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STORAGE SYSTEM AND METHOD FOR
REDUCING ENERGY CONSUMPTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of patent application No.
13/173,941 filed on Jun. 30, 2011, which 1n turn claims pri-

ority from U.S. Provisional application No. 61/360,660 filed
Jul. 1, 2010, both applications are hereby incorporated by
reference herein in their entirety.

FIELD

The presently disclosed subject matter relates to data stor-
age systems and to methods of operating thereof.

BACKGROUND

One of current trends of development 1n the storage indus-
try relates to methods and strategies for reduced energy con-
sumption. Data centers can comprise nowadays dozens of
storage systems, each comprising hundreds of disk drives.
Clearly, most of the data stored in these systems 1s not 1n use
tor long periods of time, and hence most of the disk drives are
likely to contain data that 1s not accessed for long periods of
time. Power 1s unnecessarily spent in keeping all these disk
drives spinning and, moreover, in cooling the data centers.
Thus, eflorts are now being invested in reducing energy-
related spending for storage systems. Moreover, environmen-
tal regulations are increasingly being enforced in many coun-
tries, forcing data centers to adopt “green” technologies for its
servers and storage systems.

One obvious way to address the increasing need for
reduced energy consumption in storage systems 1s to manu-
facture servers and disk drives with reduced levels of energy
consumption in normal usage. Vendors are indeed working 1n
this direction, but this 1ssue stands on its own, independent of
the question of how the disk drives are used 1n the storage
system, and the question of whether these systems can be
designed 1n a way that reduces energy consumption regard-
less of the drives being used. Some basic strategies have been
developed for regulating energy use within the system, based
on the possibility of transitioning the drives to a low-power
state when they are not 1n use, and restoring the normal, or
“active” state whenever needed. The disk drive referred to
hereinafter as “in low-power state” or “in low power mode”
can be adapted to have reduced number of revolutions per
minutes (RPM) or can be turned off. Turning the disk drive off
can comprise either making 1t 1dle (in which case not only the
disk drive does not rotate, but also the electronic does not
respond), also called “sleep” state, or stopping the rotation but
having the electronic respond (also called “stand by™ 1n the
industry). Each of these low-power state options has advan-
tages and disadvantages well-known 1n the art 1n terms of
energy saving, time to return to active state, and wear-off
produced by the change 1n state.

The problems of reduced energy consumption 1n mass data
storage systems have been recognized 1n the art and various
techniques have been proposed as solutions including inter-
alia:

US Patent Application No. 2006/0107099 (Pinheiro et al.)
discloses a redundant storage system comprising: a plurality
of storage disks divided 1nto a first subset, wherein all of the
plurality of storage disks are dynamically assigned between
the first and second subset based on redundancy requirements
and system load; a module which diverts read requests to the
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first subset of storage disks in the redundant storage system,
so that the second subset of storage disks in the redundant

storage system can transition to a lower power mode until a
second subset of storage disks 1s needed to satisly a write
request; a detection module which detects 11 the system load
in the redundant storage system 1s high and detects 1f the
system load in the redundant storage system 1s low; and a
module which, 1f the system load 1s high, adds one or more
storage disks from the second subset to the first subset of
storage disks 1n the redundant storage system so as to handle
the system load and ifthe system load 1s low, adds one or more
storage disks from the first subset to the second subset.

US Patent application No. 2009/129193 (Joshi et al.) dis-
closes an energy elficient storage device using per-clement
selectable power supply voltages. The storage device 1s par-
titioned into multiple elements, which may be sub-arrays,
rows, columns or individual storage cells. Each element has a
corresponding virtual power supply rail that 1s provided with
a selectable power supply voltage. The power supply voltage
provided to the virtual power supply rail for an element 1s set
to the mimmimum power supply voltage unless a higher power
supply voltage 1s required for the element to meet perfor-
mance requirements. A control cell may be provided within
cach element that provides a control signal that selects the
power supply voltage supplied to the corresponding virtual
power supply rail. The state of the cell may be set via a fuse or
mask, or values may be loaded into the control cells at 1ni-
tialization of the storage device.

US Patent application No. 2009/249001 (Narayananet et
al.) discloses storage systems which use write off-loading.
When a request to store some data in a particular storage
location 1s received, 1f the particular storage location 1is
unavailable, the data 1s stored 1n an alternative location. In an
embodiment, the particular storage location may be unavail-
able because 1t 1s powered down or because it 1s overloaded.
The data stored in the alternative location may be subse-
quently recovered and written to the particular storage loca-
tion once 1t becomes available.

US Patent application No. 2010/027147 (Subramaniar et
al.) discloses a low power consumption storage array. Read
and write cycles are separated so that amultiple disk array can
be spun down during periods when there are no write
requests. Cooling fans are operated with a pulse-width modu-
lated signal 1n response to cooling demand to further reduce
energy consumption.

SUMMARY

According to an embodiment of the invention a method
may be provided and may include configuring local disk
drives of a local storage system so that at any given point of
time, a first part of the local disk drives operate 1n a low power
state and a second part of the local disk drives operate 1n an
active state, wherein the local disk drives are operable to
switch between the low power state and the active state; and
in response to a read request of a data portion on a local disk
drive of the local disk drives: determining whether the local
disk drive currently operates 1n the low power state; reading
the data portion from the local disk drive, i1 the local disk
drive does not currently operate 1n the low power state; 1f the
local disk drive currently operates in the low power state,
enquiring 1f a remote mirror disk drive that stores a copy of the
data portion currently operates in the low power state;
wherein the remote mirror disk drive 1s comprised 1n a remote
storage system that 1s coupled to the local storage system; and
il the remote mirror disk drive does not currently operate 1n
the low power state, requesting by the local storage system
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from the remote storage system to read the copy of the data
portion from the remote minor disk drive.

The method may 1include reading the data portion from the
local disk drive, if the remote mirror disk drive currently
operates 1n the low power state.

The method may include, 1n a case where the remote minor
disk drive currently operates 1n the low power state, deter-
miming whether to read the data portion from the local disk
drive or to read the copy of the data portion from the remote
minor disk drive.

The method may include, 1n a case where the remote minor
disk drive currently operates in the low power state, adding
the local disk drive to an active list indicative of disk drives
comprised 1n the second part of the local disk drives, and
reading the data portion from the local disk drive.

The method may include, after a predefined time period has
clapsed from the adding, removing the local disk drive from
the active list.

The method may include removing a second disk drive
from the active list 1n response to the adding of the local disk
drive.

The method may include selecting a second disk drive to be
removed from the active list, in response to the adding of the
local disk drive, wherein the second disk drive 1s a least active
disk among disk drive 1n the active list.

The method may include selecting a second disk drive to be
removed from the active list, in accordance with a number of
state changes of the second disk drive between the active and
low power states over a certain period of time.

According to an embodiment of the invention there may be
provided a local storage system that may include a plurality of
local disk drives; wherein the local storage system 1s config-
ured to: configure the plurality of local disk drives so that at
any given point of time, a first part of the plurality of local
storage disk drives operate 1n a low power state and a second
part of the plurality of local storage disk drives operate 1n an
active state, wherein the local storage disk drives are operable
to switch between the low power state and the active state; and
in response to a read request for a data portion on a local
storage disk drive of the plurality of local disk drives: deter-
mine whether the local disk drive currently operates 1n the low
power state; read the data portion from the local disk drive, 1T
the local disk drive does not currently operate in the low
power state; 1 the local disk drive currently operates in the
low power state, enquire 11 a remote mirror disk drive that
stores a copy of the data portion currently operates 1n the low
power state; wherein the remote mirror disk drive 1s com-
prised 1n a remote storage system that 1s coupled to the local
storage system; and 1f the remote mirror disk drive does not
currently operate 1n the low power state, request the remote

storage system to read the copy of the data portion from the
remote minor disk drive.

If the remote mirror disk drive currently operates in the low
power state, the local storage system may be configured to
read the data portion from the local disk drive.

If the remote mirror disk drive currently operates in the low
power state, the local storage system may be configured to
determine whether to read the data portion from the local disk
drive or to read the copy of the data portion from the remote
minor disk drive.

If the remote minor disk drive currently operates 1n the low
power state, the local storage system may be configured to:
add the local disk drive to an active list indicative of disk
drives mncluded 1n the second part of the local disk drives, and
read the data portion from the local disk drive.
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The local storage system may be configured to remove the
local disk drive from the active list after a predefined time
period has elapsed from the addition of the local disk drive.

The local storage system may be configured to remove a
second disk drive from the active list when the local disk drive
1s added to the active list.

The local storage system may be configured to select a
second disk drive to be removed from the active list, instead of
the local disk drive that 1s added to the active list, wherein the

second disk drive 1s a least active disk among disk drive 1n the
active list.

The local storage system 1s configured to select a second
disk drive to be removed from the active list, in accordance
with a number of state changes of the second disk drive
between the active and low power states over a certain period
of time.

According to an embodiment of the invention there may be
provided a non-transitory computer readable medium that
stores 1nstructions to be executed by a local storage system
for: configuring local disk drives of the local storage system
so that at any given point of time, a first part of the local disk
drives operate 1n a low power state and a second part of the
local disk drives operate 1 an active state, wherein the local
disk drives are operable to switch between the low power state
and the active state; and 1n response to a read request of a data
portion on a local disk drive of the local disk drives: deter-
mining whether the local disk drive currently operates 1n the
low power state; reading the data portion from the local disk
drive, 1 the local disk drive does not currently operate 1n the
low power state; if the local disk drive currently operates 1n
the low power state, enquiring 11 a remote mirror disk drive
that stores a copy of the data portion currently operates in the
low power state; wherein the remote mirror disk drive 1s
comprised 1n a remote storage system that 1s coupled to the
local storage system; and i1f the remote mirror disk drive does
not currently operate 1n the low power state, requesting by the
local storage system from the remote storage system to read
the copy of the data portion from the remote minor disk drive.

The non-transitory computer readable medium may store
further 1nstructions for: if the remote mirror disk drive cur-
rently operates 1n the low power state, reading the data portion
from the local disk drive.

The non-transitory computer readable medium may store
turther 1nstructions for: 1f the remote mirror disk drive cur-
rently operates in the low power state, determiming whether to
read the data portion from the local disk drive or to read the
copy of the data portion from the remote mirror disk drive.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the presently disclosed subject mat-
ter and to see how 1t can be carried out in practice, embodi-
ments will now be described, by way of non-limiting example
only, with reference to the accompanying drawings, 1n which:

FIG. 1 i1llustrates a generalized functional block diagram of
a mass storage system, 1n accordance with certain embodi-
ments of the presently disclosed subject matter;

FIG. 2 illustrates a schematic diagram of storage space
configured i RAID groups, in accordance with certain
embodiments of the presently disclosed subject matter;

FIG. 3 illustrates the association between disk partitions
and RAID group members, in accordance with certain
embodiments of the presently disclosed subject matter;

FIG. 4 1s a generalized flow-chart of a method of handling
a write request, 1n accordance with certain embodiments of
the presently disclosed subject matter;
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FIG. 5 1s a generalized tlowchart of a method of determin-
ing where to write consolidated write request(s), 1n accor-

dance with certain embodiments of the presently disclosed
subject matter;

FIG. 6 1s a generalized tlowchart of a read method, in
accordance with certain embodiments of the presently dis-
closed subject matter;

FIG. 7 1llustrates a schematic functional diagram of the
control layer 1n accordance with certain embodiments of the
presently disclosed subject matter;

FIG. 8 illustrates a schematic diagram of generating a
virtual stripe 1n accordance with certain embodiments of the
presently disclosed subject matter;

FI1G. 9 1llustrates a generalized functional block diagram of
local and remote mirror storage systems, 1n accordance with
certain embodiments of the presently disclosed subject mat-
ter; and

FIG. 10 1s a generalized tlowchart of a read method 1n a
system with remote mirroring, in accordance with certain
other embodiments of the presently disclosed subject matter.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following detailed description, numerous specific
details are set forth in order to provide a thorough understand-
ing of the presently disclosed subject matter. However, 1t will
be understood by those skilled 1n the art that the presently
disclosed subject matter can be practiced without these spe-
cific details. In other instances, well-known methods, proce-
dures, components and circuits have not been described 1n
detail so as not to obscure the presently disclosed subject
matter.

As used herein, the phrases “for example,” “such as”, “for
istance”, “e.g.”” and variants thereof describe non-limiting
examples of the subject matter.

Unless specifically stated otherwise, as apparent from the
tollowing discussions, 1t 1s appreciated that throughout the
specification discussions utilizing terms such as “process-
ing”, “computing”, “calculating”, generat-
g, “activating”’, “reading”, “writing”, “classitying”, “allo-
cating”, “performing”, “storing’”’, “managing’,
“configuring”’, “caching”, destaging™, “assigning’’, “associ-
ating”, “transmitting”, “enquiring” or the like, refer to the
action and/or processes of a computer that manmipulate and/or
transform data into other data, said data represented as physi-
cal, such as electronic, quantities and/or said data represent-
ing the physical objects. The term “computer” should be
expansively construed to cover any kind of electronic system
with data processing capabilities, including, by way of non-
limiting example, storage system and parts thereof disclosed
in the present application.

The term criterion, parameter, or a variant thereof used in
this patent specification should be expansively construed to
include any compound criterion, parameter, or variant
thereot, respectively, including, for example several critera,
parameters, or variants thereof respectively, and their logical
combinations.

The operations 1n accordance with the teachings herein can
be performed by a computer specially constructed for the
desired purposes or by a general purpose computer specially
configured for the desired purpose by a computer program
stored 1n a computer readable storage medium.

Embodiments of the presently disclosed subject matter are
not described with reference to any particular programming,
language. It will be appreciated that a variety of programming
languages can be used to implement the teachings of the

presently disclosed subject matter as described herein.
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The references cited in the background teach many prin-
ciples of operating a storage system that are applicable to the
presently disclosed subject matter. Therefore the full contents
ol these published articles and patent applications are incor-
porated by reference herein where appropriate for suitable
teachings of additional or alternative details, features and/or
technical background.

In the drawings and descriptions, identical reference
numerals are used for like components.

Bearing this in mind, attention 1s drawn to FIG. 1 1llustrat-
ing an example of a storage system, 1n accordance with cer-
tain embodiments of the presently disclosed subject matter.

The plurality of host computers (workstations, application
servers, etc.) 1llustrated as 101-1-101-L share common stor-
age means provided by a storage system 102. The storage
system comprises a storage control layer 103 comprising one
or more appropriate storage control devices operatively
coupled to the plurality of host computers, and a plurality of
data storage devices (e.g. disk units 104-1-104-#) constitut-
ing a physical storage space optionally distributed over one or
more storage nodes, wherein the storage control layer 1s oper-
able to control interface operations (including I/O operations)
there between. Optionally, the storage control layer can be
turther operable to handle a virtual representation of physical
storage space and to facilitate necessary mapping between the
physical storage space and 1ts virtual representation. In
embodiments with virtualization, the virtualization functions
can be provided in hardware, software, firmware or any suit-
able combination thereof. Optionally, the functions of the
control layer can be tully or partly integrated with one or more
host computers and/or storage devices and/or with one or
more communication devices enabling communication
between the hosts and the storage devices. Optionally, a for-
mat of logical representation provided by the control layer
can differ depending on interfacing applications.

The physical storage space can comprise any appropriate
permanent storage medium and can include, by way of non-
limiting example, one or more disk drives and/or one or more
diskunits (DUs), comprising several disk drives. Possibly, the
DUs can comprise relatively large numbers of drives, 1n the
order of 32 to 40 or more, of relatively large capacities,
typically although not necessarily 1-2 TB. The storage con-
trol layer and the storage devices can communicate with the
host computers and within the storage system 1n accordance
with any approprate storage protocol.

Stored data can be logically represented to a client in terms
of logical objects. Depending on storage protocol, the logical
objects can be logical volumes, data files, image files, etc. For
purpose of 1llustration only, the following description 1s pro-
vided with respect to logical objects representing logical vol-
umes. Those skilled in the art will readily appreciate that the
teachings of the present subject matter are applicable 1 a
similar manner to other logical objects.

A logical volume or logical unit (LU) 1s a virtual entity
logically presented to a client as a single virtual storage
device. The logical volume represents a plurality of data
blocks characterized by successive Logical Block Addresses
(LBA) ranging from 0 to a number LUK. Different L.Us can
comprise different numbers of data blocks, while the data
blocks are typically although not necessarily of equal size
(e.g. 512 bytes). Blocks with successive LBAs can be
grouped 1nto portions that act as basic units for data handling
and organization within the system. Thus, by way of non-
limiting instance, whenever space has to be allocated on a
disk drive or on a memory component in order to store data,
this allocation can be done 1n terms of data portions. Data
portions are typically although not necessarily of equal size
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throughout the system (by way of non-limiting example, the
s1ze of data portion can be 64 Kbytes).

The storage control layer can be further configured to
facilitate various protection schemes. By way ol non-limiting
example, data storage formats, such as RAID (Redundant
Array of Independent Disks), can be employed to protect data
from internal component failures by making copies of data
and rebuilding lost or damaged data. As the likelithood for two
concurrent failures increases with the growth of disk array
sizes and increasing disk densities, data protection can be
implemented, by way of non-limiting example, with the
RAID 6 data protection scheme well known 1n the art.

Common to all RAID 6 protection schemes 1s the use of
two panty portions per several data portions (e.g. using
groups ol four data portions plus two parity portions in a
(4+2) protection scheme), the two parities being typically
although notnecessarily calculated by two different methods.
Under one known approach, all N consecutive data portions
are gathered to form a RAID group, to which two parity
portions are associated. The members of a group (including
the data portions and the parity portions) are typically
although not necessarily stored 1n separate drives. Under a
second known approach, protection groups can be arranged
as two-dimensional arrays, typically although not necessarily
N*N such that data portions 1n any given line or column of the
array are stored in separate disk drives. In addition, to every
row and to every column of the array a parity portion can be
associated. These parity portions are stored 1n such a way that
the parity portion associated with a given column or row 1n the
array resides 1n a disk drive where no other data portion of the
same column or row also resides. Under both approaches,
whenever data 1s written to a data portion 1n a group, the parity
portions are also updated (e.g. using techniques based on
XOR or Reed-Solomon algorithms). Whenever a data portion
in a group becomes unavailable (e.g. because of disk drive
general malfunction, or because of a local problem atfecting
the portion alone, or for any other reason), the data can still be
recovered with the help of one parity portion via appropriate
known 1n the art techniques. Then, 11 a second malfunction
causes data unavailability in the same drive before the first
problem was repaired, data can nevertheless be recovered
using the second parity portion and appropriate known in the
art techniques.

The storage control layer can further comprise an Alloca-
tion Module 105, a Cache Memory 106 operable as part of the
10 flow 1n the system, and a Cache Control Module (AKA
Cache Controller) 107, that regulates data activity in the
cache.

The allocation module, the cache memory and the cache
control module can be implemented as centralized modules
operatively connected to the plurality of storage control
devices or can be distributed over a part or all storage control
devices.

Typically although not necessarily, definition of LUs and/
or other objects 1n the storage system can imnvolve in-advance
configuring an allocation scheme and/or allocation function
used to determine the location of the various data portions and
their associated parity portions across the physical storage
medium. Sometimes, (e.g. in some cases of thin volumes or
snapshots) the pre-configured allocation i1s only performed
when, for the first time after definition of the volume, a write
command 1s directed at a certain block or data portion 1n it.

An alternative known approach 1s a log-structured storage
based on an append-only sequence of data entries. Whenever
the need arises to write new data, instead of finding a formerly
allocated location for 1t on the disk drive, the storage system
appends the data to the end of the log. Indexing the data can
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be accomplished 1n a similar way (e.g. metadata updates can
be also appended to the log) or can be handled 1n a separate
data structure (e.g. index table).

Storage devices, accordingly, can be configured to support
write-in-place and/or write-out-of-place techniques. In a
write-in-place technique modified data 1s written back to its
original physical location on the disk drive, overwriting the
older data. In contrast, a write-out-oi-place technique writes
(e.g. 1 a log form) a modified data block to a new physical
location 1n the storage space (e.g. on a different disk drive).
Thus, when data 1s modified after being read to memory from
a location on a disk drive, the modified data 1s written to a new
physical location so that the previous, unmodified version of
the data 1s retained, but the reference to 1t 1s typically deleted,
the storage space at that location therefore becoming free for
reuse. A non-limiting example of the write-out-of-place tech-
nique 1s the known write-anywhere technique, enabling writ-
ing data blocks to any available disk drive without prior
allocation.

The storage control layer defines a physical location(s) for
writing the respective data (e.g. a location designated in
accordance with an allocation scheme, preconfigured rules
and policies stored in the allocation module or otherwise
and/or location available for a log-structured storage). The
time of definition can depend on the implementation, for
instance occurring when recerving a write request, at the time
of destage, etc. When receiving a read request from the host,
the storage control layer identifies the physical location(s) of
the desired data and further processes the request accordingly.
The storage control layer can optionally 1ssue updates to a
given data object to all storage nodes which physically store
data related to said data object. The storage control layer can
optionally redirect the request/update to storage device(s)
with appropriate storage location(s) irrespective of the spe-
cific storage control device recerving 1/0 request.

For purpose of illustration only, the operation of the storage
system 15 described herein 1n terms of entire data portions.
Those skilled 1n the art will readily appreciate that the teach-
ings of the presently disclosed subject matter are applicable in
a similar manner to partial data portions.

For purpose of illustration only, the following description
1s made with respect to RAID 6 architecture. Those skilled 1in
the art will readily appreciate that the teachings of the pres-
ently disclosed subject matter relating to RAID protection are
not bound by RAID 6 and are applicable in a similar manner
to other RAID technology in a variety of implementations and
form factors.

Referring to FIG. 2, there 1s illustrated a schematic diagram
ol storage space configured in RAID groups, in accordance
with certain embodiments of the presently disclosed subject
matter. A RAID group (250) can be built as a concatenation of
stripes (256), the stripe being a complete (connected) set of
data and parity elements that are dependently related by par-
ity computation relations. In other words, the stripe 1s the unit
within which the RAID write and recovery algorithms are
performed 1n the system. A stripe comprises N+2 portions
(252), where each portion 1s formed by the intersection of a
stripe with a member (258) of the RAID group. A typical
(although not necessary) size of a data portion 1s 64KByte (or
128 blocks). In an example with N=16, and with a typical
(although notnecessary) size o1 4 GB for each group member,
the data portions of the RAID group can typically although
not necessarily comprise (4*16=) 64 GB of data. A typical
(although not necessary) size of the RAID group, including
the parity blocks, can be of (4*18=) 72 GB.

Accordingly, data that 1s going to be written to disk drives
can be handled 1n terms of Raid Groups (RGs), each com-
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prising stripes with N data portions and two parity portions
(N=16 1n our example). The groups are divided into members
and the members can be distributed via any suitable mapping
and storage across the various disk drives 1n the system, by
way of non-limiting example, as explained 1n U.S. patent
application Ser. No. 13/008,197 filed on Jan. 18, 2011
assigned to the assignee of the current application and incor-
porated herein by reference 1n its entirety.

Refer to FIG. 3, which 1illustrates the association between
disk partitions and RAID group members, 1n accordance with
certain embodiments of the presently disclosed subject mat-
ter. As 1llustrated 1n FIG. 3, the physical storage space can be
arranged as a concatenation of RAID Groups (RGs), where
cach RG comprises N+2 members, MEMi (0=1=N+1), with N
being the number of data portions per RG (e.g. N=16.) The
storage system 1s configured to allocate data (e.g. with the
help of the allocation module 105) associated with the RAID
groups over various physical drives. Moreover, the storage
system can be arranged 1n terms of storage devices (or disk
units DU) 104 (e.g. 104-1 to 104-m), each DU comprising
physical disk drives, PDO0 to PDt (e.g. 35-40 disk drives).
Each PD can be logically divided into smaller, consecutive
partitions, called disk partitions (LDs), here indicated as LD0
to LDwv.

The size of the disk partitions (in terms of logical data
blocks) 1s equal to that of the group members. For simplicity,
we assume the number of DUs to be nine, namely, half the
numbers of members 1n a RG, 1n the 1llustrated example. Let
the pair (PDx, DUy) denote physical disk drive PDx within
Disk Unit y, and the pair (MEM1,RGy7) denote member 1 of
RAID Group j. We define now an Energy Aware Assignment
function EAA(MEM1,R(y) that assigns, to each group mem-
ber MEM1 of the RAID group RGjy, a pair (PDx, DUYy),
namely, a physical disk drive within a given Disk Unait, in
which the next available disk partition 1s associated with that
member, as schematically represented 1n FIG. 3.

The function EAA can be defined as will be described
turther below, with the help of the following variables:

FLD (PDx, DUy, )—this 1s the list of free (AKA available)
disk partition in (PDx, DUy,) at any given point 1n time.

ACTIVE (DUy)—this 1s a list of physical drives, PD,
which at any given point 1n time are “active” in DUYy. Drives
can be added to or removed from this list, but 1n some non-
limiting examples 1t 1s configured, that at least two different
drives of any DU are active at any given point in time. When
the storage system 1s started up, and assuming an implemen-
tation with two active disk drives per disk unit at start-up, the

control layer (e.g. allocation module) can set the default list of
active physical drives for all disk units as: ACTIVE (DUy)

={PD0, PD1}. Also, at this point, FLD (PDx DUy,) can be a
non-empty list.

Alternatively or additionally, the control layer (e.g. alloca-
tion module) can conﬁgure the storage system so that for any
disk unit at any point in time the ratio between active disk
drives and disk drives operating 1n low power state 1n the same
disk unit does not exceed a predefined parameter. In some
cases the parameter 1s 10% to 30% but the disclosure does not
impose limitations on this parameter which can vary depend-
ing on the implementation.

The writing to active disk drives 1n accordance with certain
embodiments of the currently disclosed subject matter will
now be described with reference to FIGS. 4-5.

Write requests described herein can originate from outside
the storage system (e.g. from any of host computer(s) 101-1-
101-L) and/or from background process(es) (e.g. defragmen-
tation process, de-duplication process, compression process,
scrubbing process, etc.). In some embodiments, the Control
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Layer 1s operable to handle write requests relating to single
data portions. Therefore, in these embodiments, 1f a write
request originally related to more than one data portion, then
the write request will be sub-divided 1nto a plurality of write
requests, each relating to a single data portion, and each will
handled independently by the Control layer. Therefore when
handling of a write request by the Control layer 1s discussed
below, 1t should be understood that the write request referred
to can be the original write request, or can be a write request
which was sub-divided out of the original write request.

In a traditional approach when each write request 1s 1nde-
pendently written to the cache, completing the write opera-
tion requires reading the parity portions already stored some-
where 1n the system and recalculating their values 1n view of
the newly incoming data. Moreover, the recalculated parity
blocks must also be stored once again. Thus, writing less than
an entire stripe requires additional read-modify-write opera-
tions just 1n order to read-modify-write the parity blocks.

In accordance with certain embodiments of the presently
disclosed subject matter, one or more write requests are com-
bined, before destaging, in a manner enabling a direct asso-
ciation of the combined write request to an entire stripe within
a RAID group. Accordingly, the two parity portions can be
directly calculated within the cache before destaging, and
without having to read any data or additional parity already
stored 1n the disk drives.

The storage system can operate as illustrated in FIG. 4
which 1s a generalized flow-chart of a method of handing a
write request, 1n accordance with certain embodiments of the
presently disclosed subject matter.

A write request 1s first written to a cache memory com-
prised in the control layer.

Upon obtaining (401) the write request in the cache
memory, cache controller 107 (or other appropriate func-
tional block in the control layer) analyses the succession
(with regard to addresses, e.g. in the respective logical vol-
ume) of the data portion(s) corresponding to the obtained
write request and data portions co-handled with the write
request. The data portions co-handled with a given write
request are constituted by data portions from write request(s)
previously cached in the cache memory prior to the moment
ol obtaining the given write request in cache memory, and
data portions from write request(s) later cached 1n the cache
memory during a certain period of time after obtaining the
given write request 1n the cache memory. The period of time
can be pre-defined (e.g. 1 second) and/or adjusted dynami-
cally according to certain parameters (e.g. overall workload,
level of dirty data in the cache, etc.) relating to the overall
performance conditions in the storage system. Two data por-
tions are considered as contiguous (AKA sequential), 1, with
regard to addresses e.g. 1n the respective logical volume, data
in one data portion precedes or follows data 1n the other data
portion.

The cache controller analyses (402) 1t at least part of data
portions in the obtained write request and at least part of
co-handled data portions can constitute a group of N contigu-
ous data portions, where N+P 1s the number of members of the
RG (P 1s the number of parity portions, e.g. P=2).

ITf YES, the cache controller (404) groups respective data
portions 1n the group of N contiguous data portions in a
consolidated write request along with the P parity portions,
thereby producing a (“standard’) entire stripe of the RG.

If data portions in the obtained write request and
co-handled data portions cannot constitute a group of N con-
tiguous data portions (NO), where N 1s the number of data
portions 1n the RG, the write request 1s handled 1n accordance
with certain embodiments of the currently presented subject
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matter as disclosed below. The cache controller enables
grouping (403) the cached data portions related to the
obtained write request with co-handled data portions 1n a
consolidated write request, thereby creating a virtual stripe
comprising N data portions plus P parity portions. The virtual
stripe 15 a concatenation of N data portions corresponding to
the consolidated write request plus the P parity portions,
wherein at least one data portion in the virtual stripe 1s non-
contiguous with respect to all other data portions in the virtual
stripe, and wherein the size of the virtual stripe 1s equal to the
s1ze of the stripe of the RAID group. A non-limiting example
of aprocess of generating the virtual stripes 1s further detailed
with reference to FIGS. 7-8.

Optionally, the virtual stripe can be generated to include
data portions of a given write request and later cached write
requests, while excluding data portions cached 1n the cache
memory before obtaining the given write request in cache
memory. Alternatively, the virtual stripe can be generated to
include merely data portions of a given write request and data
portions cached in the cache memory before obtaining the
given write request 1in cache memory.

Optionally, data portions can be combined 1n virtual stripes
in accordance with pre-defined consolidation criterion. The
consolidation criterion can be related expected 1/0O activities
with regard to respective data portions and/or groups thereof.
I/0 activities can be related to any access requests addresses
to respective data portions or to selected types of access
requests. By way of non-limiting example, the I/O activities
can be considered merely with regard to write requests
addressed to respective data portions. Alternatively or addi-
tionally, the consolidation criterion can be related to different
characteristics of data portions (e.g. source of data portions,
frequency characteristics of data portion, type of data 1n data
portions, succession ol data portions with regard to addresses
in the respective logical volume, and/or designated physical
location, etc.).

The cache controller further enables destaging (405) the
consolidated write request (e.g. as part of the destaging of one
or more standard and/or virtual stripe(s) associated with an
RG) and writing (406) the consolidated write request to active
disk drive(s) 1n a write-out-of-place manner (e.g. 1n a log form
aka as a log write). Thus, any data portion 1s part of a stripe
associated with an RG, and that stripe can be either standard
(if consolidated from a group of N contiguous data portions)
or virtual (1if not consolidated from a group of N contiguous
data portions). Herein below, unless otherwise indicated the
term “‘stripe” can refer to a stripe which 1s virtual or a stripe
which 1s standard.

FI1G. 5 1s a generalized tlowchart of a method 500 of deter-
mimng where to write consolidated write requests, 1n accor-
dance with certain embodiments of the presently disclosed
subject matter. Method 500 can be applied, 1n a non-limiting
example, each time that cache control module 107 (FIG. 1)
decides that a RAID group, say R(7, 1s to be destaged. RGj 1s
assumed to be associated with one or more stripes, each
corresponding to a consolidated write request as described
above with reference to FIG. 4.

Allocation module 1035 recewves (501) a message from
cache controller 107 requesting the values of EAA(MEML,
RGy) (O=1=N+1).

Allocation module 1035 assigns (502 to 503) each of the
members of the RAID group to a disk unit. Any suitable
assignment function can be used. In some embodiments, two
members are assigned to each disk unit but in other embodi-
ments this 1s not necessarily the case and even all members
might be assigned to the same disk unit. In some of these
embodiments the assignment proceeds according to modulo
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function: MEMi1—DUy, with 1=y (mod 9) or in accordance
with any other function which assigns two members to each
disk unit. Assuming a non-limiting example where there are
18 group members and 9 disk units, two members can be
assigned to each disk umt in these embodiments. In this
example, let MEM10, MEM11 be the two members assigned
to DUI. In some non-limiting cases, it can be advisable that
the total number of active disk drives 1n the storage system
equals N+2. If there are N+2 active disk drives, then 1n some
of these cases a RAID 6 scheme can be properly applied. In
some non-limiting cases, having at least two active drives 1n
cach disk unit adds reliability against a single point of failure
if the disk unit fails. More specifically in imnstances where not
more than two members of a RAID®6 group are assigned to a
grven disk unit, providing two active disk drives per disk unit
can increase the likelihood that the protection scheme can be
sately enforced 1n the system, there will be good load balance
and a double point of failure will be avoided.

Within DUy, allocation module 105 chooses (506-507) an
available disk partition (e.g. next available disk partition) 1n a
different active physical disk drive for each assigned group

member. By way of non-limiting example 11 two members
MEM10, MEM11 were assigned to DU, then two different

clements m ACTIVE(DU1)would beused, say (PDx1, DU1),
and (PDx2, DU1). Hence 1n this example: EAA(MEMIi0,
RGj)=(PDx1, DU1) and EAA(MEMi11,RGy)=(PDx2, DU1).

After assignment to disk partitions, allocation module 105
determines (308) 11 the list of active disk drives for DUy
should be changed. In some non-limiting cases, the determi-
nation can be to remove a disk drive from the list of active disk
drives if the list of free disk partitions for that disk drive 1s now
empty. Continuing with our example, 1t can be checked 1f
FLD(PDx1, DU1) and/or FLD(PDx2, DU1) are now empty
and 11 at least one 1s empty then 509 1s performed, and 1 none
1s empty then 509 1s skipped. In other non-limiting cases, the
determination whether or not to change the list of active disk
drives for DUy can additionally or alternatively be dependent
on other criteria such as time since last change, balance con-
siderations, duration of time that drive has already been
active, performance, reliability, etc.

IT 1t 1s determined to change the list of active disk drives,
then allocation module 105 adds or substitutes (509) one or
more disk drives to the active list for DUy. The selection of
which disk drive(s) to add or substitute can be dependent on
any criteria. By way of non-limiting instance, the selection
can be based on the least recently used drive in DUy, activity
per disk drnive, etc. Depending on the embodiment, the
selected disk drive(s) can substitute for disk drive(s) which
are removed from the list of active disk drives, or can be added
without removing disk drive(s) from the list. Therefore
depending on the embodiment, the length of the list of active
disk drives can be constant or variable, by way of non-limiting
instance varying depending on considerations of perfor-
mance, reliability, balance, etc. In some non-limiting cases,
no disk drive can be removed from the active list unless 1t has
been 1nactive for a period of time (PTT) that 1s either estab-
lished 1n advance or dynamically modified according to the
overall status of the storage system. In some of these cases,
the value of PTT can be calculated to take into account vari-
ous considerations, such as avoiding too frequent changes
from active to low-power state and/or vice versa (since too
many changes can produce wear oil), reducing any negative
impact on performance and/or reliability 1n the system, and/or
other considerations known in the art. In other non-limiting
cases, additionally or alternatively, a long term history of a
disk drive can serve as a criterion for allowing or not allowing
removal from the list. In some of these cases, the overall
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number of state changes from active to low power (and/or
vice versa) (SCN) over a certain period of time (PERT) for
which the condition 1s checked (e.g. last day, last week, last
month), SCN(pert, DUy, PDx) can be compared to a pre-
defined or dynamically adjusted threshold. In these cases,

only 1f SCN(pert, DUy, PDx) 1s below the threshold, would
PDx be allowed to be removed. Those versed 1n the art will
identify other restrictive conditions on removing disk drives
from the list that can additionally or alternatively apply here.
In our non-limiting example, assume that PDx1 1s removed
from ACTIVE(DU1), and a new PD 1s added to ACTIVE
(DU1), say PDx3. Continuing with the example, PDx3 can be
perhaps the least recently used drive in DUI.

Allocation module 105 determines (510-511) whether or
not there are more disk units for which to perform 507-509. I
yes, then method 500 iterates back to stage 507. Once there
are no more disk units, allocation module 105 reports (512)
the EAA values to cache controller 107. Method 500 then
ends.

After the RAID group members have been assigned to disk
partitions in accordance with the values returned by alloca-
tion module 105, cache controller 107, acting as the disk
controller, can perform the destage cycle to the physical
addresses of the indicated disk partitions.

It 1s noted that method 500, and especially the selection
procedures described above can in some non-limiting cases
be enhanced by considerations based on long and short term
statistics, including those well known 1n the art, regarding the
amount and types of activity 1n one or more disk drives, and 1n
one or more disk units. It 1s also noted that the virtualized
architecture described further below with reference to FIGS.
7-8, for instance the possibility of independent translation,
can 1n some non-limiting cases enable additional flexibility 1n
performing method 500, especially stages 503 and 507.

In some embodiments of the presently disclosed subject
matter, cache controller 107, handles write requests and read
requests simultaneously according to some criteria that pri-
oritizes certain requests in relation to others, and thus regu-
lates the IO activity in the system. At least part ol these criteria
can be related to reduction of energy consumption, e€.g. with
the help of one or more techniques known 1n the art.

Once cache controller 107 has completed the destage cycle
for one of the RAID group, for example with the help of
assignment procedure 500, cache controller 107 can move to
a new task which can comprise a new destage cycle for
another RAID group, or a read request directed at data found
in the disk drives. In some embodiments, the system can be
adapted to comply with the requirement of minimizing read
requests addressed at low-power state disk drives.

The read requests described herein can originate from out-
side the storage system (e.g. from any ol host computer(s)
101-1-101-L) and/or from background process(es) (e.g.
defragmentation process, de-duplication process, compres-
s101 process, scrubbing process, etc.). In some embodiments,
the Control Layer 1s operable to handle read requests relating,
to single portions. Therefore, 1n these embodiments, 1f a read
request originally related to more than one portion, then the
read request will be sub-divided into a plurality of read
requests, each relating to a single portion, and each will
handled independently by the Control layer. After each por-
tion has been serviced, the portions can be reunited, for
example prior to sending to the originator (e.g. host computer,
background process, etc.). Therefore when handling of a read
request by the Control layer 1s discussed below, 1t should be
understood that the read request referred to can be the original
read request, or can be a read request which was sub-divided
out of the original read request.
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At some point cache controller 107 will need to read some
data and/or parity portion(s) from a specific disk drive, say
PDx 1n DUy. Thus, whenever a read task needs to be per-
tormed for a specific disk drive, the cache controller 107 can
be adapted to implement a read method, by way of non-
limiting example as 1llustrated 1n FI1G. 6. FIG. 6 1s a general-
1zed flowchart of a read method, 1n accordance with certain
embodiments of the presently disclosed subject matter.

Cache controller 107 determines (601 ) on which disk drive
the portion to be read 1s stored.

Cache controller 107 determines (602) 1f that disk drive 1s
currently active. By way of non-limiting instance, cache con-
troller 107 can check 1f the disk drive, say PDx3, 1s 1n
ACTIVE(DUy). If 1t 1s active, then method 600 omits stage
603 and proceeds directly to stage 604.

Otherwise, if the disk drive 1s not currently active, then 1n
stage 603, allocation module 105 adds or substitutes the disk
drive 1s to the active list. By way of non-limiting instance
PDx3 can be added to ACTIVE(DUy), either 1n addition to
current members of ACTIVE(DUYy), or substituting for one of
the current members. Assuming substitution, the current
member to be replaced (1.e. removed) from ACTIVE(DUy),
say PDx4, can be selected according to any one or more
criterion. By way of non-limiting example, PDx4 can be the
active drive in DUy that has been least active since the last
time the contents of ACTIVE(DUy) was updated. In one
example, there can additionally or alternatively be a restric-
tive condition that no disk drive 1s removed from ACTIVE
(DUy), unless that disk drive has been 1nactive for a period of
time PTT that 1s either established in advance or dynamically
modified according to the overall status of the system. Note
that the value of P1T can be calculated to take into account
various considerations, such as (a) avoiding too frequent
changes from active to low-power state and/or vice versa
(since too many such changes produce wear-oil), (b) reducing
any negative impact on performance, (¢) reducing any nega-
tive impact on reliability in the systems, and/or (d) any other
suitable consideration(s). Additionally or alternatively, 1n
another example, the long term history of each disk drive can
serve as a criterion for determining whether or not to allow
removal of the disk drive from the ACTIVE (DUy) list. In this
example the overall number of state changes from active to
low-power over the certain period of time (and/or vice versa)
(PERT) for which the condition 1s checked (e.g. last day, last
week, last month, etc.) SCN(pert,DUy,PDx), can be com-
pared to a predefined or dynamically adjusted threshold. In
this example, only i SCN(pert, DUy, PDx) 1s below the
threshold, would PDx be allowed to be removed. Those
versed 1n the art will identily other restrictive conditions that
can additionally or alternatively apply here.

Cache controller 107 completes (604) the read request by
reading the portion from the disk drive. It1s noted that sending,
a read request to the disk drive, for example via an SCSI
command, will typically although notnecessarily cause a disk
drive which 1s 1n a low power state to become active. In some
non-limiting cases, the newly active disk drive remains active
until a predefined period of time has elapsed. In some of these
non-limiting cases, aiter the predefined time period has
clapsed the disk drive returns to its previous low power state.
It 1s also noted that 1T the disk drive were already active,
sending a read request would not atfect the state of the disk
drive.

In some other embodiments, step 603 can be performed 1n
parallel or after step 604.

Method 600 then ends.

It 1s noted that method 600, and especially the selection
procedures can 1 some non-limiting cases be enhanced by
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considerations based on long and short term statistics regard-
ing the amount and types of activity 1in one or more disk
drives, and 1n one or more disk units. It 1s also noted that the
virtualized architecture described further below with refer-
ence to FIGS. 7-8 can in some non-limiting cases enable
additional flexibility 1n performing method 600.

It 1s noted that in some non-limiting cases between any two
consecutive executions of method 500, method 600 can be
performed one or more times. Thus the value of ACTIVE
(DUy) can be modified one or more times between consecu-
tive write operations. In some embodiments, the write opera-
tions can be controlled and will therefore tend to induce
higher order and keep the same disk drives active, whereas the
read requests will access disk drives according to necessity
and will accordingly induce less order.

In accordance with certain of the embodiments described
above, providing there are no more than two members of a
RAID group assigned to a disk unit, the minimal number of
active disk drives per a disk unit can be setup by default as
equal to two. Also as described above, the minimal number of
active disk drives per a disk unit can be more than two. The
actual number of active disk drives per a disk unit can 1n some
embodiments increase during the operation, and 1n a large

mass storage system at any point in time the number members
of ACTIVE(DUy) or can be around 40-60% of the total num-
ber of disk drives per DU.

Some of the embodiments described herein can optionally
be enhanced by a virtualized architecture which will now be
described. Referring to FIG. 7, there 1s 1llustrated a schematic
functional diagram of control layer 103 configured 1n accor-
dance with certain embodiments of the presently disclosed
subject matter. The 1illustrated configuration 1s further
detailed 1n U.S. application Ser. No. 12/897,119 filed Oct. 4,
2010 assigned to the assignee of the present application and
incorporated herewith by reference 1n 1ts entirety.

The wvirtual presentation of the entire physical storage
space 15 provided through creation and management of at
least two interconnected virtualization layers: a first virtual
layer 704 interfacing via host interface 702 with elements of
the computer system (host computers, etc.) external to the
storage system, and a second virtual layer 705 interfacing
with the physical storage space via a physical storage inter-
tace 703. The first virtual layer 704 1s operative to represent
logical units available to clients (workstations, applications
servers, etc.) and 1s characterized by a Virtual Unit Space
(VUS). The logical units are represented in VUS as virtual
data blocks characterized by virtual unit addresses (VUAS).
The second virtual layer 705 1s operative to represent the
physical storage space available to the clients and 1s charac-
terized by a Virtual Disk Space (VDS). By way of non-
limiting example, storage space available for clients can be
calculated as the entire physical storage space less reserved
parity space and less spare storage space and/or less any other
part of space which 1s not available to clients. Accordingly,
the range of virtual addresses 1n VDS can correspond 1n this
example to a certain portion (e.g. 70-80%) of the total physi-
cal storage space. The virtual data blocks are represented 1n
VDS with the help of virtual disk addresses (VDAs). Virtual
disk addresses are substantially statically mapped into
addresses 1n the physical storage space. This mapping can be
changed responsive to modifications of physical configura-
tion of the storage system (e.g. by disk failure or disk addi-
tion). The VDS can be further configured as a concatenation
of representations of RAID groups (RG), 1llustrated here as
RG1 (710) to RGq (713).

The first virtual layer (VUS) and the second virtual layer
(VDS) are interconnected, and addresses in VUS can be
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dynamically mapped into addresses in VDS. The translation
can be provided with the help of the allocation module 706
(which 1s a non-limiting example of allocation module 105)
operative to provide translation from VUA to VDA via Virtual
Address Mapping. By way of non-limiting example, the Vir-
tual Address Mapping can be provided with the help of an
address tree detailed in U.S. application Ser. No. 12/897,119
filed Oct. 4, 2010 and assigned to the assignee of the present
application.

By way of non-limiting example, FIG. 7 illustrates a part of
the storage control layer corresponding to two L Us illustrated
as LUx (708) and LUy (709). The LUs are mapped into the
VUS. In atypical (although not necessarily) case, initially the
storage system assigns to an LU contiguous addresses
(VUAs) mn VUS. However existing LUs can be enlarged,
reduced or deleted, and some new ones can be defined during
the lifetime of the system. Accordingly, the range of contigu-
ous data blocks associated with the LU can correspond to
non-contiguous data blocks assigned 1n the VUS. The param-
cters defining the request 1n terms of LUs are translated into
parameters defining the request 1n the VUAS, and parameters
defining the request 1n terms of VUASs are further translated
into parameters defining the request in the VDS 1n terms of
VDAs and further translated into physical storage addresses.

In some embodiments, translating addresses of data blocks
in L.Us 1nto addresses (VUAs) 1n VUS can be provided inde-
pendently from translating addresses (VDA) 1n VDS mto the
physical storage addresses. Such translation can be provided,
by way of non-limited examples, with the help of an indepen-
dently managed VUS allocation table and a VDS allocation
table handled 1n the allocation module 706. In some embodi-
ments, different blocks 1n VUS can be associated with one
and the same block 1n VDS, while allocation of physical
storage space can be provided only responsive to destaging
respective data from the cache memory to the disk drives (e.g.
for snapshots, thin volumes, etc.).

Referring to FIG. 8, there 1s illustrated a schematic diagram
of generating a virtual stripe with the help of the control layer
illustrated 1n FI1G. 7, 1n accordance with certain embodiments
of the currently disclosed subject matter. As illustrated by
way of non-limiting example 1n FIG. 8, non-contiguous data
portions d1-d4 corresponding to one or more write requests
are represented in VUS by non-contiguous sets of data blocks
801-804. VUA addresses of data blocks (VUA, block_count)
correspond to the received write request(s) (LBA, block-
_count). The control layer further allocates to the data por-
tions d1-d4 virtual disk space (VDA, block_count) by trans-
lation of VUA addresses into VDA addresses. When
generating a virtual stripe comprising data portions d1-d4,
VUA addresses are translated into sequential VDA addresses
so that data portions become contiguously represented 1n
VDS (805-808). When writing the virtual stripe to the disk
drive, sequential VDA addresses are further translated into
physical storage addresses of respective RAID group stati-
cally mapped to VDA. Write requests consolidated in more
than one stripe can be presented 1n VDS as consecutive stripes
of the same RG.

Likewise, the control layer illustrated with reference to
FIG. 7 can enable recognizing by a background (e.gs defrag-
mentation) process non-contiguous VUA addresses of data
portions, and further translating such VUA addresses into
sequential VDA addresses so that data portions become con-
tiguously represented 1 VDS when generating a virtual
stripe.

Thus, 1n accordance with certain embodiments of the pres-
ently disclosed subject matter as described above, the storage
system can consolidate sequential (AKA contiguous) data
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portions corresponding to write requests 1n one or more stan-
dard stripes, consolidate non-sequential data portions nto
one or more virtual strips, and enable writing of each stripe as
a respective log write. Consolidating non-sequential data por-
tions 1nto one or more virtual strips can be provided 1n some
embodiments with the help of mapping between the VUS and
the VDS virtual layers. However, the two interconnected vir-
tualization layers described with reference to FIGS. 7-8 are
not necessarily required for all of the embodiments described
above with reference to FIGS. 1-6.

In accordance with certain embodiments of the currently
disclosed subject matter there can be two storage systems, a
local storage system and a remote mirror storage system 1n
communication with one another. The remote mirror storage
system may have been set up 1n non-limiting examples 1n
order to enable recovery 1n case of disaster, as a twin site
and/or for any other reason.

Refer to FIG. 9 which illustrates local and remote systems
in accordance with certain embodiments of the presently
disclosed subject matter. For simplicity of description, 1t 1s
assumed that the local storage system 902 1s similar or 1den-
tical to the storage system described with reference to FIGS.
1-3 and optionally with reference to FIGS. 7-8, except that 1n
these embodiments the local storage system 1s necessarily
operable to communicate with the remote mirror storage sys-
tem whereas 1n the previous described embodiments, this
feature 1s not necessary. Communication with the remote
system can be performed in a non-limiting example by a
communication module 908 in control layer 903 which 1s
operable to communicate with the remote system via any
appropriate connection. The connection can be provided via
Wire-line, Wireless, cable, Internet, Intranet, power, satellite
or other networks and/or using any appropriate communica-
tion standard, system and/or protocol and variants or evolu-
tion thereof (as, by way of unlimited example, Ethernet,
1SCSI, Fiber Channel, etc.). However, 1n some other embodi-
ments, local storage system 902 1s not necessarily similar or
identical to the system described above with reference to
FIGS. 1-3 and optionally with reference to FIGS. 7-8. For
instance, 1 various non-limiting examples, local storage sys-
tem 902 can or cannot be RAID protected, can or cannot be
configured to perform method 400 and/or 500, etc.

For simplicity of 1llustration, remote mirror storage system
1902 1s 1llustrated 1n FIG. 9 1n a similar manner to the local
storage system. However in certain embodiments, the con-
figuration of the remote system can differ from the local
system. For instance, 1n various non-limiting examples the
remote system can or cannot be RAID protected even 11 the
local system 1s RAID protected (or can or cannot be RAID
protected even 1f the local system 1s not RAID protected), the
remote system can or cannot allow disk drives to be in a low
power state even 1f the local system does allow low power
state (or the remote system can or cannot allow disk drives to
be 1n low power state even if the local system does not allow
low power state), the remote system can or cannot be config-
ured to perform method 400 and/or 500 even 1f the local
system 1s configured to perform method 400 and/or 500 (or
the remote system can or cannot be configured to perform
method 400 and/or 500 even if the local system 1s not config-
ured to perform method 400 and/or 500), the remote system
can or cannot handle data differently than the local system,
etc. Therefore, 1n various embodiments, the attributes of a
particular remote mirror storage system can vary as long as
the remote system has at least one logical volume which
mirrors a logical volume 1n the local storage system, meaning,
that a copy of data stored 1n that local logical volume 1s stored
in the mirrored remote logical volume.
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It 1s thus assumed that at least one of the volumes 1n a local
storage system S 902 1s/are mirrored 1n a remote mirror stor-
age system R 1902. Let LU1 be a volume 1n the local storage
system S, for which there 1s a remote mirroring volume, say
LU1. It 1s not necessary that all logical volumes 1n the local
storage system S be mirrored in R, and in some non-limiting
cases, one or more logical volumes 1n the local system S may
be mirrored elsewhere than in remote system R and/or may
not be mirrored at all. Similarly, it 1s not necessary that all
volumes 1n remote mirror storage system R mirror volumes in
local storage system S and in some non-limiting cases one or
more logical volumes in the remote system may mirror vol-
umes 1n other system(s) and/or may not mirror other volumes.

A write command originates from outside the local storage
system (e.g. from any of host computer(s) 901-1-901-L) and
1s addressed to local logical volume(s), including say LU1,
Optionally the original write request can be sub-divided, prior
to being handled by the local control layer, and 1n this non-
limiting case reference to a write request below relates a write
request which was sub-divided out of the original write
request.

The write request 1s written to the local cache 906. In
embodiments with a remote mirror storage system the write
request 1s also communicated to the remote system, in a
non-limiting instance by commumcation module 908.
Remote mirroring can be implemented, by way of non-lim-
iting example, by ways which are well-known 1n the art and
which can be either synchronous or asynchronous. If syn-
chronous, then once remote mirror storage system 1902
receives the write request, 1n a non-limiting instance by a
communication module 1908 which 1s the remote counterpart
of communication module 908, and writes the write request to
a remote cache 1906, remote system 1902 acknowledges the
transaction to local system 902 and the local system can
acknowledge the transaction to the host 901. If asynchronous,
local storage system 902 can acknowledge the transaction to
the host once the write request 1s written to local cache 906,
without necessarily first communicating the consolidated
write request to remote storage system 1902.

Depending on the embodiment, local storage system 902
can handle the write request using any appropriate procedure
(s), including or not including method 400 and/or 500.
Depending on the embodiment, remote minor storage system
1902 can handle the write request using any appropriate pro-
cedure(s), including or not including method 400 and/or 500.

It 1s noted that emote storage system 1902 services the
write request using remote logical volume(s), including say
LU1, which mirrors the local addressed logical volume(s),
including say LUi. However in accordance with certain
embodiments of the presently disclosed subject matter,
remote system R can handle LU1' according to its own internal
considerations, and this means that the data portions that
constitute LU1, 1n the local system, and the copies of these
data portions that constitute LU1' in the remote, can possibly
be handled differently at any point in time.

Thus by way of non-limiting instance, assuming that the
local system 1s configured to work with energy saving mecha-
nisms, i a read request 1s addressed at a certain portion of LU1
in the local storage system, and that portion 1s currently 1n a
disk drive which 1s in low-power state, 1t can well be the case
that the copy of the portion 1n LU1' currently lies 1n an active
disk drive 1n the remote mirror storage system (1indeed, 1t can
even be the case that the remote system 1s not even configured
to work with energy saving mechanisms). In some embodi-
ments, the local disk drives should be capable of transitioning
between low power and active states. However in these
embodiments this limitation 1s not necessarily applicable to
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the remote disk drives. Alternatively or additionally, 1n some
embodiments, the remote disk drives should be capable of
transitioning between low power and active states. However
in these embodiments this limitation 1s not necessarily appli-
cable to the local disk drives. Alternatively or additionally, 1n
some embodiments, some of the remote disk drives and some
of the local disk drives should be capable of transitioning
between low power and active states, but notnecessarily all of
them.

In some embodiments with remote mirroring, read activity
in disk drives which are currently in low-power state can be
mimmized thereby enabling reduced energy consumption. In
some of these embodiments when cache 906 needs to fetch
data and/or parity portion(s) in order to service some request,
the cache control module 907 can proceed according to
method 1000. FIG. 10 1s a generalized flowchart of a read
method 1000 1n a system with remote mirroring, in accor-
dance with certain other embodiments of the presently dis-
closed subject matter.

In some embodiments, the local Control Layer 1s operable
to handle read requests relating to single portions. Therefore,
in these embodiments, if a read request originally related to
more than one portion, then the read request will be sub-
divided into a plurality of read requests, each relating to a
single portion, and each will handled independently by the
Control layer. After each portion has been serviced, the por-
tions can be reunited, for example prior to sending to the
originator (e.g. host computer, background process, etc).
Therefore when handling of a read request by the Control
layer 1s discussed below, 1t should be understood that the read
request referred to can be the original read request, or can be
a read request which was sub-divided out of the original read
request.

Local cache controller 907 determines (1001) on which
disk drive 1n the local storage the portion to be read is stored.

Local cache controller 907 determines (1002) 11 that disk
drive 1s currently active.

If the disk drive 1s active, then Cache controller 907 reads
(1003) the portion from the local disk drive and method 1000
can end.

If the local disk drive 1s not active, then communication
module 908 sends (1004) a message to the remote system
(e.g. to remote communication module 1908) to enquire 1f the
disk drive 1n the remote system on which a copy of the portion
1s stored 1s active.

If all the remote disk drives in the remote system are always
active, then the remote system will answer yes. If all the
remote disk drives are not always active, then the remote
system will determine 11 the disk drive on which the copy 1s
stored 1s active, 1n a non-limiting instance by consulting a list
of active remote disk drives. Remote system will then answer
whether or not the remote disk drive 1s active.

If the remote disk drive 1s active, then if energy criterion 1s
paramount, Local cache controller 907 will read (1006) the
portion from the remote disk drive, putting the portion in
cache 906 in the local system. The possibility of reading from
the active remote disk drive 1n this case eliminates the need to
read from the local disk drive when 1n low power state. How-
ever 1t 1s possible that in some embodiments Local cache
controller will take into account other criterion, 1n a non-
limiting istance criterion such as performance criterion, and
therefore not necessarily execute step 1006 and read from the
remote disk drive simply because that disk drive 1s active. IT
1006 has been performed then method 1000 can end.

If the remote disk drive 1s also not active, then LLocal cache
controller 907 reads (1007) the portion from the local disk
drive. In some non-limiting cases, allocation module 905 can
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add or substitute the local disk drive to the local active list, e.g.
similarly to as described in 603. Alternatively, there can be
criterion which causes cache controller to read 1nstead from
the remote disk drive. If reading from the remote disk drive,
then 1n some non-limiting cases allocation module 1905 can
add or substitute the remote disk drive to the remote active
list, e g similarly to as described 1n 603. It 1s noted that sending
a read request to the remote or local disk drive which 1s in low
power state, for example via an SCSI command, will typically
although not necessarily cause that disk drive to become
active. In some non-limiting cases, the newly active disk drive
remains active until a predefined period of time has elapsed.
In some of these non-limiting cases, atter the predefined time
period has elapsed the disk drive returns to its previous low
power state. After 1007 method 1000 can end.

Thus, 1n certain embodiments described herein there can be
reduced energy consumption because write requests are
directed to currently active disk drives and/or because reading
from disk drives which are currently in low-power state 1s
minimized. Additionally or alternatively, 1n a system config-
ured 1n accordance with certain embodiments described
herein, there can be a high level of data protection due to
RAID protection and/or remote mirroring. Additionally or
alternatively, 1n a system configured in accordance with cer-
tain embodiments described herein there can be a reduced
frequency of switching disk drives from low power to active
mode and therefore a reduced negative impact on perior-
mance.

It 1s to be understood that the presently disclosed subject
matter 1s not limited 1n 1ts application to the details set forth in
the description contained herein or 1llustrated in the drawings.
The presently disclosed subject matter 1s capable of other
embodiments and of being practiced and carried out 1n vari-
ous ways. Hence, 1t 1s to be understood that the phraseology
and terminology employed herein are for the purpose of
description and should not be regarded as limiting. As such,
those skilled in the art will appreciate that the conception
upon which this disclosure 1s based can readily be utilized as
a basis for designing other structures, methods, and systems
for carrying out the several purposes of the presently dis-
closed subject matter.

It1s also to be understood that any of the methods described
herein can include fewer, more and/or different stages than
illustrated 1n the drawings, the stages can be executed 1n a
different order than illustrated, stages that are illustrated as
being executed sequentially can be executed 1n parallel, and/
or stages that are illustrated as being executed 1n parallel can
be executed sequentially. Any of the methods described
herein can be implemented instead of and/or 1n combination
with any other suitable power-reducing techmques.

It 1s also to be understood that certain embodiments of the
presently disclosed subject matter are applicable to the archi-
tecture of storage system(s) described herein with reference
to the figures. However, the presently disclosed subject matter
1s not bound by the specific architecture; equivalent and/or
modified functionality can be consolidated or divided in
another manner and can be implemented 1n any appropriate
combination of software, firmware and hardware. Those
versed 1n the art will readily appreciate that the presently
disclosed subject matter 1s, likewise, applicable to any storage
architecture implementing a storage system. In different
embodiments of the presently disclosed subject matter the
functional blocks and/or parts thereol can be placed 1n a
single or in multiple geographical locations (including dupli-
cation for high-availability); operative connections between
the blocks and/or within the blocks can be implemented
directly (e.g. via a bus) or indirectly, including remote con-
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nection. The remote connection can be provided via Wire-
line, Wireless, cable, Internet, Intranet, power, satellite or
other networks and/or using any appropriate communication
standard, system and/or protocol and variants or evolution
thereol (as, by way of unlimited example, Ethernet, 1SCSI,
Fiber Channel, etc.). By way of non-limiting example, the
presently disclosed subject matter can be implemented 1n a
SAS grid storage system disclosed 1mn U.S. patent application
Ser. No. 12/544,734 filed on Aug. 20, 2009, assigned to the
assignee of the present application and incorporated herein by
reference 1n 1ts entirety.

It 1s also to be understood that for stmplicity of description,
some of the embodiments described herein ascribe a specific
step and/or task generally to storage control layer and/or more
specifically to a particular module within the control layer.
However 1n other embodiments the specific step and/or task
can be additionally or alternatively performed by one or more
module(s) 1n the storage control layer, and not necessarily
solely by the particular module.

It 15 also to be understood that the system according to the
presently disclosed subject matter can be, at least partly, a
suitably programmed computer. Likewise, the presently dis-
closed subject matter contemplates a computer program
being readable by a computer for executing the method of the
presently disclosed subject matter. The subject matter further
contemplates a machine-readable memory tangibly embody-
ing a program of instructions executable by the machine for
executing a method of the subject matter.

Those skilled 1n the art will readily appreciate that various
modifications and changes can be applied to the embodiments
of the presently disclosed subject matter as hereinbefore
described without departing from its scope, defined 1n and by
the appended claims.

The mvention claimed 1s:

1. A method of reading a data portion, the method com-
prising:

configuring local disk drives of a local storage system so
that at any given point ol time, a first part of the local disk
drives operate 1n a low power state and a second part of
the local disk drives operate 1n an active state, wherein
the local disk drives are operable to switch between the
low power state and the active state; and in response to a
read request of a data portion on a local disk drive of the
local disk drives:

determining whether the local disk drive currently operates
in the low power state; reading the data portion from the
local disk drive, 11 the local disk drive does not currently
operate 1n the low power state;

if the local disk drive currently operates 1n the low power
state, enquiring 11 a remote mirror disk drive that stores
a copy of the data portion currently operates 1n the low
power state; wherein the remote mirror disk drive 1s
comprised 1n a remote storage system that 1s coupled to
the local storage system:;

i the remote mirror disk drive does not currently operate in
the low power state, requesting by the local storage
system from the remote storage system to read the copy
of the data portion from the remote mirror disk drive;
and

if the remote mirror disk drive currently operates in the low
power state, adding the local disk drive to an active list
indicative of disk drives comprised 1n the second part of
the local disk drives and reading the data portion from
the local disk drive.

2. The method of claim 1, further comprising: aiter a pre-

defined time period has elapsed from the adding, removing
the local disk drive from the active list.
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3. The method of claim 1, further comprising removing a
second disk drive from the active list in response to the adding
of the local disk drive.

4. The method of claim 1 comprising selecting a second
disk drive to be removed from the active list, in response to the
adding of the local disk drive, wherein the second disk drive
1s a least active disk among disk drive 1n the active list.

5. The method of claim 1 comprising selecting a second
disk drive to be removed from the active list, in accordance
with a number of state changes of the second disk drive
between the active and low power states over a certain period
of time.

6. A local storage system comprising a plurality of local
disk drives; wherein the local storage system 1s configured to:

configure said plurality of local disk drives so that at any
given point of time, a first part of said plurality of local
storage disk drives operate 1n a low power state and a
second part of said plurality of local storage disk drives
operate 1n an active state, wherein said local storage disk
drives are operable to switch between the low power
state and the active state; and in response to a read
request for a data portion on a local storage disk drive of
the plurality of local disk drives:

determine whether the local disk drive currently operates in
the low power state; read the data portion from the local
disk drive, if the local disk drive does not currently
operate in the low power state;

11 the local disk drive currently operates 1n the low power
state, enquire 1 a remote mirror disk drive that stores a
copy ol the data portion currently operates 1n the low
power state; wherein the remote mirror disk drive 1s
comprised 1n a remote storage system that 1s coupled to
the local storage system:;

11 the remote mirror disk drive does not currently operate 1n
the low power state, request the remote storage system to
read the copy of the data portion from the remote mirror
disk drive; and

11 the remote mirror disk drive currently operates 1n the low
power state, add the local disk drive to an active list
indicative of disk drives comprised in the second part of
the local disk drives, and read the data portion from the
local disk drive.

7. The local storage system of claim 6, wherein the local
storage system 1s configured to remove the local disk drive
from the active list after a predefined time period has elapsed
from the addition of the local disk drive.

8. The local storage system of claim 6, wherein the local
storage system 1s configured to remove a second disk drive
from the active list when the local disk drive 1s added to the
active list.

9. The local storage system of claim 6, wherein the local
storage system 1s configured to select a second disk drive to be
removed from the active list, instead of the local disk drive
that 1s added to the active list, wherein the second disk drive
1s a least active disk among disk drive 1n the active list.

10. The local storage system of claim 6, wherein the local
storage system 1s configured to select a second disk drive to be
removed from the active list, 1n accordance with a number of
state changes of the second disk drive between the active and
low power states over a certain period of time.

11. A non-transitory computer readable medium that stores
instructions to be executed by a local storage system for:

configuring local disk drives of the local storage system so
that at any given point ol time, a first part of the local disk
drives operate 1n a low power state and a second part of
the local disk drives operate 1n an active state, wherein
the local disk drives are operable to switch between the
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low power state and the active state; and in response to a
read request of a data portion on a local disk drive of the
local disk drives:

determining whether the local disk drive currently operates
in the low power state; reading the data portion from the
local disk drive, 11 the local disk drive does not currently
operate 1n the low power state;

if the local disk drive currently operates 1n the low power
state, enquiring 11 a remote mirror disk drive that stores
a copy of the data portion currently operates 1n the low
power state; wherein the remote mirror disk drive 1s
comprised 1n a remote storage system that 1s coupled to
the local storage system;

i the remote mirror disk drive does not currently operate in
the low power state, requesting by the local storage
system from the remote storage system to read the copy
of the data portion from the remote mirror disk drive;
and

if the remote mirror disk drive currently operates in the low
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indicative of disk drives comprised 1n the second part of
the local disk drives, and reading the data portion from
the local disk drive.
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