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Abstract

Currently, most  researches and
commerclal products on video servers all
assume hat the media files are encoded in the
MPEG-12 format. However, with the
introduction of the new generation of
audioideo compression standard, MPEG-4,
that represents audio and wvideo as
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Audio/Video Objects (AVO), will support
more Interacttve  functionality dwing
playback in clients. As a result, the design
and 1mplementation of an MPEG-4 VOD
systems are more complicated than
traditional MPEG-1/2 ones.

In order to make video servers more
efficient for MPEG-4 streams, we propose a
new real-time disk scheduling to overcome
the bottleneck of storage subsystem. At the
same time, we design and implement a
Iinteractrve playback platform based on the
chient-server architecture to accommodate
with the more powerful mteractive
functionality of MPEG-4. In this report, we
describe the new real-time disk scheduling
algonithm and the design and implementation
of owr interactive client-server playback
system.

Keywords: Video server, MPEG-4, VOD,
Multimedia

2. Motivation and Goal

In past years, we have designed and
mmplemented a VOD server [1-2] based on
MPEG-1/2 compression standard and the
playback just consists of continuous display
of frames. However, the new generation
compression standard IMPEG-4 mtroduces
the concept of objects to support for more
Iinteractve functionality.



As showed in Figure 1, after recemving
media data from network, the MPEG-4
stream 1s demultiplexed mto a number of
elementary streams. These elementary
streams may be scene descuptions or
compressed AVOs(Audio/Visual Objects)
[3-5]. The AVO can be decompressed into
the original primitive AV Objects. And the
scene description 1s a hierarchy data structure,
which describes the relationship of AVOs.
Finally, by means of the composition, the
scene description and 1ts associated AVOs
are reconstructed into the hierarchical
Interactive, and audiovisual scene.

Figure 1. The MPEG-4 client playback
architecture
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As above illustrated, the design and
mmplementation of MPEG-4 video severs are
more complicated than traditional MPEG-1/2
ones. Therefore, our goal is to investigate the
influence of MPEG-4  compression
charactenstics for video servers and mmprove
the performance. First, we introduce a new
real-time disk scheduling algorithm to obtain
better disk throughput, and consequently, the
number of supported disk recjuests. Also, we
design and 1mplement an interactive
chient-server arclhutecture playback platform
to accommodate with the more powerful
Iinteractve functionality of MPEG-4.

3. Results and Discussions

3.1 Real-Time Disk Scheduling

A VOD system must not only support
lots of users, but also guarantee real-time
requirement [6] for continuous playback. The
EDF (Earlier Deadline First) is the disk
scheduling algonthm for satisfymg the
real-time constraints of multimedia system.
However, the employment of EDF results in
poor I/O throughput. SCAN, on the other
hand, tries to optimize the disk throughput
but being short of the real-time consideration.
Thus, SCAN is not suitable for real-time
applications. SCAN-EDF [7], the
best-known real-time disk  scheduling
algonthm, reschedule the requests with the
same deadlines by the seek-optimization
SCAN scheme to reduce disk service time.
But the seek-optimizing scheme is applied
only for requests with the same deadline, the
obtained improvements are limited.

Therefore, we propose a new real-time

disk-scheduling algonithm, called
DM-(Deadline-Modification-SCAN)
algonthm with an 1dea of MSG

(Maximal-Scannable-Group) for rescheduling
[8]. We define MSG as a set of consequent
requests that can be successfully rescheduled
by SCAN under guaranteed real-time
requirements. Be means of MSG, we can
increase the number of requests that can be
rescheduled by SCAN, no longer limited by
requests with the same deadline. Notations
used in this report are listed in Table 1.

Table 1. Notations used in this paper.

n | number of the input requests

r; | release time of T;

d; | deadline of T;

a; | the track location of T;




repeat

Identify all MSG groups from input

Identify all MU _MSG groups from MSG

[* local group seek-optimization */
fori=1tondo
if (G;is MU_MSG) then

reschedule G;by SCAN;

¢ji service time of 7; when served after 7}

e; | the start-time of T

fi | the fulfill-time of Tj

TZ | the schedule result of T by the algorithm

2, Tz=Tz(0TZz(1).-TZmn)

Gj | maximum-scannable-group of T;

Definition: MSG
Grven an EDF  schedule T =

TEOTE()--TE®m), the

maximum-scannable-group Gy started from
request 7; 1s defined as the maximum
consequent  request  group Gi
TEGTE(+1)... TE (i+m) which satisfies: fE (k)
<dE@) andrEk) seE() fork=itoi+m. O

Given a feasible EDF schedule, we can
prove that the seek-optimized reschedule
result of MSG could successfully improve
the I/O throughput under guaranteed real-time
requirement. Note that our algorithm is based
on the assumptions that the input schedule is
an EDF schedule. To 1teratvely improve the
scheduling result by the same algorithm, the
mput schedule should be kept as an EDF
schedule. To satisfy this requrement, we
develop a  deadline-modification-SCAN
(DM-SCAN) algonthm to modify the
deadlines of requests. After the deadlines are
modified, we have a new EDF schedule.
Therefore, we can iteratively reschedule the
new MSG by the same approach to mmprove
the I/O throughput. The original deadlines are
restored after DM-SCAN. This entire
algorithm can be described as follows.

Algorithm: DM-SCAN

/* INPUT: the scheduling result of EDF.
OUTPUT: a real-time cisk schedule. */

Store d'f = dj, for all requests T},

* d'y backup real deadline dj, of T */

/* deadline modification */
fork =n-1 down to 1 do
if (dy > dg+)) thendy = dj+];
until (no deadline 1s modified);
Recover dj, = d '} for all requests T},
I* restore real deadlines */

3.2 Interactive Functionality Support

As stated In section 1, the scene
description imformation 1s carmed within
potentially hundreds of data channels. This
calls for a high rate of establishment and
release of numerous short-term transport
channels with appropriate quality of service
(Qod) [A].

Thus, the emergence of MPEG-4
requires the need for transport protocols with
different characteristics to coexist and be
integrated with single applications. By means
of these different characteristic transport
protocols and hence scene description, users
can be supplied with more mteractive
support than MPEG-12 by MPEG-4’s
object description techniques.

Therefore, we implement a chent-server
architecture for interactrve playback with
MPEG-4 streams on Wimdows 98 and
Windows NT. We mmplement the client and
server based on WinSock Application
Interface [10-11]. Below the WinSock is the
appropriate transport protocol among which
we choose from based on the requirement of
scene description.

4. Fvaluations



The experimental results for DM-SCAN
are presented to compare conventional
approaches. We use the HP 97560 hard disk
for our performance evaluations. HP 97560
contains 1962 cylinders. It has 19
tracks-per-cylinder and 72 sectors-per-track
with 512 bytes sector size. Gven the seek
distance dj as |aj - aj]. We have service time
cij = S+ U.UUSdl'J if dl'J' > 383. Otherwise,
cij =324 +0.4d; /2.

In our experiments, the data access for
each mput recuest 1s assumed to be on one
disk track (36 KB in HP 97560) without
sphtting across different cylinders. We
assume that the workloads of mput recuests
are uniformly distributed on the disk surface.
Requests' 1elease times are randomly
generated with proper deadlines assigned.

For each approach, the same 100 test
examples are presented. Each test example
contamns 10 randomly generated requests. The
mean values for the obtamed schedule
fulfill-times are evaluated.

Table 2 shows the minimum, the maximum,
and the average schedule fulfill-time obtained
for cdifferent real-time disk scheduling
approaches. In this table, we apply the same
100 test examples (each test example contains
10 randomly generated recjuests) to different
solution approaches to keep the comparison
as far as possble. For each solution
approach, the related improvements are also
presented. In this paper, the measurement of
I[/O throughput improvement is compared to
the obtamed results of SCAN-EDF. The
proposed DM-SCAN approach can aclieve
14%, improvements.  Besides, 9%
mprovements are obtained at the first
iteration (DM-SCAN-1).

Table 2. The minimum (min), maximum (max),
and average (avg) schedule fulfill-time, and

the improvement (imp) of the I/O

throughput.

Schedule Fulfill-Time (msec)
Algonthm min | max | avg | imp
DM-SCAN [289.27]402.36|356.74| 14%
DM-SCAN-1 [317.24]460.18|375.12| 9%
SGR 291.37]462.70|1385.63| 7%
SCAN-EDF (377.06|462.60)1414.84| =0%

*The applied group size of SGR1is 5.
* The improvement is related to EDF.

Table 3. The number of recjuest supported
for different scheduling policies

Algorithms |Number of Supported Requests
min max avg
DM-SCAN L 25 13.75
SCAN-EDF 4 24 10.21
EDF 3 24 087
SETF 1 10 438
FCFES 1 10 411

* SFTF = shortest fulfill-time first.
*FCFS = first come first serve.

To further study the number of requests
supported, Table 3 shows the minimum, the
maximum and the average number of real-time
requests that can be successfully scheduled
by different approaches. To each test
approach, the same 100 examples with a
sequence of randomly generated requests are
applied. In each test example, we try to
increase the number of mput requests to the
test procedures until the related schedule
result 1s not valid for real-time requirements.
According to our experiment, the proposed
DM-SCAN approach can support more
requests than the conventional approaches.

For the mnteractve functionality support,
we have already implemented  the
client-server arclitecture platform and can
supply with good interactrve playback. In
addition, it will be used as our research



platform for furthermore investigation of
MPEG-4 streams interactve characteristics.
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