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Abstract 

 
In this work, we develop novel backup system, 

PRUN, for massive scale data storage. PRUN aims at 
improving the backup latency and storage overhead of 
backup via effectively eliminating information 
redundancy in the files. PRUN eliminates intra-file and 
inter-file information redundancy. PRUN consists of 
client module and server module. PRUN consists of 
three key technical ingredients: redundancy detection, 
fingerprint manager, and chunk manager. File 
chunking for redundancy detection is the most time 
consuming task in backup. For efficient file chunking, 
we develop incremental modulo-K algorithm which 
enables us to improve the file chunking time 
significantly. We perform various experiment to 
measure the overhead of each tasks in backup 
operation and to examine the efficiency of redundancy 
elimination. Incremental modulo-K reduces the file 
chunking latency by approximately 60%. Redundancy 
elimination scheme can reduce the storage 
requirement of backup by 80% when we backup 
different minor versions of Linux 2.6 kernel source. 
 
1. Introduction 
 
1.1. Motivation 
 

Due to the advancement of storage technology, 
input/out device technology and computer technology, 
larger fraction of data is now being maintained in 
digitized form. The amount of digitized data increases 
by factor of 10 in every three years. The type of data 
ranges from business data, e.g. medical record, 
financial record, and legal data to personal one(home- 
made video, phone books and etc.). Most of these data 
cannot afford to be got lost due to its financial, legal or 

sentimental value. Recent rapid advancement in 
video/image compression technology, network 
technology and computer technology enables the 
public deployment of internet based TV broadcasting 
service. It includes the service through wired(IPTV[1]) 
as well as wireless(DMB[2]) network. Also, recent 
wave of web 2.0 technology makes the content creation 
extremely easy and further accelerates the content 
creation speed. Taking a video with mobile phone and 
to upload it to UCC web site is now a part of our 
everyday life in all age spectrum. What all lies in this 
mega trend are that larger and larger fraction of 
information is being maintained in the digitized form.  

In this work, we develop state of art backup 
framework which effectively exploits the inter-file and 
intra-file information redundancy. We aim at reducing 
the time and space requirement of backup operation via 
effectively eliminating the information redundancy. 
The contribution of this work is three folds. First, we 
develop efficient file chunking algorithm and signature 
generation algorithm. Second, we develop efficient 
chunk synchronization mechanism between backup 
server and backup client. Via maintaining fingerprint 
information in both client and server we minimize the 
amount of backup data transferred between the backup 
client and the backup server. Third, we develop data 
efficient structure for backup and restore process.  
 
1.2. Related Works 
 

A variety of researches to improve functions have 
been conducted as the importance of backup is 
increasing[3]. The previous research has focused on 
improving the function of the equipment[4, 5] to 
perform backup and developing a new Storage 
Management Technique. However, a new technique to 
reduce waste of Network Bandwidth and Storage has 



become necessary according to increasing backup data. 
The research to reduce Network Bandwidth has been 
performed in the field of Archival Storage[6] and 
Network File System like AFS[7], Leases[8] and 
NFS[9] from the past. 

There have been a number of efforts to eliminate 
redundancy in file system, backup system and archival 
system. Venti[10] and Single Instance Store[11] are 
archival system to eliminate redundancy data. They use 
fixed size chunk in partitioning a file. Elephant File 
System[12] manages version of each file through 
redundancy check. SAN File System[13] is a file 
system to share the duplicate content among files. 
LBFS[14] and Pastiche[15] adopt Variable Sized 
Chunking in partitioning the file into chunks. 
Generating a signature for a file is important topics in 
file system content management[16], similarity 
detection and copy protection[17-19].  

Rabin’s fingerprint algorithm[20] is the most widely 
used algorithm for this purpose. Objective of these files 
systems are to reduce the storage overhead. A number 
of distributed file system attempts to reduce the remote 
I/O overhead via synchronizing cache contents 
between the server and the client[21]. During the past 
few years, a number of de-duplication based software 
has been introduced. They are for email[22], web 
document[23] or generic file system[24].  

 
 
2. PRUN System Organization 
 

Two main ingredients of PRUN are the components 

for generating backup and the components for restoring 
original file. PRUN is designed for distributed 
environment where backups are located at remote site. 
We use the term client and server of backup to denote 
the location of original data to be backed up and the 
location of backup files, respectively. Fig. 1 illustrates 
the topology of client and server. 

There are four modules in the client side: chunking 
module, fingerprint generator, fingerprint manager, 
backup generator. Chunking module partitions a file 
into a number of chunks. We use sliding window 
approach in chunking the file. Different from Basic 
Sliding Windows algorithm, we develop more efficient 
signature generation algorithm called incremental 
modulo-K.  

Fingerprint generator generates fingerprint for each 
chunk. We can use any hashing function, e.g. 
MD5(120bit), SHA-1(160bit) and SHA-256(256bit). 
With larger size fingerprint, collision probability 
decreases, but it requires more time to generate 
fingerprint. Currently, we are using SHA-1 algorithm 
for generating fingerprint.  

Fingerprint manager manages fingerprints. Chunk 
size ranges from 2Kbytes to 64Kbytes. For 30Tbytes 
file system, total size of SHA-1 fingerprint can be a 
few hundred Gbytes. Fingerprint manager is 
responsible for “insert”, “delete” and “search” 
fingerprints value. We can use simple index structure, 
e.g. B+Tree, or DBMS to manage fingerprints. 
Fingerprint manager of PRUN is designed to be 
compatible with a number of commodity DBMS. 
MySQL , BerkeleyDB, SQLite and B+Tree. 
Fingerprint database reside both at the client and the 
server. 

In client, there exists Backup generator. Backup 
generator work in two mode: local backup and remote 
backup. In case of local backup, backup generator 
create a backup file on local storage. In remote backup 
mode, backup file generator transfers backup in 
streaming fashion. 
 

Backup parser resides in the backup server. It 
performs a critical role of receiving incoming stream of 
backup file, parsing it, and storing it at proper data 
structure. Backup file consists of a number of different 
type data: backup header, file header, chunk header, 
chunk data and etc. Backup parser at the server 
receives incoming byte stream, assembles them into 
original data structure, and passes them to appropriate 
management module. 

 
Figure 1. Topology of Client and Server 

Figure 2. Layout of PRUN Modules 
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amount of data redundancy. Email attachments, copy 
and paste of UCC contents, verbatim copy of blog data 
are typical source of information redundancy. Same 
contents appear multiple times in a file or across 
different files. We focus our effort on eliminating 
information 

We develop efficient signature generating algorithm 
and significantly improve file chunking overhead. Via 
maintaining fingerprint table in both client and server 
of backup, we reduce the network traffic. 

PRUN is designed for scalability. It can use in-house 
B+ tree based fingerprint table. Also, it can use a 
number of commodity DBMS: SQLite, BerkeleyDB, 
MySQL as its storage manager. Subject to the size of 
information and user requirement, PRUN can flexibly 
choose appropriate storage management scheme. We 
perform various performance experiments. PRUN 
improve the signature generation overhead by 60% 
against Rabin's fingerprint algorithm. Via effectively 
eliminating redundancy, PRUN are able to 
significantly reduce the volume of backup. 
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