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Advanced Fast-Forward/Backward Algorithm for VOD Server
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Abstract

In this paper, we devise both methods supporting interactive VCR-like functions
for MPEG stream and minimizing the storage space. Specifically, we proposed both
methods to efficiently stripe MPEG stream into multiple disks, and an access
strategy to retrieve the distributed streams over the disks. To accurately locate the
streams to be referred to, we introduce a table indexing the location. When client
request Fast Forward(FF)/Fast Backward(FB), VOD(Video on Demand) server refer
to this index table supporting FF/FB functions. Experimental result shows that the
proposed method can reduce the additional storage space needed when VOD server
services FF/FB functions.
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1. Introduction

VOD service is a technology that sends
MPEG(Moving Pictures Export Group) or
other video format data to many users in real
time.

One of the key component in the above
application is the VOD
responsible for the storage and transmission
of videos. Depending on the application, a
VOD may be required to store
hundreds of videos, and may be required to
concurrently transmit to clients, data for a
few hundred videos. MPEG is a widely used
multimedia stream in VOD server, because
Inter-frame compression techniques of MPEG
provide significant advantages in both storage
and transmission. Consequently, it is
welcomely accepted for VOD service[11[2].

In a VOD server, in addition to
providing the basic “start/stop” functions, it is
highly desirable to provide the user with
VCR-like functions such as fast forward(FF)
and fast backward(FB). There are several
possible approaches to implementing these
functions. However, each of these approaches
implies additional resource requirements on
the system.

Therefore, we address the problem of
supporting VCR-like functions for inter-frame
compressed video streams such as MPEG and
minimize the additional resource requirement.

In this paper, to meet such purpose, we
propose GOP block placement method and
I-frame access method to remove the
additional storage requirement. Furthermore, it
is desirable to support interactive access to
MPEG stream and support VCR-like
functionality.

server which is

server

2. Previous work
To implement FF/FB without considering
about MPEG streamn reference in previous, the
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storage is placed MPEG stream both original
MPEG stream for normal playout mode and
additional MPEG stream that is organized
with 1 frames for using FF/FB. For example
we can use MPEG-2 stream and store movie
of 100 minutes, and the size of original
MPEG stream is 3GB, encoded with 4Mbits
per second, then additional storage space is
occupied with about between 15 percent and
30 percent of original MPEG stream.
Therefore that is not suitable to implement to
support FF/FB because this
additional storage space.

In general, schemes that support fast
forward and fast backward operations display
frames at a rate higher than normal
playout[3]l. Or skip frames. In the former
scheme, fast-forward at n-times the normal

system has

playout rate required n-times as many frames
to be retrieved, yielding n-fold increase
requirements, then the client request must be
delay until the necessary resource become
available. In the latter scheme, on the other
hand, fast-forward at n-times the normal
playout rate is achieved by displaying every
n-th frames at the normal playout rate.
Although conceptually elegant, such frame
skipping schemes may not be directly
applicable for MPEG stream that are encoded
that exploit

successive

using compression techniques
temporal redundancy between
frames. This is because, such compression
techniques create inter-frame dependencies,
which may prevent every n-th frame to be
independently decoded.

Sakamoto et al[4] proposed "Decoding only
I frame”on servicing user request FF/FB.
This method has another storage space per
one movie. One is used to store a MPEG
stream for play mode, and the other is only 1
frame for FE/FB mode. In this method we
can consider two problems. First, VOD server
sends client only I frame of MPEG stream
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when client station requests FF/FB. In the
client station, the client decodes only I frame
in real time, and the volume of data (I
frames) sent to client is larger than MPEG
stream of normal play since the size of 1
frames is larger than P and B frames. As a
result, more network bandwidth is required
during FF/FB period. Second, the VOD server
MPEG
The
amount of additional space reaches about 15
to 30 percent MPEG

has to store additionally another

stream consisted with I frames only.
percent of original
stream.

The chain of problem and as its solutions
has unfolded these evolutionary efforts. Then,
widely used approach is Sakamoto’s method
due to its inherent
network bandwidth required to support
Sakamoto’s method is attacked by Park(5]
with the cooperation of client’'s node. The
client decode an I frame repeatedly in several

simplicity. Excessive

times. Accordingly, the I frame as much as
the number of needed.
Meanwhile, the additional
storage space has been pending problem.

repetition is not
second penalty,

In this paper, to reduce the required
additional storage space of Sakamoto's
scheme in FF mode, we propose two

schemes. One is a method to store MPEG

stream, that is called GOP blockplacement
method, for accessing Blocks in normal
playout mode and efficiently accessing

I[-frame in FF mode, the other is to access
the blocks, called I-frame access method for
efficient mechanism to extract I frame out of
block. Through those proposed methods, we
can reduce additional storage and
access requirements are evenly distributed all
disks stored MPEG stream when VOD server

service FF/FB functions.

space,

3. Proposed Fast-Forward/Backward

Algorithm

There are two major types of parallel VOD

servers: shared multiprocessors and
distributes memory cluster architectures. The
MPEG stream is sent to the memory buffer
through a high-speed network or bus, and
then to clients. A mass storage system has
presented the capacity of supporting hundreds
of requests. However, it is not yet clear that
a multiprocessor VOD server can be scalable.
A clustered architecture is easy to scale to
thousands of server nodes. In such a system,
between a set of storage nodes and a set of
server nodes are connected by a high-speed
network such as Myrinet. Data is retrieved
form the storage nodes and sent to the server

nodes that send the data to clients.

Server node

Natwark

Clients Storage node

{Fig. 1] System model
In this paper,
architecture as fig. 1. The storage nodes, each

we assume a clustered

with a local disk array, are responsible for
storing MPEG
medium, such as disks. The server nodes are

stream in some storage
responsible for client’s requests. On receiving
a request from a client, a server node will
schedule

appropriate data blocks

it to a time interval and deliver

within some time
deadline to the client during the playout of a
video.

To comply with the reference among
various types of frames as mentioned before,
the multimedia stream is divided into blocks.
It is called "GOP-block”. Each block begins
with an I frame and consecutive B or P
frames. The block is the elementary unit of
storage and retrieval when Play mode, and I
frame is elementary unit of retrieval when
FF/FB mode.

We consider a VOD server that contains n
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distributed in a
disks.

disk-set with  blocks
round-robin manner across the
Formally, we can represent it as follows:

Fb,n) = (b mod n), where b is a
block and n is the number of disk-set.

An example of the block placement for n =
4 is given in Fig. 2.

Each storage node has a disk-set. In
normal playout mode, client requests a
GOP-block for playout that data. After server
node receive client's request, then server node
request the requested GOP-block to target
storage node. The storage node well knows
the next request GOP-block of client because
the MPEG stream is continuous and client
requests GOP-block one by one. Therefore
the storage node pre-fetch next
GOP-block in memory and, at the same time,
send requested GOP-block from storage
mode’s memory to server node through high
speed network.

In FF mode, the retrieval process is same
as normal playout mode. But, in this mode,
requested blocks are only I frames. The
advantage of this pre-fetching scheme in
storage node is to overlap the time between
sending time of one block to server node and
retrieval time of block from disk.

can

1 5 2 6

9 13 10 14

17 21 18 22

2 29 26 30 H
L disk1 disk2 . disk1 disk2 P
disk-seti disk-set2

3 7] ] 8

11 15 il 12 16
19 23 i 20 24

2 3 28 32
disk1 disk2 _diskt disk2 .
disk-setd disk-set4

doP-Block
[Fig. 2] GOP block placement layout

In the proposed algorithm, the VOD server
can service FF/FB request using the index
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table in I-frame access method. When a
client requests a FF/FB operation, a VOD
server sends I-frame of each GOP block in
Fig 1. To extract the
I-frame, we use an index table, we can know
the location of each I-frames-in disk for the
rapidity of service to client requests of FF/FB
functions. This information is called "GOP
block index table”. This index table supports
both the interactive serviceability of FF/FB
functions, and the prompt switching between
FF/FB and normal playout.

The index table has two parts. One is a
structure for playout mode, and the other a
structure for FF/FB mode. The information of
play mode is consists of two fields,
Block-offset and Block-size. Block-offset is
the offset of selected block in disks, and the
block-size is the size of that block. The
information of FF mode also consists of two
fields both I-offset and I-size. I-offset is the
offset of I-frame in selected block from disks,
and I-size is the size of that I-frame. In the
index table, the value of Block-offset and
I-offset is not equal. The reason is as
follows. One GOP block has the headers of a
frame or a GOP(Group of Pictures), and one
block has headers in this order, GOP header ,
I-frame header, and other frame headers such
as P frame headers or B frame headers.
Strictly speaking, the Block-offset is pointed
to GOP header and the I-offset is pointed to
I-frame header.

Fig 3 illustrates the mapping relation
between index table and MPEG stream in
disks. We assume that the MPEG stream
consists of consecutive GOP blocks and each
GOP has one I frame and other frames such
as P frames and B frames. Block offset
indicates the GOP header of the block.
Meanwhile, [-offset indicates the header of 1
frame of the block. Using the index table in
I-frame access method, the VOD server can

location of each
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service FF/FB request.

MPEG stream

" GOP Headar

T W

GOP-Block()

GOP-Block(ix 1)

J— v
GOP Header

[Fig. 3] Mapping relation between index table
and MPEG stream

4. Experimental results

In this section, we compare and evaluate
the performance of the proposed method and
method. For
practicality of our methodology, we evaluated

Sakamoto’s examining the
the jitter delay of the two methods in the
bursty  disk
client-server model.
Using the proposed method, we simulated

case of status based on

the arrtval of video request by a uniform
Assume that there are M different
in the VOD server.
arrival in the VOD server, a client selects in

order to watch the ith video with probability

Pi=1/M 1</ <M, we also assume that
the request probabilities are steady through
the simulation.

We assume that VOD server has 6 disks
and disk parameters used in the simulation is
Atlas XP34300[6]. Atlas is fabricated by
Quantum, 5Gbyte SCSI hard disk, widely
used for multimedia applications. We assumed

process.

videos available Upon

the disk parameters such as average random
maximum seek time is
19ms, rotational delay time is 8.3ms,
heads/drive are 20, tracks/surface are 3820,
sectors/track are 137, sector size is 512B.. We

seek(read) is 8ms,

assume that all disks’capability is same and
disk queue works in FIFO(first In First Out)
manner, with FCFS(First Come First Serve)

disk scheduling.

Fig. 4 shows the space of storage resource
needed to store one GOP. The proposed
scheme store only one GOP, but Sakamoto’s
store both one GOP to support
normal plavout and one I frame to support
FF. In 4Mbps encoding rate with MPEG-2,
199.8 Kbytes, but
Kbytes of
Therefore, our

scheme

proposed scheme need
Sakamoto’s scheme need 258.1
GOP.

strategy is highly superior to the Sakamoto’s

storage space per
scheme since 1t does not need extra storage
space to separately store I frames.

method  with
Sakamoto’s method in same environment, we
The
written in SMPL[7], and consists of reguest

To compare  proposed

implemented  simulator. simulator is
generator, event control loop, SCSI interface,
and disk drive module. The composition of
simulator is shown in Fig 5. The simulator
periodically generates request in request
generator, and the event

control loop. All event generated by simulator

request enters
have transition to next event and is controlled
by event control loop.
mProposed scheme
_ MSakamoto’'s Scheme

500
400
300
200
100

The stored size per GOP

4M bps
Sample MPEG rate

6M bps

[Fig. 4] The stored size per GOB with
sample MPEG rate

The request generated by request generator
is transferred to disk drive module. Through
this mechanism, request response time Iis
evaluated. We assume that the number of

total requests is 10000 in this simulator.
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[Fig. 5] The configuration of simulator

In Fig 6, the pair of numbers beneath each
bar means the normalized number of clients
both in normal playout mode and FF/FB
mode to 100. The first pair 50-50 implies that
10 clients are in normal playout mode and the
rests in FF/FB mode within total 20 clients.
The Y-axis gauges up the number of packets

responded beyond the required time deadline.

. @ Proposed algorithm ‘
! @ Sakamota's algarithm ¢

@
=)

é—'mm

Number of delayed service
o0
(=1

o

50-50 40-60 30-70 20-80 10-90 0-100
The Ratio of play mode to FF mode

[Fig. 6] Delayed service vs ratio of play
mode to FF mode

The general trend of client preferences are
skewed to normal playout rather than FF/FB.
Therefore, the ratio of normal playout mode
to FF mode from 50-50 to 0-100 is usual
cases in commercial VOD server. In this
range, proposed method shows little difference
from Sakamoto’s method.

5. Conclusions

In this paper, we have explored the GOP
block placement method and I-frame access
method to provide VCR-like
functions for MPEG stream.

Our GOP block placement method for all
disks stored MPEG stream to service FF/FB
divide original MPEG stream into each blocks,
and I-frame access method service client’'s
interactively. The proposed method

interactive

request

& ' 2004. 2. Vol 5., No. 2. February

has index table to support rapidly accessing
the location of I-frames when clients request
FF/FB functions. Through this mechanism,
the proposed method takes a great advantage
in respect of storage space rather than
Sakamoto’s method. Together with it, The
access time of our mechanism to support
FF/FB has been also evaluated and compared
with Sakamoto's way. Moderate performance
was shown in the case of mixed both normal
playout requests and FF/FB requests.
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