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(57) ABSTRACT 

A system and method are described for providing variable 
length deduplication on a ?xed block ?le system. In one 
embodiment, data comprising a plurality of data items is 
received. A determination is made if a segment of the data 
items exists on a storage volume. If the segment of data items 
does not exist on the storage volume, the segment of data 
items is stored on the storage volume. If the segment of data 
items exists on the storage volume, the segment of data items 
is deduplicated With the storage volume. A logical identi?er 
describing a location of the segment in the data stream and a 
physical identi?er describing a physical location of the seg 
ment are determined. The logical identi?er, the physical iden 
ti?er and the length of the segment is stored in a data structure 
such that the segment of data items can be accessed using the 
logical identi?er. 
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SYSTEM AND METHOD FOR PROVIDING 
VARIABLE LENGTH DEDUPLICATION ON A 

FIXED BLOCK FILE SYSTEM 

BACKGROUND 

A data block may refer to a sequence of bytes having a 
nominal length, referred to as the block size, which is stored 
on a storage volume. A ?le system may continually read and 
write data blocks to the storage volume. A ?le system may 
often require that the block siZe of each data block be a ?xed 
siZe, such as 4 kilobytes (KB). The continual reading and 
writing of the data blocks may cause the storage volume to 
accumulate duplicate data blocks. The duplicate data blocks 
may be eliminated from the storage volume through a process 
referred to as deduplication. A storage volume may only 
require one instance of a data block to be stored on the 
physical storage drive; additional instances of the data block 
may be replaced with a pointer to the original data block. By 
eliminating duplicate data blocks, and referencing the origi 
nal data block, immediate bene?ts may be obtained through 
storage space e?iciencies. 

In one example, a backup operation may be performed on 
a dataset on a periodic basis, such as on a daily basis. The 
dataset may store data in ?xed siZe data blocks, such as 4 KB. 
The dataset may not change signi?cantly between each 
backup operation and therefore each backup may include a 
large amount of duplicate data. Signi?cant storage space e?i 
ciencies may be obtained by eliminating the duplicate data 
from each backup. However, if the dataset is slightly modi 
?ed, e. g. data is inserted in the middle of the dataset, the data 
contained within each data block of the dataset may be modi 
?ed, or shifted. Since the data contained within each data 
block has been modi?ed, the modi?ed data blocks may no 
longer be duplicates of stored data blocks, and may not be 
able to be deduplicated. Thus, although the dataset includes a 
signi?cant amount of duplicate data, a deduplication opera 
tion may not be able to effectively deduplicate the dataset. 

Since the dataset contains a large amount of duplicate data, 
it may also be desirable to identify and eliminate the duplicate 
data in real-time as the data is received, such that the duplicate 
data may not be written to the storage volume. The process of 
deduplicating a dataset in real-time may be referred to as 
inline deduplication, whereas the process of writing a dataset 
to a storage volume and then deduplicating the dataset may be 
referred to as post-processing deduplication. In an inline 
deduplication, a backup operation may communicate a 
dataset through a data stream to a deduplication operation. 
The deduplication operation may deduplicate the data stream 
as it is received and write any new data to the storage volume. 
In order to compare the incoming data stream to stored data 
blocks, the deduplication operation may split the data stream 
into segments which are of equal length as the stored data 
blocks. For example, if the stored data blocks are a ?xed siZe, 
such as 4 KB, the data stream may be split into 4 KB segments 
in order to be deduplicated. However, the deduplication 
operation may not be able to account for small shifts in the 
data stream if the data stream is split into ?xed length seg 
ments. Thus, the inline deduplication may fail to effectively 
deduplicate the data when there are shifts in the data stream, 
and in turn the inline deduplication operation may fail to 
prevent duplicate data from being written to the storage vol 
ume. Thus, there may be a need for a more effective operation 
for deduplicating data on a ?xed block siZe ?le system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an exemplary network envi 
ronment of an embodiment. 
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2 
FIG. 2 is a block diagram of an exemplary server of an 

embodiment. 
FIG. 3 is a block diagram of an exemplary operating system 

implemented by the server of FIG. 2. 
FIG. 4 is a diagram illustrating two exemplary datasets 

where the datasets are being deduplicated using a ?xed length 
deduplication operation. 

FIG. 5 is a diagram illustrating two exemplary datasets 
where the datasets are being deduplicated using a variable 
length deduplication operation. 

FIG. 6 is a ?owchart illustrating a variable length dedupli 
cation operation of an embodiment. 

FIG. 7 is a ?owchart illustrating an align operation of an 
embodiment. 

FIG. 8 is a ?owchart illustrating a read operation of an 
embodiment. 

FIG. 9 is a ?owchart illustrating a write operation of an 
embodiment. 

DETAILED DESCRIPTION 

In these embodiments, a system is presented for providing 
variable length deduplication on a ?xed block ?le system, 
which provides an advantage over the prior systems by allow 
ing a deduplication operation to account for slight data modi 
?cations, or shifts, in a dataset. The deduplication operation 
can account for shifts in a dataset by splitting one or more 
?xed block siZe data blocks being deduplicated, or a received 
data stream being deduplicated, into variable length seg 
ments. The variable length segments can be smaller than an 
individual data block and can therefore account for a small 

insertion into, or shift of, the dataset. Accounting for shifts in 
the dataset allows an inline or post-processing deduplication 
operation to correctly identify and deduplicate duplicate data 
in the dataset, even if the data blocks in the dataset are not 
duplicates of stored data blocks. Providing an effective dedu 
plication of datasets with large amounts of duplicate data 
allows signi?cant storage space e?iciencies to be realiZed. 
The system in these embodiments enables effective dedu 

plication of a ?xed block siZe dataset, irrespective of the 
amount of new data in the data stream. The data stream may 
include multiple data items which may collectively be a 
backup of a dataset. The dataset may be backed up on a 
periodic basis, such as on a daily basis. The system may 
analyZe the data items as they are received to determine 
whether a segment of the data items is a duplicate of data 
blocks stored on the storage volume. The system may analyZe 
varying lengths of segments in order to identify data items 
which identically match one or more entire data blocks on the 
storage volume. If the system is unable to identify a duplicate 
segment of data items, the system writes the analyZed data 
items to the storage volume as new data. If the system iden 
ti?es a duplicate segment of data items, the system dedupli 
cates the duplicate data items. After writing or deduplicating 
the data items, the system stores data describing the location 
of the segment of data items in the dataset, data describing the 
physical location of the segment of data items on the storage 
volume, and the length of the segment of data items. 

After performing the inline deduplication, the system may 
receive a request to read data items from the storage volume. 
The read request may include data describing the location of 
the data in the original dataset, such as a logical offset. The 
system may use the logical offset to retrieve data describing 
the physical location of the data items on the storage volume. 
The physical location of the data items on the storage volume 
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may be used to retrieve the data items from the storage vol 
ume. The system may provide the data items in response to 
the read request. 

Other systems, methods, features and advantages may be, 
or may become, apparent to one With skill in the art upon 
examination of the following ?gures and detailed description. 
It is intended that all such additional systems, methods, fea 
tures and advantages be included Within this description, be 
Within the scope of the embodiments, and be protected by the 
folloWing claims and be de?ned by the folloWing claims. 
Further aspects and advantages are discussed beloW in con 
junction With the description. 

Turning noW to the draWings, FIG. 1 provides a general 
overvieW of an exemplary netWork environment 100 imple 
menting an embodiment for coordinating deduplication 
operations and backup operations of a storage volume. Not all 
of the depicted components may be required, hoWever, and 
some implementations may include additional components. 
Variations in the arrangement and type of the components 
may be made Without departing from the spirit or scope of the 
claims as set forth herein. Additional, different or feWer com 
ponents may be provided. 

Network 102 can be a local area netWork (LAN), a Wide 
area netWork (WAN), virtual private netWork (V PN) utiliZing 
communication links over the internet, for example, or a 
combination of LAN, WAN, and VPN implementations. For 
the purposes of this description, the term netWork should be 
taken broadly to include any acceptable netWork architecture. 
The netWork 102 interconnects various clients 110A-N. Also 
attached to the netWork 102 is a server 200. The server 200, 
Which is described in more detail in FIG. 2 beloW, is con?g 
ured to control storage of, and access to, data and an array of 
disks 108 Which include the storage volumes 106. The server 
200 may also provide operations related to the storage vol 
umes 106, such as backup operations and deduplication 
operations. A storage volume 106 may be single accessible 
storage area With a single ?le system, such as an accessible 
storage area on a hard disk, an optical disc, a tape drive, or 
generally any storage medium. The ?le system may be a ?xed 
block length ?le system or a variable block length ?le system. 
The server 200 may also control storage of, and access to, one 
or more backup volumes 107. The backup volume 107 may 
store a point in time image, also knoWn as a backup dataset, of 
one of the storage volumes 106. The server 200, the storage 
volumes 106, and the backup volume 107 may be connected 
to a common communication and data transfer infrastructure, 
such as Fibre Channel, and may collectively comprise a stor 
age area netWork (SAN). 

Each of the devices attached to the netWork 1 02 includes an 
appropriate netWork interface arrangement (not shoWn) for 
communicating over the netWork using desired communica 
tion protocols such as the Well-knoWn Transport Control Pro 
tocol/Intemet Protocol (TCP/IP), User Datagram Protocol 
(UDP), Hyper Text Transport Protocol (HTTP), Simple Net 
Work Management Protocol (SNMP), or Virtual Interface 
Connections (VI). 

The server 200 may be an example of a computer that uses 
a deduplication engine to eliminate duplicate data stored on 
the storage volumes 106. The deduplication engine may be 
provided by NetApp, Inc.’ s Data ONTAPTM operating system 
and is discussed in more detail in FIG. 3 beloW. The dedupli 
cation engine may eliminate duplicate data blocks by replac 
ing the duplicate data blocks With a pointer to the original data 
block. For example, an email system may contain tWenty 
instances of the same one megabyte ?le attachment, requiring 
tWenty megabytes of physical storage space. HoWever, if the 
storage volume of the email system is deduplicated, only one 
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4 
instance of the email attachment is stored; each subsequent 
instance is referenced back to the original instance. Thus, 
through deduplication, the tWenty megabytes of storage origi 
nally allocated to the email attachments can be reduced to 
only one megabyte of storage. The deduplication engine may 
perform deduplication operations on the storage volumes 106 
and the backup volume 107 at periodic intervals, such as on a 
daily basis. 
The server 200 may utiliZe a backup engine to perform data 

protection and other tasks such as data mining and data clon 
ing on the storage volumes 106. The backup engine also may 
be provided by NetApp, Inc.’s Data ONTAPTM operating 
system and is discussed in more detail in FIG. 3 beloW. The 
backup engine may be used to perform a snapshot operation 
on a storage volume 106. The snapshot operation may create 
a point-in-time image of a storage volume 106, referred to as 
a snapshot of the storage volume 106. The snapshot data is 
often read-only, such that the snapshot data can not be modi 
?ed. The snapshot data may include ?les, directories and/or 
entire storage volumes and may be stored in the backup 
volume 107. The backup engine may also be used to perform 
a backup operation on the storage volumes 106. The backup 
operation may copy all of the data stored on a storage volume 
106 to the backup volume 107. 
The backup engine may be con?gured to create snapshots 

and/or backups of a storage volume 106 at periodic intervals, 
such as every hour, Which may be stored in the backup volume 
107. If the storage volume 106 is backed up on a regular basis, 
each sequential backup may not differ signi?cantly from the 
previous backup. In this instance, removing duplicate data 
from a backup dataset may signi?cantly reduce the storage 
space required for the backup dataset on the backup volume 
107. The deduplication engine 120 may deduplicate a backup 
dataset after a backup operation has completed and after the 
backup dataset has been Written to the backup volume 107, 
Which may be referred to as post-processing deduplication. 
Alternatively the deduplication engine may perform a real 
time, or inline deduplication, of the backup dataset. An inline 
deduplication can deduplicate the data items in a backup data 
stream before Writing the data items to the backup volume 
107, Which can result in signi?cant space savings. In an inline 
deduplication, the deduplication engine may identify a seg 
ment of data received from a backup data stream Which is a 
duplicate of one or more stored data blocks before Writing the 
segment of data to the backup volume 107. The inline dedu 
plication may then deduplicate the segment of data, thereby 
preventing the segment of data from ever being Written to the 
backup volume 107. 
A deduplication operation can compare variable length 

segments of a dataset to be deduplicated to stored data blocks, 
such as data blocks on the backup volume 107. The segment 
length refers to the siZe of data being compared against stored 
data blocks to identify duplicate data blocks. In a deduplica 
tion using ?xed segment lengths, each segment of the dataset 
being deduplicated is the same ?xed siZe. The ?xed siZe may 
match the siZe of the stored data blocks the dataset is being 
deduplicated against. For example, if the data blocks stored 
on the backup volume 107 are 4 KB, then each ?xed length 
segment being deduplicated may be 4 KB. 
A deduplication using ?xed segment lengths may be e?i 

cient When the dataset being deduplicated and the stored data 
blocks are largely the same, as most of the ?xed length seg 
ments may be identical to the stored data blocks. HoWever, if 
neW data has been inserted into the backup dataset being 
deduplicated, there may be very feW ?xed length segments 
Which are identical to data blocks on the backup volume 107, 
causing the deduplication to be highly ineffective. For 
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example, if a small number of bytes are inserted into the 
middle of a dataset, the subsequent bytes may be shifted to 
incorporate the neW bytes. Thus, When the data stream is split 
into ?xed length segments, the segments containing shifted 
data may not identically match one or more entire data blocks 
on the storage volume 106. Splitting a data stream into ?xed 
length segments is discussed in more detail in FIG. 4 beloW. 

In a variable length deduplication, a data stream of a dataset 
being deduplicated may be divided into segments of varying 
lengths. This alloWs the boundaries of the segments to be 
adjusted such that an insertion into the middle of the dataset 
may not prevent the remainder of the dataset from being 
deduplicated. Splitting a data stream into variable length seg 
ments is discussed in more detail in FIG. 5 beloW. For 
example, the deduplication engine may determine the start of 
a segment of data items such that the start of the segment is 
aligned With the boundary, or start, of a stored data block on 
the backup volume 107. Once the segment of data items is 
aligned With the boundary of a data block on the backup 
volume 107, the segment can be rapidly deduplicated against 
the data blocks stored on the backup volume 107, particularly 
in cases Where the data has not changed signi?cantly since the 
last backup operation. The steps of performing a variable 
length deduplication are discussed in more detail in FIG. 6 
beloW. 

FIG. 2 is a block diagram of an exemplary server 200 in the 
netWork environment 100 of FIG. 1. The server 200 may be a 
computer that provides ?le and/ or block based services relat 
ing to the organiZation of information on storage devices, 
such as disks. The server 200 may provide information stored 
on the storage devices in response to ?le access requests 
and/ or block based access requests. The embodiments 
described herein can apply to any type of server 200, Whether 
implemented as a special-purpose or general-purpose com 
puter, including a standalone computer. The server 200 com 
prises a processor 202, a memory 204, a netWork adapter 206, 
a nonvolatile random access memory (NV RAM) 208, and a 
storage adapter 210 interconnected by system bus 212. Con 
tained Within the memory 204 is an operating system 300 that 
implements a ?le system to logically organiZe the informa 
tion as a hierarchical structure of directories and ?les on the 
disks. The memory 204 includes storage locations that are 
addressable by the processor 202 and adapters for storing 
softWare program code. Portions of the operating system 300 
are resident in memory 204 and executed by the processor 
202. The operating system 300 functionally organizes the 
server 200 by, inter alia, invoking storage operations in sup 
port of a ?le service implemented by the server 200. 

The netWork adapter 206 comprises the mechanical, elec 
trical and signaling circuitry needed to connect the server 200 
to clients 110A-N over netWork 102 (FIG. 1). Clients 110A-N 
maybe general-purpose computers con?gured to execute 
applications, such as data base applications. Moreover, cli 
ents 110A-N may interact With the server 200 in accordance 
With the client/ server model of information delivery. That is, 
clients 110A-N may request the services of the server 200, 
and the server 200 may return the results of the services 
requested by clients 110A-N, by exchanging packets de?ned 
by an appropriate netWorking protocol. 

The storage adapter 210 incorporates With the operating 
system 300 executing on the server 200 to access information 
requested by the clients 110A-N. Information may be stored 
on the array of disks 108 (FIG. 1) Which may be attached via 
the storage adapter 210 to the server 200. The storage adapter 
210 includes input/output (I/O) interface circuitry that 
couples to the array of disks 108 over an I/O interconnect 
arrangement, such as a high-performance Fibre Channel 
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6 
serial link topology. The information is retrieved by the stor 
age adapter 210 and, if necessary, processed by the processor 
202 (or the adapter 210 itself) prior to being forWarded over 
the system bus 212 to the netWork adapter 206, Where infor 
mation is formatted into appropriate packets and returned to 
the clients 110A-N. 

In one exemplary server implementation, the server 200 
can include a non-volatile random access memory (NV RAM) 
208 that provides fault-tolerant backup of data, enabling the 
integrity of server transactions to survive a service interrup 
tion based upon a poWer failure or other fault. 
One type of ?le system that may be con?gured to operate 

on the server 200 is a “Write in-place” ?le system, an example 
of Which is the Berkeley Software Distribution (BSDTM) Past 
File System. In a Write in-place ?le system, the locations of 
the data structures, such as inodes and data blocks, on disk 
may be ?xed. The references to the locations of the ?le data 
are provided by pointers, Which may further reference indi 
rect blocks that, in turn, reference the data blocks, depending 
upon the quantity of data in the ?le. Changes to the inodes and 
data blocks are made “in-place” in accordance With the Write 
in-place ?le system. If an update to a ?le extends the quantity 
of data for the ?le, an additional data block is allocated, and 
the appropriate inode is updated to reference that data block. 

Another type of ?le system that may be con?gured to 
operate on the server 200 is a Write-anywhere ?le system that 
does not overWrite data on disks. If a data block on disk is 
retrieved (read) from disk into memory and “dirtied” With 
neW data, the data block is stored (Written) to a neW location 
on disk to thereby optimiZe Write performance. A Write-any 
Where ?le system may initially assume an optimal layout such 
that the data is substantially contiguously arranged on disks. 
The optimal disk layout results in ef?cient access operations, 
particularly for sequential read operations, directed to the 
disks. A particular example of a Write-anyWhere ?le system 
that is con?gured to operate on the server 200 is the Write 
AnyWhere File Layout (WAFLTM) ?le system available from 
NetApp, Inc. of Sunnyvale, Calif. The WAFL ?le system is 
implemented Within a microkernel as part of the overall pro 
tocol stack of the server 200 and associated disk storage. This 
microkernel is supplied as part of NetApp, Inc.’s Data 
ONTAPTM operating system, residing on the server 200, 
Which processes ?le-service requests from netWork-attached 
clients. 

FIG. 3 is a block diagram of an exemplary operating system 
300 implemented by the server 200 of FIG. 2. Not all of the 
depicted components may be required, hoWever, and some 
implementations may include additional components. Varia 
tions in the arrangement and type of the components may be 
made Without departing from the spirit or scope of the claims 
as set forth herein. Additional, different, or feWer components 
may be provided. 
The operating system 300, such as NetApp, Inc.’s Data 

ONTAPTM operating system, includes a series of softWare 
layers, such as a media access layer 302 of netWork drivers 
(e.g., an Ethernet driver). The operating system 300 further 
includes netWork protocol layers, such as an Internet Protocol 
(IP) layer 304 and its supporting transport mechanisms, the 
Transport Control Protocol (TCP) layer 306 and the User 
Datagram Protocol (U DP) layer 308, and a virtualiZation 
engine 318. 
A ?le system protocol layer provides multi-protocol data 

access and includes support for the NetWork File System 
(N FS) protocol 312, the Common Internet File System 
(CIFS) protocol 314 and the Hyper Text Transfer Protocol 
(HTTP) 316. In addition, the operating system 300 includes a 
disk storage layer 322 that implements a disk storage proto 
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col, such as a RAID protocol, and a disk driver layer 324 that 
implements a disk access protocol such as a Small Computer 
System Interface (SCSI) protocol. 
The virtualiZation engine 318 acts as an intermediary 

betWeen the ?le system protocol layer 326 and the disk stor 
age layer 322. The virtualiZation engine 318 may utiliZe a 
segment table 339 to lookup a mapping betWeen the logical 
?le offset seen by the clients 110A-N, and the physical ?le 
offset as stored on the storage volumes 106 or backup volume 
107. The segment table 339 may be created by the dedupli 
cation engine 332 When a storage volume 106 is ?rst dedu 
plicated and may be stored on the storage volume 106. Alter 
natively, the segment table 339 may be stored on the array of 
disks 108, outside of the storage volume 106, or the segment 
table 339 may be stored in memory 204. The deduplication 
engine 332 may create a segment table 339 for each storage 
volume 106 Which is deduplicated. Alternatively, the dedu 
plication engine 332 may create a segment table 339 for each 
?le of each storage volume 106 Which is deduplicated. In this 
instance a segment table 339 may be associated With each ?le 
as a ?le attribute. 

The virtualiZation engine 318 may receive read requests 
from the clients 110A-N. The read requested may include a 
logical offset and length of requested data. The virtualiZation 
engine 318 may use the segment table 339 to map the logical 
offset requested by the clients 110A-N to the physical offset 
of the data blocks on the storage volumes 106 or the backup 
volume 107. Mapping the logical offset accessed by the cli 
ents 110A-N to the physical offset on the storage volumes 106 
or backup volume 107 may be referred to as ?le offset virtu 
aliZation. 
A ?le system layer 326 bridges the disk software layers 

With the netWork and ?le system protocol layers. The ?le 
system layer 326 may often implement a ?le system having an 
on-disk format representation that is block-based using, e.g., 
4-kilobyte (KB) data blocks and using inodes to describe the 
?les. The ?le system may be a ?xed block siZe ?le system or 
a variable block siZe ?le system. In a ?xed block siZe ?le 
system, the data blocks may be a ?xed siZe, or length, such 
that every data block is the same siZe. For example, if a ?xed 
block siZe ?le system uses 4 KB data blocks, every data block 
in the ?le system may be 4 KB in siZe. In a variable block siZe 
?le system, the data blocks may be of varying siZes. For 
example, if a data block in a variable block siZe ?le system is 
32 KB, but only contains 4 KB of data, the data block can be 
compressed to a 4 KB data block to save space on the storage 
volume 106. 

In response to transaction requests, the ?le system 326 
generates operations to load (retrieve) the requested data from 
storage volumes 106 if it is not resident “in-core”, i.e., in the 
memory 204 of the server 200. If the information is not in 
memory 204, the ?le system layer 326 indexes into the inode 
?le using the inode number to access an appropriate entry and 
retrieve a logical volume block number. The ?le system layer 
326 then passes the logical volume block number to the disk 
storage (RAID) layer, Which maps that logical number to a 
disk block number and sends the latter to an appropriate 
driver (for example, an encapsulation of SCSI implemented 
on a ?bre channel disk interconnection) of the disk driver 
layer 324. The disk driver accesses the disk block number 
from storage volumes 106 and loads the requested data in 
memory 204 for processing by the server 200. Thus, the 
physical offset of the disk may be implemented as a logical 
block reference. Upon completion of the request, the server 
200 (and operating system 300) returns a reply, such as an 
acknoWledgement packet de?ned by the CIFS speci?cation, 
to the clients 110A-N over the netWork 102. 
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The storage access request data path 330 needed to perform 

data storage access for the client requests received by the 
server 200 may alternately be implemented in hardWare, soft 
Ware or a combination of hardWare and softWare. That is, in an 
alternative embodiment, the storage access request data path 
326 may be implemented as logic circuitry embodied, for 
example, Within a microprocessor or controller, like a pro 
grammable gate array or an application speci?c integrated 
circuit (ASIC). A hardWare implementation may increase the 
performance of the ?le service provided by the server 200 in 
response to a ?le system request issued by one of the clients 
110A-N. 
To facilitate the generaliZed access to the storage volumes 

106, the operating system 300 may implement a Write-any 
Where ?le system that logically organiZes the information as 
a hierarchical structure of directories and ?les on the disks. 
Each “on-disk” ?le may be implemented as a set of disk 
blocks con?gured to store information, such as data. Each 
“on-disk” directory may be implemented as a specially for 
matted ?le, Which stores other ?les and directories. The oper 
ating system 300 can support both ?le-based access requests 
and block-based access requests. 
The backup engine 332 may control the backup and snap 

shot operations on the storage volumes 106. In one example, 
the backup engine 332 may utiliZe NetApp, Inc.’s Data 
ONTAP SnapVaultTM to provide snapshot operations and 
backup operations. The snapshot and backup operations may 
be scheduled to run on a periodic basis. The schedules may be 
identi?ed by one of the clients 110A-N When the backup or 
snapshot operations are ?rst con?gured for a storage volume 
106. 
The deduplication engine 334 may perform the deduplica 

tion operations on the storage volumes 106 and the backup 
volume 107. In one example, the deduplication engine 334 
may utiliZe NetApp, Inc.’s A-SISTM (Advanced Single-In 
stance Storage), part of NetApp, Inc.’s Data ONTAPTM oper 
ating system, to provide deduplication operations. Altema 
tively, the deduplication engine 334 may utiliZe NetApp, 
Inc.’s Virtual Tape Library (V TL) to provide the deduplica 
tion operations. In one example, the deduplication engine 334 
may use an anchor point database 338 to store rolling hashes, 
or “anchor points” of a dataset stored on the storage volume 
106, along With data identifying the location of the anchor 
point in the dataset. The anchorpoints may be generatedusing 
a rolling hash function, such as the Rabin-Karp algorithm, or 
the Adler-32 checksum. For example, the rolling hash func 
tion may use a 64 KB WindoW to generate the anchor points, 
and the deduplication engine 334 may generate three anchor 
points for every 64 KB of data. The anchor point database 338 
is often stored on the array of disks 108 Where the storage 
volumes 106 are stored. HoWever, the anchor point database 
338 may often be stored outside of the storage volumes 106 in 
order to achieve higher space savings When performing a 
deduplication operation on the storage volumes 106. 

For a storage volume 106 being deduplicated the ?rst time, 
the deduplication engine 334 may generate anchor points as 
described above. For each neW anchor point, the deduplica 
tion engine 334 may determine Whether the anchor point Was 
previously stored in the anchor point database 338. If the 
anchor point Was not previously stored in the anchor point 
database 338, the deduplication engine 334 may store the 
anchor point along With data identifying the location of the 
anchor point Within the storage volume 106. If the anchor 
point exists in the anchor point database 338, the deduplica 
tion engine 334 may retrieve the stored data blocks corre 
sponding to the anchor point and perform a byte-by-byte 
comparison, starting With the anchor point, to determine 
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whether any of the data blocks are duplicates. If the byte-by 
byte comparison veri?es that the data blocks are duplicates, 
the deduplication engine 334 aligns deduplicates the data 
blocks. Otherwise the deduplication engine 334 stores the 
anchor point in the anchor point database 338. Alternatively, 
the deduplication engine 334 may perform a byte-by-byte 
comparison forward and backward of the anchor point to 
determine whether any of the data blocks surrounding the 
anchor point are duplicates. 

The deduplication engine 334 may perform an inline dedu 
plication on a data stream received from a backup operation 
containing a backup dataset. The deduplication engine 334 
may deduplicate the dataset prior to writing the dataset to the 
backup volume 107. The deduplication engine 334 may gen 
erate anchor points for the data stream and may compare the 
anchor points to the anchor point database 338. If a generated 
anchor point exists in the anchor point database, the dedupli 
cation engine 338 may perform a byte-by-byte comparison 
forward and backward of the anchor point to identify the start 
of a matching data block. The deduplication engine 334 may 
align the ?rst matching block to the data stream and may 
deduplicate the data stream against the backup volume 107. 

The deduplication engine 334 may also generate a data 
structure, such as a segment table 339, for the dataset. The 
segment table 339 may store data indicating a mapping of the 
logical location of the data in the dataset, to the physical 
location of the data stored on the backup volume 107. The 
segment table 339 may be a data structure, such as binary tree. 
The segment table 339 may be used to allow the deduplication 
operation to account for small insertions into the dataset. For 
example, new data may be inserted into the dataset which may 
be smaller than the size of a data block on the ?xed block ?le 
system. The deduplication engine 334 may write the new data 
to a data block on the backup volume 107. Although the new 
data may not ?ll the entire data block, the deduplication 
engine 334 may not store any other data in the data block. 
Thus, the physical offset of the next entry in the segment table 
339 is located at the boundary, or start of the next data block. 
The creation of the segment table 339 is discussed in more 
detail in FIG. 6 below. 

FIG. 4 is a diagram illustrating two exemplary datasets 
where the datasets are being deduplicated using a ?xed length 
deduplication operation. FIG. 4 includes an exemplary data 
stream dataset 410, and an exemplary backup volume dataset 
420. The backup volume dataset 420 may be a dataset stored 
on the backup volume 107, which was previously backed up 
from one of the storage volumes 106 as part of a periodic 
backup operation, and may use ?xed length block siZes, such 
as 4 KB. The data stream dataset 410 may represent a dataset 
of a current backup of the storage volume 106 being written to 
the backup volume 107. The deduplication engine 334 may 
attempt to deduplicate the data stream dataset 410 prior to 
writing the dataset to the backup volume 107. The data stream 
dataset 410 may include data item 411, data item 412, data 
item 413, data item 414, and data segment 415. The storage 
volume dataset 420 may include data block 421, data block 
422, data block 423, and data block 424. The data items 
411-414 in the data stream dataset 410 may represent dupli 
cate data as the data stored in data blocks 421-424 in the 
storage volume dataset 420, while data item 415 may repre 
sent new data item inserted into the data stream dataset 410. 
As FIG. 4 demonstrates, the insertion of data item 415 into the 
data stream dataset 410 causes the data items 412-414 to shift 
downstream. 

If a deduplication operation using ?xed length segments is 
performed on the datasets 410, 420, the deduplication engine 
334 may split the data stream dataset 410 into ?xed length 
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segments which are equal to the siZe of the data blocks on the 
backup volume 107. The dashed lines in FIG. 4 may represent 
the ?xed length segmentations of the data stream dataset 410. 
The deduplication engine 334 then attempts to deduplicate 
the ?rst segment of the data stream dataset 410, which 
includes the data item 411, against the ?rst data block 421 of 
the storage volume dataset 420. Since the data item 411 is a 
duplicate of the data block 421, the deduplication engine 334 
identi?es the data item 411 of the data stream dataset 410 as 
a duplicate, and deduplicates the data item 411 against the 
data block 421. 
The deduplication engine 334 may then attempt to dedu 

plicate the second segment of the data stream dataset 410, 
which includes the data item 415, and half of the data item 
412. The deduplication engine 334 may compare the second 
segment with the data block 422 of the backup volume dataset 
420 and determine that the second segment does not match 
the data block 422 and is therefore new data. Thus, the dedu 
plication engine 334 may write the second segment of the data 
stream dataset 410 to the backup volume 107, even though the 
data item 412 is already stored on the backup volume 107 in 
the data block 422. As shown by the segments in FIG. 4, the 
deduplication operation may proceed to incorrectly identify 
each remaining segment of the data stream dataset 410 as new 
data, because the segments may not exactly match one or 
more of the data blocks 422-424 of the backup volume dataset 
420. Since each segment starts mid-way through the data 
items 412-414, the deduplication operation may not be able to 
align data items 412-414 with the data block 422-424 in the 
data storage dataset 420. Thus, the deduplication engine 334 
may unnecessarily write all of the remaining data items to the 
backup volume 107 as new data. Thus, the insertion of the 
data item 415 into the data stream dataset 410 prevents a large 
portion of duplicate data in the data stream dataset 410 from 
being properly deduplicated. 

FIG. 5 is a diagram illustrating two exemplary datasets 
where the datasets are deduplicated using a variable length 
deduplication operation. FIG. 5 includes an exemplary data 
stream dataset 510, and an exemplary backup volume dataset 
520. The backup volume dataset 520 may be a dataset stored 
on the backup volume 107, which was previously backed up 
from one of the storage volumes 106 as part of a periodic 
backup operation, and may include ?xed length block siZes, 
such as 4 KB. The data stream dataset 510 may represent a 
dataset of a current backup of the storage volume 106 being 
written to the backup volume 107. For example, the dedupli 
cation engine 334 may deduplicate the data stream dataset 
510 prior to writing the dataset to the backup volume 107. The 
data stream dataset 510 may include data item 511, data item 
512, data item 513, data item 514, and data segment 515. The 
storage volume dataset 520 may include data block 521, data 
block 522, data block 523, and data block 524. The data items 
511-514 in the data stream dataset 510 may represent dupli 
cate data as the data stored in data blocks 521-524 in the 
storage volume dataset 520, while data item 515 may repre 
sent new data item inserted into the dataset. 

In a variable length deduplication operation, the dedupli 
cation engine 334 may split the data stream dataset 510 into 
segments of varying lengths in order to account for varying 
lengths of data which are new or duplicate. For example, the 
deduplication engine 334 may identify that the data item 511 
matches the data block 521, but that the data item 515 does not 
match the data item 522. Thus, the deduplication engine 334 
may create the ?rst segment as the data item 511. The dedu 
plication engine 334 may deduplicate the ?rst segment and 
may create a row in the segment table 339 for the ?rst seg 
ment. The row may include the start and end of the logical 
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offsets in the data stream dataset 510 of 0 and 4096, and the 
row may include the start and end of the corresponding physi 
cal offsets in the backup volume dataset 520 of 0 and 4096. 
Alternatively, the segment table 339 may include the starting 
physical and logical offsets and the length of the segment. 

The deduplication engine 334 may then start the second 
segment with the data item 515, and may include any subse 
quent new data in the second segment. In this example, the 
new data is only the data item 515; therefore the second 
segment only contains the data item 515. Since the data item 
515 can not be deduplicated, the data item 515 is written to the 
backup volume 107k, such as after the data block 524 at the 
physical offset of 16284 to 18284. The deduplication engine 
334 may add a row to the segment table 339 for the second 
segment. The row may include the start and end of the logical 
offsets of the segment of 4096 and 6096, and the row may 
include the start and end of the physical offsets of the segment 
of 16248 and 18284. Although the data item 515 may not ?ll 
an entire data block, the remainder of the data block where the 
data item 515 is stored is left as empty space. Leaving the 
remainder of the data block as empty space ensures that 
additional data written to the backup volume 107 may prop 
erly align during future deduplication operations. Thus, the 
next data item written to the backup volume 107 may start at 
the physical offset of 20380. 

The deduplication engine 334 may start the third segment 
with the data item 512. The deduplication engine 334 may 
identify that the data item 512 matches the data block 522. 
The deduplication engine 334 may align the data item 512 
with the data block 522 and may determine the length of the 
third segment based on the amount of subsequent data in the 
data stream dataset 510 which matches the backup volume 
dataset 520. Since the remainder of the data items 512-514 
match the data blocks 512-514, the third segment may include 
the data items 512-514. The deduplication engine 334 may 
deduplicate the data items 512-514 with the data blocks 522 
524 and may add a row to the segment table 339 for the 
segment. The row may include the start and end logical offsets 
in the data stream dataset 510 of6096 and 18384, and the start 
and end physical offsets of 4096 and 16284. Since the vari 
able segment length deduplication allows ?exibility in deter 
mining the segment lengths, changes in one part of the data 
stream dataset 510 does not prevent other parts of the data 
stream dataset 510 from being deduplicated. 

FIG. 6 is a ?owchart illustrating a variable length dedupli 
cation operation of an embodiment. The steps of FIG. 6 are 
explained in reference to using anchor points to identify 
duplicate data. However, the steps of FIG. 6 may be per 
formed using any method of identifying duplicate data. Fur 
thermore, the steps are described as being performed by the 
deduplication engine 334. However, the steps may be per 
formed by any process of the operating system 300, the pro 
cessor 202 or any hardware component of the server 200, or 
by an external hardware component or software process. 

At step 610, the deduplication engine 334 may receive a 
backup data stream from the backup engine 332 which is 
being written to the backup volume 107. The deduplication 
engine 334 may deduplicate the data as it is received from the 
backup engine 332. At step 620, the deduplication engine 334 
may generate anchor points for data received from the data 
stream, as discussed above. At step 625, the deduplication 
engine may determine whether the anchor points exist in the 
anchor point database 338. If, at step 625, an anchor point 
exists in the anchor point database 338, the deduplication 
engine 334 moves to step 640. 
At step 640, the deduplication engine 338 aligns the data 

stream with a boundary, or start, of a stored data block. A 
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deduplication can only be performed on one or more entire 
data blocks, thus in order to deduplicate the data stream, the 
data stream may be aligned with the start of a stored data 
block. The deduplication engine 334 may compare the bytes 
in the data stream, starting with the bytes corresponding to the 
generated anchor point, with the stored data blocks, starting at 
the data block corresponding to the anchor point identi?ed in 
the anchor point database 338, until a matching byte which 
corresponds to the start of a data block is found. The dedu 
plication engine 334 may align the data stream at the start of 
?rst matching data block. The steps of aligning the data 
stream may be discussed in more detail in FIG. 7 below. 
Once the data stream is aligned with the start of a data 

block, the deduplication engine 334 moves to step 645. At 
step 645, the deduplication engine 338 identi?es the segment 
of sequential data in the data stream which is duplicate data. 
The segment of duplicate data may be identi?ed by perform 
ing a byte-by-byte comparison of the data stream and the data 
blocks stored on the backup volume 107. The segment of 
duplicate data may end once the bytes of the data stream no 
longer match an entire stored data block. At step 650, the 
deduplication engine 334 may deduplicate the segment of 
duplicate data against the stored data blocks. 

If, at step 625, a generated anchorpoint does not exist in the 
anchor point database 338, the deduplication engine 334 
moves to step 630. At step 630, the deduplication engine 334 
identi?es the segment of sequential data in the data stream 
which is new data. The deduplication engine 334 may identify 
the segment of new data by continuing to generate anchor 
points until an anchor point is generated which matches an 
anchor point in the anchor point database 338. The matching 
anchor point may mark the end of the segment of new data. At 
step 635, the deduplication engine 334 writes the segment of 
new data to the backup volume 107. 

After storing new a segment of new data or deduplicating a 
segment of duplicate data, the deduplication engine 334 
moves to step 655. At step 655, the deduplication engine 334 
determines data describing the physical and logical locations 
of the segment. The data describing the physical location of 
the segment may represent the location of the data blocks 
storing the data contained in the segment, and may be referred 
to as a physical offset. The data describing the logical location 
of the segment may represent the location of the segment 
within the data stream, as it appears to the clients 110A-N, 
and may be referred to as a logical offset. At step 660, the 
deduplication engine 334 stores the physical and logical off 
sets, and the length of the segment in a segment table 339, 
such that the logical offset and the length can be used to 
retrieve the data segment from the storage volume 106. The 
segment table 339 may initially be stored in the memory 204 
and may be written to disk once the deduplication operation 
completes. Alternatively, the deduplication engine 334 may 
create a segment table 339 for each ?le which is deduplicated. 
In this case, once all of the segments of a ?le have been 
deduplicated, the deduplication engine 334 may write the 
segment table 339 to the backup storage volume 107 and 
associate the segment table 339 to the ?le as a ?le attribute. 
At step 665, the deduplication engine 334 determines 

whether additional data can be read from the data stream. If 
additional data can be read from the data stream, the dedupli 
cation engine 334 moves to step 620. At step 620, the dedu 
plication engine 334 generates anchor points for the data read 
from the data stream and repeats steps 625-665. If, at step 665, 
the deduplication engine 334 can not read any additional data 
from the data stream, the deduplication engine 334 moves to 
step 670. 
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At step 670, the deduplication engine 334 closes the data 
stream. At step 680, the deduplication engine 334 writes any 
segment tables 339 stored in the memory 204 to the backup 
volume 107. For example, the deduplication engine 334 may 
maintain one segment table 339 for the entire dataset which 
may be written to the backup volume 107 as metadata. Alter 
natively, the segment table 339 may be written to the disks 
where the backup volume 107 is stored, but outside of the 
backup volume 107. 

FIG. 7 is a ?owchart illustrating an align operation of an 
embodiment. The steps of FIG. 7 are explained in reference to 
using anchor points to identify duplicate data. However, the 
steps of FIG. 7 may be performed using any method of iden 
tifying duplicate data. Furthermore, the steps are described as 
being performed by the deduplication engine 334. However, 
the steps may be performed by any process of the operating 
system 300, the processor 202 or any hardware component of 
the server 200, or by an external hardware component or 
software process. 
At step 710, the deduplication engine 334 identi?es an 

anchor point in the data stream which matches an anchor 
point stored in the anchor point database 338. At step 720, the 
deduplication engine 334 performs a byte-by-byte compari 
son of the data stream, starting at the byte corresponding to 
the anchor point, against the data block on the backup volume 
107 corresponding to the anchor point stored in the anchor 
point database 338. The deduplication engine 334 may com 
pare the bytes in the data stream to identify the ?rst byte 
which matches the boundary, or start, of a stored data block. 
Since a deduplication operation may only deduplicate entire 
data blocks, the bytes from the data stream should be aligned 
with the start of a stored data block in order to be dedupli 
cated. The ?rst byte which matches the boundary of a stored 
data block may mark the start of the segment of duplicate 
data. 

At step 730, the deduplication engine 334 determines the 
end of the segment of duplicate data. The end of the segment 
of duplicate data is identi?ed by the last matching byte which 
aligns with the end of a data block. Since data can only be 
deduplicated against entire stored data blocks, the end of the 
segment of duplicate data may align with the end of a data 
block. At step 740, the deduplication engine 334 may dedu 
plicate the segment of duplicate data against the stored data 
blocks. At step 750, the deduplication engine 334 may enter a 
row in the segment table 339 which includes the logical offset 
of the duplicate segment, the physical offset of the duplicate 
segment and the length of the duplicate segment. 

FIG. 8 is a ?owchart illustrating a read operation of an 
embodiment. The steps of FIG. 8 are described as being 
performed by the virtualiZation engine 318. However, the 
steps of FIG. 8 may be performed by any process of the 
operating system 300, the processor 202 or any hardware 
component of the server 200, or by an external hardware 
component or software process. 
At step 810, the virtualiZation engine 318 may receive a 

read request, such as a request from one of the clients 110A 
N, to read stored data, such as data stored on the backup 
volume 107. The read request may include a read length and 
a logical location data, such as a logical offset, which may 
describe the ?rst byte of data to be read. At step 820, the 
virtualiZation engine 318 queries the segment table 339 for 
the dataset, or the ?le being read, with the logical offset and 
the length of the requested data. At step 830, the virtualiZation 
engine 318 retrieves the physical offset and length corre 
sponding to the logical offset from the segment table 339. At 

20 

25 

30 

40 

45 

50 

55 

60 

65 

14 
step 840, the virtualiZation engine 318 reads the segment of 
data stored at the physical offset from the backup storage 
volume 107. 

At step 850, the virtualiZation later 318 determines whether 
the data requested spans across additional segments of the 
segment table 339. For example, if the length of the data 
requested is larger than the length of data read from the 
backup storage volume 107, then the requested data may span 
across additional segments of the segment table 339. If, at 
step 850, the virtualiZation engine 318 determines that addi 
tional segments need to be read from the segment table 339, 
the virtualiZation engine 318 moves to step 860. At step 860, 
the virtualiZation engine 318 retrieves the physical offset and 
length of the next segment from the segment table 339. The 
virtualiZation engine 318 then moves to step 840 and repeats 
the steps 840-850 for the next segment. 

If, at step 850, the virtualiZation engine 318 determines that 
all of the requested data has been read from the backup 
volume 107, the virtualiZation engine 318 moves to step 870. 
At step 870 the virtualiZation engine 318 provides the 
requested data to the requesting client. 

FIG. 9 is a ?owchart illustrating a write operation of an 
embodiment. The steps of FIG. 9 are described as being 
performed by the virtualiZation engine 318. However, the 
steps of FIG. 9 may be performed by any process of the 
operating system 300, the processor 202 or any hardware 
component of the server 200, or by an external hardware 
component or software process. 
At step 910, the virtualiZation engine 318 may receive a 

write request, such as a request from one of the clients 110A 
N, to write data, such as to the storage volume 106. The write 
request may include the data to be written to the storage 
volume 106 and a logical offset corresponding to the location 
to write the data. At step 920, the virtualiZation engine 318 
may write the data to the backup volume 107 as new data, 
without attempting to deduplicate the data. Alternatively, the 
deduplication engine 334 may attempt to deduplicate the data 
being written to the backup volume 107. 
At step 930, the virtualiZation engine 318 may retrieve the 

segment table 339 from the storage volume 106. Altema 
tively, if a segment table 339 exists for each ?le in the storage 
volume 106, the virtualiZation engine 318 may retrieve the 
segment table corresponding to the ?le being written to. At 
step 940, the virtualiZation engine 318 may identify the logi 
cal location of the data being written in the segment table 339. 
For example, if new data is being inserted into the middle of 
the dataset, the virtualiZation engine 318 may identify the 
segment the data is being inserted after. At step 950, the 
virtualiZation engine 318 may insert a row into the segment 
table 339 for the new data. The logical offset of the row may 
correspond to the logical location of the data being written 
and the physical offset of the row may correspond to the 
physical location where the data was written to the backup 
volume 107. 

At step 960, the virtualiZation engine 318 may determine 
whether subsequent segments of the segment table 339 were 
affected by the insertion. For example, if the new segment was 
not inserted at the end of the segment table 339, then subse 
quent segments of the segment table 339 may have been 
affected by the insertion. If, at step 960, the virtualiZation 
engine 318 determines that subsequent segments were 
affected by the insertion, the virtualiZation engine 318 moves 
to step 970. At step 970, the virtualiZation engine 318 updates 
the logical offsets of subsequent segments in the segment 
table 339 to account for the new segment inserted into the 
segment table 339. For example, if the new segment was 4 
KB, then the logical offsets of the subsequent segments may 
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each need to be shifted by 4 KB. However, the physical offsets 
of the segments remain unchanged, because the correspond 
ing physical locations of the data on the backup volume 107 
have not changed. 

If, at step 960, the virtualiZation engine 318 determines that 
subsequent segments Were not affected by the insertion, the 
virtualiZation engine 318 moves to step 980. At step 980, the 
virtualiZation engine 318 Writes the updated segment table 
339 to the backup volume 107. 

The above disclosed subject matter is to be considered 
illustrative, and not restrictive, and the appended claims are 
intended to cover all such modi?cations, enhancements, and 
other embodiments, Which fall Within the true spirit and scope 
of the description. Thus, to the maximum extent alloWed by 
laW, the scope is to be determined by the broadest permissible 
interpretation of the folloWing claims and their equivalents, 
and shall not be restricted or limited by the foregoing detailed 
description. 

We claim: 
1. A computer-implemented method for providing variable 

length duplication of a data stream on a ?xed block ?le 
system, the method comprising: 

receiving, by a processor, a data stream, Wherein the data 
stream comprises of a plurality of data items; 

determining, by the processor, Whether a ?rst segment of 
data items of the plurality of data items exists on a 
storage volume; 

storing, by the processor, the ?rst segment of data items on 
the storage volume if the ?rst segment of data items does 
not exist on the storage volume, otherWise deduplicating 
the ?rst segment of data items With the storage volume; 
and 

storing, by the processor in a data structure, an association 
betWeen a logical identi?er describing a location of the 
?rst segment of data items in the data stream, a physical 
identi?er describing a physical location of the ?rst seg 
ment of data items on the storage volume, and a length of 
the ?rst segment of data items, Wherein the ?rst segment 
of data items can be retrieved from the storage volume 
using the logical identi?er and the length, Wherein a data 
item can be retrieved from the storage volume using a 
read request comprising a read logical offset and a read 
length. 

2. The computer-implemented method of claim 1 Wherein 
determining, by the processor, Whether a ?rst segment of data 
items of the plurality of data items exists on a storage volume 
further comprises: 

generating, by the processor, a plurality of anchor points 
corresponding to the ?rst segment of data items, Wherein 
the plurality of anchor points are generated by inputting 
the ?rst segment of data items to a rolling hash function; 
and 

determining, by the processor, Whether at least one anchor 
point in the plurality of anchor points exists in an anchor 
point database. 

3. The computer-implemented method of claim 1 Wherein 
the logical identi?er comprises of a logical offset Which indi 
cates the location of the ?rst segment of data items in the data 
stream. 

4. The computer-implemented method of claim 3 Wherein 
the physical location identi?er comprises of a physical offset 
of a start of the ?rst segment of data items in on the storage 
volume. 

5. The computer-implemented method of claim 4 further 
comprising: 

receiving, via the processor the read request; 
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16 
retrieving, by the processor from the data structure, a read 

physical offset associated With the read logical offset; 
and 

providing, by the processor, the data item stored on the 
storage volume, Wherein a location of the data on the 
storage volume is identi?ed by the read length and the 
read physical offset. 

6. The computer-implemented method of claim 1 further 
comprising: 

receiving, by the processor, a close request associated With 
the data stream; 

closing, by the processor, the data stream; and 
Writing, by the processor, the data structure to the storage 

volume. 
7. The computer-implemented method of claim 1 Wherein 

the storage volume utiliZes a ?xed block length ?le system. 
8. The computer-implemented method of claim 7 Wherein 

the ?rst segment of data items is stored across a plurality of 
data blocks on the storage volume. 

9. The computer-implemented method of claim 8 Wherein 
the ?rst segment of data items is aligned With a boundary of a 
data block on the storage volume before deduplicating the 
?rst segment of data items. 

10. The computer-implemented method of claim 1 further 
comprising: 

determining, by the processor, Whether a second segment 
of data items of the plurality of data items exists on the 
storage volume, Wherein the second segment of data 
items is a different length than the ?rst segment of data 
items. 

11. The computer-implemented method of claim 1 Wherein 
the data stream is received from a backup operation. 

12. The computer-implemented method of claim 1 Wherein 
the data stream is read from a storage device. 

13. A computer-implemented method for removing dupli 
cate data from a data stream prior to storing the data on a 
storage volume utiliZing ?xed length data blocks, the method 
comprising: 

receiving, by a processor, a data stream comprising of a 
plurality of data items, Wherein the plurality of data 
items collectively comprises a backup dataset; 

identifying, by the processor, as the data items are received, 
a ?rst segment of the data items, Wherein the ?rst seg 
ment of data items also exists on a storage volume; 

aligning, by the processor, the ?rst segment of data items 
With a boundary of a data block on the storage volume 
such that the data block stores the ?rst data item in the 
segment of data items; 

deduplicating, by the processor, the ?rst segment of data 
items With the storage volume starting at the boundary of 
the data block; 

determining, by the processor, a ?rst length and a ?rst 
physical offset of the ?rst segment of data items, the ?rst 
physical offset and ?rst length representing a location of 
the ?rst segment of data items on the storage volume; 

determining, by the processor, a ?rst logical offset of the 
?rst segment of the data items, the ?rst logical offset and 
?rst length representing a location of the ?rst segment of 
data items Within the backup dataset; 

storing, in a data structure, an association betWeen the ?rst 
length, the ?rst physical offset and the ?rst logical offset 
such that the ?rst segment of data items can be retrieved 
from the storage volume using the ?rst logical offset and 
?rst length, Wherein a data item can be retrieved from the 
storage volume using a read request comprising a read 
logical offset and a read length. 
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14. The computer-implemented method of claim 13, fur 
ther comprising: 

identifying, by the processor, a second segment of data 
items, Wherein the second segment of data items does 
not exist on the storage volume; 

storing the second segment of data items on the storage 
volume; determining a second physical offset and a sec 
ond length of the second segment of data items, the 
second physical offset representing a location of the 
second segment of data items on the storage volume; 
Wherein the second length is not equal to the ?rst length; 

determining, by the processor, a second logical offset of the 
second segment of data items, the second logical offset 
and the second length representing a location of the 
second segment of data items Within the data stream; and 

storing, in the data structure, the second length, the second 
physical offset and the second logical offset, such that 
the second segment of data items can be retrieved from 
the storage volume using the second logical offset and 
the second length. 

15. The computer-implemented method of claim 13 
Wherein the ?rst physical offset points to the boundary of the 
data block on the storage volume. 

16. The computer-implemented method of claim 13 further 
comprising: 

receiving, by the processor, the read request; 
retrieving, by the processor from the data structure, a read 

physical offset associated With the read logical offset; 
and providing, by the processor, the data item stored on 
the storage volume, Wherein a location of the data on the 
storage volume is identi?ed by the read length and the 
read physical offset. 

17. The computer-implemented method of claim 13 further 
comprising: 

receiving, by the processor, a close request associated With 
the data stream; 
closing, by the processor, the data stream; and 
Writing, by the processor, the data structure on the stor 

age volume. 
18. The computer-implemented method of claim 13 

Wherein the storage volume utiliZes a ?xed block length ?le 
system. 

19. The computer-implemented method of claim 18 
Wherein the ?rst segment of data items is stored across plu 
rality of data blocks on the storage volume. 

20. The computer-implemented method of claim 13 
Wherein the data stream is received from a backup operation. 

21. The computer-implemented method of claim 13 
Wherein the data stream is read from a storage device. 

22. A system for providing variable length duplication on a 
?xed block ?le system, the system comprising: 

a storage volume operative to store a plurality of datasets; 
a memory operative to store a data structure; and 

20 

25 

30 

35 

40 

45 

50 

18 
a processor operatively connected to the storage volume 

and the memory and operative to: 
receive a data stream, Wherein the data stream comprises of 

the plurality of data items; 
determine Whether a segment of data items of the plurality 

of data items exists on the storage volume; 
store the segment of data items on the storage volume if the 

segment of data items does not exist on the storage 
volume, otherWise deduplicate the segment of data items 
With the storage volume; and 

store, in the data structure, an associationbetWeen a logical 
identi?er describing a location of the segment of data 
items Within the data stream, a physical identi?er 
describing a physical location of the segment of data 
items on the storage volume, and a length of the segment 
of data items, Wherein the segment of data items can be 
retrieved from the storage volume using the logical iden 
ti?er and the length, Wherein a data item can be retrieved 
from the storage volume using a read request comprising 
a read logical offset and a read length. 

23. The system of claim 22 Wherein the logical identi?er 
comprises of a logical offset Which indicates the location of 
the segment of data items in the data stream. 

24. The system of claim 22 Wherein the physical location 
identi?er comprises of a physical offset Which indicates the 
physical location of the segment of data items on the storage 
volume. 

25. The system of claim 22 Wherein the processor is further 
operative to: 

receive the read request; 
retrieve, from the data structure, a read physical offset 

associated With the read logical offset; and 
provide the data item stored on the storage volume, 

Wherein a location of the data on the storage volume is 
identi?ed by the read length and the read physical offset. 

26. The system of claim 22 Wherein the processor is further 
operative to: 

receive a close request associated With the data stream; 
close the data stream; and 

store the data structure on the storage volume. 
27. The system of claim 22 Wherein the storage volume 

utiliZes a ?xed block length ?le system. 
28. The system of claim 27 Wherein the segment of data 

items are stored across a plurality of data blocks on the stor 
age volume. 

29. The system of claim 28 Wherein the processor is further 
operative to: 

align the segment of data items With a boundary of a data 
block stored on the storage volume. 

30. The system of claim 22 Wherein the data stream is 
received from a backup operation. 

31. The system of claim 22 Wherein the data stream is read 
from a storage device. 

* * * * * 


