
Using Temporal Constraints Networks tomanage Temporal Scenario of MultimediaDocumentsH�el�ene Fargier1, Muriel Jourdan, Nabil Laya��da2 and Thierry Vidal3Abstract. The purpose of this paper is to show that mul-timedia applications introduce new open problems in tempo-ral constraint-based reasoning. In particular, we adress threeissues related to scanario speci�cation, namely the distinc-tion of controllable and uncontrollable durations, Hierarchi-cal structuration and Interruption-like behaviour. This pa-per mainly outlines this new requirements in multimedia au-thoring applications through an example. Then, we partiallytackle the raised problems and give future research directionsand the work we intend to achieve in this area.Keywords: multimedia documents, temporal constraints net-works, interactivity.1 IntroductionMultimedia documents combine in time and space di�erenttypes of elements like video, audio, still-picture, text, syn-thesized image, ... Compared to classical documents, multi-media documents are characterized by an inherent temporaldimension. Basic media elements, like video, have intrinsicdurations. Furthermore, they can be temporally organized bythe author which adds to the document a temporal structurecalled the temporal scenario. As far as authoring multime-dia documents is concerned one challenging task is to �nd:� A temporal representation which is able to handle temporalscenarii.� E�cient algorithms to analyze temporal scenario in orderto check some properties, like the absence of contradictoryrequirements.� E�cient algorithms that compute, at the execution phase,a temporal schedule of the document objects which respectsthe temporal scenario.There is currently no agreement on the best way to handlethese three points. Approaches based on the use of tempo-ral axis, scripts, tree-structures, timed petri-nets or tempo-ral constraints are proposed (see [7] for a survey on theseapproaches). As [3][9], the Opera Project has promoted a1 IRIT Toulouse, 118 route de Narbonne, 31062 Toulouse. E-mail:fargier@irit.fr2 Opera project, INRIA Rhône-Alpes, 38330 montbonnot St Mar-tin. E-mail: fFirstname.Name@inrialpes.frg3 LGP/ENIT, 47 av d'Azereix, BP 1629, F-65016 Tarbes cedex.E-mail: thierry@enit.fr

constraint based approach in an authoring environment formultimedia documents named Madeus [8]. Roughly speaking,the author describes the temporal organization of his docu-ment by de�ning temporal objects (one temporal object isassociated to each basic media element), and specifying tem-poral relations between these objects by means of basic (nondisjunctive) Allen constraints [1]. A detailed description ofMadeus and a comparison of this system with other multime-dia authoring environments can be found in [7][8]. In short,this constraint-based approach is motivated by the followingreasons:� The author can declaratively express relationships with-out concern for how they are processed.� The author can incrementally modify his speci�cationsby adding or removing constraints from the current con-straint set, or replacing an object by another which mayhave a di�erent duration, without concern on any otherglobal information: the constraint resolution phase will incharge of checking the consistency of this new scenario andpreserving temporal synchronization. The adaptability tothe incremental nature of the editing process is very im-portant since building an interactive multimedia documentis a cyclic "specify, test and modify" process: one neverreaches the right temporal layout at the �rst stage.� The author being restricted to use basic Allen's constraints,the constraints resolution phase relies on e�cient polyno-mial time algorithms.Simple temporal constraints satisfaction problems used inMadeus, as in [9] is a formalism that both presents the advan-tage to be equipped with e�cient algorithms and to be richenough to capture metric informations (typically, the dura-tions of the tasks) and basic Allen's relations. Unfortunately,this framework, and more generally classical temporal con-straints satisfaction frameworks (numeric or symbolic), do notsuit some important characteristics of the multimedia author-ing process: the presence of objects whose duration is notcontrollable (typically videos), the hierarchical structurationof some objects or some interruption-like behaviors. The aimof this paper is to show through a working example how theapplication of constraint-based temporal reasoning to mul-timedia authoring raises challenging open problems to theconstraint-reasoning community.
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0 5933 45 14080 92 155Figure 1. A possible execution of the working example2 Working Example"BestCom" is a communication company that answers a callof the International Football Organization for the design ofa mascot. In order to provide an attractive and a completeresponse, BestCom has created a multimedia document to bepresented to its client. The scenario is organized in a sequenceof two parts: (1) a presentation of the company (called Com-pany) and (2) a presentation of the mascot proposal (calledMascot).The Company part is composed of a sequence of threeobjects: an audio clip (History) which gives the history ofthe company, followed by a textual message displaying thename of the company on the screen (Name) and ends witha graphic listing its main achievements (PressBook). In addi-tion, a movie that gives an overview of the company togetherwith its geographical localization (called Geography) starts atthe beginning of the document.The Mascot part is mainly composed of a virtual anima-tion of the proposal (Animated Proposal). This animationends with a last picture of the mascot (Proposal). This pic-ture remains displayed on the screen during about 20 secondstogether with a balloon (Balloon) on the right of the mas-cot mouth, which contains its name. In addition, in order tosee the mascot name faster, the reader is asked by an au-dio message (Message) to click on a button (Button) duringthe presentation of the Animated Proposal. When the readerclicks on the button, the audio message stops and the balloonappears at the top of the screen and moves until it reaches its�nal position (near the mouth of the mascot) exactly whenthe animation ends. Figure 1 gives a possible execution ofthis document, in which the author decides to see the mas-cot name faster: he clicks on the button 92 seconds after thebeginning of the document.3 Basic Representation Issues3.1 Syntax and Semantic IssuesAt �rst glance, a temporal scenario is composed of two parts :object declarations and temporal relation (between objects)declarations. The temporal quali�cation of an object is basi-cally the set of its possible durations, which in our case will

always amount to a simple arithmetic interval [min, max].The relation declaration part speci�es a list of Allen's basicconstraints between two objects [1]. The formal de�nition ofa scenario is given below :Scenario ::= Scenario Name ;Decl Obj ;Temp RelwithDecl Obj ::= Obj= [min,max],Temp Rel ::= fObj Rel Objg�, andRel ::=fSTARTSjMEETSj...jFINISHED BYjEQUALg.This de�nition is illustrated by giving the scenario of theCompany part (see Figure 2).Company = fHistory: [30",35"]Name: [5", 15"]Pressbook: [20",40"]Geography: [55",65"]History MEETS NameName MEETS PressBookHistory STARTS Geographyg Figure 2. Scenario of the Company partA solution (or a schedule) of this speci�cation is a list ofn couples (i0,d0), where n is the total number of objects inthe scenario, i0 is the beginning point of the object O and d0its duration, such as d0 belongs to [min0,max0] and all theAllen's constraints are satis�ed. A scenario is consistent i�there exists at least one solution of the scenario. During theauthoring phase, the consistency property must be checkedeach time the scenario is modi�ed, in order to ensure its cor-rectness. Solutions have to be computed before the documentpresentation and also during the authoring phase, since inMadeus a visualization interface helps the author to under-



stand its speci�cation by providing one schedule view.3.2 Internal RepresentationWhile Allen's relations provide a perfect way of directly han-dling temporally persisting objects and qualitative relationsbetween them, this formalism is less suitable to e�cientlyhandle metric temporal data in a satisfactory way, especiallyrather complex information such as delays between objectsbeginning and/or ending points [6]. We choose to rely on aslightly di�erent internal representation, namely the SimpleTemporal Problem formalism [5]: the scenario is translatedwithout any loss of information into a STP by translatingboth the Allen's relations and the duration constraints into aset of linear inequalities on time points Xi's which are the be-ginning and ending points of each object. For instance, Figure3 shows the STP obtained from the scenario given in �gure 2.
[30,35] [5,15] [20,40]

[55,65]Figure 3. STP of the company part3.3 Forthcoming issuesWe brie
y introduce the three open-problems which could not�t in the basic framework presented below. In the workingexample,� It is not fair to consider that durations of History and Ge-ography which are respectively an audio and a video objectcould be controlled in the same way as the other objects.One knows that their duration will surely lie between somebounds a and b, but the e�ective duration during the pre-sentation of the document strongly depends on the CPUoverload and cannot be �xed by the system (see section 4).� It would be great for the author to express his speci�cationin a structural way which respect the informal presentation:it should be possible to specify both a company part anda mascot part and to put in relation these two structuresentities with a MEETS operator (see section 5).� Last, the Mascot part introduces the notion of interruption(see section 6).4 Controllable and uncontrollabledurationsIn classical CSPs, constraints and variables are implicitly suchthat one can always choose one value in the interval domainwhen building a solution. This kind of approach is not realisticin our application, since some durations are not under controlbut are observed at the execution, i.e. during the presentation

phase. For instance, it arises with buttons pushed by the doc-ument reader : the corresponding event temporal occurrencecannot be controlled by the scheduling system managing thedocument presentation. Hence checking the consistency can-not be done in the classical way, since we should now checkthat the presentation will be consistent whatever the valuesthat are taken by the uncontrollable durations in their intervalof possible values.4.1 Previous workHandling such incontrollable variables in simple temporal prob-lems has been studied in [13]. The idea is to introduce a clas-si�cation of time-points into two classes: the activated ones(which date can be decided beforehand) and the received ones(which date will be observed). A similar distinction is madebetween constraints:� Free constraints are constraints in the classical way: a Free[a,b] between time-points i and j is satis�ed by a presenta-tion i�, in this presentation, the delay between occurrencesof i and j is greater than a and lower than b: the scheduleris allowed to overconstrain the Free constraint by reducingthe interval [a, b]. For instance, the duration of a text pre-sentation, or a precedence constraint between two objects,will be expressed by means of Free constraints.� A Contingent constraint [a,b] between time-points i and jexpresses that time point j is not under control but will beobserved between a and b time units after the occurrenceof time point i. Hence j is necessarily a received time-point(i can be for instance the beginning of a video, activatedby the scheduler, and j its ending time which time of oc-currence depends on the CPU load at execution time).It has been shown in [13] that in presence of Contingentconstraints, the classical consistency property must be rede-�ned in terms of controllability, for which di�erent alternativede�nitions are given, corresponding to di�erent requirementsat execution time. The one that is specially interesting in re-active applications in which real-time development of a solu-tion plays a crucial role, as in Madeus, is called the DynamicControllability. We recall hereafter its informal de�nition: onecan consider that a solution amounts to a totally ordered setof successive instantiations by the scheduler of the activatedtime-points. Let's call those instantiations "decisions".The scenario will be Dynamically controllable i� one canbuild a solution such that: for any decision, considering the"past situation" (i.e. the set of received time-points alreadyobserved), this decision must ensure that the part of the solu-tion built so far will extend to a complete solution whatever"the situations to come" (i.e. the set of received time-pointsstill to be observed).This controllability property, is also directly connected tothe actual dynamic management of the scheduling process atdocument presentation time. It re
ects indeed the fact thatthe "execution" will be nothing but a "game against the na-ture", here the "nature" being both the computer (which forinstance in
uences the actual video processing speed) and the
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Company partFigure 4. An undesirable schedulereader (who clicks on buttons). The scheduling system plays"against" these opponents, deciding what it should do nextaccounting for what they have done. This suggested in [14]a discrete game simulation-like process for checking Dynamiccontrollability.4.2 New IssuesThe context of multimedia authoring adds new features tothis �rst theoretical work. We indeed have observed that thisclassi�cation of constraints must be extended to take into ac-count various cases of Free constraints. More precisely, a Free[a,b] between time points i and j will always be such that onecan "freely" overconstrain this interval, but we will now dis-tinguish between two distinct behaviors at the presentationphase:� The Free is a "Start-Decide" if and only if the schedulermust choose a precise duration in [a,b] (and hence choosewhen precisely j will occur), just as soon as i has occurred.For instance, the balloon moving from one point of thescreen to another with a �xed speed is a Start-Decide: assoon as the move begins, the speed must be �xed and hencethe time at which it will reach its target is also �xed be-forehand (so one can say that in this case "Start-Decide"constraints allow to encompass the spatial and temporalfeatures of the object in a uni�ed way).� The Free is a "Late-Decide" if and only if, after the oc-currence of i, the scheduler can let time 
y before actuallychoosing a value for the Free (provided that this value isgreater than a and lower than b). Hence, the scheduler canwait for at most b time units after the occurrence of i. Ifj is a received time point, the scheduler can thus possiblywait until j occurs (and �x the value of the Free with theobserved delay). For instance, the display of a text is a tem-poral object whose duration need not be decided at soon asthe display begins. The display can be stopped wheneverthe scheduler decides it, for instance as soon as some other(e.g. received) event stops it.The approach developed so far in [13] is based on the as-sumption that all Free are "Late-Decide" constraints. Thenew types added here for the �rst time might appear as a

rather subtle distinction, but it is very important in the mul-timedia document environment. Considering all Free as Late-Decide may indeed allow scenarii to be checked as Dynami-cally controllable whereas there are actually some cases thatwill lead to a failure. This comes from the de�nition of theDynamic controllability itself: each decision to be taken mustbe valid whatever observations still to be done. Well, consid-ering the Free as a Late-Decide, since one can decide up tothe occurrence of j, only observations subsequent to j needbe taken into account. On the other hand, in the case of aStart-Decide, since the decision will be taken at once, all ob-servations subsequent to i should be considered as "yet tocome". And it is easy to prove that a decision valid for a setof remaining observations is not necessarily valid for a largerset of remaining observations.We hence need to adapt the de�nition of Dynamic control-lability. Actually the de�nition itself will remain the same,only the computation of the "past situation" and "situationsto come" sets will be modi�ed so as to take into account thetwo distinct cases of Late-Decide and Start-Decide.5 Hierarchical structureOur experiments with multimedia document suggest that thebest way to allow modular descriptions is to provide the au-thor with the notion of composite objects and to composethem in time and space (e.g. Figure 4). More formally, itmeans that the wished syntax of Madeus is the following:Scenario::= Scen Name;Decl Obj;Scenario;Temp RelTemp rel::= fObj Rel Obj j Obj Rel Scen Name jScen Name Rel Scen Name g�.Recursive de�nition of a scenario is not allowed.The intuitive meaning associated with a composite objectis: its starting (resp. ending) point is the minimum (resp. max-imum) of the starting (resp. ending) points of the objects in-side the composite. It is important to notice that this meaning



Doc = f Company f see �gureFig. 2 gMascot fsee �gure Fig. 6gCompany MEETS Mascotg Figure 5. The working example scenariois not equivalent to a "contains" like de�nition which wouldbe: its starting point is before (resp. after) the starting (respending) points of the objects inside the composite. This lastsemantics is the one taken in IxTet [10], but is not satisfyingin our application context: suppose, the author wants that thecompany part takes exactly 60". He could add the constraintDelay60 EQUALS Company where Delay60 is an object with-out content with an exact duration of 60". The author doesnot want that the schedule shown by the �gure Fig. 4 is asolution of his speci�cation, whereas this is a consistent oneif we take a "contains" like meaning.The meaning of composite objects being de�ned by mini-mum and maximum operations, we thus have to express dis-junctions in the internal temporal representation. Notice thatusing general TCSP [5] instead of STP would not be su�cient:the constraints that have to be represented are not binary, butcan involve more than two time points. In our working exam-ple, the ending point of the Company part (say i) must bethe maximum of the Pressbook ending point (say j) and ofthe Geography ending point (say k). This is expressed by :i � j and i � k and (i � j or i � k):6 Interruption-like behaviorIn this section, we outline the main problems encounteredwhen introducing the so-called interruption operators. In ourexample, the audio message is presented with a button whichis used to interrupt the audio whenever activated by the readerto get faster to the remaining part of the scenario. We wouldlike to express this kind of behavior by providing the authorwith a PARMIN operator, used like Allen's constraints (see Fig-ure 6 for the Mascot part speci�cation).A relation A parmin B means that objects Aand B starttogether and the shortest terminates the other element. Itssemantic could be de�ned by some equations on start (Asand Bs) and end instants but we need to distinguish betweenan expected end (Aex and Bex): the one computed in theschedule, and the e�ective one (Aef and Bef ): the one causedby another object. We obtain ternary constraints:8>>><>>>: As = Bs; Aef = Bef ;Aef = min(Aex; Bex);Aex �As 2 [minA;maxA]andBex �Bs 2 [minB;maxB]

Mascot = fAnimated Prop.:[55,65]Proposal:[10, 25]Message:[10,20]Moving Bal: [45,65]Balloon:[10,25]Button:[0,20]Animated Prop MEETS ProposalMessage STARTS Animated PropButton PARMIN MessageMessage MEETS Moving Bal.Mooving Bal. FINISHES Animated Prop.Proposal EQUALS Balloong Figure 6. Scenario of the Mascot partOne di�culty is to merge these equations with those onesdeduced from the other constraints of the scenario: the trans-lation which could be done taking constraints one by one be-fore introducing the PARMIN operator, must now be moreglobal: depending on A is the operand of a PARMIN, the endvariable used in the other equations must be either Aef orAex.The other di�culty is to extend consistency and schedulealgorithms to take into account this constraint. An idea ofsolution, whose advantage is to be close to the classical oneis:� In the case where both of the intervals are Free. We needonly to replace every interval A involved in a parmin rela-tion with another interval B by [min (minA, minB), min(maxA, maxB)]. Then, we proceed with classical consis-tency checking as for the STP case. When a solution is tobe computed, for each of the intervals A and B the one isassigned the value choosen in the schedule and the otherone a greater or equal value.� In the second case, where both intervals are Contingent, asimilar transformation is required. In this case we proceeda dynamic controllability checking for interval values forA and B of [min(m1, m2), min(M1, M2)] value. This newinterval is a Contingent one.� The third case, where one interval only is Contingent, forinstance B, is much trickier. If the interval values of A andB overlap, for example A=[1,4] Free and B=[3,6] Contin-gent then one cannot de�ne if the obtained value is Free orContingent. This is because this latter is Free if the solutionis taken in the value range [1,3] while if in the [3,4] range theinterval is Constraint. If we take the same example, with AContingent and B Free, we end with an Contingent where arestriction, through constraint propagation, is possible ! Inour case it can only a�ect the upper bound of the resultinginterval. Therefore, we obtain a new type of interval whichis a combination of Free and Contingent.Another "interruption like" operator which also introduces



a disjunction with two kinds of end variables is called par-master where a designated object A when it ends interruptsan object B i� it has not yet ended. Details about di�cultiesintroduced by this operator are given in [11].7 Discussion and Intended workMultimedia authoring applications raise di�erent open prob-lems in temporal constraint-based reasoning:� The existence of temporal objects with incontrollable dura-tions leads to account for new consistency paradigms (andassociated algorithms), e.g. the Dynamic controllability.� The need for hierarchical structure of temporal objects in-troduces new kinds of disjunctive temporal constraints, e.g.non-binary constraints, that lie outside the classical TCSPmodel.� The need to introduce new synchronization primitives likeparmin and parmax. These primitives introduces ternaryconstraints obliging us to make a distinction between twokinds of ending points.To address those problems that are crucial in this domain,we have started considering that points 1 and 3 can actuallybe seen as conditional schedule speci�cations. A possible di-rection of research lies indeed in the ambitious research areaof conditional planning and scheduling: the uncontrollable du-rations imply di�erent possibilities for the schedule that willonly be assignable at execution time, this feature being em-phasized by the interruption-like constraints introducing syn-chronizing behaviors at presentation time.Then the advantages of having a compact STP model, closeto the speci�cations (constraint-based description), where con-sistency checking is easy, is counter-balanced by their ba-sic static feature, and hence their inability of representingand reasoning upon conditional issues. An alternative is torely upon a simulation-based model, close to the �nal sched-ules one gets, and hence close to the "execution" presenta-tion phase, both in terms of model and of e�ciency. DiscreteEvent Systems formalisms, for instance �nite-state automata,are well-suited for this kind of approaches. Their advantage isthat conditional and synchronizing features are naturally ex-pressed since the model encompasses all the possible schedulesthat might be processed. But this strength is also a weakness,as such models get generally rapidly huge, and are thereforenot easy to manage and to view, especially in an incrementalmechanism.So our current work that has just begun consists in mixingboth representations, in the spirit of [4], keeping a compactconstraint-based model, extending it with the threefold as-pects introduced in this paper, but only as a speci�cationand viewing tool. Reasoning issues should then be saved fordiscrete-event based simulation tools, for which we hope to�nd more compact tools than the classical automata. We areespecially interested in recent works in the area of controllersplaying a "continuous game against the nature" [2].
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