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ABSTRACT 

This paper explores a data placement method based on 
rate staggering t o  store scalable video data in a disk- 
array-based video server. Scalable video means a video 
which is coded in such a way tha t  subsets of the full 
video bit stream can be decoded t o  create low qual- 
ity/resolution videos. support ing layered multiple res- 
olutions from a video server is very desirable in many 
applications. Note tha t  in a disk array the video data 
corresponding t o  dinerent rates of the same video clip 
are n o t  required t o  reside in the same disk. In view 
of this, we propose and explore in this paper the ap- 
proach of rate staggering, i.e., staggering video data in 
the disk array based on  data rates. It is noted tha t  the 
advantages of the proposed rate staggering method en- 
able a video server t o  provide feasible solutions t o  some 
video stream requests which cannot be met otherwise. 
The system throughput can thus be increased. Perfor- 
mance studies on the methods proposed are conducted. 
It is empirically shown tha t  a VOD system employing 
rate staggering can signi ... cantly outperform a system 
employing t ime staggering for the playout of scalable 
video. 

.Index Terms: Multi-resolution video, video server. 

I. INTRODUCTION 
Recently, the promise of multimedia technologies t o  

have a signi...cant impact on bo th  information providing 
service and entertainment business has created several 
new ventures [4] [lo] [16]. Given the extremely large 
data size, the major challenge t o  handle multimedia 
data is t o  support not  only very high disk bandwidth 
for video retrieval but also ver hi h network band- 
width for data transmission [13r[12f Disk arrays are 
employed t o  rovide the disk bandwidth required for a 
video server b] [14] I171 [18]. In fact, it is highly desir- 
able t o  use disk striping in a disk arra t o  handle the 
storage and retrieval of video data [I]f!j] [81 [141 [151. 
Conventionally, disk striping is done by dividing the 
video data into blocks according t o  their presentation 
order (i.e., t ime sequence) and storing these blocks into 
dinerent disks. It is noted tha t  with such a disk strip- 
ing better load balancing can be achieved by sta gering 
the starting times of dinerent video streams [lf This 
is referred t o  as t ime staggering. 

Multi-resolution coding, referring t o  the encoding 
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technique which accommodates a t  least two resolutions 
in a video stream, is able t o  provide scalable video [SI 
[ll]. Scalable video means a video which is coded in 
such a way tha t  subsets of the full video bit stream 
can be decoded t o  create low quality/resolution videos 
[2] [3] 171. Supporting layered multiple resolutions f rom 
a video server is desirable by the broadcasting indus- 
try since a video provider (such as a VOD company) 
may want t o  provide dinerent customers w i th  dinerent 
levels of service. Naturally, the resolution of a video 
ordered by a customer with an HDTV will be higher 
than tha t  ordered by a customer with a conventional 
TV. In addition, mult iple resolution encoding is useful 
for the computer industry for such applications as mul- 
t iplatform decoding which allows video t o  be decoded 
by platforms of dinerent capabilities, and also multi- 
window decoding where videos of dinerent resolutions 
can be independently selected by decoders t o  produce 
videos for dinerent window sizes. 

A signi ... cant research enort has been elaborated 
upon multi-resolution coding, and led t o  the develop- 
ment of hierarchical coding techniques such as subband 
coding. Basically, subband coding is an approach of us- 
ing a ... Iter bank t o  decompose the original video into 
several frequency bands, resulting in a set of multi- 
ple resolution videos [SI. For example, by dividing 
the frequency domain into four regions, one can de- 
compose the original video into four sets, sa R1, R2, 
R3 and R4, where Ri is called rate i data. +hen, R I  
corresponds t o  the basic video (class l ) ,  Rl+R2 cor- 
responds t o  class 2 video, R1+ R2+ R3 corresponds t o  
class 3 video, and R I  +R2+R3+R4 corresponds t o  the 
full resolution video. 

Note tha t  video data of dinerent rates can be sepa- 
rately stored t o  provide dinerent resolutions of videos. 
Essentially, it is not required t o  store those data corre- 
sponding t o  dinerent rates of  the same video clip wi th in 
the same disk. The approach of staggering video blocks 
in the disk array based on  data rates is termed rate 
staggering in this paper. w e  propose and explore in 
this paper the rate staggering method t o  store scalable 
video data in a disk-array-based video server so as to  
minimize the buner space required by the server and 
t o  improve the system throughput. The storage unit of 
video data is a block, which is composed of a sequence 
of  frames. An example for the conventional scalable 
video placement, which’ has disk striping but not rate 
staggering, is shown in Table 1, where a disk array of 8 
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disks is used and the block comprising rate j data of the  
ith clip is denoted by Bi;, . An example for the scalable 
video placement with rate staggering is given in Table 
2. PerfO"Ice studies on the n ~ t h o d s  Proposed are 
conducted. 

d F e  is the number of  data blocks needed by a full 
resolution video stream within the t ime duration T. 
Hence, in order t o  achieve load balancing amon disks, 
the displacement factor k is designed t o  be d z e .  As 
can be seen later, such a placement by rate staggering 

read the workload of each stream evenly across 

Denote the buner size of the end decoder as BD. 
It is noted tha t  the maximal amount of data the end 
decoder can retrieve a t  a t ime is half of i ts  total  buner 
size (assuming that  the other haif is being used for 
playout). BD thus has t o  be  greater than or equal t o  
2 d y e b .  The data placement for scalable video in a 
disk array of n disks can be determined by Procedure 
R below. 

Table 2:Scalable video placement with rate staggering. Procedure R: Data placement for scalable video in a 
disk array of n disks. 

It will be seen tha t  a video server using the pro- 
posed rate staggering method signi ... cantly outperforms Step Determine the displacement factor = dFe. 
the one using the conventional t ime staggering in tha t  Step 2: Place block Bi;, in disk d(i;j), where 
the former is able t o  provide feasible solutions t o  some 
stream requests which cannot be met  otherwise. The 
system throuqhput can thus be increased. Note tha t  

T% 

Table 1: Scalable video with disk striping (no rate staggering). 

d(i;j)  = [(j i 1)k + i]": 

It can be veri ... ed from Table 2 t ha t  with n = 8 and 
k = 2, B3;2 resides in disk d(3;2) = [2 + 318 = 5 and 
B5;4 resides in disk 4 5 ;  4) = [6 + 518 = 3. 

the proposed l a t e  staggering approach can be used to- 
gether with t ime staggering t o  lead t o  further perfor- 
mance improvement. 

This DaDer is oraanized as follows. The method of 
using rate staggerkg t o  store scalable video data is 
described in Section 2. Performance studies are con- 
ducted in Section 3. This paper concludes with Section 
4. 

Consider the video data placement given in Table 1. 
For ease of presentation, consider the scenario of serv- 
ing one video stream and also assume the t ime required 
for each disk retrieval is Droportional t o  the amount of 

I I .  USING RATE STAGGERING TO STORE 

This section describes the proposed rate staggering 
method. Let r be the number of dinerent classes o f  
video the server can provide. Using subband coding, 
the number r depends on  the number of frequency 
bands partitioned and is usually Sexible. The whole 
video data is divided into r partitions, called rate 1 
data, rate 2 data, :::, and rate r data. The lowest qual- 
ity video, referred t o  as class 1 video, requires only rate 
1 data for playout. The second t o  the lowest qual i ty 
video, referred t o  as class 2 video, requires bo th  rate 1 
and rate 2 data for playout. In general, class i video 
requires al l  rate j data, 1. j . i, for playout. Let  P 
(in bytehecond) be the playout speed for the decoder 
to  play out the full resolution video and T be the one 
round retrieval t ime by the disk array. Then, using 
the double bunering method (i.e., the buner space is 
chosen t o  be twice as tha t  needed t o  accommodate the 
data retrieved in one round), the buner space required 
b the server for a full resolution stream is equal t o  
Z fP .  N ote tha t  a larger block size will lead t o  a higher 
disk throughput,since the choice of  a larger storage unit 
can amortize the disk a rm positioning overheads over a 
larger read time, showing a trade-on between the server 
buner space required and the system throughput. The 
choice of  block size is system dependent and will no t  
be discussed in this paper. For ease of  exposition, we 
assume tha t  al l  blocks have the same block size, b (in 
bytes), in what follows. 

Let k be the displacement factor for staggering data 
blocks of  dinerent rates in the disk array. For exam- 
ple, the displacement factor in Table 2 is two. Clearly, 

SCALABLE VIDEO DATA 
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data retrieved. Let the i i m e  required for one disk t o  
retrieve one data block of  size b be TI. Suppose tha t  
the previously mentioned double bunering method is 
used and tha t  the decoder of  a n  end player, w i th  a lo- 
cal buner size 16b, requires the layout speed 8b=T1 t o  
play the full resolution video. pt can be seen tha t  for 
the data placement in Table 1, one has t o  retrieve al l  
32 blocks in one round of  retrieval (with the duration 
4T1), which would require the available buner size of 
2 3211 = 64b a t  the server. Note tha t  the server can 
only send 8b data t o  the end player a t  a t ime due t o  
the l imited buner size of the decoder (i.e., 16b). Given 
the placement in Table 1, the server has t o  retrieve al l  
32 blocks (4 blocks f rom each disk) in order t o  extract 
8 blocks t o  send to the decoder for playout. 
On the other hand, given the data placement in Ta- 

ble 2, one only has t o  retrieve 8 blocks in one round 
of  retrieval (with the duration TI), as shown in Table 
3, which requires the buner size o f  2 8b = 16b a t  the 
server, only a quarter of tha t  required by the case with- 
ou t  rate staggering. It is noted tha t  the above request 
f rom a decoder cannot be satis ... ed by a server with an 
available buner space within the range [16b; 64b), unless 
the technique of rate staggering is employed. It can be 
seen tha t  this advantage of using rate staggering still 
holds when mult iple streams are considered. 

r D i s k N a . I  1 1  2 1 3  1 4  1 5  1 6  1 7  1 8  U 

Table 3: Four rounds of full resolution with rate staggering. 
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I I 

The size of buner 

The size of disk array 

The read bandwidth of disks 

I 

2 segments of video 

16 
10000 K BDS 

Fig. 1. The VOD system model of the simulation. (a) user side 
(b) server side 

I I I. PERFORMANCE RESULTS 
The simulation model is described in Section I l l -A 

and several experiments are conducted in Section 111-  
6 t o  examine the performance of  rate staggering and 
t ime staggering schemes. 

I I I-A. S y s t e m  M o d e l  

The system model used in our simulation is shown 
in Figure 1 which consists of two parts of our simu- 
lation model, i.e., the user side in Figure l a  and the 
server side in Figure lb.  In Figure l a ,  the controller of 
a user sends i ts requests t o  the VOD server. When the 
data returned from the server, the user controller stores 
the data in proper slot of i t s  own buner. The playing 
program will then start t o  read and play the data in 
the slots in sequence. After playing ou t  a segment, the 
playing program sends a signal t o  inform the controller 
t o  send the next request t o  the server. Then, the play- 
ing program grabs the next slot of the buner t o  play 
out. If the buner is empty, an  error of buner under4ow 
occurs, and the playing program will stop playing and 
wait until the data of  the video segment returns from 
the VOD server. In Figure Ib, the server controller 
gets requests from users. Each request will retrieve 
a segment of video. Speci ... cally, a request for a class i 
video wil l  need t o  read i blocks f rom disks, and the con- 
troller dispatches the read commands to disks. Those 
commands are stored in a command queue of each disk. 
When the queue is full, a "reject" message will be sent 
t o  the requesting user. Af ter  all blocks needed by the 
request are obtained, the server controller sends the 
data back t o  the requesting user. 

I I 1-6. Per fo rmance  of Rate Stagger ing  
The ... ner storage granularity provided by rate stag- 

ering leads t o  better load balancing among disks. il ore importantly, in a multi-user environment better 
load balancing can be achieved by proper delaying the 
start of a newly requested video so as t o  avoid band- 
width fragmentation. It is worth mentioning tha t  such 
a t ime staggering method is previously known and can 
in fact be used without rate staggering. However, the 
..mer storage granularity provided by rate staggering 
can certainly lead t o  more bene ... t from this t ime stag- 
gering method. 

In addition, a video server using the rate Staggering 
method can provide feasible solutions t o  some stream 
requests which cannot be otherwise satis ... ed, thus in- 
creasing the system throughput. In addition t o  the 
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Fig. 2. (a)Average service time vs. number of users. 
(b)Maximum service time vs number of users 

scenarios described before, consider the problem of disk 
bandwidth fragmentation in a multi-user environment. 
Disk bandwidth fragmentation means tha t  after a se- 
quence of bandwidth allocation and deallocation, the 
available bandwidth in each disk does not sua ce t o  
accommodate an incoming request even there is an 
enough amount of  aggregate bandwidth. 
Experiment 1: Serv ice  Time of Each User 

L I Parameters Value 1 
I The data size of each block I 80 K Bvte 

The playing time of one segment I 500 ms 

The class of video required 1 Uniform 
Table 4: The parameters of the simulation model. 

In t he  ... rst experiment, an important performance 
index, service time, is evaluated as a function of the 
number of users. The parameters used in the ... rst  ex- 
periment are summarized in Table 4. It is assumed tha t  
the size of command queue in each disk is unlimited so 
tha t  when the number of  users increases the system 
performance can be observed. 

Note tha t  the theoretical maximum number of users 
tha t  the system can support is approximately 400 as 
estimated by the following formulas. 

Average bandwidth of each user = 

f 80 
1 + 2 + 3 + 4  

4 = 0:4 KWms = 400 KWs: 500 
Maximum number of users = 

Total disk bandwidth 
Average bandwidth per user - 
It can be seen in Figure 2a t ha t  the average service 

t ime of the system with rate staggering is much smaller 
than tha t  of a system with t ime stag ering by a discrep- 
ancy of  10 rns. Also, as shown in Figure 2b, the rate 
staggering system has a better maximum service t ime 
than tha t  of the t ime staggerin s stem. 

in t h e  Command Q u e u e  
The parameters used in this experiment are same as 

in Table 4. In this experiment, the average number 
of waiting commands in the command queue of each 

= 400: 16E 10000 
400 

- 

E x p e r i m e n t  2: N u m b e r  of w aiting C o m m a n d s  



Number of Users 

Fig. 3. Average number of waiting commands in the command 
queue of each disk. 

disk is investigated and shown in Figure 3 as a func- 
t ion of the number of  users. Note tha t  the number of  
waiting commands will signi ... cantly anect the service 
t ime of a request especially when the number of users 
is large. It is also shown tha t  a VOD system employ- 
ing rate staggering signi ... cantly outperforms a system 
employing t ime staggering for the playout of scalable 
video. 

IV. CONCLUSION 
In this paper, a data placement method based on 

rate staggering t o  store scalable video data in a disk- 
array-based video server is proposed and explored. It 
has been shown tha t  the advantages of  the rate stag- 
gering method enable a video server t o  provide feasible 
solutions t o  some video stream requests which cannot 
be met otherwise. The system throughput is thus in- 
creased. Performance studies on  the methods proposed 
have been conducted. It was empirically shown tha t  
a VOD system employing rate staggering can signi ...- 
cantly outperform a system employing t ime staggering 
for the playout of scalable video. 
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