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ABSTRACT

Variable Bit Rate (VBR) video data show highly bursty traffic characteristics depending on their frame types. In
order to transmit video streams in the ATM-based distributive Video-On-Demand service, a Bandwidth Smoothing
scheme prefetching sufficient data from the server can be provided for the efficient utilization of the network before
the playback of the video at a client.

We propose a new Bandwidth Smoothing scheme called the Long Stretching in the Middle (LSM) bandwidth allocation
algorithm for the transmission scheduling of the stored VBR video streams in a large storage device of the server.
And we present the performance metrics of the Bandwidth Smoothing Algorithm and analyze them according to
the service types for the bandwidth reservation, and compare the performance metrics of the proposed algorithm
with other algorithms based on bit traces of the MPEG-1 frames. The proposed LSM is a simple algorithm with
O(N) complexity, which shows low average bit rate, small bandwith changes, small bandwidth increases and low
bandwidth change frequency.

On the other hand, finding moderate buffer size and startup latency considering jitter and delay in the network

and reducing demands for high bandwidth in the first segment are discussed.

1. Introduction

As the result of the rapid development of the ATM
based B-ISDN and data compression techniques such
as JPEG and MPEG, the multimedia services with an
enormous data have begun to permeate the market-
place. Recently, a number of studies have focused on
the Video-On-Demand (VOD) service in particular (i, 2].

VOD system is composed of server, client, and net-
work connecting them. VOD server maintains the
compressed video and audio data in a large storage

device and delivers the data to clients through the
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ATM network or cable network. VOD client is a
workstation or Set-Top-Box with MPEG decoder,
and has a fixed-size buffer to receive data from VOD
server.

Generally, VOD service can be classified into two
calegories : the interactive service, which allows a client’s
interactions such as rewind, fast forward and stop of
the VCR functions during the playback, and the distri-
butive service, which does not allow a client’s requests
for interactions until the full completion of a video
playback.

Since the amount of video data is immense as
compared to the audio data, transmitting the raw
data over the network is inadequate. Consequently,

for the efficiency of storage, transmission, and main-
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tenance of the constant-quality during the playback,
video data need to be compressed using the MPEG
scheme with VBR mode |3]. However, traffic chara-
cteristics of the compressed VBR MPEG video data
show high burstiness due to the differences in bit
rates between 1 frames with the spatial coding and P
and B frames with the predictive coding. Thus, trans-
ferring such a bursty traffic over the nciwork requires
large bandwidth having high transmission costs and
causes the traffic control difficult [4, 5]. In a stored
video, unlike in a real-time video, since the statistical
full

before the (ransmission and prefetching sufficient

characteristics  of a stream is  known
data from the server before the playback is possible,
using the minimum bandwidth in bandwidth smoo-
thing for transmitling video streams is efficient for the
utilization of the network [6, 13].

The bandwidth allocation scheme for a stored
video can be classified into two categories as shown
in Fig. 1:the static bandwidth allocation for the fixed
bandwidth of a full videco stream [7, 8]. and the
dynamic bandwidth allocation considering a client-side
buffer occupancy [9, 10, 11, 12, 15]. The dynamic
bandwidth allocation can be reclassified into the
idenii(‘rzl segment allocation and variable segment allo-
cation. In the identical segment allocation, the lowest

fixed bandwidth is allocaled to cach segment without

[ Static Bandwidth Allocation :
[ CBR
T CRIT

[Dynamic Bandwidgbkf/’\lloca}iml

l (Idcmical Segment Allocation PCRTT
; T
L,,{V;}]agll Sc:gmem Allocation : i OSA
T e i CBA
I OBA
L SSA

Fig. 1 Classification for the bandwidth allocation
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generating buffer underflow [9]. And in the variable
segment allocation, segments with variable lengths are
created by finding optimal bandwidth allocation
schedule to a limited extent that the buffer occupancy
at a client does not generate buffer overflow or
underflow {10, 11, 12, 15].

In the static bandwidth allocation, it is important
to find the minimum transmission rate required for
the transmission of a video with initial startup latency
and o search for the minimum buffer size of a
client-side at that rate.

However, during the playback of a full video stream,
since a fixed bandwidth is allocated, it is advan-
tugcous that the server provides service withoul a
rencgotiation for the bandwidth if the requested
bandwidth by Call Admission Control(CAC) is allo-
cated.

In the dynamic bandwidth allocation, unlike in the
static bandwidth allocation, the bandwidth negoti-
ation step requesting CBR service based on a new
bandwidth is required, and then the bandwidth currently
allocated is released. Renegotiated CBR (RCBR) is
an cxample of the bandwidth negotiation technique [17].

In this paper the Long Stretching in the Middle
(LSM) bandwidth allocation algorithm is suggested as
a bandwidth smoothing scheme for the transmission
scheduling for the VBR video data in the distributive
VOD service. In LSM., before VBR video traffics are
transmilled to the User Network Interface (UNI), a
smoothing is conducted at the server by using the
frame sizes ol the video stream.

LSM finds the long-lasling segments that last for a
long time without buffer overflow or underflow in or-
der to lower average bit rate, bandwidth change num-
ber and lo maximize the length of a segment. LSM
reduces bandwidth change number and bandwidth
increase number, and average bit rate with a simple
algorithm by eliminating the overhead produced in
the previous schemes using a linear search looking for
the starting point when the bandwidth changes.

This paper is organized as follows. In section I,
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we discuss the bandwidth smoothing and related
works. In section [ll, we propose a new bandwidth
smoothing algorithm called LSM. In section IV, we
present performance metrics for the evaluation of per-
formance of the bandwidth smoothing algorithm and
describe the importance of each performance metrics
according to the service types. In section V, we com-
pare and analyze proposed LSM algorithm and pre-
vious algorithms based on the performance metrics
employing the MPEG-1 video data, and conclude in

section V.

I. Bandwidth Smoothing and Related
Works

1. Bandwidth Smoothing

In VOD server, transmission scheduling of a video
stream is written by the bandwidth smoothing technique
before the transmission. A bandwidth for a full video
stream is fixedly allocated by the static bandwidth
allocation {7, 8] or dynamically allocated by the
dynamic bandwidth allocation [9, 10, 11, 12, 15].
Since the static bandwidth allocation requires a huge
buffer and brings intolerable initial startup latency to
lower the bandwidth requirements, in this paper as
the transmission schedule dynamic bandwidth allo-
cation is applied. In dynamic bandwidth allocation,
the constant bandwidth is applied for a specific seg-

ment composed of multiple frames.

VOD scrver finds the starting frame number, length
and bandwidth of a secgment by the bandwidth
smoothing scheme, and maintains the transmission
schedule based on the above information on a storage
device with a video stream.

A video stream F, composed of K consecutive

segments Si is expressed in equation 1.

V:/:ShSz."\Sz"“vSI\‘} (1)

The transmission schedule of segment S; is shown

in equation 2.

S;={F;, L, R} ()

In equation 2, F;, L; R, represent the starting frame
number, segment length, and allocated bandwidth, re-
spectively.

VOD server transmils the video data to a client
using the transmission schedule as represented in
equation 1, with the bandwidth R; from the starting
frame F; of the segment Si to the F; +1L,;.

After VOD server completes the transmission of the
frames of segments S; the server tries to negotiate
with the network to reserve a new required bandwidth,
R; 41, before transmitting the frames of the next seg-
ment, S;;,. And then, the reserved bandwidth for the
segment S; is released to the network, and a new
bandwidth R; ., is required in the network. And the
bandwidth negotiation is conducted to find out if the
network provides the requested bandwidth. For this,
Renegotiated Constant Bit Rate (RCBR) service can
be employed.

The main purpose of the bandwidth smoothing is
to find the optimal bandwidth allocation schedule in
order to transmil the video stream within given
constraints: client-side buffer size and initial startup
latency without buffer overflow or underflow. Another
purpose of bandwidth smoothing is to optimize the
performance metrics as discussed in section V.

A VBR video strecam V' is composed of N frames
whose ith frame size is f;. In order lo guarantee
continous playback at a client, the server must always
transmit the video data to prevent client’s buffer
underflow. That is, the server should transmit more
than #,.., data 1o a chient.

n

Finwer 0)=3_ [, )

1=1

Meanwhile, i the client has a fixed-length buffer
the server should not transmit more than B, which is

the amount of dala that the buffer can accept. In
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other words, the client should not receive more than

Fupper, at the frame position 7.

Fupper (n) = Flower (n) +B 4)

On the other hand, the client-side buffer size has to
be greater than the maximum frame size of a video

stream.

B> max 1 (5)
1<1<N

The bandwidth allocation schedule of a server
scarches for the optimal slopes of curves located
between Fluper and Fyppe,, that satisfies specific per-
formance metrics on which we will discuss in section
IV. That is, if the nth frame belongs to the kth seg-
ment and R, is the allocated bandwidth to the seg-
ment, F, frame is the starting frame number of the
segment, the accumulated data that the client have
received from the server through nth frame should

satisfy equation 6.

k-1
C k— )= R,‘ X L,‘
(==L (RxL) 0
F,owe,(n) <Clk—1) + Ry X (n —Fk) < Fu/,f,,,, (n)
L Accumulated
data
) . } B

F

upper

segments

Bandwidth change
candidates

B + e
e d Fhmrr
- : -,
start Frame position N

Fig. 2 shows an example of bandwidth allocation schedule

of server.
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2. Related Works

Piecewise Constant Rate Transmission and Tra-
nsport (PCRTT)[9] suggests a transmission scheduling
that requires the minimum buffer for multiple segments
with the same interval. However, PCRTT intensifies
the bandwidth changes between segments dividing a
stream into the random fixed numbers of segments
without regard for the characteristics of the video
stream. The shortcomings of PCRTT is that bandwidth
changes have to be increased for the reduction of
requests for a buffer.

In the variable segment allocation, there are num-
ber of schemes such as Optimal Smoothing
Algorithm (OSA) by Salehi [10], Critical bandwidth
Allocation (CBA) and Optimal Bandwidth Allocation
(OBA) by Feng {11, 12], and Sliding Stretching Algor-
ithm (SSA) by Zhang {14]. They can be classified by
the sclection methods for bandwidth change time,
which is onc of the bandwidth change candidates
represented by the dotted line in Fig. 2 to look tor
the initial starting point of the segment S, 4 ©
maximize the length of sepmeni )

In OSA. data arc lransmitted in CBR for a long
possible time without buffer overflow or underflow.
And to make the bandwidth variability small the
bandwidth has to be changed as early as possible.
Accordingly, bandwidth changes only 1n the case that
the client-side buffer is full or empty. That is, in Fig.
2. among the bandwidth change candidates, the
leftmost frame position is sclected as a change point.
And the maximum complexity of OSA shows O(N2)
[10]. This is duc to the potential backtracking in the
algorithm.

In CBA, when a new bandwidth is allocated, a lin-
car scarch is conducted to minimize the number of
increases for the bandwidth. In GBA, linear search is
used to minimize the bandwidth changes even in the
case that currently allocated bandwidth 1s decreased.
In CBA and OBA. the initial startup latency is nol
considered, and the complexity of these schemes is

O(N?logN), where the log N term arises from perfo-
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rming a binary search along the bandwidth change
candidates of each segment [13].

in SSA, bandwidth R, is found to maximize the
length of the first segment S, by conducting a linear
search on all the points of a straight line connected
by Fiwer and F,pp., at the start time as in Fig. 2.
Accordingly, SSA requires the initial buffer buildup
at the start frame position. The identical methods as
in OBA arc used for the initial starting point of each

segment after S,. When C is the cumulative data of a
N

video stream, that is C =Y, f;, the complexity of SSA
i=1

is O(NXC). And a proof of the complexity O(NxC) is

shown in [16].

. Long Stretching in the Middle (LSM)
Bandwidth Allocation

1. LSM Aigorithm

The mathematical model of LSM we propose in
this paper is shown in Fig. 3. LSM is an algorithm to
find R(n) at any frame position n for the optimal
bandwidth allocation in the region encompassed with
two curves, where ¢ = P(n), c = A(n) in Fig. 3.

R(n) is a curve composed of piece-wise lines, where
the slope of cach line becomes the allocated
bandwidth. And a fixed bandwidth is allocated for a
segment. In Fig. 3, f; is the initial startup latency.

Thus, the server could lower the bandwidth by trans-

R
: »J~~— %

s segments

Fig. 3 LSM mathematical model

www.dbpia.co.kr

mitting video data ¢, seconds before a client starts to
playback video stream.

If N is the total number of frames of a video
stream V, and 4 is the difference in playback time
between two adjacent frames, then 7" is the total
payback time of V' which equals to Nx 4. Meanwhile,
the playback time t is denoted by f=nX 4 at the
frame position #.

C is the cumulative data of a video stream V and

expressed in equation 7.

N
C=% fi=P(N) )

The Fiowe, (1) and Fopp,, (#) at the frame position n
in Fig. 2 is depicted as P(n) and A4(n) in Fig. 3, re-
spectively. The cumulative data playbacked by the cli-
ent over [0, n] is P(n), which is the total amount of

frame sizes through »th frame.
n
Pm)=Y_ f;, PO)=0 (8)
iz

If the buffer size is B, the cumulative data 4(n),
which the client can receive over [0, n] without buffer
overflow, is shown in equation 9. In order for a client
to playback nth frame the server should prefetch and
transmit the data before the playback. Thus P(n-1) is

used in cquation 9.

A0)=18 ©)
AR)=min{B +Pn—-1),Ch 1 <n<N

Since R(#) is the cumulative data transmitted by
the server over {0, n] to a client according to the
transmission schedule, the slope becomes the bandwidth
of a segment to which the nth frame belongs.

The followings are the definitions of a straight line
between two points, the slope of a straight line, and
P; and 4,

Definition 1:When x2 2 x1 and y2 > yl, a straight
line between point pl =(x1, y1) and point p2=(x2, y2)
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is denoted as [pl —p2], and the slope of which is
denoted as SL([pt — p2}).

Definition 2:Point (i, P(i)) and point (. A()) are

denoted as P;, A, respectively.

The max_upper(n,, »n) is the maximum bandwidth
not generating buffer overflow from the starting
frame #, to an arbitrary frame n. And the »an lower
(19, ) is the minimum bandwidth that docs not gen-
erate buffer underflow from the starting frame n0 to

an arbitrary {rame ».

P,':(i, P(l)), A{:(l.. A(l)), R():(ng, R(n()))

max_upper (ny, n)=min SL{{R,—> A:D
nysiisn (l())
min _lower (ny, n) = min SL([R,—> P}
nyian
SLiatr (o, n) indicates the slope of the mean value
of A(n) and P(») at an arbitrary frame » from the

starting frame #,.

SLpary(ng, n)=SL [Ro—> pl

()
An) -+ P(n)
where p=(n, ————)
c
'
. Aln) !
foen
[P
¥
\
-1
!
| ] i min_lower
! [ .1
g, n
Fig. 4 max_upper, min lower, SLy, of LSM
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In Fig. 4, the maximum value, which satisfies
cquation 12 from the slarting frame », of the segment
S; to an arbitrary frame n, becomes the end point of
the segment S;, and this point becomes the starting
point of segment S; 4.

In LSM, in order to maximize the length of a seg-
ment and reduce bandwidth variability, the frame
position which satisfics the condition in equation 12 is
selected as the end point of the segment, and the
bandwidth R; is allocated for the segment S; as in
equation 13 from frame ny to frame #. In equation
13 Ry, represents the playback rate, whose unit is

the number of frames per second.

min lower (g, n) < SLyarr (0, 8) < max upper (ng, %) (12)

Ri= SL}M['/ (1, 1) X< R,,[(“, (13)

LSM ualgorithm 1s shown in Fig. 5. LSM performs
only a lincar scarch on all frames to {ind segments.
Thus if the total number of frames of a video stream

Vis N, the complexity ot LSM is O(N).

Input = Initial point py = (xy, vg)

Output o End point p =(x,y) and Rate R, (bits per frame)
of a segment S,

[ «Initialization* |

nooxpt
Poawx " 0
O

while(n < N) {

1y < max_ upper{xg, n);

vy« mun_lower(xy, n);

() O v ) then roe <o 7y

i Cry > v then v+

Faoir < Shopardxg, n):

i (P = Zaad N Fhay 2 )
thew o+ ntli [+ Equation 12 */
else {

x < owe ],

L AP

) 5
Fro * SLOxy, x);
return(p, #py)

1

i

/% last segment */
A n,

Yo Ve (n-- xl)) v

return(p, ¥

Fig. 5 Pseudo code for LSM algorithm
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As LSM finds R(#) passing through the mid-point
of two curves, 4(n) and P(n), to maximize the lengh
of a segment and to reduce bandwidth variability, the
problem occurs when the bandwidth of the last seg-
ment S is allocated. In other words, it is a subject of
controversy that the offset between the problem of re-
ducing bandwidth variability and lowering average bit
rate. In order to reduce bandwidth variability if we
take SLyyy. average bil rate might become higher;or
if min_lower value is taken to lower the average bit
rate, bandwidth variability might become greater. In
LSM we take SL,,; ¢ to reduce bandwidth variability.

2. Initial Startup Latency

In order to lower average bit rate and reduce
bandwidth variability, video data should be smoothed
and transmitted by the server £, seconds before a client
starts to playback a vidco stream. In Fig. 3, to lower
the average rate and reduce bandwidth variability by
a bandwidth smoothing scheme, the optimal initial

startup latency £; can be calculated as the following.

Step I:In Fig. 6, the first segment Sy is found by
using LSM algorithm with all the points(l, i)
on the straight line [P~ A,], and the length
L,(7) of the segment S, for each point is
calculated.

Step 2:The slope R, is found at the frame position m

with the maximum length L,,,, of S,.

Lpoe= max L {7)
POy AL

Ri=SL({pP,—> P (14)

A(m) +P(m) )

where P’ = (m, >

Step 3:The point adjacent to t-axis for the straight
line with stope R; is found as in Fig. 6. This
point becomes the optimal initial startup

latency £,.

www.dbpia.co.kr

ADLLOD .t
_Am 4P
ts'“ 2>< R[ XA (15)
where 4=
play
¢ | -

P
Fig. 6 The optimal initial startup latency

If ¢, of the video stream V is found using equation
15, il is easy to obtain the optimal initial startup play-
back latency without searching for the optimal
bandwidth smoothing schedule for various initial

startup latencies.

3. Jitter Considerations

Due to the delay and jitter in the network, video
data arc not able to arrive on playback time according
to the transmission schedule of the server. Accord-
ingly, buffer underflow or overflow can be generated
at a client.

In LSM, in order to absorb data, which the client
can receive during the jitter(the difference between
maximum delay d and minimum delay ),
equation 5 is modified to equation 16. In equation 16,
Roax 18 the maximum value among the bandwidths
allocated 1o cach segement. In order to absorb delay
and jitter in the network, if the maximum delay .,
is considered the initial startup latency ¢, is calculated
as in equation 17. In order 1o absorb jitter for the

limited buffer B cquation 9 has to be modified to
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equation 18.

6 = dmux —‘dmm

, (16)
B > B+6X Ry,
te=ts +d (17)
An)=min{B +Pn-1),Cl,1<n<N (18)

V. Performance Metrics of the Bandwidth
Smoothing

1. Performance Metrics
In this section, the factors for the performance

evaluation of the bandwidth smoothing are introduced.

1) Peak bit rate

Peak bit rate R,,, is the maximum value among
the bandwidths allocated to each segment. For the ef-
ficient utilization of the network, the peak bit rate has
to be small. A calculation to find peak bit rate is

shown in equation 19.

R = max R; (19)
lsigsk
2) Average bit rate
Average bit rate R, is the mean value of the
bandwidths allocated to each segment. Average bit

rate can be calculated as in equation 20,

Ravgz? iZI R; (20)
3) Bandwidth changes
K is the Bandwidth changes, that is the total num-
ber of segments found by a bandwidth smoothing.
As it influences the bandwidth renegotiation number,

small number is preferabic.

4) Bandwidth increases

In cace that the bandwidth R; ., of a segment S, |,
requires larger bandwidth than currently allocated
bandwidth R;. the requested bandwidth R; 4, can not

694

be allocated at the ncgotiation step for a bandwidth
reservation. Accordingly, the bandwidth increases
also has to be small for the same bandwidth changes.
Meanwhile, n case that the bandwidth decreases the
allocated bandwidth is returned to the network and
smaller bandwidth is requested. Accordingly, the
probability for the failure of bandwidth reservation at

the renegotiation step becomes smaller.

5) Bandwidth variability

The bandwidth variablity Ry shows the degree of
smoothness for the transmission schedule. Ry, has to
be small to prevent interruption of the service or
degradation of Quality of Service (QoS) in case the
requested bandwidth is not available at the bandwidth
renegotitation step. The bandwidth variability is the
standard deviation of the allocated bandwidths as

shown in equation 21.

o
l K
Ru= [ T (R~ Ry n

=1

6) Bandwidth Change Frequency

Bandwidth Change Frequency indicates the degree
of how often bandwidth changes during the playback
of a full video stream, and it is inversely proportional
to the average length of segments. As the average
length of segments becomes longer, the time in which
video data arc transmitted without renegotiation of
bandwidth becomes longer.

Bandwidth Change Frequency Ry, can be oblained
by cquation 22.
Ry e @

l K
— ¥ L,‘
K =

2. The Importance of Performance Metrics according

to Bandwidth Reservation Types

The following service types are considered for the
bandwidth reservation for VOD service in the ATM
network. (1) CBR type which uses a fixed bandwidth,

www.dbpia.co.kr
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(2) RCBR type which uses the dynamic bandwidth
allocation and requires the renegotiation step for the
bandwidth reservation, (3) VBR type which uses stat-
istical multiplexing, and (4) Available Bit Rate

[18] type, which provides the limited QoS within
available bandwidth.

CBR type allocates a fixed bandwidth during the
playback of a full video stream applying the peak bit
rate. If bandwidth variability is large, it is not
efficient for the resource utilization because it pro-
duces a large waste of bandwidth. Therefore, the peak
bit rate is not an important factor for any type except
CBR type.

VBR type is suitable for the applications with
bursty traffic pattern and is not efficient for non-realtime
appiication like VOD services. In VBR type, statistical
qusstiplexing gain is small for a smoothed traffic [19].

in ABR type, which provides the limited QoS
within available bandwidth, even though there is no
orobability for failure of bandwidth renegotiation,
wser's requests for QoS are not fully satisfied because
there are cases that the required bandwidth can not
be provided. In case of a video stream which is
encoded using layered encoding of MPEG-2, ABR
type can be used. Thus, RCBR type is considered as
the most powerful type for a resource reservation
method to support VOD service within a given buffer
size and tolerable initial startup latency. In RCBR
type, in order to minimize the cost for the rencgo-
tiation, bandwidth changes have to be small. And
also, to reduce connection cost of the network, trans-
mission time should be short. On the other hand, to
reduce the probability for the failure both bandwidth
variability and bandwidth increases should be small

at the bandwidth negoltiation step.
V. Experiments and Evaluations
The results are compared and evaluated by using

the bit traces of MPEG-1 coded “star wars” [20] and

“lambs” [21] for the performance evaluation of the

proposed bandwidth smoothing (LSM).
Table 1 shows the encoding characteristics for “star

wars” and “lambs” used in our experiments.

Table 1. Encoding characteristics for “star wars” and

“lambs”
Video streams star wars lambs
Resoultion 508 x 408 384 x 288

-
Total frame length (frames) 174,136 (119 minutes)| 40,000 (27 minutes)

GOP(Group Of Picture) size 12 12
Rptay R % 25

Average bit rate (Mbps) 0374 0.175

A “Pcrarl;t;i.t rate (Mbps) 4.446 321

In this paper Optimal Smoothing Algorithm(OSA),
Critical Bandwidth Allocation (CBA), and Optimal
Bandwidth Allocation (OBA) are selected for com-
parison. OSA uses majorization theory to minimize
the bandwidth variability[{0]. CBA and OBA search
for the bandwidth change point by conducting a linear
search among the candidates for the bandwidth
change to minimize the bandwidth change number.
As CBA and OBA both do not reflect the initial
startup playback latency ts, equation 4 is used for
Fupper in [11, 12]. But, we let £,=10 seconds for per-
formance comparison under the same conditions as in
OSA and LSM. For this, we use equation 9
instead of equation 4 as F,py., curve. The fluctuations
of t; show no great influences in performance metrics
of the smoothing algorithms. But £,=0 indicates that
there is no initial startup playback latency for the
bandwidth R, of the first segment S,. So R, becomes
very huge because the first frame of the video stream
is T frame and its size is very large. In this test, under
the initial startup latency about 10 seconds, perfo-
rmances are compared.

The following figures demonstrate the performance
results of OSA, LSM, CBA, and OBA in different

buffer sizes with ¢, =10 seconds.
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Fig. 12 Average segment length for different buffer sizes

From the standpoint of peak bit rate, as shown in
Fig. 7, OSA, CBA and OBA all have the same peak
bit rate, and LSM has somewhat higher peak bit rate.

While the peak bit rate is an important performance

metrics for CBR type, average bit rate is important
for RCBR type. As illustrated in Fig. 8, LSM has low
average bit rate as compared to CBA and OBA. Con-
sidering average bil rate, OSA is the lowest.

In the aspect of bandwidth changes, as buffer size
increases bandwidth changes of LSM, CBA, and
OBA abruptly decreases, but as buffer size decreases
bandwidth changes of OSA becomes very high. CBA
demonstrates very low performance in “lambs”, and
LSM and OBA show similar performances. In
“lambs” with thirty-minute run time, bandwidth
changes of CBA and OBA is reduced to 1 for the
buffer sizes over 4MB, and turns out to be CBR type,
which is a static allocation.

In regarding bandwidth increases, CBA, which
minimizes bandwidth increases, demonstrates the
most prominent performance. As the buffer size
grows larger, LSM, CBA, and OBA show similiar
performances. OSA has a large bandwidth changes
and high bandwidth increases because OSA changes
bandwidth at the buffer overflow or underflow.

In considering bandwidth variability, CBA displays
the most excellent performance because it conducts a
linear search for the candidates for the bandwidth
changes to minimize this performance metrics. As the
buffer size grows larger, OBA prefetches more data
by increasing the average bit rate as shown in Fig. 8,
and decreases the number of segments. As a result of
the increase in average bit rate, as the buffer size
grows larger, bandwidth variability of OBA becomes
greater than CBA in “star wars”. And LSM shows
higher bandwidth variability than CBA and OBA
even though LSM uses SL;,. In OSA, as the buffer
size grows larger, bandwidth variability also grows
larger. This is because the bandwidth variability
grows larger as the buffer size grows since OSA
changes bandwidth whenever the buffer overflow or
underflow occurs.

In the average length of segments, as the buffer size
increases OBA shows the most outstanding perfo-

rmance and the proposed LSM demonstrates better
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performance than CBA and OSA. In “lambs”, the
curve shows lower value than CBA and OBA at 8MB
buffer because one short segment appears al the end
of a stream in LSM.

The result of performance evaluation shows that
the proposed LSM is outstanding in average bit rate
as compared to other algorithms. The bandwidth
variability demonstrates higher performance in order
of CBA, OBA, LSM, and OSA ; and bandwidth changes
and bandwidth increases show similar performances
in LSM, CBA, and OBA, for the buffer sizes over
2MB. Since OSA changes bandwidth before the client-
side buffer becomes overflow or underflow, many
short segments appear. Morcover, OSA shows the
lowest performance in performance metrics except in
average bit rate as compared to other algorithms.

Fig. 13 shows the optimal initial startup latency for

—e—star wars -- - - lanbs

Latency (sec)
g 8
N

X
\

Buffer S22 {ME]
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60602
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40000
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Segmunt Lengtr (irames)

Fig. 13 Optimal initial startup latency for different buffer

sizes

different buffer sizes in LSM. In “star wars”, the opti-
mal initial startup latency increases abruptly for
buffer sizes over 2MB.

When the number of frames is N, even though
LSM has O(N) complexity it shows excellent or simi-
lar performances as compared to CBA or OBA,
which has O(N?logN) complexity. For the future,
there should be continuous studies for reducing
bandwidth variability of LSM.

In the experiments, information on MPEG-1 frame
sizes were used, and most of the data expect the “star
wars” were about 30-minute run or JPEG coded,
which were not sufficient for our experiments. There-
fore, it is necessary lo obtain full-length MPEG-2

data for further studies.

Vl. Conclusions and Future Work

In this paper the Long Stretching in the Middle
(LLSM) bandwidth allocation algorithm, which is a
dynamic bandwidth allocation scheme for VOD ser-
ver to transmil VBR videco streams to a client over
the ATM network for distributive VOD service, is
proposed.

LSM finds the long-lasting segments which last for
a long time without buffer overflow or underflow in
order to lower average bit rate, bandwidth changes,
and to maximize the length of segments. LSM reduces
bandwidth changes and bandwidth increases, and
average bit rate with a simple algorithm by
climinating the overhead produced in CBA, OBA,
and SSA using a linear search for the starling point
when the bandwidth changes.

Various performance metrics of bandwidth smoothing
schemes are suggested, and the importance of metrics
according to the service types of bandwidth reservation
is discussed.

Video streams coded in MPEG-1 are employed for
the experiments, and the performance results are
compared and analyzed. Although the proposed L.SM

has a complexity O(N), the result of performance
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evaluation demonstrates similarities in bandwidth
changes, bandwidth increases, and average segment
length with respect to OBA, but shows better perfo-
rmarnces in average bit rate.

On the other hand, finding moderate buffer size
and initial startup latency considering jitter and delay
in the network and reducing demands for high
bandwidth in the first segment are discussed.

In order to support interactive VOD service in the
future, a client should transmit video data at a new
frame position with the minimum tolerable delay after
the completion of VCR operations. For this, the pre-
vious bandwidth smoothing algorithms, CBA and
OBA in particular, are not appropriate for resche-
duling. Thus, LSM is preferred for its simplicity of an
algorithm as compared to CBA and OBA, which
have high complexity.

In this paper a new bandwidth smoothing scheme,
Long Stretching in the Middle (LSM) bandwidth allo-
cation algorithm, for the distributive VOD services is
discussed. Current VOD service s expecled 1o support
client’s interactions in the near future. Therefore,
finding methods for reducing the playback restart
latency for the interactive VOD services remains for

further studies.
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