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Abstract. In this paper, we discuss the effect of the uncertainty in the duration of some multimedia objects
on the quality of the presentation of multimedia scenarios. This uncertainty can be due to external factors such
as the access delay over internet or the user interaction. An uncertain duration is often followed by a period of
desynchronization during which the presentation deviates from the desired scenario. To solve this problem, we
present in this paper a solution that integrates two complementary approaches which reduce the desynchronization
and limit its propagation in the rest of the presentation. These approaches are non-blocking and use the flexibility
in the duration of multimedia objects in order to resynchronize the presentation as rapidly as possible.
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1. Introduction

A multimedia presentation is a set of media objects rendered over a pre-established temporal
scenario. The different objects are presented according to predefined durations set at the
authoring stage [8]. This scenario is contained in a multimedia document defined by an
author and remotely accessed by users spread over the internet. In such an environment,
some objects behave in an indeterministic manner and their duration does not necessarily
match the predefined values. Audio and video streams suffering from remote access delays
are common examples of such objects. These delays can propagate in the scenario affecting
the global synchronization and the presentation quality.

There are two ways for dealing with the presentation’s indeterminism. In the first case,
each time the presentation gets out of synchronization, some actions are taken immediately
to bring the scenario back to the predefined case. Usually this operation is achieved at
the cost of either blocking some of the objects, skipping the content of some objects or
delaying some others. In most cases, the author specifications are violated. In the second
case, the rendering engine attempts first to determine if these delays can be taken into account
while maintaining or at least remaining close to the scenario specified by the author. The
later method requires some means to adjust the scenario according to the author’s intent.
The adjustment can be carried out by modifying the durations of some objects having some
temporal flexibility [8]. These modifications must be achieved in a non blocking manner that
avoids the desynchronization of the presentation. Notice that event-based synchronization,
such as “when A finishes, B must be stopped,” do not require handling object durations and
are therefore not considered hereafter.
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In this paper, we propose an intelligent scheduler which allows rendering of a multime-
dia presentation while handling the indeterministic behavior of objects. It was developed
within the Madeus authoring and presentation environment [9] to handle scenario-based
documents. The proposed scheduler is particularly suited for declarative document formats
like SMIL [18] accessed through the network. Our solution combines two approaches: the
dynamic formating and the reparation of indeterminism. The dynamic formatting approach
operates at a given instant ahead of time to achieve the resynchronization. While the repa-
ration approach is applied in case of failure or partial success of the dynamix formatter, it
allows the effect of desynchronization to be minimized.

The paper is organized as follows: firstly, we present the related work in Section 2 and
some basic concepts of temporal scenario in Section 3. In Section 4, we identify the con-
sequences induced by the presence of indeterministic objects on multimedia presentations.
Section 5 is devoted to the presentation of the two complementary techniques that we defined
to manage the indeterminism: the dynamic formatting and the reparation of indeterminism.
Finally, we conclude and give our perspectives for the research in this domain.

2. Related work

Research in the field of scenario-based scheduling covers two inter-related aspects. First,
the design of verification tools which allows the document consistency to be checked at
authoring stage. Second, the design of schedulers (called also controllers) which handle
the synchronization during the presentation. Verification tools were generally added to
authoring tools or models were the flexibility of the objects were formally described as
Petri-Nets with duration ranges [15]. Other systems such as [11, 14] are rather event-based
scheduling with less focus on the duration constraints but on the causal relationships between
the different scenario events. The work of [S5] uses flexibility to check for the consistency
and to generate a retrieval schedule which allows to enhence the overall quality of the
presentation.

Courtiat [6] tried to tackle consistency validation by using formal methods based on
model checking applied to state automatons specified in RT-LOTOS. A reachability anal-
ysis is applied to these automatons in order to check for the consistency. The scenario
representation corresponds to all possible states of presentation. In [13], the analysis is ex-
tended to presentations with different resource conditions. The validation is carried out with
the assumption that duration constraints are actually fulfilled. But in a networked environ-
ment, with variable delays and resources, the automaton representing the scenario differs
from one environment to another according to the available resources. Encompassing all
the situations together with the uncertainty in the durations causes an exponential explosion
in size of the automaton. In a recent effort, new methods are proposed to overcome this
problem by integrating the uncertainty both at the verification phase and at the scheduling.
In this case, the automaton serves not only for validation purposes but also for scheduling
strategies which prevent the presentation from entering in desynchronized states.

In[7, 10, 17] a similar effort was carried out in order to define verification methods based
on constraint propagation under incomplete knowledge of the durations. The consistency of a
scenario is checked using constraint propagation techniques. In this case, the representation
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of the scenario is a constraint graph which is smaller and more manageable than state
automatons. The notion of controllability [17] is also introduced for scenarios with uncertain
durations. The drawback is that the proposed verification process is incomplete and does
not detect all the inconsistencies.

The previous approaches attempt to prevent synchronization errors at the specification
level. They are all based on predictive reasoning about all the possible cases produced by
variable durations and limited resources at presentation time. With a lack of guarantees from
the current network and system infrastructure, desynchronizations are in fact unavoidable.
In this context, the design of “best effort” schedulers seems to be a more realistic approach.
The consistency is checked independently from the resources and enforced dynamically by
the scheduler [2]. In addition, when an unpredicted desynchronization occurs, it is also very
useful to rapidly bring the presentation as close as possible to the author’s specification. In
this paper, our contribution is the design of such a scheduler for scenario-based presentations.

3. Multimedia presentations: Definitions

In this section, we present some useful definitions related to multimedia presentations and
scenario scheduling in an indeterministic environment.

First, we define the basic units of a multimedia presentation as the media objects which
can have different forms, such as text, images, graphics, video, audio and user interaction
buttons. These units are combined in a multimedia scenario by different types of relations
between them, such as temporal relations [1], spatial relations and hyperlinks. The media
objects can be classified into two main classes: controllable and incontrollable objects.

3.1. Controllable and incontrollable objects

A controllable object O is a media object whose duration of presentation can be chosen
by the presentation engine within a given interval [1p, ug]. of durations having lower and
upper boundaries (1p and uy respectively).

The difference between the upper and the lower duration boundaries defines the flexibility
of the media object. Examples of controllable objects are discrete objects such as text, images
and graphics. Continuous objects such as audio and video can be considered controllable
if the system resources (CPU, bandwidth) are available and sufficient to their rendering
process.

On the other hand, an incontrollable object O is a media object whose duration can be any
value in the interval [1p, up]; but the exact value of duration cannot be known until the end
of its presentation. In some cases the values of 15 and up are 0 and oo respectively, unless the
user specifies explicitly lower and upper acceptable boundaries. Examples of incontrollable
objects are user interaction buttons, remote media objects that undergo network accessing
delays and media objects with unknown durations.

Given these definitions, a temporal scenario can be characterized by its flexibility that
measures its ability to be adapted to the numeric constraints of durations specified by the
user while maintaining the global consistency of the multimedia presentation [8]. This
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flexibility depends on the flexibility of the controllable objects as well as their position in
the graph (as it will be shown in Section 5.1).

The duration boundaries can be defined at the user level (in the source format of the
scenario) or at the presentation level. In the first case they are set explicitly by the author in
the document, while in the later case, the presentation engine can define these boundaries
according to the media types and other contextual information (availability of the CPU,
network bandwidth).

3.2.  Nominal and effective duration and date values

A correct multimedia presentation is the execution of the media objects in a way that respects
the specified relations between the objects. Objects are defined by their interval of duration
together with a set of temporal relations between them. This data is then passed to a specific
component, namely the femporal formatter, which statically computes a schedule for the
corresponding presentation [3].

We can identify two variables for the duration of the presentation of a media object O:
the nominal duration and the effective duration.

The nominal duration Dy, 1s the duration statically computed by the temporal formatter
before starting the presentation, where Dyom € [lo, Up].

The effective duration D of an object is the value of the object’s duration observed at
the end of its presentation, where Deg € [lp, up].

A controllable object is characterized by D.g equals to Dyom, While for an incontrollable
object, this equality cannot be guaranteed because of the indeterminism. Taking into account
the nominal duration of objects, the flexibility of a controllable object O can be split into
two parts: the part corresponding to its stretching capability [0, up- Dyom] and the part
corresponding to its shrinking capability [1p- Dyom, 0].

The presentation can be seen as a sequence of presentation instants, where at each presen-
tation instant one or several presentation actions occur. For example, a presentation action
can be the start or termination of a media object. Similarly to durations, we can define two
dates for the presentation instants: the nominal date and the effective date.

The nominal date date,,, is statically calculated by the temporal formatter, taking the
presentation’s starting instant as a reference.

The effective date date. is the exact value of the instant’s date, known when the presen-
tation reaches this instant.

A multimedia presentation can be modeled as a directed acyclic graph where nodes repre-
sent presentation instants and arcs represent objects labelled by their durations (see figure 1).

A[30,45] o Cd0,65]
- | E [35, 55]
D [30, 50] >
B [40, 50]
— F [60, 90]
i -

Figure 1. Presentation graph.
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Figure 2. The indeterministic state of an incontrollable object.

A chain is a contiguous sequence of arcs such as each arc is connected to one and only
one successor and predecessor arc (objects A and C in figure 1 form a chain).

4. Multimedia presentations in the presence of indeterminism
4.1. Deterministic and indeterministic state

During a multimedia presentation, an incontrollable object can be in one of the following
two states: either deterministic or indeterministic (see figure 2). The indeterministic state,
corresponding to an indeterministic period §, can occur in two cases:

— The behind of schedule indeterminism (BSI) or late termination, where the effective
duration of the object is greater than its nominal duration. The object returns to its
deterministic state when it effectively terminates.

— The ahead of schedule indeterminism (ASI) or early termination, where the effective
duration of the object is less than its nominal duration. This indeterministic state finishes
when the nominal termination date of the object is reached.

This definition can be generalized to a multimedia presentation: a presentation is in an
indeterministic state when there is at least one incontrollable object in the indeterminis-
tic state. Otherwise the presentation is in the deterministic state. Initially, the multimedia
presentation is in the deterministic state.

4.2.  Sequential and parallel desynchronization

Two types of desynchronization can be introduced between media objects due to the inde-
terminism: the sequential desynchronization and the parallel desynchronization.

In order to explain these types of desynchronization, let us take the example of figure 3.
The objects A and B are related by a sequential relation (meets), i.e., object B starts imme-
diately after the termination of object A. On the other hand, A and X are related by a parallel
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Figure 3. Sequential and parallel desynchronization.

relation (equals), i.e., they start at the same instant and terminate at the same instant. Such a
scenario can be expressed in SMIL with the statements: SEQ (PAR (AX, end(A) = end(X))
B). Consequently, by transitivity, the two relations generate an implicit relation between
X and B of sequential type (meets). Supposing that the presentation of the incontrollable
object X goes beyond its nominal duration and lasts for a longer time than A which is not
flexible, we have to wait for the termination of X before starting object B. Consequently, a
delay ¢ is introduced between A and B leading to a sequential desynchronization between
them. So instead of an immediate start of B after the termination of A, the user perceives
that the object B waits for a delay § before starting. In addition, during the indeterministic
period in figure 3, there is a parallel desynchronization which appears in the form of a shift
between the termination instants of objects A and X. Accordingly, the user perceives that
the object A has terminated but the object X is still playing during a period of §.

4.3. Desynchronization period in multimedia presentation

The desynchronization effects due to an indeterministic state usually last longer than the
duration of the indeterministic state itself. This is due to a desynchronization propagation
along the scenario. So we define a desynchronization period (Agesync) as the period during
which the presentation is desynchronized with respect to the specified scenario (see figure 4).

To illustrate the influence of indeterminism and desynchronization propagation on a
multimedia presentation, let us consider the example shown in figure 4. In figure 4(b),
the incontrollable object X terminates earlier than its nominal termination (ASI case). In
this case, the node n, corresponding to the end of X, must wait for the termination of the
other objects incoming at this node (A and B) in order to start the objects outgoing from #.
Consequently, a sequential desynchronization is produced between X and D and a parallel
desynchronization is produced between X and the two objects A and B, but they don’t affect
the remaining part of the presentation. Thus, the desynchronization period is equal to the
indeterministic period § (see figure 4(b)).

In the case of the BSI, where X takes an effective duration greater than its nominal
duration (see figure 4(c)), a parallel desynchronization between X and the two objects A
and B is observed, and the effective date of node n is shifted § units of time with respect
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Figure 4. Influence of indeterminism on a multimedia presentation.

to its nominal date (see figure 4(c)). The same shift is observed for the starting and ending
instants of the objects D and E. Consequently, a parallel desynchronization will take place
between the ending instants of the objects D and F, and similarly for the objects E and G.
Thus, the BSIis followed by a desynchronization period A gesyne Which affects the remaining
part of the presentation.

5. Management of indeterminism

It is possible to address the problem of dealing with indeterministic situations through two
complementary approaches: dynamic formatting and repairing technique.

The dynamic formatting consists in adapting the scenario dynamically, during the pre-
sentation, to the indeterministic behavior of the incontrollable objects, in order to obtain
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Agesyne = 0. The dynamic formatting technique presented in Section 5.1 aims at providing
partial solutions for indeterministic behaviors by exploiting the flexibility of the scenario.

The reparation technique (see Section 5.2) consists in limiting the desynchronization
effects (i.e., reducing the period Agesync) during the presentation by delaying some dates.
This technique complements the dynamic formating when it fails.

In the remaining part of this section, we present the two techniques proposed. We show
then how we combine them to provide an intelligent scheduler and we give some measures
that demonstrate the results of applying these algorithms.

5.1. Dynamic formatting

The technique is based on an analysis of the potential indeterministic behavior of the scenario
by using the hypergraph. We can identify three cases that can be handled in an ascending
order of complexity [9]. Finally, we propose in Section 5.1.4 a general algorithm that can
be applied not only to these three cases but also in any situation where an indeterministic
period is detected.

5.1.1. Case 1: Articulation chain. The first case corresponds to the situation in which the
presence of an incontrollable object does not affect the synchronization constraints specified
by the user. Such a case is illustrated in the figure 5.

In this example, the graph can be subdivided in two sub-graphs G1 and G2 which are only
related by a chain X containing the incontrollable object (such a chain is called an articu-
lation chain). In such a configuration, it is clear that whatever value the effective duration
of this object takes, the scenario remains always consistent. Therefore, no compensation is
required. The formatter has only to figure out that the position of the incontrollable object
in the graph is on an articulation chain in order to ignore the case.

5.1.2. Case 2: Articulation point. The second case corresponds to the situation in which
the incontrollable object is present on a chain whose right terminal node corresponds to
an articulation point: an articulation point is a graph node that can subdivide the graph
in two sub-graphs only related by this node. In such a situation, the incontrollable object
does not affect the synchronization constraints specified by the user, with the exception
of the constraints of temporal coincidence, such as those of the chains B and D with the

\‘\ B ' - Articulation chain \ G .

Figure 5. Example of Case 1.
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Figure 6. Example of Case 2.

incontrollable chain X in figure 6. Temporal coincidence of two or more chains means that
their end instants must occur at the same instant.

In the example of figure 6, the graph can be subdivided also in two sub-graphs G1 and G2
which are only related by the termination instant of the chain containing the incontrollable
object X (the articulation point is X™). This type of situation can not be consistent unless
the chains B and D are flexible at their ends, i.e. they end by a discrete object like an image
or a text. In this case, the termination of the chain X causes the termination of the other
two chains containing B and D. The articulation point provides a re-synchronization point
because after it is fired the scenario returns to a consistent state.

5.1.3. Case 3: Compensation on chains. When the ending instant of an incontrollable
object occurs, called observation point, a more general approach consists in checking if
a compensation on the same or on a concurrent chain is possible (see figures 7 and 8).
The compensation is based on using the flexibility of the controllable objects whose start
and termination instants occur in the future with respect to this observation point. The
compensation can be applied on controllable objects during their presentation.

Incontrollable Controllable Incontrollable  +
A B A A X

Q] Controllable
1
I
B

>

>

=

=

=

o
—

<

L |
L |
=]
W+ — x+

[uA+ lB’ lA+ uB] ¢

(a) (®)

Figure 7. Example of Case 3.
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Figure 8. Compensation on concurrent chains.

As an example, let us consider a chain composed of two objects A and B (see figure 7(a)).
A is an incontrollable object A =[l4, us]; and § = (us — 14) represents the value of indeter-
minism. B is a controllable object B = [lg, ug]. and @ = (ug — lp) represents the amount
of available flexibility. If the condition w > § is satisfied, then the indeterminism can be
compensated dynamically in a way that renders the whole chain controllable. It is sufficient
in this case to use the flexibility w in a way to make the duration of the whole chain fall
in the interval [us + 15, 14 +up]., which is the duration interval of the controllable object
equivalent to the chain in question.

If the incontrollable object can not be compensated in its chain, the proposed solution
consists in verifying if a usage of the flexibility of the concurrent chains can allow the
re-adjustment of the scenario. For example, in the scenario of figure 7(b), the two parallel
chains {A, X} and {Y, B} must have equal durations. To verify that this constraint can be
satisfied, it is sufficient to make sure that the starting and ending instants of the chains take
place at the same date. It is easy to see that if the flexibility w of the concurrent chain {Y,
B} is greater than the indeterminism § of the chain {A, X} (condition 1), and if the date
of the observation instant A* (end of A) takes place before the recovery point B~ (start of
B) (condition 2), then the temporal coincidence of the instants BT and X™ can be in fact
guaranteed.

5.1.4. Dynamic re-formatting of multimedia presentations. The approach we have chosen
is a generalization of the cases presented in the previous sections. The algorithm presented
here aims at re-adjusting the durations of flexible objects in order to meet the author’s
specification. It is triggered when an incontrollable object ends. This algorithm minimizes
the value of the desynchronization period. The reformatting algorithm is applied on all the
concurrent chains of the current execution.

At each instant during the presentation, the scenario represented by the graph is divided
in two parts. One part corresponds to the portion of the presentation which has already
been rendered to the user, and the second part corresponds to the objects to be presented
in the future. The current instant can be represented in the system by the set of current
chains (Ch), the indeterminism to be compensated (Ch.Ind) and the available shrinking
and stretching flexibility on each active controllable objects O belonging to the chain:
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Dynamic_Formatter(Object:X)

1. waiting list = §;
2. /* Calculation of indeterminism value */
3. § = X.end.date.yy - X.end.datenonm;
4. If § £ 0 and {Concurrent chains} # §
/* ASI or BSI x/

5. /* Compensation on the same chain */

6. Remain=Format_Chain(X.Chain, (-1)*6);
/* see figure 10 */

7. If Remain #0

8. /* Compensation on concurrent chains */

9. For every concurrent chain Ch {

10. Ind = Format_Chain (Ch, Remain);

/* see figure 10 */

11. If (Ind > 0) Then {

12. Ch.Ind = Ind;

13. waiting list = waiting list U Ch;

14. }

15. }

16. Return waiting list;

Figure 9. Dynamic formatter.

0.flex™ and 0.flex™. From any object X, we can access the corresponding chain on the
graph (X.Chain).

The algorithm of figure 9 is based on three phases: first the value of indeterminism due
to object X is calculated (line 3). Then, the graph adjustment is taken into account on the
chain where this object is found (case (a) of figure 7). If the flexibility of the chain, from
this instant until its end, is sufficient, the indeterminism is compensated by reformatting
this chain (lines 4—6). This operation consists of shrinking or stretching the chain’s duration
by a value equals to the observed indeterminism in the case of BSI or ASI respectively.

Finally, the adjustment is performed on concurrent chains if needed (lines 7-14) such
as case (b) of figure 7. In the case of BSI, this operation consists of stretching the chains
durations by a value equals to the observed indeterminism. In the case of ASI, the concurrent
chains are shrunk in order to end the indeterministic period. If the reformatting of the chain
does not completely compensate for the whole value of indeterminism, then the chain
together with the amount of uncompensated indeterminism are added to a waiting list (lines
11-13). The chains in this waiting list are treated later by the technique of reparation of
indeterminism presented in Section 5.2. If at least one chain is in the waiting list, this
means that the formatter is unable to completely resynchronize the scenario according to
the specification.

For example, in figure 8, the indeterminism 8, is observed on object X of chain C1. The
formating of the chain cannot be totally achieved because the flexibility fl is less than
indeterminism §. The concurrent chains C2, C3 and C4 are consequently reformatted in
order to be elongated by a value of §- f1.
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Format_Chain(Chain:Ch,integer:Ind)

1. For every object 0 € Ch |
Current_time < 0.end.datepom

2. And Ind#0 {

3. If (0.type = discrete) or
(Current_time < 0.begin)

4. Ind = Modify Durations(Ind, 0);

5. }

6. Return Ind;

Modify _Durations(integer:Ind,Object:O)

1. If ind > 0 Then
/* if 0 € X.Chain it’s a ASI */

2. /% otherwise it’s a BSIx/

3. /* stretch object 0 */

4. If 0.Flext > Ind Then {

5. 0.Dnom = 0.Dpom + Ind;

6. 0.Flext = 0.Flex™ - Ind;

7. Return 0; /* compensation is done */

8. } Else { /* partial compensation */

9. 0.Dnom = 0.Dpom + 0.Flext;

10. Ind = Ind - 0.Flext;

11 0.Flext = 0;

12. Return Ind;
/* remaining indeterminism */

13.

14. Else /* if 0 € X.Chain it’s a BSI %/

15. /* otherwise it is a ASI */

16. /* shrink object 0 */

17. If 0.Flex~ < Ind Then {

18. /* Equivalent to lines 5 to 12 but
with O0.Flex™ */

19. }

Figure 10. Chain formatting.

The algorithm of formatting chains is presented in figure 10. For each chain, the algorithm
modifies the duration of the controllable objects who have not yet terminated and of the
continuous objects who have not yet started (lines 1-3). If the indeterminism is not com-
pletely absorbed (ind # 0, line 2), the remaining uncompensated indeterminism is passed
to the next controllable object on the chain and so on until the end of the chain.

The Modify_Durations procedure considers two cases depending on the sign of the
indeterminism ind to be compensated: if ind is a positive value, the object must be
elongated so 0.Flex™ is used (lines 4—12). Otherwise it is a shrinking operation that takes
into account the negative flexibility 0.Flex™ of the object (lines 14-19). Each object tries
to compensate for the indeterminism by providing the maximum of flexibility (lines 4-7).
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The advantage of this technique is to provide an automatic re-establishment of the syn-
chronization between the different chains in a local and non-blocking way. As mentioned
earlier, this dynamic formatting technique does not cover all the cases of indeterminism.
When it fails, a complementary algorithm (as presented in Section 5.2 below) is necessary
to dynamically minimize the desynchronization period resulting from the uncompensated
indeterminism.

5.2.  Reparation of indeterminism

We can point out one important remark that the reparation of indeterminism should take
into account: the case of BSI is more crucial to compensate than the AS/ (see figure 4). The
desynchronization due to the BSI can propagate till the end of the presentation.

In this section, we present the algorithm of reparation of indeterminism (see figure 11)
whose objective is the reduction of the desynchronization period following an indeterminis-
tic period of a behind schedule indeterminism (BSI). The proposed solution is based on the
postponement of the presentation dates of media objects whose starting or ending instants
come during or after an indeterministic period. This postponement is carried out in order
to re-establish the synchronization specified in the scenario.

The repairing formatter, presented in figure 11, treats every chain in the waiting list as
follows. For each chain, the algorithm finds out the node n on the chain that comes directly
after the nominal termination date of the incontrollable object X (line 2). Then, handling of
this node n depends on the value of its date with respect to the nominal termination date of
X. Two cases can occur:

— Case 1 (line 4): If the nominal date of node n comes before the effective termination
date of X, then the algorithm will handle all the outgoing objects from node n (object O
in the algorithm).

Repairing formatter(Object: X, Waiting _List: WL)

1. For every chain ch € WL {
2. n = Get_Nearest Future lNode

(ch, X.end.date,om);
3. For every object 0 such that
4, ((0.start = n) And

(n.datepom < X.end.dategss))
5. Or
8. ((0.end = n) And

(n.daten,, > X.end.datecrp)) {

7 If (0.type = discrete) Then

8. 0.end.date,,,; = 0.end.date,,, + ch.Ind;
9 Else If (0.type = continuous) Then

10. Insert Delay (0.end, ch.Ind);

1. }

12. }

Figure 11. Repairing formatter.
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— Case 2 (line 6): If the nominal date of node n comes after the effective termination date
of X, then the algorithm will handle all the incoming objects to node n (object O in the
algorithm).

In both cases, the object O is handled according to its type. If object O is discrete, its
nominal termination date is postponed by the value of the indeterminism Ind (lines 7-8).
Otherwise, if the object is of a continuous type, a delay of the value Ind is inserted after its
termination (lines 9-10).

5.3.  Combination of both approaches

The dynamic formatter and the repairing formatter are combined in a complementary way.
Once the presentation of an incontrollable object (say X) terminates, an event is generated
and the indeterminism handler is called.

As a first step, the indeterminism handler calls the dynamic formatter which applies the
technique presented in Section 5.1. The dynamic formatter answers back to the handler
whether it has fully treated the observed indeterminism or not. If not, the dynamic formatter
creates a waiting list where each entry represents a chain associated to which the value of
uncompensated indeterminism on this chain. The waiting list is then passed to the repairing
formatter in order to handle the remaining uncompensated indeterminism.

5.4.  Experimental evaluation

This algorithm has been implemented in our multimedia authoring and presentation system
Madeus. It allowed the desynchronization period to be reduced by a factor up to 58.82%
(see figure 13). In the general case, a scenario authored with sufficient information on the
flexibility it contains will be better handled at runtime by our scheduler. In the other hand, a
scenario which includes a significant number of parallel chains with no flexibility is likely
to be desynchronized when a delay occurs. The source of flexibility comes from the nature
of media because discrete objects are less sensitive to delays or duration changes. The
desynchronization reduction on a larger set of tests including half of the scenarios with no
flexibility gives around 35% of desynchronization reduction. In these cases, we prevented
the dynamic formatter from using the media flexibility to resynchronize the presentation.
Therefore, the repairing formatter was a key component in this later cases as the dynamic
formatter was only used to identify articulation points and chains. In general, it is difficult
to provide general measures of performances which cover all the possible scenarios and
presentation conditions.

We made different scheduling tests on some scenarios and we applied a desynchroniza-
tion function during the execution. This function gives the instantaneous desynchronization
at each instant of an execution. It is defined as the sum of the sequential and parallel desyn-
chronizations occurring at that instant. In figure 12, the following executions are represented
together with their desynchronization function and desynchronization period Agesync:

(a) The ideal execution (the incontrollable object X respects its nominal duration).
(b) The execution with BSI desynchronization due to object X without applying neither
dynamic formatting nor repairing formatting.
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Figure 12.
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A
Number of desync
incontrollable| o . . Reduction of
. . : With dynamic
: Without With dynamic s
objects T desynchronization
! (sec) formatting formatting and repa.lrmg Y
(sec) (sec) formatting (%)
(sec)
1 5 34 24 14 58.82%
2 8 35 15 15 57.14%
3 14 37 27 17 54.05%

Figure 13. Results of the algorithm on different scenarios.

(c) The execution with BSI desynchronization due to object X while applying only the
dynamic formatting (objects F and B are flexible).

(d) The execution with BSI desynchronization due to object X while applying both the
dynamic formatting and the repairing formatting.

This example shows that the dynamic formatting reduces the desynchronization level
thanks to object’s flexibility it uses while the repairing formatting shifts the remaining
desynchronization ahead and so reduces the desynchronization period Agegsync-

We have applied the repairing algorithm on scenarios that have several incontrollable
objects. As expected, best results are obtained when only one incontrollable object is in-
volved at a time (figure 13). In fact, the most interesting effect of this algorithm is to stop the
cumulative propagation of the indeterminism along the scenario thanks to an incremental
application of the reparation. This advantage is partially lost in very uncertain situations
where successions of incontrollable objects occur unless they are located on articulation
points or chains. But even in the first case, the algorithm enhances the resynchronization
by bringing the scenario as close as possible to its nominal schedule.

The experimental environment used in this paper was based on the Madeus system running
on an Ultra-sparc 1 machine from Sun Microsystems and the solaris 2.6 operating system.
The Madeus client is a fully functional multimedia authoring and presentation system
capable of rendering remote documents and media objects using HTTP and RTSP protocols.
The client is written in C language and the scenario specification is XML-based mark-up
where the objects durations are defined as minimum and maximum bounds and are of two
types: controllable and incontrollable. In the experiment, the delays were introduced in two
manners: first by accessing media items located in remote sites and second by artificially
overloading the system’s CPU. The banchmarks are documents written by several authors.
They did not necessarily use the capabilities of the tool to describe precisely the flexibility
contained in the documents.

6. Conclusion and perspectives

This paper addressed scenario-based scheduling of multimedia presentations in the
presence of indeterministic durations. The presented algorithms are adaptive in that they use



DEALING WITH UNCERTAIN DURATIONS 229

the flexibility of media object and the temporal relations given by the author to
resynchronize the presentation. Furthermore, this operation is achieved dynamically each
time a desynchronization occurs. The algorithms are based on two complementary
phases:

— The reformatting which attempts to modify the duration of the objects while maintaining
the author’s specifications. The resynchronization is achieved in a non-blocking man-
ner and even when it partially succeeds (due to the lack of flexibility), it reduces the
postponement delays required by the reparation phase.

— The reparation process which is activated when the reformatting does not totally succeed,
i.e., when author’s specifications cannot be respected. This process aims at minimizing
the period of desynchronization resulting from the indeterminism.

Both algorithms take full advantage of the predictive knowledge of the temporal
scenario represented as a graph. Furthermore, the organization of the graph as a set of
concurrent chains allows to measure the impact of the indeterminism on the presenta-
tion. It allows also to identify the durations to modify in order to re-synchronize the
presentation.

Our algorithms can be easily integrated in other media players where the document is
described in terms of media objects and relations. It is particularly suited for environments
subject to dynamic load conditions and bandwidth resulting in variable object durations.
Examples of players are SMIL document format players like RealPlayer G2 [12], GRiNS
[4] and SOJA [16]. SMIL documents are already in use and disseminated through the
internet and intelligent scheduling policies are highly needed in that context. The flexibility
on which our algorithms are based can be affected by the presentation engine depending on
the nature of the objects, their locations, etc.

Directions of future work might include a fine tuning of the reformatting on the different
chains. For example, flexibility is in our case taken from objects in the nearest future
independently from the media types. A better method would be to set priorities between
media objects in a manner that affects the least the presentation quality. Another solution
would be to capture more information at the documents level about the author’s intents and
to translate them in terms of priorities.
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