


In this study, we investigate the problem of efficient 
update of redundant data when video data are 
reorganized during the growth of a server-less VoD 
system. We found that updating redundant data can 
incur significantly more overhead than data 
reorganization. To tackle this problem, we are going to 
present a new redundant data update algorithm called 
Sequential Redundant Data Update that takes 
advantage of the structure of Reed-Solomon erasure 
codes [Plank, 1997] to reduce the redundant data 
update overhead by as much as 75%. Numerical results 
show that by further delaying the update of redundant 
data until adding multiple nodes, say 10, we can 
further reduce the redundancy update overhead by as 
much as 97%. 
 
In the next section, we first briefly review the 
server-less VoD architecture and the previous works on 
data reorganization. We formulate the data 
reorganization problem in Section 3. The redundant 
data regeneration and proposed update algorithm are 
presented in Section 4 and 5 respectively; Section 6 
gives the performance evaluation and Section 7 
concludes the paper. 

 
2. BACKGROUND 
 
In this section, we first give a brief overview of the 
server-less VoD architecture [Lee and Leung, 2002a] 
and then review the existing works on data 
reorganization. 

 
2.1 Server-less VoD Architecture 
 
A server-less VoD system comprises a pool of fully 
connected user hosts, or called nodes in this paper. 
Inside each node is a system software that can stream a 
portion of each video title to as well as playback video 
received from other nodes in the system. Unlike 
conventional video server, this system software serves 
a much lower aggregate bandwidth and thus can 
readily be implemented in today’s set-top boxes (STBs) 
and PCs. For large systems, the nodes can be further 
divided into clusters where each cluster forms an 
autonomous system that is independent from other 
clusters.  
 
For data placement, a video title is first divided into 
fixed-size blocks and then equally distributed to all 
nodes in the cluster. This node-level striping scheme 
avoids data replication while at the same time share the 
storage and streaming requirement equally among all 
nodes in the cluster. 
 

To initiate a video streaming session, a receiver node 
will first locate the set of sender nodes carrying blocks 
of the desired video title, the placement of the data 
blocks and other parameters (format, bitrate, etc.) 
through the directory service. These sender nodes will 
then be notified to start streaming the video blocks to 
the receiver node for playback. 
 
Let N be the number of nodes in the cluster and assume 
all video titles are constant-bit-rate (CBR) encoded at 
the same bitrate Rv. A sender node in a cluster may 
have to retrieve video data for up to N video streams, 
of which N – 1 of them are transmitted while the 
remaining one played back locally. Note that as a video 
stream is served by N nodes concurrently, each node 
only needs to serve a bitrate of Rv/N for each video 
stream. With a round-based transmission scheduler, a 
sender node simply transmits one block of video data 
to each receiver node in each round. Interested readers 
are referred to the study by Lee and Leung [Lee and 
Leung, 2002a; Lee and Leung, 2002a] for more details. 

 
2.2 Related Works 
 
The problem of data reorganization has been studied in 
the context of disk arrays [Ghandeharizadeh and Kim, 
1996; Goel et al, 2002]. The study by 
Ghandeharizadeh and Kim [Ghandeharizadeh and 
Kim, 1996] is the earliest study on data reorganization 
known to the authors. They investigated the data 
reorganization problem in the context of adding disks 
to a continuous media server. They employed 
round-robin data striping common in disk arrays and 
investigated and analyzed techniques to perform data 
reorganization online, i.e., without disrupting on-going 
video streams. However, their study assumed there is 
no data redundancy in the disk array and thus did not 
address the redundancy update problem. 
 
In another study by Goel et al. [Goel et al, 2002], a 
pseudo-random algorithm called SCADDAR for data 
placement and data reorganization was proposed for 
use in disk arrays. In this algorithm, each data block is 
initially randomly distributed to the disks with equal 
probabilities. When a new disk is added to the disk 
array, each block will obtain a new sequence number 
according to their randomized SCADDAR algorithm. 
If the reminder of this number is equal to the disk 
number of the newly added disk, the corresponding 
block will be moved to this new disk. Otherwise, the 
block will reside at the original disk.  
 
In a recent study [Ho and Lee, 2003], Ho and Lee 
proposed a more efficient data reorganization 









block is computed from a stripe of (N-h) data blocks, 
we need to cache at most (N-h) data blocks from 
previous updates at the redundant node. 

 
6. PERFORMANCE EVALUATION 
 
In this section, we evaluate the Sequential Redundant 
Data Update algorithm using simulation. Beginning 
with a small system, we add new nodes to the system 
and then apply the SRDU algorithm to update the 
redundant data blocks. Performance is measured by 
the number of data blocks that need to be sent to the 
redundant nodes – or simply called redundancy update 
overhead. The total number of data blocks is 40,000 
and is fixed throughout the simulation. For simplicity 
the redundancy update overhead for updating one 
redundant node is presented. For systems with more 
than one redundant node, the total overhead is simply 
multiplied by the number of redundant nodes. 
 
 
6.1 Redundancy Update Overhead in Continuous 
System Growth 

 
In the first experiment, we begin with a system of five 
data nodes and one redundant node. Then we add a 
new node to the system one by one, each time the 
redundant data blocks are completely updated using 
the SRDU algorithm. This continues until the system 
grows to 400 data nodes. 
 
Fig. 3 plots the redundancy update overhead versus 
system size from 6 to 400. As expected, Redundant 
Data Regeneration performs the worst, essentially 
requiring all data blocks to be sent to the redundant 
node for regenerating the redundant data. On the other 
hand, regenerating redundant data using a centralized 
archive server incurs the least overhead, albeit at the 
expense of extra centralized facility. 
 
Surprisingly, direct reuse of the original redundant data 
also performs very poorly. This is because the 
algorithm maintains the same data order within the 
parity group in computing the redundant data, and thus 
severely restricts the redundant data that can be reused. 
Once this restriction is relaxed by reshuffling the parity 
group, the overhead is reduced by half to around 
20,000 blocks. Caching already transmitted data 
blocks further reduces the overhead by half to around 
10,000 blocks. Thus with all three techniques 
combined, the SRDU algorithm can reduce the 
redundancy update overhead by as much as 75%. 

 

6.2 Batched Redundancy Update 
 
In the previous experiment, we always completely 
update all redundant data blocks before adding another 
new node. Clearly this is inefficient if new nodes are 
added frequently or added to the system in a batch. To 
address this issue, we conduct a second experiment 
where redundant data blocks are not updated until a 
fixed number of nodes, say W, are added – batched 
redundancy update. During this time, storage and 
streaming capacity in the new nodes are not utilized 
and thus this approach represents tradeoffs between 
redundancy update overhead and resource utilization. 
Fig. 4 plots the redundancy update overhead versus the 
batch size W for initial system size of 80 nodes. The 
key observation is that the normalized per-node 
redundancy update overhead decreases significantly 
with the batch size. A second observation is that the 
gain in caching transmitted data blocks reduces when 
the batch size increases. This is because the number of 
common term in reusable redundant blocks increases 
with larger batch size, and thus reducing the need for 
raw data blocks to update the new redundant data. 

 
7. CONCLUSION AND FUTURE WORKS 
 
This study is a first step in tackling the problem of 
redundant data update. As the results clearly showed, 
the redundancy update overhead is even more 
significant than data reorganization overhead and thus 
cannot be ignored. By taking advantage of the 
structure of RSE codes, we were able to substantially 
reduce the overhead by as much as 75%, and by 
performing update in a batch, we manage to reduce the 
overhead further by 97% for a batch size of 10. 
Nevertheless, batched redundancy update is not 
without tradeoffs. In particular, the storage and 
streaming capacity of the new nodes cannot be utilized 
until the system is reconfigured. Thus further 
investigations are warranted to quantify the tradeoffs 
to determine the optimal batch size that can balance 
between redundancy update overhead and resource 
utilization. 
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Fig. 1. Data placement before addition of nodes. 
 
 

Fig. 2. Data placement after adding one data node. 
 

 

Fig. 3. Redundancy update overhead versus  
system size. 

 
 
 

Fig. 4. Per-node redundancy update overhead versus 
batch size. 
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