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(57) Abstract: In various example embodiments, a system and
method for processing a file system image of a file system are pre-
sented. In an example, a file system image processing system may
include an image processor module to access a file system image
stored at a first server of a file system while the file system image
is not being modified, and to store a representation of the file sys-
tem image. Further, the file system image processing system may
include a transaction processor module to repeatedly access trans-
action data stored at a second server of the file system separate from
the first server, in which the transaction data describes file system
edit transactions not represented in the accessed file system image.
The transaction processor module may modify the representation of
the file system image based on the accessed transaction data.
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FILE SYSTEM IMAGE PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

HEEDY This international application claims the benefit of priority to U.S.
Patent Application Serial No. 15/191,085 filed June 23, 2016, entitled “FILE
SYSTEM IMAGE PROCESSING SYSTEM,” the entire contents of which are

hereby mcorporated by reference hercin in its entirety.

TECHNICAL FIELD

{8602} Embodiments of the present disclosure relate generally to data
processing and, more particularly, but not by way of imitation, to processing of

file system images.

BACKGROUND

[B003] As the amount of data an organization receives and processes
mcreases, the ability to handle that data efficiently and cost-effectively may be
mmportant factors affecting organization productivity, operational efficiency, and
customer satisfaction. Generally, the larger the data set involved, the greater the
size of the computing infrastructure, such as the number of data servers, data
storage systems, and the like that arc included in the overall system. To ensure
efficient operation, data regarding the current state of the overall system, the
operational effectiveness in response (o various conditions, and so on, may be
captured and analyzed so that appropriate changes to the system may be
effectnated to improve performance, efficiency, and so forth on an ongoing
basis.

{0004} More specifically with respect to data storage systems, a snapshot
of the various directorics and files of the filc system, as well as the size, location,
and other aspects of the file system, often reterred to as the file system “image,”
may be captured and analyzed periodically. However, such images of extremely
large data storage systems often require several hours to obtain, thus possibly
causing such images to become outdated guickly, thus reducing their analvtical

value.
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BRIEF DESCRIPTION OF THE DRAWINGS

HEEIRY Warious ones of the appended drawings merely tllustrate example
embodiments of the present disclosure and cannot be considered as limiting its
scope.

[6006] FiG. 115 a block diagram of an example data storage chaster
coupled with an example file system image processing system.

[B007] FIG. 2 15 a block diagram of an example of the file svstem image
processing svstem of FIG. 1, including an example mitial image loader/processor
and an example transaction loader/processor.

{8608} FIG. 3 15 a flow diagram of an example method of processing a file
system image.

HEEGH FiG. 4 15 a block diagram of an example of the intial image

loader/processor of FIG. 2.

{6610} FIGS. SA, 5B, and 5C depict an example file system image.
EBRE FIG. 6 depicts an example path/size text file that may be generated

by the inttial image loader/processor of FIG. 4.

{86612} FIG. 7 depicts an example image database store emplovable by the
mitial image loader/processor of FIG. 4.

{0613} FiG. 8 1s a block diagram of an example of the transaction
loader/processor of FIG. 2.

014} FIG. 9 depicts an example edit log transaction employable by the
transaction loader/processor of FIG. 8.

HEBRY FIG. 10 depicts an example code segment for an example access
scheduler employable in the transaction loader/processor of FIG. 8.

{0616} FIG. 11 depicts an example code segment for an example log-to-
memory foader emplovable in the transaction loader/processor of FIG. 8.
[0017] FIG. 12 depicts an example code segment for an example cdit
transaction parser emplovable m the transaction loader/processor of FIG. 8.
jG318] FIG. 13 15 a block diagram of an example image analyzer
employable in the file system image processing system of FIG. 1.

{86619} FIG. 14 15 a block diagram illustrating an example of a software

architecture that may be installed on a machine, according to some example

Z
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embodiments.

[3020] FIG. 15 illustrates a diagrammatic representation of a machine in
the form of a computer svstem within which a set of instructions may be
executed for causing the machine to perform any one or more of the
methodologies discussed herein, according to an example embodiment.

{0621} The headings provided herein are merely for convenicnce and do

not necessarily affect the scope or meaning of the terms used.

DETAILED DESCRIPTION

[6622] The description that follows includes svstems, methods, techniques,
mstruction sequences, and computing machine program products that embody
tHustrative embodiments of the disclosure. In the following description, for the
purposes of explanation, numerous specific details are set forth in order to
provide an understanding of various cmbodiments of the inventive subject
matter. It will be evident, however, to those skilled 1n the art, that embodiments
of the mventive subject matter may be practiced without these specific details.

In general, well-known instruction instances, protocols, structures, and
techmques are not necessarily shown in detail.

{0623} FIG. 11s a block diagram of an example data storage cluster 100
coupled with an example file system image processing system 120, In various
examples described below, the data storage cluster 100 may be a data storage
cluster of a Hadoop® Distnibuted File System (HDFS). However, other types of
file systems may benefit from application of one or more of the various aspects
of the systems and methods disclosed herein.  Further, while various aspects of
the file systern image processing system 120 are described in relation {o a single
data storage claster 100, an overall data storage system may include one or more
data storage clusters 100, with one or more different file system image
processing systems 120 coupled to the data storage svstem. Each of the varnious
devices or systems of FIG. 1, as well as other devices or systems discussed more
fully below, may be coupled together by way of a communication network, such
as a wide area network (WAN) (¢ g, the Internet), a wireless WAN (WWAN}, a
local area network (LAN), a wireless LAN (WLAN), a virtual private network

{VPN), ancther type of network, or a combination of two or more such networks.
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[06024] As shown in FIG. 1, the data storage cluster 100 may include one or
more name nodes 102, 104 (e.g., an HDFS NameNode). In this particular
example, an active name node 102 {c.g., an HDFS NameNode) and a standby
name node 104 (¢.g., and HDFS BackupNode} are employved. The active name
node 102 may be a server or other system responsible for managing and updating
a file system image 106 {¢.g., an HDFS FSImage) and/or an edit log 110{e g, an
HDFS edit log or journal) in response to various file system operations {e.g.,
directory and/or file creation and/or deletion, file updating, and so on) requested
by one or more client devices (not shown 1n FIG. 1), The standby name node
104 may be responsible for maintaining access to the file systen image 106
and/or the edit log 110, and/or mamtaining its own copy of the file system image
106 and/or the edit log 110, in preparation for operating as a replacement for the
active name node 102 in the event of a failure of the active name node 102.
{0025] The file system image 106 may include “name space™ information
{c.g., the HDFS “namespace™) identifving the hierarchical directory and file
structure of the file system, the location and/or size of various portions (e.g.,
“blocks™) of the directories and files, and/or so on. The actual data carried i the
various files may be stored in one or more data nodes 112 {¢.g., an HDFS
DataNode), which may be embodied in one or more data storage devices (g.g.,
hard dick drives, optical disk drives, flash drives, and so on), servers, or systems.
In some examples, cach file system object (e.g, a file, directory, or the hike) may
be considered to be a separate “inode” of the file svstem.

[B026] In some examples, the active name node 102 may only periodically
update the file system image 106, More specifically, the active name node 102
may record or register file system operations, or “transactions,” m the edit log
110 as they occur. Periodically, the active name node 102 may then update the
file system image 106 using the transactions recorded in the edit log 110 and
remove or “flush” the data regarding those transactions from the edit log 110, in
some examples, the active name node 102 may update the file system mmage 106
using all of the transactions recorded the edit log 110 to generate a “checkpoint”
file that the active name node 102 mav utilize to reinitialize the file system
mmage 106, such as upon a restart of the active name node 102, In some

examples, the recorded transactions may be grouped into transaction “segments”
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in the edit log 110, with each segment denoting transactions that occurred during
a particular time period.

{6627} The active name node 102 may also record the transactions m ong
or more corresponding edit logs 110 stored in one or more joumnal nodes 108
{¢.g., an HDFS JourmalNode)}, for example, to provide a level of redondancy and
fault tolerance to the file system.

[0028] As 15 described in greater detail below, the file system image
processing system 120 may communicate with various nodes and systems of the
data storage cluster 100 1o provide rapid and up-to-date access to the data

represcnted 1o the file system tmage 106 and the edit log 110 to facilitate

efficient and effective analysis of the file system.
0629} FIG. 2 is a block diagram of an example of the file system image

processing system 120 of FIG. 1, including an example initial image
loader/processor 202 and an example transaction loader/processor 204. As
shown i FIG. 2, the inihial image loader/processor 202 may access the file
system image 106 of the data storage cluster 100 of FIG. 1, while the transaction
loader/processor 204 may access the edit log 110 of one or more joumnal nodes
108. In some examples, the mitial image loader/process 202 may access the file
system image 106 once, after which the transaction loader/processor 204 may
repetitively or repeatedly access the edit log 11 of a joumal node 108 10
continually update a local representation of the file svstem image 106 as file
system operations continue to be executed. By accessing the editlog 110 of a
joumal node 108, as opposed to the edit log 110 more closely associated with the
active name node 102 of FIG. 1, the initial image loader/processor 202 may not
adversely impact the operation of the active name node 102, In other examples,
the initial image loader/processor 202 may access the edit log 110 stored at, or
otherwise coupled closely to, the active name node 102

{0038] The file system 1mage processing sysiem 120 may also include an
mmage database store 206 to which the imitial image loader/processor 202 may
load a representation of the file system image 106, and which the transaction
loader/processor 204 may modify from time to time using the transactions
recorded n the edit log 110, The file system image processing system 120 may

also include one or more tmage data analyzers 208 that access the representation

(v
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of the file svstem provided in the tmage database store 206 to retricve and
analyze various aspects of the file systen, as well as to provide reports, alerts,
and so on to other devices {¢.g., computing or communication devices of file
system operators or administrators). In some examples, the initial image
loader/processor 202, the transaction leader/processor 204, and/or the image data
analyzer 208 may mchude one or more processors {€.g., MICIOPIOCessoT,
microcontroliers, or the like) and one or more memory devices storing
mstructions executable by the one or more processors to perform the various
operations ascribed herem to cach of the image loader/processor 202, the
transaction loader/processor 204, and/or the image data analvzer 208,

16631} FI(. 3 15 a flow diagram of an example method 300 of processing
and updating a representation of a file system image (2.g., using the file system
image 106 of FIG. 1), While execution of the method is described m
conjunction with the file system mage processing 120 of FIGS. 1 and 2, other
systems or devices not specifically described herein may be emploved to
perform the method 300 in other examples.

[6632] In the method 300, a file system image {e.g., the file systenm 1mage
106 of FIG. 1) may be loaded trom a file svstem and processed (¢.g., by the
mitial image loader/processor 202} while the file system image ts stable to
mitialize an image database {¢.g., the image database store 206 of FIG. 2)
{operation 302). I an edit log {c.g., the edit log 110 of a journal node 108 of
FIG. 1} is to be polled {operation 304}, one or more transactions may be loaded
and processed (e.g., by the transaction loader/processor 204 of FIG. 2 from the
edit fog 110) to update the image database {(operation 306). In one cxample, the
polling of the edit log 110 may occur once per some specified time period, in
response to some detected event, and/or some combination thereof. By
repeatedly performing the polling of the edit log 110, the image database may be
kept up-to-date in near-real-time as the file system operations are executed.
{6633} FIG. 4 1s a block diagram of an example of the mifial image
loader/processor 202 of FIG. 2, which may include a number of modules, such
as an image-to-memory loader 402 o load image data to an image data memory
404, an image data extractor 406 to generate a path/size text file 408, a data

preparer 410 to generate database store loadable data 412, and a database store
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data loader 414, Each of the modules 402, 406, 410, and 414 of the mitial image
loader/processor 202 of FIG. 4, as well as those of the transaction
loader/processor 204 of FIG. § and the image analyzer 208 of FIG. 13, may
collectively be one or more hardware processors executing instructions stored in
memory to perform the operations associated with the particular module.

{0634} The image-to-memory loader 402 may access the file system image
106 via the active name node 102 or the standby name node 104 and store the
tmage 106 as 1s, or according to some other format, to the image data memory
404, which may be local to the initial image loader/processor 202, An example
of the file systom tmage 106 s provided in FIGS. 5A, 5B, and 5C. In this
example, the hierarchical structure of the file system name space 1s specified in
Extensible Markup Language (XML); however, other data formats for the file
system image 106 may be emploved in other embodiments. As shown in FIG.
SA, among the various data fields specified m the file system image 106 are an
“INodeSection” and an “TNodeDirectorySection”. Within the INodeSection are
apecified a plarality of inodes, or specific directories and files of the file system.
Fach inode is identified with a particular numencal identifier (*id™), and 1s
assoctated with a particular mode type (Mtype,” e.g., “DIRECTORY,” “FILE,”
cte.), name (“name”), modification timestamp (“mtime™), set of permissions
{“permission”), and sc on. Specifically indicated in bold in the INodeSection of
FI(. 5A 15 an inode 5302 for a root directory with an inode identifier of 16385,
and an inode 304 for a “tmp” dircctory with an inode identificr of 16386,

J3335] Information describing the two mdividual inodes 502, 504, as well
as others, are described in the INodeSection. In addition, the
INodeDnrectorySection provides information regarding how the inodes 502, 304,
and others are interrelated in the file system hicrarchy. In the specific example
of FIG. 5B, the INodeDirectorySection specifies a number of directories
{“directory”), cach of which may specify a parent directory {“parent™), and a
number of inodes ((inode”) included in the directory, cach of which may be a
file or another directory. Each of the inodes i the INodeDirectorySection is
referenced via its numerical identifier from the INodeSection. In the bolded
portion of the INodeDirectorySection of FIG. 5B, the directory entry for the root

directory (identifier 16385} hists the “tmp” directory (dentificr 16386} as being
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mcluded in the root directory. Thus, a path name for the “tmp” directory would
be “/tmp”. Consequently. a significant amount of processing of the file svstem
mmage 106 may be required to extract data of interest regarding a particular
directory or file.

08636} Once at least a portion of {or the entirety of) file system tmage 106
has been loaded into the image data memory 404, the image data extractor 406
may begin reading the file system image memory 404 and generating the
path/size text file 408. FIG. 6 1s an example of a portion of the path/size text file
408, In one embodiment, the path/size text file 408 may include a separate line
or entry for cach inode, with cach line providing an identifier for the inode
(“inodeid™), a full path name for that inode (“full_path™), and a size of the inode
{“size_in bvtes”). In addition, a predetermined delimuter (in this case, an
pasigned hexadecimal value of 001 (01"} may separate cach of the fields
for cfficient processing.

{0637 Retuming to FIG. 4, the data preparer 410 of the mmhial image
loader/processor 202 may access the data of the path/size text file 408 and
process that data to generate the database store loadable data 412, Inone
example, the path/size text file 408 provides an intermediate format for the data
of file system image 106 to be used by the data preparer 410 as a basis for
generating data for the image database store 206, Such a process may provide an
cificient means of gencrating database-compatible data from the file system
mmage 106, as the path/size text file 408 includes a more easily discernable
description of each path compared to the file system image 106, In one example
mvyolving the use of an HDFS, the data preparer 410 may mmplement a
“MapReduce” job in which one or more “map” tasks may retrieve or consume
mdividual portions {¢.g., one or more inodes) of the path/size text file 408 in
parallel and provide those portions to one or more “reduce” tasks to generate the
database store loadable data 412.

{6038} FIG. 7 is an example of data loadable within the image database
store 206 employable by the initial image loader/processor of FIG. 4 and the
transaction loader/processor of FIG. 8. In this example, the database format used
18 a key-value pair format for each inode, m which the key of each pair is the

path name of the inode, and the value includes one or more lierarchical
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attribute-value pairs. An example of a database that emplovs a kev-value pair
format 13 Redis®, which is an in-memory database that may facilitate rapid
database transactions, including fast incremental updates. In the specific
example kev-value pair depicted in FIG. 7, the key 1s the path name
“/apps/hbase/data,” and the value includes a size of the mode (Usize\”) in bytes,
the path name of the parent inode {“parentPath\”), an indication of whether the
node is a directory ((isDur”), a modification timestamp (“mitime”), an accessed
timestamyp (Catime”), an indication of the number of times the mode is rephicated
i the file system (“replication™), and a list of the blocks that hold the data for the
mode, ncluding a block identifier ("blockid™), a number of bytes in the block
(numOfByies™), and a timestamp of the generation of the block
(“generationTime™). In other examples, greater or fewer types of information for
cach inode may be provided in the value portion of the key-value pair for the
mode.

6639} Retuming to FIG. 4, the database store data loader 414 may take the
database store loadable data 412 from the data preparer 410 and load that data
mto the image database store 206, in onc cxample bascd on HDFS, the database
store data loader 414 may be implemented as a “Map ™ -only job that receives and
directly mserts the database store loadable data 412 into the image database store
206 without resorting to typical database operations associated with the database.
[0040] In some embodiments, the iatial image loader/processor 202 1s
designed to perform the loading and processing of the file syvstem image 106
within a mimamum time period during which the data for any particular
transaction or transaction scgment is maintained in the edit log 110 of a joumal
node 108 so that the data representing the entire file system image 106 may be
stored in the image database store 206 without any particular transaction being
flushed or ehmunated from the edit log 110 before the transaction
loader/processor 204 loads and processes that transaction.

{6041} FIG. 8 is a block diagram of an example of the transaction
loader/processor 204 of FIG. 2. As ilhustrated, the transaction loader/processor
204 mav include a log-to-memory loader 804 configured to load transaction data
from the edit log 110 to an edit transaction memory 806, and an edit transaction

parser 808 to modify the image data in the image database store 206 based on the
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transaction data in the edit transaction memory 806. Also included in the
transaction loader/processor 204 may be an access scheduler 802 that is
configured to perindically trigger the log-to-memory loader 804 to access
additional transaction data from the edit log 110.

0042} FIG. 9 is an example edit log transaction, an indication of which
may be stored in the edit log 110 and accessed by the log-to-memory loader 804
for storage m the edit transaction memory 806, which may be local to the
transaction loader/processor 204, In the particular example of FIG. 9, an HDFS
command to create a file in a particular directory 1s received and executed by the
file system {more specifically, the active name node 102 of FIG. 1, mone
embodiment). More specitically, the command (“hdfs dfs”) indicates that a file
system operation is to be performed in which a file (“products txt7} is to be
copied (F-put”} in a particolar directory (Vuser/hive/data/customer products/”).
As a result of cxecuting the command, transaction data is generated for the edit
tog 110 by way of an edit log operation ("CloseOp”) that stores several different
ttems of data regarding the transaction, such as a length associated with the
transaction (“length”), an inode wdentifier (“inodeid™), a path to the directory
under which the file is to be created (“path™), a rephication factor (*replication™),
a modification timestamp (“mtime™), an accessed timestamyp (Fatime™), a block
size for this file (“blockS8ize™), a list of blocks used to store the file (“blocks™),
and additional mformation. The transaction may also be associated with a
transaction identifier (“txid”). The log-to-memory loader 804 may access such
transactions in the edit log 110, including at least some of the data described
above, and store the data in the odit transaction memory 806, As mentioned
above, other types of file system commands {¢.g., create a directory, delete a
directory, delete a file, update a file, copy a file to another location, etc.) may be
requested by one or more chients and exccuted by the name node 102, 104, with
corresponding transaction data being recorded in the edit log 110,

043} In some examples, multiple transactions may be grouped in the edit
log 110 as transaction segments, cach of which may be associated with a
particular time period. In such exampies, the log-to-memory {oader 804 may
load the transactions in groups according to their segments, as the joumnal node

108 may store and release the transactions on a segment-by-segment basis,
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[0044] Returning to FIG. 8, the access schedualer 802 may periodically
trigger the ¢xecution of the log-to-memory loader 804 to load any additional

transactions currently available in the edit log 110, FIG. 10 is an example Java®

(]

ode segment for the access scheduler 802 of the transaction loader/processor
204 of FIG. 8. In this example, in the “FSImageStreamingJobExecutor” class,
the “ScheduledExecutorService” application programming interface (AP of the
Java® standard library is emploved to provide a scheduler with a fixed time
delay to imitate the image streaming “task” (of type “FSImageStreamingTask™)
to mitiate the log-to-memory loader 804 to access and store the transactions from
the edit log 110 in the edit transaction memory 806. However, other schedulers
may be emploved in other embodiments. In one example, the log-to-memory
loader 804 may be triggered once every thirty seconds, but other time delays
may be appropriate in other embodiments.

[0045] FIG. 11 15 an example code segment for the log-to-memory loader
304 employable m the transaction loader/processor 204 of FIG. 8. In tlus
embodiment, the IPCLoggerChannel class of the API package provided for the
HDFS NameNode is used to download transactions from the edit log 110, given
a starting transaction identifier (“startTx1d”) and an ending transaction identifier
(endTxdd™). Other examples may employ a different class or APl to perform
the aceessing or downloading of the transaction data into the odit transaction
memaory 806,

0046} Referencing FIG. 8 once again, the edit transaction parser 808 may
be configured to modify the image data in the image database store 206 based on
the transaction data in the edit transaction memory 806, as mentioned above.
FIG. 12 15 an example code segment for the edit transaction parser 808 in which
a custom Simple AP for XML (SAX]} parser is employed to parse the incoming
data from the edit log 110 ("editbog™) to gonerate a custom object
{“editLogOby™), and make the corresponding changes to the image database store
206 based on the custom object via the database {¢.g., a kev-value pair database).
{047} FIG. 13 is a block diagram of an example image analyzer 208
employable i the file system image processing system 120 of FIG. 1. As
tHustrated in FIG. 13, the image analvzer 208 may include a general real-time

system query module 1302 that may receive a wide variety of inputs specifying
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the particular types of data to be accessed in the image database store 206, the
types of processing to perform on the accessed data, and the types of cutput data
to be provided as a result of the processing. In some embodiment, the output
data may be in the form of a report, an alert, or other tvpe of output that may be
transmitted to a computer, mobile device, or other commanication device for the
use of an mterested party, such as a file system administrator, compliance
auditor, or other personncl. In other examples, the output provided by the
general real-time system query module 1302, as well as other modules of the
mmage analyzer 208, may provide output directly to an API or other
programmatic interface 1o a policy manager or other entity to causce one or piore
changes to the operation of the file svstem.

{00438} In FIG. 13, the image analvzer 208 may also include one or more
special-purpose modules that provide particular types of analysis and associated
output data. These modules may mehude a large file/directory deletion detection
module 1304, a replicated file reduction detection module 1306, a files-per-user
determination module 1308, a small file detection module 1310, a disk/name
space quota usage determination module 1312, a duplicate file detection module
1314, an abandoned file detection module 1316, and a last file/directory access
detection module 1318, For example, the large file/directory deletion detection
module 1304 may provide an alert as to the deletion of a large file or directory
that may be inadvertent. The replicated file reduction detection module 1306
may warn of a risk that an expected redundancy regarding one or more files has
been reduced or compromised. The files-per-user determination module 1308
may provide an indication of which users are stoning greater or fewer nambers of
files compared to some average. The small file detection module 1310 may
compare the size of files versus the block size being employed for the files to
determine whether storage space is being utihized efficiently. The disk/name
space guota usage determination module 1312 may compare the usage of the
name node 102, 104 and/or the data nodes 112 to determine which users are
approaching their assigned quota in cach space. The duphicate file detection
module 1314 may determine the distribution of duplicated files versus file size to
determine whether file duplication is being performed cfficiently while

providing adequate protection against storage system failures. The abandoned
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file detection modale 1316 may determine which files may be deleted or
archived based on inactivity involving the files, and may determine whether such
files are associated with a particular user or client that may no longer be
accessing the data storage cluster 100 or associated file system. The last
file/directory access detection module 1318 may determine the last day and/or
time any file or directory in the file structure has been accessed, and may provide
additional information, such as the entity that accessed the file or directorv, the
tvpe of access {update, read-only, etc)), and so forth. Many other types of
modules performing various analyses mayv be provided in other examples of the

mmage data analyzer 208,

MODULES, COMPONENTS, AND LOGIC

049} Certain embodiments are described herein as including logicora
number of components, modules, or mechanisms. Modules may constitute
gither software modules {¢.3., code embodied on a machine-readable medium) or
hardware modules. A “hardware module™ 15 a tangible unit capable of
performing certain operations and may be configured or arranged in a certain
physical manner. In various example embodiments, one or more computer
systems {¢.g., a standalone computer system, a chient computer svsicm, or a
server computer system) or one or more hardware modules of a computer system
{e.g., a processor or a group of processors) may be configured by software (e.g.,
an application or application portion) as a hardware module that operates to
perform certain operations as described hercin.

{06561 In some embodiments, a hardware module may be implemented
mechanically, electronically, or any suitable combination thereof. For example,
a hardware module may include dedicated circuitry or logic that is permanently
configured to perform certain operations. For example, a hardware module may
be a special-purpose processor, such as a Field-Programmable Gate Array
(FPGA) or an Application-Specific Integrated Circuit (ASIC). A hardware
module may also nclude programmable logic or circuitry that is temporardy
configured by software to perform certain operations. For example, a hardware
module may include software executed by a general-purpose processor or other
progranuunable processor. Ounce contigured by such sofiware, hardware modules

become specific machines (or specific components of a machine) uniquely
13
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talored to perform the configured functions and are no longer general-purpose
processors. o will be appreciated that the decision to implement a hardware
module mechanically, 1o dedicated and permanently configured circuitry, orin
temporarily configured circuitry (¢.g.. configured by software) may be driven by
cost and time considerations.

{0051} Accordingly. the phrase “hardware module™ should be vaderstood
to encompass a tangible entity, be that an entity that is physically constructed,
permanently configered {(e.g., hardwired), or temporanly configured {c.g.,
programmed) {o operate in a certain manuer of to perform cortain operations
descnibed herein. As used herein, “hardwarc-implemented module” refersto a
hardware module. Considering embodiments in which hardware modules are
temporarily configured (e.g., programmed), each of the hardware modules need
not be configured or instantiated at any ong instance in time. For example,
where a hardware module comprises a general-purpose processor configured by
software to become a special-purpose processor, the general-purpose processor
may be configured as respectively different special-purpose processors {e.g.,
comprising different hardware modules) at different times. Software
accordingly configures a particular processor or processors, for example, 1o
constitute a particular hardware module at one instance of time and to constitute
a different hardware module at a different instance of fime.

[0052] Hardware modules can provide information to, and receive
mformation from, other hardware modules. Accordingly, the described
hardware modules may be regarded as being communicatively coupled. Where
multiple hardware modules exist contemporancously, communications may be
achieved through signal transnugsion (e.g., over appropriate circuits and buses)
between or among two or more of the hardware modules. In embodiments in
which multiple hardware modules are configured or instantiated at different
times, compunications between such bardware modules may be achicved, for
example, through the storage and retrieval of mformation in memory structures
to which the multiple hardware modules have access. For example, one
hardware module may perform an operation and store the output of that
operation i a memory device to which it is communicatively coupled. A further

hardware module may then, af a later time, access the memory device to retneve
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and process the stored output. Hardware modules may also mnitiate
communications with input or cutput devices, and can Operate 00 a resouree
{c.g., a collection of information}.

{8653} The various operations of example methods described herein may
be performed, at least partially, by one or more processors that are temporarnly
configured {c.g., by software) or permanently configured to perform the relevant
operations. Whether temporariy or permanently configured, such processors
may constitute processor-implemented modules that operate to perform one or
more operations or functions described herein. As used herein, “processor-
mmplemented module” refers to a hardware module implemented using one or
IOTE PIOCRSSOTS.

00654} Similarly, the methods described herein may be at least partially
processor-implemented, with a particolar processor or processors being an
cxample of hardware. For example, at least some of the operations of a method
may be performed by one or more processors or processor-implemente
modules. Moreover, the one or more processors may also operate to support
performance of the relevant operations in a “cloud computing” covironment or
as a “software as a service” (SaaS). For example, at least some of the operations
may be performed by a group of computers (as examples of machines inchiding
processors), with these operations being accessible via a network (¢ g., the
Internet) and via ong or more appropriate interfaces {¢.g., an Application
Program Interface (APD).

HEESKY The performance of certain of the operations may be distributed
among the processors, not ondy residing within a single machine, but deployed
across a number of machines. In some example embodiments, the processors or
processor-tmplemented modules may be located i a single geographic location
{c.g., within a home environment, an office environment, or a server farm). In
other cxample crobodiments, the processors or processor-implemented modules

may be distributed across a number of geographic locations.

MACHINE AND SOFTWARE ARCHITECTURE
{8656} The modules, methods, applications, and so forth described in

conjunction with FIGS. 1-13 may mmplemented in some embodiments in the
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context of a machine and an associated software architecture. The sections
below describe representative software architectures and machine {c g,
hardware} architoctures that are suitable for use with the disclosed embodiments.
{06571 Software architectures are used in conjunction with hardware
architectures to create devices and machines tailored to particular purposes. For
example, a particular hardware architecture coupled with a particular software
architecture will create a mobile device, such as a mobile phone, tablet device, or
so forth. A slightly different hardware and software architecture may vield a
smart device for use in the “internet of things,” while vet another combination
produces a server computer for use within a cloud computing architecture. Not
all combinations of such software and hardware architectures are presented here
as those of skill i the art can readily understand how to implement the invention

m different contexis from the disclosure contained herein.

SOFTWARE ARCHITECTURE

EERY FIG. 14 1s a block diagram 1400 llustrating a representative
software architecture 1402, which may be used in conjunction with various
hardware architectures herem descnbed. FIG. 14 1s merely a non-limiting
example of a software architecture and it will be appreciated that many other
architectures may be implemented to facilitate the functionality described herein,
The software architecture 1402 may be executing on hardware such as machine
1500 of FIG. 15 that includes, among other things, processors 15310, memory
1530, and /0 components 1550, A representative hardware layer 1404 15
tHustrated and can represent, for example, the machine 1500 of FIG. 15, The
representative hardware layer 1404 comprises one or more processing units 1406
having associated executable instractions 1408, Executable instructions 1408
represent the executable instructions of the software architecture 1402, inchading
implementation of the methods, modules, and so forth associated with the file
system image processing system 120 of FIG. 2, the method 300 of FIG. 3, and
the associated modules, components, and the like of FIGS. 4-13. Hardware layer
1404 alsc meludes memory and/or storage modules 1410, which also have
executable instructions 1408, Hardware layver 1404 may also comprise other

hardware as indicated by 1412 which represents any other hardware of the
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hardware layer 1404, such as the other hardware illustrated as part of machine
1500.

{0059 In the example architecture of FIG. 14, the software architecture
1402 may be conceptualized as a stack of lavers where each layer provides
particolar functionality. For example, the software 1402 may mclude lavers such
as an operating system 1414, hbrarigs 1416, frameworks/middieware 1418,
applications 1420 and presentation layer 1422, Operationally, the applications
1420 and/or other components within the layers may tavoke application
programming interface (AP calls 1424 through the sofitware stack and receive a
response, returned values, and so forth lustrated as messages 1426 in response
to the API calls 1424, The lavers illustrated are representative in nature and not
all software architectures have all layers. For example, some mobile or special
purpose operating systoms may not provide a frameworks/middieware layer
1418, while others may provide such a laver. Other software architectures may
melude additional or different layers.

06060} The operating system 1414 may manage hardware resources and
provide common services. The operating system 1414 may include, for
example, a kemel 1428, services 1430, and drivers 1432, The kemel 1428 may
act as an abstraction layer between the hardware and the other software layers.
For example. the kernel 1428 may be responsible for memory management,
processor management (2.g., scheduling). component management, networking,
security settings, and so on. The services 1430 may provide other common
services for the other software layers. The drivers 1432 may be responsible for
controlling or mterfacing with the underlying hardware. For instance, the drivers
1432 may mclude display drivers, camera drivers, Bluctooth® drivers, flash
memory drivers, serial communication drivers (e.g., Universal Senal Bus (1UJSB)
drivers), Wi-Fi® drivers, audio davers, power management drivers, and so forth
depending on the hardware configuration.

{061 ] The Iibraries 1416 may provide a common infrastructure that may
be utilized by the applications 1420 and/or other components and/or layers. The
libraries 1416 typically provide functionality that allows other software modules
to perform tasks m an easier fashion than to mterface divectly with the

snderlying operating systemn 1414 functionality {¢.g., kernel 1428, services 1436
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and/or drivers 1432). The libraries 1416 may mchude system 1434 hbrarnies (e.g.,
C standard library} that may provide functions such as memory allocation
functions, string manipulation functions, mathematic functions, and the hike. In
addition, the libraries 1416 may include API Iibraries 1436 such as media
Lbraries {e.g., libraries to support presentation and manipulation of various
media format such as MPEG4, H 264, MP3, AAC, AMR, JPG, PNG), graphics
librarics {¢.g., an OpenGL framework that may be used to render 2D and 3D n a
graphic content on a display), database bibraries {¢.g., SQLite that may provide
various relational database functions), web bibraries {e.g., WebKit that may
provide web browsing functionality), and the like. The libraries 1416 may also
melude a wide vanety of other libraries 1438 to provide many other APIs to the
applications 1420 and other software components/modules.

{0062} The frameworks 1418 {also sometimes referred to as nuddleware)
may provide a higher-level common infrastructure that may be utilized by the
applications 1420 and/or other software components/modules. For example, the
frameworks 1418 may provide various graphic aser interface (GUI functions,
high-fevel resource management, high-level location services, and so forth. The
frameworks 1418 may provide a broad spectrum of other APIs that may be
ptilized by the applications 1420 and/or other sofiware components/modules,
some of which may be specific to a particular operating system or platform.
{0063] The applications 1420 may include built-in applications 1440
and/or third party applications 1442, Examples of representative buiit-in
applications 1440 may include, but are not limited to, a contacts application, a
browser application, a book reader application, a location application, a media
application, a messaging application, and/or a game apphication. Third party
applications 1442 may include any of the bualt-in applications as well as a broad
assortment of other applications. In a specific example, the third party
application 1442 (e.g., an application developed using the Android™ or 1QS™
software development kit (SDK) by an entity other than the vendor of the
particular platform) may be mobile software running on a mobile operating
system such as tO5™ Android™, Windows® Phone, or other mobile operating
systems. In this example, the third party application 1442 may mnvoke the API

calls 1424 provided by the mobile operating system such as operating system
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1414 to facilitate functionality described herein,

[0064] The applications 1420 may utilize built-in operating system
functions {c.g., kemel 1428, services 1430 and/or drivers 1432}, libraries (c.g..
system 1434, APls 1436, and other libranies 1438), and frameworks/middleware
1418 to create user interfaces to interact with users of the system. Alternatively,
or additionally, in some systems, interactions with a user may scour through a
presentation laver, such as presentation layer 1444, in these systems, the
application/module “logic” can be separated from the aspects of the
application/module that interact with a user.

[0065] Some software architectures utilize virtual machines. In the
example of FIG. 14, this is llustrated by virtual machime 1448, A virtual
machine creates a software environment where applications/modules can execute
as if they were executing on a hardware machine {such as the maching of FIG.
15, for example). A virtual machinge is hosted by a host operating system
{operating system 1414 m FIG. 15) and typicallv, although not always, has a
virtual machine monitor 1446, which manages the operation of the virtual
machine as well as the 1nterface with the host operating system (i.¢., operating
system 14143, A software architecture executes within the virtual machine such
as an operating system 1450, hibrarigs 1452, frameworks/middieware 1454,
applications 1456 and/or presentation laver 1458, These layers of software
architecture executing within the virtual machine 1448 can be the same as

corresponding layvers previously described or may be different.

EXAMPLE MACHINE ARCHITECTURE AND MACHINE-READABLE

MEDIUM
{0066} FIG. 15 15 a block diagram illustrating components of a maching

1500, according to some example embodiments, able to read instructions from a
machine-readable medium (¢.g., a machine-rcadable storage medium) and
perform any one or more of the methodologies discussed herein. Specifically,
FIG. 15 shows a diagrammatic representation of the machine 1500 in the
example form of a computer system, within which nstructions 15316 {e g,
software, a program, an application, an applet, an app, or other executable code)

for causing the machine 1500 to perform any one or more of the methodologies
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discussed herein may be executed. For example, the instructions may cause the
machine to execute the flow diagram of FIG. 3. Additionally, or alternatively,
the mstructions may implement the mitial image loader/processor 202, the
transaction loader/processor 204, and the image data analvzer 208 of FIG. 2, as
well as the various modules and associated code segments thereof, as illustrated
m FIGS. 4-13, and so forth. The nstructions transform the general, non-
progranuned maching 1nto a particular machine programmed to carry out the
described and illustrated functions in the mamner desenibed. In alternative
embodiments, the machine 1500 operates as a standalone device or may be
coupled (c.g., networked) to other machines. In a networked deployment, the
machine 1500 may operate m the capacity of a server machine or a client
machine in a server-client network environment, or as a peer machine in a peer-
to-peer (or distributed) network environment. The machine 1500 may comprise,
but not be limited to, a server computer, a client computer, a personal computer
{PC), or any machine capable of executing the instructions 1516, sequentially or
otherwise, that specify actions to be taken by machine 1500, Further, while only
a single machine 1500 is tHustrated, the torm “machine” shall also be taken to
melude a collection of machines 1500 that individually or jointly execute the
mstractions 1516 to perform any one or more of the methodologies discussed
herein.

{8067} The machine 1500 may include processors 1510, memory 1530,
and VO components 1550, which may be configured to communicate with cach
other such as via a bus 1502, In an example embodiment, the processors 1510
{e.¢.. a Central Processing Unit (CPU), a Reduced Instruction Set Computing
(RISC) processor, a Compiex Instruction Set Computing (CISC) processor, a
Graphics Processing Unit {(GPU), a Digital Signal Processor {DSP), an
Application Specific Integrated Circuit {(ASIC), a Radio-Frequency Integrated
Circutt (RFIC), another processor, or any suitable combination thereof) may
melude, for example, processor 1512 and processor 1514 that may execute
mstructions 1516, The term “processor” 18 intended to include multi-core
processor that may comprise two or more independent processors {(sometimes
referred to as “cores”) that may execute instructions contemporancousty.

Although FIG. 15 shows muldtiple processors, the machine 1500 may include a
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single processor with a single core, a single processor with multiple cores (e.g., a
multi-core process}), muhtiple processors with a single core, multiple processors
with multiples cores, or any combination thereof.

0068} The memory/storage 1530 may include a memorv 1532, such asa
main memory, or other memory storage, and a storage unit 1536, both accessible
to the processors 1510 such as via the bus 1502, The storage unit 1336 and
memory 1532 store the instructions 1516 embodying any one or more of the
methodologies or fumctions descnbed herein. The instractions 1516 may also
reside, completely or partially, within the memory 1532, within the storage unit
1536, within at least one of the processors 1510 {¢.g., within the processor’s
cache memory), or any suitable combination thereof, during execution thereof by
the machine 1500, Accordingly, the memory 1532, the storage unit 1536, and
the memory of processors 1510 are examples of machine-readable media.

[0069] As used herein, “machine-readable medium™ means a device able to
store instructions and data temporanly or permanently and may mclude, but is
not be limited to, random-aceess memory {RAM), read-only memory (ROM),
buffer memory, flash memory, optical media, magnetic media, cache memory,
other types of storage {¢.g., Electrically Erasable Programmable Read-Only
Memory (EEPROM)) and/or any suitable combination thereof. The term
“machine-readable mediom” should be taken to mclode a single medium or
multiple media (¢.g., a centralized or distributed database, or associated caches
and servers) able to store mstructions 1516, The term “machine-readable
medium” shall also be taken to include any mediom, or combimation of multiple
media, that is capable of storing instructions {¢.g., instructions 1516} for
execution by a maching {¢.g., machine 1500}, such that the mstructions, when
executed by ong or more processors of the machine 1300 (¢ g., processors 1510},
cause the machine 1300 to perform any one or more of the methodologies
described herein. Accordingly, a “machine-readable medium” refers to a single
storage apparatus or device, as well as “cloud-based™ storage systems or storage
networks that inchude multiple storage apparatus or devices. The term
“machine-readable mediim™ includes machine readable storage media and
carrier media or transmission media such as signals.

06761 The VO components 1550 may include a wide variety of
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components to recetve input, provide output, produce output, transmit
mformation, exchange information, capture measurements, and so on. The
specific VO components 1550 that are included in a particular machine will
depend on the type of machine. For example, portable machines such as mobile
phones will hikely include a toach input device or other such input mechanisms,
while a headless server machine will likely not include such a touch input
device. It will be appreciated that the /O components 1550 may include many
other components that are not shown in FIG. 13, The VO components 1550 are
grouped according to functionality merely for simplifying the following
discussion and the grouping is in no way hmiting. In various cxample
embodiments, the /O components 1550 may include output components 1552
and input components 1554, The output components 1552 may include visual
components {e.g., a display such as a plasma display panel (PDP}, a light
cmitting diode (LED) display, a liguid crvstal display (1LCD), a projector, or a
cathode ray tube (CRT)), acoustic components {¢.g., speakers), haptic

components {e.g.

=

a vibratory motor, resistance mechanisms), other signal
generators, and so forth. The input components 1354 may mclude alphanumeric
mput components (e.g., a keyboard, a touch screen configured to receive
alphanumeric input, a photo-optical keyvboard, or other alphanumertc input
compeonents), point-based input components {e.g., a mouse, a touchpad, a
trackball, a joystick, a motion sensor, or other pointing instrument), tactile input
coraponents {¢.g., a physical button, a touch screen that provides location and/or
force of touches or touch gestures, or other tactile input components), audio
mput components {¢.g., a microphone), and the like.

16671} In further example embodiments, the I/O components 1550 may
mehude biometric components 1556, motion components 1558, environmental
components 1560, or position components 1562 among a wide array of other
components. For example, the biometric components 1356 may nclude
components to detect expressions {e.g., hand expressions, facial expressions,
vocal expressions, body gestures, or eve tracking), measure biosignals (e.g.,
blood pressure, heart rate, body temperatare, perspiration, or brain waves),
identify a person (e .g., voice identification, retinal identification, facial

wentification, fingerprint identification, or electroencephalogram based
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wdentification), and the like. The motion components 1558 may mclude
acceleration sensor components (¢.g., accelerometer), gravitation sensor
components, rotation sensor components {(¢.g., gyroscope), and so forth. The
environmental components 1560 may mclude, for example, illumination sensor
components {(e.g., photometer), temperature sensor components (8.g., one or
more thermometer that detect ambient temperature), humidity sensor
components, pressure sensor components {¢.g., barometer), acoustic scnsor
components (e.g., one or more microphones that detect background noise),
proximity sensor components (e.g., infrared sensors that detect nearby objects),
gas sensors {e.g., gas detection sensors to detection concentrations of hazardous
gases for safety or to measure pollutants in the atmosphere), or other components
that may provide indications, measurements, or signals corresponding to a
surrounding physical environment. The position components 1562 may include
location sensor components {¢.g., a Global Position System (GPS) receiver
component}, altitude sensor components {e.g., altimeters or barometers that
detect air pressure from which altitude may be derived), orientation sensor
components {¢.g., magnetometers), and the like.

10072} Communication may be implemented using a wide variety of
technologies. The /0 components 1550 may include communication
components 1564 operable to couple the machine 1500 to a network 1580 or
devices 1570 via coupling 1382 and couphing 1372 respectively. For exarnple,
the communication components 1564 may mchide a network interface
component or other suitable device to interface with the network 1580, In
further examples, communication components 1564 may inchude wired
communication components, wireless communication components, cellular
communication components, Near Field Communication (NFC) components,
Bluctooth® components {¢.g., Bluctooth® Low Encrgy), Wi-FI® components,
and other communication components to provide communication via other
modalities. The devices 1570 may be another machine or any of a wide vanety
of peripheral devices {¢.g., a peripheral device coupled via a Universal Serial
Bus (USB)).

10673} Morcover, the communication components 1564 may detect

wdentifiers or include components operable to detect identifiers. For example,

23



WO 2017/223487 PCT/US2017/039061

the communication components 1564 may mchude Radio Frequency
Identification (RFID} tag reader components, NFC smart tag detection
components, optical reader components {e.g., an optical sensor to detect one-
dimensional bar codes such as Umiversal Product Code {UPC) bar code, multi-
dimensional bar codes such as Quick Response (QR) code, Aztec code, Data
Matrix, Dataglvph, MaxiCode, PDBF417, Ultra Code, UCC RSS-2D bar code,
and other optical codes). or acoustic detection components {¢.g., microphones to
wdentify tagged andio signals). In addition, a variety of information may be
derived via the communication components 1564, such as, location via Internet
Protocol (IP) geo-location, location via Wi-Fi® signal triangulation, location via
detecting a NFC beacon signal that may indicate a particular focation, and s0

forth.

TRANSMISSION MEDIUM

{6074} In various example embodiments, one or more portions of the
network 1580 may be an ad hoc network, an intranet, an extranet, a virtual
private network (VPN), a local arca network (LAN), a wireless LAN (WLAN), a
wide arca network (WAN), a wircless WAN (WWAN), a metropohitan arca
network (MAN), the Internet, a portion of the Internet, a portion of the Pablic
Switched Telephone Network (PSTN), a plaio old telephone service (POTS)
network, a cellular telephone network, a wireless network, a Wi-Fi® network,
another type of network, or a combination of two or more such networks. For
example, the network 1580 or a portion of the network 1580 may include a
wireless or cellular network and the coupling 1582 may be a Code Division
Multiple Access (CDMA) connection, a Global System for Mobile
communications (GSM) connection, or other type of cellular or wircless
coupling. In this example, the coupling 1582 may implement any of a variety of
tvpes of data transfer technology, such as Single Carrier Radio Transmission
Technology (1xRTT), Evolution-Data Optinuzed (EVDO) technology, General
Packet Radio Service (GPRS) technclogy, Enhanced Data rates for GSM
Evolution (EDGE) technology, third Generation Partnership Project (3GPP)
meluding 3G, fourth generation wireless (4G} networks, Universal Mobile

Telecommunications System (UMTS), High Speed Packet Access (HSPA),
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Worldwide Interoperability for Microwave Access (WiMAX), Long Term
Evolution (LTE) standard, others defined by various standard setting
organizations, other long range protocols, or other data transfer technology.
0675} The instructions 1516 may be transmitted or received over the
network 1580 using a transmission mediim via a network mterface device {e.g.,
a network interface component mncluded m the comnmunication components
1564} and utilizing any one of a number of well-known transfer protocols (e.z.,
hvpertext transfer protocol (HTTP)). Similarly, the instructions 1516 may be
transmitted or received using a transmission medium via the coupling 1572 {e g,
a peer~to-peer coupling) to devices 1570, The term “transmission medium” shall
be taken to mnclude any miangible medium that is capable of storing, encodmg,
or carrving instructions 1516 for execution by the machine 1500, and includes
digital or analog communications signals or other intangible medium to facilitate
cormmunication of such softwarc. A transmission medium is an embodiment of a
machine readable medivm.
6076} The following numbered examples are embodiments.
{6077} 1. A file system image processing system comprising:

an tmage processor module comprising at feast one hardware processor
of a machine, the image processor module to access a file system image stored at
a first server of a file system while the file system image is 0ot being modified,
and to store a representation of the file system tmage; and

a transaction processor module to repeatedly access transaction data
stored at a second server of the file system separate from the first server, the
transaction data describing file system edit transactions not represented in the
accessed file system image, the transaction processor module to modify the
representation of the file system image based on the accessed transaction data.
[0073] 2. The file system image processing system of example 1,
the representation of the file system image being a database-compatible
representation of the file system image, the representation bemng stored at a
database store separate from the first server.
[3079] 3. The file systen: image processing sysiem of example 1 or
example 2, the image processor module comprising:

an mnage-to-memory loader to retrieve the file system tmage from a
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name space server of the file system and to load the file system image to a
memory;

an image data extractor to generate a text file comprising file image data
based on the file svstem image 1o the memory,;

a data preparer to generate database-compatible image data based on the
file image data of the text file; and

a database data loader to load the database-compatible image datato a
database store as the representation of the file system image.

[3089] 4, The file systen: image processing system of example 3,

the file image data of the text file compusing a path name and a path size for
cach of a plurality of nodes mdicated mn the file system image.

0081} 5. The file system image processing system of example 4,

the database-compatible image data comprising a plurality of key-value pairs,
cach of the key-value pairs comprsing the path name and the path size for onc of
the plurality of nodes mndicated m the file system 1mage.

j3382] 5. The file system image processing system of any one of
examples 1 to 5, the transaction processor module comprising:

a log-to-memory loader to retrieve file transaction data describing at least
one file edit transaction executed on the file system from an edit log of a journal
node server of the file system and to load the file {ransaction data to a memory;
and

an edit transaction parser to parse the file transaction data of the memory
and to modify the representation of the file system image based on the parsed
file transaction data.

{0083} 7. The file system image processing system of example 6,
the log-to-memory loader to retrieve at least one segment of the file transaction
data, each of the at least one segment comprising the file transaction data for one
or more of the file edit transactions during a corresponding time period.

[B084] 3. The file system 1mage processing svstem of example 6 or
gxample 7, the transaction processor module further comprising:

an access scheduler to cause the log-to-memory loader to retrieve file
transaction data not previously retreved from the edit log once pera

predetermined time period.
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HEESY 9. The file system image processing sysiem of any one of
examples 1 to 8, further comprising:

at least one tmage data analyzer to analyze the representation of the file

system image to determine at least one charactenistic of the file system.
{0086} 10. The file system image processing system of example 9,

the at least one image data analyzer to detect deletion of a file exceeding a
predetermined size n the file system basced on the representation of the file
system image, and to transmit an indication of the detected deletion.

[6087) 11 The file systen: image processing sysiem of example 9 or
example 10, the at least one image data analyzer to detect at least one tile having
a size less than a predetermined size based on the representation of the file
system image, and to transmit an indication of the at least one detected file.
{0088} 12. The file system image processing system of any one of
examples 9 to 11, the at least one image data analyzer to determine a number of
files owned by each of a plurality of users of the file system, and fo transmit an
mdication of the number of files owned by each of the plurality of users.

{0089} 13. The file systom image processing system of any one of
examples 9 to 12, the at least one image data analvzer to determine a distribution
of duplicated files versus file size of the file system, and to transmit an indication
of the distribution.

[0098] 14, The file systern image processing system of any one of
examples Y to 13, the at least one image data analyzer to detect a last access of at
least one file of the file system, and to cause transmit information describing the
last access of the at least one file.

{6691} 15. The file system image processing system of any one of
examples 9 to 14, the at least one image data analvzer to detect at least ong
abandoned file of the file systerm, and to transmit an indication of the abandoned
file.

[B6092] 16. The file system 1mage processing svstem of any one of
gxamples U to 15, the at least one image data analyzer to compare disk space
usage of at least a portion of the {file system o a quota, and to transmit an alert
based on the disk space usage being greater than a predetermined portion of the

quota.
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6093} 17. A method comprising:

accessing, using at least one hardware processor of a machine, a file
system image at a first server of a file system while the file system mmage 1s not
being modified;

storing a representation of the file system image;

epeatedly accessing transaction data stored at a second server of the file
system separate from the first server, the transaction data describing file system
edit transactions not represented in the accessed file system image; and

modifying the representation of the file system image based on the
accessed transaction data.
{8694} 8. The method of example 17, the representation of the file
system image comprising a database-compatible representation of the file system
image, the storing of the representation occurring at a database store separate
from the first server.
[B095] 19 The method of example 17 or example 18, further
comprising analyzing the representation of the file system image to determine at
least one charactenistic of the file system
{8696} 20. A system comprising:

a database store;

at least one hardware processor; and

memory having stored thercon instructions that, when executed by the at
cast one hardware processor, cause the system to perform operations
coOmprising:

accessing a file system image at a first server of a file system while the
file system image 18 not being modified;

storing a database-compatible representation of the file system 1mage at
the database store;

repeatedly accessing transaction data stored at a second server of the file
system separate from the first server, the transaction data describing file system
edit transactions not represented in the accessed file system image; and

modifying the representation of the file system image based on the
accessed transaction data.

{6697} 21 A machine readable medium carrying maching readable
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mstructions, which when executed by at least one processor of a machineg, causes
the maching to carry out the method of any one of example 17 to 19 or causes

the machine to be configures as the system of any one of example 1 to 16 or 20

LANGUAGE

{0098} Throughowut this specification, phiral instances may implement
components, operations, or structures described as a single mstance. Although
mdividual operations of one or more methods are ilhustrated and deseribed as
separate operations, one or more of the mdividual operations may be performed
concurrently, and nothing requires that the operations be performed in the order
iHustrated. Structures and functionality presented as separate components in
example configurations may be implemented as a combined structure or
component. Similarly, structures and functionality presented as a single
component may be implemented as separate components. These and other
variations, modifications, additions, and improvements fall within the scope of
the subject matter herein,

{06099} Although an overview of the inventive subject matter has been
described with reference to specitic example embodiments, various
modifications and changes may be made to these embodiments without
departing from the broader scope of embodiments of the present disclosure.
Such embodiments of the inventive subject matier may be referred to herein,
mdividually or collectively, by the term “invention” merely for convenience and
without intending to voluntarily limit the scope of this application to any single
disclosure or inventive concept if more than one 1, in fact, disclosed.

106104 The embodiments illustrated herem are described in sufficient detail
to cnable those skilled in the art to practice the teachings disclosed. Other
embodiments may be used and derived therefrom, such that structural and
logical substifutions and changes may be made without departing from the scope
of this disclosure. The Detailed Description, therefore, isnot to be taken in a
lmiting sense, and the scope of various embodiments 1s defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

{06101} Ag used heremn, the term “or” may be construed in cither an
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mclusive or exclusive sense. Moreover, plural instances may be provided for
resources, operations, or structures described herein as a single instance.
Additionally, boundaries between various resources, operations, modules,
engines, and data stores are somewhat arbitrary, and particular operations are
tHustrated 1n a context of specific illustrative configurations. Other allocations
of functionality are envisioned and may fall within a scope of various
crbodiments of the prescnt disclosure. In general, structures and functionality
presented as separate resources in the example configurations may be
munplemented as a combined structure or resource. Similarly, structures and
functionality presented as a single resource may be implemented as separate
resources. These and other vanations, modifications, additions, and
mnprovements fall within a scope of embodiments of the present disclosure as
represented by the appended claims. The specification and drawings are,

accordingly, to be regarded in an dlustrative rather than a restrictive sense.
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CLAIMS

1. A file systom image processing system comprising:

an image processor module comprising at least one hardware processor
of a machine, the image processor module to access a file system image stored at
a first server of a file system while the file system image is 0ot being modified,
and to store a representation of the file system tmage; and

a transaction processor module to repeatedly access transaction data
stored at a second server of the file svstem separate from the first server, the
transaction data describing file system edit transactions not represented in the
accessed file system image, the transaction processor module to modify the

representation of the file system image based on the accessed transaction data.

2. The file system tmage processing system of claim 1, the representation of
the file system image being a database-compatible representation of the file
system image, the representation being stored at a database store separate from

the first server.

3. The file system image processing system of claim 1, the image processor
module comprising;

an tmage-to-memory loader to retrieve the file svstem image from a
name space server of the file system and to load the file svstem image to a
memory;

an 1image data extractor to generate a text file comprising file image data
based on the file svstem image 10 the memory,;

a data preparer to generate database-compatible image data based on the
file image data of the text file; and

a database data loader to load the database-compatible image datato a

database store as the representation of the file syvstem image.

31



WO 2017/223487 PCT/US2017/039061

4. The file system image processing system of claim 3, the file image data

of the text file comprising a path name and a path size for cach of a plurality of

nodes indicated in the file system image.

5. The file system image processing system of claim 4, the database-
compatible image data comprising a plurality of key-value pairs, each of the key-
value pairs comprising the path name and the path size for one of the plurality of

nodes indicated in the file system image.

6. The file system image processing system of claim 1, the transaction
processor module comprising:

a log-to-memory loader to retrieve file transaction data deascribing at least
one file edit transaction exgcuted on the file system from an edit log of a journal
node server of the file system and to load the file transaction data to 2 memory;
and

an edit transaction parser to parse the file transaction data of the memory
and to modify the ropresentation of the file system image based on the parsed
file transaction data.

7. The file system image processing system of ¢laim 6, the log-to-memory
loader to retricve at least one segment of the file transaction data, cach of the at
cast one segment comprising the file transaction data for one or more of the file

edit transactions daring a corresponding time pertod.

8. The file system 1mage processing system of claim 6, the transaction
processor module further comprising:

an access scheduler to cause the log-to-memory loader to retrieve file
transaction data not previously refrieved from the edit log once pera

predetermined time period.

9. The file system image processing system of claim 1, further comprising:
at least one image data analyzer to analyze the representation of the file

system image to determine at least one characteristic of the file systen.
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10, The file system image processing system of claim 9, the at least one
mmage data analvzer to detect deletion of a file exceeding a predetermined size n
the file systern based on the representation of the file svstem image, and to

transmit an indication of the detected deletion.

11, The file systom umage processing system of claim 9, the at least one
tmage data analyzer to detect at least one file having a size less than a
predetermined size based on the representation of the file system image, and to

transmit an indication of the at least one detected file.

12, The file system tmage processing svstem of claim 9, the at least one
image data analyzer to determine a number of files owned by each of a plurality
of users of the file system, and to transmit an indication of the number of files

owned by each of the plurality of users.

13, The file system image processing svstem of claim 9, the at least one
mmage data analyvzer to determine a distnibution of duplicated files versus file size

of the file system, and to transmit an indication of the distribution.

14, The file systom umage processing system of claim 9, the at least one
mmage data analvzer to detect a last access of at least one file of the file system,
and to cause transmit information describing the last access of the at least one

file.

15.  The file system tmage processing svstem of claim 9, the at least one
image data analyzer to detect at least one abandoned file of the file system, and

to transmit an mdication of the abandoned file.

16, The file system image processing systent of claim 9, the at least one
image data analyzer to compare disk space usage of at least a portion of the file
system to a quota, and to transmit an alert based on the disk space usage being

greater than a predetermined portion of the guota.
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17. A method comprising:

accessing, using at least ong hardware processor of a maching, a file
system image at a first server of a file system while the file system mmage is not
being modified;

storing a representation of the file system image;

repeatedly accessing transaction data stored at a sccond server of the file
system separate from the first server, the transaction data describing file system
edit transactions not represented in the accessed fike system image; and

modifying the representation of the file system image based on the

accessed transaction data.

18.  The method of claim 17, the representation of the file system image
corprsing a databasc-compatible representation of the file system image, the
storing of the representation occurring at a database store separate from the first

8CTVOr.

19, The method of claim 17, further comprising analyzing the representation

of the file system image to determine at least one charactenstic of the file svstem

20, A system comprising:
a database store;
at least one hardware processor; and
memory having siored thereon imstructions that, when executed by the at
least one hardware processor, cause the system to perform operations
comprising;
accessing a file system image at a first server of a file system

while the file svstem image is not being modified;

storing a database-compatible representation of the file svstem
image at the database store;

repeatedly accessing transaction data stored at a second server of
the file system separate from the first server, the transaction data

cscribing file system edit transactions not represented in the aceessed
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file system nmage; and
moditving the representation of the file system image based on

the accessed transaction data.

21, A machine readable medivm carrving machine readable instructions,
which when executed by at least one processor of a machine, causes the machine
to carry out the method of any ong of claims 17 to 19 or causes the machine to

be configured as the svstem of any one of claims 1 to 16 or 20,
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