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devices during a predetined time period, determining progress information regarding completion of the replication process based on
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DATA REPLICATION MANAGEMENT

BACKGROUND

{0001 Compuier systems include computing devices that communicate with other

computing devices over a network. The computing devices may include storage devices
to store data for {ater retrieval. The computing devices may copy data from one computing

device to other computing devices.

BRIEF DESCRIFPTION OF THE DRAWINGS

[0002] Examples are described in the following detalled description and in reference

to the drawings, in which:

{0003) Fig. 1 depicts an example system for data replication management in
accordance with an example of the {echnigues of the present application;

[O004] Fig. 2 depicts an example fiow chart of processes for data replication

management in accordance with an exampie of the techniques of the present application;

{00051 Figs. 3A through 3B depict example diagrams of data replication
management in accordance with an exampie of the techniques of the present application;
and

{0006} Fig. 4 depicts an example block diagram showing a non-transitory,

computer-readable medium that siores instructions for data replication management in

accordance with an example of the technigues of the present application.

DETAILED BESCRIPTION

{00071 Computer systems include computing devices that communicale with other

computing devices over a network. The computing devices may include storage devices
to store data for later retrigval. The computing devices may copy data from one computing
device to other computing devices.

{0008] Computer system environments may implement data replication techniques
to copy data from one computing device to ancther computing device for data availability
purposes. For exampie, a source computing device may implement a dala replication
process (o copy or replicale data o a plurality of targel computing devices to provide a
backup for data availability purposes. For example, in the gvent that one of the computing
devices encounter an error condition such that the data may no longer be available, then
a copy of the dala may be retrieved from one of the other targetl computing devices.

Computer system environments may be required to manage increased amounts of data
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including data volumes of unstructured data.  In addition, computer systems may be
configured as virlualization and cloud infrastructures (0 meet ever increasing resource
demands. The computing devices may implement dala replication techniques to provide
high data availabilily. In one example, the computing devices may be configured o
implement data replication technigues where copiss are made to a plurality of targst
computing devices located across different locations or siles. However, data replication
in such a configuration may encounter problems such as resource constraints or increases
in data volume activily, such that the data replication process may not makes copies in a
timely manner which may result in some targets not having copies.

[0009] The present application discloses {echniques o provide data replication
management fechnigues which may improve data replication from a source computing
device 1o across a plurality of farget compuling devices which may increase the
performance of the system. For example, the data replication techniques provide at isast
one copy of data o a target computling device o help ensure data availability even during
resource constraint conditions such as bandwidih or data throughput constraints.

{00014] in one example of the present techniquss, disclosed is a data replication
management module configured o initiate a data replication process to copy a source data
set as target data setls 1o a plurality of target computing devices during a predefined time
period. The management module may determine progress information regarding
completion of the data replication process based on historical and current performance
information of the plurality of target computing devices.

fO0011] if the data replication management module determines thatl the progress
information indicates thal the dala replication process is not to be completed within the
predefined time period, then the management module may select a target computing
device from the plurality of targst computing devices to complete the complste the data
replication process based on historical and current performance information of the plurality
of targel compuling devices. In ong example, the dala replication management module
sglects the targel compiiting device that has highest performance compared o thoss of
the other target computing devices. In this cass, the management module may send a
continue notification to the selected target computling device o cause the selecled target
computing device to continue with the completion of the daia replication process. The
managemeant module may send a discontinueg notification 1o non-selected target computing
devices 1o cause the non-selected targst computing devicss to discontinue with the data

replication process. The management module may cause the selected target computing
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device 1o initiate a data replication process to copy the replicated target data setto another
target computing device of the plurality of target computing devices.

[00012] On the other hand, if the dala replication management module delermines
that the progress information indicates that the data replication process is to be completed
within the predefined time pericd, then the module may send continue notifications o the
fargel computing devices 1o cause the largetl computing device o continue with the
completion of the data replication process.

{000613] in another example, the data replication management module may be
configured o calculate the current performance information of a largst computing device
which relates 10 data throughput during the data replication process and calculale the
historical performance information of the target computing device which relates {o dala
throughput during previcus data replication processes.  In another exampls, the
management module may be configured 1o relsase processing rescurces used by the
computing device associaled with the non-selecied target computing devices for use by
the computing device for the data replication process of the selected targst computing
device. In this manner, releasing resources may allow the computing device 1o use the
resources o complete the data replication process with the selected target computing
device. in another example, management module may be configured to receive from a
host computer a request 1o initiate the data replication process.

[00014] In this manner, the present application discloses techniques to provide dala
replication management techniguss which may help improve data replication from a
source computing device to across a plurality of target compuling devices which may
increase the performance of the sysitem. For example, the data replication techniques
such that even during resource consiraint at least one copy of daia is made to hsip snsure
data availability.

f60015] Fig. 1 depicls an example system 100 for data replication management in
accordance with an example of the technigues of the present application. The system 100
includes a computing device 102 configured to communicate with target computing
devices 112 over a network 110

fO00G186] The computing device 102 includes a data replication management module
104 and 3 storage device 106 to store a source data sel 108. The data replication
management module 104 is configured 1o manage a data replication process {0 replicate
or copy the source data set 108 to target data sets 114 (114-1 through 114-n) of target

computing devices 112 {(112-1 through 112-n), as explainad below in further detail.
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(000177 The data replication management module 104 may be configured o initiats
a data replication process o copy the source dala set 108 as target dala sels 114 lo a
plurality of farget computing devices 112 during a predefined time period. The predefined
time period may be based on system 100 criteria such as on the characteristics of the
source data set 108 such as size of the data and the lika. In one example, the time perind
may be a predefined replication time window which may be configured afier 2 backup and
during off production time. The management module 104 may determine progress
information regarding completion of the replication process based on historical and current
performance information of the plurality of target computing devices 112, In one example,
historical performance information may be defined as performance related information or
datz of the target computing devices over the time period of the previous replication
procasses. In one example, current performance information may be defined as
performance related information or data of the target computing devices over or during the
fime period of the current dala replication process. In one example, progress information
may be defined as o what exient the current data replication process is complete such
that a copy of the source data set 108 is made {o the {argst data seis 114, In another
example, the replication module 104 may determine the prorated progress of the data
replication process toward completion. In one example, performance information may
include data throughput (such as in Megabits per second (Mbps)} which include the
amount of data moved or transferred successfully from computing device 102 to & target
computing device 112 in a given time period.

[00018] if data replication management module 104 delermines that the progress
information indicates thal the dala replication process is not to be completed within the
predefined time period, then management module may select a {arget computing device
112 from the pluralily of target computing devices 112 o complete the compiele the data
replication process based on historical and current performance information of the plurality
of target compuling devices. In one example, the dala replication management module
sglects the target computing device that has highest performance compared o those of
the other target computing devices. Il should be understood that the data replication
management module may select the target computing device based on other techniques.
For example, selection lechnigues may be based a targel computing device site
preference, which may be set by a user, such as administrator of the system, based on a
parameter such as backup consclidation. In other sxamples, selsction technigues may be
based on siorage capacity of the targst computing devices, target computing device

capabilities such as high availability, targel computing device uptime and the like. In this
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case, management module 104 may send a continue ndtification to the sslected target
computing device 112 {¢ cause the selected larget computing device to continue with the
completion of the data replication process. The management module 104 may send a
discontinue notification o non-selected targst computing devices 112 to cause thg non-
salected target computing devices o discontinue with the data replication process. The
management module 104 may cause the seieclied target computing device 112 to initiate
a data replication process (o copy the replicated target data sel to ancther target computing
device of the plurality of target computing devices.

f00013] The data replication management module 104 may check the progress of
the data replication process using technigues such as polling the slalus, interrupt or any
other like technigue. The “continug” and “discontinue” notifications may comprise any
means of notifications such as commands, messages according o particular protocols and
the like. The notifications may includs notifications o start the data replication process, to
siop the process, to pause the process, 1o restart the process and the like. The source
data set 108 may inciude a group of data blocks associated with particular applications
such as file svstems, databases and the like. The data replication process may include a
process of copying from computing device 102 to target computing devices 112 data
blocks in a successive manner one block after another untll a complete copy is made as
target daia sets 114 fo the fargst computing devices. In another example, the replication
procass may be based on deduplication based replication technigues {(also known as low
bandwidth replication) such that data that is not at the target is not fransferred.

fO0020] On the other hand, If dala replication management module 104 determines
that the progress information indicates that the data replication process is 10 be completed
within the predefined time period, then the module may send continug notifications o the
target computing devices 112 to cause the target computing device to continue with the
completion of the data replication process.

[00021] in another exampile, datz replication management module 104 may be
configured fo calculate the current performance information of a target computing device
112 which relates o data throughput during the data replication process and calculats the
historical performance information of the targel computing device which relates (o data
throughput during previous data replication processes. The performance information of
computing devices 112 may be any performance metric, such as data throughput, related
to processing data o fransfer data across network 110. In ancther example, management
module 104 may be configured o release processing resources usad by the computing

device associated with the non-selecled target compuling devices for use by the
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computing device for the data replication process of the selected target computing device.
In one example, processing resources may any computing or processing resources for
procassing data associated with hardware, software or a combination thereof of the
computing device. In ancther example, management module 104 may be configured {0
receive from a host computer a request to initiate the data replication process.

fO0022] in ancther example, computling device 102 may be configured o provide
storage management functionality as described hergin. In one example, computing device
102 may provide functionality to process Input/Quiput (I0) reguests from host computers
to access source data set 108 on storage device 106.

[00023] The storage device 106 may be defined as any slectronic means to slore
data for later relrieval. The source data set 108 may be stored as storage volumes which
may by logical units of data that can be defined across multiple storage devices. The 10
reguests may includs requssis to read data from storage device 1086 as volumes and
requests to write data to the slorage devices as volumes. The source data set 108 may
be defined as a group of data or volumes 1o be replicated or copied from one computing
device to another compuling device. The computing device 102 and target computing
devices 112 may include any glectronic device or means of processing data. The siorags
device 106 may refer {0 a physical slorage element, such as a disk-based storage slement
{a.g., hard disk drive, optical disk drive, eic.) or other type of slorage element (8.q.,
sagmiconductor siorage slement). In one example, muitiple storage devices within a
siorage subsystem can be arranged as an array configuration. The description of source
data set 106 applies o the description of target dala sels 114,

[00024] The network 110 may include any means of electronic or dats
communication between computing device 102 and target computing devices 112, The
network 110 may include a local area network, Internet and the like. The network 110 may
include Fibre Channel network, SCS! (8mall Computer System Interface) link, Serial
Altached SCE8I (SAS) link and the like. The network 110 may include expanders,
conoentrators, routers, and other communications devices.

{00025] The system 100 of Fig. 1 shows example computing device 102 o
communicate with target computing devices 112 and should be understood that other
configurations may be employed 1o practice the techniques of the present application. For
example, system 100 may be configured 1o include a plurality of computing devices 102
to communicate with a plurality of target computing devices 112, In another gxample,
storage device 106 is shown as a single component but it should be undersiood that the

siorage device may be plurality of slorage devices distributed across a plurality of
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computing devices 102. In anocther example, source data set 108 is shown as a single
compenent but i should be understood that the source data sel may be plurality of source
datz sels distributed across a plurality of computing devices 102, in ancther example,
data replication management module 104 is shown as a single component but it should
be understood that the module may be plurality of modulss distributed across a plurality
of computing devices 102. The components of system 100 may be implemented in
hardware, sofiware or a combinalion thereol.  In one example, data replication
management module 104 may be implemented in hardware, software or a combination
thereof. In ancther example, the functionality of the components of system 100 may be
implemented using technology reiated to Personal Computers (PCs), server computers,
tablet computers, mobile computers and the like.

[000286] Fig. 1 shows a sysiem 100 o provide data replication management. The
storage system 100 may include computer-readable storage medium comprising {e.g.,
encoded with) instructions executable by a processor {0 implement functionalities
described herein in relation fo Fig. 1. In some examples, the funclionalilies described
herein in relation {0 instructions to implement data replication management module 104
functions, and any additional instructions described herein in relation to storage medium,
may be implemented as engines or moduies comprising any combination of hardware and
programming 1o implement the functionalities of the modules or engines, as described
below. The funclions of daia replication management module 104 may be implemented
by a computing device which may be a server, blads enclosure, deskiop computer, laptop
{or notebook} computer, worksiation, tablet computer, mobile phone, smart device, or any
other processing device or eguipment including a processing resource. In examples
described herein, a processor may include, for example, one processor or multiple
processors included in a single computing device or distributed across muttiple computing
devices.

[00027] Fig. 2 depicis an example flow chart 200 of a process for dala replication
management in accordance with an exampie of the technigues of the present application.
To illustrate operation, it may be assumed that system 100 includes computing device 102
configured {o communicate with target computing devices 112 over network 110. The datla
replication management module 104 may be configured to implement the lechniques of
the praesent application and functionality described herein.

f00028] it should be understood the process depicted in Fig. 2 represents
generaiized Hustrations, and that other processes may be added or existing processes

may be removed, modified, or rearranged without departing from the scope and spirit of
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the present application. In addition, it should be understood that the processes may
represent instructions slored on a2 computerreadable siorage medium that, when
executed, may cause a processor 1o respond, to perform aclions, 1o change siales, and/or
to make decisions. Allernatively, the processes may represent funclions and/or actions
performed by functionally equivalent circuits like analog circuits, digital signal processing
circuits, Application Specific Integrated Circuits (ASICs), or other hardware components
associated with the systermn. Furthermors, the flow charis are not inlended 1o limit the
implementation of the present application, but rather the flow charts Hlustrate functional
information to design/fabricate circuits, generate software, or use a combination of
hardware and sofiware {0 perform the lllustrated processes.

[00029] The process 200 may begin at block 202, where dala replication
management module 104 initiates a data replication process 10 copy source data set 108
as larget data ssts 114 {o a plurality of target computing devices 112 during a predsfined
fime period. In one example, it may be assumed that a host computing device sent a
nofification such as a command to computing device 102 to inifiate the data replication
process. Processing proceads 1o block 204,

[OB0G30] Al block 204, data replication management module 104 dstermings
progress information regarding completion of the data replication process based on
historical and current performance information of the plurality of target computing devices.
Processing proceeds to block 206,

fO0031]) At block 208, data replication management module 104 checks progress
information to dstermine whether the information indicales that the data replication
process is not o be completed within a predefined time period. In one example, if data
replication management module 104 determines that the data replication process is not to
be completed within a predefined time period, then processing procesds to block 208. On
the cother hand, in ancther example, If dals replication management module 104
determines that the data replication process is 10 be completed within a predefined time
period, then processing proceeds 1o End block. In this case, in one exampls, daila
replication management module 104 sends continue notifications o targel computing
devices 112 {0 cause the target computing devices to continue with the completion of the
dala replication process.

[00032] Al block 208, data replication management module 104 selects a target
computing device 112 from the plurality of targst computing devices to complete the
complete the data replication process based on hislorical and current performance

information of the pluralily of target compuling devices. In one example, the dala
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replication management module selects the larget computing device that has highest
performance compared {0 those of the other target computing devices. i should be
understood that the data replication management module may select the target computing
device based on other techniguss. Processing proceeds 1o block 210.

fO0033) At block 210, dala replication management module 104 causes the
selected targel compuling device 112 to conlinue with the completion of the data
replication process. In one example, data replication management module 104 sends a
coniinua notification to the selected target computing device 1o cause the selected target
computing device to continue with the completion of the data replication process.
Processing proceeds to block 212,

[00034] At block 212, data replication management module 104 causes the non-
sglected target computing devices o discontinue with the data replication process. . Inone
example, data replication management module 104 sends a discontinue notification to
non-selected larget computing devices 112 1o cause the non-selecled target computing
devices to discontinue with the data replication process. Processing proceeds o block
214,

f0B035] Al block 214, data replication management module 104 initiates a data
replication process o copy the replicated larget data set to another target computing
device of the plurality of targel computing devices. Processing proceeads o the End block
for other processing.

fO00386) In this manner, the present application disclosss techniques to provide data
replication management techniguss which may help improve dala replication from a
source computing device to across a plurality of target computing devices which may
increase the performance of the system. For example, the data replication techniques
siuch that even during resource constraint at least ong copy of data is made to help ensure
data availability.

[00037] The process 200 of Fig. 2 shows an example process and it should be
undersiood that other configurations can be employed o practice the technigues of the
present application. For example, process 200 may be configured to communicate with a
plurality of computing devices 102 and the like.

[00038] Figs. 3A through 3B depicis example diagrams of processes for data
replication management in accordance with an example of the techniques of the present
application.  To illustrate operation, it may be assumed that system 100 includes

computing device 102 configured to communicate with target computing devices 112 over
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network 110, The data replication management moduls 104 may be configured to
implement the technigues of the present application and funclionality described herein.
[00039] Fig. 3A shows a table 300 to iHustrate an example process of the dala
raplication management techniques of the present application. Fig. 3B shows a graph 320
to flustrate an example process of the data replication management technigues of the
present application.

[O0040] Turning o Fig. 3A, to illustrate operation, in one example, it may be
assumed that system 100 includes computing device 102 configured to communicate with
four target computing devices 112-1, 112-2, 112-3, 112-4 over network 110, The data
replication management module 104 may be configured 1o implement the techniques of
the present application and functionality described herein.

[00041) In this example, daia replication management module 104 of computing
devices 102 may be configured {¢ initiate a data replication process o copy source data
set 108 as larget data sets 114-1, 114-2, 114-3, 114-4 associated with respective target
compuling devices 112-1, 112-2, 112-3, 112-4 during a predefined time period of 200
minuies. In one example, management module 104 may be configured {o recsive from a
host computer a reguest to initiate the data replication process. The management moduls
104 determines progress information regarding completion of the data replication process
based on historical and current performance information of target computing devices 112-
1, 112-2, 112-3, 112-4.  in this case, management module 104 determines progress by
polling the progress in 5 minutes intervals during the time period or window starting from
fime = 5 o time =165 minules, as shown by column 302 of table 300.

{00042 The data replication management module 104 determines the performance
information of target computing devices 112-1, 112-2, 112-3, 112-4. For sxample,
management module 104 determines current performance information of target computing
devices 112-1, 112-2, 112-3, 112-4 as shown by respeclive current performance
information columns 304-1, 304-2, 304-3, 304-4 of table 300. in this case, current
performance information relates to data throughput belwesn computing device 102 and
gach of target computing devices 112-1, 112-2, 112-3, 112-4.

[00043] The dala replication management module 104 delermines the overall
progress information.  In this case, management module 104 determines the current
prorated performance information for all of the target computing devices, as shown by
column 306 of tabie 300. In this casse, the current performances information relates (o the

current dala repiication process.
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[00044] The data replication management module 104 determines the historical
performance information as shown by column 308 of table 300. in this case, the historical
performance information relates 1o the average historical data throughput of past or
pravious data replication processes.

fO0045) The data management module 104 determines prograss information based
on current and historical performance information of target computing devices 112-1, 112-
2, 112-3, 112-4. In this case, in one example, management module 104 determines or
calculatgs progress information based on current performance information of target
computing devices 112-1, 112-2, 112-3, 112-4 as shown by respeciive columns 304-1,
304-2, 304-3, 304-4 of table 300. In this case, in one example, management module 104
determines or calculales progress information based on average historical information of
target computing devices 112-1, 112-2, 112-3, 112-4 as shown by column 308 of table
3006,

fO0048] The data management module 104 determines whether the progress
information indicates thal the dala replication process is not to be completed within the
predefined time period.

[00047] If data management module 104 dstermings that the progress information
indicates that the data replication process is not {0 be completed within the predefined time
pariod, then management module may selact a targst computing device 112 from plurality
of target computing devices 112-1, 112-2, 112-3, 112-4 {o complete the complete the data
replication process based on historical and current performance information of the plurality
of targel computing devices. In one example, the data replication management module
selects the target computing device thal has highest performance comparad o those of
the other target computing devices. It should be understood that the data replication
management module may select the target computing device based on other techniques
[00048] On the other hand, if data replication management module 104 delermines
that the progress information indicates that the dala replication process is to be compleied
within the predefined time period, then the module may send continue notifications to
targst computing devices 112-1, 112-2, 112-3, 112-4 10 causs the target computing device
to continue with the completion of the data replication procsss.

{00049] In this case, al time = 70 minutes {column 302), data replication
management module 104 determines that the overall prorated progress information
{column 306) is decreasing 1o a value that is below the value of the historical performance
information {column 308), also as shown by reference 312, For example, the historical

performance information (column 308) indicates a value of 23 Mbps while the overall



WO 2016/200412 PCT/US2015/050867
~12 -

performance {column 306) decreassd to 22 Mbps (at time = 70). If the current
configuration where {o continue, then it may be thal the replication process may not
complete successfully resulting in no copies of the source dala being made fo targset
computing devices. In this case, data replication managemeni module 104 determines that
that it is time to select a target computing device 112 from plurality of target computing
devices 112-1, 112-2, 112-3, 112-4 to complete the replication process.

[00054] In this case, data replication management module 104 determines that the
progress information indicates that the data replication process is not 1o be completed
within the predefined time period, then the management module sslects a target
computing device 112 from plurality of target computing devices 112-1, 112-2, 112-3, 112-
4 to complete the complete the dala replication process based on hisiorical and current
performance information of the plurality of target computing devices. In this cass,
management module 104 selects the third target computing device 112-3 since it has the
highest performance as shown by data throughput of column 304-3 {(value of 38 Mbps) of
table 300 compared to those of the other targel computing devices 112-1, 112-2, 112-4.
The management module 104 sends a continue notification to the selscied target
computing device 112-3 {o cause the selected target computing device {0 continue with
the completion of the data replication process, as shown by reference 310 of table 300. In
one example, management module 104 may be configured to relegse processing
resources used by the computing device 102 associated with the non-selected largst
computing devices 112-1, 112-2 and 112-4 for use by the computing device for the daia
repiication process of the selected {argel compuling device 112-3. In this manner,
releasing resources may aliow the computing device {0 use the resources o complets
replication progess with the selecled target computing device. In this case, the release of
resources may allow computing device 102 to focus on the replication process direcied to
the selecied target computing device 112-3 o Increase performance (data throughput)
from 39 Mbps (at time =70 } {0 60 Mbps (at time = 165} as shown by reference 310 at table
300. in addition, the system lakes some time to adjust the overall performance {dala
throughput} shown by reference 312 such that thereafier performance increases from 45
Mbps (at time =105) to 80 Mbps (at time = 165) as shown by column 306 at table 300.
[00051] In this case, managemeni module 104 send a discontinue notification to
non-selected fargel computing devices 112-1, 112-2, 112-4 1o cause the non-selected
target compuiting devices to discontinue with the data replication process. This is illustrated
by the “pause’ indicalion in respective columins 304-1, 304-2, 304-4 of table 300

associated with respective computing devices 112-1, 112-2, 112-4,
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[00052] in one example, data replication management module 104 may cause the
selected target computing device 112-3 {o initiale a data replication process 1o copy the
replicated target data set to another target computing device of the plurality of target
computing devices. For example, after target computing device 112-3 completes the dala
replication process, it may initiate a daia replication process with target computing devices
11-2.

[00053] in this manner, the present application discloses technigues o provide data
replication management techniguss which may help improve data replication from a
source computing device 1o across a plurality of target computing devices which may
increase the performance of the system. For examiple, the dala replication technigues
such thal even during resource constraint al least ons copy of data is made to healp ansure
data availability.

{O0054] Turning o Fig. 3B, graph 320 Hllustrates an example process of the data
replication process of Fig. 3A. The graph 320 shows time on the x axis (horizontal} in time
intervals and data throughput on the y axis {vertical) in Mbps. The graph 320 shows that
during the initial time period, data replication management module 104 is performing a
data replication process that includes all of the target computing devices 112-1, 112-2,
112-3, 112-4 as shown by reference 322, In this case, inilially, the sysiem may be said
to be operating in a multiple data replication mode such that all targeting computing
devices are configured to perform the daia replication process, as shown by period 322 of
graph 320.

{O0055] However, during the next time interval, dala replication management
module 104 determines that the current performance is decreasing below the historical
performance information during the interval (data replication window time)} as shown by
reference 324 of graph 320.  In particular, the current performance is shown by reference
328 while the historical performance is shown as a value of 23 Mbps by reference 330 at
graph 320,

{00058] In this case, data replication management module 104 selecis targst
computing device 112-3 since it has the highest performance as represented by the
highest data throughput. The management module 104 sends a continue notification to
the selected fargel computing device 112-3 o cause the selected targel computing device
to continue with the completion of the data replication process, as shown by reference 326
of graph 320. In one example, the data replication management module selscts the target
computing device that has highest performance comparad o those of the other target

computing devices. It should be understood that the data replication management module
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may select the target computing device based on other {echnigues. In this case, the
system is said {0 be operating in a single data replication mode such that only one target
computing device is performing the replication process. The management module 104
sgnds a discontinue nolification to non-selected target computing devices 112-1, 112-2,
112-4 {0 cause the non-sslected target computing devices o discontinue with the data
replication process. This aliows the current performance or data throughput of the
selected larget computing device 112-3 for the data replication process {o increass after
the salection process as shown by reference 328 of graph 320. The curreni performance
shown by reference 328 is higher and increases over the historical performance after the
selection process as shown by reference 330 of graph 320.

[00057] In this manner, the present application discloses techniques to provide daia
raplication management techniques which may hslp improve data replication from a
source computing device to across a plurality of target compuling devices which may
increase the performance of the system. For example, the data replication technigues
such that even during resource consiraint at least one copy of daila is made to help ensure
data availability.

f000G58] The process of Figs. 3A and 3B shows example processes and it should
be understood that other configurations can be emploved to practice the techniques of the
present application. For example, processes above may be configured o communicale
with a plurality of computing devices communicating with target computing devices.
{00059 Fig. 4 is an example block diagram showing a non-transitory, computer-
readable medium thal siores code for operation in accordance with an example of the
techniques of the present application. The non-transitory, computer-readable medium is
generally referrad (o by the reference number 400 and may be included in the system in
relation to Fig. 1. The non-transitory, computer-readable medium 400 may correspond {o
any lypical slorage device that stores compuler-implemented instructions, such as
programming code or the lke. For example, the non-lransiiory, compuierreadable
medium 400 may includeg ong or moreg of a non-volatile memory, a volatile memory, and/or
one or more storage devices. Examples of non-volatile memory include, but are not limited
to, electrically erasable programmable Read Only Memory (EEPROM) and Read Only
Memory (ROM). Examples of volatile memory include, but are not limiled fo, Slatic
Random Access Memory (SRAM), and dynamic Random Access Memory (DRAM).
Examples of storage devices include, but are not limited to, hard disk drives, compact disc

drives, digital versatile disc drives, optical drives, and flash memory devices.
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[OG080] A processor 402 generally refrieves and executss the instructions stored in
the non-transitory, computer-readable medium 400 {0 operate the present lechniques in
accordance with an example. In one example, the fangible, compuler-readable medium
400 can be accessed by the processor 402 over a bus 404, Afirst region 406 of the non-
fransitory, computer-readable medium 400 may include data replication management
module 104 functionality as described herein. The data replication management module
104 functionality may be implemented in hardware, software or a combination thereof.
[000661] For example, block 408 provides instructions which may include
instructions {¢ inifiate a data replication process, as described herein. In one example, the
instructions may inciude instructions {o iniliale a dala replication process o copy the
source dala set as target dala sels {0 a plurality of target computing devices during a
predefined lime period, as described hersin.

f00062) For example, block 410 provides instructions which may include
instructions o determine progress information, as described herein. In one example, the
insiructions may include instructions to delermine progress information regarding
completion of the data replication process based on historical and current performance
information of the plurality of target computing devices, as described herein.

fG0083] For example, block 412 provides instructions which may include
instructions o select a target computing, as described herein.  In one example, the
instructions may include instructions 1o select a targst computing device from the plurality
of target computing devices {o complele the complete the data replication process based
on historical and current performance information of the plurality of target computing
devices, as described herein.

{00084] For example, block 414 provides instructions which may inciude
insiructions o cause the selected target computing device to continue, as described
herein. In one example, the instructions may include instructions o cause the salecled
target computing device 1o continue with the completion of the data replication process, as
described hersin.

fO0065) For example, block 416 provides instructions which may include
instructions 1o cause the non-sslecled target computing devices io discontinue, as
describad herein. In one example, the instructions may include instructions o cause the
non-sglected target computing devices to discontinue with the data replication process, as
described herein.

fG0068] For example, block 418 provides instructions which may include

instructions o cause the selected device 1o copy data, as described hergin. In one
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example, the instructions may include instructions {0 cause the replicated target data set
to be copied o another target computing device of the plurality of fargel computing
devices, as described herein.

[00067] Although shown as contiguous blocks, the software components can be
siored in any order or configuration. For exampls, if the non-transitory, computer-readable
medium 400 is a hard drive, the software components can be stored in non-contiguous, or
sven overlapping, sectors.

{00088] As used hersin, a “processor” may include processor resources such as at
lsast one of a Ceniral Processing Unit (CPU), a semiconductor-based microprocessor, a
Graphics Processing Unit (GPU), a Field-Programmable Gate Array (FFGA) configured (o
retrieve and execute instructions, other electronic circuilry suiltable for the retrieval and
execution instructions stored on a computer-readable medium, or a combination thereof.
The processor felches, decodes, and execules instructions stored on medium 400 {0
perform the functionalities described below. In other examples, the functionalities of any
of the instructions of medium 400 may be implemented in the form of electronic circuitry,
in the form of executable instructions encoded on a computer-readable storage medium,
or a combination thereof.

fG0069)] As used herein, a “compuler-readable medium” may be any electronic,
magnetic, oplical, or other physical storage apparatus o contain or store information such
as executable instructions, data, and the like. For example, any compuler-readable
storage medium described herein may be any of Random Access Memory (RAM), volatile
memory, non-volatile memory, flash memory, a storage drive {e.g., a hard drive), a solid
state drive, any type of storage disc (8.¢., a compact disc, a DVD, etc.), and the like, or a
combination thereof. Further, any computer-readable medium described herain may be
non-transitory. in examples described herein, a computer-readable medium or media is
part of an article {(or article of manufacture). An article or article of manufacture may refer
to any manufactured single component or mulliple componenis. The meadium may be
located either in the sysiem executing the computer-readable instructions, or remote from
but accessible ¢ the system {e.g., via a computer network) for execution. in the example
of Fig. 4, medium 400 may be implemented by one computer—readable medium, or multiple
compuler-readable media.

[00074] in examples described herein, computing device 102 may communicats
with components implemented on separate devices or system(s) via a network interface
device of the computing device. For example, computing device 102 may communicale

with storage device 108 via a network interface device of the computing device 102, In
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ancther exampls, computing device 102 may communicate with target computing devices
112 via a network interface device of the computing device 102, In examples described
herein, a “network interface device” may be a hardware device o communicale over at
least one computer network. In some examples, a network interface may be a Network
Interface Card (NIC) or the like. As used herein, a computer network may include, for
example, a Local Area Network {(LAN}, a Wireless Local Area Network (WLAN), a Virtual
Frivate Network (VPN), the internel, or the like, or a combination thereof. In some
examplas, a computer networlc may include a telephone network {e.g., a celiular telephong
network;.

00071 in some examples, instructions 408-418 may be part of an insialiation
package thal, when installed, may be execuled by processor 402 {o implement the
functionalities described herein in relation {o instructions 408-418. In such examples,
medium 400 may be a portable medium, such as a CD, BVD, or flash drive, or a memory
maintained by a server from which the installation package can be downloaded and
insialled. In olher examples, insiructions 408-418 may be part of an application,
applications, or component(s) aiready installed on computing device 102 including
processor 402. In such examples, the medium 400 may include memory such as a hard
drive, sclid state drive, or the like. In some examples, funclionaliies described herein in
refation to Figs. 1 through 4 may be provided in combination with functionalities described
herein in relation 1o any of Figs. 1 through 4.

{000672] The foregoing describes a novel and previcusly unforeseen approach for
siorage management. While the above application has been shown and described with
reference to the foregoing exampiles, it shouid be understood that other forms, details, and
implementations may be made without departing from the spirit and scope of this

application.
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WHAT IS CLAIMED IS:

1. A computing device comprising:

a storage device {o store a source data set; and

a data replication management module to:

initiate a dala replication process 1o copy the source data set as target dala sels
to a plurality of target computing devices during a predefined time period,

determine progress information regarding completion of the data replication
process based on historical and current performance information of the plurality of target
computing devices,

if the progress information indicates that the data replication process is not {o be
completed within the predefined time period, then

select a targst computing device from the plurality of targst computing devices to
complets the complete the data replication process based on hislorical and current
performance information of the plurality of larget computing devices, and

send a continue notification 1o the selected targst computing device to causes the
selected target computing device o continue with the completion of the data replication
process,

send a discontinue notification to non-selected target computing devices to cause
the non-sglected target computing devices to discontinue with the data replication
procaess, and

cause the selacted largel computing device {0 initiate a dala replication process
to copy the replicated target data sel o another target computing device of the plurality

of target computing devices.

2. The computing device of claim 1, wherein if the progress information indicates that
the data replication process is 1o be completed within the pradefined time period, then
send continue notifications to the targst computing devices 1o cause the targst

computing device to continue with the completion of the data replication process.

3. The computing device of 1, wherein the data replication management module o
calculate the current performance information of a target computing device which relates
to data throughput during the data replication process and calculate the historical
performance information of the {argel computing device which relates (o data throughput

during previous data replication processes.
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4. The computing device of claim 1, wherein the dala replication management module to
releass processing resources used by the computing device associated with the non-
sglected larget computing devices for use by the computing device for the dala

replication process of the selected target computing devics.

5. The computing device of claim 1, wherain the data replication management module o

receive from a host computer a reguest {0 iniliale the data replication process.

8. A method of data replication management, the method comprising:

initiating a data replication process 1o copy source data sel as targel data sels fo
a plurality of target computing devices during a predefined time period,;

determining progress information regarding complstion of the data replication
process based on historical and current performance information of the plurality of target
compuling devices; and

if the progress information indicates that the data repiication process is not o be
completed within a predsfined time period, then

selecting a target computing device from the plurality of target computing devices
to complsle the complets the data replicalion process based on historical and current
performance information of the plurality of target computing devices, and

causing the selected target computing device o continue with the completion of
the dala replication process, causing the non-selected target computing devices to
discontinue with the dala replication process, and causing the replicated target data set
to be copied to ancther target computing device of the plurality of target computing

devices.

7. The method of claim 8, wherein if the progress information indicates that the data
raplication process is 1o be completed within the predefined lime period, then sending
continue notifications o the targst computing devices 1o cause the target computing

device o continue with the completion of the data replication process.

8. The method of claim 6, further comprising calculating the current performance
information of a target computing device which relates {o daia throughput during the data

replication process and calculating the historical performance information of the target
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computing device which relates to data throughput during previcus data replication

processes.

8. The method of claim 6, further comprising releasing processing resources used by
the computing device associated with the non-selecled target computing devices for uss
by the computing device for the data replication process of the selected target computing

davice,

10. The method of claim 8, further comprising recsiving from a host computer a request

to initiate the data replication process.

11. A non-transitory computer-readable medium having computer executable
instructions stored thereon for data replication management, the instructions are
execulable by a processor (o

initiate a data replication process 1o copy source data set as larget data sels o a
plurality of target computing devices during a predefined time period;

determine progress information regarding completion of the data replication
process based on historical and current performance information of the plurality of target
computing devices; and

if the progress information indicates that the data replication process is not io be
completad within a predefined time pericd, then

select a target computing device from the plurality of target computing devices {o
complete the complete the dala replication process based on hisiorical and current
performance information of the plurality of target computing devices, and

cause the selscted target computing device o continug with the completion of the
data replication process, cause the replicated target data setl {o be copied o ancther
target computing device of the pluralily of target compulting devicss, and cause the non-

sglected larget computing devices 1o discontinue with the data replication process.

12. The non-transitory computer-readable medium of claim 11, further comprising
insiructions that if exscuted cause a processor (0 send a discontinue notification to non-
selecied target compuling devices 10 cause the non-selected targst computing devices to

discontinue with the data replication process.



WO 2016/200412 PCT/US2015/050867
-9 -

13. The non-transitory computer-readable medium of claim 11, further comprising
instructions that if executed cause a processor to: calculate the current performance
information of a target computing device which relates o data throughput during the data
raplication process and calculats the historical performance information of the {argst
computing device which relates {o data throughput during previous data replication

pProcesses.

14. The non-transitory computer-readable medium of claim 11 further comprising

insiructions that if exscuted cause a processor {0 release processing resources used by
the computing device associated with the non-selecied target computing devices for use
by the compuling device for the dala replication process of the salecled target computing

davice.

15. The non-transitory computer-readable medium of claim 11 further comprising
insiructions that if exsculed cause a processor 0 receive from a host computer a

requeast 1o initiate the data replication procsss.
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SELECT A TARGET COMPUTING DEVICE FROM THE PLURALITY OF — 208
TARGET COMPUTING DEVICES TO COMPLETE THE REPLICATION
PROCESS BASED ON HISTORICAL AND CURRENT PERFORMANCE
INFORMATION OF THE PLURALITY OF TARGET COMPUTING DEVICES

%v

CAUSE THE SELECTED TARGET COMPUTING DEVICE TO CONTINUE - 210
WITH THE COMPLETION OF THE REPLICATION PROCESS
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CAUSE THE NON-SELECTED TARGET COMPUTING DEVICESTO — 212
DISCONTINUE WITH THE REPLICATION PROCESS
Y
INITIATE A REPLICATION PROCESS TO COPY THE REPLICATED  — 214

TARGET DATA SET TO ANOTHER TARGET COMPUTING DEVICE OF
THE PLURALITY OF TARGET COMPUTING DEVICES

v FIG. 2
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poLL | TARGET | TARGET | TARGET | TARGET OVERALL HISTORICAL
DURING 1 2 3 4 THROUGHPUT AVERAGE
PERIOD FOR ALL
REPLICATION
{MB/SEQ)
5 20 25 40 18 26 23
10 21 22 43 19 26 23
15 20 35 45 3 23 23
20 18 32 43 21 29 23
25 18 22 42 18 25 23
30 173 284 42 224 28 23
35 | 166 | 288 39 | 226 27 23
4 | 159 | 202 40 228 27 23
45 | 152 | 286 43 23 28 23
50 | 145 | 30 45 | 232 28 23
55 138 304 43 | 234 28 23
60 | 131 | 208 42 | 236 77 23
65 | 124 | 312 42 | 238 27 23
70 0 117 | 117 38 Y %4 2 Y 23
75 11 10 42 18 20 23
80 77 11 39 19 19 23
88 9.6 17 38 20 21 23
90 8.9 12 40 21 20 23
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130 pause | pause 58 pause 55 23
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145 pause | pause 50 pause 50 23
180 padse | pause 53 Jause 53 23
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