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Abstract. In this paper we introducea meetingschedulingsystembasedon
openconstrainpprogramming OCP)paradigm OCPis anextensionto constraint
logic programming(CLP), wherea sener capableof executingconstraintiogic
programsactsasa mediatorof communicatingeactve agentsA meetingamong
several userscan be scheduledautomaticallyby a constraintlogic programin
the sener basedon the meetingparticipants’preferencesklexible userprefer
encescanbe programmedisingthe OCPreactordanguage CLP is suitableto
be usedin meetingschedulingwhich is a combinatorialproblem.lts declaratie
programmabilityis moreamenableéo changes.

1 Intr oduction

Commercialcalendarssuchas Outlook are not flexible enoughto adaptto different
working ernvironments On the otherhand building customsoftwareis oftencostlyand
doesnot caterfor frequentchangesn corporatemanagement.

In this paper we presenta meetingschedulingsystembasedon OpenConstaint
Programming(OCP) paradigm[3]. OCP extendsCLP with reactivity and openness
OCPis a concurrentprogrammingframevork which allows specialqueriesthat react
to internaland external events,hencethe reactvity. The queriescan be submittedby
concurrentlyrunning, distributedclient programsthat canbe written in ary language,
hencethe opennessThesequeriesa.k.a.reactoss, arewritten usinga simplelanguage
with synchronizatiorandtimeoutcapabilities Our systemstandsout from therestdue
to this declatative programmabilityof schedulingconstraints.

Thesystemconsistof a constraintstorein theform of a constraintiogic programa
CLP(R) solver,anOCPsener, andaweb-baseGl userinterface.The storecontains
globalanduserdata,integrity anduserconstraint@ndotherrulesthatgovernthebehar-
ior of thesystemTheuseranay senda queryby clicking buttonson theuserinterface.
Thesearetranslatednto OCPreactorsandsentto the sener. Someof the reactorscan
bedelayedn the senerandtriggeredaterwhensomeconditionis satisfied.

In the next sectionwe will explain the knowledgebasewhich is a part of the con-
straintlogic program.We will thuselaborateon the triggeringmechanismiin Section
3. We will describesomerelatedworks in Section4 beforeconcludingour paperin
Section5.

2 KnowledgeBase

We assumenorganizationconsistingof researctgroups asin universities A research
groupitself consistof aprincipalresearcheandco-researcher# principalresearcher



often needsto call for a meetingby announcingt to the potential participants.The
participantghusreply to the announcemertty statingtheir preferencesn the timing.
Theseconceptsarecapturedy thefollowing component®f the constraintstore:

— Users.Therearethreerolesin the systemnamelynormalusess (or participants,
hosts and administator. A userassumest leastone of the role, and can have
multiple rolesatthe sametime.

— User preferencesAll the preferencearerealnumbersbetweerD andl, whereO
representblackout” for thatslotand1 showvs a freeslot. For example:
pref (kenny, pingpongnatch, [1.0, 1.0, 0.5, ..., 0.3, 1.0]).

— Public resources.Resourcesequiredfor the meetingdik e spaceandequipment.

— Public meetings.Eachis definedashaving atitle, proposedparticipants required
resouces deadlineof submissiopandsdeduletimewindow

— Bundles.Bundlesarecollectionsof time slotswith practicalmeaningto auseror a
groupof usersge.g.“all mornings”,“every Tuesdayafternoon”,“lunch time”, etc.

— Optimization rules andintegrity constraints. Theoptimizationrulesaim atmax-
imizing thecombinedweightedpreferencesf all participantof ameetingandthe
integrity constraintensurehatno conflictssuchasoneresourceébeingusedin two
locationswill occur

TheCLP(R) solveris usedto solvethestaticeventsthedulingproblem:Givena set
of variableconstrainton participantsyesourcesnd meetingtime window, producea
scheduleof eventsthatachieve collective satishctionamongall the participantefore
pre-defineddeadlinesWhenthereare a numberof eventsto be scheduledogethey
this becomesa combinatorialoptimizationproblem.The constraintsolving basedon
CLP(R) allowsagood,if notoptimal,solution.

Userdefinedconstraintsandtheir preference€anbe added,removed or changed
dynamically For example,asa useraddsmore meetingsto attendto his calendarthe
additionwill be automaticallytranslatednto changedpreferencesEachsuchchange
will triggeraconstraintsolvingprocedure.

3 UserReactors

OCPis aframework which generalizegonstraintstoresandtheir interactiond3]. The
essentiamodelconsistof a sharedconstraintstore,concurrenprogrammablegents,
which areindependenbf the store,and a notion of reactor which providessynchro-
nizationandatomicity of operationsgainsthe store.A reactorfollows this syntax:

wait (cond;) = (action)
unless {conds)

Thereactorwould be suspendeth the OCPsener until the sustaincondition{cond; )
becomesrueandremaingrueduringtheexecutionof (action). At any point,ary query
or suspendeduerywill beabortedwhenthetimeoutcondition{cond,) is satisfied.
Next we introducetheworkingsof the systemby usingsamplereactors.
User’s calendarconsistsof time slots. Priority stateshow muchthe userprefersto
attendthatmeetingin thetime slot. Thereverseof this priority whichwe call prefeence
is definedaspre ference(time, user) = 1 — priority(time, user)/10. Thefollowing



is thereactortriggeredif auseris invited to ameeting:

wait invited(meeting, participants),user € participants

= update_pref(user, preferences), update_cons(user, constraints)

unless false

A normalusermay manuallychangetheir preferenceén the calendarandre-submit
it. Someothermeetingsaddedto the systemmay alsoautomaticallychangehis or her
preferencesWhena tentatize scheduléhasbeencomputedijt is marked on the users

calendarWe have thereactors:
wait true

= set_pref(user,preferences),
set_cons(user, constraints)

unless false

Thehostis a specialuserproposinga meeting:

wait true = propose(meeting, timewindow, participants, resources)

unless false

The hosthasthe right to favor certainparticipantsby giving their preferencesigher

priority, sothattheir weightedpreferencearehigher

wait tentative schedule(meeting, time)
= mark_calendar(meeting, time)
unless deadline(meeting, d), clock > d

After all participantshave submittedtheir preferences&nd constraintsthe solver
will presento the hostthe averagepreferencesf all thetime slot within thetime win-
dow, alongwith thebestsolutionsn theform of a preferencetable. Thehostmaythus
chooseone of the time slot for the meeting.The hostalsoresenesthe right to cancel
the meetingif it is nolongerneededopr if the scheduleproducedby the systemis not
satishctory However, the hostmay not tamperwith otherusers preferenceso make
a particulartime slot morefavorable.As userpreferenceshangeovertime, the sener
computesew averagepreferencesThe hostthusmay changethe meetings schedule
accordingly The hostcanalsosubmitconstraintgo biasthe solutionscomputedy the
sener sincethe systemis very flexible to copewith changesn suchrequirementsBy
enteringdifferentconstraintaisingthe userinterface thebehaior of thesystencanbe
alteredeasily

Thefollowing reactoris usedby the hostto notify the participantf anew solution

to meetingschedule:
wait new_schedule(meetings, times), meeting € meetings, time € times
= tentative_schedule(meeting, time)
unless false
Theadministratoiis in chaigeof schedulingor all meetingsvheneerary userprefer
encesconstraintor requiredresourcesreupdated Thefollowing reactorsustainon
suchchanges:
wait (change resource(r), r € resources ;

change preferences(user, preferences), user € participants);

change constraints(user, constraints), user € participants)
= re_schedule(open_meetings, times)
unless deadline(meeting, d), meeting € open_meetings, clock > d
Theadministratoralsocontrolsthe availability of public resources:
wait true = update_resource(resource, newschedule)
unless false



4 RelatedWork

In the paper[6], the authorsstatedthat 88% of the usersof calendarsystemsaidthat
they usecalendardo schedulemeetings.This justifies an integratedapproacho cal-
endarandmeetingschedulingsystemAs in our system,n [1] the meetingscheduling
systemis integratedwith users’calendarUserspecifieghe eventsthatthey wantto at-
tend,andthe priority of the event.Userscalendarsrecombinedto find anappropriate
time slotfor a meeting.However, negotiationis donemanuallythroughexchangingof
emailmessage®ur systemcanbe seemasproviding additionalautomatedhegotiation
feature.

Thepaper7] describes formalframework for analyzingdistributedmeetingsche-
duling systemsn termsof quantitatve predictionsTheaspectanalyzedareannounce-
mentstrateyies,bidding stratgiesandcommitmentstratgies. Interestinganalysesare
presentedh the paperincluding probability of time slotsbeingavailable.

Groupwaretoolkits [2, 5,4] provide APIs for building groupwareapplicationsThe
APIs often provide userconfigurability as a limited fashionto copewith changesn
userrequirementsHowever, toolkits areintendedsolely to be usedby the developers,
but our systemis intendedo be programmabléy the usersaswell asdevelopers.

5 Conclusion

In this paperwe have presenteé meetingschedulingsystem.The systemconsistof a
singleopenconstrainjpprogramming OCP)senerandanumberof clientcalendardJl.
The OCPsener providessynchronizationconcurreng control,andaknowledgebase.
The constraintsolving capability at the sener aims at maximizing user satishction
in termsof preferencesWe have presentedh set of reactorsfunctioningto schedule
meetingghatcanbe submittedrom theclientUl. In future,moreadvancedopicssuch
asscalability fault toleranceandcommunicatiorefficiency, aswell asactualusability
of thesystemwill beaddressed.
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