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Abst?act- Multimedia applications comprise several media 
streams, which are semantically synchronized at different time 
instants. The application kehavior is stored along with the 
multimedia database using representation mechanisms such 
as OCPN (object composition Petri nets) or dynamic timed 
Petri nets (DTPN). It is imperative that one translates the 
application behavior to the corresponding schedulable entities, 
such as packets, so that the performance engineering of any 
system can be done, using the traffic model arising out of the 
(media related) application behavior as opposed to individual 
media level behavior. This requires that a function be defined, 
which takes the stored temporal representation as input and 
produces packets as output, preserving the semantic relationships 
among the streams. 

We propose a methodology based on probabilistic, attributed 
context free grammar (PACFG) to address this issue. We 
demonstrate the appropriateness of this methodology by 
applying it to the OCPNDTPN representation of a typical 
multimedia application vis-his  orchestrated presentation. 

I. INTRODUCTION 

RCHESTRATED multimedia presentation applications 
are composed of different media streams such as data, 

voice, motion video, bitmapped still images and graphics. Or- 
chestrated applications have associated synchronization char- 
acteristics with respect to their presentation. These character- 
istics specify the time instants at which the presentation of 
objects in the media streams must synchronize. Users partici- 
pating in a multimedia presentation may dynamically interact 
by giving different types of inputs. These inputs modify the 
synchronization characteristics of the presentation. When a 
presentation is carried out using a computer network, random 
communication delays may affect the delivery of multimedia 
objects, thereby influencing the synchronization characteristics 
of the presentation. In this case, to achieve synchronization, 
random communication delays must be overcome in spite 
of the variations in clock rate, clock drifts and processing 
delays. Typically, the communicaQon delay and the delay 
variations or delay jitter, (which also accounts for clock rate, 
clock drifts and processing delays to some extent) between the 
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server(s) and the client participating in a distributed orches- 
trated presentation are estimated during the connection setup. 
The client buffers multimedia objects in order to overcome the 
effects of the communication delay variations and preserve the 
synchronization relationships. The buffering strategy adopted 
by the client depends on the estimated communication delays 
and the buffer resources available. 

The synchronization characteristics of an orchestrate 
sentation provide a predictable pattern of events that describes 
the multimedia object presentation schedules at the cl 
The delivery schedules of multimedia objects at the s 
depend on the synchronization characteristics and the buffering 
strategy adopted by the client. This delivery, schedule of the 
multimedia objects describes the network traffic that might be 
generated from the orchestrated presentation server. In 
we need a model which can represent the synchron 
Characteristics of a presentation and incorporate the buffering 
strategies adopted by the client in order to predict the traffic 
that might be generated from the orchestration server. 

The problem of specifying the synchronization character- 
istics has been addressed with respect to the storage rep- 
resentation in [7], [SI, [ll], [13]. Object composition Petri 
nets (OCPN) have been proposed in [7] ,  [SI to represent 
the synchronization characteristics in an orchestrated pre- 
sentation. A dynamic timed Petri nets (DTPN) model has 
been proposed in [11] to augment the OCPN for providing 
orchestrated presentation with flexible user participation. A 
time-flow graph (TFG) model has been proposed in [13] 
for modeling imprecise temporal relationships involved in 
collaborative multimedia presentation. However, the- problem 
of using the synchronization characteristics of an orchestrated 
presentation and the buffering strategies adopted by the client 
to predict the network traffic that might be generated, is yet 
to be explored. 

In this paper, we propose a probabilistic attributed context 
fiee grammar (PACFG) model for this purpose and show that 
the PACFG synchronization model can represent all possible 
temporal relationships (between any two events). We discuss 
the buffering strategies that can be adopted by the client. We 
design a traffic source model of a distributed orchestrated 
multimedia presentation based on the PACFG synchronization 
model and the buffering strategies adopted by the client. This 
model is expected to be useful in performance engineering 
studies relating new multimedia system designs. 

In the following section, we look at an example of orches- 
trated presentation application with dynamic user and network 
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interaction. In Section 111, we discuss the models that have 
been proposed to capture the synchronization characteristics 
of an orchestrated presentation. In Section IV, we discuss the 
problem of synchronization representation and traffic char- 
acterization, that is addressed in this paper. In Section V, 
we describe the probabilistic, attributed context free gram- 
mar (PACFG) based model to represent the synchronization 
characteristics. Then, in Section VI we present the traffic 
source model of an orchestrated presentation using the PACFG 
technique. In Section VII, we state how the PACFG based 
traffic source model can be used along with the DTPN/OCPN 
model of a typical orchestrated presentation. In Section VIII, 
we summarize our work. 

11. NATURE OF ORCHESTRATED PRESENTATION 

Orchestrated presentation applications, as any other mul- 
timedia application, are composed of several media streams 
whose object presentations are synchronized at different time 
instants. The composition of the media streams and their syn- 
chronization Characteristics vary depending on the application. 
Users going through the orchestrated presentation may dynam- 
ically interact by giving different types of inputs and hence 
modify the synchronization characteristics of the presentation 
in the time domain. The network over which the orchestrated 
presentation is being carried out may introduce random delays, 
thereby influencing the synchronization characteristics of the 
presentation in the time domain. For the rest of the discussion 
in this paper, we consider a specific example orchestrated 
presentation to discuss the participation of the user during the 
presentation. Fig. 1 illustrates the media streams representation 
of the example, comprising of four streams of information: 
audio (A), motion video (V) and two image (11,12) streams. 
The synchronization characteristics of the presentation is such 
that audio and video streams are synchronized for every object. 
Image stream 11 synchronizes with audio and video streams 
once in three object intervals and the stream 12 synchronizes 
at the start and the end of presentation. In the sequel, we 
will be using this example (and assume appropriate and 
simple numeric values wherever necessary), for describing the 
OCPN/DTPN model, PACFG description, and translation of 
the OCPN description to the packet level trafic description. 

User Behavior in Orchestrated Presentations: A user, par- 
ticipating in such an orchestrated multimedia presentation, 
may interact by giving inputs such as skip event(s), reverse 
presentation, navigate in time, scale the speed of presentation, 
scale the spatial requirements, handle spatial clash, freeze and 
restart of a presentation. User inputs such as skip, reverse 
presentation and navigate time modify the sequence of objects 
that are being presented. In the example of Fig. 1, consider a 
skip event operation on the image stream 11 when the object 
x1 is being presented and other objects a l , q , y 1  are being 
presented in parallel. Here, objects a, and w, are assumed to 
be audio and motion video clippings while the objects x, and 
y% are assumed to be still images. The next set of objects to 
be presented after the skip input on 51 will be (a4, w4,x2}. 
For the object y1, the duration of its presentation has to be 
modified to reflect the skipped time interval. User inputs such 

* Time in Seconds 

'1 '2 '3 "4 "S ' 6  ' 1  

v1 '2 " 3  '4 ' 5  ' 6  '7 

Y1 y 2  

Fig. 1. An example of multimedia presentation. 

as scaling the speed of presentation modify the presentation 
duration of the objects. User input such as handling spatial 
clash on the display screen make the corresponding media 
stream active or passive depending on whether the window is 
in the foreground or background. Similarly, while the freeze 
user input suspends the activities on all streams, restart input 
resumes the activities on all streams. 

Orchestrated Presentation and Network Interaction: An or- 
chestrated multimedia application has to identify the streams 
to be established from server(s) to client before initiating 
the presentation. The application also has to estimate the 
Quality of Service (QoS) required for the streams to be 
established. The application, then, has to interact with the 
network service provider for establishing multimedia streams, 
communicating multimedia objects over the computer network 
and for releasing the established streams. The availability of 
network connections and the connection setup time influence 
the establishment of multimedia streams and hence the syn- 
chronization. Delays in communicating the multimedia objects 
and packet losses influence the time instant and duration of 
presentation of objects, and hence the synchronization. 

111. SYNCHRONIZATION REPRESENTATION 
IN ORCHESTRATED PRESENTATION 

Different approaches have been used to represent the syn- 
chronization characteristics of an orchestrated presentation. 
One approach is to represent the execution characteristics of 
the presentation application on the client side. This approach 
makes use of parallel language like paradigms which can be 
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Fig. 3. Functional to operahonal behavior translation. 

III. For holistic performance engineering of the multimedia 
system, we need to describe the operational behavior of 
the application. The operational behavior is the description 
of the multimedia application in terms of tangible system 
related parameters such as time constraints, viewing windows, 
media objects, the corresponding frames and network pack- 
ets. The operational behavior is required for studying the 

and network dynamics. In essence, we need a translator to 
Fig. 2. OCPNDTPN model wth skip operation for example in Fig. 1. performance impact on the system due to user interaction 

parsed during the presentation to the user [4], [9]. Object- 
oriented techniques also have been used for describing the 
components comprising the presentation and their temporal 
relationships [6], [lo]. Another approach is to describe &e 
storage representation of the temporal relations in orchestrated 
presentation. Petri nets [ 11 based models have been suggested 
in [ 5 ] ,  [7], [8], [ll] for this purpose. 

A form of timed Petri nets called the object composition 
Petri nets (OCPN) has been used in [7], [8] to specify synchso- 
nization and the relationship between multimedia objects. The 
OCPN has been demonstrated to capture all possible temporal 
relationships between objects required for multimedia presen- 
tation. The OCPN representation cannot describe the dynamic 
user inputs such as skip or reverse presentation. A variation of 
timed Petri nets called the dynamic timed Petri nets (DTPN) 
has been proposed in [ 1 11 for modeling temporal relationships 
with pre-emption and dynamic modification of time duration. 
The DTPN approach can be incorporated into the OCPN model 
for orchestrated multimedia presentations with flexible user 
participation. Fig. 2 shows the OCPN/DTPN representation of 
the orchestrated presentation example in Fig. 1. The vertical 
bars in the Fig. 2 (denoting the transitions in the Petri nets) 
represent the synchronization of the various events and the 
representation captures the synchronization of the events in 
the streams A, V, 11 and 1, of the example in Fig. 1. Fig. 2 
also shows a skip operation on the object 2 1 ,  when the objects 
a l ,  w1 and y1 are being presented in parallel. [ll] gives more 
details on the DTPN structure and orchestrated presentation 
models with user participation. 

In [13], a time-flow graph (TFG) model has been proposed 
to represent ‘fuzzy’ or imprecise temporal relationships. Mul- 
timedia objects are described by their presentation intervals. 
Given any two time intervals, there are thirteen ways in 
which they can be related. In the TFG model, the temporal 
relationships can be specified in terms of temporal durations 
despite the lack of duration information about the involved 
intervals. 

IV. THE PROBLEM 
The nature of an orchestrated multimedia application and 

the attempts reported in the literature to model the functional 
behavior of the application were described in Sections I1 and 

perform the function pictorially shown in Fig. 3.  This is also 
the traffic source model corresponding to the application. The 
key element in this translation is our ability to represent 
synchronization. 

Our Approach: In this work, we look at the issue of repre- 
senting the synchronization characteristics of an orchestrated 
presentation application from the point of view of describ- 
ing the traffic generated from the application. The stored 
synchronization characteristics or the functional behavior of 
the orchestrated presentation describes the various streams of 
multimedia information that are to be presented in parallel 
and the objects that are to be displayed in each stream 
along with display duration. Hence, the synchronization of 
a multimedia presentation can be viewed at three levels: 
window level or the user inteiface level, object level, and frame 
level. At the window level or the user interface level, the 
synchronization represents the sequence of windows that are 
created at specific time instances for a specified time duration, 
demarcated by the start and termination of the presentation. 
A window is assumed to display one stream of information 
at a time so that the window can correspond to the network 
connection required for transferring objects composing the 
multimedia stream. The time and duration of presentation 
of a window corresponds to the time of establishment and 
duration of a network connection required for the particular 
stream of information. The stream of information may be 
displayed either continuously or intermittently during the 
multimedia presentation. In the case of intermittent delivery 
of the stream of information, a window may be created for 
a duration that is far less compared to the duration of the 
entire presentation. For example, a multimedia presentation 
on various types of heart diseases may show a video clipping 
of typical electrocardiographs (ECG’s) corresponding to the 
respective heart diseases. Such clippings might be shown 
only when the corresponding discussions are presented, using 
transient windows. . 

At the object level, the synchronization represents a se- 
quence of objects to be presented at specific time instances 
for a given duration. At the frame level, the synchronizatioa, 
considers composite multimedia objects (e.g., a video clipping 
for a few minutes) with frames to be presented at regular 
intervals of time. As discussed in the earlier sections, the 
synchronization at all the three levels (window, object and 
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frame levels) may be modified by dynamic user interactions 
and interactions with the network service provider. 

From the functional behavior model (as represented by the 
synchronization characteristics) to the operational behavior, 
there is a hierarchy of levels, implying that we need multiple 
levels of translations. While the OCPNDTPN description 
captures the highest level of abstraction in the functional 
behavior of the application, the packet streams which are seen 
to pass through the underlying network turns out to be lowest 
level in the hierarchy. Each media object may translate into 
a series of frames (their nature decided by the coding and 
compression schemes in use) and each frame may translate 
into a series of packets. Thus, we see that for every application, 
there are several media streams which can be described as a 
sequence of windows, each window is a sequence of objects, 
each object is a series of frames, and each frame is actually a 
series of packets. This situation is akin to generating sentences 
in a language guided by a set of symbols and a grammar 
expressed as the rule set or productions, possibly with some 
attributes and probabilities, if required. 

We make use of probabilistic, attributed context free gram- 
mar (PACFG) to represent the synchronization characteristics 
in an orchestrated presentation. The basic idea is that the 
productions specify the sequence of windows, objects and 
frames to be presented along with their time instants and 
duration of presentations. The attribute functions, as pa.rt of 
the semantic rules, describe the way by which the time instants 
and duration of presentation can be identified from the stored 
information in an orchestrated presentation. The probabil- 
ity associated with the productions represent the stochastic 
behavior of the user participation and the communication 
network support. It should be mentioned here that context free 
grammars either with attribute or stochastic specifications have 
been successfully used for description of workload models for 
communication system and for description of workload in a 
client-server environment in [14]. 

V. OPERATIONAL BEHAVIOR MODEL USING PACFG 
Context free grammars (CFG) have the inherent property of 

generating sequences [2] .  Probabilistic context free grammars 
(PCFG) are capable of generating sequences which exhibit 
random behavior such as the randomness in user interac- 
tions during a multimedia presentation. Attributed context free 
grammar is a 4-tuple GA = {G, A,  R, D }  with G as the 
regular grammar, G = {S, VN, VT}. Here, S is the start 
symbol, VN and VT are a set of nonterminal and terminal 
symbols. A represents a set of attributes, R a set of rules 
and D an interpretation. In probabilistic, attributed context 
free grammar (PACFG), a probability is associated with the 
production rules defined in the grammar. Each sequence gen- 
erated by the PACFG has an associated probability p(x) such 
that, 0 < p(x) 5 1 and x rEAp(x)  = 1. The proposed 
PACFG representation uses the following set of start symbol, 
nonterminals and terminals. 

TABLE I 
PRODUCTION RULES 

PR I1 
PR 111 
PR IV 
PR V 

Type 
start symbol 
non-terminal 
non-terminal 
non-terminal 
non-terminal 
set of non-terminals 
set of non-terminals 
set of non-terminals 
set of non-terminals 
set of non-terminals 
set of non-terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 
set of terminals 

terminal 
variable 

variable 

variable 

variable 
variable 
variable 
variable 

TABLE II 
SYMBOLS USED 

Explanation 
reuresents svnchronization seanence 
sequence of windows created 
sequence of objects delivered in the windows 
sequence of object frames 
sequence of packets 
time instant of creation of windows 
time instant of presentation of objects 
time instant of presentation of frames 
duration associated with windows 
duration associated with objects 
duration associated with frames 
window identifiers 
object identifiers 
frame identifiers 
user inputs manipulating the windows presentation 
user inputs manipulating the objects Presentation 
user inputs manipulating the frames presentation 
inputs from network manipulating the windows presentation 
inputs from network manipulating the objects presentation 
inputs from network manipulating the frames presentation 
constants 
(0 5 a,b,c 5 Finish Time Of Presentation) 
null input 
Probability of modification of window presentation 
due to user and network behavior 
Probability of modification of object presentation 
due to user and network behavior 
Probability of modification of frame presentation 
due to usex and network behavior 
1 5 x S Number of windows in the presentation 
1 5 y 5 Object identifier 
1 5 z 5 Frame identifier 
Time instants of presentation of windows, objects and frames 
(0 5 i j , k  5 Finish Time Of Presentatisn) 

The symbols used and their explanations are summarized in 
Table 11. We associate an attribute Val, corresponding to the 
domain of real numbers, with the terminal symbols a, b and c 
in the production rules discussed later. 

The production rules defined as part of the PACFG in 
Table I describes the operational behavior of an orchestrated 
multimedia presentation. The operational behavior of an or- 
chestrated multimedia presentation is represented by a se- 
quence of windows (W), objects (0), frames (F) and packets 
(P), as described by the rule PR I. At the window level, the 
multimedia presentation is viewed as different media streams 
to be presented at different time instants and for different 
durations. The rule PR I1 describes the sequence of windows 
to be displayed on the user screen, time instance of creation 
and duration of the display of the window. Each window has a 
series of objects to be displayed and hence at the ObJect level, 
the presentation is viewed as an object sequence for different 
windows. Production rule PR I11 describes the sequence of 
objects to be displayed, time instance of creation and duration 
of the presentation. Multimedia objects themselves may be 
composed of a series of frames. Production rule IV describes 

Authorized licensed use limited to: Univ of Texas at Dallas. Downloaded on October 5, 2009 at 17:56 from IEEE Xplore.  Restrictions apply. 














