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ABSTRACT
A network video server and client devices have been de-
signed and prototyped that use multicast to deliver Motion-
JPEG, MPEG-1, and MPEG-2 video on top of IP, IP-over-
ATM and native-mode ATM (AALD5) protocols. The server

runs on a workstation-class machine, while the clients have
been implemented both as a multi-threaded software entity !
and as a stand-alone ATM network-attached playback de-

vice. Scalability of the video distribution network is ob-

tained by using multicast features of the underlying net-
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1. INTRODUCTION

Multicast networks are well suited for delivery of video.
Rather than transmitting duplicate frames to multiple clients,
a video source sends one frame and lets the duplication of
data occur in a distributed nature throughout the switches of
the network.

Asynchronous Transfer Mode networks have great util-
ity for the delivery of compressed video. They can transport

variable-bit-rate data while enforcing minimum bandwidth Vvideo data proportional to the network jitter. Storing an
and delay requirements. amount of video proportional to the round-trip delay be-

The video server can be inexpensively implemented us-tween the client and server, however, can more dramatically
ing a network-attached workstation. Such a server encap.increase the quality and scalability of the video distribution
sulates MPEG data into ATM Adapation Layer 5 (AAL5) network.
frames and then transmits these frames over the network.

The video client can be implemented either as software en-
tity on a network-attached workstation or as a standalone
network device. ) ) ) o

For video streaming, endpoint clients must buffer data. The iPOINT video server is an application program that ac-
At minimum, the client must buffer an amount of stored C€SSes & database of Motion-JPEG (MJPEG), MPEG-1, and
MPEG-2 video clips and transmits their contents to remote
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Figure 1: Video Server and Client Software Architecture.

2. VIDEO SERVER




side of Figure 1.
The server process begins by listening at a well- knowr?"gueﬁ])g‘\g}fl‘(’;3r Input & iPOINT \(gfgs“z%f;t
address for an incoming client request. Upon receiving an Queue gy Switch
initial request, the server establishes a multicast connectior s
to the client and accepts a unicast connection in the reversg @ —E} . H [sE—8=
path. Subsequent clients join the conference by adding themZ— =2 &
selves to the multicast group, and by each client establishing Traffic
one additional unicast connection back to the server. Fl
Once the connections have been established, the server
mmapsthe file to memory and gradually reads video frames
from disk [1]. These video frames are divided into chunks,
and each chunk is sent individually. Internet traffic is trans-

mitted using IP multicast datagrams, while native-mode ATM Video Client
.. . L. . (SparcStation 20)
traffic is sent using AAL5 frames over a multipoint virtual o=
circuit. The size of a chunk can be a variable number of
bytes, butis limited to the size set by thetsocketopt() Figure 2: Video Testbed Setup.

call for IP and to 9180 bytes for AALS frames (the MTU).
The server uses feedback from the clients to control the
transmission of the video frames. The server temporarily ©n the server by implementingrobabilistic suppressign
buffers recently sent frames in memory for possibteans- ~ Which is derived from the implementationwb [2] [3].
mit requests. The server gives high priority for retransmis- ~ When any one of the members of the multicast client

sion of these chunks, and will send them before other framesgroup detect a packet loss, the client sets tgmaest timer
that have already been scheduled for transmission. The initial value of this timer is chosen from the uniform

distribution [0, Tegpire], WhereTe,,r. indicates the final
time at which an incomplete frame repair request can still be
sent to the server before the frame is decompressed. Itis a
function of the distance (in units of ring-node elements) be-
tween theeceiveanddisplaythreads, and the rate at which
data is consumed from these elements by the client.

When the server receives a repair request, it retransmits
the lost chunk on the multicast channel. Doing so allows all
clients to receive the repair nearly at once. When a client
receives a repair for a lost chunk, it cancels any pending
request timers for that data. If the client needs the chunk, it
will update data in the ring buffer. Other clients will discard
the data since it had already been received correctly.

3. VIDEO CLIENT

The video client is implemented as a multithreaded process,
The receivethread reads data from the network and stores
it to a ring buffer. Thedisplaythread decompresses data
from the ring buffer and displays it to the screen. Together,
thereceiveanddisplaythreads chase each other around the
ring buffer. The software architecture of the video client is
shown on the righthand side of Figure 1.

The client is responsible for detecting lost chunks of a
transmitted video frame. For each video frame, the client
knows exactly how many chunks to receive from informa-
tion contained in the packet header sent by the server. The
clientidentifies any delayed, duplicated, or reordered chunks 5. IPOINT TESTBED
thenstitchesthem together into the appropriate location of
the ring buffer. If the client receives an incomplete frame, Evaluation and measurement of the video server and clients
it sends aretransmitrequest to the server with a bit array were performed using the iPOINT testbed [4]. Workstations
indicating which chunks of this video frame need to be re- equipped with Fore SBA-200 ATM host adapter interfaces
transmitted. Sending the bit array sequence requires lessvere used to transmit AALS frames. The ATM cells gener-
CPU and network resources than sending an independenated from these cards were carried by full-duplex, 100Mbps
retransmit request for each lost chunk. Out-of-order framesfiber links to an input queue of the iPOINT switch [5]. The
are not a problem for ATM. switch then used atomic multicast to simultaneously trans-

mit incoming cells to multiple output ports of the switch [6].

4. HANDLING MULTICAST FEEDBACK A diagram of the network topology is shown in Figure 2.

Handling feedback from members of a multicast group on 6. PERFORMANCE MEASUREMENTS

the server's end is important. An implosion of feedback

messages on the server must be avoided as the multicasthe throughput of the video server was measured in the
group grows in size. We avoid this feedback implosion testbed for increasing numbers of server threads. Each thread
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M = Degree of multicast per switch
L = Depth of multicast tree
N = Total number of ATM switches
Cy = Multicast group size (Clients)

Using the above definitions, the following holds true for
the multicast group in Figure 4:

. . o N = 1+M+M +M°+--- 1
Figure 4: Multicast Distribution Tree. L _ L )
= — >
e M 22 e
transmitted a real MJPEG stream with an average band- c, = ML A3)
width of 1.4 Mbps. Results of the server performance for
P P Pretran = 1- (]- - Pdrop)N (4)

both a Sun SparcStation 20 (SS20) and for a Sun SparcSta- ‘
tion 10 (SS10) are shown in Figure 3. The throughput of Piost = 1= Preran (5)
the server scaled almost linearly with the number of threads
up until the point where the the CPU utilization saturated at
100%.

Performance results for a large number of clients on a
multicast network were determined by combining the mea-
sured results for the single server experiment with a proba-
bilistic analysis of loss through multiple switches. For this
analysis, we considered input buffered ATM switches im-
plementing atomic multicast with a fanout degree of 4 per
switch. Analysis was performed for 1, 2 and 3 levels of
ATM switches connected in a star topology. Figure 4 shows

SettingPy,.p 10 0.01 (1.0%) reflects a reasonable frame
loss due to bit errors and queue overflows. Setfifig= 4
models a typical multicast fanout. Figure 5 shows the ag-
gregate throughput received by all the clients which are par-
ticipating in this multicast reception. From the above equa-
tions, withL = 3, we have(,, = 64, N = 21, Pretran =
0.19. Under these conditions, the aggregate throughput re-
ceived by the clients saturates n8aFbps with just over 30
threads and a lost frame rate of under 4%.

such a network witf2 levels of ATM switches. Similarly, for L = 2andL = 1, we findPesran = 0.05
The mathematical formulation for the experiment are and0.01, respectively, for the same value Bf,.,, = 1.0%.
given below: Allowing any client to trigger a retransmit works espe-

Pue, = Probability of dropping chunk cially well for ATM. QoS parameters distribute cell loss

o o evenly among clients. Mechanisms to handle asymmetric
Pretran = Probability of chunk retransmission conditions with more heterogeneous groups is the topic of
P,st = Probability of lost chuck [7].
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Figure 6: iVIM Module.

7. HARDWARE CLIENT

Using the architecture developed for the software-based vid-
eo client, we have developed a standalone MPEG-2 play-
back client called the lllinois Video Interface Module (iVIM).
This network device directly receives MPEG-2 frames using
AAL5 over an ATM link and decodes them to full-motion
video without the assistance of a workstation.

The components of the system include a field programm-
able gate arraylecoder data feed modu]8], a 5x86 em-
bedded controller, and a commercially-available MPEG-2
decoding chipset [9]. A block diagram of the system is
shown in Figure 6. Video frames enter the system from the

right as AALS frames. The cells are passed across an 1ISAI8

interface to the embedded controller (middle). The embed-
ded controller, in turn, manages the ring buffer and controls
feedback to the server. The data-feed module (left) feeds
the MPEG-2 decoder with a continous stream of MPEG-2
frames.

8. CONCLUSION

A video server and clients have been developed that pro-
vided effective transport of MJPEG, MPEG-1, and MPEG-2
frames using IP, IP-over-ATM, and native-mode ATM. Mul-
ticast was used to enable transmission of video to a large
numbers of clients. The use of a single video frame retrans-
mission mechanism dramatically increased the probability
of frames being received correctly. Measurement of the ser-
ver performance and analysis of probabilistic network loss
demonstrated the feasibility of a workstation-class server
feeding 3 Gbps of aggregate traffic using 32 independent
MJPEG video streams.
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