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Abstract 

State-of-the-art in implementing multimedia applications is their development 
"from scratch". Application programmers have to re-implement common func
tions, such as communication control, anew for each multimedia application. To 
overcome the inefficiency, functions common to different networked multimedia 
applications (the so-caUed midd]eware) should be provided via application-ori
ented programming abstractions. Based on our Multimedia Reference Mode] as an 
overaU conceptual framework we focus on an important midd]eware part, caned 
session management and control (SMC). It realizes functions to unify and simplify 
the usage of data processing and data transfer capabiJities of the basic communica
tion and operating systems. We explain concepts and motivation of the basic SMC 
functionaJity and iHustrate them by an example scenario. 
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1 INTRODUCTION 

Advances in computer and communication technology have enabled the integration 
of digital audio and video in various fields of applications, leading to the emer
gence of so-called multimedia applications. Current multimedia applications are 
either local, single-user systems like computer games and CD-i applications or, if 
networked, restricted to a certain class of applications like video-on-demand, or 
tele-shopping. In the future, networked multi-user multimedia applications with a 
high degree of interactivity will emerge. Examples for such applications are net
worked tele-diagnosis, tele-teaching or tele-collaboration applications, as well as 
distributed multi-user games, or news editing tools for digital TV studios with dis
tributed components like journalist workstations, video servers, and special effect 
rendering machines. 

State-of-the-art in implementing multimedia applications is their development 
"from scratch", i.e. directly on top of basic communication and operating system 
functions. Application programmers have to re-implement common functions, such 
as communication control or quality of service handling, anew for each multimedia 
application instead of being able to concentrate on the core application logic itself. 
This is time consuming and inefficient. The solution is obvious: Functions common 
to different networked multimedia applications should be provided via application
oriented programming abstractions. 

These application-oriented functions (often referred to as middleware) close the 
gap between the functionality offered by basic communication and operating sys
tems and the requirements of interactive, distributed multi-user multimedia appli
cations. The following generic functions are among the essential ones needed for 
networked multi-user multimedia applications: 

- configuring of multimedia communication and processing topologies, 
- communication and coordination of mUltiple concurrent application entities, 
- negotiating quality of service requirements and reserving resources, 
- controlling and synchronizing data streams. 

For complex systems, such as networked multimedia systems, an overall concep
tual framework is strongly needed that allows to offer different views to end users, 
application designers, providers, and operators. In chapter 2 we shortly discuss our 
Multimedia Reference Model. 

Session management and control is an important middleware part in this model 
covering the usage of data processing and data transfer capabilities of basic com
munication and operating systems. In chapter 3 we explain the basic terminology to 
embed SMC into the context of multimedia systems. 

For the cooperation with applications we developed a session management and 
control application programming interface focused on in this paper. In the main 
part we explain motivation and concepts of the different groups of SMC operations. 
Finally we show the usage by an example scenario. 
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2 THE MULTIMEDIA REFERENCE MODEL: A FRAMEWORK 

For complex systems, such as networked multimedia systems, an overall concep
tual framework is strongly needed. Different views have to be offered to end users, 
application designers, providers, and operators. In [3] we introduced the Multime
dia Reference Model (see figure 1) by applying the modelling technique of the 
Intelligent Network Conceptual Model (INCM) based on our experiences with the 
realization of IN concepts (as shown e.g. for the service creation environment 
PHIDES [1] and the Open Switching platform [2]) . 

• 

" " realized by 
r-~----~r---------,,~----------~--------~ 

" " 

signalling 

protocol 

Figure 1: Multimedia Reference Model 

Physical 
Plane 

The Application Plane describes the end user's view to the offered applications. 
Examples for such applications are tele-diagnosis, tele-shopping, interactive TV 
shows, video on demand, or multi-user games. 
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The Global Feature Plane defines the application building blocks (ABB) neces
sary to construct the networked, interactive, multi-user, multimedia applications 
described on the Application Plane. Those ABBs are combined to construct the 
application logic. The basic ABB for underlying multimedia communication is the 
communication control ABB. 

The Distributed Functional Plane (DFP) describes a functional architecture con
structed of functional entities and their cooperation protocols, which are needed to 
provide the functionality for the application building blocks of the global feature 
plane. Session management and control is a basic functional entity. 

The Physical Plane describes possible distribution scenarios that can reach from 
centralized realization of single-vendor solutions to the maximum distribution 
where every functional entity of the DFP is realized on one physical end-system. 

3 BASIC TERMS OF SESSION MANAGEMENT AND CONTROL 

As mentioned above, application-oriented (middleware) functions offered via a 
generic application programming interface enable application programmers to effi
ciently use the basic capabilities of the physical network in their applications with
out detailed knowledge of the implementation or of the intrinsics of the underlying 
communication infrastructure. 

Session management and control (SMC) is an important middleware function on 
the DFP in our model. It covers the functionality to unify and simplify the usage of 
data processing and data transfer capabilities of the physical network components 
("physical layer"). That means, the SMC is a distributed software on top of the 
basic communication and operating systems forming the physical layer. The man
agement part of SMC refers to functions to configure data processing and data 
transfer entities in the sense of making them known to SMC, defining their 
attributes, or removing them from the control of SMC. The control part of SMC is 
concerned with functions provided to unify and simplify the runtime control of 
these entities. 

The term application denotes software in the overall system that invokes SMC 
(middleware) functions during run-time to trigger and control the required data 
processing and data transfer actions in the physical network components. In the 
DFP, applications are represented by application control functions (ACFs) that 
are application parts realizing the interaction with the middleware. An ACF is con
sidered to be an addresseable piece of software allocated on a single, well-defined 
end-system (see below). Each ACF may act on behalf of a user. However, in view 
of SMC, a user is (only) represented by a unique identity in relation to the ACF 

The total amount of SMC functions provided to ACFs is collected in the session 
management and control application programming interface (SMC·API). The 
interaction between SMC and ACFs, consisting of SMC function invocations from 
the applications and their corresponding responses as well as possible notifications 
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from the SMC, is defined by the session management and control application 
protocol (SMCAP). 

Figure 2: Placement of the SMC-API in Multimedia Reference Model 

To keep the relationship between ACF/SMC interactions, the session concept as 
administrative wrapper for an (application) context is introduced. For this, the 
SMC-API contains functions to create, protect, modify, and release - i.e. to admin
istrate - sessions (see chapter 4.1). For each session, a set of data called session 
profile is stored and maintained by SMC. 

In figure 2 the embedding of the SMCAP in the DFP is shown. In the physical 
plane, we consider networks consisting of interconnected end-systems. End-sys
tems are well-defined, separated, and addresseable pieces of hardware where both 
the software realizing the data processing and data transfer functions and the SMC 
software is running and/or the software realizing the ACFs. Examples for end
systems can be a PC connected to the network as well as a set-top box. 
An application entity should normally communicate with a local (or at least a well
defined) SMC entity. 
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4 SMC·APIOPERATIONS 

In the following, we explain motivation and concepts of the different groups of 
SMC-API operations. These are: 

• functions to administrate (i.e. create, inquire, etc.) sessions (chapter 4.1), 

• functions to handle multimedia processing topologies (chapter 4.2), 

• functions to negotiate quality of service contracts (chapter 4.3), 

• stream handling functions to control data transfer and processing during run
time (chapter 4.4), 

• further, only shortly considered function groups are (chapter 4.5) 
- functions for application concurrency and coordination support, 
- functions to support communication among application entities, 
- functions to access the operational interfaces of processing entities, 
- functions for session event handling, 
- SMC management. 

An example scenario (chapter 5) concludes this overview. 

4.1 Session Administration Operations 

A basic SMC task is storing and maintaining the context in which its functions are 
called. For this, the session concept as administrative wrapper for the relationship 
between all interactions concerning this context is introduced. Based on this con
cept. the following SMC functionality has to be provided: 

• Creating a session 

A session is created after a corresponding request from an ACF. In response, the 
SMC sends back the unique session identifier to be the common identification 
means for all interactions between ACFs and SMC belonging to the same (session) 
context. The ACF may optionally provide a session name by which the session can 
be identified by other ACFs without knowing the session identifier. The ACF creat
ing a session becomes its session master. The role of the session master (and the 
related rights) may be passed and shared among ACFs. There must always be at 
least one session master. A session without any session master (e.g. if the (last) ses
sion master leaves the session by error) is automatically shut down by SMC. 

• Adding, removing, and authenticating participants of sessions 

An ACF is a participant of a session if it has been explicitly registered. Multiple 
ACFs can participate in a session. As soon as the session is created by the session 
master ACF (this is the first participant) and as long as the session exists, other 
ACFs may enter the session. The actual list of participants of a session is main
tained in the session profile. An end-system is considered to be participating in a 
session as soon as one ACF located on the end-system is participating in the ses
sion. Removing an end-system from a session means to remove all ACFs located 
on this end-system from the session. 
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• Inquiring sessions 

In general, an ACF can query SMC concerning information about sessions and 
their attributes with or without being registered in any session. Inquiries may con
cern all sessions in progress (session directory), sessions on a specific end-system 
or sessions where a specific ACF is participating in etc. The SMC-API may offer 
inquiry functions. Another solution could be read-only interface to the session pro
file database. 

• Protecting sessions 

The execution of an SMCfunction (requested by an ACF) may be protected 
depending on the status of the calling ACF/user and the status of the session. Pro
tection procedures (as password authentication or check of global rights or credit 
limits) are performed by a security handling function that is an function outside 
SMC. If SMC is requested to perform a protected function then it invokes the secu
rity controller to check or authenticate the user which the requesting ACF acts on 
behalf of. Only if the security handler responds that the check or authentication has 
been successful, the SMC function will be invoked. 

• Merging and splitting of sessions 

If two different sessions are merged then the lists of participants are merged and all 
previous session masters share the session mastership of the new session. 

If an existing session shall be split into two new sessions the session master has to 
provide the two new lists of session participants and the new session masters, and 
both processing topologies of the new sessions (see chapter 4.2). 

• Releasing a session 

A session is pulled down by SMC if 
- a session master sends a corresponding request, 
- timer conditions are met (e.g. concerning the last ACF request), or 
- the only session master leaves the session (e.g. by a system fault). 

SMC then releases all existing processing topologies in the session (see chapter 
4.2), broadcasts a shut-down notification to all session participants, and deletes the 
session profile. 

4.2 Processing Topology Handling Functions 

The basic target of SMC is to unify and simplify the usage of multimedia data 
processing and data transfer capabilities. For this, SMC-API functions are provided 
to define and manage processing topologies for multimedia data in terms of creat
ing, changing or removing processing entities and their interconnecting communi
cation paths in the context of sessions. The definition of these functions is based on 
abstractions of the physical layer given in chapter 4.2.1 extending the work intro
duced in [3]. 



Control for intelligent multimedia networks 47 

An ACF defining a processing topology and one or more data processing entities of 
this topology may run on the same end-system (PC or workstation). The difference 
between them is that the ACF only controls the data processing (via SMC) while at 
the data processing entity the processing of the multimedia data is performed. So 
for example, the ACF could look like a console/icon-bar for originating (SMC
API) commands (e.g. by pressing buttons), while the processing entity (functional 
node) is the software receiving video data and presenting them in a window. 

4.2.1 Network Abstractions for Session Management and Control 

A data processing entity (DPE) is a piece of hard- and/or software that generates, 
transforms or consumes multimedia data and is involved in multimedia communi
cation (data transfer) with other DPEs. DPEs are located on end-systems. Exam
ples are video server, microphone or telephone. At the SMC-API, a DPE is 
abstracted by a functional node (FN). An FN is either a source, a sink, or a rela
tor. A source only generates data units. A sink only consumes data units. A rela
tor both consumes and generates data units. Examples are a microphone as source, 
a loudspeaker as sink of audio data, and an audio mixer as relator. 

D FN ~ medium o inutDAP • output DAP 

Figure 3: Processing Topology for a Multimedia Session 

Each FN has a number of data access points (DAP) to access the data. Depending 
on the direction of data movement, there exist input DAPs and output DAPs. FNs 
consume data units by reading them from input DAPs and produce data units by 
writing them to output DAPs. DAPs are typed with the type of data they are able to 
convey (e.g. audio or video). DAPs may support a single or multiple types. 
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A medium is the abstract representation of the data transfer functionality for mov
ing data from one OAP of an FN to another OAP of another FN. The data move
ment is uni-directional. Multiple media may originate from a single output OAP, 
while only exactly one medium may end at an input OAP. Multiple media may con
nect two FNs, e.g. audio and video. 

Based on these abstractions, a processing topology is a directed graph given by the 
directed interconnection of OAPs of functional nodes with media. An example is 
shown in figure 3. A data path is a path in a processing topology. Data paths 
always start at output OAPs, may go through relator nodes, and do always ends at 
an input OAP. A data flow is then the sequential chain of data units that is proc
essed and transferred on data paths. 

4.2.2 Defining and Realizing a Processing Topology 

Each ACF participating in a session can define any number of processing topolo
gies for the session by executing the following steps: 
1. create or join a session (see chapter 4.1). 
2. announce the new topology to SMC (that returns a unique processing topology 

identifier to be used as common identification means for all subsequent interac
tions concerning this topology). 

3. define the desired structure of the processing topology, i.e. the nodes and media 
of the topology, as well as stream control and synchronization relationships and 
QoS requirements. 

4. build up the topology in the actual session. 
5. activate and manage controlled streams in the processing topology. 

During life-time of a session an ACF can inquire the status of a processing topol
ogy (see chapter 4.1), change a topology by adding or removing FNs, re-negotiate 
QoS parameters (see chapter 4.3), or release a topology. 

All FNs and media being available for instantiation are stored in a SMC data base. 
The maintenance of this data base, e.g. if new data processing and transfer func
tions are introduced in the overall system (i.e. in the physical layer) is done by cor
responding management actions (see chapter 4.5.5). 

• Defining functional nodes for the topology graph 

Defining a node of a processing topology means to identify 
- the type of desired (data) processing function to be realized by the FN 
To get the unique type name of a processing function, an ACF may interact with 
a trader function. Trading is a typical middleware functionality outside SMC. 
- optionally, a name of the functional node 
A functional node name (unique within the session) can be used by (other) 
ACFs to get the unique identifier of this node from SMC and to avoid duplicate 
creation of the same node instance. 
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- optionally, the location (end-system) of the processing function 
The ACF can optionally define the end-system on which the processing func
tion (represented by the FN) shall be executed. If the ACF does not define a 
location, then SMC determines an appropriate end-system for the FN. 

According to this information, an instance of the processing function will be 
started up by SMC on the determined end-system when building up the processing 
topology (see below). 

• Defining mediafor the topology 

A medium is defined to get an identifier for a data path between two functional 
nodes and to provide quality of service (QoS) parameters, if no end-to-end QoS 
handling is realized for a complete data path (see chapter 4.3). 

• Defining the linkage of nodes with media 

In this definition step the nodes are interconnected by media. Data movement is 
directed, so for each medium the source node and the sink node are defined. Each 
input or output functionality of a node is addressed by a DAP. The actual instantia
tion of the communication paths abstracted by the media is performed during the 
build up of the topology. 

• Defining streams 

In the context of an application, the control of data processing and transfer func
tionality by ACFs may also be required during runtime, e.g. to interactively start! 
stop a data flow, to alter the speed of a data flow, to play it backwards, or to realize 
synchronization relationships between data flows. The SMC-API includes stream 
handling functions for such purposes. To prepare the usage of stream handling 
functions an ACF has to define the topology or relevant parts of it as stream. The 
details of SMC stream handling are described in chapter 4.4. 

• Building up processing topologies 

Having defined the structure of the desired processing topology, an ACF can 
request SMC to build up the topology, i.e. to actually instantiate the logical descrip
tion in the physical network. In that phase SMC starts up the processing functions 
represented by FNs, instantiates the DAPs. and establishes a network connection 
for each medium between FNs (this includes QoS negotiation and resource reserva
tion - see chapter 4.3). If there are no streams defined in the processing topology, 
SMC automatically lifts the blocking of the data generating or consuming func
tionality of the nodes, such that data transfer becomes active (it then cannot be fur
ther influenced via SMC for the complete life-time of the topology, typical 
application examples are telephone or videophone connections). If there are 
streams defined in the processing topology, then the stream control code at the FNs 
(for the desired stream control protocol used by SMC) is instantiated as needed 
(see chapter 4.4). 
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• Changing processing topologies 

To react on dynamic changes in the communication and processing settings of the 
related applications an ACF can add/remove nodes and/or media to/from a topol
ogy, or may re-negotiate QoS parameters. This is done in the same order as for the 
initial build up of the topology, i.e. the ACF first defines the changes (resulting in 
SMC database entries) and can then request to actually change the topology. 

There can also be automatic topology changes if an ACF leaves a session (by an 
explicit deregistration or by an erroneous crash). Then SMC automatically shuts 
down all topology parts belonging to this ACE 

• Releasing processing topologies 

A processing topology is pulled down by SMC if an ACF participating in the ses
sion sends a corresponding request, or the session the processing topology belongs 
to is released. To release a processing topology, SMC first blocks the data generat
ing or consuming functionality of the functional nodes, pulls down the network 
connections and releases the corresponding network resources. Then the functional 
nodes are shut down and, finally, the processing topology profile is deleted. SMC 
notifies the topology shut down to all session participants. 

4.3 QoS Negotiation and Resource Reservation Functions 

Quality of Service (QoS) determines the degree of satisfaction experienced by 
users of a (multimedia communication) service ([5]). On the highest level of 
abstraction, QoS may be described in terms of "audio in CD quality" or "video in 
VHS quality". At the application-middleware interface (i.e. at the SMC-API), 
generic QoS parameters will be negotiated like "sample rate" for audio or "colour 
resolution" for video. These parameters then have to be mapped in SMC onto 
requirements to the physical components like "bandwidth", "processing time", or 
"buffer size". 

In the definition phase for a processing topology (see chapter 4.2.2) the requesting 
ACF provides end-to-end QoS requirements referring to data paths or streams of 
the topology. Examples for possible QoS parameters that can be sent by an ACF 
are given below. In the build up phase of the topology SMC maps the QoS parame
ters received from the ACF to corresponding resource parameter and tries to 
reserve the required resources. End-to-end requirements influence both the data 
transfer on the related data paths and the data processing at the FNs. If the initial 
reservation fails, or in case of system performance degradation, or by an explicit 
ACF request, QoS (re-)negotiation between SMC and the ACF may be required. 

Note, QoS handling in general (including QoS specification, resource reservation, 
and QoS negotiation) is a field of great importance and effort both in the academi
cal and the technical world. However, comprehensive concepts and solutions are 
not yet available. So some parts of this area still remain for further study. 
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4.3.1 Media Types and QoS Parameters 

Figure 4 shows media types 1 with QoS parameters to be negotiated between ACF 
and SMC. The table is mainly taken from [6]. The ACF provides the required QoS 
parameters to SMC. There are three cases possible: 

• QoS parameters may be defined by range. SMC tries to reserve the resources 
necessary to guarantee the maximum value. Re-negotiation with the ACF is ini
tiated (on runtime) ifthe minimum value can be no longer guaranteed. 

• QoS parameters may also be defined minimum value. SMC tries to reserve the 
resources necessary to guarantee this minimum. Re-negotiation with the ACF is 
initiated by SMC (on runtime) if the minimum can be no longer guaranteed. 

• If an ACF does not define any value for a QoS parameter then a default value is 
used that is defined for each QoS parameter. SMC applies the default value as if 
the ACF had defined the QoS parameter only by a minimum value (see above). 

Media type QoS parameter Example values QuaHty characterization 

video frame rate 25 fps PAL 

60 fps HDTV 

frame size >176*144 MMCF QoS class I ("basic 
pixel multimedia applications" - [5]) 

colour resolution I bit/pixel black/white 

24 bits/pixel 16 million possible colours 

end-to-end delay <250ms MMCF QoS class 2 ([5]) 

audio sample size 8 bit telephone voice quality 

16 bit CD quality 

sample rate 44.1 kHz (for 16 bit sample size) 

end-to-end delay <150ms MMCF QoS class 3 ([5]) 

data bandwidth 2 Mbps e.g. for file transfer 

end-to-end delay <lOOms interactive data applications 

Figure 4: Medium types and QoS parameters 

Note, at a higher level of abstraction QoS could be defined by more intuitive terms 
like "low quality black/white video for browsing". Such a requirement could then 
be translated into the medium type "video" with e.g. "352*288 pixel, 1 bit/pixel 
colour, <Is delay, MPEG-l compression". However, we see the definition of such 
higher level (user) QoS types and the translation of them in the application layer, 
i.e . outside SMC. 

I. Note. we use the term "medium type" although the end-to-end QoS parameters in gen
eral refer to a data flow on a data path possibly via several media (with the same type). 
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4.3.2 Resource Reservation in the Physical Components 

In the build up phase of a processing topology SMC maps the QoS parameters 
received from the ACF to the corresponding resource parameter in the physical net
work and tries to reserve the required resources. Such network resource parameters 
are according to [6] bandwidth of the communication channels, buffer spaces, and 
CPU processing power. Before QoS parameters can be translated in such resource 
parameters there may be an intermediate translation within SMC into something 
like network QoS parameter and device QoS parameter, e.g. latency, bandwidth, 
delay, and jitter for any relevant data path as well as timing and throughput 
demands for the FNs. 

As a result of the negotiation the elements in the physical layer concerned with 
processing and communicating real-time critical data have reserved the required 
resources. This is notified to the ACE If the reservation fails, then this is notified to 
the ACF in order to start are-negotiation. 

Resource reservation in the physical components layer is for further study. 

4.3.3 QoS (Re-)Negotiation 

A (re-)negotiation of the QoS arrangements for a topology can be performed 
between SMC and ACF if the initial reservation fails, if the degradation of system 
performance makes it impossible to keep the guaranteed QoS, or after an explicit 
ACF request, if the QoS requirements on the application side have changed. In the 
former two cases SMC informs the ACF that re-negotiation is necessary by a ses
sion event notification (see chapter 4.5.4). 

The field of QoS re-negotiation is for further study. 

4.4 Stream Control and Synchronization Functions 

The SMC-API stream handling functions enable an ACF to control the data 
processing and transfer functionality of (parts of) a processing topology during 
runtime, e.g. to interactively start/stop a data flow, to alter speed/direction of a data 
flow, or to realize synchronization relationships between data flows and processing 
entities. Examples are the presentation/processing of data originating from any 
(digital) storage (e.g. to realize a video playback) or a synchronized video presenta
tion on several end-systems. 

Stream control functions concern parts (i.e. subgraphs) oftopologies. We call such 
a subgraph stream. To realize stream handling functions, SMC orchestrates and 
monitors the processing and transfer of data at all relevant FNs (e.g. by starting the 
output of a video server and the input of a video window). This requires SMC to 
control the timing of FN activations by using a stream control protocols. 

Stream handling requires advanced SMC-API concepts which we explain in the 
following. The concepts are partly taken from [7]. 
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4.4.1 Stream Control Concepts 

• Stream Control Identifier (SCI) 

When invoking an SMC-API stream handling function the requesting ACF has to 
identify the stream concerned by the function. For this, we introduce the stream 
control identifier (SCI) as generic identification means for stream handling func
tions. An SCI can have two semantics: 

- A sink SCI is defined by an input DAP identifier and refers to the topology 
part covering all data paths between output DAPs of source nodes and the 
input DAP used as SCI, i.e. a sink SCI concerns all FNs reached in upstream 
direction from the input DAP used as SCI. 

- A group SCI groups other (sink or group) SCIs in an SCI hierarchy. Such an 
SCI is used to control all related data paths (determined by the sink SCIs on 
the lowest hierarchy level) by single function calls (see chapter 4.4.2) and 
provides the means to define synchronization relationships among data flows 
on the related data paths (see below). 

SCIs are defined during the topology definition phase. Note, some stream handling 
functions require further rules to complete their invocation semantics. For example, 
to stop a stream identified by a sink SCI requires to stop just those of the relevant 
active output DAPs that are not active as source for other streams, such that a mul
ticast stream (from one source, e.g. a video server, to several sink nodes) can be 
stopped at one specific sink node, but kept at all other sink nodes. 

• Dimension Attributes of a Stream Content 

Basically, SMC controls the timing of functional nodes in streams. For this, an 
ACF has to define the temporal dimension of a controlled stream content (e.g. a 
file or a data flow captured from a camera). The dimension attributes of a control
led stream are described in the following. 

A stream content consists of a sequence of data units. Each data unit is associated 
with a time-stamp defining its positioning at a time axis. The succession of time
stamps describes the stream time (given as sequence numbers, e.g. video frame 
number, or time units relative to real-time, e.g. SMPTE time-stamps). For periodic 
streams the difference between succeeding time-stamps (AST) is fixed. For each 
stream a "normalized" presentation rate is defined that corresponds to the presenta
tion of the data flow with a speed of 1. The specification is given by the real-time 
duration aRT of the data units. This duration corresponds to the stream time dif
ference aST (see figure 5). The quotient between stream time and real time, i.e. 
aST/aRT is called ratio. If the stream content is a stored file then it is bounded, i.e. 
it has a first and a last data unit, called LB (lower bound) and UB (upper bound). 

Note, the dimension parameters refer to one stream content (e.g. a stored file) pre
sented at a sink FN. If the content changes (e.g. to another file), then it can be nec
essary to re-define the dimension parameters. 
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Figure 5: Attributes of a Stored Data Flow 

• The Normalized Real-TIme-Line (nRT) 

The basic means to enable synchronization of streams (e.g. audio/video synchroni
zation or synchronized play-out of the same content at different sinks) is the nor
malized real-time-Iine (nRT). This is a real-time-Iine with the default start point 
'0' . Each SCI has a normalized time-line. 

In the first step, the contents of a stream are aligned to the nRT of the sink SCI 
where they shall be presented (aligning a sequence of contents is the basics for 
play-lists). The alignment of contents is done by reference points, i.e. a point in 
the content's stream time referring to a point on the nRT. With the content's ratio, 
for each point in stream time the belonging point on the nRT can be calculated by 

mnRT = (mST-PST )' !~~ +PnRT (EI) 

where PST and P nRT define reference points and mST is a point in stream time for 
which the point mnRT on the nRT shall be calculated. 

The play-out at different sinks can be synchronized (e.g. audio and video, or video 
for cooperative viewing). For this, the nRTs of the sink SCls are synchronized via 
nRT of a group SCI grouping the sink SCls, i.e. sync relationships are implicitly 
defined. If e.g. audio and video contents are synchronized, both nRTs of the two 
sink SCls are synchronized to nRT of the SCI grouping these sink SCls by refer
ence points. 

• Presentation Attributes of a Stream 

When presenting a stream, the content's stream-time-line or the nRT to which the 
content is aligned and the time axis of global real-time are fixed with each other 
("start on 12hOO with frame I"). This is defined by the reference points between 
stream-timelnRT and global real-time, describing the presentation start point. 

To describe the temporal dimension of the stream presentation moreover the speed 
factor S of the presentation is needed. It describes the mapping between nRT and 
global real-time. A negative value defines a presentation in reverse direction. How 
speed values other than "I" are either achieved (e.g. by changing the data rate or by 
dropping/duplicating of data units) depends on the stream control protocol. 
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4.4.2 Stream Handling Functions 

• Controlling Stream Presentation 

SMC-API stream handling functions enable to control data flows during runtime 
by providing VCR like operations, e.g. to interactively start/stop a data flow, to 
seek in a stream content, or to change the speed of a data flow. 

If one of the corresponding stream handling function is invoked with an sink SCI as 
stream identifier then the related data path is determined as described above. If an 
SCI grouping other SCIs is used then the function is propagated through the com
plete (sub)hierarchy of this SCI and, therefore, executed for every data flow on a 
data path related to an sink SCI being a leaf of this hierarchy. In the simplest case 
(without a synchronization relationship) the propagation of such an invocation 
means to execute this function in parallel for all these data flows without any syn
chronization between the executions. 

• Synchronization of Data Flows 

To control different data paths in a synchronized manner, e.g. a video and an audio 
data flow basically means that at more than one input DAP data, transferred on the 
data paths, shall arrive synchronized to each other. For this, SMC supports the defi
nition of so called 'sync relationships' for sink SCIs. The definition of such rela
tionships is done as follows: 

- First, all related contents have to be aligned to their sink SCI's nRTs. 
- A group SCI for the related group of sink SCIs has to be introduced. 
- Then each of the sink SCI nRTs must be synchronized to the group SCI's 

nRT, i.e. one sync definition per sink SCI (for the related streaming concepts 
see chapter 4.4.1). 

SMC uses these attributes on runtime to propagate the related function invocations 
in an appropriate manner to guarantee the required synchronization parameters. 

• Handling of Compl)sed Streams 

Processing continuous data, such as in news studio environments, require runtime 
capabilities to concatenate and combine stream contents from different sources 
(files) to form a resulting data flow. We call the content parts clips and the resulting 
data flow composed stream. The latter is represented by a meta definition (also 
called 'Edit Decision List') which defines the temporal relationships between the 
clips, i.e. the order in which the clips are concatenated (and possibly special transi
tion effects between clips like overlaying). Furthermore, the meta definition con
tains the locations (servers) where the source files of the clips are stored. Note, in 
many cases, the meta definition is the only representation of a composed stream, 
i.e. this data flow is not actually stored as (new) data material, but has to be estab
lished on runtime. SMC provides the means to handle such meta definitions on 
runtime in a way that an ACF can control a composed stream via the SMC-API as 
if it were a single physical data flow. 
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4.5 Further SMC Function Groups 

4.5.1 ACF Concurrency and Coordination Support Functions 

In distributed applications, ACFs need means to coordinate and synchronize their 
concurrent actions. Examples are the synchronization of ACF states and the coordi
nation of access to resources. SMC offers concurrency and coordination support 
functions to provide powerful means for these purposes. The underlying concepts 
are mainly taken from the mUltipoint communication service specification in the 
T.120 standard series ([4]). The basic one is the concept of tokens. A token repre
sents an information item (e.g. an access right) in the context of an application. 
Tokens are created and specified by ACFs during runtime and can be grabbed, 
given back, or checked by ACFs. The possession of a token can be exclusive or 
non-exclusive. The semantics of a token is not visible to SMC. SMC only main
tains the existing tokens according to their specification and provides the functions 
enabling ACFs to create, request, take, pass, delete, ... tokens. 

4.5.2 ACF-ACF Communication Support Functions 

Application control functions are located on different end-systems. In the context 
of distributed applications, the ACFs need to be able to exchange information. This 
ACF-ACF communication is facilitated by the communication support functions of 
SMC enabling ACFs to send information items (e.g. a message string) via SMC to 
other ACFs. 

Before such a request both ACFs must be participants of the same session. The 
exception is sending information to a permanent application control function 
(PACF). A PACF is a specific ACF permanently waiting for SMC notifications. 
PACFs are necessary since, in general, ACFs are not permanently running on their 
end-systems. In the course of an application, it may be required for ACFs to invoke 
or inform other ACFs that are not yet running. At most one PACF exists on an end
system. A PACF is uniquely identified by its globally unique end-system address. 
Depending on the specific end-system a PACF belongs to, it has the capability to 
appropriately react on requests, e.g. to cause an ACF to join a session. 

SMC enables to address individual ACFs, the PACF of an end-system, all ACFs 
participating in a session, as well as predefined groups of ACFs. Speedy and 
ordered information delivery is supported by various transfer semantics, such as 
'unreliable delivery' and 'reliable FIFO delivery'. 

Note, the communication support functions are provided in addition to the process
ing topology handling functions as described in chapter 4.2. A separation of the 
ACF-ACF communication from the concepts for processing and transfer of multi
media data mainly results from the different layers of abstractions. ACF-ACF com
munication is among entities layered on top of SMC. In contrast, the multimedia 
data are transferred between the data processing entities (see figure 2). 
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4.5.3 ACF ·FN Communication Support Functions 

Communication among ACFs and functional nodes may be required, e.g. for 
directly controlling FN settings (e.g. to change window settings of a video sink, or 
to define parameters for a relator node performing overlaying effects). To enable 
ACF-FN communication, SMC provides the necessary address information to 
ACFs. The exchange of information between ACFs and FNs is outside SMC. It can 
be realized e.g. via CORBA mechanisms ([8]). 

4.5.4 Session Event Handling Functions 

In the context of an application, it might be important for an ACF to get informed 
about the occurrence of events concerning the status of a session. The SMC-API 
contains functions that enable an ACF to define events it wants to be informed 
about and corresponding notifications sent by SMC when such an event occurs. 
Session event handling can be based on an abstract model of state transitions within 
a session (by a finite state machine like the IN-Basic Call State Model) including a 
definition of all events that trigger a runtime notification by SMC. Examples are: 

• QoS degradation, i.e. if QoS descends below the guaranteed limiting value (e.g. 
the lower margin of the guaranteed QoS range). 

• Session administration notifications, like changing the session master. 
• Stream events, like reaching the end of a file. 
• Error events, like the crash of a processing entity. Error events may be automat-

ically notified to the session master ACF. 

4.5.5 Functions for SMC Management 

In an overall multimedia system, configuration management functionality is 
required to setup, configure, or delete entities both in the application and in the 
physical layer. This basically means to maintain the corresponding data bases, used 
e.g. by SMC, when new processing entities are installed or users are subscribed. 
The SMC management should include functions to define or remove data process
ing entities in the SMC environment, i.e. store/delete the corresponding data (like 
address information) in/from the relevant SMC data bases. Furthermore, it should 
enable introducing or removing ACFs in the SMC environment. 

5 EXAMPLE SCENARIO 

The example describes cooperative and synchronous viewing of a video. The same 
video is played out to two users at two different end-systems. Figure 6 shows the 
processing topology. The video is played out by a video server and transferred to 
two video sinks that are located on the end-systems of the users. The stream has an 
1 :n-multicast structure. Both users are enabled to manipulate the presentation of 
the video. Between the two data flows a sync relationship is defined to make sure 
both users view the same data at the same time. Figure 7 reflects the basic informa
tion flows. Of course, not all details of the example scenario can be shown. 
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Figure 6: Example Scenario - Cooperative Viewing of a Video 

The actions listed below refer to the boxes in figure 7. 
1. A user starts an application (represented by ACF '007') to view video files from 

a server. In the initial step a session is created. The only user interaction may 
happen to identify the desired video server. All the following steps (till action 8) 
are then done automatically by the ACF. 

2. SMC sets up the session, i.e. a session profile is created, the requesting ACF is 
stored as session master and first participant, and the initial attributes (e.g. 
'masterShare' is "true" to allow later cooperation) are stored. SMC generates a 
new session identifier and returns it to the ACF. 

3. The processing topology definitions for ACF '007' are done, i.e. the definition 
of the source functional node and the sink node on the end-system (PC) of ACF 
'007' linked by a medium defined for video. SMC creates a topology profile 
and a new processing topology identifier. It checks the functional node and 
medium definitions and stores it in the topology profile. 

4. The stream (SCI) definitions for ACF '007' are done. First, the basic sink SCI is 
defined (i.e. requested by the ACF and generated by SMC). Then, a group SCI 
is defined in advance to be the common SCI for all ACFs joining the session. 
An alternative solution would be the second ACF participating in the session 
defines the group SCI when it joins the session and sends the necessary infor
mation to the first ACF via ACF-ACF communication (see action 12). 

After the definition phase the ACF requests for the actual instantiation of the 
processing topology. This may be done automatically by the ACF, i.e. without 
interaction between user and application. 

5. SMC performs the necessary steps to instantiate the processing topology, i.e. it 
starts up the functional nodes (i.e. the processing functions they represent), 
instantiates the DAPs, establishes a connection for the medium between the 
nodes. Since the defined topology represents a "controlled streams", the nodes 
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Figure 7: Basic Information Flows for the Example Scenario 

keep initially blocked (see chapter 4.4.1). After these steps SMC notifies the 
success of the topology realization to the ACF. 

6. The ACF defines the content to be played out, e.g. after the application logic 
perfonned a dialogue with a user to manually select a file. The ACF aligns the 
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content to the sink SCI's nRT and defines the sync relation between the nRTs of 
sink and group SCI (see chapter 4.4.1). 

7. SMC stores the dimension parameter (ratio, lower and upper bound) for the 
(video) content, the alignment to the sink's nRT, and the reference point 
between the video sink SCI's nRT and the group SCI's nRT (to prepare for later 
synchronization with other sinks). 

8. After having finished the definitions, the ACF can request the activation of the 
play-out (e.g. after the user pressed the start button). A technical opportunity is 
to request an explicit content pre-load first. 

9. Having received the start request for the stream SMC lifts the blocking of the 
nodes, such that the data transfer becomes active and the video presentation at 
the sink node is started. In the following the user (represented by ACF '001') 
works with the video (start, stop, seek, etc.). 

10. Another user starts an application (represented by ACF '008') to cooperatively 
work with the first user, i.e. to view the video files together. The ACF registers 
for the session and queries about the existing topology to be able to define the 
appropriate extensions. Note, SMC is a distributed function, such that the new 
ACF does not communicate with the same SMC entity as the first ACF. How
ever, the SMC distribution is not visible to the ACFs. 

11. SMC stores ACF '008' as new participant and additional master for the session 
and returns the complete topology profile as response to the query. 

12. The topology extensions for ACF '008' are defined. This includes the definition 
of the sink node on the end-system (PC) of ACF '008' and the linkage to the 
source node by a medium defined for video. Furthermore, the second sink SCI 
is defined. Then, the instantiation of the extended topology is requested. 

13. SMC starts up the new sink functional node, instantiate its input DAP, and 
establishes a connection for the medium between the source and the new sink 
node. The multicast from the source node to the new sink keeps initially 
blocked. After these steps SMC confirms the actions to both ACFs. 

14. To enable synchronized played-out between the sinks, the new sink SCI's nRT 
must be synchronized to the group SCI's nRT in exactly the same way as it was 
done for the other sink (see action 7). After alI definitions are successfully com
pleted the ACF requests for the activation of the stream. For the start command 
the group SCI is used with a special start time value ("current") such that the 
data actualIy played out at the source are multicasted also to the new sink node. 
Since the first sink node is already active nothing happens for it. 

15. SMC now lifts the blocking of the multicast from the source node to the new 
sink and the blocking ofthis sink, such that the data transfer becomes active and 
the video presentation at the new sink node is started. 
In the following, the cooperative work of the users happens. They may select 
further videos, start/stop the presentation, seek in a file, etc. At the end, the 
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users decide to close the session. In this scenario, ACF '007' sends the release 
request. ACF '008' does not need to explicitly deregister from the session. 

16. SMC releases the session and deletes the session profile. This includes an auto
matic shut-down and remove of the complete topology. 

6 CONCLUSIONS 

To close the gap between the functionality offered by basic communication and 
operating systems and the requirements of interactive, distributed multi-user multi
media applications, generic middleware functions should be provided via applica
tion-oriented programming abstractions. Based on our Multimedia Reference 
Model as an overall conceptual framework we introduced session management and 
control (SMC) as a special middleware part to unify and simplify the usage of data 
processing and data transfer capabilities in the physical layer. We explained moti
vation and concepts of the basic groups of SMC functionality reflecting many areas 
currently under consideration in the academical and the technical world, like qual
ity of service and stream handling. For illustration, we gave an example scenario. 
On the basis of our concepts a detailed SMC protocol specification is possible. 
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