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Abstract. In this paper, we introducea meetingschedulingsystembasedon
openconstraintprogramming(OCP)paradigm.OCPis anextensionto constraint
logic programming(CLP), wherea server capableof executingconstraintlogic
programsactsasamediatorof communicatingreactiveagents.A meetingamong
several userscan be scheduledautomaticallyby a constraintlogic programin
the server basedon the meetingparticipants’preferences.Flexible userprefer-
encescanbe programmedusingthe OCPreactorslanguage.CLP is suitableto
beusedin meetingschedulingwhich is a combinatorialproblem.Its declarative
programmabilityis moreamenableto changes.

1 Intr oduction
Commercialcalendarssuchas Outlook are not flexible enoughto adaptto different
workingenvironments.Ontheotherhand,building customsoftwareis oftencostlyand
doesnot caterfor frequentchangesin corporatemanagement.

In this paper, we presenta meetingschedulingsystembasedon OpenConstraint
Programming(OCP) paradigm[3]. OCPextendsCLP with reactivity andopenness.
OCPis a concurrentprogrammingframework which allows specialqueriesthat react
to internalandexternalevents,hencethe reactivity. The queriescanbe submittedby
concurrentlyrunning,distributedclient programsthat canbewritten in any language,
hencetheopenness.Thesequeries,a.k.a.reactors, arewritten usinga simplelanguage
with synchronizationandtimeoutcapabilities.Our systemstandsout from therestdue
to this declarativeprogrammabilityof schedulingconstraints.

Thesystemconsistof aconstraintstorein theform of aconstraintlogic program,a
CLP(� ) solver, anOCPserver, andaweb-basedCGI userinterface.Thestorecontains
globalanduserdata,integrity anduserconstraintsandotherrulesthatgovernthebehav-
ior of thesystem.Theusersmaysendaqueryby clicking buttonson theuserinterface.
Thesearetranslatedinto OCPreactorsandsentto theserver. Someof thereactorscan
bedelayedin theserverandtriggeredlaterwhensomeconditionis satisfied.

In thenext sectionwe will explain theknowledgebasewhich is a partof thecon-
straint logic program.We will thuselaborateon the triggeringmechanismin Section
3. We will describesomerelatedworks in Section4 beforeconcludingour paperin
Section5.

2 KnowledgeBase
Weassumeanorganizationconsistingof researchgroups,asin universities.A research
groupitself consistsof aprincipalresearcher, andco-researchers.A principalresearcher



often needsto call for a meetingby announcingit to the potentialparticipants.The
participantsthusreply to theannouncementby statingtheir preferenceson thetiming.
Theseconceptsarecapturedby thefollowing componentsof theconstraintstore:

– Users.Therearethreerolesin thesystem,namelynormalusers (or participants),
hosts, and administrator. A userassumesat leastone of the role, and can have
multiple rolesat thesametime.

– User preferences.All thepreferencesarerealnumbersbetween0 and1, where0
represent“blackout” for thatslotand1 showsa freeslot.For example:
pref(kenny, pingpongmatch, � 1.0, 1.0, 0.5, ..., 0.3, 1.0 � ).

– Public resources.Resourcesrequiredfor themeetingslikespaceandequipment.
– Public meetings.Eachis definedashaving a title, proposedparticipants, required

resources, deadlineof submission, andscheduletimewindow.
– Bundles.Bundlesarecollectionsof timeslotswith practicalmeaningto auseror a

groupof users,e.g.“all mornings”,“everyTuesdayafternoon”,“lunch time”, etc.
– Optimization rules and integrity constraints.Theoptimizationrulesaimatmax-

imizing thecombinedweightedpreferencesof all participantsof ameeting,andthe
integrity constraintsensurethatnoconflictssuchasoneresourcebeingusedin two
locationswill occur.

TheCLP(� ) solver is usedto solvethestaticeventschedulingproblem:Givenaset
of variableconstraintson participants,resourcesandmeetingtime window, producea
scheduleof eventsthatachievecollectivesatisfactionamongall theparticipantsbefore
pre-defineddeadlines.When thereare a numberof eventsto be scheduledtogether,
this becomesa combinatorialoptimizationproblem.The constraintsolving basedon
CLP(� ) allowsa good,if not optimal,solution.

User-definedconstraintsandtheir preferencescanbe added,removedor changed
dynamically. For example,asa useraddsmoremeetingsto attendto his calendar, the
additionwill be automaticallytranslatedinto changedpreferences.Eachsuchchange
will triggera constraintsolvingprocedure.

3 User Reactors

OCPis a framework which generalizesconstraintstoresandtheir interactions[3]. The
essentialmodelconsistsof a sharedconstraintstore,concurrentprogrammableagents,
which are independentof the store,anda notion of reactor, which providessynchro-
nizationandatomicityof operationsagainstthestore.A reactorfollows this syntax:

���	��

��������������� ������� �!���"�
#%$'&)(�*+*,���������.-��

Thereactorwould besuspendedin theOCPserveruntil thesustaincondition �)�������/�0�
becomestrueandremainstrueduringtheexecutionof �)���1� � ���"� . At any point,any query
or suspendedquerywill beabortedwhenthetimeoutcondition �)�������.-�� is satisfied.

Next we introducetheworkingsof thesystemby usingsamplereactors.
User’s calendarconsistsof time slots.Priority stateshow muchtheuserprefersto

attendthatmeetingin thetimeslot.Thereverseof thispriority whichwecall preference
is definedas243656785+365 ��� 5�9 � �!: 5�;=<?>+5+36@BADCFEG243 � � 3 �H� I 9 � �H: 5�;=<?>+503J@LK�C0M . Thefollowing



is thereactortriggeredif auseris invited to ameeting:���	�)
,N+O/P8N�Q/R�S 9 : 5�5 � �!�8T ;�2 � 3 � � �1� 2 ���?� >�@=;U<8>+5+3�VG2 � 3 � � �1� 2 ���?� >�XW�Y	S/Z.Q/R Y�[	R�\ 9]<?>05+36;�2436567850365 ��� 56>�@1; W�Y	S/Z.Q	R ^`_JO8a 9]<?>+5036; ����� > � 3 �.�!�?� >�@#'$%&�(�*+*�\/Z/b	a`R
A normalusermay manuallychangetheir preferencesin the calendar, andre-submit
it. Someothermeetingsaddedto thesystemmayalsoautomaticallychangehis or her
preferences.Whena tentative schedulehasbeencomputed,it is markedon theuser’s
calendar. We havethereactors:���	�)
cQ�[�W4R
� a`R.Q Y/[	R�\ 9]<8>+5+36;)2d365�785+365 ��� 56>�@L;a`R`Q ^`_`Oea 9f<?>+5036; ����� > � 3 �.�!�?� >�@#'$%&�(�*+*�\/Z/b	a`R

���	�)
gQ/R`O/Q	Z.QeN�P	R a�^�h	R�S.Wdb�R 9 : 5�5 � �!�8T ; � �!: 5�@�ji8Z.[�k ^`Z/b�RJO	S/Z.[ 9 : 5�5 � �H�8T ; � �!: 56@#'$%&�(�*+*lS�R�Z�S	b4N0O4R 9 : 5�5 � �!�8T ; � @L; ��m)�6�0npoq�
Thehostis a specialuserproposinga meeting:���	�)
cQ�[�W4Rr�XY/[	_`Y	_4a`R 9 : 5�5 � �!�8T ; � �H: 5+s �!���.� s�;)2 � 3 � � �1� 2 ���?� >.;=3656> � <d3 � 56>�@#'$%&�(�*+*�\/Z/b	a`R
The hosthasthe right to favor certainparticipantsby giving their preferenceshigher
priority, sothattheirweightedpreferencesarehigher.

After all participantshave submittedtheir preferencesandconstraints,the solver
will presentto thehosttheaveragepreferencesof all thetime slot within thetime win-
dow, alongwith thebestsolutions,in theform of apreferencestable.Thehostmaythus
chooseoneof the time slot for the meeting.Thehostalsoreservesthe right to cancel
themeetingif it is no longerneeded,or if thescheduleproducedby thesystemis not
satisfactory. However, the hostmay not tamperwith otheruser’s preferencesto make
a particulartime slot morefavorable.As userpreferenceschangeover time, theserver
computesnew averagepreferences.Thehostthusmaychangethemeeting’s schedule
accordingly. Thehostcanalsosubmitconstraintsto biasthesolutionscomputedby the
server sincethesystemis very flexible to copewith changesin suchrequirements.By
enteringdifferentconstraintsusingtheuserinterface,thebehavior of thesystemcanbe
alteredeasily.

Thefollowing reactoris usedby thehostto notify theparticipantsof anew solution
to meetingschedule:���	�)
�O4R`t a�^�h4R�S`Wdb�R 9 : 5�5 � �!�8T >.; � �!: 56>+@�; : 5�5 � �!�8T V : 5�5 � �!�8T >.; � �!: 5
V � �H: 56>�uQ	R`O/Q	Z`Q8N�P	R a�^+h4R�S.Wdb.R 9 : 5+5 � �!�8T ; � �!: 56@#'$%&�(�*+*�\/Z/b	a`R
Theadministratoris in chargeof schedulingfor all meetingswheneverany userprefer-
ences,constraintsor requiredresourcesareupdated.Thefollowing reactorsustainson
suchchanges:���	�)
 9 ^�h	Z`O/v	R [	R4aJ_`W/[e^`R 9w3J@�;%3xVy3656> � <d3 � 56>{z^�h4Z`O�v	R Y/[	R�\/R`[	R`O8^`R	a 9|<8>+5+36;42d365�785+365 ��� 56>�@1;+<8>+5+3�Vx2 � 3 � � �1� 2 ���?� >�@1z^�h4Z`O�v	R ^`_`O8a6Q�[	ZdN+O/Qda 9|<8>+5+36; ����� > � 3 ���!�?� >�@1;�<8>+5+3�Vx2 � 3 � � �1� 2 ���?� >�@�u[	R a�^+h4R�S.Wdb.R 9 � 2d5 � : 5+5 � �!�8T >`; � �H: 56>�@#'$%&�(�*+*�S/R�Z�S	b	N+O4R 9 : 5�5 � �!�8T ; � @}; : 5�5 � �!�8T V � 2e5 � : 5�5 � �H�8T >.; ��m��6��nyo~�
Theadministratoralsocontrolstheavailability of public resources:���	�)
cQ�[�W4Rr��W�Y	S�Z.Q	R [	R4a`_`W�[e^`R 9w3�56> � <e3 � 5.; � 5+s,> ��� 5 � < m 56@#'$%&�(�*+*�\/Z/b	a`R



4 RelatedWork
In the paper[6], the authorsstatedthat88% of the usersof calendarsystemsaidthat
they usecalendarsto schedulemeetings.This justifiesan integratedapproachto cal-
endarandmeetingschedulingsystem.As in our system,in [1] themeetingscheduling
systemis integratedwith users’calendar. Userspecifiestheeventsthatthey wantto at-
tend,andthepriority of theevent.Userscalendarsarecombinedto find anappropriate
time slot for a meeting.However, negotiationis donemanuallythroughexchangingof
emailmessages.Oursystemcanbeseenasproviding additionalautomatednegotiation
feature.

Thepaper[7] describesaformal framework for analyzingdistributedmeetingsche-
dulingsystemsin termsof quantitativepredictions.Theaspectsanalyzedareannounce-
mentstrategies,biddingstrategiesandcommitmentstrategies.Interestinganalysesare
presentedin thepaper, includingprobabilityof timeslotsbeingavailable.

Groupwaretoolkits [2, 5,4] provideAPIs for building groupwareapplications.The
APIs often provide userconfigurabilityasa limited fashionto copewith changesin
userrequirements.However, toolkits areintendedsolely to beusedby thedevelopers,
but our systemis intendedto beprogrammableby theusersaswell asdevelopers.

5 Conclusion
In this paperwe havepresenteda meetingschedulingsystem.Thesystemconsistsof a
singleopenconstraintprogramming(OCP)serverandanumberof clientcalendarsUI.
TheOCPserverprovidessynchronization,concurrency control,andaknowledgebase.
The constraintsolving capability at the server aims at maximizing usersatisfaction
in termsof preferences.We have presenteda setof reactorsfunctioning to schedule
meetingsthatcanbesubmittedfrom theclientUI. In future,moreadvancedtopicssuch
asscalability, fault toleranceandcommunicationefficiency, aswell asactualusability
of thesystemwill beaddressed.
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