wO 2016/018447 A1 [N NI NDF 0 000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/018447 A1l

4 February 2016 (04.02.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GO6F 17/30 (2006.01) kind of national protection available). AE, AG, AL, AM,
21) Tnt tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(2D International Application Number: @ 141066233 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
18 November 2014 (18.11.2014) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. ) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
3765/CHE/2014 31 July 2014 (31.07.2014) IN (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: HEWLETT-PACKARD DEVELOPMENT GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
W., Houston, Texas 77070 (US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: KURICHIYATH, Sudheer; Sy.No.192, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Whitefield Road, Mahadevapura Post, Karnataka, Ban-
. SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
galore 560048 (IN). SHANMUGAM, Neducheralathan; GW, KM, ML, MR, NE, SN, TD, TG)
Sy.No.192, Whiteficld Road, Mahadevapura Post, > > > s :
Karnataka, Bangalore 560048 (IN). Declarations under Rule 4.17:
(74) Agents: ORTEGA, Arthur et al.; Hewlett-Packard Com- —  as fo the identity of the inventor (Rule 4.17(i))
pany, Intellectual Property Administration, 3404 East Har- __ as 10 avpli , .
. - ipplicant’s entitlement to apply for and be granted a
mony Road, Mail Stop 35, Fort Collins, Colorado 80528 patent (Rule 4.17(ii))
(US).
[Continued on next page]
(54) Title: FILE CREATION

(57) Abstract: The present subject matter relates to file creation. In one ex-

'/,— 200

ample a user request for creating a new file is received. An inode correspond-
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FiLE CREATION
BACKGROUND

{00011 Increasing use of data generation and processing in enterprises
produces ever-increasing amounts of information which are stored for short,
medium, or long periods. The information is generally stored for re-use by the
organization. To maintain such information, enterprises generaily implement
data management technigues and file systems. Generally, storing the
information using a file system involves creating a file, adding information in

the file, deleting/ archiving the file, and setting permissions for the file.
BrIEF DESCRIPTION OF FIGURES

{0002} The delsiled descriplion is described with reference o the
accompanying figures. In the figures, the left-most digit(s} of a reference
number identifies the figure in which the reference number first appears. The
same numbers are used throughout the figures to reference like features and
components. Systems and/or methods, in accordance with examples of the
present subject matter are now described, by way of example, and with

reference 1o the accompanying figures, in which:

{00031 Fig. 1{a) lllustrates a block diagram of an example system for file

creation, in accordance with an example of the present subject matter.

{00604} Fig. 1{b) Hlustrates various example components of the example
systemn for file creation, in accordance with an example of the present subject

matter.

{0005} Fig. 2 illustrates an example method for file creation, in

accordance with an exampie of the present subject matter,

{00081 Fig. 3 Hdiustrates another example method for file creation, in

accordance with an exampie of the present subject matter.
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{60067} Fig. 4 ilustrates a method of lazy linking for file creation, in

accordance with an exampie of the present subject matter.

{00608} Fig. & llustrates an example network environment implementing
a non-transitory computer readable medium for file creation, in accordance with

an example of the present subject matter.
DETAILED DESCRIPTION

{00087 Systermns and methods for file creation are described herein. The
methods can be implemented in various systems, such as computing devices
connected through various networks. Although the description herein is with
reference to systems used for file creation, the methods and described

techniques may be implemented in other systems, albeit with a few variations.

{06010} A file system may be undersiood as an absiraction implemented
onto disk storage for organizing and storing data. The file system may aiso
facilitate in controlling the manner in which the data is stored and refrieved from
the storage disk. A storage device, such as & disk includes many data storage
units known as “blocks”. When a file is stored in the storage device, the file
data is written and stored over multiple blocks. Therefore, each file is usually
considered to be associated with a list of blocks storing the file data. The list of
the blocks associated with the file is maintained and stored in an index node
{referred to as an incde) associated with the file. The incde includes metadata
associated with the file. The metadata may include, inode number, attributes,
number of blocks, file size, file type, block map information, and the like. The
inode, however, does not store the file data and the file name of the file.

{00113 A file creation process is generally iniliated when a new file has
to be created for storing data on the storage device or on a network device.
The file creation process is generally considered to be a high latency process
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involving various steps to be performed in a predefined sequence. The various
steps include, but are notlimited to, incde allocation, adding dentry, and adding
initial blocks in case the file requires a pre-allocated storage. Further, certain
file systems, such as Avalar file systems may involve additional steps like
allocating tag or inode number. The latency associated with the file creation
process may be further exacerbated for certain file system protocols, such as
network file system (NFS}. In such a case, owing to strict protocol compliance,
the NFS requires a synchronous file creation which involves multiple non

sequential synchronous block commits.

{06012} Latency is further observed in cases of mulli-liered non-volatile
memary (NVM) integrated file server stacks if the file is crealed at a storage
device latency rather than a NVM latency. In such a case, the file creation
latency increases as the storage device operates at a higher read/ write atency
as compared 1o the NVM. This may happen as the NVM is a first tier storage
in such file server stacks and the storage disk based file system is at a tier sub-
sequent to the NVM. A pre-created pool of files that includes pre-asliocated
inodes and blocks may be used in order to reduce the latency associated with
the file creation process. Using such a pre-created pool of files reduces iniial
time involved in inode and block allocation. However, linking the inode with a

target namespace o create the new file involves considerable latency.

{6013} Systermn and a method for file creation are described. The system
and the method facilitate in implementing a file crealion process with low or
minimal iatency. The present subject matter involves using a pre-created pool
of files and lazy linking of the pre-created files (o a target namespace, e, a
namespace in which a new file is 1o be created. As discussed in the following
sections, using lazy linking of pre-created files {0 a target namespace facilitates
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in deferring the high latency step of linking the pre-created files and the target
namespace, thus enabling Tast file creation.

{0014} In accordance o an example of the present subject matter,
initially a pre-created pool of files is created. The pre-created pool of files
includes a plurality of pre-created files and corresponding inodes. The pre-
created files may be defined, in one example, as physical blocks linked to
corresponding incdes. The pre-created files are, however, not assigned any
filenames and arg added o a hidden namaeaspace of the pre-created pool of

files for being used later for file creation.

{0015} In one example, a user intending to store data in a storage device
of the systermn may provide a user request for creating a new file for storing the
data. Upon receiving the user request for creating the new file, an inode
corresponding o a pre-created file from the pre-created pool of files is
retrieved. In one example, the inode is moved from the pre-created pool of files
to a lazy link list for creating the new file, The lazy link list includes a list of
plurality of inodes being currently used for file creation using a method of lazy
linking. The lazy_link list further includes a list of dentries corresponding to

each of the plurality of inodes.

{0016} The inode is subsequently associated with an in-memory dentry,
from the dentries listed in the lazy_link list, corresponding to the new file that
has o be created. The in-memory dentry may be considered as directory entry
created in a transient memory, such as a random access memory (RAM). The
dentry is further marked using a predefined flag to indicate that the dentry
requires a lazy link commit for lazy linking the pre-created file with a target
directory in the target namespace. The {arget directory is a directory in which
the new file is to be created. In one example, associating the inode with the in-

memory dentry includes associating the inode with a filename of the new file.



WO 2016/018447 PCT/US2014/066233

10

20

30

5

{00173 Subseqguently, 2 log eniry corresponding to the new file is created
in an infent log in an NVM of the gystem. The log enfry indicates the intent of
lazy linking the pre-crested file with a target directory. In one example, lazy
linking of the pre-created files may be considered as a process in which linking
of the pre-created file and the target directory is deferred till the occurrence of
a predefined event. In one example, lazy linking of the pre-created files may be
considered as a process in which linking of the pre-created file and the target
directory is deferred till the occurrence of the predefined event. The predefined
gvent, in one example, may be termination of a last reference of the dentry,
during the process of new file creation. The predefined event, in ancther
gxample, may be a post-crash recovery process performed subsequent o
abrupt shutdown or system-crash of the sysiem. The predefined event, in
another example, may be a rename operation performed in response (0
receiving a rename request for renaming a file before the lazy link is committed.
The predefined event, in yel ancther example, may be an overflow of the intent
log. In said example, the lazy linking may be performed proactively upon
determining overflow of the intent log.

{0618} The system may thus defer the linking till occurrence of the
predefined event. Upon occurrence of the predefined event, a file system link

operation may be performed to link the pre-created file with the target directory.

{0019} Lazy linking the pre-created file with the target directory facilitates
in decreasing the latency associated with file creation as the new file is created
and made available for access o the user afier the creation of the intent iog
without waiting for actual linking of the pre-created file with the target directory
process. The subject matter thus facilitates in file creation with low latency.

{00201 Further, in order to ensure that an inode is not used for creation
of more than one files, a lazy unlink of inodes is performed. In one example,

the lazy_Hink list is initially analyzed to identify one or more inodes having a link
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count of greater than one. The link count indicates a number of dentries with
which an inode is associated. The inodes having the link count of greater than
one are then removed from the pre-created pool to avoid further linking of the
inodes. In one example, the lazy unlinking may aise be performed during a
post-crash recovery of the system to move the inodes having the link count of
greater than one from the pre-created pool of files o the lazy _link list.

{00213 The present subject matter thus facilitales in fast creation of files
using a method of lazy linking. Lazy linking the pre-created file with the target
directory facilitates in decreasing the iatency associated with file creation as
the file is created at latency rate associated with the NVM instead of the latency
rate of the slorage device based file system. As previously described, the
latency rate associated with the NVM is lesser as compared {o the lalency rate
of the storage device based file system. Thus, ¢reating the in-memory deniry
and asscciating the inode with the in-memory deniry facilitates in file creation
at a lower latency than other systems having variable latencies. Further,
creating the log enlry in the intent log to indicate the intent of lazy linking
facilitates in achieving crash consistency. In case of any abrupt system shut
down or system-crash the intent log may be used to identify the pre-created
files that have o be lazy linked.

{00622} Further, performing a proactive and early lazy linking facilitates in
handiing intent log space exhaustion as performing the early lazy linking
reduces the number of logs created in the intent log, thus maintaining memaory
space in the NVM of the system. Performing such a proactive and early lazy
linking further facilitates in reducing recovery time associated with the file
creation. The recovery time, in one example, is defined as a function of the
number of unhandled lazy link entries in the intent log. Thus, reducing the
number of lazy link entries, by performing the proactive linking, reduces the

associated recovery time. Additionally, implementing the lazy unlink helps in
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avoiding multiple linking of a single inode. Lazy unlink further facilitates in an
accurale creation of lazy link list in cases of abrupt system shut down or
system-crash as the lazy unlink may be performed as a part of post-crash
recovery o move the already used inodes to the lazy link list from the pre-
created pool of files.

{0023} The above systems and methods are further described in
conjunction with Fig. 1 to Fig. 5. it should be noted that the description and
figures merely illustrate the principles of the present subject matter. It will thus
be appreciated thal various arrangements that embody the principles of the
present subject matter, although not explicitly described or shown herein, can
be devised from the description and are included within s scope. Furthermore,
ali examples recited herein are for pedagogical purposes o aid the reader in
understanding the principles of the present subject matter. Moreover, all
statements herein reciting principles, aspects, and examples of the present
subject matier, as well as specific examples thergof, are intended to

gncompass equivalents thereof.

{0024} Fig. 1(a} Hlustrates a block diagram of an example system 102
for file creation, in accordance with an example of the present subject matter.
The system 102 may be implemented in, for example, deskiop computers,
rmultiprocessor systems, personal digital assistanis (PDAS), laptops, network
computers, cloud servers, minicomputers, mainframe computers, hand-held
devices, such as fablets. The system 102 may also be hosting a plurality of
applications.

{00251 The gystem 102 may include, for example, processaor(s) 104, a
processing module 106 communicatively coupled to the processor 104, and a
lazy linking module 108 communicatively coupled to the procassor 104.
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{00261 The processor(s) 104 may include microprocessors,
microcomputers, microcontroliers, digital signal processors, central processing
units, state machines, logic circuitries, and/or any other devices that manipulate
signals and data based on computer-readable instructions. Further, functions
of the various elements shown in the figures, including any functional blocks
labeled as “processor(s)’, may be provided through the use of dedicated
hardware as well as hardware capable of executing computer-readable

instructions.

{0027} In operation, upon receiving a user request from a user for
creating a8 new file, the processing module 106 may retrieve an inode
corresponding 1o 2 pre-created file from a pre-created pool of files in response
to the user reguest. in one example, the pre-created files may be defined as
physical blocks linked o corresponding inodes. The pre-created files are,
however, not assigned any filenames and are added o a hidden namespace
of the pre-created pool of files. As a result, such pre-crealed files are not
available to the users. The processing module 106 may subsegquently
associate the inode with an in-memory dentry corresponding to the new file.
The in-memory dentry is defined as a direclory entry created in a volatile
storage, such as a random access memory (RAM).

{0028} The processing module 106 may further mark the in-memory
dentry for {azy linking of the pre-created file with a target directory. The target
directory is a directory in which the new file is {0 be created. The processing
maodule 108 may then create a log eniry in an intent log (o indicate intent of lazy
linking the pre-created file with the target directory. In one example, the
processing module 106 may create the intent log in a non-volatile memory
{(NVM) of the system 102. Creating the log entry in the intent log facilitates in
achieving crash consistency as the intent iog may be used o identify the pre-

created files that have to be lazy linked in case of any abrupt system shul down
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or system-crash. in one example, linking of the pre-created file and the target
directory is deferred till the occurrence of a predefined event.

{00329} Subsequently, the lazy linking module 108 initiates a file sysiem
link gperation for linking the pre-created file with the target directory. As aresult
of the linking, the new file i3 created. In one implementation, the lazy linking
module 108 may initiate the lazy linking upon receiving a notification indicating

occurrence of the predefined event.

{00301 Fig. 1(b) Hlustrates various componenis of the system 102, in
accordance with an example of the present subject matter. The system 102
includes the processor{s) 104, interface(s} 110, memory 112, modules 114, and
data 116. The interfaces 110 may include a variety of commercially available
interfaces, for example, interfaces for peripheral device(s}, such as data input
output devices, referred to as 1/O devices, interface cards, storage devices, and

natwork devices.

{06031} The modules 114, amongst other things, include routines,
programs, obiects, components, and data structures, which perform particular
tasks or implement particular abstract data types. The modules 114 may also
be implemented as, signal processor(s), state machine(s), logic circuitries,
andior any other device or component that manipulaie signais based on
operational instructions. Further, the modules 114 can be implemented by
hardware, by computer-readable instructions executed by a processing unit, or
by a combination thereof.

{00323 The modules 114 may include an interaction module 118, a file-
pool creation module 120, the processing module 106, the lazy linking module
108, and other module(s) 122. The other modules 122 may include programs
or coded instructions that supplement applications and functions, for example,
programs in an operating system of the system 102, Further, the data 116 may
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include pre-created pool of files 124, processing data 128, lazy link data 128,
and other data 130.

{00331 The memory 112 may be communicatively coupled to the
processor 104 and may include any non-transitory computer-readable medium
known in the art including, for example, volatile memaory, such as stalic random
access memory (SRAM) and dynamic random access memary {(BRAM), and/or
non-volatile memory, such as read only memory (ROM), erasable
programmabie ROM, flash memories, hard disks, optical disks, and magnetic
tapes. In one example, the memory 112 may include a storage device 132 and
a non-volatile memory (NVM) 134. The storage device, such as hard disks and
magnetic tapes may be used for storing content, such as files in the system.
The NVM 134, such as a flash memory (not shown in the figure) may be used
for intermediate storage of data thatl is {0 be accessed at low latency. The
memory may further include 2 main memory {(not shown in the figure) for

temporary storage of content for processing by the system 102,

{0034} As previously described, the system 102 faciliiates in low latency
file creation using a pre-created pool of files and lazy linking of the pre-created
files to a targel namespace. The target namespace is a namespace inwhich a
new file is o be created. In one example, the file-pool creation module 120
facilitates in creating and regularly popuiating the pre-created pool of files, for
gxample, the pre-created pool of files 124, The pre-creaied pool of files 124
includes a plurality of pre-created files and corresponding incdes. The pre-
created files may include either new pre-created files or old deleted files that

have been deleted from the storage device 132 of the system 102

{0035} In one example, upon obtaining a pre-created file for being added
te the pre-created pool of files, the file-pool creation module 120 may further
determine whether the pre-created file is a deleted file or a new pre-created

file. In case the pre-created file is a new pre-creatad file, the file-pool creation
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module 120 may add the pre-created file to a hidden name space of the pre-
created pool of files. On determining the pre-created file to be an old deleted
file, the file-pool creation module 120 may confirm using, for example, system
logs thal whether the pre-created file has been completely deleted or nol. In
case the pre-created file is confirmed {0 have been completely deleted, the file-
pool creation module 120 may add the pre-created file to the hidden name
space of the pre-created pool of files. In case the pre-created Tile hasn't been
completely deleted, the file-pool creation module 120 may wait for the pre-
created file to be deleted before adding the pre-created file to the pre-created
pool of files. Once populated, the pre-crealed poo! of files are used for fast
creation of new files in response (o a user reguest received from a user device

{not shown in the figure) of the user.

{0036} In one example, the user request is received by the inferaction
module 118, Upon receiving the reguest, the interaction module 118 may
analyze the user request to determine a purpose of the user request. Upon
determining the user request to be a request for creating a new file, the
interaction module 118 may provide the user request to the processing module
106 for creating the new fiie.

{00371 The processing module 106, upon receiving the user request for
the new file creation may retrieve an inode corresponding to a pre-created file
from the pre-created pool of files. In one example, the processing module 106
may issue a predefined command, say, a Gel_inocde From_Fool command for
retrieving the inode from the pre-created pool of files. it should be noted that
the present command is provided Tor purposes of illustration, and should not
be construed as limiting the scope of the present subject matter.

{00381 The processing module 106 may further access the pre-created
pool of files to refrieve the inode and the pre-created file. In case the pre-

created pool of files is empty, the processing module 106 may abort the current
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file creation process and initiate with a normal non-accelerated file creation
process. The processing module 106 may further inform the file-pool creation

module 120 o populate the pre-created pool of files 124.

{00381 In case the pre-created pool of files includes the inode and the
pre-created file, the processing module 106 may obtain the inode for further
processing. In one example, the processing module 106 may determine the
inode and the pre-created file that have {0 be oblainaed based on predelermined
parameters, such user D, group D, ACL, and exiended atiributes
corresponding to the new file that has © be created. The processing module
106 may access a free list of inodes o determine one or more inodes
corresponding to the attributes associated with the new file. The processing
module 106 may identify and obtain the inode and the pre-created file that
matches with the predetermined parameters corresponding o the new file.

{0044} Once the pre-created file and the associaled inode are oblained,
the processing module 106 may associate the inode with an in-memory dentry
corresponding o the new file. The in-memory deniry may be defined as
directory eniry created in a transient memory within the memory 112, such as
a random access mamory {(RAM)}. The in-memory dentry corresponds {o the
new file that has to be created and includes a filename of the new file. In one
example, the processing module 106 may link the inode with the filename of
the new file for creating the new file. Further, in one example, the processing
module 106 may create the in-memory dentry corresponding o the new file
before associating the inode with the in-memory dentry. In one example, the
processing module 106 may move the inode from the free list of inodes in the
pre-created pool of files to 2 lazy link list in the processing data 126, The
lazy link list includes a list of plurality of inodes that have been or are currently
being used for fast file creation. The lazy link list further includes a list of

dentries corresponding to the plurality of inodes. In one example, the free list
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of inodes and the lazy_link list may be saved in the transient mamory, such as
the RAM of the system 102,

{00413 The processing module 106, on associating the inode with an in-
memory deniry, may subsequently mark the in-memory dentry for lazy linking
to indicate that the dentry requires a lazy link commit for lazy linking the pre-
created file with the target directory in the target namespace. In one example,
the processing module 106 may mark the in-memory dentry using a predefined
flag. The predefined flag may be, for example, deache _op lazylink.

{00421 Upon marking the deniry, the processing module 106 may create
a log entry in an intent log to indicate intent of lazy linking the pre-created file
with the target directory. The intent log is saved in the NVM 134 associated
with the system 102. In one example, the log entry may include one or
parameters, such as a parent inode number, the filename of the new file, inode
number of the inode number being used for the file creation, and a fiag
fazy link. The flag lazy link faciiitates in indicating that log entry relates 1o a
lazy link operation. The parent inode number corresponds {o the parent
directory in which the target directory is located. As previously described,
creating the log entry in the intent log facilitates in achieving crash consistency
during the process of file creation. In one example, upon creation of the log
entry in the intent log, the new file is deemed o be created and made available
for immediale user access and the step of linking the pre-created file and the
target directory is deferred.

{0043} In one exampie, linking of the pre-created file and the larget
directory is performed using a process of lazy linking. In one example, lazy
linking of the pre-created files may be considered as a process in which linking
of the pre-created file and the target directory is deferred till the occurrence of
the predefined evenit. The predefined event, in one example, may be

termination of a last reference of the dentry, during the process of new file
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creation. The predefined event, in another example, may be a post-crash
recovery process performed subsequent {o abrupt shuldown or system-crash
of the system 102. The predefined event, in ancther example, may be arename
operation performed in response 1o receiving a rename request for renaming a
file before the lazy link is commitied. The predefined event, in yet another
example, may be an overfliow of the intent log. In said example, the lazy linking
may be performed proactively upon determining overflow of the intent log. The
processing module 106 in said example may send an early linking request to
the lazy linking module 108, requesting the lazy linking module 108 to perform
the lazy linking even before the last reference of the dentry is terminated.
Performing such a proactive and early lazy linking Taciitates in handling intent
log space exhaustion as deferring the linking process for a high number of file
creation processes concurrently may increase the number of logs created in
the intent log, thus affecting memory space in the NVM 134, Performing such
a proactive and early lazy linking further facilitates in reducing recovery time
associagted with the file creation. The recovery time, in one example, is defined
as a function of the number of unhandled lazy link entries in the intentlog. Thus,
reducing the number of lazy link entries, by performing the proactive linking,
reduces the associated recovery time.

{0044} In case, where no proactive linking is to be performed, the linking
may be deferred till the last reference of the dentry is lerminated. As previously
described, last reference of dentry indicates last instance of dentry access.
Upon termination of the last reference, the processing moduie 106 may
generate a release notification indicating termination of the last reference. The
processing module 106 may subseguently provide the release notification o
the lazy linking module 108.

{00451 In one example, the lazy linking module 108 receaives the release

notification as an operation code notification and saves the same in the lazy
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link data 128. The operation code notification may be, in an example, a release
notification indicating termination of the last reference of dentry. The operation
code notification may be, in another example, a delete notification indicating
termination of the file creation process. Upon receiving the operation code
notification, the lazy linking module 108 may ascertain if the operation code
notification is the release notification. In case the operation code is the delete
notification, the lazy linking moduie 108 may ascertain that the file creation has
been aborted and thus decide not to go ahead with lazy linking. The lazy linking
module 108 further reguest the file-pool creation module 120 o move the
inode, being retrieved for the current file creation process, back to the pre-

created pool of files 124,

{0046} Upon ascertaining that the operation code notification is the
release notification, the lazy linking module 108 may initiate the lazy linking
process. In one exampie, the lazy linking module 108 may initiate the file
system Hink operation for linking the pre-created file with the larget directory.
The lazy linking module 108 may iniliate the file system link operation by
issuing a predetermined application programming interface (AP, say, a
VES fink APL The VFS fink APl is defined as a kemnel virfual file system APL
The lazy linking module 108 may subsequently flush a parent directory
corrasponding o the target directory in which the new file is (o be created. The
lazy linking module 108 may flush the parent direclory to commit a link between
the pre-created file and the target directory. Lazy linking the pre-created file
with the target directory facilitates in file creation with low latency. Ag previously
described, the new file is created and made available for access to the user
after the creation of the intent log without waiting for actual finking of the pre-
created file with the target directory process, thus reducing the time delay
associated with file creation.
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{00477 Further, in order (o avoid a stale file issue related with inode reuse
and also to ensure that an inode is not used for creation of more than one files,
a lazy unlink of inodes is performed by the lazy linking module 108. In one
example, the lazy linking module 108 initially analyzes the lazy_link list to
identify one or more inodes having a link count of greater than one. In one
gxample, the link count indicates a number of dentries with which an inode is
associated. In said example, journal entries corresponding o the lazy linking
operations are analyzed (o identify the inodes with the link count of greater than
one. Upon identifying the inodes that have the link count greater than one, the
lazy linking module 108 may remove the inode from the pre-created pool o
avoid further linking of the inodes. The lazy linking module 108 may perform
the lazy unlink as a daemon service in parallel to the file creation process in

order {0 avoid any stale inode reference.

{0048} in one example, the lazy linking module 108 may aiso perform
the lazy uniink during a post-crash recovery of the system 102. In said example,
the lazy linking module 108 may move the inodes having the link count of
greater than one from the pre-created pool of files o the lazy link list.

{0049} Further, as previously described, when a file stored in the storage
device 132 of the system 102 is deleted, the file-pool creation module 120 may
add the deleted file 1o the pre-created pool of files. In one example, while
populating the pre-created poot of files, the file-pool creation moduie 120 may
also reuse the inodes associated with the deleted files for future file creation
processes. Reusing the deleted files and the associaled inodes facilitates in
reducing overheads related io creatlion of pre-crealed files as generally the
process would involve adding the blocks related to the deleted files back o the
storage device 132. The blocks would then be accessed and used for creating
new pre-created files. Adding the deleled files directly back to the pre-created

pool of files, however, facilifates in reducing the overheads related to creation
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of pre-created files. Further, to facilitate such usage of the deleted files and the
associated inodes, the file-pool creation module 120 may generale a new inode
generation number for each inode being reused in the pre-created pool of files.
In one example, the file-pool creation madule 120 may generate the new inode
generation number by modifying an existing inode generation number
corresponding to the inode being reused in the pre-crealed pool of files
generate a new inode number. Examples of modifying the existing incde
generation number include incrementing the existing inode generation number
by a value of 1. The new inode generation number may be generated in deniry
gach time an inode or an inode number gets reused. Generating the new inode

generation number facilitates in avoiding stale file handle issues.

{0050] Figs. 2, 3, and 4 dlustrate example methods 200, 300, and 400
respactively, for file creation, according o an implementation of the present
subject matier. The order in which the methods are described is not intended
to be construed as a limitation, and any number of the described method blocks
may be combined in any order [0 implement the aforementioned methads, or
an altemnative method. Furthermore, the methods 200, 300, and 400 may be
implemented by processing resource or computing device(s) through any
suitable hardware, non-transitory machine readable instructions, or

combination thereof,

{00511 It may also be understood that the methods 200, 300, and 400
may be performed by programmed computing devices, such as the system 102
as depicted in Figs. 1{a) and 1{b). Furthermore, the methods 200, 300, and
400 may be executed based on instructions stored in a non-transitory computer
readable medium, as will be readily understood. The non-fransitory computer
readable medium may include, for example, digital memories, magnsetic
storage media, such as one or more magnetic disks and magnetic tapes, hard

drives, or optically readable digital data storage media.
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{00523 Further, the methods 200, 300, and 400 are described below with
reference o the system 102 as described above, other suitable systems for the
axecution of these methods can be utilized. Additionally, implementation of
these methods is not limited to such examples.

{0053} Referring to Fig. 2, at block 202, a user request for creating a new
file is received. In one example, the user request is received from a user device
of a user. For instance, a user intending o create a new file for storing data
may send the user request 1o a computing system, for exampie, the system
102. Upon receiving the user request, an interaction module, such as the
interaction module 118 of the system 102 analyzes the user reguest to
determine a purpose of the user request. In case the user request is for creating
a new file, the interaction module may provide the user request to a processing
module, say, the processing module 106 of the system 102 for creating the new
file.

{0054} Al block 204, an inode corresponding o a pre-created file is
refrieved from a pre-created pool of files. The inode is relrieved in response to
receiving the user request. The pre-created pool of files includes a plurality of
pre-created files and their corresponding inodes. In one example, upon
receiving the user request, inode is relrieved by the processing module 106 of

the systermn 102.

{0055} Al block 206, the inode is associated with an in-memaory dentry
corresponding to the new file. In one example, the in-memaory dentry includes
a filename of the new file that has to be created. The inode may be linked (o

the filename to faciliiate file crealion.

{0858] At block 208, a log entry is created in an intentlog. The log entry
in the intent log indicates intent of [azy linking the pre-created file with a target
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directory in which the new file is to be created. In one example, the processing
module 106 of the system 102 may create the log eniry in the intent log.

{0057} At block 210, iazy linking of the pre-created file with the target
directory is performed. In one example, the lazy linking is performed using a

file system link operation upon occurrence of a predefined event.

{0058} Referring to Fig. 3, the Fig. 3 illustrates example method 300, for

file creation, according to an implementation of the present subject matter.

{00591 Al block 302, a pre-created pool of files is populated. The pre-
created pool of files includes a pluralily of pre-created files and their
corresponding inodes. The pre-created pool of files may be crealed using either
new pre-created files, created for being used as pre-created files, or old deleted
files that have been deleted from the storage device 132 of the system 102, In
one example, the pre-created pool of files is populated by a file-pool creation
module, say, the file-pool creation module 120 of the system 102,

{0064} At block 304, a user request for crealing a new file is received. In
one example, the user request is received from a user device of a user. Upon
receiving the user request, an interaclion module, such as the interaction
module 118 of the system 102 may provide the user request 10 a processing
module, say, the processing module 106 of the system 102 for creating the new
file.

{00613 At block 306, an inode corresponding (o a pre-created file is
refrieved from a pre-created pool of files in response o receiving the user
request. The pre-created pool of files includes a plurality of pre-created files
and their corresponding inodes. In one example, upon receiving the user

request, inode is retrieved by the processing module 106 of the system 102.

{0062} At block 308, the inode is associated with an in-memory dentry
corrasponding to the new file. In one example, the in-memory dentry may be
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defined as directory entry crealed in a transient memory, such as a random
access memory (RAM). The in-memory deniry includes a filename of the new
file that has o be created. The inode may be linkad to the filename to facilitate

file creation.

{0863} At block 310, the in-memory deniry i8 marked for lazy linking of
the pre-created file with a target directory. The target directory is a directory in
which the new file is t¢ be created. In one example, the processing moduie 100
of the systern 102 may mark the in-memory deniry using a predefined flag to
indicate that the dentry requires a lazy link commit for lazy linking the pre-

created file with the targel.

{0064} At block 312, a log entry is created in an intent log to indicate
intent of lazy linking of the pre-created file with the target directory. In one
axample, the intent log is saved in an NVM of the system 102. In one instance,
the processing module 106 of the gystem 102 may create the log entry in the
intent log.

{0065} At block 314, lazy linking of the pre-created file with the targst
directory is performed using a file system link operation. In one exampie, the
lazy linking is performed upon occurrence of a predefined event. The
predefined event, in one example, may be termination of a last reference of the
dentry, during the process of new file creation. The predefined event, in another
gxample, may be a post-crash recovery process performed subsegquent o
abrupt shutdown or system-crash of the system 102. The predefined event, in
another example, may be a rename operation performed in response (o
receiving a rename requast for renaming a file before the lazy link is committed.
The predefined event, in yet ancther example, may be an overflow of the intent
log. The lazy linking may thus be deferred till the time any of the predefined

avent occurs.
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{0068} Fig. 4 fllustrates the method 400 of lazy linking for file creation, in
accordance with an example of the present subject matter. In one example, the
method 400 corresponds o the steps 210 and 314 of the methods 200 and
300, respectively.

{00671 At block 402, an operation code notification is received. In one
gxample, the operation code notification may be at least one of a release
notification and a delete netification. The release notification indicales
termination of the last reference of dentry. The delete notification indicates
termination of the file creation process. In ong example, the operation code
notification is received by a lazy linking module, say, the lazy linking module
108 of the system 102.

{00681 Al biock 404, it is determined whether the operation code
notification is a release notification or not. For example, in case the operation
code notification is not a release notification and is instead a delete notification,
{'No’ path from block 404}, the lazy linking is aborted at block 406. Further, an
inade for which the operation code nolification is received is added back into a
pre-created pool of files.

{0069] If in case it is determined thatl the operation code notification is
the release notificalion, ("ves’ path from block 404}, a file system link operation

is initiated to enabile lazy linking at block 408.

{6670} At block 410, a parent directory corresponding to a targst
directory in which the new file is 10 be created is flushed. In one example, the
lazy linking module 108 may flush the parent directory to commit a link between

the pre-created file and the target directory.

{0071} FIG. & illustrates a system environment 500 for file creation,
according o an example of the present disclosure. The system environment
500 may comprise at least a portion of a public networking environment or a
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private  networking environment, or a combination thereof. In one
implementation, the system environment 500 includes a processing resource
502 communicatively coupled to 8 computer readable medium 504 through a

communication link 506.

{06072} For example, the processing resource 502 can include one or
more processors of a computing device for file creation. The computer readable
medium 504 can be, for example, an internal memaory device of the computing
device or an external memory device. In one implementation, the
communication link 506 may be a direct communication link, such as any
memory read/write interface. In another implementation, the communication
link 506 may be an indirect communication link, such as a network interface. In
such a case, the processing resource 502 can access the computer readable
medium 504 through a network 508. The network 508 may be a single network
or a combination of multiple networks and may use a variety of different

communication protocols.

{0073} The processing resource 502 and the computer readable
medium 504 may also be coupled to requested data sources 510 through the
communication link 506, andfor to communication devices 512 over the
network 508. The coupling with the requested data sources 510 enables in
receiving the requested data in an offline environment, and the coupling with
the communication devices 512 enables in receiving the requesied data in an

onling environment.

{0074} In ong implementation, the computer readable medium 504
includes a set of computer readable instructions, implementing a file-pool
creation module 514, a processing module 516, and a lazy linking module 518.
The set of computer readable instructions can be accessed by the processing
resource 502 through the communication link 506 and subseguently executed

to process requesied data communicated with the requestad data sources 510
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in order to faciliiate file creation. When execuled by the processing resource
502, the instructions of file-pool creation module 514 may perform the
functionalities described above in relation {0 the file-pool creation module 120.
When executed by the processing resource 502, the instructions of the
processing module 516 may perform the funclionalities described above in
relation to the processing module 106, When execuled by the processing
resource 502, the instructions of the lazy linking module 518 may perform the
functionalities described above in relation to the lazy linking module 108.

{0075} For exampie, the file-pool creation module 514 may populate a
pre-created pool of files for being user for fast file creation. In one example, the
pre-created files are physical blocks linked to corresponding inodes. The pre-
created files are, however, not assigned any filenames and are added o a
hidden namespace of the pre-created pool of files. Subsequently, upon
receiving a user request for creating a new file, the processing moduie 516 may
refrieve an inode corresponding to a pre-created file from the pre-created pool
of files. The processing module 516 may subsequently associate the inode with
an in-memory dentry corresponding to the new file. As previously described,
the in-memaory deniry is a directory entry created in a volatile storage, such as
the RAM.

{00786} The processing module 516 further marks the in-memory dentry
for fazy linking of the pre-created file with a target directory in which the new
file is 1o be crested. The processing module 516 may then create a log eniry in
an intent log. The processing module 516 may create the intent log In a non-
volatile memory (NVM)} of the communication devices 512, The intent log
indicates the intent of lazy linking the pre-created file with the target directory.
In one example, linking of the pre-created file and the target directory is
deferred till the occurrence of the predefined event. The predefined event, in

one example, may be termination of a last reference of the dentry, during the
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process of new file creation. The predefined event, in another example, may
be a posi-crash recovery process performed subsequent o abrupt shutdown
or system-crash of the communication devices 512, The predefined event, in
another example, may be a rename operation performed in response (0
receiving a rename request for renaming a file before the lazy link is committed.
The predefined event, in yel ancther example, may be an overflow of the intent
log.

{06771 The lazy linking module 518 subseguently initiates a file system
link operation for linking the pre-created file with the target directory. In one
implementation, the lazy linking module 518 may initiate the lazy linking upon
receiving a notification indicating occurrence of the predefined event. In ong
example, in case the lazy linking module 518 receives a delete notification
indicating termination of the file creation process, the lazy linking module 518
may abort lazy linking of the pre-created file with the target directory.

{0078} The lazy linking module 518 may further perform lazy unlink of
inodes. In one example, the lazy unlink may be performed as a daemon service
in paraliel to the file creation process in order to avoid any stale inode
reference. In one example, the lazy linking module 518 may initially analyze a
lazy link list {o identify one or more inodes having a link count of greater than
one. The lazy link list includes a list of plurality of inodes and dentries
corresponding 10 each of the plurality of inodes. The link count indicates a
number of dentries with which an inode is associated. The lazy linking module
518 may then remove the inodes having the link count of greater than one from

the pre-created pool.

{0079} Although examples for the present disclosure have been
described in language specific o structural features and/or methods, it should
stood that the appended claims are not necessarily limited to the specific
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5 features or methods described. Rather, the spacific features and maethods are
disclosed and explained as examples of the present disclosure.
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I’We claim:

1. A method comprising:

receiving a user request for creating a new file;

refrieving an inode corresponding to a pre-created file from a pre-
created pool of files in response 1o receiving the user request;

asgsociating the inode with an in-memory dentry corresponding fo the
new file;

creating a log entry in an intent log to indicate intent of lazy linking of the
pre-creaied file with a target directory in which the new file is to be created; and

tazy linking of the pre-created file with the target directory using a file

system link operation upon cccurrence of a predefined event.

2. The method as claimed in claim 1 further comprising marking the in-memaory
dentry for lazy linking of the pre-created file with the target directory.

3. The method as claimed in claim 1, wherein the associating further
comprises:

creating the dentry corresponding 1o the new file, wherein the deniry
includes a filename of the new file; and

linking the inode with the filename of the new file.

4. The method as claimed in claim 1 further comprising:

analyzing a lazy link list {o identify one or more inodes having a link
count of greater than one, wherein the lazy link list includes a list of plurality of
inodes and dentries corresponding to each of the plurality of inodes, and
wherein the link count indicates a number of deniries with which an inode is
associated; and

removing the one or more inodes from the pre-created pool.
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§. The method as claimed in claim 1, wherein the lazy linking further comprises:

receiving an operation code notification;

ascertain if the operation code notification is a release notification
indicating termination of a last reference of dentry;

initiating the file system link operation; and

flushing a parent directory corresponding to the target directory to
commit a link between the pre-created file and the target direciory.

8. The method as claimed in claim 1, whergin the predefined event is at least
one of a termination of a last reference of the dentry, a posi-crash recovery
process, an overflow of the intent log, and a rename operation.

7. A system comprising:
a Processaor;
a processing module coupled to the processor, wherein the processing
module is to:
retrieve an inode corresponding (o a pre-created file from a pre-
created pool of files in response 1o a user request received for creating
a new file;
associate the inode with an in-memory dentry corresponding 1o
the new file;
mark the in-memory dentry for lazy linking of the pre-created file
with & target directory in which the new file is 10 be created; and
create a log entry in an intent log to indicate intent of lazy linking
the pre-created file with the target directory; and
a lazy linking module coupled o the processor, wherein the lazy linking

module is {o:
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initiate a file system link operation for linking the pre-created file
with the target directory for creating the new file upon occurrence of a

predefined event.

8. The systemn as claimed in claim 7, wherein the lazy linking module further is
to:

analyze a lazy linklist to identify one or more inodes having a link count
of greater than one, wherein the lazy_link list includes a list of plurality of inodes
and dentries corresponding to each of the plurality of inodes, and wherein the
link count indicates a number of deniries with which an inode is associated;
and

remove the one or more inodes from the pre-created pool.

9. The systemn as claimed in claim 7 further comprising & file-pool creation
module coupled o the processor, wherein the file-pool creation module is to:
receive a pre-created Tile, wherein the pre-created file is at least one of
a deleted file and a new pre-created file; and
add the pre-created file {0 a hidden name space of the pre-created pool

of files {0 populate the pre-created pool of files.

10. The system as claimed in claim 9, wherein the file-pool crestion module
further is to modify, for each inode being reused in the pre-created poot of files,
an inode generation number corresponding to the each inode to generale a
new inode generation number corresponding o the each inode, whereain the
each inode being reused corresponds to files being deleled from a storage

device.
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11. The system as claimed in claim 7, wherein the processing madule further
is to move the inode from the pre-created pool of files o a lazy link list for

creating the new file,

12. A non-transitory computer readable medium having a set of computer
readable instructions that, when executed, cause a processor o

populate a pre-created pool of files;

refrieve an inode corresponding 1o a pre-created file from the pre-
created pool of files upon receiving a user request for creating a new file;

asgsociate the inode with an in-memory dentry corresponding o the new
file;

mark the in-memory dentry for lazy linking of the pre-created file with a
target direclory in which the new file is to be created; and

create a log entry in an infent log to indicate intent of lazy linking the pre-
created file with the target directory for creating the new file.

13. The non-transitory computer readable medium of claim 12, wherein the
computer readable instructions, when execuled, further cause the processor (o
lazy link the pre-created file with the target directory using a file system link

operation upon ocourrence of a predeafined event.

14. The non-transifory computer readable medium of claim 12, wherein the
computer readable instructions, when execuled, further cause the processor o
abort lazy linking of the pre-created file with the {arget direciory upon receiving
a delete notification indicating termination of file creation process.
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15. The non-transitory computer readable medium of claim 13, wherein the
compuier readable instructions, when executed, further cause the processor
to:

analyze a lazy_link list to identify one or more inodes having a link count
of greater than one, wherein the lazy _link list includes a list of plurality of inodes
and deniries corresponding 1o each of the plurality of inodes, and wherein the
fink count indicates a number of deniries with which an inode is associaled;
and

remove the one or more ingdes from the pre-created pool.
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