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Abstract. The paper introduces a class of specialized terhpatamodels, called

Multimedia P-Time Petri Net (MP-RdPT), to model #henchronization aspects of
multimedia scenarios. Several types of synchroimzagre introduced, and a
number of temporal relations between multimediaectsj are presented. After
translation of the derived MP-RAPT net to an edemat-time Petri net, it is

claimed that the proposed approach can be useckfification of specifications by

using the tool Tina.
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1 Introduction

Multimedia refers to the presentation of collectiaf both static and dynamic data (i.e.,
data with natural time dependencies e.g., audividgo) in a specified order and time.
Therefore, their mutual synchronization must assareproper temporal order of
presentation events. Multimedia synchronizationtanlefined as a mutual assignment of
data items and time instants. These time instaaisbe known in advance (e.g., standard
consumer data players) or they can be also restilsome unknown function of time
(event driven synchronization) or known with sonimited accuracy (e.g., random
network delays).

The modeling and the presentation of multimedcenarios are challenges of
multimedia applications. Multimedia scenarios agsuits of temporal composition and
user interactions of multimedia objects in an a@tlon domain, and lot of works



discussed this notion [18]. Temporal compositiomssist in presenting multimedia
objects which requires synchronization among diffiémedia.

Most of specification models are based on Alleelations [3]. Allen defined seven
basic relations between two temporal intervals. &@mple, a TV program starts at 9:00
pm, and finishes at 11:00 pm. The TV program cardresidered as one of multimedia
objects. In addition, “interval” is considered asamge from 9:00 pm to 11:00 pm, and
“duration” as two hours. Allen’s relations requitt@s duration of the interval. Before
designing the specification model, interval dumatimust be known. This means that
multimedia database systems must determine duratiomultimedia objects, because
presentations are almost dependent of duration [19]

Our work focuses on scenarios that are a nataedns of playing and modeling
temporal composition relations in an applicatiomain. In our approach, the creation of
scenarios is based on extended temporal relatiwecated by Allen [3].

The approach presented in this paper is basethe MP-RdPT net for modeling
temporal constraints and user interactions wherdéinmedia objects will be represented as
places, while transitions of the Petri net will bsed for synchronization between the
objects. The approach provides the following besefi
(1) The ability to deal with non-deterministic tinrgervals, e.g. objects with an unknown
duration, objects whose reproduction can fail abj@ats that represent user interactions.
(2) The possibility of automatic detection of ins@tent synchronization conditions such
as “A precedes B, B precedes C, C precedes A”.

(3) A graphical notation to describe and simulatpresentation.

(4) An editor which abstracts the internal Petii representation and allows the user to
think in familiar terms such as “precedence” oredeap”.

(5) Automatic generation of a MP-RdPT net basetherprevious temporal specification.
(6) Automatic analysis of the MP-RdAPT propertiegfesess, liveness, reversibility and
consistency.

A first version of our approach [12], [13] consid multimedia objects of known or
unknown duration and interactive relations, butshdeconsider dependency temporal
relations between multimedia objects. This is tle@mdifference between the first version
of our approach and the second one that will berded in this paper.

In this paper, we highlight the following ipts: related work and background
(Section 2), our scenario temporal specificatioac{®n 3), a formal definition of the MP-
RdPT net (section 4), multimedia scenario repregemt model (section 5) and analysis
of multimedia scenarios using the tool Tina (sett).

2 Related work and background

Existing temporal models for multimedia may be deposed into two classes:
instant-based and interval-based [26]. In instaseld models, the elementary units are



instants in a time space. Each event in the maakeith associated time instants. The time
instants arranged according to some relations asgbrecede, simultaneous or after form
complex multimedia presentations. An example ofitis¢ant-based approach is timeline,
in which media objects are placed on several tires @alled tracks, one per each media
type. All events such as the beginning or the &nal segment are totally ordered on the
timeline.

Several approaches support instant-based moddbsasuely-Time [16] or [14],
[10]. The model is well suited for temporal compiosi of media segments of known
durations; however it falls short for unknown dioas. Other authors have proposed to
use relations between interval end points for temp@omposition of multimedia
(temporal point nets [6], MME [8]). However, theirse is difficult and results in
complicated, unstructured graphs. In addition &t,ttheir use may led to an inconsistent
specification in which contradictory conditions aecified for intervals. In this case, a
verification algorithm (called sometimes a tempoffarmatter) must check for
inconsistency [6].

Interval-based models consider elementary mediities as time intervals
ordered according to some relations. Existing nodeé mainly based on the relations
defined by Allen for expressing the knowledge altout [3]. Giving any two intervals,
they can be arranged according to seven relatibafore, meets, overlaps, finishes,
during, starts, equals. However, using Allen’stieles for multimedia composition faces
several problems. First, the relations were desigie express existing relationships
between intervals of fixed duration and not for cfyéing relationships that must be
always satisfied even when interval durations aenged.

Another problem with the Allen relations is theiesgriptive character. They allow
expression of an existing, a posteriori arrangenaénibtervals, but they do not express
any causal or functional relation between interv&8is, the Allen relations can be useful
for characterizing an existing, instantiated préston (a presentation for which all start
and termination instants of media segments are kipow

The third problem with the Allen relations is redtto inconsistent specifications that
can be introduced to a multimedia presentation.e@itg inconsistent specification
requires algorithms of complexity [O(N2)], whereéd\the number of intervals [3].

Many approaches are based on time interval. éxample Little and Ghafoor
proposes an OCPN model equivalent to Allen’s refeti[21]. They do not take into
account possible unknown durations of intervals dnod prepare an instantiated
presentation (a presentation in which all intersat points are determined), they must
traverse the tree of interval relations to get tlead used to schedule the presentation.

King proposes a different formalism based demaporal logic [20]. He shows how
the Allen relations can be expressed using temptmgic formula. Although his
formalism has solid mathematical bases, composiifomultimedia presentations using
declarative formula is awkward. Logic formulas dat eorrespond to the mental image
that an author uses in conception. Moreover, toubeful, the formalism must be
supported by a consistency checker and an intempitet execute a given temporal



specification. [11] develops a software architeetiar multimedia object synchronization
and communications called SAMOCS. The object-oedrdatabase management system
VODAK [1] supports temporal operations.

Courtiat and De Oliveria [8] presented a $yoaization model for the formal
description of multimedia documents. This modeloedtically translates the user
formalization into a real-time LOTOS formal specé#fiion and verifies a multimedia
document aiming to identify potential temporal insistencies. Described through a
hierarchical model, multimedia documents allow mgdete timing. The model also
represents user interaction and expresses a mbjgiet @s one logical unit. The model
provides a set of synchronization patterns, forseahantics, and a verification technique.

Blakowski and Steinmetz [5] recognized an nt\msed representation of a
multimedia scenario as one of the four categowesrfodeling a multimedia presentation.
Events are represented in the Hypermedia/Time-B&rdturing Language (HyTime)
and Hypermedia Office Document Architecture (HypeK). Events are defined in
HyTime as presentations of media objects along thighplayout specifications and finite
coordinate system (FCS) coordinates. HyperODA evdra@tppen instantaneously and
mainly correspond to start and end of media objectsners.

All these approaches suffer from poor semantics/eyed by the events. Moreover,
they don’t provide any scheme for composition andsamption architectures. You'll
find and interesting survey on authoring models apploaches elsewhere [17].

The interval-based models face some disadvant&gstly, the temporal relations are
designed to specify relations between multimedjaaib of determined duration, but they
are not designed for specifying relations that rewe explicitly determined by the user.
Secondly, the temporal relations describe existimgngement of multimedia objects, but
do not describe dependency relations between nedi@objects. For example, X meets y
means that the end of multimedia object x coincigitk the end of multimedia object vy,
but it does not describe whether multimedia obpecitarts multimedia object y, or
whether multimedia object y stops multimedia objec$o, the majority of current models
are interesting fordescribing presentations in which all start and énstants of
multimedia objects are determined and fixed, bwytlare not appropriate when the
duration of multimedia objects is not fixed. Thidithe detection of inconsistent
specifications that may be introduced into a mudtiila presentation requires complex
processes.

To resolve theses disadvantages, a recent appf@d], considered in some
systems such as STORM [2], is proposed to allowpteal specification of dependency
relations between multimedia objects of unknownatlan. It defines a set of operators
expressing causal relations between multimediactdjdt can be used to form nested
multimedia object duration.

One disadvantage of this approach is that notcatharios can be expressed by means
of those operators. For example, the scenario predebelow cannot be described,
because of interleaved start and stop actions oall@labranches. Temporal point nets,
such as [9] and [6] can describe such scenariosever, the resulting graph become
complex and difficult to modify.



Fig. 1. Example of difficult scenario

Another disadvantage of this approach is its depecyl aspects. It allows the
expression of causal or dependent relation betweertimedia objects. So, if a
multimedia object fails, all the multimedia objettsit depend on the failed multimedia
object fail too. If x fails, the multimedia objecis z, w, v that depend on the failed
multimedia object X, fail too (see Fig. 1). Fordbaeasons, we propose a model based on
both time-interval and Weiss causal relations.

3 Our Scenario temporal specification

We will present a model for temporal compositionnafltimedia objects. The model
is based on time-interval [3] and Weiss relatiad®ig] [ We consider the seven relations of
Allen [3] (equals, mests, finishes, starts, overlaps, during) with the following features:

Firstly, the temporal relations are designed tecp relations between multimedia
objects of both deterministic and non-determinisfieration. Secondly, the temporal
relations describe both existing arrangement oftimeldia objects, and dependency
relations between multimedia objects. For exampleneets y means that the end of
multimedia object x coincides with the end of nmakidia object y, or it describes whether
multimedia object x starts multimedia object y, vhether multimedia object y stops
multimedia object x. Thirdly, the detection of imsistent specification is not necessary.

3.1 Interval

Our elementary entities are time intervals. Tinterval | is defined by the end points
(Ipegin< lend @S 1 = {t | begi< t < leng}. The duration of interval | is dzlg- lhegin, @and can
be constant (e.g. 5 seconds), dependent on thesiotplaying time of the medium (e.g.
playing time of a video segment) or unspecified.(eser interaction or live feed). In this
paper each interval corresponds to the presentafione object (e.g. an image or a music



selection). In that sense, the beginning and tlieoéran interval are logical times which
will really correspond to physical time during teiective presentation to the user.

In our temporal specification language, an irgérV is declared in this way:
multimedia-object (min, opt, max): media-type, whenin, opt and max are respectively
the minimum, optimal and maximum admissible duratibthe related interval.

3.2 Temporal relations

Several relationships have been defined on tinexiats:before, meet, equal, overlap,
during, start, finish [3]. Usually, they are binary relationships bubhdze easily extended
to n-ary ones [22]. Sequential relationships combimntervals which share the same
timeline (nutual exclusion), occurring one after the other withefore) or without delay
(meet) between them. Parallel relationships relatervalswhich have their own timeline.
In our model these relations are used for composind synchronizing multimedia
objects in presentations.

3.3 Interactiverelations specifications

Our approach synchronizes the scenario with the (use an expert of the application
domain). The interaction takes the form of tempdrdaeraction tart, stop, pause,
reverse, andforward) and browsing interactions.

Temporal interactions concern user elementary oipesa such agpause/resume,
reverse andforward. In pause/resume operations, the system records the current state o
presentation modeled by a MP-RdPT net, and whammresoperation is executed; the
system loads the amount of time that the presemtatiad paused, and starts the
presentation again from where it stopped. Téxerse operation is specified in terms of
temporal skip given by the user. Exampdeés back 15 minutes’.

When thereverse operation is requested, then the Petri net dedls wbjects
associated with places currently being presenfetielreverse operation involves objects
that are further behind a place Pi in the presiemagraph, the presentation graph is
traversed backward until the target object is redcfTheforward operation is similar to
thereverse operation.

Other approaches have been implemented for inteeachovies by using the
hypertext paradigm [7]. The essence of hypertexa iaon-linear interconnection of
information, unlike the sequential access of cotieeal text. Data is linked via cross-
referencing between keywords to other parts of.d@m@e hypertext called Petri Net-
Based-Hypertext (PNBH) [24] describes data unitsmeisplaces and links as net arcs.
Transitions in PNBH indicate the navigation througtations.



In Fig.2 we present the Backus-Naur Fo(BNF) of the grammar of our temporal
specification language:

<Language> rr= scenario <Scenari oName> decl arations
{<Decl aration>}*assigns{<Assign>}* interactions
{<Interaction>}* relations {<Temporal Rel ation>}* end.

<Scenari oName> ::= <ldentifier>

<Decl aration> o= <Mul ti medi aObj ect > [(Timelnterval >)]

<Type>;

| <ScenarioObject> : SCENARI O;

| <ButtonObj ect> : BUTTON;
<Mul ti medi aObj ect> ::= <Objectldentifier> /* OID */
<Timelnterval> ::= [integer,integer] /* Time */
<Type> :: =audio | video | image | text | animation | button
<Assign> :: = assign (<MultimediaObject> , <Physical Support>)
<Interaction> ::= interaction (ButtonObject, <ScenarioObject>)
<Temporal Rel ation> HE [ <Mul ti medi aVariabl e>: =] { <Equal > |
<Meet> | <Before> | <Start> | <During> | <Finis> | <Overlap> |
<par_min> | <par_max> | <par_master>}
<Equal > :: equal s (<Multimedi aObject Parameter>);

<Meet > :
<Before> :
<Starts> :
<During> :
<Finish> :
<Overl ap>
<par_min> ::
<par_max> ::

meets (<Multimedi aObj ect Parameter>);
before (<Multimedi aObjectParameter>, <Del ay>);
starts(<Multimedi aObj ect Parameter >, <Del ay>);
during(<Multimedi aObjectParameter>, <Delay>);
finishes(<Multimedi aObj ect Parameter>, <Del ay>);
overl aps(<Mul ti medi aObj ect Paramet er>, <Delay>);
par_mi n(<Mul ti medi aObj ect Parameter >);
par_max(<Mul ti medi aObj ect Parameter >);

<par_master> ::= par_master(<Multimedi aObjectParameter >);
<Mul ti medi aObj ect Parameter> ::=<lInterval > , <lInterval >
<lInterval > S <Mul ti medi aObj ect > | <SenarioObject>
<ButtonObject> | <MultimediaVariabl e>

Fig.2. The BNF form of the grammar

4 Formal definition of the M P-RdPT net

Let O be a temporal domain. A MP-RdPT anis a tuple (P, T, B, F, MO, IS, SYN, MP,
R), where:

- (P, T, B, F, M) defines a Petri Net where P is a non empty fiséeof places, T is a
non empty finite set of transitions, withnP =0, B : P x T -~ N is the backward
function, similarly, F : R x T- N is the forward function, MO : P- N is the initial
marking.

As usual, we denote by:
def def
{pOP |F(p, t=1}theset= {p OP | B(p, t}=1}the set of ingoing places and t -t
def def
{tO0 ={tOT|F(p,t)=1}and p = of outgoing places of a transition t. Similany,
T | B(p, t)= 1 } are the sets of ingoing transitions and outgdiansitions of a place p.
The set of markings a MP-RdPT can reach from itelmarking Mo will be denoted as
R (Mo).
-0 p0OP,0M OR(Mo), M(p)<1 (a MP-RdPT is safe),
- IS: is the static interval function



IS: P> (Q+00) (Q+0 0) O (Q+ 0 ), Such as HpOP : IS(p) = [a, n, b] with &< a
<n<b.

The IS function associate with each ingoing plastaéic validity time interval, where (a,
n, b), associated with a place, represents respécthe earliest, nominal, and the latest
firing times.

- SYN is the synchronization function that defitles firing rule associated to a transition,
SYN: T - Rules, with Rules = def {strong_or, weak_and, mdsthe set of
synchronization rules. This synchronization sentardiefines synchronization instants
from a place statically or dynamically chosen. -MPhe function which indicates the
master place of each transition from which the ofleransition requires a master, defined
by : MP : Tmaster =def {t | SYN(t) = master} ot,

If we notea = {a | [a, b] O IM}, B ={b;|[a, b] O IM}, then, according to the case of
SYN (T), we consider that:

Thestrong_or synchronization rule is driven by the earliestatne If either one of the
two streams finishes, the other one has to stap[ram (@), min @)] is the
sensibilisation interval.

Theweak-and synchronization rule is driven by the latest streAfhthe streams are
presented completely, and [max)(max )] is the sensibilisation interval.

Themaster synchronization rule is driven by the master strelfitavo streams are
presented simultaneously, when the higher priatitgam finishes, the other has to stop.
The multimedia continues after that, ang, [B.] is the sensibilisation interval, with pm
which indicates the master place. We defipeba by: let MP (t) = g, and IM (p,) = [an,
bl

-R: P> {ry, 1, ...}, amapping from the set of places to a set cdueses.

5 Multimedia scenariosrepresentation model

Our approach is composed of a core and a seriemaiionalities which revolve around it
(see Fig. 3). The core is a formal representatiodehbuilt on the MP-RAPT model. As
for the functionalities, they relate to the managetrof the temporal non determinism, the
editing/creation of the scenarios, the presentadod the properties analysis of the
scenarios.

E dition by a specification
language Creation
Managementof Pe d o .
the tem poralnon R e n N resentation
determ inism -—
Properties

A nalvsis

Fig. 3. The various elements of our approach.



5.1 Petri net generation

To create the MP-RAPT net, each temporal relatfoassociated with a Petri net as
illustrated by [15], and modeled in several apphes¢ such as in OCPN [21]. This
mapping is helpful for automatic creation of a MBFR net. In fig 4, &, TP, Td model
respectively the duration of placea,FP3 and .

T
e E
nnnnnn Pa
P e— Y ”j_.l}.( e £ "
) :
-D/L’ K Par-master(Pa, PF)
[———— o (m

Fig. 4. MP-RdPT associated with temporal and causal reistio

Before approaching these two stages, we presentvih@rinciples, inspired by those of
[15], which guide the process of the Petri net tto@a These principles are based on an
association diagram between the temporal relatiodsthe Petri nets (see Fig. 4).

5.2 Principles

Principle 1: For each temporal relation between two intenthiste is an equivalent Petri
net model.

The Fig. 4 presents associations of temporal oelatbetween intervals and the Petri nets.
Each Petri net is composed of places representiagntervals. The delays used in the
temporal relations like before, overlaps, duringishes, are represented by places with
validity time interval: [min, opt, max] = [delaygthy, delay].

Principle 2 is a generalization of principle 1.

Principle 2: A complex and arbitrary multimedia scenario, cosgmb of temporal
relations, can be built with Petri nets by replgdie temporal relations by the associated
Petri nets. Principle 2 has guided to the developrokthe creation algorithm of the Petri
net.

The creation of the Petri net starts at the endheflexical, syntactic and semantics
analysis of the editing program, if no error watedeed.



5.3t-Time Petri net

A t-time Petri net is a tuple (P, T, B, F, MO, 18here:

(P, T, B, F, M0) defines a Petri net, and IS=TQ+ x (Q+0 {[}) is the static time
interval function. The application IS associatehwgtach transition t of the net an interval
with rational bounds IS(t) = [min, max] with ® min £ max, and max can b@. For
further details, see [23].

5.4 Rules of trandations
The created MP-RdPT net is then translated to aivalgnt t-time Petri net for analyzing

by the tool Tina [4]. For this, we use three rubégranslation (see Fig. 5) inspired from
[25]:

Fig. 5. Translation of an inter-stream synchronization sthef a MP-RdPT net
(@) in the form of a t-time Petri net (b, c, d) acting to inter-stream synchronization
(b) transition of the type «master », (c) transitid the type « weak_and», (d) transition of the
type « strong_or ».

6 Analysisof multimedia scenariosusing thetool Tina

Tina (Time Petri Net Analyser) [4] is a softwareviganment to edit and analyze Petri Net
and t-time Petri Net [23]. In addition to the ukediting and analysis facilities of such
environments (computation of marking reachabiligts, coverability trees, semi-
flows), Tina offers various abstract stateacgs constructions that preserve specific
classes of properties of the concrete stqtaces of the nets. Classes of properties
may be general properties (reachability propert deadlock freeness, liveness),
specific properties relying on the linear stune of the concrete space state properties
relying on the linear concrete space stateedl time temporal logic properties).

After generating the t-time Petri net, the antimvestigates the scenario specification
before it is delivered to the reader by using thalysis tool Tina. Currently, the following



characteristics can be verified by the analysi& teominate state existence (i.e., if a state
m exists in which non transitions are enabled)ersads (i.e., if every place has only one
token), liveness (i.e., if blocking will never ocgureversibility (i.e., if the Petri net come
back to its initial state whatever state it reaghesnsistency (is a necessary condition for
the reversibility that is a difficult property tatablish.

7 Conclusion

Many existing specification models of multimedianfgoral composition are based on
Allen’s relations. However, the current implememas of Allen’s relations are not
appropriate enough for some real world temporal pusitions. The multimedia object
duration must be known before designing the scenarmd any change in the duration
may modify the temporal relations that exist betwélee multimedia objects. So, we
proposed a temporal composition model based onpdonal temporal duration. In our
temporal specification, the user has the possibitit define a temporal specification
which may be either relations depending on multimeobject duration or relations
reflecting causal dependency between multimediaat®jwhen the duration is unknown.
Finally, a powerful Mp-RdPT model based on tempecifications is used to specify
multimedia scenarios. In addition, MP-RdPT is tfatex] to an equivalent t-time Petri net
for the analysis of multimedia scenarios propettigsising the tool Tina. Tina allows the
author to investigate the document specificatidioteeit is delivered to the reader.
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