
S BOUYAKOUB et al : TOWARDS A FORMAL APPROACH FOR MODELING SMIL DOCUMENTS 
 

IJSSST, Vol. 10, No. 2                                                           1                                   ISSN : 1473-804x Online, 1473-8031 print 

Towards a Formal Approach for Modelling SMIL Documents 

Samia Bouyakoub and Abdelkader Belkhir 
Dept of Computer Science 

Faculty of Electronics and Computer Science, USTHB. 
Algiers – ALGERIA 

e-mail: bouyakoub.s@gmail.com, belkhir@lsi-usthb.dz 
 

Abstract— We present in this paper a hierarchical and temporal extension of Petri Nets for the incremental authoring of SMIL 
multimedia documents. The complexity of these documents can lead authors, in some cases, to specify synchronization relations 
which could not be satisfied during the presentation of the document, what characterizes the occurrence of inconsistencies; a 
consistency checking mechanism is then necessary. This model, named H-SMIL-Net (Hierarchical SMIL-Petri Net) proposes a 
technique for the incremental verification of temporal consistency. The originality of the solution resides in the modular aspect of 
the modeling, and the local approach of verification, what optimizes the verification time after each editing operation. This formal 
approach has been integrated in an incremental authoring tool for SMIL presentations.  
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I. INTRODUCTION  
The exponential growth of the number of services and 

products proposed on the Web is mainly marked by the 
increasing use of rich media to transmit information. The 
static Web as it was known during the glorious years of 
HTML is disappearing to let place to a more dynamic and 
interactive Web. Synchronized Multimedia Integration 
Language (SMIL) [1] was developed by the World Wide 
Web Consortium (W3C) to address the lack of HTML for 
multimedia over the Web. It provides an easy way to 
compose multimedia presentations. With the W3C efforts, 
SMIL is becoming the most popular language in authoring 
multimedia presentations and it is supported by the newest 
versions of browsers[2].  

The production of SMIL documents remained during a 
long time reserved to the experts of the language who had 
to write the SMIL script "manually" using a simple text 
editor. As this method remains complex, authoring tools 
were proposed in order to help the author in the edition 
task. An authoring environment should offer a simple and 
intuitive edition for simple users as well as a powerful 
edition for specialists, in order to reach a large range of 
users. 

The edition is essentially an incremental task, because 
the author doesn't have always a complete idea of the final 
document when he starts composing it. Consequently, the 
editing system must offer to the author the means to 
control incrementally the validity of the current state of the 
specification: For each editing operation done by the 
author, the system should verify its consistency before it is 
accepted. Moreover, this verification must be efficient 
enough (in terms of response time) in order to answer the 
interactivity criteria which is vital in an authoring 
environment.  

The complexity of the SMIL synchronization model is 
such that it is difficult to guarantee the validity of a 

scenario using non formal methods. On the other hand, the 
formal techniques based on mathematical models offer a 
complete formal semantics and propose formal techniques 
for consistency checking [3], but are in general time 
consuming. In order to respect the interactivity constraint 
in an editing context, a formal model for SMIL documents 
must offer the best compromise between formal 
verification capabilities and efficiency in terms of 
computation time. 

Although many research studies were dedicated to 
multimedia documents authoring, only few of them has 
addressed temporal consistency checking problems. Yet, it 
is clear that the temporal consistency of a document has a 
direct impact on the quality of the presentation and 
consequently on the client satisfaction (consider the case 
of a presentation that stops playing before its end, a part of 
its semantic is lost). 

In this study, we focus on the SMIL language; we are 
interested mainly by the temporal dimension and more 
precisely by checking the temporal consistency of such 
documents. 

We have defined in our previous work [4] the H-
SMIL-Net model based on extended timed Petri nets, 
which aims to answer the needs of interactive edition for 
SMIL 1.0 documents. The H-SMIL-Net model has been 
defined on top of the SMIL-Net model defined in [5]. In 
order to better fit with SMIL authoring requirements, we 
present in this paper an extension of the H-SMIL-Net 
model for the support of the latest SMIL specification 
SMIL 3 [6] temporal elements. 

The paper is organized as follows: we give an 
overview of the SMIL language in Section 2. Section 3 
presents some related works. We present an overview of 
the SMIL-Net model in Section 4. The H-SMIL-Model is 
presented in Section 5, and the associated verification 
techniques are given in Section 6. The system 
implementation is presented in section 7. Finally, Section 
8 concludes this paper. 



S BOUYAKOUB et al : TOWARDS A FORMAL APPROACH FOR MODELING SMIL DOCUMENTS 
 

IJSSST, Vol. 10, No. 2                                                           2                                   ISSN : 1473-804x Online, 1473-8031 print 

 

II. THE SMIL LANGUAGE 

A. Overview of SMIL 
Wherever Times is specified, Times Roman or Times 

New Roman may be used. If neither is available on your 
word processor, please use the font closest in appearance 
to Times. Avoid using bit-mapped fonts if possible. True-
Type 1 or Open Type fonts are preferred. Please embed 
symbol fonts, as well, for math, etc. 

The SMIL Language is the W3C format for 
multimedia on the Web.   

The first version SMIL 1.0 [1] solved fundamental 
media synchronization problems and defined a powerful 
way of choreographing multimedia content. It integrates 
the four fundamental dimensions of a multimedia 
presentation: The structural dimension, the temporal 
dimension, the hypermedia dimension and the spatial 
dimension. 

The second version SMIL 2.0 [7] extends the timing 
and synchronization support, adding capabilities to the 
timing model and associated syntax. Some SMIL 1.0 
syntax has been changed or deprecated. SMIL 2.0 
introduces modularization and profiling, and adds new 
functionalities such as animation and transition effects. 
SMIL 2.0 is organised in ten modules, each one 
encapsulates related XML-tags and attributes. A second 
edition of SMIL 2.0 has been defined [8] including 
corrections of some errors found in the preceding SMIL 
2.0 specification. 

SMIL 2.1 [9] was defined on top of SMIL 2.0 to 
extend its functionalities; it is particularly concerned by 
the multimedia documents diffusion for mobile devices 
(3GPP). It defines Mobile Profiles incorporating features 
useful within the mobile industry.  

SMIL is still evolving: The new SMIL 3.0 [6] has been 
defined to service a larger variety of terminals; not only 
computers but also Portable hand held devices such as Cell 
phones, Black Berries, and even Game Machines. It is the 
latest SMIL recommendation. 

Using SMIL, an author can describe the temporal 
behaviour of a multimedia presentation, associate 
hyperlinks with media objects, and describe the layout of 
the presentation on the screen. 

In this study, we focus on the latest SMIL 
recommendation SMIL 3. Temporal elements of SMIL 3 
are regrouped in the timing and synchronization module, 
which defines elements and attributes to coordinate and 
synchronize the presentation of media over time. The term 
media covers a broad range, including discrete media types 
such as still images, text, and vector graphics, as well as 
continuous media types that are intrinsically time-based, 
such as video, audio and animation. 

 
Figure 1. The <seq> element 

 
Figure 2.The <par> element 

 
The timing module covers all tags for timing, 

synchronization and interaction.  
The SMIL 3 synchronization model contains three 

types of components: 
• The temporal containers: par, seq and excl.  
• The media object elements: text, img, audio,  

 video,... 
• The synchronization attributes: begin, end, dur, 

endsync, min and max. 
The <seq> and <par> elements, defined since the first 

version SMIL 1.0, are the basis of the SMIL temporal 
model. 

The <seq> element defines a sequence of elements 
played one after the other (Figure 1); whereas the <par> 
element defines a parallel grouping in which multiple 
elements can be played at the same time (Figure 2).  

There are three termination behaviours of the <par> 
element according to the value of the “endsync” attribute 
which could be associated with the <par> element. Legal 
values for the attribute are 'last', 'first', and 'id-value'.  

• The 'last' value requires <par> to end with the last 
end of all the child elements. 

• The 'first' value requires <par> to end with the 
earliest end of all the child elements. 

• The 'id-value' value requires <par> to end with the 
specified child.  

The <excl> element has been defined in the SMIL 2.0 
specification. This element defines a time container with 
semantics based upon <par>, but with the additional 
constraint that only one child element may play at any 
given time.  

The children elements of <seq>, <par> and <excl> 
could be any of the synchronization elements defined 
above.  

The media object elements allow the inclusion of 
media objects into a SMIL presentation. Media objects are 
included by reference (using a URI: Uniform Resource 
Identifiers): Each media object in a SMIL document must 
be included using an URI in the src attribute. 

SMIL Timing also provides attributes that can be used 
to specify an element's timing behaviour: 
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Figure 3.The effect of time attributes 

 
• The begin attribute specifies the explicit begin of 

an element.  
• The end attribute specifies the explicit end of an 

element.  
• The dur attribute specifies the explicit duration of 

an element. 
The effect of these time attributes is illustrated in 

Figure3.  
SMIL 2.0 defines two new time attributes giving a 

more accurate control of the synchronization: min and 
max. The min attribute defines the minimum value of the 
active duration of an element, whereas the max attribute 
defines the maximum value of the active duration.  

Since any temporal relationship among multimedia 
objects could be represented by the combination of parallel 
and the sequential elements with proper attribute values, it 
is easy to see that SMIL could be used to specify all 
synchronization relationships[10]. 

B. Time Conflict Definition 
The complexity of the temporal SMIL model can lead 

authors, in certain cases, to specify synchronization 
relations which could not be satisfied during the 
presentation of the document, thus characterizing the 
occurrence of temporal inconsistencies. The time conflict 
is one type of temporal inconsistency, it is defined in [10] 
as the case of conflicting values of attributes in the SMIL 
specification. Two types of time conflicts are defined:  

• The intra-element time conflict is the case of 
conflicting attributes within a single element, 

• The inter-elements time conflict is the case of 
conflicting attributes among different elements.  

The SMIL specification defines some conventions to 
ignore one of the conflicting attributes, but the obtained 
behaviour can be different from the author’s specification. 
Besides, the obtained temporal behaviour depends on the 
implementation of the SMIL player. A detection 
mechanism for time conflicts is then necessary. 

III. RELATED WORKS 
Several models have been used for the specification of 

the temporal behaviour of SMIL documents.  
In [2], the SMIL temporal relationships are modelled 

as a CSP (Constraint Satisfaction Problem). The temporal 

elements are modelled by variables, and the temporal 
relationships are represented by constraints. The obtained 
constraints system can be analyzed using a constraints 
solver in order to find a formatting solution and to detect 
temporal inconsistencies. However, the computation time 
of the solvers constitutes a limitation to the use of this 
approach.  

In [11], RT-LOTOS formal technique is applied to the 
modeling of SMIL documents. The RT-LOTOS 
specification is automatically derived from the SMIL 
document. The verification of the temporal properties is 
made on the reachability graph derived from RT-LOTOS 
and on which model checking techniques are applied to 
detect temporal inconsistencies. This approach presents 
two inconvenient: First, the verification of the temporal 
properties requires the use of an intermediate model: the 
reachability graph. Secondly, the number of states of the 
reachability graph can grow rapidly for a long 
presentation. 

In [12], the process algebra π-calculus which is an 
event-based formalism derived from CCS (Calculus of 
Communicating Systems) is used to model the temporal 
synchronization of SMIL documents. The SMIL relations 
are represented graphically using a "storyboard". The 
storyboard is then translated to   π-calculus formulas and 
the obtained system can be analysed mathematically 
(using the algebraic laws of π-calculus) to study some 
safety properties of the system. Like preceding 
approaches, this approach also has the inconvenient of 
using two different models for modeling and verification. 

The major part of temporal models for SMIL 
documents are based on temporal extensions of Petri Nets. 
Petri Net-based models provide a good method to specify 
temporal relationships [13].  

A modified Petri Net model, object composition Petri 
Net (OCPN) [14], has been proved to have the ability to 
specify any arbitrary temporal relationship among media 
elements. However, when dealing with the real time issues 
and the complex synchronization constraints of SMIL, this 
model is not powerful enough to capture all the timing and 
synchronization semantics of SMIL documents. 

[15] proposes a new model which is an enhancement 
of OCPN by adding typed tokens and a new set of firing 
rules. This model can capture the timing and 
synchronization semantics of the SMIL presentation. 
However, no verification techniques are proposed to check 
the consistency of the SMIL specification.  

The RTSM model (Real Time Synchronization Model) 
proposed by [10] is also based on the OCPN model. In 
RTSM, two types of places are defined and new firing 
rules are proposed. The RTSM model can capture 
temporal semantics of SMIL scripts, and detects the 
temporal conflicts within the same model. The model has 
been implemented in a SMIL authoring tool 
[16].However, the translation of the RTSM to SMIL 
results on a loss of temporal relationship defined in the 
original SMIL document.  

The SAM model (Software Architecture Model) used 
by [17] is a combination of two complementary formal 
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notations: Petri nets and temporal logic. Synchronization 
elements of SMIL are modelled by Petri nets whereas 
safety and liveness proprieties are specified using logic 
formulas. Formal techniques such as reachability tree, 
deductive proof and structural induction are used to check 
some proprieties of the SMIL specification. However, this 
method remains too complex to comply with editing 
constraints. 

Most of the proposed models require the use of an 
auxiliary model to prove the temporal consistency of the 
SMIL specification, whereas it is more efficient to work 
on the same model (time and memory space saving). 
Besides, none of these models propose a structured and 
incremental modeling of the SMIL specification; 
consequently, the modification of a single temporal 
element requires the verification of the whole 
specification. Moreover, in order to better fit with the 
SMIL specificities, it seems more interesting to define a 
formal model mapped on the SMIL temporal model rather 
than adapting existing approaches to this complex 
language. 

We have proposed in a previous work a temporal 
extension of Petri Nets, named SMIL-Net (SMIL Petri 
Net) [5]. This model was proposed to address the lack of 
existing models in the modeling and the verification of the 
temporal and hyper-temporal aspects of SMIL documents. 
We have adopted a global approach in SMIL-Net: at the 
end of the editing process, the SMIL temporal 
specification is first translated to a SMIL-Net and then 
verification techniques can be applied in order to check the 
temporal consistency directly on the model.  

In order to offer earliest errors detection within the 
editing process, it seems more efficient to integrate the 
model within the authoring system for an incremental 
verification. However, although SMIL-Net answers a large 
part of the needs for SMIL documents authoring, the 
model needs to be enhanced in order to respect the time 
constraints of an interactive edition environment. In 
particular, the modeling and the verification should be 
done incrementally, and offer a reasonable response time. 
So, we have proposed a hierarchical extension of the 
SMIL-Net model for the incremental and structured 
edition. The enhanced model, named H-SMIL-Net [4], 
offers structured modeling possibilities permitting, on the 
one hand, to facilitate the modifications, and on the other 
hand to support an incremental specification of the 
document.  

The Hierarchical SMIL-Net (H-SMIL-Net) model 
inherits most of temporal elements defined in  SMIL-Net; 
so, the presentation of some SMIL-Net principles is 
necessary before we present H-SMIL-Net.   

IV. THE SMIL-NET MODEL 
In this section, we give an overview of some SMIL-

Net components redefined in H-SMIL-Net. The complete 
definition of the model can be found in [5]. 

 
Figure 4.Graphical representations of Places 

A. SMIL-Net Components 
SMIL-Net is a temporal extension of Petri Nets; it 

includes a set of places, transitions and arcs.  
1)  Places  
We focus on two types of SMIL-Net places in this 

study (Figure 4):  
• The regular place represents the active entity of 

the system; it is used to model a media object and 
its internal duration.  

• The virtual place represents a time delay, it is used 
to model the temporal attributes begin, end and 
dur. 

2)  Transitions 
The set of transitions defined in SMIL-Net (Figure 5) 

models the different termination semantics of SMIL 
elements: 

• The simple transition fires when the delays 
associated to all its input places are finished. It 
models the termination of a simple element, a 
<seq> element, or a <par> element with a "last" 
semantic. 

• The Master transition fires when the delay 
associated to one particular input place, designed 
by a master arc (designating the Master element), 
is finished. It represents the termination of the 
<par> element with a "Master" semantic. 

• The First transition fires since the delay 
associated to one of its input places is finished. It 
models the termination of a <par> element with a 
"First" semantic. 

 

 
Figure 5.Graphical representations of transitions 
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3)  Arcs 
Two kinds of SMIL-Net arcs are used in H-SMIL-Net 

(Figure 6): 
• The ordinary arc is used to transport tokens. 
• The master arc also transports tokens, but in 

addition it controls the firing of a master 
transition. 

An example of SMIL-Net is shown in Figure 7. The 
SMIL-Net requires the audio, the video and the text to be 
played simultaneously. Since the transition T2 is a Master 
transition, it is fired just after the audio element is finished, 
no matter video or text elements are finished or not. After 
firing T2, img is displayed. 

B. Calculating the Firing Time of SMIL-Net 
Transitions 

The firing time for each transition is computed by 
traversing the SMIL-Net transition by transition from the 
initial state. The computation rule for calculating the firing 
time of a transition depends on its type. 

1) Simple transition 
The firing time of the transition is the maximum value 

of the “firing time of the preceding transition” plus “the 
nominal duration of the following place of the preceding 
transition”. 

2) First transition 
The firing time of the transition is the minimum value 

of the “firing time of the preceding transition” plus “the 
nominal duration of the following place of the preceding 
transition”. 

 

 
Figure 6.Graphical representations of arcs 

 
 

 
 

Figure 7. An example of SMIL-Net 
 

 
 

3) Master transition 

The firing time of the transition is the value of the 
“firing time of the preceding transition” plus “the nominal 
duration of the place associated with a master arc”. 

C. Detection of Time Conflicts 
1) The Intra-element time conflict 

The intra-element time conflict is the case of 
conflicting attributes within the same element. Therefore, 
to detect the intra-element time conflict, we only need to 
examine the values of attributes associated with a single 
element. 

Considering the SMIL-Net model for a single element 
in Figure 8, the respective values of “begin”, “dur”, and 
“end” for the element are “B seconds”, “D seconds”, and 
‘E seconds”. It is easy to see that the case of B+D ≠ E 
results in an unreasonable physical meaning. 

The intra-element time conflict is detected in   SMIL-
Net when a master transition has two master arcs coming 
from its input places.  

2)  The inter-elements time conflict 
The inter-elements time conflict is the case of 

conflicting attributes among different elements.  
There is no easy way to detect the inter-element time 

conflict directly on the SMIL-Net, since it involves the 
attributes of more than one element.  

In SMIL-Net, the firing time of a transition should be 
earlier than its following transition (temporal progression 
criterion). It implies that if the attributes values defined by 
the author make the firing time of a transition later than the 
firing time of some following transition, it characterizes an 
inter-elements time conflict. 

The inter-elements time conflict could be detected by 
traversing the SMIL-Net and comparing the computed 
firing times of its transitions. 

The Figure 9 shows an example of a SMIL script with 
an inter-elements time conflict, and its SMIL-Net 
representation. As illustrated in the Figure, the firing time 
for T2 is 25s where the following transition T4 fires at 20s; 
this situation characterizes a temporal conflict. In the 
example, two temporal conflicts are identified: (T2, T4) 
and (T3, T4). It implies that the elements in conflict are 
(Audio2, <par>) and (text, <par>). 

 

 
Figure 8. Detecting the intra-element time conflict 
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V. THE H-SMIL-NET MODEL 

A. H-SMIL-Net Overview 
Although SMIL-Net answers a large part of the needs 

for SMIL documents authoring, the model needs to be 
enhanced in order to respect the time constraints of an 
interactive edition environment. In particular, the 
modeling and the verification should be done 
incrementally, and offer a reasonable response time. 

In SMIL, the composite elements are constructed 
recursively from basic and other composite elements. 
Thus, the modeling of these elements requires hierarchical 
modeling possibilities. 

 
The Petri Net paradigm offers possibilities of 

hierarchic modeling using abstract places to model a 
subnet[18]. 

So, we have defined a hierarchical extension of the 
SMIL-Net model for the incremental and structured 
edition. 

 
 
 
 

 

 
Figure 9. Detecting the inter-elements time conflict 

 

 
Figure 10. An example of H-SMIL-Net 

 
The Hierarchical SMIL-Net (H-SMIL-Net) model is 

defined as a two-level tree: 
• The atomic level (the leaves) represents the 

multimedia elements and the associated attributes, 
• The composite level (the nodes) represents the 

composite elements.  
To model the composite elements, we define a new 

type of places: the composite places are abstract places 
representing the temporal behaviour of an equivalent H-
SMIL-Net. A composite place is defined by its type and 
the root of the associated    H-SMIL-Net. 

A composite place contains an H-SMIL-Net which can 
itself contain composite places, thus defining a natural 
hierarchy. 

An example of H-SMIL-Net is shown in Figure 10. 
The H-SMIL-Net contains two composite places B 
(modeling the root element <body>) and S (modeling a 
seq element). Each composite place is represented by a 
subnet modeling its child elements. 

B. Formal Definition 
An H-SMIL-Net R with a root P0 is defined as 

follows: 
R(P0)=( P0,(P , T , IN , OUT , M0) , A , IVT , TT , TP 

, S , ABS, TA ), where: 
• (P ,T ,IN ,OUT ,M0) defines a Petri net. 
• A is a set of arcs. 
• IVT is a mapping from the set of places to a set of 

time intervals [Xi, Ni, Yi] defining the temporal 
interval of the place. Xi, Ni, Yi represents, 
respectively, the minimal, the nominal and the 
maximal duration of the object (or the Petri Net) 
associated to the place.  

 IVT: 
 P { Q+ ∪{ * }}X{ Q+ ∪ {*}}X{Q+ ∪{ * }} 
 ∀ Pi, i=1...N∈P, IVT (Pi)=[ Xi, Ni, Yi ] 
    The * value represents unknown duration. When 
Xi= Ni=Yi we put simply [Xi] 

• TT is a mapping which associates a type to each 
transition of T. 
TT: T    {simple, First, Master}  
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• TP is a mapping which associates a type to each 
place of P. 
TP: P     {regular, virtual, composite} 

• S defines the state of the place according to its 
type and the type of tokens it contains. 
S:  P  {suspended, active, inactive, #} where # is 
the state associated to the composite places that 
are abstract places and don't have a state therefore. 

• TA is a mapping which associates a type to each 
arc of A. 

        TA: A     {Simple, Virtual, Master} 

• ABS is the structural abstraction function that 
associates an H-SMIL-Net subnet to each 
composite place: 
ABS:  Pcomposite  {R / R is an H-SMIL-Net} 
 P0  R(P0)=( P0,(P , T , IN , OUT , M0), A,  
 IVT, TT, TP, S, ABS, TA ) 

  Where: Pcomposite = {p∈P/TP(p)="composite"} 

C. Formal Semantic 
The H-SMIL-Net defines new firing rules adapted to 

the composite places. 
Definition1. The H-SMIL-Net modeling a composite 

place is delimited by an input transition and an output 
transition. An input transition is a transition that doesn't 
have any input place, and an output transition is a 
transition that doesn't have any output place. 

Definition2. When a composite place receives a token, 
its input transition is immediately fired and the underlying 
H-SMIL-Net is executed. The firing of the output 
transition indicates the end of the H-SMIL-Net 
representing the composite place, the token of the 
composite place is then unlocked and the following 
transition can be fired. 

Definition3. An input transition is fired as soon as the 
associated composite place receives a token. Once fired, 
this transition puts a token in each output place, and locks 
the token of the composite place. 

Definition4. An output transition is fired when the 
firing conditions for the transition is satisfied. The firing of 
this transition unlocks the token within the composite 
place. 

D. Abstraction of Composite Places 
The definition of abstract places implies the definition 

of structural abstraction techniques. Considering the 
fundamental role played by time in SMIL, the abstract 
places must not only offer possibilities of structural 
abstraction but also temporal abstraction. Thus, we 
associate to the      H-SMIL-Net model the following 
techniques of structural and temporal abstraction. 

1) Structural abstraction 
The structural abstraction defines the techniques 

permitting to replace a composite place by an H-SMIL-
Net. The following algorithm explains how to replace a 
composite place by the underlying H-SMIL-Net: 

 

1) Replace the composite place by the associated H-
SMIL-Net, delimited by input and output transitions. 
2) Join the adjacent transitions:  
a) Join the beginning transition of the composite place 
with the input transition of the subnet;  
b) Join the end transition of the composite place with the 
output transition of the subnet. 

 
The recursive application of structural abstraction 

techniques on the set of composite places permits to derive 
the SMIL-Net model, what allows the hierarchical model 
to inherit all verification techniques proposed for SMIL-
Net.  

An example of structural abstraction is shown in 
Figure 11. The composite place S (Figure 10) is replaced 
by its equivalent subnet, and the adjacent transitions are 
joined. 

2) Temporal abstraction 
An abstract place should reproduce in an abstract way 

the temporal behaviour of the underlying H-SMIL-Net. 
The nominal delay of a composite place C is calculated by 
the following algorithm: 

 
a) Consider the H-SMIL-Net R(C). If the delays of all 
elements of C are resolved, go to step c). 
b) For each composite child element C' of C whose delay 
is unresolved go to step a) while considering the H-SMIL-
Net R'(C'). 
c) If all child elements of C have resolved delays then 
calculate the nominal duration of R, noted Dr, which is 
equal to the firing date of the end transition Te of R while 
supposing the date of its beginning transition Tb=0.  
d) The delay Dr is the nominal delay associated to the 
composite place C. 

An example of calculating composite elements delays 
is shown in Figure 12.  

E. Modeling SMIL Elements with H-SMIL-Net 
The preceding version of H-SMIL-Net [4] models the 

time containers <seq> and <par>, the class of media object 
elements such as <img>, <video>, <audio> and <text>, 
and the time attributes “begin”, “end”, “dur”. In order to 
conform to the SMIL 3 specification, we expand the 
preceding model by the modeling of the <excl> element as 
well as the Min and Max temporal attributes. 
 
 

 
Figure 11. Structural abstraction 
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Figure 12. Temporal abstraction 
 
We assume that the syntax of the input SMIL script has 

been checked before starting the transformation. 
1) Modeling a media object 

Media object elements allow the inclusion of media 
objects into a SMIL presentation. A media object is 
represented by a regular place and a pair of ordinary 
transitions (Ts, Te) as shown in Figure 13. 

The temporal interval of the element is defined by 
three time values: 

• Xi defines the minimal active duration of the 
media; it takes the value of the min attribute if 
defined. 

• Ni defines the nominal duration of the media; it 
takes the value of the internal duration of the 
media element. When the element has not an 
internal duration (such as static text or image), Ni 
= 0. 

• Yi defines the maximal active duration of the 
media; it takes the value of the max attribute if 
defined. 

 
2) Modeling time attributes 

Time attributes representing time delays, they are 
modelled by virtual places with only a nominal duration 
which takes the value of the attribute (IVT=[Ni]) 

The “begin” attribute specifies the explicit begin time 
of an element, it is modelled by adding one virtual place 
representing the begin time with the specified duration 
before the element starting transition.  

The “end” attribute specifies the explicit end time of an 
element, so one virtual place with the end value is added 
between the original start transition and the end transition. 
A master transition is added at the end to force the 
termination of the object at the time specified in the end 
attribute. 

The “dur” attribute specifies the explicit duration of an 
element, thus a virtual place between the actual start 
transition and the end transition is added. The end 
transition is also a master transition. The Figure 14 
illustrates the effect of the combination of these attributes. 

 

  
Figure 13. Modeling a media element 

 
Figure 14. Modeling time attributes 

 
3)  Modeling the <seq> element 

The <seq> element defines a sequence of elements 
played one after the other.  

The children elements of the <seq> element could be 
any of the synchronization elements such as time 
containers or media objects, so the conversion is a 
recursive procedure.  

Since the children of a <seq> element form a temporal 
sequence, we concatenate each child of <seq> one by one 
as illustrated in Figure 15. Note that the end transition of 
an element and the start transition of the following element 
are merged in order to maintain model consistency. 

4) Modeling the <par> element 
The <par> element defines a parallel grouping in 

which multiple elements can be played at the same time. 
Thus, all children of <par> should be within the same pair 
of transition (Ts, Te) as illustrated in Figure 16. 

The “endsync” attribute controls the end of the <par> 
element. Legal values for the attribute are “last”, “first”, 
and 'id-value'.  
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Figure 15. Modeling the <seq> element 
 
The 'last' value requires <par> to end with the end of 

all its child elements, and the corresponding H-SMIL-Net 
is shown in Figure 16-(a), in which transition Te could not 
be fired until all the children end.  

The 'id-value' value requires <par> to end with the 
specified child. So, we change the end transition to a 
Master transition, and the arc between the specified child 
and transition to a master arc as shown in Figure16-(b). 

The 'first' value requires <par> to end with the earliest 
end of all the child elements. Therefore, we should change 
the end transition to a First transition, as illustrated in 
Figure 16-(c) so that the child that ends first can fire the 
transition. 

Other synchronization attributes, such as “begin”, 
“end’, and “dur”, could also be associated with <seq> and 
<par>, but the conversion is similar to that in the case of 
media object elements. 

 
5) Modeling the <excl> element 

The <excl> element defines an unordered sequence of 
elements in which one element is played at a time. It is 
used to define a mutually exclusive set of elements, so it is 
modelled as a critical section where each element can be 
played only one time. The element finishes when all its 
child elements are finished; this termination is modelled 
by a simple transition (Figure 17). 

 

 

 

 
Figure 11. Modeling the <par> element 
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Figure 17. Modeling the <excl> element 

 

VI. TEMPORAL VERIFICATION  
We associate to H-SMIL-Net an optimized verification 

algorithm that restricts verifications to the minimal subnet 
affected by the modification. The verification algorithm is 
decomposed into two steps: 

• Finding the root of the minimal subnet affected by 
the modification 

• Temporal verification of the minimal subnet. 

A. Research of the Minimal Subnet  
After each editing operation, the H-SMIL-Net model is 

updated, and the modifications are propagated towards the 
root in order to update the temporal delays of the H-SMIL-
Net elements. As soon as the temporal delay of an element 
is not modified, it is no more necessary to propagate the 
modifications towards the superior levels, since time 
values will remain unchanged. So, to find the minimal 
subnet affected by the modification, we have just to find 
the first element that remains temporally unchanged after 
the modification. This element, called the invariant, is 
calculated by the following algorithm: 

 
a) Let C be the composite element containing the modified 
element, and let Dbefore be its initial delay. Calculate the 
new delay Dafter associated to the C element. 
b) If Dbefore≠Dafter: consider C' the direct ancestor of C. if 
C' is the <body>element then go to d); otherwise go to a) 
while replacing C by C'. 
c) If Dbefore=Dafter  then C is the invariant. Break; 
d) If we arrive to the root (C=<body>) without finding an 
invariant, it means that the modification affects the whole 
H-SMIL-Net.  

B. Temporal Verification of the Minimal Subnet 
Once the minimal subnet defined, we have to verify its 

consistency in order to accept or reject the modification. 
This verification is done in two steps: 

• The transformation of the minimal H-SMIL-Net 
(defined by its root which is the invariant) to an 
equivalent SMIL-Net by applying recursively the 
techniques of structural abstraction to the 
composite places. 

• The application of the verification techniques 
defined for SMIL-Net (detection of conflict 
situations) on the obtained SMIL-Net. 

If no conflict is detected then the modification is 
accepted, otherwise it is rejected by the system. 

VII. IMPLEMENTATION: AN AUTHORING TOOL FOR 
SMIL DOCUMENTS 

Some authoring tools have been proposed for SMIL 
without imposing themselves to the users, in part because 
the constraints of the underlying language limit the 
realization of efficient authoring tools.  

Our aim is to propose an easy-to-use temporal 
environment, with incremental authoring and consistency 
checking possibilities, based on the     H-SMIL-Net model.  

The system architecture is structured on four parts that 
interact all along an editing session: 

• Opening/saving module: When opening an 
existing SMIL file, the system proceeds to lexical 
and syntactic analysis; before the translation to      
H-SMIL-Net. 

• Modeling module: This module translates the 
document to the H-SMIL-Net model, which is the 
internal format used in all modules of our 
authoring tool.  

• Authoring module: This module provides the 
functions permitting to create or to modify a SMIL 
document.  
In order to maintain the coherence of the 
specification, the environment doesn't allow the 
document to enter in an inconsistent state: Each 
editing operation is first reported on the H-
SMIL-Net model, and the local verification 
algorithm is applied. If the author's modification 
leads to an inconsistency, it is rejected by the 
system; otherwise it is applied and the model is 
updated. 

• The user-interface:  This module offers a number 
of graphic tools allowing the author to create and 
modify the document (Figure18).  

Four views are proposed: 

- The textual view:  It displays the source file of 
the SMIL document. 
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Figure18. The user interface 

 
-The temporal view:  This view displays the H-
SMIL-Net representation of the SMIL 
specification. The author can "open" a composite 
element by a simple click, which has as effect to 
apply the structural abstraction algorithm on the 
selected place.  
This abstraction is illustrated in figure 19 where 
the <seq> composite place of figure 18 is 
"opened", the resulting H-SMIL-Net is shown in 
the temporal view. 
- The hierarchical view:  It represents the 
document as a tree, what permits to visualize and 
modify the hierarchical structure of the document.  
- The attributes view:  It allows viewing and 
modifying the temporal attributes of the object 
selected in the hierarchical view.  
 

 
Figure 19. Effect of 'opening' a composite place 

 

VIII. CONCLUSION  
We have presented in this paper an approach for the 

modeling and the verification of the temporal consistency 
of SMIL documents within an interactive authoring 
environment. The contributions of the H-SMIL-Net model 
are: 

• H-SMIL-Net offers structured modeling 
possibilities permitting, on the one hand, to 
facilitate the modifications, and on the other hand 
to support an incremental specification of the 
document.  

• The local approach adopted in H-SMIL-Net 
guarantees the consistency of the whole 
presentation through the verification of a minimal 
part of the model, leading to a considerable time 
saving. 

The model has been extended in order to model the 
temporal elements of the SMIL 3 specification. 

The modeling approach has been integrated into an 
incremental authoring tool for SMIL. Thanks to the use of 
H-SMIL-Net, the obtained authoring tool offers the power 
of formal modeling and verification within a reasonable 
response time. 
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