsareusedin (Sorensemnd
McElligott 1995)to learnuserprofiles,but theapproachs differentfrom

thatof NewT andAmalthaea.

In recentyears, searchenginesand web spidershave becomevery
populartools for locatingrelevant documentson the Internet,but there
arenumerousilomainsvheretheretrieval of very specificandpotentially
changinginformationis required.PatonandDiaz classify suchsystems
as open databaseapplications(Paton and Diaz 1999). One important
characteristicof these systemsis that they operatein dynamically
changingdomainssuchasbattlefields patientmonitoring,andair traffic
control. However, thesesystemslsodo not seemto be organizedfrom
the perspecitie of individual userswith potentiallychangingnformation
needs.Thus the Anticipator aims to provide a methodologyfor an
alternatvely usercentricapproach.

10 FutureWork

In its current status,the Anticipator does not supportlearning, and

thereis no mechanismfor userlevel feedback.Since an information
disseminatiorsystemsuchas the Anticipator needsto supporta wide

variety of usersgxisting profile templatesnay not alwaysbe suficient.

Therefore,it is concevable to use learning methodsto identify new

information needsand conditionsunderwhich thoseinformationneeds
would bevalid.
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11 Conclusions

Information systemscan be more beneficialto their usersif they can
dynamicallyanticipatethe needsof their users.To this end, the profile

reinstantiationprocessis critical in providing dynamic adaptabilityto

changesn the ervironmentat the systemlevel. Sincethe main task of

theinformationconsumewvill not necessarilypeinformationcollection,
having systemghat automaticallyprovide needednformationto users
asconditionschangecanbe of greatvaluein our increasinglycomplex

informationsociety

In this chapterwe demonstratethat knowledge-basedhodelingof the
informationneedsof userdan profilesprovidesa strongbasisfor adapting
to changing user information needs. The meta-leel representation
of user information needsthat the Anticipator provides enablesan
information disseminatiorsystemto accessa wide variety of external
systemsand technologiesfrom a single interface. The benefit of a
single representatiorsystemthat, for example,enablesdifferentquery
languagegor requestingnformationto be used,is thatthe generatiorof
new profilesandediting of existing profiles canbecometransparento
the detailsof the datasourcesbeingemployed, especiallyif we assume
thatmediatorsareusedto retrieve datafrom differenttypesof sources.

In the Anticipator, the actionsattachedo the eventconditionsin profiles
allow dynamic adaptationof working profiles so that the information
needsof usersare kept consistentwith the changingervironment,
which mayfrequentlycausenew informationneeddo arise.In addition,
the event conditionsin profiles encodeexpertiseaboutwhen to send
information to particular users and also what information to send.
Informationsystemseedsuchexpertisebecauséndividual userswvould
be overwhelmedoy having to constantlyink changeshatoccurin their
ervironmentto new informationthey mayneed.Likely they alsowould
not possessheresourcesequiredto detectthe changeshatarerelevant
to their information needs.An automatedsystemwith a more global
view of theenvironmentcanprovide theneedednformationintelligently
allowing theusergto focuson theirimmediategoals.
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