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Abstract

A key characteristic of multimedia data such as video data is the spatial/temporal
semantics associated with it. This makes the multimedia data and applica-
tion more complex to generate and control. Temporal relationships are in-
evitable among distributed multimedia objects. Synchronization of multiple
data streams in time has thus been recognized as a crucial requirement for
multimedia applications. Intelligent agents has been used in telecommunica-
tion, power system control, medical applications, and intelligent document
retrieval. In this paper, we propose the usage of the intelligent agents in
multimedia integration. We present synchronization agents as \smart" dis-
tributed objects that deal with scheduling, integrating, and synchronizing dis-
tributed multimedia streams. The synchronization agent can handle accurate
and uncertain temporal requirements which may exist in the teleorchestra-
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tion of fuzzy scenarios or query. We show how the fuzzy scenarios that
contain imprecise synchronization constraints, such as relative object pre-
sentation starting or ending points, can be transformed into more accurate
temporal speci�cations. In addition, the paper includes a formal speci�cation
model, the Interoperable Petri Nets (IPNs) to describe the agents behavior
and to capture the temporal semantics existing among distributed multimedia
objects. The implementation of the synchronization agents is based on the
IPN speci�cation model. The paper provides several examples to show our
approach.

Keywords: Agents, fuzzy scenario, multimedia integration, interopera-
ble Petri nets (IPNs), synchronization, teleorchestration, temporal relations.

1 Introduction

Distributed multimedia applications are growing rapidly in a variety of �elds,
including education, entertainment, weather forecasting, and medical diag-
nosis. Multimedia objects include images, voice, full motion video, text and
numeric data. Due to the diverse and distributed nature of multimedia ob-
jects, an application object can be composed of di�erent but related compo-
nents. For real-time playout of such inter-related streams, a synchronization
technique is essential. Multimedia composition can be speci�ed by a scenario
representing the temporal and spatial relationships among the involved me-
dia objects. In [LKG94], two major problems involved in the media composi-
tion were investigated, namely the speci�cation and modeling of the required
temporal relationships and the implementation of temporal speci�cations by
scheduling the objects involved.

The composition of multimedia teleorchestration (remote multimedia pre-
sentation) may involve imprecise and relative temporal relationships among
media objects; therefore, a transformation technique to convert such impre-
cise scenarios into more accurate ones is needed. In this paper, we present
a new approach based on synchronization agents which impose the synchro-
nization requirements among distributed multimedia streams. Our approach
includes a modeling mechanism to specify the distributed multimedia syn-
chronization and temporal relationships among multimedia objects. Our
method can deal with both accurate and fuzzy scenarios.
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Synchronization, in general, can be classi�ed into two types: intra-stream
and inter-stream. Intra-stream synchronization is mainly concerned with
delivering every media object in time to meet the intended playout dead-
line. Intra-stream deals with the low-level synchronization of an individual
data object originated by any media source. Inter-stream synchronization,
however, maintains the temporal relationships between di�erent but related
media streams, such as the lip-synch between video and audio objects1.

The concept of an agent has become important in arti�cial intelligence
(AI) and mainstream computer science. Distributed AI researchers have ap-
plied agent technology in a variety of areas. Example applications include
telecommunication network management, concurrent engineering, power sys-
tem management, air-tra�c control, intelligent document retrieval, and pa-
tient care [WJ94, WJ95].

In this article, we propose a new approach that uses intelligent agents
to help solve synchronization and scheduling among distributed multimedia
objects. This article also provides a speci�cation approach to model the
synchronization agents. Our speci�cation model is based on interoperable
Petri nets (IPNs).

Petri Nets have been used for modeling and simulating concurrent sys-
tems since their introduction by C. A. Petri in the 1960s [Mur89, GL81,
Jen81, Rei83, BGV91, Jen91]. A Petri net is a bipartite, directed graph with
transitions and places. Figure 2, for example, shows a simple Petri net. In
order for a transition to �re, its input places must have tokens. Transition t1
in Figure~refOCPN is enabled and can �re since there is a token in its input
place Pinitial. Firing transition t1 puts a token in each of its output places.
In HLPNs, as an extension to Petri nets, colors can be associated with places
and arcs. In order for a token to reside in a place or travel through an
arc, the token's color must have the same color as the arc and the output
place. For the purpose of de�ning a better formalization for distributed mul-
timedia computing, concurrent object-orientation, concurrent engineering,
heterogeneous systems and open system architecture, we introduced IPNs
[AS94, ASCR95, ASC95]. IPNs extend the high-level Petri nets by adding
a port and a port interface construct at the graphical notation level, and by
introducing the interoperability notion at the operational level.

In our work, we introduced MediaWare as a distributed multimedia com-

1Refer to [ASCR95] for a complete discussion of inter- and intra-stream synchronization.
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puting environment and formalism [ASC95]. The MediaWare architecture,
as shown in Figure 1, includes seven layers: the application layer on top; the
quality-of-connection layer, which includes the quality-of-service, synchro-
nization speci�cations and agents, and user interaction; the interoperable
virtual connection protocol (IVCP) layer; the object repository layer; the
object request broker (ORB) layer, the interface de�nition language (IDL)
mapping; and, �nally, the object implementation layer.

Multimedia Applications

Quality of Connection (QoC)

QoS Synch. User
Inter.

Interoperable Virtual Connection 
          Proctocol  (IVCP)

Objects
DataBase

IDB

Object Request Broker
                (ORB)

IDL Language Mapping

Object Implementation

Figure 1: MediaWare's architecture.

One of MediaWare's major features is its ability to support the dynamic
creation of distributed multimedia scenarios, which is the focus of this paper.

This paper is organized in the following manner: Section 2 reviews re-
lated work, Section 3 informally introduces the Interoperable Petri Nets and
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discusses their �ring rules2, Section 4 presents the temporal relations exist-
ing among media objects and uses an example of the synchronization agent
dealing with precise and fuzzy temporal speci�cations, and, �nally, Section
5 o�ers our conclusion.

2 Related Work

The complexity of multimedia applications has grown signi�cantly during
the past several years. To tame such a complexity, AI techniques can be in-
corporated. In addition, formal approaches for the speci�cation, design, and
analysis of multimedia applications are highly desirable. However, few such
models have been adequately de�ned to date. A model should be 
exible and
rich enough to address several multimedia issues, especially the distributed
nature of multimedia resources and synchronization among their playout.

Software agents have been used and proposed in a wide range of applica-
tions [WJ94]. For example, much work on interface agents is being done by
the computer-supported cooperative work (CSCW) community (see [WJ94]
for details). In addition, a number of studies have been conducted on in-
formation agents. An information agent has an access to at least one and
potentially many information sources. It is able to collect and manipulate
information obtained from these sources in order to answer queries posed by
users and other information agents. The information retrieval agent (IRA) is
able to search for loosely speci�ed articles from a range of document reposi-
tories. Another important information agent system is called Carnot [WJ94],
which allows pre-existing and heterogeneous databases to work together to
answer queries that are outside the scope of any of the individual databases.
In this paper, we introduce the synchronization agent as a new approach to
help in synchronizing and scheduling distributed multimedia streams.

Temporal relationships are inevitable among multimedia objects. In par-
ticular, the synchronization of multiple data streams in time has been recog-
nized as a signi�cant requirement of multimedia applications [GBC88, GC91,
LG91]. Recent literature suggests several methods to address this problem
at the low-level (bit-ways) [LBea90, LG91, Nic90, Ste90].

Several authors have considered formal methods for multimedia synchro-
nization [LG91, QWG93, LG90, PR93]. In [LG91, QWG93, LG90], the Ob-

2For more details and a formal de�nition of IPNs, refer to [AS94].
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ject Composition Petri Net (OCPN) and its extension (XOCPN) are dis-
cussed. An example of an OCPN speci�cation for multimedia data is shown
in Figure 2, which depicts a video clip, an audio clip, and some text data
ordered in time as illustrated. Firing the transition t1 puts a token into the
`Video' and `Audio' places. Each of these places is assigned a duration � ,
which speci�es the concurrent playout of the video and audio objects for �
time units. After � units have elapsed, transition t2 �res to start the text
object playout.

Pinitial
t1

Video

Audio

t2 Text t3 Pfinal
τ

τ

Figure 2: An OCPN example speci�cation of playing audio and video clips
followed by text.

Figure 2 can be translated into the XOCPN as shown in Figure 3. In

Pinitial
t1

t2 Text
Pfinal

R

R

SIU1 SIU2

 IPP

 IPP

SIU3

. . . L

L

SIU3SIU2SIU1

. . .

R

SIU1

. . .

Video

Audio

Video resource

audior resouce

Figure 3: A XOCPN transformation from OCPN.

Figure 3, places R (Resource Setup), L (Resource Release), and IPP (Inter-
stream Pacing Point) represent control objects and the SIU places represent
Synchronization Interval Units. The playout duration of video and audio
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objects, since they are synchronous, are divided equally into SIUs. SIUs
are used for intra-stream synchronization, whereas IPPs are used for inter-
stream synchronization.

The XOCPN (and its predecessor OCPN) does not capture the dis-
tributed nature of multimedia applications and devices. For instance, in
order to allocate (release) a resource, all that XOCPN does is introduce an
R(L) place. Resource allocation in distributed multimedia applications is
much more complex, however.

An additional disadvantage of the XOCPN model is that the resultant
playouts of the synchronized streams are dependent upon each other. This
does not correspond to the real-world situation. For example, a video camera
captures a video stream and a microphone captures a voice stream; although
the resultant playout should be synchronized, the camera and the micro-
phone devices are completely independent and they capture and produce
data concurrently. Our IPN model will address this problem satisfactorily.

Li et al [LKG94], introduced the time-
ow graph (TFG) to represent
the temporal relationships among media objects. For example, the TFG
representation of \X overlaps Y" relation is shown in Figure 4. The square

X

Y

Ns

τ

Ν

Ν Ν

Ν

x

y

(f)

(f)

e

x

y

δ

δ

τ

X (o) Y

Figure 4: The time 
ow graph presentation of \X overlaps Y".

nodes, Ns and Ne, in Figure 4 represent a parallel start and end, respectively.
The circle node, Nx, represents the playout of object X for x duration. The
same is true for Y and � objects (� represents an intermission object). The
�(f)y and �(f)x nodes represent the need to specify the �nishing point of the x
and y intervals.
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Based on the above example, note the following disadvantages of time

ow graphs:

� The graphs fail to represent the distributed nature of multimedia ob-
jects.

� The square nodes, Ns and Ne, have no temporal semantics. For exam-
ple, when objects X and Y �nish their playouts, Ne has no temporal
speci�cation to correspond to this ending. It is not considered a tran-
sition, for example.

� The introduction of � intervals does not enforce the relationships be-
tween the related objects. For example, if both �(f)x and �(f)y are equal to
\zero"; therefore, the relation in Figure 4 becomes \X ends Y" instead
of \X overlaps Y".

In order to overcome the limitations of the XOCPN and TFG models,
we introduce the IPNs model to represent the temporal relations. The IPN
model preserves the interoperability characteristics of multimedia applica-
tions. Generally speaking, two or more objects/agents/applications are in-
teroperable if they can cooperate, regardless of their underlying technology,
to accomplish a joint task3. In [ASCR95], we used the IPNs to model the
intra-stream and inter-stream synchronization requirements. In this paper,
we use the IPNs model in the formal speci�cations and analysis of distributed
multimedia synchronization agents. The agents' implementation is based on
the IPNs' speci�cations.

3 Interoperable Petri Nets

We use interoperable Petri nets as a formal model for distributed computa-
tional agents. This model, the IPNs, extends High-Level Petri Nets (HLPNs)
model by introducing port and port interface constructs at the graphical
notation level and by introducing the interoperability feature at the opera-
tional level. Interoperability is achieved through the Interoperable Virtual
Connection Protocol (IVCP)4. Our paper reveals the power of IPNs to model
synchronization among distributed multimedia objects.

3This is our own de�nition of interoperability.
4Refer to [AS94] for a full description of IVCP.
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An IPN model, informally, consists of a processing element, ports, and
ports' interfaces. The processing element is represented by a HLPN; ports
can be input or output kind; and ports' interfaces are the visible part of the
IPN module where data can be consumed or produced. In the following, we
introduce the necessary de�nitions to describe the IPN more formally.

De�nition 3.1 (IPN Module) An abstraction and encapsulation of pro-
cessing element(s), port(s) and port interface(s). A module can encapsulate
more than one port and/or more than one processing element.

(In this paper, we use the term IPN module and IPN object interchangeably.)

De�nition 3.2 (IPN Processing Element) The internal decomposition
of the IPN module which describes the module behavior in response to external
or internal stimuli. The processing element de�nes the behavioral semantics
of the IPN module. Processing elements are represented by HLPNs.

De�nition 3.3 (IPN Port) The component of the module (could be com-
posite) which produces or consumes messages5. Each port on an IPN is
associated with a specialized interface.

An input port consumes messages coming from other modules, and an
output port produces messages to be sent to other modules.

De�nition 3.4 (IPN Port Interface) A set of valid message types which
are allowed to pass through the port. A port interface is the opening of the
encapsulation shell of an IPN object (module) and the visible part to other
modules.

De�nition 3.5 (Messages) Discrete units of information representing the
sole means of interaction between IPN modules. Messages, represented by
colored tokens, are sent and received through ports and travel through chan-
nels.

De�nition 3.6 (IPN Virtual Connection) Two or more IPNs are virtu-
ally connected by establishing a communication channel between their input
and output ports. The virtual channel is established by applying the interop-
erable virtual connection protocol6. The ports involved must have compatible
interfaces.

5The de�nition of IPN port is di�erent from the de�nition in [Jen91].
6Refer to [AS94] for a full description of IVCP.
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De�nition 3.7 (Virtual IPN) The IPN resulting from combining multiple
IPN modules to accomplish a certain task. A virtual IPN has a temporal be-
havior allowing the connection among the constituent IPNs to be disconnected
after the task has been accomplished.

In order for two (or more) IPNs to interoperate, a virtual connection
must be established �rst between the source's output port interface and the
destination's input port interface. There are two di�erent types of possible
virtual connections associated with two di�erent types of ports:

� A connection may pass messages \colored tokens" from a transition to
a place. In this case, the transition is the output port in the source
IPN module and the place is the input port of the target IPN module.

� A connection may pass color tokens from a place to a transition. In this
case, the place is the output port in the source IPN module, whereas
the transition is the input port in the target IPN module.

In IPNs, the distinction between these two types of connections is made
clear by the corresponding interfaces' icons7. We introduce IPN icons for
port interfaces in Figure 5. IPN icons include place and transition seekers in
addition to place and transition receptors.

A place seeker is used as an interface for a transition output port, while
a place receptor is used as an interface for a place input port. A transition
seeker is used as an interface for a place output port, while a transition
receptor is used as an interface for a transition input port. In the following,
we exemplify a general description of IPNs.

The IPN net in Figure 6 is a simple representation of a microphone and
a speaker devices. In the initial marking, there is one colored token, < T =
audio;BW = 100;D = mic >, at place A. The IPN in Figure 6 consists of
four parts:

� The net structure.

� The declarations.

� The net inscription.

7Some of them are similar to the icons in [Neu93].
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Place seeker in normal state; the inner circle 
represents a token holder

Place seeker in excitation state; the token 
holder has a token 

Transition seeker in normal state; the inner 
circle represents a token holder

Transition seeker in excitation state; the token 
holder has a token 

Place receptor in idle state; the inner circle 
represents a token holder

Place receptor in excitation state; the token 
holder has a token 

Transition receptor in idle state; the inner circle 
represents a token holder

Transition receptor in excitation state; the token 
holder has a token 

Figure 5: IPN icons.
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Microphone

P
<audio,100,mic>

A

(y)

(y)

t1

(y,loc)

(T,BW,D,Loc)

[Loc=loc., T=audio]

[D=mic,T=audio]

Speaker

Color TType T={audio}
Color BWType BW =[80 ... 100]
Color DType D = {mic, file}
Color EType E ={e}
Color LocType Loc= {machine addresses}
Color PType P = Product TType * BWType
                        * DType
Var x, y = P

(a)

(T,BW,D,Loc)Speaker

(x)

[Loc=mymach.,T=audio]

t2

P
CB

<e>(x)

(x)

(x)

Speaker

Color TType T={audio}
Color BWType BW =[70 ... 120]
Color DType D = {speaker, mic, file}
Color EType E ={e}
Color LocType Loc= {machine addresses}
Color PType P = Product TType * BWType
                        * DType
Var x, y = P

(b)

(b)

Figure 6: Two IPN modules, a Microphone (a) and a Speaker (b).

� The port interfaces.

The net structure is a bipartite, directed graph with two kinds of nodes:
places and transitions. In Figure 6, the net structures, enclosed in the shaded
boxes, represent the IPNs' processing elements. Speci�cally, Figure 6(a) rep-
resents the microphone behavior speci�cation, and (b) represents the speaker
counterpart.

The declarations specify the types of color sets and variables. They are
analogous to type declarations in programming languages [Jen91]. Each place
has a color type associated with it, and a token must be of the same type
(color set) as the place in order to reside in it. In this example, color TType
T is a set of device type (audio). Color PType P is a product of color types
TType, BWType (bandwidth of range type), and DType (enumerating device
kind). Finally, we present an uncolored token by e of type EType. Therefore,
in order for a token to reside in place A, it must have a token with a color
value of < audio; 80 � BW � 100;micjfile >.

The net inscriptions are attached to places, transitions, arcs, port inter-
faces, or IPN modules. In Figure 6, places, such as A, have three di�erent
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types of inscription: names (e.g.,A), color sets (e.g., P ), and initialization ex-
pression (e.g., < TType = audio;BW = 100;DType = mic >). Transitions,
such as t1, have two kinds of inscriptions: names (e.g., t1) and guards (e.g.,
[D = mic; T = audio]). Unlike a place name, the port interface name has a
semantic use. We can regard it as a function, a procedure, or a method name.
The IPN module has one kind of inscription, its name (e.g., Microphone).

Each port has a corresponding port interface (e.g., place seeker attached
to transition t1). A transition (place) output port has a place (transition)
seeker as a port interface. On the other hand, a transition (place) input port
has a transition (place) provider as a port interface. A guard is a boolean
expression8 that must be evaluated to true in order for a transition to �re or
a port interface to be promoted into an excitation state. For example, the
component D in the variable y must be equal to mic and T must be equal
to audio in order for transition t1 to �re. As a convention, guards which
always evaluate to true are omitted from the net. The arc label may contain
variables (such as Y ), constants (such as loc), and functions and operations
that are de�ned in the declarations.

The IPN description re
ects the autonomous behavior as an important
intelligent agent's property.

3.1 IPN's Firing Rules

Before any transition can be enabled in an IPN (similar to HLPNs), all vari-
ables in the arc label function must be bound to colors of the corresponding
types. According to this binding, if the guard is evaluated to true, the tran-
sition �res thus removing tokens from its input place(s) and adding tokens to
its output place(s). The number of removed and added tokens is determined
by the value of the corresponding arc label function.

If a transition is an output port of an IPN module (as shown in Figure
6(a)), its �ring produces colored tokens which are added to its port interface.
Consequently, if the interface is at its normal state, it will be promoted into
the excitation state.

If a place is an output port of an IPN module, after receiving a token,
the arc label function of the arc connects the port to its interface (transi-
tion seeker) which will then be evaluated and bound to the colors of the

8Enclosed in square brackets ([ ]).
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corresponding types. According to the binding, the port interface will be
promoted into the excitation state only if the guard is evaluated to true.

Since we use IPNs to model multimedia synchronization and synchro-
nization deals with the temporal behavior of related streams, we include the
notion of time into IPNs (with the same conventions of timed Petri nets).
With timed IPNs, we are free to choose the granularity of synchronization
by assigning time durations to places.

The �ring rules of a timed IPN are similar to the rules of timed Petri
nets:

1. A transition, ti, �res immediately when each of its input places con-
nected through regular arcs contains an unlocked number of tokens
matching the corresponding arc labels, and these tokens evaluate the
transition's guard to true. If the transition is an output port, its inter-
face guard must also evaluate to true before the transition �res. If ti
is incident on an inhibitor arc9, the place incident on that arc must be
empty in order for ti to �re.

2. Upon �ring, the transition, ti, removes tokens from each of its input
places and adds tokens to each of its output places according to arc
labels.

3. After receiving a token, a place, pi, remains in the active state for the
interval assigned to it which is speci�ed by a duration, Tj. During Tj,
the token is locked. When a place, pi, becomes inactive (Tj expires),
the token becomes unlocked.

We use the IPN model to formalize distributed multimedia applications
and environments. Henceforth, we refer to the distributed multimedia en-
vironment and its formalism as MediaWare [ASC95]. MediaWare includes
multimedia synchronization, multimedia quality-of-service, and user inter-
actions. This article is devoted to distributed multimedia synchronization
agents and their capabilities to schedule fuzzy and accurate scenarios based
on temporal relations among media objects.

9An arc with a circle instead of arrow in its end.
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4 Temporal Modeling of Multimedia Objects

Synchronizing several distributed and independent media sources is a chal-
lenging task especially if it includes uncertain temporal requirements. In
teleorchestra applications (remote multimedia presentation), fuzzy presen-
tation scenarios may be involved. In this section, we refer to multimedia
integration as scenarios. Multimedia scenarios represent the temporal and
spatial relationships among di�erent data objects [LKG94]. We will discuss
the temporal relationships between media objects in depth throughout this
section.

The initiator of multimedia orchestrations or multimedia query may not,
and should not, have the temporal speci�cations among all the participating
objects before the starting point of the teleorchestra. Despite the lack of this
inter-related temporal information, very complex temporal relationships can
be required among media objects [LKG94]. For example, a user may specify
a fuzzy scenario, such as object X needs to be played during the playout of
object Y . This scenario does not determine the length of the playout of the
object X. It does not determine precisely either the starting or the ending
point of objectX. One can infer from this scenario that object Y has a longer
lifetime than X, and Y starts before X and ends after X. In our model, it
is the synchronization agent's responsibility to map the fuzzy scenario into
more accurate ones.

Steinmetz in [Ste92] discusses the relative synchronization operations
which include imprecise and relative temporal requirements among the par-
ticipating objects. In contrast to the absolute synchronization operation,
the relative synchronization operation is described only by certain references
without explicit time parameters, such as the starting and ending points.
Nevertheless, the relative synchronization requirements have to be trans-
formed into absolute synchronization requirements [Ste92]. In [WWR95],
the TIEMPO environment is described through which the authors model
the e�ect of users' interactions on the temporal layout of multimedia titles.
TIEMPO discusses the need for temporal interactions which a�ect the �nal
presentation schedule at run time. TIEMPO assumes accurate temporal
layout. In this paper, in addition to the user's interaction in
uence on the
multimedia layout, we also consider the case where the schedule itself could
be fuzzy. We provide a speci�cation model to support the transformation
from fuzzy into accurate speci�cations. Our model is based on the temporal-
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interval relations and IPNs.

4.1 Temporal Intervals in Multimedia Teleorchestra

and Query

Time can be speci�ed in two ways: as a point in time or as an interval.
Multimedia objects always have durations in their playout. As a result, the
notion of temporal interval is taken as the primitive in our model.

A temporal interval is a non-zero duration of time whereas, a time instant
is a zero-length time duration (e.g., \9:00 AM"). A simple logic of temporal
interval is introduced in [All83].

Figure 7 gives an example of temporal relationships existing among data
objects in a teleorchestra. In this example, several distributed media objects
are involved in a scenario. The scenario starts with a picture P1. When
P1 �nishes, picture P2, text T1, and audio A1 objects start simultaneously.
After �nishing P2, a video clip V 1 begins. The playout of V 1 overlaps with
that of T1, and V 1 occurs during A1 playout. When A1 �nishes, another
video clip ,V 2, starts which is followed by the audio object A2.

Media
Type

Image

Text

Video

Audio

Time

P1 P2

T1

 V1 V2

A1 A2

Figure 7: An example of temporal relations in multimedia scenario.

According to Allen [All83], there are thirteen di�erent temporal relation-
ships (seven original with their associated inverses). These relationships, as
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shown in Figure 8, are before, meet, equal, overlap, during, start, and �nish
with their corresponding inverses.

Relation Pictorial Example Symbol Inverse

X Before Y

X Meets Y

X Equals Y

X Overlaps Y

X During Y

X Starts Y

X Finishes Y

X Y

X

X

X

X

X

X

Y

Y

Y

Y

Y

Y

X (b) Y

X (m) Y

X (e) Y

X (o) Y

X (d) Y

X (s) Y

X (f) y

X (bi) Y

X (mi) Y

X (ei) Y

X (oi) Y

X (di) Y

X (si) Y

X (fi) y

Figure 8: The temporal relationships.

Based on Figure 8, the scenario in Figure 7 can be modeled by the tem-
poral chart shown in Figure 9.

Now we can represent the temporal chart speci�ed in Figure 9 by the
following temporal relation:

[f(P1)(m)f(P2)(s)f(T1)(s)(A1)ggg ^ f(T1)(o)(V 1)g ^ f(V 1)(d)(A1)g
^ f(A1)(m)f(V 2)(m)(A2)gg].

Multimedia teleorchestration needs to be 
exible in order to allow the
designer to choose the time frame (interval) of the playout of the teleorches-
tra playout. For example, a user could specify (choose) that one needs the
teleorchestra to be con�ned to the length of certain object(s). MediaWare
supports the choose function as a meta-relation between related objects. The

17



P1 P2
T1

V1
A1

V2
A2

τ1

Figure 9: The Temporal Chart for the Teleorchestra.

following example illustrates the speci�cation of the choose function:

Example with the choose function: Assume that a multimedia teleorches-
tra is composed according to the temporal relationships as speci�ed in
Figure 10. The teleorchestra includes the following objects: a text
object (T1), two video objects (V1 and V2), and an audio object (A1).
The text object (T1) starts the scenario. The playout of the text ob-
ject (T1) includes the playouts of the video objects (V1 and V2) , and
overlaps with the playout of the audio object (A1).

Media
Type

Text

Video

Audio

Time

T1

 V1 V2

A1

ts tf

Figure 10: A Multimedia Teleorchestra with the Choose Function.

The above temporal relations can be expressed as:

[f(V 1)(m)(V 2)g(d)f(T1)g ^ f(T1)(o)(A1)g].

Now assume that a certain user requires the playout of these objects
(T1, V1, V2, and A1 ) be con�ned to the playout time of the two video
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objects (V1 and V2). Therefore, the playout of the text object `T1'
before `ts' as well as the playouts of `T1' and `A1' after `tf ' will be
skipped. As such, we can transform the above choose relationship (ch)
as follows:

ch[f(V 1)(m)(V 2)g(d)f(T1)g^f(T1)(o)(A1)g] = [f(V 1)(m)(V 2)g(e)f(T1)g^
f(T1)(f)(A1)g].

Note that the interval (T1) in f(T1) (f) (A1)g is the new interval (T1),
which is equal to the interval f(V1) (m) (V2)g.

In general, the choose function can be replaced equivalently with other
temporal functions according to the following theorem.

Theorem 4.1 Let the interval `X' be associated with the interval `Y' with a
relation (r), i.e. X (r) Y, and the choose function speci�ed as ch(X(r)Y ) =
X. Then, the choose function can be replaced according to the following10:

1. ch(X(d)Y ) = X =) X(e)Y ,

2. ch(X(f)Y ) = X =) X (e) Y,

3. ch(X(m)Y ) = X =) X,

4. ch(X(b)Y ) = X =) X,

5. ch(X(e)Y ) = X =) X (e) Y, and

6. ch(X(o)Y ) = X =) X (f) Y.

Based on the above discussion, in the following we provide our approach
to model the temporal speci�cations among multimedia objects.

4.2 Modeling the Temporal Intervals and Synchroniza-

tion Agents

In our model, we associate a time interval with a place. When a token enters
a place, it will be in the locked state within the interval associated with that
place.

Before we proceed with the modeling of temporal relations, let us enu-
merate the following conventions:

10The proof is provided in Appendix A.
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� The interval in IPNs, representing the playout of the media object, is
rendered by producing tokens, which correspond closely to real-world
situations.

� The time delay assigned to a transition is represented by �. As a naming
convention, if � equals zero, it is not shown on the IPNs model.

� Tokens have three di�erent types: x; y; and � . The x (y) is the duration
length of the playout of the X (Y ) media object, where � is the length
of the intermission period.

� When the temporal speci�cations are not precisely de�ned, tokens (x; y;
and � ) are represented by an empty token (e). For example, the meet
relation (X (m) Y) does not impose any temporal speci�cation of X 0s
starting or Y 0s ending points. Therefore, the duration length, X, is
not well de�ned; it can be represented by the empty token (e). A small
playout interval, �, is associated with the empty token.

� In the case of an empty token (e), the playout duration is not pre-
determined; therefore, the token needs to be returned back to its orig-
inal place to guarantee the playout progress.

� The arc label function may include a condition. We represent that
by equating the token variable with a speci�ed condition value. For
example, < X >= e means that if the variable X equals the empty
token, e, then the arc carries that token to its output place.

� Each temporal relation has a certain implication (constraint) associ-
ated with it. For example, the relation XbeforeY implies that the
intermission period between X and Y must be greater than zero.

� Our IPN model has a dynamic behavior. It is capable of modeling both
fuzzy and precise temporal speci�cations. For example, if the interval
X equals `5' minutes, as a precise speci�cation, the interoperable virtual
connection protocol will pass this value on to the media source object.
Consequently, according to the source �ring rate, !, the source will
produce d5 � 60=!e tokens. In case of the fuzzy speci�cation, however,
the synchronization agent keeps producing the empty tokens (e), each
of which has a small playout period, �. The empty token is then passed

20



to the source media object to produce one token. The 
ow of the
empty tokens continues as long as the presentation (teleorchestra) is in
progress.

Based on the above conventions and the IPNs' �ring rules stated earlier,
in the following we present the IPN modeling of the synchronization agents.

X before Y Figure 11 represents an IPNmodel of the synchronization agent
for the temporal relation, XbeforeY (x (b) y). This model represents
the speci�cation of the XbeforeY agent's implementation.

<

τ 

Xsource, Ysource><X,Y,

Ysource><Y, τ, 

I

τ =e
Continue τ 

>

continueX
<X, Xsource>

<X>=e

A

B

finishYe

cont.Y <Y,Ysource>

<X, Xsource>

finishτ 

<Y>=e

τ ,2

<X>=e2 finishXe
δ= X

<X> != e

Ysource><X,Y,τ, 

finishX

Figure 11: An IPNs model of x (b) y.

As an initial marking, two tokens of < x; y; �;Xsource; Y source >
colors will be placed at place A. If the duration x is precisely speci�ed
(not empty), then it will be put on the output port interface (place
seeker). After a delay � = x, transition finishX �res and moves a
token into place � (the intermission playout). However, if x is not
precisely speci�ed (fuzzy, i.e., x = e), a small interval, �, is assigned to
the token x to be passed to the output port interface. The transition,
continueX, keeps �ring as long as the X playout is in progress. When
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X playout �nishes, the transition finishXe �res and moves two tokens
from place A into place � .

At place � , if the intermission period is well determined, then I� is
speci�ed accordingly. Otherwise, I� is assigned a small value, �, and
the transition Continue� continues to �re as long as the intermission
period is in progress. Whenever the intermission period is over, the
transition finish� �res placing a token with y value into the place B.
Similar to < x >, the < y > token is processed and placed into the
output port interface (place seeker).

Placing a token on the output port interface promotes the interface
from the normal state into the excitation state. This makes the output
port interface ready to deliver that data to its destination speci�ed by
Xsource or Y source.

The modeling of the media source object X or Y is shown in Figure 12.
According to the IVCP, there will be a virtual connection between

ts

<X>

[Loc=my_machine]

ω

S

ωX/

Figure 12: An IPNs model of a media source.

the < X;Xsource > (< Y; Y source >) output port interface in the
temporal relation object shown in Figure 11, and the < X > (< Y >)
input port interface of the media object shown in Figure 12. The
IVCP moves tokens from the output port interface into the input port
interface. The number of tokens placed into place S is determined
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according to the dx=!e(dy=!e) value, where ! is the device �ring rate.
For example, if X is a video device, then ! = 1

30
. This keeps �ring the

transition ts, as long as there are tokens in place S, and produces output
data (frames) for further processing at the target (display) device.

X during Y Figure 13 depicts the synchronization agent which controls
the source objects, X and Y , where the temporal relation between the
playout of the object X is during the playout of the object Y .

<

τ Xsource>

Xsource, Ysource>

<X,Y,τ, 

<Y,Ysource>

<X,τ, I

τ =e
Cont. τ 

>

e

finishYe

cont.Y
<Y, Ysource>

<Y>=e

B

A

finishXe

cont.X <X,Xsource>

<Y, Ysource>

finishτ 

<X>=e

Figure 13: An IPNs model of x (d) y.

Firing the start transition puts a token with the color < y; Y source >
which arrives at the place B and another token with the color <
x; �;Xsource > at the place � . While the intermission period � is
in progress, B produces tokens for processing. After the intermission
period expires (�nishes), the A place starts producing the control to-
kens for the media source object X.

By the temporal implications inherited from the during relation, the
intermission period � should be greater than zero and �+x is less than
y.

The modeling of the meet, equal, overlap, start, and �nish relations
can be found in Appendix B.
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Based on the above modeling, we present the following example to il-
lustrate the usage of the synchronization agents. The example shows the
representation of precise and fuzzy speci�cations of the temporal intervals.

Example 1: A client speci�es the following temporal scenario for a presen-
tation: \play a video object during the playout of an audio object, the
video object starts at `10:00 AM' for `5' minutes, while the audio object
starts at `9:55 AM' for `15' minutes".

This scenario is precisely speci�ed, and the temporal relations and in-
tervals are well identi�ed between the audio object (X) and the video
object (Y). The time chart shown in Figure 14 depicts the correspond-
ing temporal speci�cations.

Media
Type

Video

Audio

Time

 V1

A1

9:55 10:00 10:05 10:10

Figure 14: The time chart of the temporal relation example.

In Figure 14, the interval Y = 15 minutes, X = 5 minutes, and the
intermission period �s = 5 minutes.

In Figure 13, the starting token at the source place has the color value
of <15, 5, 5, Xsource, Ysource>. When the transition start �res,
it puts a token, < 5; 5;Xsource >, into place � , and puts another
token, < 15; Y source >, into place B. This �res the transition cont:Y
and puts the token, < 15; Y source >, into the output port interface.
Consequently, this promotes the place seeker into the excitation state.
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According to the IVCP, there will be a connection between the out-
put port interface and the source input port interface (shown in Figure
12). Let us assume that ! is 1=20 for the Y (audio) object. There-
fore, when the input port interface receives the token, < 15 >, it puts
(15)(20)(60) = 18000 tokens into place S. This produces `18000' seg-
ments of audio objects for processing. Tokens represent the real data
stream arrivals in real-time systems.

After the intermission period �nishes, the transition finish� �res and
puts the token, < 5 >, into place A. This �res the transition cont:X,
and moves the token, < 5 >, into the output port interface. This, in
turn, promotes the place seeker into the excitation state with a token
color of < 5;Xsource >. This token speci�es the playout interval and
the media source address, Xsource. This token is moved by the IVCP
into the media source input port interface. Assume ! = 1=30 for the
video object (device), therefore, (5)(30)(60) = 900 tokens, correspond-
ing to `900' frames, will be put into place S for processing.

In the above discussion, we explained an accurately speci�ed temporal
relation between the two objects. However, if the user does not specify
the x and y durations, the starting token put into the source place
has the color value of < e; e; e;Xsource; Y source >. Firing the start
transition will move a token with a color value of < e; Y source > into
place B, and a token with a color value of < e; e;Xsource > into place
� . For instance, let us take theB direction (the lower part of Figure 13).
The transition cont:Y continues �ring and producing < e; Y source >
tokens and places them into the output port interface. This promotes
the output port interface into the excitation state. When the virtual
connection is established, according to IVCP, the stream of < e >
tokens continues to 
ow into place S at the media source object. When
the user �nishes the playout of the Y object, the synchronization agent
stops producing empty tokens (e), and therefore, the virtual connection
will be disconnected.

Example 2 This example deals partially with the scenario speci�ed in �gure7.
The discussion below describes the what takes place at each point in
time.

� At t=0, image 1 is started for P1 duration. The image is pro-
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duced by the image source object as speci�ed by Figure12 with
dX=!e equals P1. At t=0 also the x (m) y object, speci�ed in
Figure21 will be instantiated with X=P1, Xsource=the address of
the image 1 object, Y=P2, and Y source will be determined later.
Finally, at t=0 there will be a virtual connection between the
< X;Xsource > interface in Figure21 and the < X > interface
in Figure12.

� At t=P1, three source the image P2, the text T1, and the audio
A1 objects will be launched. An x(s) y object will be started.
This object, however, has three branches not two as speci�ed in
Figure24. The IVCP will group these objects in one group and
that will determine the above Y source variable in the x (m) y
object. According to the IVCP, there will be a virtual connection
between Y source and the grouped object.

Similar activities will take place at t = P1 + P2 since P2 meets
V1, and at t = P1 + A1 since A1 meets V2, and �nally at t = P1
+ A1 + V2 since V2 meets A2.

In the above examples, we showed that our synchronization agent model for
the temporal relations among media objects is 
exible and rich enough to
deal with relative (fuzzy) and absolute temporal requirements. The synchro-
nization agents have several advantages including the transformation of fuzzy
temporal speci�cations into more accurate ones. It helps creating more sim-
ple user interface to schedule multimedia scenarios and titles. The authors
are working on the visual synchronization language which uses the synchro-
nization agents to transform a gantt chart scenario into temporal relationship
model which in turn enact the synchronization agents. Finally the synchro-
nization agents facilitate users' interactions with multimedia scenarios and
titles and help creating interactive timely-based applications.

5 Conclusion

In this paper, we have introduced the synchronization agents as \smart"
objects to synchronize and schedule distributed multimedia scenarios. We
showed through examples that the synchronization agent is capable of deal-
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ing with absolute and fuzzy temporal speci�cations. It is the agent's respon-
sibility to map the fuzzy speci�cations into more accurate ones.

The paper includes a description of all the temporal relations and the
corresponding synchronization agents. We used the Interoperable Petri Nets
(IPNs) for modeling and specifying the synchronization requirements and
temporal relationships among distributed multimedia objects. The imple-
mentation of the synchronization agents is based on the IPNs' speci�cations.

We are using the distributed objects as speci�ed by CORBA [Gro92] to
implement the agents. CORBA provides Dynamic Invocation Interface (DII)
capabilities which allows an application to issue requests for an object inter-
face even if that interface was unknown at the compilation time. Invocations
can be constructed at run time. We took advantage of this feature to build
our temporal scenarios as described in the above example. CORBA, how-
ever, adds some performance degradation. In addition, The port interfaces
discussed earlier are represented by the Interface De�nition Language (IDL).
It is our intention to produce a synchronization library which can be included
in any multimedia application.
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Appendix A: Theorem 4.1 Proof

Proof: 1. ch(X(d)Y ) = X =) X(e)Y . As shown in Figure 15, the re-
maining playout length of the `Y' interval after cutting its playout
before `ts' and after `tf ' is equal to the playout length of the `X'
(X (e) Y).

X

Y

ts tf

Figure 15: A Representation of ch(X(d)Y ) =) X(e)Y .

2. ch(X(f)Y ) = X =) X(e)Y . As shown in Figure 16, the re-
maining playout length of the `Y' interval after cutting its playout
before `ts' is equal to the playout length of the `X' (X (e) Y).

X

Y

ts

Figure 16: A Representation of ch(X(f)Y ) = X =) X(e)Y .

3. ch(X(m)Y ) = X =) X. As shown in Figure 17, the entire
playout of the `Y' interval needs to be cut. Therefore, the entire
playout is equal to the playout length of the `X' object (X), only.

X Y

ts tf

Figure 17: A Representation of ch(X(m)Y ) = X =) X:
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4. ch(X(b)Y ) = X =) X. As shown in Figure 18, the entire playout
of the `Y' interval needs to be cut. Therefore, the entire playout
is equal to the playout length of the `X' object (X), only.

X Y

ts tf

τ

Figure 18: A Representation of ch(X(b)Y ) = X =) X.

5. ch(X(e)Y ) = X =) X(e)Y . As shown in Figure 19, there is no
need for any transformation.

X

ts tfY

Figure 19: A Representation of ch(X(e)Y ) = X =) X(e)Y .

6. ch(X(o)Y ) = X =) X(f)Y . As shown in Figure 20, by cutting
the playout of the `Y' interval after the time `tf ', the remaining
playout of the `Y' interval �nishes at the same time as `X' (similar
to Figure 16). Q.E.D.
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X

ts tf

Y

(a)

ts tf

X

τ

Y - τ

(b)

Figure 20: A Representation of ch(X(o)Y ) = X =) X(f)Y .

Appendix B: Modeling of Some Temporal Re-

lations

X meets Y X meets y (x (m) y) is a special case of `x before y' relation,
where the intermission period, � , equals zero.

Figure 21 models the relation x (m) y.

The same discussion of `x before y' applies here.

X equals Y Figure 22, below, depicts the IPN modeling of the `x equals y',
x (e) y, synchronization agent.

Since x equals y, only one token with the < x; y;Xsource; Y source >
color is placed into the place shown in the �gure. If x is precisely spec-
i�ed (not fuzzy), then the transition continueX �res and puts a token
in both output port interfaces (place seekers). Similar to the previous
discussion, virtual connections take place between these output and
input port interfaces of the corresponding media sources.

X overlaps Y Figure 23, shown below, depicts the IPN modeling of the `x
overlaps y', x (o) y, synchronization agent.
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Xsource, Ysource><X,Y,

Ysource><Y,

cont.X
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finishX

Figure 21: An IPNs model of x (m) y.

Xsource, Ysource><X,Y, continueX

<X, Xsource>

<X>=e

A
<Y,Ysource>

<X, Xsource>

<X>=e

finishXe

<Y, Ysource>

Figure 22: An IPNs model of x (e) y.
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finishτ 
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Figure 23: An IPNs model of x (o) y.

When a token with the color < x;Xsource > arrives at the place
A, a token with the color < y; �; Y source > arrives at the � place.
While the intermission period is in progress, A produces tokens for
processing. After the intermission period expires (�nishes), the B place
starts producing the control tokens for the media source object Y .

By the temporal implications (constraints) inherited from the overlap
relation, the intermission period � should be less than x and � + y is
larger than x.

X starts Y Figure 24 represents an IPNs model of the synchronization
agent which controls the media objects, X and Y , where the playout
of the object X starts at the same time as Y 0s.

When a token with the color < x;Xsource > arrives at the place A,
simultaneously, a token with the color < y; Y source > arrives at the
place B. This will start producing the control tokens for both X and
Y media sources.

By the temporal implications (constraints) inherited from the start
relation, y > x, makes the playout of the object Y last longer than
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Xsource>
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<Y,Ysource>

<X,

e

finishYe

cont.Y
<Y, Ysource>

<Y>=e

B

A

finishXe

cont.X <X,Xsource>

<Y, Ysource>

<X>=e

<X,Xsource>e

Figure 24: An IPNs model of x (s) y.

that of the object X.

X �nishes Y Figure 25 represents an IPNs model of the synchronization
agent which controls the media objects, X and Y , where the temporal
relation between the playout of the objects X �nishes the playout of
the object Y (x (f) y).

When a token with the color < x;Xsource > arrives at the place A
after �nishing the playout of the intermission period, � , the place B
is already producing the control tokens. When the playouts of objects
X and Y �nish, the transition finishXeY e �res. This enforces the
�nishing of both playouts at the same time, especially by applying the
strict �ring rule stated earlier.

According to the temporal implication of the �nish relation, � > 0, this
makes the playout of the object Y last longer than that of theX object,
but both �nish at the same time. It is clear that the IPNs model of `x
(f) y' is similar to that for `x (d) y'. The only di�erence is the ending
points of objects X and Y .
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Figure 25: IPN Model of x (f) y.
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