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Abstract

Video on Demand services are popular today in ho-
tels and luxury cruise boats. Increasing improvement in
communication technology, will invite widespread uti-
lization of VoD services in private homes, provided by
telecommunication companies and via the Internet. In
such an environment, scalability and fault tolerance will
be key issues. In this paper we describe a highly avail-
able distributed Video on Demand (VoD) service, which
ts inherently scalable and fault tolerant. The VoD ser-
vice is provided by multiple servers, that may reside in
different sites. When a server crashes (or disconnects
from its clients), it is replaced by another server in a
transparent way, the clients are unaware of the change
in the service provider.

The VoD service exploits the Transis group com-
munication system. Transis assists in achieving fault
tolerance, and greatly simplifies the overall service de-
sign. Furthermore, the fault tolerance is achieved prac-
tically for free: it consumes negligible bandwidth, stor-
age space, and cpu time.

1 Introduction

In this paper we describe a highly available dis-
tributed Video on Demand (VoD) service. The VoD
service is provided by multiple servers, that may reside
in different sites. When a server crashes (or disconnects
from its clients), it is replaced by another server in a
transparent way; the clients are unaware of the change
in the service provider. The fault tolerance is achieved
at a very low overhead.

VoD services require high Quality of Service (QoS)
communication for video transmission. Nonetheless, a
highly available VoD service is concerned with more
than just transmitting a stream of video: Supporting
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fault tolerance as mentioned above requires the servers
to consistently share information about clients. Fur-
thermore, the servers and clients need to exchange mes-
sages for connection establishment, flow control and
negotiation and re-negotiation of Quality of Service
(QoS) [16]. These tasks may greatly benefit from the
group communication paradigm [9], described below.

Group communication systems [1] provide reliable
communication services within dynamically changing
groups, as well as membership services, which inform
the members when other members crash or join the
group. These properties make group communication
systems an attractive building block for a reliable VoD
service. Unfortunately, introducing reliability (mes-
sage recovery and ordering) requires message buffer-
ing and flow control mechanisms which may violate
the QoS properties provided by the underlying com-
munication media. These properties are crucial for the
performance of the video application.

Recently, several emerging projects addressed the
challenge of incorporate QoS communication into the
framework of group communication. For example, [9]
introduces a Multimedia Multicast Transport Service
(MMTS), that incorporates multiple QoS options into
the group communication framework. Maestro [8] ex-
tends the Ensemble [12] group communication system
by coordinating several protocol stacks with different
QoS guarantees. The Collaborative Computing Trans-
port Layer (CCTL) [17] implements similar concepts,
geared towards distributed collaborative multimedia
applications.

Such systems are flexible, and modularly support
integration of new QoS options, e.g., the cyclic udp
QoS [21] that was implemented as a protocol layer in
the Horus system [23]. Furthermore, these systems
can exploit various underlying communication proto-



cols and technologies, e.g., RSVP [25], ST-II [22] and
ATM QoS.

The vic [14] video conferencing tool over the MBone!
is a flexible framework for packet video. This approach
uses a conference bus for broadcasting the various me-
dia in a conference session (e.g., whiteboard media, au-
dio, and video). The conference bus may be coupled
with a coordination tool. The MMTS can be viewed as
integrating both the conference bus and the coordina-
tion tool.

The VoD service presented in this paper was imple-
mented using the MMTS concept: it exploits the Tran-
sis [10] group communication system, enhanced with
QoS communication. The video stream is multicast
using QoS communication, and Transis is used for con-
sistent information sharing, connection establishment,
and flow control. These tasks take up about one thou-
sandth of the total communication bandwidth used by
the VoD service. Thus, we achieve fault tolerance prac-
tically for free. Furthermore, the use of Transis greatly
simplifies the service design.

Video on Demand services are popular today in ho-
tels and luxury cruise boats. Today, these services pro-
vide a limited variety of video material and limited con-
trol over the displayed material. Using our concepts,
the VoD service can become scalable; and provide a
rich repertoire and full control over the viewed film.
Furthermore, a high bandwidth communication infras-
tructure (e.g., ATM backbone networks along with the
Internet infrastructure) is being established in many
countries around the world, and high bandwidth com-
munication lines will reach millions of homes in the
near future. This increasing improvement in commu-
nication technology, will invite widespread utilization
of VoD services in private homes, provided by telecom-
munication companies and via the Internet. In such an
environment, scalability and fault tolerance will be key
issues.

Existing video on demand systems today [18, 19, 16,
24] are usually neither scalable nor tolerant to server
faults, and are therefore inappropriate for multi-user
failure-prone networks such as neighborhood servers or
the Internet. Current research in the area of VoD often
focuses on recovery from disk failures [11, 7], but rarely
addresses the question of smooth provision of service
in the presence of server and communication failures.
Researchers and industries building multi-media appli-
cations use ad-hoc solutions, that do not correctly deal
with the subtleties of concurrency in distributed com-
puting. The concepts presented in this paper will be

Information about the MBone can be found in
http://www.best.com/ prince/techinfo/mbone.html.

beneficial in making future VoD services fault tolerant
and scalable.

2 The Video on Demand Service

Clients connect to the Video on Demand (VoD) ser-
vice and request a movie to watch from a list of of-
fered films. The service supports the ATM Forum VoD
specs [6]: it allows the client to have full VCR like con-
trol over the transmitted material, e.g., pause, restart,
and arbitrary advance and rewind. The client’s user
interface is shown in Figure 1.

The VoD service is replicated in order to achieve high
availability and fault tolerance: Each film is held by a
subset of the servers. The service is provided by a dy-
namically changing group of servers. The clients con-
nect to a generic service, and are not aware of the fact
that it is provided by multiple servers. This design
makes the service inherently scalable, and resilient to
machine and network failures. When a server crashes
or detaches, other servers take over its job and serve its
clients in a transparent way. Load balancing is intro-
duced in order to allow for maximum availability: e.g.,
a new server may be brought up to alleviate the load
of overloaded servers, and servers may migrate clients
“on the fly”.

Different clients that exploit the VoD service may
have different network and computing capabilities. Ne-
gotiation and re-negotiation of Quality of Service (QoS)
allows the client and server to agree on certain QoS pa-
rameters, adjusted to actual capabilities of the client.
Our video service uses feedback-based flow control
for QoS re-negotiation [16], dynamically adjusting the
transmission rate according to network and client ca-
pabilities.

3 The Environment

The VoD service exploits a group communication
system enhanced with QoS communication. We im-
plemented a prototype of the VoD service to demon-
strate feasibility of our concepts. The prototype was
implemented using UDP/IP over 10 Mbit/s Ether-
net for video transmission, and the Transis [10] group
communication system. The prototype runs on SUN
Sparc machines, running SunOS 4.1 UNIX. The video
is stored and transmitted in MPEG [13] format, and is
decoded using software. We are currently in the process
of replacing the software video decoders by hardware
decoders on PCs running Windows 3.11/95/NT. Later,
we intend to exploit native ATM for the QoS commu-
nication. In Section 3.1 we describe the services of
Transis. In Section 3.2 we describe how we plan to run
the VoD service over an ATM network.
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Figure 1: The VoD Client’s Interface

3.1 Transis Services

Transis [10] is a group communication system that
supports efficient and reliable multicast and member-
ship services. The Transis multicast services offer vari-
ous types of message ordering. For example, the Causal
multicast service guarantees that the reply to a mes-
sage is never delivered before the message itself at any
target. The Total multicast service extends the Causal
service in such a way that all messages are delivered in
the same order at all their targets.

Transis allows the processes to be easily arranged
into multicast groups. A multicast group is identified
by the logical name assigned to it when the group is
created. Each message targeted to the group’s logical
name is guaranteed to be delivered to all the currently
connected and operational group’s members. This al-
lows to handle a set of processes as a single logical
connection. Furthermore, processes may dynamically
join or leave these groups. Transis provides the group
members with indication of the current membership:
the group of currently connected processes. The mem-
bership reports are delivered within the flow of regular
messages.

3.2 Exploiting ATM Networks

We intend to use our Multimedia Multicast Trans-
port Service [9], that incorporates multiple gquality
of service (QoS) options into the group communica-
tion framework. The MMTS will open native ATM
UNI 3.1 [3] or UNI 4.0 [5] connections for QoS, and

will run the Transis system over classical UDP/IP with

LAN emulation over ATM (LANE) [4]. We also intend
to exploit the CONGRESS group resolution service [2],
as a basis for membership and failure detection in the

MMTS.

4 Service Design: Exploiting Group
Communication

The VoD service exploits the Transis [10] group com-
munication system for fault tolerance, load balanc-
ing, connection establishment, negotiation of Quality
of Service (QoS), and video control. It exploits QoS
communication for video transmission. In this section
we describe the service design. The full details of the
VoD implementation may be found in [20].

When a client wants to connect to the service, it
sends a message to an abstract service group. The
servers respond by sending a list of available films. The
client sends the name of the selected film to the service
group. One of the servers that hold this film responds
and forms a two-way connection with the client: the
server transmits video material, and the client sends
control messages for flow control purposes as well as for
speed control and for random access within the movie.

Each film is replicated at a subset of the servers. For
each movie, the servers that hold the movie are orga-
nized in a movie group. The members of this group
share a database of clients’” states. The state includes
the movie that the client is watching, the offset in the
movie stream and the transmission rate: a total of a few
dozens of bytes. Each server multicasts the states of its
clients to the rest of the group using the Transis reli-
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Figure 2: Transparent VoD Service

able multicast service, approximately every half a sec-
ond. Thus, the storage space and bandwidth required
for this information is negligible w.r.t. the buffer space
and bandwidth required for the video transmission?.
Furthermore, the Transis multicast service is idle while
no messages are sent. Hence the total overhead re-
quired for fault tolerance is very small.

When a server crashes or detaches, Transis notifies
the members of the movie group that remain connected
of the change in the group membership. The remain-
ing servers continue to serve the clients of the crashed
server. FEach client is served by exactly one server,
which is chosen according to the load distribution, de-
duced from the clients’ states. The protocol exploits
Transis semantics® to guarantee that all the remaining
servers see the same picture of the load distribution.
The client continues communicating with the same ab-
stract connection, and is oblivious to the change, as
demonstrated in Figure 2. A similar process occurs
when a new server joins, or when the servers decide to
migrate clients because the load is poorly distributed.

When the servers migrate a client, a jitter occurs in
the transmission of the video stream to this client*. In
order to guarantee smooth video display at such times,
the client maintains a buffer of future frames. The flow
control mechanism attempts to keep enough frames in
the buffer to account for jitter periods.

The client program consists of three threads. One

2The acceptable quality for video playback encoded using
MPEG-1 requires at least 1.5Mbit/s.

3This is guaranteed by the virtual synchrony [15] property
provided by Transis.

4The jitter period depends on the level of synchrony among
the servers.

thread handles the graphical user interface (GUI), and
is implemented using TCL/TK. Another thread imple-
ments a communication module, which receives frames
from the VoD server and stores them in a shared buffer.
The communication module also sends control mes-
sages to the server. The GUI thread forwards control
commands to the communication thread.

The third thread is the MPEG player, which con-
sumes frames from the shared buffer, streams them into
an MPEG decoder, and displays them on the screen.
The MPEG decoder is implemented in software, and we
are currently porting it to exploit a hardware MPEG
decoder. The hardware MPEG decoder generates an
analog signal for an external video displayer, which in
our case is a video capture hardware for displaying the
video in a window. The client design is depicted in
Figure 3.

5 Conclusions

In this paper, we presented a scalable fault toler-
ant Video on Demand (VoD) service. The fault toler-
ance is achieved practically for free: it consumes neg-
ligible bandwidth, storage space, and cpu time. The
concepts presented in this paper may be exploited in
a highly available VoD service for hotels and for res-
idential neighborhoods. Such services will flourish in
the near future, due the increasing improvement in
communication technology and infrastructure. Exist-
ing Video on Demand systems rarely address the issues
of server failures and scalability, which are key issues
in multi-user failure-prone networks such as neighbor-
hood servers or the Internet.

Our service exploits the concept of MMTS [9] which
incorporates QoS communication within the frame-
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Figure 3: The VoD Client’s Multi-Threaded Design

work of group communication. The group communi-
cation system provides the following advantages:

1. The group abstraction simplifies connection es-
tablishment and allows for a transparent migration
of clients, while maintaining simple client design.
The clients are oblivious to the number and iden-
tity of the servers providing the service.

2. The reliable group multicast semantics allow
the servers to share information which allows them
to consistently agree about client migration.

3. The membership services detects conditions for
client migrations, both for re-distributing the load,
and for guaranteeing fault tolerance. The mem-
bership changes are reported to all the members
in a consistent way.

4. Using reliable messages, we guarantee that
client control messages will reach the server.

The use of group communication greatly simplifies
the service design. The VoD service was implemented
using the Transis group communication system. The
server was implemented in C++4, with around 2000
lines of code, and the client (excluding the display mod-
ule) was implemented in C, using only 1300 lines of
code. Without the Transis services, such an applica-
tion would have been far more complicated, and the
code size would have turned out significantly larger.
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