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Preface

Philip Machanick, Overall Chair: SAICSIT’99

Running SAICSIT’99, the annual research confer-
ence of the South African Institute for Computer Sci-
entists and Information Technologists, has been quite
an experience.

SAICSIT represents Computer Science and Infor-
mation Systems academics and professionals, mainly
those with an interest in research. When I took over as
SAICSIT president at the end of 1998, the conference
had not previously been run as an international event.
I decided that South African academics had enough in-
ternational contacts to put together an international
programme committee, and a South African confer-
ence would be of interest to the rest of the world.

I felt that we could make this transition at rel-
atively low cost, given that we could advertise via

mailing lists, and encourage electronic submission of

papers (to reduce costs of redistributing papers for
review).

The first prediction turned out to be correct, and
we were able to put together a strong programme com-
mittee.

As a result, we had an unprecedented flood of pa-

pers: 100 submitted from 21 countries. . As papers

started to come in, it became apparent that we needed
more reviewers. It was then that the value of the
combination of old-fashioned networking (people who
know. people) and new-fashioned networking (the In-
ternet) became apparent. While the Internet made
it possible to convert SAICSIT into an international
event at relatively low cost, the unexpected number
of papers made it essential to find many additional
reviewers on short notice. Without the speed of e-
mail to track people down and to distribute papers
for review, the review process would have taken weeks
longer, and it would have been much more difficult to
track down as many new reviewers in so little time.

Even so, the number of referees who were willing
to help on short notice was a pleasant surprise.

The accepted papers cover an interesting range of
subjects, from management-interest Information Sys-
tems, to theoretical Computer Science, with subjects
including database, Java, temporal logic and implica-
tions of e-commerce for tax.

In addition, we were very fortunate in being able
invite the president of the ACM, Barbara Simons as
a keynote speaker. Consequently, the programme for
SAICSIT’99 should be very interesting to a wide range
of participants.

We were only able to find place in the proceed-

- ings for 36 papers out of the 100 submitted, of which
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only 24 are full research papers. While this number
of papers is in line with our expectation of how mauy
papers would be accepted in each category, we did
not have a hard cut-off on the number of papers. but
accepted all papers which were good enough, bascd
on the reviews. Final selection was made by myself
as Programme Chair, and Derrick Kourie, as editor
of the South African Computer Journal. Additional
papers are published via the conference web site.

We believe that we have put together a quality
programme, and hope you will agree.
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Shortest Delay Scheduling Algorithm for Lossless Quality
Transmission of Stored VBR Video under Limited Bandwidth

Fei Li, Yan Liu, Jack Yiu-Bun Lee and Ishfaq Ahmad

Department of Computer Science, The Hong Kong University of Science and Technology,Clear Water Bay, Kowloon, Hong Kong ,
{lifei, liuyan, yblee, iahmad}@cs.ust.hk

Abstract

In this paper, we propose scheduling algorithms for call admission control servers. For each requested video. the server
sends it according to its smoothed profile aims at maximizing resource utilization and ease of network management. Given
limited bandwidth, if the server transmits the video immediately after receiving the request, data transmitted ut some
intervals will not satisfy playback without loss of quality and thus conflict occurs. Delay introduction can avoid such
conflict without any rate distortion. We first give an optimal algorithm to find the shortest delay with complexity of o(n?)
or O(n?logn), depending on the smoothing algorithm chosen. Then, we propose a fast scheduling algorithm using a new
concept: safe interval. For each requested video, through calculation of safe intervals, the server finds the shortest delay
to deliver it in O(K x L), where K and L are numbers of bandwidth changes in the current residual handwidth profile and
the requested video’s smoothed profile respectively. Complexity analysis on our algorithms is given as well as experimental
results. Algorithm 2for deciding whether a conflict exists is also given as part of the optimal algorithm.

Keywords: Smoothing algorithm, VBR video, temporal burstiness, bandwidth, safe interval, bandwidth profile, scheduling,

conflict
Computing Review Categories: C.2.4, D.4.1,D.4.4

1 Introduction

A broad range of applications require playback of
stored videos over high-speed network and such applica-
tions need continuous transmission of high-quality stored
videos. Most videos are encoded in VBR coding scheme
to increase compression efficiency. Due to varying frame
sizes, transmission of VBR video will become bursty, and
consequently complicates the design of efficient real-time
storage, retrieval and transmission mechanisms capable of
achieving high resource utilization. In light of the gen-
eral real-time design principle, less bursty (i.e. smoother)
workloads are easier to handle for the network. Based on
considerations for ease of network management and ef-
ficient resource utilization, various smoothing algorithms
have been proposed to decrease the variability and require-
ment of bandwidth. Smoothing is to allocate different
bandwidth at different intervals for the transmission of a
video based on techniques utilizing client side buffer re-
sources.

Once smoothed, a video has a profile with several time
intervals (runs) to describe the bandwidth under which it
needs to be transmitted without loss of quality, that is, no
distortion of the video quality. Although the videos are
smoothed, given limited bandwidth, to transmit the request
video without delay, a video service system may need more
bandwidth than available to keep the quality of picture at
certain times !. In such case, conflict ensues and smooth-

'In this paper, we consider cases in which bytes transmitted under lim-

146

ing algorithm does not work here. Delay introduction of-
fers a way of avoiding such conflict. We propose an opti-
mal algorithm to find the minimal delay. Delays are intro-
duced by repetitively adding frames of size O at the head
of the video file until no conflict is possible during the run
of the requested video. Smoothing is then applied in real-
time. Since this work must be done before the delivery of
the requested video, it is a heavy burden for the server. In
general, the optimal solution is achieved with time com-
plexity of O(n?) or O(n*logn) depending on the smooth-
ing algorithm chosen, where n is the number of frames in
the video.

To avoid expensive real-time computation inherent in
the optimal algorithm, we resolve conflict based on video
bandwidth profiles. Upon the reception of a video re-
quest, the server checks whether the residual bandwidth
can satisfy the request. If so, it transmits the video imme-
diately according to its bandwidth profile, otherwise. the
server delays delivery and finds possible conflict intervals
for every run of profiles. Safe intervals are defined as non-
conflict intervals. During safe intervals, transmission of
this run can be satisfied without loss of quality. Easily
seen, the intersection of all the safe intervals is the safe
interval for all the runs of the request video. Therefore,
the minimal value in the intersection is the shortest delay
for the transmission of the video without loss of quality of

ited bandwidth are fewer than bytes required by the client Another kind
of conflict that happens between the smoothed profile and the bandwidth
profile will be discussed in our next paper.

SACJ/SART, No 24, 1999




picture. Detailed algorithm is discussed in Section 5. Two
significant advantages of our fast algorithm are, (1). The
running time of the real-time computation is near constant
and the solution is near optimal. If there are K runs in a
video profile and L runs in the bandwidth profile, the run-
ning time complexity is O(K x L); (2). Even under limited
bandwidth, there is no need to resort to distortion for the
transmission of requested video.

In the rest of the paper, we describe a video trans-
mission system and the problem setting in Section 2. In
Section 3, we first introduce some background of temporal
smoothing and analyze various existing smoothing algo-
rithms, then we analyze the selection of smoothing algo-
rithm in the system we discuss. Later, in Section 4, we
present the optimal shortest delay algorithm. Our fast al-
gorithm is given in Section 5. In Section 6, we provide
experimental results on the performances of these two al-
gorithms. In the conclusion, some better solutions under
other circumstances and what we have been doing recently
are briefly discussed.

2 Video Transmission System
Overview and Problem Setting

In a generic multimedia tele-presentation system, there
will be one or more media servers, a communication net-
work and one or more clients. A set of media objects is
delivered from a server to one or more clients via the net-
work. The media objects are either generated at the server
from live resources, or pre-recorded in disks, or a mix of
both. Here we introduce the system for stored video.

2.1 System Structure for Stored Video
Transmission

For the ease of explanation for the subsequent sections, we
first give some definitions:

Definition 1 Smoothed profile of a video is the bandwidth
required at different intervals after it is smoothed through
some smoothing algorithm.

Definition 2 Bandwidth profile is the profile of the band-
width currently available. In general, it is the residual
bandwidth.

Definition 3 Smoothed bandwidth of a smoothed video is
the bandwidth required by it at some time instant.
Definition 4 Residual bandwidth is the bandwidth value
that is available at some time instant.

Fig. 1 depicts the system structure for stored video
transmission. Video is stored on the server, and it is de-
livered to the client through the network upon request.
The server is responsible for scheduling video retrieval and
transmission. In stored video systems, the server has the
knowledge of every client buffer and the frame sizes of
each video.

For a stored VBR video, the server must transmit it at
variable bit rate in order to maintain constant quality play-
back. Utilizing buffers at the client side, the server allo-
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cates bandwidth according to the video’s smoothed profile.
Frames arriving early are stored in the client’s smoothing
buffer and played back later. The duration between the
time a frame arrives at the client’s side and the time it
is played is called start-up delay, which is to reduce the
bandwidth requirement for the first few frames. The trans-
mission rate through the network channel must be adjusted
such that client buffers should never overflow or underflow.
We use such system to describe a server transmitting mul-
tiple, distinct VBR streams to clients across a high-speed
network.

Under the constant-bit-rate (CBR) network service,
every video stream is allocated a fixed bandwidth, nor-
mally its peak bandwidth, during all the session. This
leads to a simple static scheduling algorithm for the video
server. However, this also results in bandwidth waste since
the average playback rate is usually much lower than the
peak rate. Furthermore, such approach will cause client
buffer overflow especially during the period of low play-
back rate. In contrast to static scheduling approaches,
piecewise-CBR and VBR network services offer the possi-
bility of dynamicaily scheduling the transmission rate for
bandwidth smoothing. Both these services require a net-
work offering negotiation service. VBR network service is
supported by the system we described.

In such system, we assume there exists a single shared
link between the server and VoD clients. This link typically
extends from the server to an head-end switch. Therefore,
the bandwidth resource, that is the capacity of the link, is
time-independ to the server [12].

2.2 Problem Setting

In the multimedia transmission system described above,
the bandwidth allocated at connection setup time is fixed.
To save bandwidth and facilitate network management, the
server sends video according to the smoothed bandwidth
by allocating different bandwidth at different time inter-
vals. To guarantee fairness among all video request, the
server maintains a FCFS (first come first served) request
queue, as shown in Fig. 1.

Consider a scenario in video-on-demand. Once the
server receives a video request, the server may not be able
to send the requested video immediately according to its
smoothed bandwidth. As part of the bandwidth is being
used by some other videos, the residual bandwidth may not
be sufficient enough to transmit the request video without
loss of quality. If the server sends the video upon receiv-
ing the request, conflict may happen as illustrated in Fig. 2.
Under the total bandwidth, video 1 begins transmission at
time 7} and finishes at time 75. The request for video 2
arrives at time 75. If video 2 is transmitted immediately,
conflict will occur at time interval [T3, T4].

There are two kinds of conflict. One is that during the
conflict interval, the number of bytes transmitted is less
than that required by the player at the client side. The other
kind of conflict is that the bandwidth is not large enough
for the video playback according to the smoothed band-
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3 Analysis of Temporal Smoothing
Algorithms

Currently, except broadcasting, stored videos are not re-
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Figure 1: Basic system for stored video transmission
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Figure 2: Problem setting description in bandwidth-time
diagram

width profile. But if we change the profile in this interval,
we may deliver the video by transmitting more bytes in
other intervals. We study the first kind conflict in this pa-
per. Fig. 3 shows that during the time interval [T, T5], the

A NewProfile
1 Atter Delaying T0

Bytes

The Revidual Bandwidth Data Needed for Mayback

+ without Loxs of Quality

0 r';y ‘lil ‘:rz Time
Figure 3: Conflict due to insufficient bandwidth

playback requires more data to keep continuity and qual-
ity of picture. For this kind of situations, there is no other
method in delivering the requested video without loss of
quality other than delay introduction. If we delay trans-
mission by Tp, no conflict will happen before T5.

Problem 1 After receiving a request, what is the shortest
delay for the transmission of video without loss of quality

148

quired at the same time in most cases and buffers are
relatively large at the client side. Based on the precise
formulation of these constraints [11], we know that tem-
poral smoothing is more appropriate in predicting band-
width allocation than statistical multiplexing for the sys-
tem we mentioned in Section 2. There are several temporal
smoothing algorithms and they differ in their optimization
objectives.

3.1 Temporal Smoothing Algorithms

Temporal smoothing is a smoothing method without in-
troducing delay. In practice, at the client side, the data
arriving early will be played back some time later in or-
der to keep continuity. This approach performs bandwidth
smoothing over a stream-by-stream basis. The common
feature is that: at each run, the transmission rate is constant
without causing client’s buffer to overflow or undertiow.

Consider a discrete-time model at the frame level. We
assume the video has n frames, the size of the smooth-
ing buffer is b. To guarantee the continuous playback of a
MPEG stream, a server must send at least F,,4.,(t) cumu-
lative bytes over [1,1] interval to avoid client buffer under-
flow [13].

t
Fumler(t)=2fi )
i=|

Meanwhile, the client buffer can receives at most F,,,..()
cumulative bytes over [2,¢] without buffer overflow.

!
Elver(t) =b+ 2 _f;'—l (2)

i=2

We have F,,..(1) = b.
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Consequently, a feasible transmission schedule S(t) =
¥!_, ci must satisfy

Funder(t) S S(t) S E:ver(t) (3)

where ¢; is the cumulative data transmitted by the server
over i — 1,1].

Bytes

Feasible Schedule

o 4_/”"
x \ CBR Schdule

0 Time

Figure 4: Transmission schedule, network delayed not
considered

In Fig 4, the area bounded by Fyyer and Fynger is a feasi-
ble area to schedule the transmission. Assuming the resid-
ual bandwidth is more than F,,,., during the transmission,
any feasible schedule in this area will not cause buffer un-
derflow and overflow problems.

Generating a feasible schedule, in general, involves
creating m consecutive intervals. These intervals join to-
gether to form a monotonically increasing piecewise-linear
path; each run r; will allocate %’{ bandwidth for the du-
ration. The smoothing algorithms involve the selection of
the starting point for run rj; based on the trajectory of run
rj. Fig 5 illustrates the ideas of increasing and decreasing
bandwidth.

i
Decrease i n+l

Bandwidth ‘ e
5 5 :

Y /o
Bandwidth

Figure 5: Illustration of choosing trajectory points

Increase

Basically, there are two selection schemes: (1) locate
a starting pointing for r;4; as early as possible before the
trajectory of r; intersects Fyyer OF Fynger [13]; (2) search
along the trajectory of r; to locate the starting point that
allow 741 to extend as long as possible [3].

SART / SACJ, No 24, 1999

Research Article

Let us compare the performance of the following
smoothing algorithms [5]: critical bandwidth ailoca-
tion (CBA) [6], minimum change bandwidth allocation
(MCBA) [6], and minimum variability bandwidth alloca-
tion (MVBA) [13]. For any rate change, the CBA algo-
rithm starts a rate decrease at the longest trajectory for
run rj4, based on the selected starting point and initial
buffer occupancy, and chooses the starting point as early
as possible when it increases bandwidth. This results in a
transmission plan that has the smallest possible peak band-
width requirement and the minimum number of bandwidth
increases. MCBA extends CBA by choosing the trajec-
tory point as far as possible no matter whether the band-
width requirement should be increased or decreased. This
results in a transmission plan with the smallest possible
number of rate changes and minimum peak bandwidth re-
quirement. Although MCBA minimizes m which results
in saving the cost of re-negotiating bandwidth requirement
across the network, it is at the expense of increasing the
size of each request. MVBA changes bandwidth at every
critical point, which minimizes the peak rate requirement
and variance of bandwidth [13]. As a result, MVBA is able
to gradually alter the bandwidth requirement, sometimes at
the expense of a large number of small bandwidth changes.
The running time of MVBA and MCBA (CBA) are O(n?)
and O(n?logn) respectively.

3.2 Smoothing Algorithm Selection Analysis

For a multimedia transmission system with limited total
bandwidth, the first consideration in selecting a smoothing
algorithm is to minimize peak rate. Second, the chosen al-
gorithm should have minimal bandwidth changes. As will
be seen in Section 5, where we introduce our fast algo-
rithm, whose running time is a function of K, where K is
the number of runs of the video. Thus, real-time computa-
tion is based on the number of bandwidth changes. Finally,
it is also desirable for easy management (less negotiation)
of network for VBR service. For our experiments in Sec-
tion 6. MCBA is chosen as the smoothing algorithm.

4 Optimal Solution in Finding the
Shortest Delay

In this section, we introduce the optimal solution which
provides transmission without loss of quality with the
shortest delay. The complexity of the optimal algorithm
is O(n?logn) or O(n?) depending on the smoothing algo-
rithm chosen, where n is the number of frames of the re-
quest video.

Definition 5 Optimal solution is the shortest delay the
server delays in order to transmit the video without loss
of quality under limited bandwidth.

For a server seeking optimal solution, it tests each re-
quest to see whether there is a potential conflict. If there s,
the server executes the optimal algorithm to find the delay,
otherwise, the server will allocate bandwidth according to
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the video’s smoothed profile. The optimal delay is calcu-
lated, in general, by delaying video frame by frame, and
checking whether the conflict can be resolved after each
delay. Delay is introduced by adding one frame of size of
0 before the original video file.

Theorem 1 If conflict happens, there is(are) conflict(s)
between residual bandwidth profile and the video’s
smoothed profile.

Proof 1 If there is no conflict between the residual band-
width profile and the video’s smoothed profile, then at
any time, transmission according to the residual bandwidth
could satisfy the playback of the video without any rate dis-
tortion. Furthermore, since smoothed profile requires less
bandwidth than what available, we know that transmission
under smoothed profile can be satisfied. But the reverse is
not true. Consider the case that there is conflict between
the residual bandwidth profile and the smoothed profile, if
at any time, the sum of the bytes transmitted according to
the residual bandwidth exceeds the bytes needed for con-
tinuous playback, then there is no conflict during transmis-
sion. Otherwise, conflict may happen. We can use for-
mula to describe the proof. If we denote Bpungwiarn(t) as
the bandwidth at time instant ¢ for the residual bandwidth,
Sbandwidin(t) as the bandwidth requirement at time instant ¢
for the smoothed profile, we have that if for all the interval
endpoints ¢ in the residual bandwidth profile and smoothed
profile, we have,

! t
2. Brandwideh () 2 Y, Shandwiaen (£) @)

i=1 i=1

then, we know that there is no conflict. But if at some time
instant ¢,

t ]
Y. Bhandwiden(i) < Z Spandwidrn () 6))

i=1 i=1

we know that the conflict may happen in the intervals with
t as the endpoint. But we have to test whether a conflict
will happen. If during the interval, at any time instant ¢, we
have

]
. Bhandwidth(i) > Funder(t) (6)
i=1

then no conflicts. Otherwise, conflict occurs beginning
from the time instant when

t
Z Bhamlwidth(i) = Funder(t)- )]
i=l
to another time instant when

t
szamlwit/th(i) = Funder(t)- (8)

i=1

D .
Theorem 1 provides a way of improving the perfor-
mance of the optimal algorithm. As we have the residual
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bandwidth profile, we can get Bpyuawiarn(t) at the time in
terval endpoints. From Theorem 1, we know that interva
conflict only occurs when

[
Z Bbandwidth(i) < Funder(t) ¢

i=1

Comparing Bpundwidtn and Figer, we may know wher
conflict begins and ends. Following is the detailed algo-
rithm for optimal solution.

Algorithm 1

1 Attime interval end point t in increasing sort
2 while (Zf= 1 Shandwidih(t) > Z::l Bbamlwidm(i))
3 report potential conflict interval;

4 if (no conflict reported)

5 then

6 transmit video according to profile;

7 else

8 while (conflict timet < n)

9 if (F, umler(t ) > E?:l Bbamlwidth(i))

10 add one frame of size 0 to head of video;
11 update F,ger;
12 t < next time instant in conflict intervals;

13 /* optimal delay found */

14 update F,,., with current Bpqwidens

15  update Fypy.r with optimal delay found:

16 apply chosen smoothing algorithm to get a
new smoothed profile;

17 add old or new profile to create a new By, it

Funder(t) is the total data required till time r for
the video playback without any distortion of quality.
Bhrandwiarn(t) is the sum of residual bandwidth at time ¢ of
the current bandwidth profile. Since there are K runs for
the video and L runs for the current bandwidth, the con-
flict checking can be done by fetching time in increasing
order alternatively. The complexity is O(K + L). If there
is conflict, the conflict time can be calculated by choosing
the first value in the conflict interval. The while loop de-
pends on the number of frames in the conflict interval. It
has time complexity of O(n). The time complexity of ap-
plying smoothing algorithm is O(n?) or O(n?logn) when
using MVBA and MCBA, respectively. From Algorithm 1,
we know that the running time of the is: O(n* +n+ K+ L)
or O(n’logn+n+ K +L). For K is near a constant (for
a movie with two hours length, the number of changes is
near 20) and L is O(K), the total running time is: O(n*) or
O(n*logn).

S Fast Algorithm in Finding Short-
est Delay
In this section, we describe a fast algorithm. We first intro-

duce a new concept: safe interval. A interval is called safe
if during it, the run of a smoothed video requires less band-

SACJ / SART, No 24, 1999




width than what available. The following theorem gives
the basis of our fast algorithm.

Theorem 2 The smallest value in the safe intervals is the
shortest delay for delivery of the run without loss of quality
and the smallest value in the intersection of all the safe
intervals is the shortest delay for the whole video based on
the profile information only.

Proof 2 When a request comes, if the server uses the pro-
file to compute the delay, it must delay the profile to the
point where no conflict happens. Conflict only happens
when the profile has a run requiring bandwidth exceeding
the residual bandwidth. Considering the concept of safe
interval, we know that if the run is not in its safe interval,
a conflict happens, and vice versa. Therefore, for any run,
the server should put the profile such that the run is in its
safe interval. If all the runs are their safe intervals, no con-
flict happens. The intersection of all the safe intervals is
the safe interval for all the runs. The minimum value from
time being on is the shortest delay that is based on the cur-
rent bandwidth. O

This theorem enables a very fast algorithm. Initially,
the fixed bandwidth is all available. Upon receiving a re-
quest, the server allocates the bandwidth for this request.
When another request comes, the server gets the profile
of the current bandwidth used and checks whether a con-
flict will happen. If no conflict, the server transmits the
requested video immediately. Otherwise, the server delays
transmission and calculates the safe intervals for all the
runs of the smoothed video. That is: checking whether the
sum of the bandwidth used in this run and the bandwidth
required exceeds the total fixed bandwidth. After finding
safe intervals for all the runs of the video, the server re-
turns the shortest delay and adds the bandwidth profile to
get a new profile of the residual bandwidth. If we use ¢;_,
and ¢; to denote the end points of jth run of the profile, and
Jj to denote the length of the interval, video[i] and ub[i] to
denote ith runs for the profiles of the requested video and
used bandwidth respectively, we have

Algorithm 2

When a video request received,
mark [0. .. + o] as the safeinterval for the video;
get current used bandwidth (ub) profile;
get smoothed profile of the requested video;
fori=1tlL
forj=1t0K
if ((videoli]. bandwidth
+ ub[j).bandwidth) > fixed bandwidth)
then
[(Ij..] - i) —=li—1,tj —-tj_|] Splils the
safeinterval it resides in;
10 delay + min(safeintervals);
11 fori=1t0(K+L) :
12 ubli].bandwidth + =videoli].bandwidth;

NO UL &a Wi~

o Co

If K denotes the maximal number of runs for a movie,

SART /SACJ, No 24, 1999

Research Article

under the service of fewer than 10 movies, the running
time to get the shortest delay is no more than 100K2.
While for the optimal delay algorithm, the running time is
O(n?logn) if MCBA is used as the smoothing algorithm,
where n is the number of the frames. The fast algorithm
has the running time faster than the optimal algorithm by

ratio of ';2'—°l§-;’5. For the optimal algorithm, getting the new
smoothed profile depends on the sum of running time and
delay calculated, while the fast algorithm, assuming negli-
gible running time, returns the shortest delay as the final re-
sult. In general, X is less than 20 and n is more than 16,000,
consequently, the fast algorithm is normally 256,000 times
faster than the optimal algorithm. As will be seen in our
experimental results, running time for our fast algorithm is
indeed negligible, which corroborates that fast algorithm is
practical in multimedia service system.

6 Experimental Results

In this section, we prove that both the optimal algorithm
and the fast scheduling algorithm can avoid the conflict
under limited bandwidth without loss of quality by delay
introduction through experiments.

6.1 Test-bed

To show the performance of our algorithms, we convert
raw video data from tapes to VBR MPEG-2 streams and
get MPEG-1 files from web-page for our experiments.
These video data consist of five video segments. We
keep a queue maintaining requests received. MCBA is the
smoothing algorithm used for preprocessing with buffer
size of 20MB. Start-up delay is chosen as the time used
to display 15 frames. The server is run on a Sun SPARC
Station 20.

6.2 Performance of Admission Control at a
Certain Time

This goal of this experiment is designed to show that the
fast algorithm is practical. It is to simulate a strict playback
service in such system we mentioned in Section 2. The
procedure of this experiment is,

1. Given the current residual bandwidth from a real net-
work, as shown in Fig. 6. The current bandwidth pro-
file is obtained by inserting five video segments at the
different time separately. It is real bandwidth calcu-
lated.

2. At the time of a new request time for a video. In most
cases, the residual bandwidth is not sufficient.

3. At the same request time, we test the five video seg-
ments respectively to see the shortest delay for the
transmission without loss of quality and the new band-
width profiles. The five video segments are shown in
Fig. 7, Fig. 8, Fig. 9, Fig. 10 and Fig. 11. Conflicts
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Figure 6: Current bandwidth profile

between residual bandwidth and smoothed bandwidth
are also shown.

Bandwidtn (KBieaisec)
8

Figure 7: Residual bandwidth and bandwidth requirement
for Asterix

6.2.1 Experimental results for optimal algorithm and
fast algorithm

Under sufficient bandwidth, the running time of getting
optimal solution is the running time of the checking part.
Under insufficient bandwidth, the server must execute the
smoothing algorithm after reaching a time without conflict.

The optimal delay and shortest delay calculated are
shown in Table 1.

6.2.2 Remarks

From Table 1, we know that a general movie has a lot
of frames. Thus, the running time needed to obtain its
smoothed profile is significant under insufficient residual
bandwidth. For the optimal solution, the total time for get-
ting smoothed profile is the sum of the running time and
the time needed for smoothing. The time needed for get-
ting the smoothed profile may delay the the delivery of this
video beyond its optimal delay given, and may even pre-
vent the server from calculating delays for further video
requests. From experimental results in this subsection, we
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know that the fast algorithm is practical, as for the movies,
delays found are comparable to those got with the optimal
algorithm, and the running time is negligible.

6.3 Quick Summary

If residual bandwidth can not satisfy a video request, we
can delay transmission. From the experimental results, we
know that finding the optimal delay and smoothed profile
for the requested video needs computation time on real-
time smoothing. Using the fast algorithm we propose, we
can delay the video request at a very short time, no more
than 0.001 second as computation time. Based on the al-
gorithm analysis and numerical results, we remark,

1. Under the situation that conflict happens when bytes

transmitted under limited bandwidth are fewer than the
bytes required for playback, delay is the only solution.

2. Getting transmission profile by using smoothing algo-
rithm is not practical in real-time transmission.

3. Based on the smoothed profile, our fast algorithm finds
the shortest delay in a very short time.
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Table 1: algorithm performance for the optimal and the fast algorithms

Title Conflict Intervals Optimal Algorithm Fast Algorithm
(sec) Delay (sec) | Running Time (sec) | Delay (sec) | Running Time (msec)
Asterix 49.2-132.6 109.3 219 132.6 0.82
Bond 49.2-132.6 1134 274.8 132.6 0.76
650.4 - 760.2
MTV 49.2 -132.6 2844 258 284.4 0.76
475.8 - 760.2
News - 0 - 0 -

Sbowl 49.2 - 132.6 132.6 256.2 132.6 0.79
. el — on the current residual bandwidth, consequently it is not
- { the optimal. Nevertheless, it can achieve excellent result in

negligible time.

el Choosing which algorithm depends on characters of
§ the requested video. If we enhance the computation power
% wol of the server, we can use optimal solution, otherwise, fast
§ algorithm is a good choice. For a system transmitting
wl| b stored video, when conflict happens, we should first test
: which kind of conflict it is. The other conflict between
.. L residual bandwidth profile and smoothed profile is han-
dled in another paper. We are also extending this work
N — to cover Video-on-Demand systems, to support operations

Figure 10: Residual bandwidth and bandwidth require-
ment for News
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Figure 11: Residual bandwidth and bandwidth require-
ment for Sbowl

7 Conclusion

In this paper, we propose two algorithms in finding short-
est delay. Under the situation that conflict occurs when
bytes transmitted under limited bandwidth are fewer than
the bytes required for playback, delay is the only solution.
During the multimedia transmission, introducing delay be-
fore delivery is a way of keeping quality of picture when
insufficient bandwidth is available. We first give an opti-
mal algorithm. But this is time-consuming and impractical
when smoothing algorithm costs a lot of time. Thus we
proposed a fast algorithm. As this method does not change
smoothed profiles, it can not find the optimal delay based

SART /SACJ, No 24, 1999

like pause, fast-forward, fast-backward, etc.
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