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SYSTEM AND PROGRAM FOR 
REPLICATING A FILE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/958,724, ?led on Oct. 4, 2004, Which 
patent application is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a method, system, 
and program for replicating a ?le. 
[0004] 2. Description of the Related Art 
[0005] File replication involves maintaining a copy (rep 
lica) of a ?le on a remote storage that may be updated locally. 
Any local updates applied to the ?le subject to replication are 
copied over (replicated) to the remote storage. For instance, 
the International Business Machines (“IBM”®) Tivoli® Stor 
age Manager product provides software for a client and server 
systems so that the client system backs-up only a changed 
portion of a ?le on the server, either on byte level or on block 
level, instead of transferring the Whole ?le to the server every 
time. (IBM and Tivoli are registered trademarks of IBM) The 
changed ?le portion is backed up as a differential backup 
relative to the last complete backup of the ?le (base or refer 
ence ?le) and it is called delta ?le. All changes since the last 
complete backup of the ?le are included in this delta ?le. In 
the case of a restore, softWare provides for the restore of the 
Whole ?le by restoring only tWo sub-?le components, one 
delta ?le and the last complete backup of the Whole ?le, the 
base ?le. 

[0006] The IBM Tivoli Storage Manager requires that the 
replication operations are implemented in softWare programs 
that run on both the client and the server storage receiving the 
delta ?les. Thus, proprietary agent softWare is implemented in 
both the endpoints, client and server machines, to exchange 
information and messages as part of the replication process. 

SUMMARY 

[0007] Provided are a method, system, and program for 
replicating a ?le. A ?le is copied to a target storage ?le system 
stored as a base ?le. A reference ?le comprising the copied ?le 
is generated at a local storage. An update is applied to the ?le 
at the local storage. A delta ?le is generated indicating differ 
ences betWeen the updated ?le at the local storage and the 
reference ?le. A ?le system command is used to transmit the 
delta ?le to the target storage ?le system store to store in a 
directory of the target storage ?le system, Wherein the ?le in 
the local storage is replicated at the target storage by a com 
bination of the base ?le and the delta ?le. 

[0008] In an additional embodiment, a request is received 
to access a ?le in a ?le system in a storage device. A deter 
mination is made as to determining Whether there is a delta 
?le for the requested ?le providing changes to a base ?le in the 
storage device. The changes in the delta ?le are applied to the 
base ?le for the accessed ?le to produce a current version of 
the ?le in response to determining that there is a delta ?le. The 
current version of the ?le is generated on an output device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an embodiment of a netWork com 
puting environment. 
[0010] FIG. 2 illustrates an embodiment of a ?le name of a 
delta ?le. 
[0011] FIGS. 3, 4, 5, and 6 illustrate embodiments of opera 
tions to replicate a ?le on a storage. 

DETAILED DESCRIPTION 

[0012] In the folloWing description, reference is made to 
the accompanying draWings Which form a part hereof and 
Which illustrate several embodiments of the present inven 
tion. It is understood that other embodiments may be utiliZed 
and structural and operational changes may be made Without 
departing from the scope of the present invention. 
[0013] FIG. 1 illustrates a netWork computing environment 
having a plurality of user systems 211 and 2b (tWo are shoWn) 
that communicate With a target storage 4 over a netWork 6. 
The user systems 211 and 2b include a ?le system 8a, 8b, 
Which includes a replication extension 10a, 10b component. 
If the user of the user system 211 designates that a ?le 12 is 
subject to replication in the target storage 4, then the replica 
tion extension 10a, 10b monitors requests directed to the ?le 
12 subject to replication to ensure modi?cations are trans 
ferred to the replication site, i.e., target storage 4. The repli 
cation extension 10a, 10b may execute in the kernel space of 
the user systems 2a, 2b With the ?le system 8a, 8b. 
[0014] The replication extension 1011 maintains a reference 
?le 14 comprising a copy of the base ?le 12 sent to the target 
storage 4, Where the base ?le is stored as ?le 16 in a target 
storage ?le system 18. The replication extension 1011 places 
any updates to the ?le 12 in a delta ?le 20 and transmits the 
delta ?le 20 to the target storage 4 to store in the target storage 
?le system 18. The ?les 12 being replicated and their corre 
sponding reference ?les 14 may be stored at a local storage 22 
connected to the user system 2a, such as an attached storage 
device or local hard disk drives or memory. In an alternative 
embodiment, the target storage 4 may comprise a hard disk 
drive or storage unit Within or directly coupled to the user 
system 211 from Which the ?le 12 is being sent, so that repli 
cation occurs locally at the user system 211 on a local hard 
drive, such as an internal or external hard disk drive coupled 
directly to the user system 211. 
[0015] In certain embodiments, the replication extension 
1011 uses a standard ?le system 8a, 8b command, such as a 
copy or save command, to transfer the delta ?le 20 to the 
target storage ?le system 18. In further embodiments, the 
replication extension 1011 may use an internal ?le Application 
Program Interface (API) command or a netWork transfer pro 
tocol command, such as a File Transfer Protocol (FTP) com 
mand to send a ?le. The delta ?le 20 may comprise an ordi 
nary ?le in the target ?le system 18. The replication extension 
10b may perform the operations described With respect to 
replication extension 10a. The replication extensions 10a, 
10b further intercept requests to access ?les 16 in the target 
storage system as described beloW. 
[0016] A ?le 12 replicated in the target ?le system 18 has a 
base ?le 16 initially sent from the user system 211 and a delta 
?le 20. In one embodiment, the delta ?le 20 may have the 
same name as the ?le 16, such as the name and application 
type extension, plus an additional extension indicating that 
the ?le is a delta ?le, e.g., “x.type.delta”. In one embodiment, 
the delta ?le has a ?le name indicating an attribute of the delta 
?le and base ?le. For instance, the attribute included in the 
delta ?le 20 ?le name may include a ?le siZe of the current 
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version of the ?le, comprising the base ?le 16 combined With 
the differences indicated in the delta ?le 20. Further, the 
attribute included in the delta ?le 20 ?le name may comprise 
a code identifying the reference ?le 14, i.e., initial base ?le, to 
Which the delta ?le 20 applies. The replication extension 10a, 
1 0b uses this code to check Whether the ?le 16 in the target ?le 
system 18 matches the reference ?le 14, Which is the copy of 
the initial base ?le from Which the delta ?le 20 Was generated, 
so that the ?le produced by combining the base ?le 16 and the 
delta ?le 20 in the target ?le system 18 is the same updated ?le 
for Which the delta ?le 20 Was generated. In one embodiment, 
the code comprises a checksum value derived by applying a 
checksum function to the reference ?le 14, Which is the origi 
nal base ?le in the user system 2a, and embedding that check 
sum value in the name of the delta ?le 20. The replication 
extension 10a, 10b may then apply the same checksum func 
tion to the base ?le 16 in the target ?le system 18 to determine 
Whether the base ?le 16 in the target storage 4 has not changed 
and is the same as the reference ?le 14 on the user system 2a, 
so that When the delta ?le 20 is applied to the base ?le 16 in the 
target ?le system 18 the resulting updated ?le is the same as 
the current version of the ?le 12 in the user system 2. 

[0017] In one embodiment, the base ?le 16 and delta ?le 20 
may be stored in a common directory in the target storage ?le 
system 18. For instance, they might be in the same directory 
or have a common higher level directory, e.g., parent direc 
tory. Further, the delta ?le 20 may be stored in a predeter 
mined directory location relative to the base ?le 16, such as in 
a subdirectory of the directory including the delta ?le 20, a 
directory storing delta ?les 20 for different base ?les 16, or the 
same directory as the base ?le 16. 

[0018] The users systems 2a, 2b may comprise any com 
puting device capable of submitting requests or transactions 
over the netWork 6 to the target storage 4, including desktop 
computers, notebook computers, Workstations, hand held 
computers, servers, mainframes, telephony devices, etc. The 
user systems 2a, 2b may also comprise host systems or serv 
ers including storage devices having ?les updated by other 
network devices. The target storage 4 may comprise a storage 
device or system knoWn in the art having a ?le system 20, 
including a Redundant Array of Independent Disks (RAID), 
interconnected hard disk drives, a tape library, an optical 
library, a netWork attached storage (NAS), etc. The target 
storage 4 further includes a controller to execute requests for 
?les in the target storage ?le system 20. The netWork 6 may 
comprise one or more netWorks knoWn in the art, such as a 

Wide Area NetWork (WAN), Local Area NetWork (LAN), 
Storage Area NetWork (SAN), Wireless netWork, the Internet, 
and Intranet, etc. The ?le system 8a, 8b may comprise the ?le 
system component of operating systems knoWn in the art, 
such as Microsoft Corporation’s WindoWs®, LinuxTM, 
Unix®, etc. (WindoWs is a registered trademark of Microsoft 
Corporation, Linux is a trademark of Linus Torvalds, and 
Unix is a registered trademark of The Open Group.) 
[0019] FIG. 2 illustrates an embodiment of information 
included in a delta ?le 20 ?le name 50, including a ?le name 
52 portion comprising the ?le name, e.g., “X” as shoWn in 
FIG. 1; a data format 54 or ?le type, e.g., “type” in FIG. 2, 
indicating a format of the data or the application for Which the 
data is intended; and a delta extension indicator 56 indicating 
that the ?le is a delta ?le providing updates to a base ?le 
having a name comprising the ?le name 52 and data format 54 
components of the delta ?le name 50, e. g., “x.type”, Which are 
the ?rst tWo components of the delta ?le name x.type.delta” 

Nov. 27, 2008 

shoWn in FIG. 1 . A checksum value 58 comprises a checksum 
of the reference ?le 12, Which is the base ?le the user system 
211 initially transmitted to the target storage 4. The ?le siZe 60 
comprises a ?le siZe of the current version of the ?le, com 
prising the reference ?le 12 combined With the updates in the 
delta ?le 20. 

[0020] In certain embodiments, each delta ?le 20 com 
prises a differential backup ?le including all changes that 
have been applied to the base ?le 12, stored as the reference 
?le 14, that Was copied to the base ?le 16 in the target storage 
4. In alternative embodiments, there may be multiple incre 
mental delta ?les for a ?le 12, Where each incremental delta 
includes changes since the last modi?cation to the ?le. In such 
incremental delta embodiments, multiple incremental delta 
?les Would be stored in the target storage ?le system 18 
supplying the modi?cations to the base ?le 16 that produce 
the current version of the ?le 12. 

[0021] FIG. 3 illustrates an embodiment of operations per 
formed by the replication extension 1011 to maintain a replica 
of a ?le 12 at the user system 211 in the target storage 4. 
Operations described With respect to replication extension 
10b may be performed by other replication extensions 10b to 
?le systems 8b in the netWork 6. Upon initiating (at block 
100) operations to replicate a ?le 12 at a target storage device 
4, the replication extension 1011 copies (at block 102) the ?le 
12 to replicate to a target storage ?le system 18, Which is 
stored as base ?le 16. In one embodiment, the replication 
extension 1011 may use a standard ?le system command to 
transfer the ?le 12 to the target storage ?le system 18, such as 
a copy or save command. Transmitting the delta ?les using 
standard ?le system commands avoids the use of additional 
protocol layers in the user systems 2a, 2b and target storage 4 
to handle the transfer of delta ?les. The replication extension 
1011 generates (at block 104) a reference ?le 14 comprising 
the copied ?le 12 at a local storage 22.An update to the ?le 12 
at the local storage 22 is applied (at block 106). The replica 
tion extension 10a, Which may be triggered in response to a 
modi?cation of the ?le 12 subject to replication, then gener 
ates (at block 108) a delta ?le 20 indicating differences 
betWeen the updated ?le at the local storage 22 and the ref 
erence ?le 14. The generated delta ?le 20 may have the ?le 
name of the ?le 12 being replicated including in the ?le name 
52 ?eld, data format/data type 54, delta indicator 56, check 
sum value 58 determined by applying a checksum function to 
the initial ?le 12 (copied as the reference ?le 14), and a ?le 
siZe 60 of the updated ?le 12. The replication extension 1011 
uses (at block 110) a ?le system command, e.g., copy or save 
command, to transmit the delta ?le 20 to the target storage ?le 
system 18 to store in a directory of the target storage ?le 
system 18. The ?le 12 in the local storage 22 is replicated at 
the target storage 4 by the combination of the base ?le 16 and 
the delta ?le 20. Further, the delta ?le 20 and base ?le 16 may 
be stored as ordinary ?les in the target storage ?le system 18. 

[0022] In one embodiment, the replication extension 10a, 
10b may detect changes to ?les 12 subject to replication and 
in response perform the operations at block 108 and 110. The 
operations at block 102 and 104 may be performed When a ?le 
12 is initially subject to replication. Further, if the delta ?le 20 
exceeds the base ?le 12 by a certain threshold, e.g., 60%, then 
the current version of the ?le 12 may be transmitted to the 
target storage 4 to replace the base ?le 16 and a neW reference 
?le 14 may be created for the current version of the ?le 12 so 
that deltas Will be applied to the current version of the ?le 12. 



US 2008/0294860 A1 

[0023] FIG. 4 illustrates operations implemented in a rep 
lication extension 10a, 10b to access a ?le subject to replica 
tion. Upon receiving (at block 150) a request to access a ?le 
12 in ?le system 18 in a storage device, e. g., target storage 4, 
the replication extension 10a, 10b determines (at block 154) 
whether there is a delta ?le 20 for the requested ?le providing 
changes to a base ?le 12 in the storage 4. If not, then access is 
provided (at block 156) to the requested ?le. Otherwise if 
there is a delta ?le 20, then the replication extension 10b uses 
(at block 158) a code associated with the delta ?le 20 to 
determine whether the delta ?le provides changes to the base 
?le. Using the code may comprise determining a checksum 
value from the base ?le 16 in the storage device 4 by a 
applying a checksum function to the base ?le 16. Further, a 
determination is made (at block 160) as to whether the deter 
mined checksum value from the base ?le 16 matches the code, 
e.g., checksum value 58, associated with the delta ?le (e.g., 
component 58 in the ?le name 50 (FIG. 2) of the delta ?le 20). 
If (at block 160) the checksums do not match, then the ?le 16 
in the target storage 4 may have been modi?ed and is different 
from the base ?le stored as the reference ?le 14. In such case, 
an error condition is indicated (at block 162). Otherwise, if (at 
block 160) the checksums match (which occurs if the ?le 16 
at the target storage 4 is the initial base ?le copied over, which 
is stored as the reference ?le 14 in the local storage 22), then 
the changes in the delta ?le 20 are applied (at block 164) to the 
base ?le 12 for the accessed ?le to produce a current version 
of the ?le, which should match the updated ?le 12 in the user 
system 2a. The replication extension 10a, 10b then generates 
(at block 166) the current version of the ?le on an output 
device (not shown), which may comprise a video display 
monitor, paper, etc. 
[0024] With certain embodiments, the replication exten 
sion 10a, 10b may generate the current version to the user 
transparently. Thus, a user in a standard application, such as a 
word processing application, may open a dialogue box to 
view a list of ?les and will see a list that does not show any 
delta ?les 20, only the base ?le 16 names. If the user selects to 
open one of the displayed ?les, then the replication extension 
10a, 10b would generate the current version comprising the 
base ?le 16 combined with the delta ?le 20. The replication 
extension 10a, 10b operations occur transparently to the user 
without requiring the user to invoke any additional applica 
tions. 
[0025] Upon the ?le system 8a, 8b receiving (at block 168) 
modi?cations to the current version of the ?le to produce a 
modi?cation to the ?le in the target storage 4, the replication 
extension 10a, 10b generates (at block 170) a new delta ?le 
indicating differences between the modi?ed ?le and the base 
?le 16 in the target storage ?le system 18. The new delta ?le 
20 is stored (at block 172) in the target ?le system 18. 
[0026] FIG. 5 illustrates operations performed by the rep 
lication extension 10a, 10b to provide information on 
attributes of a replicated ?le. Upon receiving (at block 200) a 
request for an attribute of the requested ?le, such as the ?le 
siZe, the replication extension 10a, 10b determines (at block 
202) from a ?le name 50 (FIG. 2) of the delta ?le 20 the 
requested attribute (e. g., the ?le siZe of the current version). 
For instance, in FIG. 2 the ?le siZe attribute is indicated in 
component 60 of the ?le name 50. The replication extension 
10a, 10b then provides (at block 204) information on the 
requested attribute (e.g., ?le siZe). 

Additional Embodiment Details 

[0027] The described operations may be implemented as a 
method, apparatus or article of manufacture using standard 
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programming and/or engineering techniques to produce soft 
ware, ?rmware, hardware, or any combination thereof. The 
term “article of manufacture” as used herein refers to code or 
logic implemented in hardware logic (e.g., an integrated cir 
cuit chip, Programmable Gate Array (PGA), Application Spe 
ci?c Integrated Circuit (ASIC), etc.) or a computer readable 
medium, such as magnetic storage medium (e.g., hard disk 
drives, ?oppy disks, tape, etc.), optical storage (CD-ROMs, 
optical disks, etc.), volatile and non-volatile memory devices 
(e.g., EEPROMs, ROMs, PROMs, RAMs, DRAMs, SRAMs, 
?rmware, programmable logic, etc.). Code in the computer 
readable medium is accessed and executed by a processor. 
The code in which preferred embodiments are implemented 
may further be accessible through a transmission media or 
from a ?le server over a network. In such cases, the article of 
manufacture in which the code is implemented may comprise 
a transmission media, such as a network transmission line, 
wireless transmission media, signals propagating through 
space, radio waves, infrared signals, etc. Thus, the “article of 
manufacture” may comprise the medium in which the code is 
embodied. Additionally, the “article of manufacture” may 
comprise a combination of hardware and software compo 
nents in which the code is embodied, processed, and 
executed. Of course, those skilled in the art will recogniZe that 
many modi?cations may be made to this con?guration with 
out departing from the scope of the present invention, and that 
the article of manufacture may comprise any information 
bearing medium known in the art. 
[0028] Certain operations described as performed by the 
replication extension may be performed by the ?le system. 
[0029] The illustrated operations of FIGS. 3-5 show certain 
events occurring in a certain order. In alternative embodi 
ments, certain operations may be performed in a different 
order, modi?ed or removed. Moreover, steps may be added to 
the above described logic and still conform to the described 
embodiments. Further, operations described herein may 
occur sequentially or certain operations may be processed in 
parallel. Yet further, operations may be performed by a single 
processing unit or by distributed processing units. 
[0030] The foregoing description of various embodiments 
of the invention has been presented for the purposes of illus 
tration and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modi?cations and variations are possible in light of the above 
teaching. It is intended that the scope of the invention be 
limited not by this detailed description, but rather by the 
claims appended hereto. The above speci?cation, examples 
and data provide a complete description of the manufacture 
and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing 
from the spirit and scope of the invention, the invention 
resides in the claims hereinafter appended. 

What is claimed is: 
1. A system in communication with a target storage ?le 

system having at least one directory, comprising: 
a local storage; 
a processor in communication with the local storage; 
a computer readable medium including code executed by 

the processor to perform operations, the operations com 
prising: 

copying a ?le in the local storage subject to replication to 
the target storage ?le system to store as a base ?le in the 
target storage ?le system; 
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generating a reference ?le comprising a copy of the ?le 
subject to replication that is copied to the target storage 
?le system; 

applying an update to the ?le subject to replication at the 
local storage to generate an updated ?le at the local 
storage; 

generating a delta ?le indicating differences betWeen the 
updated ?le at the local storage and the reference ?le; 

generating a code identifying the reference ?le; 
using a ?le system command to transmit the delta ?le to the 

target storage ?le system to store in one directory of the 
target storage ?le system; 

receiving a replication request to replicate the updated ?le 
from the delta ?le in the target storage ?le system; 

using the code to determine Whether the base ?le at the 
target storage ?le system matches the reference ?le at the 
local storage in response to the replication request; and 

replicating the updated ?le from a combination of the base 
?le and the delta ?le stored in the target storage in 
response to determining that the base ?le matches the 
reference ?le. 

2. The system of claim 1, Wherein the base ?le and delta ?le 
are stored in a common directory in the target storage ?le 
system. 

3. The system of claim 2, Wherein the delta ?le is stored in 
a predetermined directory location relative to the base ?le. 

4. The system of claim 1, Wherein the delta ?le has a ?le 
name including a ?le name of the base ?le and includes an 
extension indicating a delta ?le type. 

5. The system of claim 1, Wherein a ?le name of the delta 
?le indicates a ?le siZe of the reference ?le on the local 
storage combined With the differences indicated in the delta 
?le. 

6. The system of claim 1, Wherein a ?le name of the delta 
?le indicates the code identifying the reference ?le to Which 
the delta applies. 

7. The system of claim 1, Wherein the code comprises a 
checksum value calculated from the reference ?le and 
Wherein using the code to determine Whether the base ?le at 
the target storage ?le system matches the reference ?le com 
prises: 

calculating a checksum value from the base ?le in the target 
storage ?le system; and 

comparing the checksums calculated from the reference 
?le system and the base ?le to determine Whether they 
match. 

8. An article of manufacture comprises a computer read 
able storage medium including code that When executed by a 
processor performs operations to communicate With a target 
storage ?le system and a local storage and to further perform 
operations comprising: 
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copying a ?le in the local storage subject to replication to 
the target storage ?le system to store as a base ?le in the 
target storage ?le system; 

generating a reference ?le comprising a copy of the ?le 
subject to replication that is copied to the target storage 
?le system; 

applying an update to the ?le subject to replication at the 
local storage to generate an updated ?le at the local 
storage; 

generating a delta ?le indicating differences betWeen the 
updated ?le at the local storage and the reference ?le; 

generating a code identifying the reference ?le; 
using a ?le system command to transmit the delta ?le to the 

target storage ?le system to store in a directory of the 
target storage ?le system; 

receiving a replication request to replicate the updated ?le 
from the delta ?le in the target storage ?le system; 

using the code to determine Whether the base ?le at the 
target storage ?le system matches the reference ?le at the 
local storage in response to the replication request; and 

replicating the updated ?le from a combination of the base 
?le and the delta ?le stored in the target storage in 
response to determining that the base ?le matches the 
reference ?le. 

9. The article of manufacture of claim 8, Wherein the base 
?le and delta ?le are stored in a common directory in the target 
storage ?le system. 

10. The article of manufacture of claim 9, Wherein the delta 
?le is stored in a predetermined directory location relative to 
the base ?le. 

11. The article of manufacture of claim 8, Wherein the delta 
?le has a ?le name including a ?le name of the base ?le and 
includes an extension indicating a delta ?le type. 

12. The article of manufacture of claim 8, a ?le name of the 
delta ?le comprises a ?le siZe of the reference ?le on the local 
storage combined With the differences indicated in the delta 
?le. 

13. The article of manufacture of claim 8, Wherein a ?le 
name of the delta ?le indicates the code identifying the ref 
erence ?le to Which the delta applies. 

14. The article of manufacture of claim 8, Wherein the code 
comprises a checksum value calculated from the reference 
?le and Wherein using the code to determine Whether the base 
?le at the target storage ?le system matches the reference ?le 
comprises: 

calculating a checksum value from the base ?le in the target 
storage ?le system; and 

comparing the checksums calculated from the reference 
?le system and the base ?le to determine Whether they 
match. 


