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(57) Abstract: In one example, determine first Input Output Requests Per
Second (IOPs) values of IOPs of first groups of volumes of data replication
groups assigned to controllers, determine second IOPs values comprising
IOPS of second groups of other volumes not of data replication groups as-
signed to the controllers, determine total IOPs values comprising sum of first
and second IOPs values of the controllers, determine usage values based on
the total IOPs values of controllers. If difference of usage values of one of
controller is greater than a threshold amount, partition volumes of volume
sets of first and second groups into first and second partition groups, the dif-
ference between sums of the first and second IOPs values is minimum, and
volumes of the first groups not transferable to second groups, and reassign
ownership of first partition to the first controller and the second partition to
the second controller.
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STORAGE MANAGEMENT

BACKGROUND

[G001] Computer systems include host computers thal communicats with storage

systams. The storage systems may include storage devices to store data for later retriaval.
The host computers may send commands (o the storage systems which store data at the

storage devices as well as retrieve data from the storage devices.

BRIEF DESCRIFPTION OF THE DRAWINGS

[6002] Examples are describad in the following detalied description and in reference

to the drawings, in which:

{60031 Fig. 1 depicts an example system for storage management in accordance
with an example of the techniques of the prasent application;

[0004] Figs. 2A through 2B depict an example flow chart of processeas for storage
management in accordance with an example of the technigues of the present application;
[6005] Figs. 3A through 3H depict example diagrams of storage managemsnt in
accordance with an example of the techniques of the present application; and

[6008] Fig. 4 depicts an sxample block diagram showing a non-transitory,
computer-readable medium thalt slores instructions for slorage management in

accordance with an exampie of the techniques of the present application.

DETAILED DESCRIPTION

{00077 Computer systems include host computers that communicate with slorage

systems. The storage systems may include storage subsystems with slorage devices
having storage volumes to store data for fater retrieval. The host compulers may send
commands such as inputCutput {0 requests o the storage systems 1o have the slorage
systems store data al the storage devices as well as retrieve data from the storage
devices. Computer systems may include storage controllers to interface between host
computers and storage systems

[0008] Some storage systems may be configured to have several storage
controliers.  In one example, the storage systems may be configured as a dual storage
controlier arrangement with a first {master) controller that may interact with a second
{slave} confroller. The siorage systems may provide slorage volumes to allow storage
coniroliers to store data for later retrieval by the slorage controllers. In one example,

ownership of volumes may be assigned or distributed in an even manner between storage
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controfiers {o provide a balanced 10 workload. In this case, assignment of the volume
ownership may be evenly distributed between storage controllers. However, 1O workioad
from 10O requests from host compulers may not be evenly distributed between the
controfiers. When a volume owned by a storage controller is accessed, all the 1O activity
directed to that volume (sven via other the controllsr) is procassad by the controller that
owns the volume. For example, if host computers and/or applications using the storage
systems are mostly accessing the volumes ownsd by a master controllsr, then 10
processing may occur mostly in the master controlier which may use {usage or usags
performance)} most of the slorage coniroller resources (such as memory, cache, O
bandwidth efc.). in contrast, the resources of the other controller (slave controlier) may be
underutilized and thus may decrease the performance of the slorage system.

[6009] In some examples, the present application discloses techniques which may
address this situation and help increase the performance of the storage system. In one
sxampie, the techniques provide a load balancing procass which may help balance the {O
foad or workload on volumes on both the controllers while considering volumes of data
replication groups and volumss that are not part of the data replication groups. In one
exampie, the process may provide for volume ownership between the two storage
controfiers {master and slave}to be balanced based on the IG load on individual controllers
while considering data replication groups. The data replication groups may include several
characleristics or propertiss.  For example, volumes that are associated with daia
raplication groups may be configured to be connected or online to one storage controller
for fallover purposes {(sither master or slave controlier). For example, if a volume (that is
associated with a data replication group) changes ownership from one controller to ancther
controlier, then aifl the volumes associated with the data replication group (including data
replication log) which are part of the same data replication changes ownership to the new
controlier. That is, data replication groups and associated volumes are connected or online
to one controlier. In another example, If a volume of a data replication groups fails, then
the whole or tolal data replication group fails. In this manner, these techniques consider
data replication groups as part of the load balancing process which may improve
performance of siorage controllers, use of resources and 10 response time.

{60107 in one example, the present application discloses storage management
tachniques which include providing a storage management module to perform a load
balancing process. The storage management module is configured (o determine first Input
Qutput Requests Per Second (I0OFs) values comprising IOPs of first volume groups

associated with volumes of data replication groups assigned ownership o first and second
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storage conirollers. The storage management madule is configured to determine second
IOPs values comprising IOPS of sscond volume groups associated with all other volumes
not associated with data raplication groups assigned ownership {0 the controllers. Ths
storage management module is configured to determing total IOPs values comprising sum
of the first IOPs values and second IOPs valuss of the conirollers. The storage
managemeant module is configured to delermine usage values based on the total 10Ps
valies of respective controllers,

(00014 The storage management module is configured o check I a difference of
the usage values of one of the controliers is greater than a threshold amount. If storage
management module determines that there is difference of the usage values of one of the
controliers greater than a threshold amount, then it proceeds to partition volumes of
volume sets comprising the first volume groups and second volume groups into first and
second patrtition volume groups. In one example, the difference between sums of the first
HOPs values and second {OPs values is minimum. In one example, the volumes of the
first volume groups are not assigned ownership to the second volume groups. The storage
managsment module is configured 1o reassign ownership of the first partition volume
groups o the first controfler and the second partition volums groups to the sscond
controlier.

[00012] The siorage management module may configurs the volumes of the first
volume groups o be associated with a data replication process. in one example, the dala
raplication process may include a process of copying volumaes of data replication groups
from a first storage controller {or storage system) designated as a source controller o
volumes at a second controller (or storage sysiem) designated as a destination controller
to provide consistency between the source controller and the destination controller in event
of failure of the source controlier. For example, o protect the data in volumeas from loss,
the data replication process may replicale data in a storage system implemented on
computing device{s) at a first physical location to a storage system implemented on
computing device(s) at a second physical location.  In such examples, if a failure of
volumes occurs or other event prevents retrieval of at least some portion of the data of the
storage system at the first location, it may bs possible to retrieve the data from the storage
systaim at the second location.

[60013] in this manner, in soms examplss, the present application discloses
techniques to provide load balancing which may help increase the performance of ths

storags system.



WO 2016/190893 PCT/US2015/045127

-4

[00014] Fig. 1 depicts an example system 100 for storage management in
accordance with an example of the techniques of the present application. The system 10{
includes a storage system 118 configured to communicate with host computers 108 over
a network 106.

[00015] The storage system 118 includes storage controllers 102 o communicate
with host computers 108 over the nstwork 106 and communicate with storages subsystems
104 over a storage network 122,

[00018] The storage confrollers 102 (102-1 through 102-n) include respeclive
storage management modules 116 (116-1 through 116-n) o provide storage management
functionality as dsscribed herein.  In one example, slorage management modules 116
provide funclionality to process 1O requests from host computers 108 to access data stored
ot storage volumeas 110 (110-1 through 110-n) of storage subsystems 104 (104-1 through
1(4-1). The storage volumes 110 may be defined as any electronic means 1o store data
for later refrieval such as storage devices. The storage volumes 110 may by logical units
of data that can be defined across multiple storage devices of storage subsystems 104,
The 1O requssts may include raguests o read data from volumes 110 and requesis {o
write daia to the volumes. The storage system 118 may assign ownership of storage
volumess 110 to storage controllers 102, The storage controller that is assigned o control
a given volume is referred o as the owner of the given storags volume. In other words, a
storage controfler thatl is an owner of a given storage volume performs control of access
made {0 the given siorage volume {while other storage confrollers do not conirol access
to the given storage volume). The storage system 118 configures storage volumeas 110 as
volumes of data replication groups 112 (112-1 through 112-n}) and as volumes of other
groups 114 {(114-1 through 114-n) which are not part of the data replication groups. The
storage system 118 may configure data replication groups 112 to be part of a data
replication process as explained below in further detail.

[60017] in one example, to illusirale operation of the techniques of the present
application, storage system 118 may configure the system to have a cluster of storage
controliers.  In an example, the storage system may configure the system as a dual
controlier systaem that includes a first storage controfler 102-1 and a second siorage
controlier 102-2 where each of the storage controliers perform functionality of respective
storage management maodules 116-1 and 116-2. The storage management modules 116
{(116- and 116-2) may be configured o determine first Input Quiput Requests Per Second
(10Ps) values comprising 1OFs of first volume groups associated with volumes 110 of dala

replication groups 112 assigned ownership to first and second siorage controllers. Ths
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storage management module 116 may be configured to determine sscond 10Ps values
comprises {OPs of second volume groups associated with all other volumes 114 not
associated with data replication groups assigned ownership to the confrollers. The storage
management module 118 may be configured to determine tolal IOPs values comprising
sum of the first IOPs values and second I0Ps valuss of the conirollers.  The storage
managemeant module 116 may be configured to determine usage values based on the {otal
IOPs values of respective conirollers. The [OPs values may be defined as the number of
IO requests processsad by each of the storags controlisrs over a period of time. The usags
values may be defined as usage performance of storage controllers which include actual
performance compared to maximum performance. For example, a storage controlier may
be configured to perform or have resources o handle a maximum 10,000 IOPs and the
actual performance or use is 6,700 IOFs. inthis case, usage value is 67 %=(6,700/10,000).
The host computers 108 send to storage controllers 102 the 10 requests which include
requests to read dala from volumes 110 and write data o the volumes. |t should be
understood that other measures other than usage or use of IOPs, such as 10 latency
measurements, may be emploved to determing usage or performance or activity of the
storage controllers.

[00018] The storage management module 116 may be configured o check if a
difference of the usags values of one of the controllers is greatsr than a threshold amount.
The usage values may be defined as the amount of use or utilization of resourcas by the
storage controllers.  For example, usage values may include 10Ps valuss of slorage
controliers. To illustrate, assume that a storage system is configured with a Tirst controller
102-1 and a second controller 102-2 and the system is configured with 10 volumes Volt
through Vol1d as shown in Fig. 3F. Since volume distribution across controllers is not
based on the 10 load, it may so happen that first coniroller performance utilization is very
high compared fo second controller's performance utilization. The first controller is
undergoing more [O activity or workload when compared with second controller. This way
second controller processing power is underutilized and may result in overall system
performance degradation. Further assume that maximum 1O processing power per
controfier is 10,000 10OPs.  The total IOPS processed by the storage system is
13,300=(7,700 + 5,600} This Is 88.5%=(13,300/20,080) of the total storage system
performancs. The storage systam should be ready to accept 33.55% more 10 requests.
Howsver, first conlroller’s parformance utllization or usage value is al 77%=(7,700/10,000)
whersas second  controller’s  performance  utilization or usage valus is only

B6%=(5,6004/10,000). In this case, second controfier's processing power is underutilized.
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Furthermore, if host computers 108 desire o increase 10 requests (o the volumes owned
by first controller then it may fail due o resource limitation in the first controller, even
though there is plenty of free resources available in second controlier. This exampls was
to iliustrats usage or utilization measursments but does not consider data replication
Groups.

(00019 If storage management module 116 determines that there is difference of
the usage values of one of the controllers is greater than a threshold amount, then it
proceads o partition volumes of veolume sets comprising the first volume groups and
second volume groups into first and second partition volume groups. The threshold
amount may be any amount specified by siorage system based on the requirements or
criteria of the system. For example, the threshold amount or value may be 10% which is
a relatively low number which triggers the partition process. Continuing with the example
of Fig. 3F, without considering data replication groups, first controller 102-1 compares its
usage {77%) with usage (56%) of second controller 102-2 {o determine whether the
difference is greater than a threshold amount such as 10%. In one example, the partition
process may be such that the difference between sums of the first IOPs values and second
IOPs values is to ba 3 minimum. in one example, the partition process may be such that
volumes of the first volume groups are not transferable {change of ownership) to the
second volume groups. The storage management module 116 may bs configured o
reassign ownership of the first partition volume groups to the first controller and the second
partition volume groups to the second confroller, as show in Fig. 3H as explained below in
further detail. The storage managemsnt module 116 may be configured to configure the
volumes of the first volume groups to be associated with a data replication process. Inone
example, the data replication process may include a process of copying volumes of data
replication groups 112 from a first storage controlier {or storage system) designated as a
source controlier to volumes at a second controller {or storage system) designated as a
destination controller to provide consistency between the source controdler and the
destination confroller in event of failure of the source controller.

[00028] The siorage management module 118 may be configured to communicate
with host computers 108 to facilitate access of host computers o data stored in volumes
110 of storags subsystems 104. In one example, first controlier 102-1 may bs configurad
to respond to receipt from a host computer 108 of requests to access volumes ownsd by
the first controller. In this case, first storage controller 102-1 may be configured to respond
with status of the requasts o the host computer. In the case of 3 read request, first

controlier 102-1 responds with the requested data from tha relsvant volume and the status
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of the request. In the case of a wrile request, first controller 162-1 writes the data from
host computer to the relevant volume and respond with the status of the requsst. in ancther
exampie, first controller 102-1 may be configursd to handle a receipt from a host computer
108 a request to access volumes owned by a second controller 102-2. In this case, in
response o recsipt of the request, first controlfler 102-1 may cause second storags
controller 102-2 10 access the volumss and have the second controller send a responss
with status of the requast fo the first controller which than in urn responds with the status
to the host computer,

(0002} As explained above, storage management moduie 116 may be configured
to configure volumes 110 of data replication groups 112 to be associaled with a dala
replication process. In one example, the data replication process may include a remote
replication process which involves continuous copying of data from selecied volumes of a
source {local) storage sysiem to related volumes on a destination (remoie} storage
system. In one example, applications or programs may continue to execute on system
100 while data is being replicated in the background. The data replication groups 112 may
be defined as a logical group of volumes in a remote replication relationship hetween two
storage systems. In one example, host computsrs 108 may issus commands 1o storage
system 118 to write data o the volumes associated with data replication groups in a source
storage system. In this case, the storage system 118 may copy the data to the volumes
in the destination storage system. The storage system 118 may be configured o mainiain
VO order across volumes in data replication groups 112, In this manner, this may help
ensure data consisiency of data on the destination storage system in the svent of a failure
of the source slorage system. Failure events associated with storage systems may be
defined as conditions which may impair or prevent the ability of a system to retrieve data
from the system such that data may be corrupt. The volumes 110 associated with data
replication groups 112 may fail over together and share a write history log o help preserve
write order within the data replication groups. In one example, the write history log may
be include a volume that stores the write data of a data replication group. The log may be
created automatically when the data replication group is created. The log may be used to
preserve write order within a data replication group. The storage system 118 configures
volumes 110 associated with data replication groups 112 to bs connected (online} to one
storage controfler. That is, data replication groups 112 and associated volumes ownership
are associated with one storage controller. In one example, if 3 volume that is associated

or part of a data replication group performs a failover operation o another storage
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controlier then the complete data replication group is configured to failover to that storage
controlier.

[00022] The storage management module 116 may be configured to perform the
data replication process with two replication writs modes of opseration. For example,
storags managemsri modules 116 may employ an asynchronous mods where a source
storags system acknowledges /O completion hefore data is replicated on the destination
storags system. In ancther example, storage management modules 116 may employ a
synchronous mode where a source storage system acknowledges /O completion after the
data is cached on both the local and destination storage systems.

[00023] The storage management modules 116 may be configured o manags
volumes as data replication groups 112 and volumes of other groups 114 In one example,
data replication groups 112 may include logical group of volumes or Logical Unit Numbaers
(LUNs). The data replication groups 112 may be configured to be connected or online
with respect to a particular conirolier. That is, ownership of the group and its associated
volumes are configured fo be associated with only one controller. In one example, volumes
of a data replication group fallover togather as single entily or unit. That is, if a volume
associated with a data replication group performs a fallover to another starage controller
the complets data replication group and iis member volumes including the data replication
log perform a failover to that storage conirolier.  In this case, even though a single volume
failover happens, complete data replication group will perform a failover and ownership of
entire data replication group gets changed. In case of non-data replication groups 114
{i.e. regular volumes/normal volumes/ ordinary volumes) that performs failover, ownership
of the failover volume will get changed and other volumes in the system will not be
impacted. Howsver, in case of data replication groups, ownership of all the member
volumes of the datla replication get changed.

[00024] The siorage management modules 116 may be configured {o manage and
use metadata related to lbad balancing during procassing.  For example, siorags
management modules 1186 may determine the first I0Ps values and second 10Ps values
of the controllers based on metadata of the controllers and then reset the metadata of the
controliers after the determination of the IOPs values.

[60025] in this manner, in some examples, the techniques of the prasent application
may provide storage management tschniques for load balancing to help improve ths
performance of slorage systems.

[000286] The network 106 may include any means of electronic or dala

communication between host computers 108 and storage system 118, The network 106
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may include a local area network, Internet and the like. The storage network 122 may be
any msans of elsctronic or data communication bstwesn storags controller 102 and
storags subsystems 104. The storage network 122 may include Fibre Channel natwork,
SCSI (Small Computer System Interface) link, Serial Altached SCSI (8AS) link and the
like. The storage controliers 102 may be coupled through different seis of network
components contained in storage network 122 to corresponding different storage
subsysiems. The storage network 122 may include expanders, concentrators, routers, and
other communications devices. In one sxample, a slorage controlier 102 may be coupled
aver a first set of network components {o one slorage subsystem, while another storage
controlier can be coupled by a different set of network components to another storage
subsysiem.

[00027] The storage controllers 102 may include any electronic device or means of
processing requasts from host computers 108 to access data from volumes 110, The
storage controfiers 102 may include network interfaces o allow the storage controllers o
communicate over network 106 with host computers 108 and with other storage controllers
of system 118, In another example, instead of communicating over nstwork 106, storage
controfiers 102 may communicaie with each other over storage network 122, or through
ancther network.

[00028] The volumes 110 of siorage subsystems 104 may be configured as
Redundancy Array of Inexpensive Disks (RAID) volumes. A RAID volume may be
deploved across multiple storage devices of siorage subsystems 104 to provide
redundancy. The redundancy can be based on mirroring of data, where data in one
storage device is copied to a mirror storage device (which contains a mirror copy of the
data). RAID-1 is an example of a mirroring redundancy scheme. In this arrangement, if an
error causes data of the source storage device to be unavailable, then the mirror storage
device can be accessad o relrieve the data. Anocther type of redundancy is parity-based
redundancy, where data is stored across a group of slorage devices, and parity information
associated with the data is stored in another storage device. If date within any storage
device in the group of storage devices were o become inaccessible {due fo data error or
storage device fault or failure), the parity information can be accessed to reconstruct the
data. Examplss of parity-based redundancy schemss include RAID-5 and RAID-6
schemss. If used with RAID volumes, storags controllers 102 in system 100 are RAID
controliers. Although reference is made to RAID volumess, it should be undersiood that

other types of volumes can be employed in other examples.
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[0002%] The storage subsysiems 134 include storage volumes 110, As explained
above, volumes 110 may be logical units of data that can be defined on one or more
storage devices, including an array of storage devices in siorage subsystems. The storage
device may refer {o a physical storage elament, such as a disk-basad storage element
{e.g., hard disk drive, optical disk drive, sic.} or cther type of storage slament (e.g.,
semiconductor storage slement). In one example, multiple storage devices within a
storage subsystem can be arranged as an array configuration.

(000307 The system 100 of Fig. 1 shows sxample siorage controliers 102 and
should be undersicod thal other corfigurations may be emploved to practice the
techniques of the present application. For example, system 100 may be configured {o
communicate with a pluralily of storage confrollers 102 and with a plurality of host
computers 108 and with a plurality of siorage subsystems 104. The components of system
133 may be implemented in hardware, sofiware or a combination thereof. For example,
the functionality of the components of system 100 may be implemented using technology
refated to Personal Computers (PCs), server compulers, tablet computers, mobile
compuiers and the like. The storage controllers 102, host computers 108 and storage
systems 118 may communicate using any communications means such as Fibre Channel,
Ethernet and the like.

[00031] Fig. 1 shows a storage system 118 to provide storage managsment. The
storage system 118 may include computer-readable storags medium comprising {8.g.,
encoded with) instruclions executable by a processor to implement funclionalities
describad herein in relation to FIG. 1. In some exampilas, the funclionalitiss described
herein in relation fo instructions o implement storage management module 116 funclions,
and any additional instructions described herein in relation to slorage medium, may be
implemented as engines or modules comprising any combination of hardware and
programming to implement the funclionalities of the modules or engines, as described
below. The functions of storage system 118 may be implemented by computing devices
which may be a server, blade enciosure, desktop computer, laptop (or notebook)
computer, worksiation, tablet computer, mobile phone, smart device, or any other
processing device or equipment including a procassing resaurce. In sxamples described
herein, a procassor may include, for example, one processor or mulliple processors
included in a single computing device or distributed across mutltiple computing devices.
[60032] Figs. 2A through 2B depict an sxample flow chart 200 of a process for
storage management in accordance with an example of the techniques of the present

application. To illustrate operation, it may be assumed that systemn 100 includes storage
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system 118 with a first storage controller 102-1 and a second storage controller 102-2
configured in a dual controfier configuration. H may also be assumed that storage
controliers 102 are configured {o communicaie with host compuiers 108 over network 106.
it may also bs assumed that storage controllers 102-1 and 102-2 are configured to
communicate with first storage subsystem 104-1 and second storage subsystem 104-2
over slorage network 122, The storage controllers 102 include storage management
modules 116 o implement the iechniques of the present application and functionality
described herein.

[60033] it should be undersiood the process depicted in Figs. 2A through 2B
represents generalized Hlustrations, and that other processes may be added or existing
processes may be removed, modified, or rearranged without departing from the scope and
spirit of the present application. in addition, it should be undersiood that the processes
may represent instructions stored on a computer-readable storage medium that, when
sxecuted, may cause a processor 1o respond, to perform actions, to change states, and/or
to make decisions. Alternatively, the processes may represent functions and/or actions
parformed by functionally equivalent circuits liks analog circuits, digital signal processing
circuits, Application SpecHfic Integrated Circuits (ASICs), or other hardwars components
associated with the system. Furthermore, the flow charts are not intended to limit the
implemsniation of the present application, but rather the flow charts illustrals functional
information to designffabricate circuils, generate software, or use a combination of
hardwars and software o perform the illustrated processas,

[00034] The process 200 may begin al block 202, where storage conirollers 102
determine first 10Ps values comprising 10Ps of first volume groups associated with
volumes of data replication groups 112 assigned ownership to first and second storage
controfiers. Inone example, first slorage management module 116-1 determines firstiOPs
values comprising IOPs of first volume groups associated with volumes of data replication
groups 112-1 which are assignad ownership to the first storage controller.  In a similar
manner, second slorage management module 116-2 determines first 10OPs values
comprising HOPs of first volume groups associated with volumes of data replication groups
112-2 which are assigned ownership to the second storage controllsr.  Processing
proceeds (o block 204.

[60035] At block 204, storage controllers 102 detsrmine second 10Ps values
comprising 10Ps of second volume groups associated with all other volumes 114 not
associated with data replication groups which are assigned ownership to the controllers.

in one example, first storage managemsnt moduls 116-1 determines sscond 10Ps values
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comprising IOPS of second volume groups assaciated with all other volumes 114-1 not
associated with data replication groups assigned cwnership ta the first storage controller.
In a similar manner, second storage management module 116-2 determines second 10Ps
values comprising IOPS of second volums groups associated with all other volumes 114-
2 not associated with data replication groups which are assigned ownearship to the second
storags controller. Processing proceeds to block 206,

[60038] At block 206, storage controllers 102 determine tolal 10Ps values
comprising sum of the first IOPs values and second 10Ps values of the controflers. Inone
example, first slorage management module 116-1 defermines sum of the first IOPs values
and sscond OPs values of the first storage controller. In a similar manner, second storage
management module 118-2 determines sum of the first [OPs values and second 10OPs
values of the second storage controller. Processing proceeds o block 208,

[00037] At block 208, storage controllers 102 determine usage values based anthe
total 10Ps values of raspective controllers. In one example, first storage management
module 116-1 delermines usage values based on the {otal I0Ps values of the first storage
controfier. in a similar manner, second storage management module 116-2 determines
usage values hased on the total IOPs valuss of the sscond controller.  Processing
proceeds to block 210,

[00038] Al block 210, slorage controllers 102 determineg whether difference of the
usage values of one of the controliers is greater than a threshold amount. In ons exampls,
first storage management module 116-1 dstermines whether difference of the usage
values of the first slorage controller is greater than a threshold amount.  In a similar
manner, second storage management module 116-2 determines whether difference of the
usage vaiues of the second storage controller is greater than a threshold amount.  ifthe
storage management modules 116 delermine a difference of the usage values is greater
than a threshold amount, then processing proceeds to biock 212, On the other hand, i
storage management modules 116 determine a difference of the usage values is not
greater than a threshold amount, then processing praceeds to end block to perform some
other processing or back to the begin block for further storage controller processing.
[60033] At block 212, storage controllers 102 partition volumes of volume sals
comprising first volume groups and sscond volume groups into first and second partition
volume groups. n one exampls, storage managemsnt modulas 118 perform the partition
such that the difference betwesn sums of the first IOPs valuss and second [OPs valuss is

minimum.  In one sxample, storage management modules 116 perform the partition
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function such that volumes of the first volume groups are not ownership assignable or
transferable (o the second volume groups. Procassing proceeds (o block 214.

[60040] At block 214, storage controllers 102 reassign ownership of the first
partition volume groups to first controfler 102-1 and the sscond partition volume groups to
second controller 102-2. In one sxample, storage managemesnt modules 116 reassign
ownership of the first partition volume groups to first controfler 102-1 and the second
partition volume groups to second controller 102-2.  Processing proceeds to block 216,
[00041] At block 218, storage controfiers 102 configure the volumes of first volume
groups to be associated with a dala replication process. For example, first storage
management moduie 116-1 configures the volumes of first volume groups o be associaled
with a data replication process. In a similar manner, second storage management moduie
116-2 configures the volumes of first volume groups o be associated with a dala
replication process. In one example, storage controllers 102 may be configured to perform
a data replication process that includes copying volumes of the first volume group of a first
controfier (o a first storage system 118} designated as a source controlier fo volumes at
a second controller (or second storage system 118) designated as a destination controller
to provide consistency between the source coniroller and the destination controller in event
of failure of the sourcs controller. Processing proceeds to end block for other procsssing.
[00042] i this manner, in some axamples, the techniques of the present application
may provide storage management techniques for load balancing (o help improve the
performance of storage systems.

[00043] The process 200 of Figs. 2A through 2B shows an example procass and it
shouid be undersiood that other configurations can be emploved o practice the technigues
of the present application. For example, process 200 may be configured to communicate
with a plurality of additional storage controliers 102, plurality of storage systems 118 and
the like.

[60044] Figs. 3A through 3H depicts example diagrams of processes for storage
management in accordance with an example of the techniques of the present application.
The Figs. 3A through 3H show how the technigues of the present application provide load
balancing functionality for storage system 100 of Fig. 1, as an example. To illustrate
operation, it may be assumed that system 100 includes storage system 118 with a first
storage controller 102-1 and a second storage controller 102-2 configured in a dual
controlier configuration. It may also be assumed that storage controfiers 102 are
configured o communicate with host computers 108 over network 106, It may also be

assumed that storage controllers 102 are configured (o communicate with first storage
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subsystem 104-1 and second storage subsystam 104-2 over storage network 122, The
storags controllers 102 include storage management modules 116 o implement the
tschniques of the present application and functionality described herein.

[00045] Fig. 3A shows system 100 where storage system 118 configures a total of
ten (10) storags volumes 110 labeled Voll through Vol10 {o be assigned ownership across
first storage controller 102-1 and sscond storage controller 102-2.  In one example,
storags system 118 configures storage volumes Vol7 and Vol as a first volume group
associated with volumes of a first data replication group Groupi, as shown in the table.
The storage system 118 configures storage volumes Volt, Vol3, VolS as first volume group
associated with volumes of a second data replication group Group2, as shown in the table.
in addition, data replication groups Groupt and Group2 are associated with respective
data replication logs DRI which maintains information about the groups. The storage
system 118 configures the other volumes ValZ, Vold, VoIS, Vaol6, Vol1( as second volume
groups associated with all other volumes not associated with data replication groups.
[000486] Fig. 3B shows system 100 where storage system 118 procassed 1O
requests from host computers 108 directed to siorage volumes Volt through Vol10 over a
pericd of time, as shown in the table. The iable indicates [OPs associated with sach of
the volumes such as 1500 IOPs value associated with storage volume Volt., The system
100 indicates that storage controllers 102 determined or calculated a Total [OPs value of
13,300 for all of the volumes, as shown in the tabls.

[00047] Fig. 3C shows system 100 where slorage systermn 118 assigns ownership
of volumes Volt through Vol10 to first storage controller 102-1 and second storage
controfier 102-2. In this case, the syslem assigns the volumes without considering the
volumes associaled with data replication groups Groupt and GroupZ. in one example,
storage system 118 assigns ownership of volumes Vo3, Vold, Volb, Vol§, VeitQ to first
storage controller 102-1 and assigns ownership of volumes Vol1, VolZ, Volg, Vol7, Void to
second storage controller 102-2. I this case, it may be assumed that maximum 1O
processing power of each storage controller is a value of 10,000 10Ps for a {otal value of
20,000 10Ps. Inthis example, storage system 118 assigns ownership based on controfler
performance o provide a Bbalanced volume set such that it assigns ownership to first
storags controller 102-1 with volumes of total 1OPs values of 68600 which results in usage
or utilization performance of 66%=(G,600/10,000) for the first controfler.  In a similar
manner, storage system 118 assigns volume ownership to second storage coniroller 102-
2 with volumss of total 10Ps values of 6700 which results in usage or utilization

performance of 87%= {8,700/10,000) for the sscond controller. Further, It assumed that
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maximum {G processing power per controller is 10,000 10Ps. In this case, the fotal IOPS
processed by the storage system is 13,300=(6.800 + 6,700). This is 885%=
{13,300/20,000) of the toial storage sysiem performance. In this case, the processing
power of sach of the storags conirollers is well utllized.

[00048] However, in this case, storage system 118 assigns volumss ownership
without considering the grouping of volumes of data replication groups Groupt, Group2.
As explained abovs, data replication groups have characteristics or properties such that
the volumes or members of the data replication groups are to be assigned ownership to
controliers as single entities. For example, the volumes of data replication group Groupt
are o be assigned ownership to first siorage controller 102-1 or o second storage
controlier 102-2 without splitting ownership of the volumes across different controliers. For
exampie, Fig. 3C shows that volumes of data replication group Groupl are assigned
ownership or distributed across first controller 102-1 and second controlier 102-2. That s,
volume Vol7 of data replication group Groupt is assigned ownership 1o second storage
controlier 102-2 and volume Vol of data replication group Groupt is assigned ownership
to fist storage controbler 102-1. This configuration is undesirable as it prevents successful
operation of the data replication process.

[00048] Fig. 3D shows system 100 where storage system 118 assigns ownership
of volumes Volt through Vol10 to first storage controller 102-1 and second storage
controfier 102-2.  In this case, slorage system 118 assigns ownership of first data
raplication group Groupt and second replication group Group?2 fo first storage controller
102-1. Inthis case, howevesr, though storage system 118 has considered data replication
groups, the system has an imbalancs in workload across first controlier 102-1 {which has
a workload of total 10OPs value of 10,600) and second controfler 102-1 {which has a
workload of fotal IOPs value of 2,700).

[60058] in this case, it appears that first controller 102-1 performance utilization is
very high compared o second controller 102-2 performance utilization. The first controller
102-1 is undergoing more 10 activity or workload when compared with second controller
102-2. This way second controller 102-2 processing power is underutilized and may result
in overall system performance degradation. Further assume thal maximum 0 processing
power per coniroller is 10,000 IOPs. The tolal IOPS processed by the storage system is
13,300 = (10,800 + 2,700). This is 66.5%={13,300/20,000) of the toial storage system
performance.  The storage system should be ready to accept 33.55% more 10O requests.
Howsver, first controfler's 102-1 performance utilization is over 100%={10,800/10,000)

whersas second controllsr's 102-2 performancs utilization is only 27%=(2,700/10,000). In
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this case, second controdler’'s 102-2 processing powsr is underutilized. Furthermore, &
host computars 108 desire to increase 1O requests to the volumes owned by first controller
102-1 then it may fail due to resource limitation in the first controller, even though there is
plenty of free resources available in second controller 102-2.

[00051] Fig. 3E shows system 100 where storage system 118 assigns ownership
of volumes Vol1 through Volt to first storage controller 102-1 and second storage
controlier 102-2.  In this case, slorage syslem 118 assigns ownership of first dala
replication group Groupt and second replication group Group? o second slorags
controfier 102-2.  In this case, similar io the case of Fig. 3D, however, though storage
system 118 has considered dala replication groups, the system has an imbalance in
warkload acrass first controller 102-1 {(which has a workicad of fotal IOFs value of 3,400)
and second controller 102-2 (which has a workload of total IOPs value of 9,900,

[60052] in this case, it appears that first controller 102-1 performance utilization is
fow compared to second controlier 102-2 performance utilization. The first controller 102-
1 is undergaoing less 10 activity or workload when compared with second controller 102-2.
This way first controller 102-1 processing power is underutilized and may result in overall
system performancs degradation. Further assume that maximum 10 processing power
per condroller is 10,000 IOPs.  The total IOPS processed by the storage system is
13,300=(3,400 + 9,900}, This is 66.5%=(13,300/20,000) of the iotal storage system
parformance.  The storage systemn should be ready to accept 33.55% more 10 requests.
However, sscond conifroller 102-2 performance utilization is at 99%=(9,800/10,000)
whereas first controller 102-1 performance utilization is only 34%=(3,400/10,000). in this
case, first controller 102-1 processing power is underutilized.  Furthermore, § host
computers 108 desire o increase 10 requests to the volumes owned by second controlier
102-2 then it may fail due to resource limitation in the sscond controller, even though there
is plenty of free rescurces available in first controfler 102-1.

[00053] Fig. 3F shows system 100 where storage system 118 assigns ownearship of
volumes Volt through Vol10 to first storage controller 102-1 and second storage controller
102-2. In this case, storage system 118 assigns ownership of second data replication
group Group?2 to first storage controller 102-1 and assigns ownership of first data
replication group Group1 to second storage controller 102-2. In this case, similar to ths
cases of Figs. 30 and 3E above, however, though slorage system 118 has considered
data replication groups, the system has an imbalance in workioad across first controller
102-1 {which has a worldoad of total 10Ps value of 7,700) and second controlier 102-2

{which has a workload of fotal 1OFs value of 5,600).
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[60054] in this case, it appears that first controller 102-1 performance utilization is
high compared to second coniroller 102-2 performance utilization. The first controlier 102-
1 is undsergoing more IO activity or workload when compared with second controller 102-
2. This way second controller 102-2 processing power is underutilized and may result in
overall system psrformance degradation. Further assume that maximum IO processing
power per coniroller is 10,000 10OPs. The total IOPS processed by the slorage system is
13,300=(7, 700 + 5,600} This is 88.5%=(13,300/20,000) of the tolal storage system
performance. The storage system should be ready to accept more 33.55% of 10 requests.
Howsever, first controller 102-1 performance utilization is at 77%=(7,700/10,000) whereas
second confroller 102-2 performance ufilization is less at 58%=(5,600/10,000). In this
case, second controller 102-2 processing power is underufilized. Furthermore, if host
computers 108 desire to increase 10 requests to the volumes owned by first controller 102-
1 then it may fail due to resource limitation in the first coniroller, even though there is plenty
of free resources available in second controller 102-2.

[00055] Fig. 3G shows system 100 where storage system 118 assigns ownership
of volumes Volt through Volt0 to first storage controller 102-1 and second storage
controlier 112-2, in this case, considering data replication groups Group1 and Group2. In
this case, storage system 118 assigns ownership of second data replication group Group2
to second storage controller 102-2 and assigns ownership of first data replication group
Groupi to first storage confroller 102-1. In this case, similar to the cases of Fig. 3D, 3E,
3F above, however, though slorage system 118 has considered data replication groups,
the system has an imbalance in workload across first controller 102-1 (which has a
workload of total IOPs value of 6,30{) and second contraller 102-2 (which has a workioad
of total IOPs value of 7,.000).

[60058] in this case, it appears that first controller 102-1 performance utilization is
low compared o second controlier 102-2 performance utilization. The first controfler 102-
1 is undergoing less 1O activity or workload when compared with second controller 102-2.
This way first controller 102-1 procassing power is underutilized and may result in overall
systaem performance degradation. Further assume that maximum 10 processing power
per controlier is 10,000 [OPs. The {otal IOPS processed by the storage system is 13,300
= {8,300 + 7,000). This is 86.5%=(13,300/20,000) of the total storage system performance.
The storage system should be ready to accept 33.55% more {0 requests. However,
second controfler's 102-2 performance utilization is at 70%=(70,00/10,000) whereas first
controlier's 102-1 performance utilization is only 83%=(8,300/10,000). In this case, first

conirolier’s processing power is underutilized. Furthermore, if host computers 108 desire
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to increase 10 requests to the volumes owned by second controller 102-2 then it may fall
due to resource limitation in the second controller, even though thers is plenty of free
resources available in first conirolier 102-1.

[00057] Fig. 3H shows system 100 shows system 100 whers storage system 118
assigns ownsrship of volumes Volt through Vol10 to first storags controller 102-1 and
second storage controller 102-2, in this case, considering data replication groups Group
and GroupZ. Inthis case, storage system 118 has considersd data replication groups, the
system provides a well-balanced workload across first controller 102-1 (which has a
warkioad of total IOPFs value of 6,600) and second controller 102-2 {which has a workicad
of total 1OPs value of 6,700). In one example, storage management modules 116
employed the load balancing lechniques described herein o provide load balancing while
considering data replication groups.

[60058] in this case, it appears that first controller 102-1 performance utilization is
well balanced compared to second controlier 102-2 performance utilization. The first
controfier 102-1 is undergoing about the same 10 activity or workload when compared with
second controller 102-2. This way first controller 102-1 and second controller 102-2
processing power is well utilized and may result in overall system performance
improvement. Further assume that maximum 1O processing power par controller is 10,000
IOPs. The total IOPS processed by the storags system is 13,300 = (6,600 + 6,700). This
is 66.5% (13,300/20,000) of the tolal storage system performance. The storage system
should be ready to accept 33.55% more 10 requests. In this case, first controller 102-1
parformance ulilization is at 88%=(8,600/10,000} which is about the same as second
controfier 102-2 performance ufilization which is 67%=(6,700/10,000). in this case, first
controlier 102-1 and second controller 102-2 processing power is well ulilized.
Furthermore, if host computers 108 desire o increase 10 requesis o the volumes owned
by first controller 102-1 or second controller 102-2 then it will be able to accept the requeast
since both controller have plenty of free resources available for 10 processing.
Furthermore, the techniques of the present application provide load balancing whils
considering data replication groups which allows for fallover conditions. In this manner,
thase techniques consider data replication groups as part of the load balancing process
which may improve performancs of storage controllers, uss of rascurces and 10 response
time.

[60059] The process of Figs. 3A through 3H shows example processes and i

should be understood that other configurations can be emploved to practice the techniques
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of the present application. For example, processes above may be configured to
communicate with a differsnt number of storage controllers

[00084] Fig. 4 is an example block diagram showing a non-transitory, computer-
readabls medium that stores code for operation in accordancs with an example of ths
tachniques of the present application. The non-transitory, computer-readable medium is
generally referred to 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 typical siorage device thalt stores computer-implemented instructions, such as
programming code or the like. For example, the non-ransilory, computer-readable
medium 400 may include one or more of a non-volatile memory, a volatile memory, andfor
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 volalile memory include, but are not limiled fo, Siatic
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.

[60061] A pracessor 402 generally ratrieves and executss the instructions stored in
the non-transitory, computer-readable medium 400 to operate the pressnt techniguss in
accordance with an example. In one example, the tangible, compuier-readable medium
400 can bs accessed by the processor 402 over a bus 404. A first region 406 of the non-
transitory, computer-readable medium 400 may include storags management module 116
functionality as described herein. The storags management module 116 funclionality may
be implemented in hardware, software or a combination thereof,

[60062] For example, biock 408 provides instructions which may include
instructions o determine total I0PS values, as described herein. In one example, the
instructions may include instructions o determine first [OPs values comprising 10Ps of first
volume groups associated with volumes of data replication groups assigned ownership to
first and second storage controllers, as described herein. In one example, the instructions
may include instructions fo delermine second 10Ps values comprising [OPS of second
volume groups associated with all other volumes not associated with data replication
groups that are assigned ownsrship to the controllers, as described herein. In one
example, the instructions may include instructions o determine fotal IOPs values
comprising sum of the first 10Ps values and second 10Ps valuss of the controllers
[00063] For example, block 410 provides instructions which may includs

instructions to determine usage, as described herein. In one example, the instructions may



WO 2016/190893 PCT/US2015/045127

220 -

include instructions {o determine usage values based on the total IOPs values of
respective controllers, as dascribed harein.

[60064] For exampls, biock 412 provides instructions which may includs
instructions to partition volumes, as described herein. In ons sxample, the instructions
may include instructions to partition volumes of volume sets comprising the first volums
groups and second volume groups info first and second partition volume groups, whersin
the difference between sums of the first IOPs values and second IOPs values is minimum,
and the volumes of the first volume groups are nol transferable to the second volume
groups, as described herein.

[G0065] For example, block 414 provides instruclions which may include
instructions to reassign ownership, as descaribed herein. In one example, the instructions
may include instructions to reassign ownership of the first partition volume groups to the
first controller and the second partition volume groups to the second controller, as
dascribed herain.

[60068] For example, block 416 provides instructions configure volumes for data
replication procsss, as described herein. In ong example, the instructions may include
instructions to configure the volumes of the first volume groups to be associated with a
data replication process, as described hersin.

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

[60068] As used herein, a "processor” may include processor resaurces such as at
least one of a Ceniral Processing Unit (CPU), a semiconducior-based microprocessor, a
Graphics Processing Unit ({GPU), a Field-Programmable Gale Array (FPGA) configured to
retrieve and execute instructions, other electronic circuitry suitable for the retrieval and
exacution instructions stored on a computer-readable medium, or a combination thereof.
The processor fetches, decodes, and sxecutes instructions stored on medium 400 fo
perform the functionalities described below. In other examples, the functionalities of any
of the instructions of medium 400 may be implemsnied in the form of electronic circuitry,
in the form of executable instructions encoded on a computer-readable storage medium,
or a combination thereof.

[60069] As usaed herein, a “computer-readable medium” may be any sleclronic,
magnetic, optical, or other physical slorage apparatus to contain or store information such

as execuiable instruclions, data, and the like. For example, any computer-readable
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storage medium described herain may be any of Random Accass Memaory (RAM), volatile
mamory, non-volatile memory, flash memory, a storage drive {e.g., 8 hard drive}, a solid
state drive, any type of storage disc {e.g., 8 compact disc, a DVD, ste)), and the liks, ora
combination thersof. Further, any computer-readable medium described herein may be
non-transitory. In examplss described herein, a computsr-readabls medivm or media is
part of an arlicle {or article of manufacture). An article or article of manufacture may refer
to any manufactured single component or multiple components. The medium may bs
located either in the system exscuting the computer-readabls instructlions, or remote from
but accessibie to the system {(e.g., via a computer network) for execution. In the example
of Fig. 4, medium 400 may bs implemented by one computer-readable medium, or multiple
computer-readable media.

[00070] I examples described herein, storage system 118 may communicate with
companents implemented on separate system({s) via a natwork interface device of storage
system 118. For example, storage system 118 may communicate with storage subsystem
14 via a network interface device of storage system 118, In examples describad herain,
a “network interface device” may be a hardware device {0 cominunicate over at least one
computer nefwork. in some examples, a network interface may be a Network Interface
Card (NiC) or the like. As used herein, a computer nelwork may include, for example, a
Local Area Network (LAN), a Wireless Local Area Network (WLAN), a Virtual Private
Network (VPN), the Internet, or the like, or a combination thereof. In some examples, a
computer network may include a telephons network {s.q., a cellular telephone network).
[00071] In some examples, instructions 408-416 may be part of an installation
package thal, when installed, may be exsculsd by processor 407 to implement the
functionalities described hersin in relation to instructions 408-416. In such examples,
medium 400 may be a portable medium, such as a CD, DVD, or flash drive, or a memory
maintained by a server from which the installation package can be downicaded and
instalied. In other examples, instructions 408-416 may be part of an application,
applications, or componeni(s) already installed on storage system 118 including processor
402. In such examples, the medium 400 may include memory such as a hard drive, solid
state drive, or the like. In soms examples, functionalities described herein in relation t©
Figs. 1 through 4 may be provided in combination with functionalities described herein in
refation to any of Figs. 1 through 4.

[00072] The foregoing describes a novel and previously unforeseen approach for
storage management. While the above application has besn shown and describsd with

reference {o the foregoing examples, it should be understood that other forms, details, and
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implementations may be made without departing from the spirit and scope of this

application.
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WHAT IS CLAIMED 3!

1. An apparatus for storage management comprising:
a storage management module !
detsrming tolal Input Quiput Requests Per Second (I0OPs) values comprising sum
of first I0OPs values and second 10Ps values of first and second controliers, whersin the
first IOPS values comprises [OPs of first volume groups associated with volumes of
data replication groups assigned ownership o the conirollers, and wherein the second
10Ps values comprises 10Ps of second volume groups associated with other volumes
not associated with data replication groups assigned ownership to the controllers; and
if difference of usage values of one of the controliers is greater than a threshold
amount, then
partition volumes of volume sats comprising the first volume groups and second
volume groups into first and second partition volume groups, wherein the difference
between sums of the first IOPs values and second IOPs values is minimum, and the
volumaes of the first volume groups are not assigned ownership (o the second volume
groups, and
raassign ownership of the first partition volume groups to the first controller and

the second partition volume groups o the second controller.

2. The apparatus of claim 1, wherein the slorage management module further
configured to, in response o the first confroller receipt from a host computer 3 request o
access a volume owned by the first controlier, then the first storage controlier o respond

with status of the request o the host computer,

3. The apparatus of claim 1, wherein the storage management module further
configured to, in response to the first controlier receipt from a host computer a requestio
access a volume owned by the second controlier, then the first controller to cause the
second storage controller to accass the volume, the second controller to send a
response with status of the request to the first controller which responds with the status

to the host computer.

4. The apparatus of claim 1, wherein the storage management module further
configured to identify volumes of daia replication groups and assign ownership of the

volumes of the data replication groups as single entities to the first or second controller.
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5. The apparatus of claim 1,wherein the storage management module o determine the
first {OPs values and sscond IOPs values of the controliers basad on metadata of the
controliers and then reset the metadata of the controller after the determination of the

iOPs values.

G. A method of storage management, the method comprising:

determining Tirst Input Qulput Requesis Per Second (JOPs) values comprising
1OPs of first volume groups associated with volumes of data replication groups assigned
ownership to first and second storage controliers;

determining second IOFs values comprises IOFS of second volume groups
associated with ali other volumes not associated with data replication groups assigned
ownership to the controllers;

determining total IOPs values comprising sum of the first I0OPs values and
second 1OPs values of the controliers;

determining usage vaiues based on the total 10OPs values of respective
controfiers; and

if difference of usags valuas of one of the controlters is greater than a threshold
amount; then

partitioning volumes of volume sels comprising the first volume groups and
second volume groups into first and second partition volume groups, wherein the
difference between sums of the first I0OPs values and second 10Ps values is minimum,
and the volumaes of the first volume groups are not assigned ownership to the second
volume groups,

reassigning ownership of the first partition volume groups to the first controlier
and the second partition volume groups (o the second controller, and

configuring the volumes of the first volume groups o be associated with a data

replication process.

7. Ths methaod of claim 6, further comprising, in response o ths first controller receipt
from a hast computer a request io accass a volume owned by the first controller, then

ths first storage contraller rasponding with status of the request to the host computer.

&. The method of claim ¢, further comprising 1o, in response o ths first controfier receipt

from a host compuler a request {0 accass a volume ownead by the second controller, then
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the first controdler to cause the second storage controller accessing the volume, the
second controller sending a response with status of the request (o the first controllsr

which responds with the status to the host computer.

8. The method of claim 6, further comprising identifving volumes of data replication
groups and assign ownership of the volumes of the data replication groups as single

entities o the first or second controller.

13. The method of claim 6, wherein the data replication process comprises copying
volumes of the first volume group of a first controller designated as a source confroller to
volumes at a second controller designated as a destination controller to provide
consistency hatween the source controlier and the destination controller in event of

failure of the source controller.

11. A non-transitory computer-readable medium having computer executable
instructions stored therson for storage managemsit, the instructions are executable by g
processor {o:

determine first Input Quiput Requests Per Second (10Ps) values comprising [OPs
of first volume groups associated with volumaes of data replication groups assigned
ownership to first and second storage controllers;

determine second IOPs values comprises 1OPS of second volume groups
associated with all other volumes not associated with data replication groups assignsd
ownership o the controllers;

determine tolal {OPs values comprising sum of the first I0Ps values and second
IOFs values of the controliers;

determine usage values based on the tolal I0Ps values of respective controllers;
and

if difference of usage values of one of the controllers is greater than a threshold
amount, then

partition volumes of volume sets comprising the first volume groups and second
volume groups into first and second partition volume groups, wherein the difference
between sums of the first IOPs values and second [OPs values is minimum, and the
volumes of the first volume groups are not assigned ownership to the second volume

groups, and



WO 2016/190893 PCT/US2015/045127

- 26 -

reassign ownership of the first partition volume groups to the first controlier and

ths second partition volume groups to the second controller.

12. The non-transitory computer-readable medium of claim 11, further comprising
instructions that if executed cause a processor ! in response to the fivst controfier
receipt from a host computer a request {0 access a volums owned by the first controller,
than the first storage controller responding with status of the request to the host

computer.

13. The non-transitory computer-readable medium of claim 11, further comprising
instructions that if execuled cause a processor {o: in response {o the first controfier
receipt from a host computer a request to access a volume owned by the second
controlier, then the first controller to cause the second storage controlier 1o access the
volume, the second controller to send a response with status of the request to ths first

controller which responds with the status (o the host computer.

14. The non-transitory computer-readable medium of claim 11 further comprising
instructions that if executed cause a processor to! identify volumes of data replication
groups and assign ownership of the volumes of the data replication groups as single

anlities to the first or second controlisr.

15. The non-transitory computer-readable medium of claim 11 further comprising
instructions that if executed cause a processor (o) delermine the first IOFs values and
second I0Ps values of the controliers based on metadala of the controliers and then

reset the metadata of the confroller after the determination of the 10Ps valuss.
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