wo 2015/017963 A1 [N I NP0 00O A

(43) International Publication Date

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

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

=

\

12 February 2015 (12.02.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/017963 A1l

(51

eay)

(22)

(25)
(26)
1

(72)
1

74

31

International Patent Classification:
GO6F 11/10 (2006.01) HO3M 13/05 (2006.01)

International Application Number:
PCT/CN2013/080805
International Filing Date:
5 August 2013 (05.08.2013)
Filing Language: English
Publication Language: English

Applicant: INTELL. CORPORATION [US/US]; 2200
Mission College Blvd., M/S: RNB4-150 Santa Clara, Cali-
fornia 95054 (US).

Inventors; and

Applicants (for US only): JIN, Jun [CN/CN]; 880# Zix-
ing Rd, Minhang Dist, Shanghai 200241 (CN). JIN,
Zhonghui [CN/CN]; No.8 Room 302, Lane 185, Fenggu
Rd., Shanghai 200232 (CN). QIAQ, Nan,Stan [CN/CN];
Gte, Chaoyang district, Beijing 100010 (CN). DI, Zeyu
[CN/CN]; 36 North East Third Ring Rd., Beijing 100000
(CN).

Agent: CHINA PATENT AGENT (H.K.) LTD.; 22/F .,
Great Eagle Center, 23 Harbour Road, Wanchai, Hong
Kong (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: STORAGE SYSTEMS WITH ADAPTIVE ERASURE CODE GENERATION

Benchmark Engins

Dispaich Engine

o
Dara ~132

Launch &
Tarameterize

T

Figure 1

(57) Abstract: Apparatuses, methods and storage medium associated with generating erasure codes for data to be stored in a storage
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Storage Systems with Adaptive Erasure Code Generation

Technical Field
The present disclosure relates to the field of data storage, in particular, to
5  apparatuses, methods and storage medium associated with adaptive generation of erasure

codes for scale out storage systems.

Background

The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Unless otherwise indicated herein, the materials
10 described in this section are not prior art to the claims in this application and are not
admitted to be prior art by inclusion in this section.

With advances in integrated circuit, computing, networking and other related
technologies, storage systems constituted with a scalable number of computer-storage
nodes (also known as scale out storage systems) have become increasingly popular. For

15  data reliability, such as recovering from data errors, erasure codes that transform &
symbols into » symbols, with # greater £, to enable recovery of the £ symbols from a
subset of the #» symbols are often employed. With the increased popularity, the ability to

generate the erasure codes efficiently has become a subject of great interest.

Brief Description of the Drawings
20 Embodiments will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate this description, like reference
numerals designate like structural elements. Embodiments are illustrated by way of
example, and not by way of limitation, in the figures of the accompanying drawings.
Figure 1 illustrates a component view of a storage system incorporated with the
25  teachings of the present disclosure, in accordance with various embodiments.
Figure 2 illustrates a method for storing data incorporated with the teachings of the
present disclosure, in accordance with various embodiments.
Figures 3-4 illustrate a method for generating erasure codes for data to be stored, in
accordance with various embodiments.
30 Figure 5 illustrates an example computing system suitable for practicing the
disclosure, in accordance with various embodiments.
Figure 6 illustrates an example storage medium with instructions configured to

enable an apparatus to practice the present disclosure, in accordance with various
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embodiments.

Detailed Description

Apparatuses, methods and storage medium associated with generating erasure
codes for data to be stored in a storage system. In embodiments, a method may include
launching, by storage system, a plurality of instances of an erasure code generation
module, based at least in part on hardware configuration of the storage system.
Additionally, the method may further include setting, by the storage system, operational
parameters of the plurality of instances of the erasure code generation module, based at
least in part on current system load of the storage system. Further, the method may
include operating, by the storage system, the plurality of instances of the erasure code
generation module to generate erasure codes for data to be stored in the storage system, in
accordance with the operational parameters set.

In embodiments, a storage system configured to practice the above method and its
variants may include an erasure code generation module and a dispatch engine. In
embodiments, the apparatus may further include a system monitor and/or an execution
monitor. In embodiments, instances of the erasure code generation module may cooperate
to copy a first data block to a first, a second, and a third computer-storage node of the
storage system, copy a second data block to a first, a fourth, and a fifth computer-storage
node of the storage system, and copy a third data block to a first, a third, and a fourth
computer-storage node of the storage system. The instances of the erasure code
generation module may then cooperate to generate a first and a second parity of the first,
the second, and the third data block on the first computer-storage node.

These and other aspects will be further described in more detail below, with
references to the accompanying drawings which form a part hereof. Like numerals in the
drawings designate like parts throughout, and in which is shown by way of illustration
embodiments that may be practiced. It is to be understood that other embodiments may be
utilized and structural or logical changes may be made without departing from the scope
of the present disclosure. Therefore, the following detailed description is not to be taken
in a limiting sense, and the scope of embodiments is defined by the appended claims and
their equivalents.

Various operations may be described as multiple discrete actions or operations in
turn, in a manner that is most helpful in understanding the claimed subject matter.

However, the order of description should not be construed as to imply that these
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operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiment. Various additional operations may be
performed and/or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrase “A and/or B” means (A), (B),
or (A and B). For the purposes of the present disclosure, the phrase “A, B, and/or C”
means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,
the terms “comprising,” “including,” “having,” and the like, as used with respect to
embodiments of the present disclosure, are synonymous.

As used hereinafter, including the claims, the term “module” may refer to, be part
of, or include an Application Specific Integrated Circuit (ASIC), an electronic circuit, a
processor (shared, dedicated, or group) and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a combinational logic circuit, and/or
other suitable components that provide the described functionality. The term “closed
captions” is to include traditional closed captions and/or subtitles.

Referring now Figure 1, a component view of a storage system incorporated with
the teachings of the present disclosure is shown, in accordance with various embodiments.
As illustrated, in embodiments, storage system 100 may include a number of computer-
storage nodes 102 networked together. Each computer-storage node 102 may have one or
more microprocessors 104, one or more caches 106, one or more memory units 108, and
one or more storage units 110. In embodiments, one or more of the microprocessors 104
may include multiple processor cores. Further, storage system 100 may include an erasure
code generation module 120 configured to generate erasure codes for data being stored in
the storages of computer-storage nodes 102. Additionally, storage system 100 may
include dispatch engine 112, optionally assisted by system load monitor 114, execution
monitor 116 and/or performance database 118, to enable a variable number of instances of
erasure code generation module 120 to be adaptively launched and/or parameterized to
generate erasure codes for data being stored in the storage units 110. In embodiments,
each instance of erasure code generation module 120 may execute in its own thread. In
embodiments, the variable number of instances/threads of erasure code generation module
120 may be adaptively launched and parameterized (e.g., different buffer sizes, different

erasure code sizes), based at least in part on the underlying hardware configuration, and/or
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current system load of storage system 100. These are other aspects of storage system 100
will be described in more detail in turn below.

In embodiments, as described earlier, dispatch engine 112 may be configured to
adaptively launch 136 a number of instances/threads of erasure code generation module
120 to generate erasure codes for data being stored in storage units 110, based at least in
part on optimization information predetermined and stored for various hardware
configurations. In embodiments, erasure code generation module 120 may be configured
to generate erasure codes for the data to be stored, transforming £ data symbols to be
stored into # data symbols, with » greater £, to enable recovery of the & data symbols from
a subset of the # data symbols. Example embodiments of erasure code generation module
120 will be further described below with references to Figures 3-4.

In embodiments, hardware configuration information may include, but are not
limited to, processor types/speeds, memory capacity, input/output (I/O) channel capability,
data block sizes, and so forth. In embodiments, dispatch engine 112 may be configured to
query the various components of storage system 100 to collect hardware configuration
data 132 of storage system 100. In other embodiments, hardware configuration data 132
of storage system 100 may be pre-collected and stored in reserved storage areas, such as
read-only memory (ROM), of storage system 100.

In embodiments, the optimization information for various hardware configurations
may be predetermined by benchmark engine 140, and stored in performance database 118.
Benchmark engine 140 may be configured to pre-perform the benchmarking for various
hardware configurations.

In embodiments, system load monitor 114 may be configured to monitor the
current system load of storage system 100, and provide dispatch engine 112 with current
system load data 134, to enable dispatch engine 112 to adaptively parameterize 136 the
instances/threads of erasure code generation module 120. Example of system load data
134 may include, but are not limited to, processor usage, memory usage, input/output (I/O)
channel usage, cache misses, volume of interrupts, and so forth. Example parameters of
erasure code generation module 120 may include, but not limited to, different buffer sizes,
different erasure code sizes, such as different (£, #-k) combination.

In embodiments, execution monitor 116 may be configured to monitor the
execution of the instances/threads of erasure code generation module 120, and provide
dispatch engine 112 with feedback, with respect to the current and various optimized

launching and parameterization employed by dispatch engine 112. In embodiments,
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execution monitor 116 may record its observations 138 in performance database 118, and
provide feedback to dispatch engine 112 via performance database 118. Examples of
observations may include, but not limited to, erasure code generation rate, number of busy,
suspended or idle threads in a time period, and so forth.

In embodiments, microprocessors 104, caches 106, memory 108, and storage units
110 may be any one of a wide range of these elements known in the art. Dispatch engine
112, system load monitor 114, execution monitor 116, erasure code generation module
120, and benchmark engine 140 may be implemented in any high level programming
instructions with compilers configured to compile the high level programming instructions
into instructions of the instruction set architectures of microprocessors 104. In
embodiments, one or more dispatch engine 112, system load monitor 114, execution
monitor 116 and/or benchmark engine 140 may be implemented in hardware, in part or in
full.

Referring now to Figure 2, wherein a method for storing data incorporated with the
teachings of the present disclosure is shown, in accordance with various embodiments. As
illustrated, method 200 for storing data may start at block 202. At block 202, at power on
or reset, system hardware configuration information of a storage system may be obtained,
e.g., by earlier described dispatch engine 112. From block 202, method 200 may proceed
to block 204. At block 204, a variable number of instances/threads of erasure code
generation module 120 may be launched, e.g., by earlier described dispatch engine 112,
based at least in part on the system hardware configured obtained, to generate erasure
codes for data to be stored in the storage system.

From block 204, method 200 may proceed to block 206. At block 206, system
load information of the storage system may be obtained, e.g., by earlier described dispatch
engine 112. From block 206, method 200 may proceed to block 208. At block 208,
operational parameters of the various instances/threads of erasure code generation module
120 may be set, e.g., by earlier described dispatch engine 112, based at least in part on the
current system load information obtained.

From block 208, method 200 may proceed to block 210. At block 210, system
load information of the storage system may be obtained, e.g., by earlier described system
load monitor 114. From block 208, method 200 may proceed to block 210. At block 210,
the various instances/threads of erasure code generation module 120 may be
activated/given execution control, e.g., by earlier described dispatch engine 112.

From block 210, method 200 may proceed to block 212. At block 212, execution



10

15

20

25

30

WO 2015/017963 PCT/CN2013/080805

of the various instances/threads of erasure code generation module 120 may be observed,
e.g., by execution monitor 116.

From block 212, method 200 may return to block 208, where the operational
parameter of the various instances/threads of erasure code generation module may be
modified based at least in part on the execution performance observed. From block 208,
method 200 may proceed to block 210, and beyond, as earlier described.

Method 200 may continue, until eventually, method 200 may stop when there are
no further data to be stored in the storage system, and the storage system idles or shuts
down.

Referring now to Figures 3-4, wherein an example method for generating erasure
codes for data to be stored is shown, in accordance with various embodiments. As shown,
example method 300 for generating erasure codes may include operations performed in
stages 302 — 310. The operations may be performed collectively, e.g., by the carlier
described instances/threads of erasure code generation module 120. For ease of
understanding, example method 300 will be described in a context, with k=3 and n =5,
also referred to as a (3, 2) context. Further, example method 300 will be described with
making 3 copies, before the (3, 2) erasure code is generated/calculated. However,
example method 300 is not so limited, and may be practiced with different (k, n — k) pair,
e.g., (5, 3), (10, 4), (10, 6) and so forth, and/or more or less copies before the (k, n — k)
erasure codes are generated/calculated.

At stage 302, for the illustrated example, data block 0 may be stored into
computer-storage (CS) node 0, and copied to two randomly selected nodes from CS1 —
CS4. For Figure 3, it is assumed that CS1 and CS2 are randomly selected. At stage 304,
for the illustrated example, data block 1 may be stored into CSO (same as data block 0),
and copied into previously unselected ones of CS1 — CS4. For the illustration, the
previously unselected ones are CS3 and CS4. At stage 306, for the illustrated example,
data block 2 may be stored into CSO (same as data blocks 1 and 2), and copied a new
combination of two nodes. For the illustration, data block 2 is copied into nodes CS2 and
CS3 (given the earlier copying were to nodes CS1-CS2, and CS3-CS4). In alternate
embodiments, data block 2 may be copied to nodes CS1-CS3, CS1-CS4 or CS2-CS4
instead.

At stage 308, for the illustrated example, CSO may generate parity 0 and parity 1
with two different functions for a double parity distributed storage scheme, such as RAID

6 (RAID = Redundant Array of Independent Disks). Thereafter, the replication may be
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reduced to 1. For example, at stage 310, parity 1 may be copied onto CS1, and thereafter
data block 0 may be discarded from CS1. Further, thereafter, extra data blocks may be
discarded from CS2 — CS4. For the example illustration, data blocks 2 and 1 may be
respectively discarded from nodes CS2 and CS3.

Thus, method 300 does not require network bandwidth to generate the parities.
Further, the number of storage I/O operations is reduced, when compared to prior art
approaches, such as the approach commonly referred to as the Carnegie Mellon
University approach. Additionally, method 300 is not limited to double parity
distributed storage approach like RAID 6, it may be scaled and practiced with other
distributed storage approaches using more or less parities.

Referring now to Figure 5, wherein an example computer suitable for use for the
arrangement of Figure 1, in accordance with various embodiments, is illustrated. As
shown, computer 500 may include one or more processors 502 and system memory 504,
In embodiments, at least one of processors 502 includes multiple or processor cores on a
die. Additionally, computer 500 may include mass storage devices 506 (such as diskette,
hard drive, compact disc read only memory (CD-ROM) and so forth), input/output devices
508 (such as display, keyboard, cursor control and so forth) and communication interfaces
510 (such as network interface cards, modems and so forth). The elements may be
coupled to each other via system bus 512, which may represent one or more buses. In the
case of multiple buses, they may be bridged by one or more bus bridges (not shown).

Each of these elements may perform its conventional functions known in the art.
In particular, mass storage devices 506 may be employed to store performance database
118, earlier described. Further, system memory 504 and mass storage devices 506 may be
employed to store a working copy and a permanent copy of the programming instructions
implementing the operations associated with dispatch engine 112, system load monitor
114, execution monitor 116, erasure code generation module 120 and/or benchmark
engine 140, earlier described. The various elements may be implemented by assembler
instructions supported by processor(s) 502 or high-level languages, such as, for example,
C, that can be compiled into such instructions.

The permanent copy of the programming instructions may be placed into mass
storage devices 506 in the factory, or in the field, through, for example, a distribution
medium (not shown), such as a compact disc (CD), or through communication interface
510 (from a distribution server (not shown)). That is, one or more distribution media

having an implementation of the agent program may be employed to distribute the agent



10

15

20

25

30

WO 2015/017963 PCT/CN2013/080805

and program various computing devices.

The number, capability and/or capacity of these elements 510-512 may vary,
depending on the intended use of example computer 500, e.g., whether example computer
500 is a stationary computing device like a set-top box or a desktop computer, or a mobile
computing device, like a smartphone, tablet, ultabook or laptop. The constitutions of these
clements 510-512 are otherwise known, and accordingly will not be further described.

Figure 6 illustrates an example non-transitory computer-readable storage medium
having instructions configured to practice all or selected ones of the operations associated
with dispatch engine 112, system monitor 114, execution monitor 116, erasure code
generation module 120 and/or benchmark engine 140; in accordance with various
embodiments. As illustrated, non-transitory computer-readable storage medium 602 may
include a number of programming instructions 604. Programming instructions 604 may
be configured to enable a device, e.g., computer 400, in response to execution of the
programming instructions, to perform, e.g., various operations of methods 200 and 300 of
Figures 2-4, e.g., but not limited to, the operations performed in association with dispatch
engine 112, system monitor 114, execution monitor 116, and/or erasure code generation
module 120. In alternate embodiments, programming instructions 604 may be disposed
on multiple non-transitory computer-readable storage media 602 instead.

Referring back to Figure 5, for one embodiment, at least one of processors 502
may be packaged together with computational logic 522 (in lieu of storing in memory 504
and/or mass storage 506) configured to practice aspects of methods 200 and 300 of
Figures 2-4. For one embodiment, at least one of processors 502 may be packaged
together with computational logic 522 configured to practice aspects of the methods of
Figures 2-4 to form a System in Package (SiP). For one embodiment, at least one of
processors 502 may be integrated on the same die with computational logic 522
configured to practice aspects of methods 200 and 300 of Figures 2-4. For one
embodiment, at least one of processors 502 may be packaged together with computational
logic 522 configured to practice aspects of methods 200 and 300 of Figures 2-4 to form a
System on Chip (SoC). For at least one embodiment, the SoC may be utilized in, e.g., but
not limited to, a computer-storage node of a scale out storage system.

Thus, example embodiments described include, but are not limited to:

Example 1 which may be an apparatus for storing data. The apparatus may include
a plurality of computer-storage nodes, an erasure code generation module, and a dispatch

engine. Each computer-storage node may include at least one processor and at least one
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storage unit. The dispatch engine may launch one or more instances of the erasure code
generation module to be operated by one or more processors of the computer-storage
nodes to generate erasure codes for data to be stored in the storage units of the computer-
storage nodes, wherein the number of instance of erasure code generation module
launched is based at least in part on hardware configuration of the computer-storage
nodes; and set operational parameters of the plurality of instances of the erasure code
generation module, wherein the operational parameter is set based at least in part on
current system load of the computer-storage nodes.

Example 2 may be example 1, wherein at least one of the processors comprises a
plurality of processor cores.

Example 3 may be example 1 or 2, wherein the dispatch engine is to further
retrieve the hardware configuration of the computer-storage nodes.

Example 4 may be any one of examples 1 — 3, wherein the dispatch engine is to set
erasure code parameters of the erasure codes to be generated.

Example 5 may be any one of examples 1 — 4, wherein the dispatch unit is to
further receive, information about the current system load.

Example 6 may be example 5, further comprising a system load monitor to monitor
system load, and provide information about current system load to the dispatch engine.

Example 7 may be any one of examples 1- 6, wherein the one or more instances of
the erasure code module is to generate at least a first and a second parity of an erasure
code from at least a first, a second and a third data block, and respectively store the first
parity, the second parity, the first data block, the third data block, and the second data
block in a first, a second, a third, a fourth, and a fifth of the computer-storage nodes.

Example 8 may be example 7, wherein the one or more instances of the erasure
code module is to generate the first and second parities on the first computer-storage node
by respective application of a first and a second function to the first, second and third data
blocks, the first and second functions being different functions, and on generation of the
second parity, transfer the second parity from the first computer-storage node to the
second computer-storage node.

Example 9 may be example §, wherein the one or more instances of the erasure
code module is to further transfer the first, second and third data blocks to the first
computer-storage node for generation of the first and second parities, and on generation of
the first parity, delete the first, second and third data blocks from the first computer-

storage node.
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Example 10 may be example 8, wherein the one or more instances of the erasure
code module is to further transfer the first data block to the second computer-storage node
prior to receipt of the second parity at the second computer-storage node, and on receipt of
the second parity from the second computer-storage node, delete the first data block from
the second computer-storage node.

Example 11 may be example 8, wherein wherein the one or more instances of the
erasure code module is to transfer the first and third data blocks to the third computer-
storage node prior to the generation and storage of the first and second parities at the first
and second computer-storage nodes, and on generation and storage of the first and second
parities, delete the third data block from the third computer-storage node.

Example 12 may be example 8, wherein the one or more instances of the erasure
code module is to transfer the second and third data blocks to the fourth computer-storage
node prior to the generation and storage of the first and second parities at the first and
second computer-storage nodes, and on generation and storage of the first and second
parities, delete the second data block from the fourth computer-storage node.

Example 13 may be example 8, wherein the one or more instances of the erasure
code module is to transfer the second data block to the fifth computer-storage node prior to
the generation and storage of the first and second parities at the first and second computer-
storage nodes, and on generation and storage of the first and second parities, keep the
second data block at the fifth computer-storage node.

Example 14 may be any one of claims 1 - 13 wherein the dispatch engine is to
further modify the number of instances of the erasure code generation module launched, or
their operational parameters, based at least in part on changes to the current system load.

Example 15 may be an apparatus for storing data. The apparatus may include a
plurality of computer-storage nodes, and an erasure code generation module. The erasure
code generation module may be operated by processors of the computer-storage nodes to
generate erasure codes for data to be stored in the plurality of computer-storage nodes.
One or more instance of the erasure code generation module are to copy a first data block
to a first, a second, and a third of the computer-storage nodes; copy a second data block to
the first, a fourth, and a fifth of the computer-storage nodes; copy a third data block to the
first, the third, and the fourth computer-storage nodes; and generate a first and a second
parity of the first, second, and third data block on the first computer-storage node.

Example 16 may be example 15, wherein the one or more instance of the erasure

code generation module to generate the first and second parities by respectively applying a
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first and a second function to the first, second, and third data blocks, the first and second
functions being different functions.

Example 17 may be example 15 or 16, wherein the one or more instance of the
erasure code generation module to further transfer the second parity from the first
computer-storage node to the second computer-storage node, and on transfer of the second
parity to the second computer-storage node, discard the first data block from the second
computer-storage node.

Example 18 may be any one of examples 15 — 17, wherein the one or more
instance of the erasure code generation module to further, on transfer of the second parity
to the second computer-storage node, discard the third data block from the third computer-
storage node.

Example 19 may be any one of examples 15 — 18, wherein the one or more
instance of the erasure code generation module to further, on transfer of the second parity
to the second computer-storage node, discard the second data block from the fourth
computer-storage node.

Example 20 may be a method for storing data. The method may include
launching, by a storage system, a plurality of instances of an erasure code generation
module, wherein the launching is based at least in part on hardware configuration of the
storage system; setting, by the storage system, operational parameters of the plurality of
instances of the erasure code generation module, wherein the setting is based at least in
part on current system load of the storage system; and operating, by the storage system,
the plurality of instances of the erasure code generation module to generate erasure codes
for data to be stored in the storage system, in accordance with the operational parameters
set.

Example 21 may be example 20, wherein the storage system is a scale out storage
system having a plurality of computer-storage nodes, wherein at least one of the computer-
storage nodes includes a microprocessor having a plurality of processor cores.

Example 22 may be example 20 or 21, wherein the method further comprises
retrieving, by the dispatch engine, the hardware configuration of the storage system.

Example 23 may be any one of examples 20 -22, wherein setting comprises setting
erasure code parameters.

Example 24 may be any one of examples 20- 23, wherein the method further
comprises receiving, by the dispatch engine, information about the current system load.

Example 25 may be example 24, wherein receiving comprises receiving the
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information about the current system load, by the dispatch engine, from a system load
monitor of the storage system, wherein the method further comprises monitoring current
system load, by the system load monitor.

Example 26 may be any one of examples 20 — 25, wherein the storage system
comprises a scale out storage system having a plurality of computer-storage nodes;
wherein operating comprises operating, by the storage system, the plurality of instances of
the erasure code generation module to generate at least a first and a second parity of an
erasure code from at least a first, a second and a third data block, and respectively store the
first parity, the second parity, the first data block, the third data block, and the second data
block in a first, a second, a third, a fourth, and a fifth of the computer-storage nodes.

Example 27 may be example 26, wherein generate comprises generate the first and
second parities on the first computer-storage node by respective application of a first and a
second function to the first, second and third data blocks, the first and second functions
being different functions, and wherein respectively store comprises on generation of the
second parity, transfer the second parity from the first computer-storage node to the
second computer-storage node.

Example 28 may be example 27, wherein generate further comprises transfer of the
first, second and third data blocks to the first computer-storage node for the generation of
the first and second parities, and wherein store comprises on generation of the first parity,
delete the first, second and third data blocks from the first computer-storage node.

Example 29 may be example 27, wherein generate further comprises transfer of the
first data block to the second computer-storage node prior to receiving the second parity at
the second computer-storage node, and store comprises on receipt of the second parity
from the second computer-storage node, delete the first data block from the second
computer-storage node.

Example 30 may be example 27, wherein store further comprises transfer of the
first and third data blocks to the third computer-storage node prior to the generation and
storage of the first and second parities at the first and second computer-storage nodes, and
on generation and storage of the first and second parities, delete the third data block from
the third computer-storage node.

Example 31 may be example 27, wherein tore further comprises transfer of the
second and third data blocks to the fourth computer-storage node prior to the generation
and storage of the first and second parities at the first and second computer-storage nodes,

and on generation and storage of the first and second parities, delete the second data block
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from the fourth computer-storage node.

Example 32 may be example 27, wherein store further comprises transfer of the
second data block to the fifth computer-storage node prior to the generation and storage of
the first and second parities at the first and second computer-storage nodes, and on
generation and storage of the first and second parities, keeping the second data block at the
fifth computer-storage node.

Example 33 may be example 27, further comprising monitoring, by the storage
system, the operating; and modifying the number of instances of the erasure code
generation module or their operational parameters, based at least in part on a result of the
monitoring.

Example 34 may be a method for storing data. The method may include copying a
first data block, by a storage system, to a first, a second, and a third computer-storage node
of the storage system; copying a second data block, by the storage system, to a first, a
fourth, and a fifth computer-storage node of the storage system; copying a third data
block, by the storage system, to a first, a third, and a fourth computer-storage node of the
storage system; and generating, by the storage system, a first and a second parity of the
first, the second, and the third data block on the first computer-storage node.

Example 35 may be example 34, wherein generating comprises generating the first
and second parities by respectively applying a first and a second function to the first,
second, and third data blocks, the first and second functions being different functions.

Example 36 may be example 34 or 35, further comprising transferring the second
parity from the first computer-storage node to the second computer-storage node, and on
transfer of the second parity to the second computer-storage node, discarding the first data
block from the second computer-storage node.

Example 37 may be any one of examples 34 — 36, further comprising on transfer of
the second parity to the second computer-storage node, discarding the third data block
from the third computer-storage node.

Example 38 may be any one of examples 34 — 37, further comprising on transfer of
the second parity to the second computer-storage node, discarding the second data block
from the fourth computer-storage node.

Example 39 may be an apparatus for storing data. The apparatus may include a
plurality of computer-storage nodes, wherein each computer-storage node includes at least
one processor and at least one storage unit. The apparatus may further include an erasure

code generation module; and, means for dispatching a plurality of instances of the erasure
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code generation module for operation by the processors to generate erasure codes for data
to be stored in the storage units, wherein the number of instances dispatched is based at
least in part on hardware configuration of the plurality of computer-storage nodes, wherein
the dispatch engine is to further set operational parameters of the instances of the erasure
code generation module, based at least in part on current system load of the plurality of
computer-storage nodes.

Example 40 may be example 39, further comprising means for monitoring current
system load, and for providing information about the current system load to the means for
dispatching.

Example 41 may be example 39 or 40, further comprising means for monitoring
execution of the instances of the erasure code generation module, for providing feedback
to the means for dispatching, wherein the means for dispatching further adapts the number
of instances of the erasure code generation module, and their operational parameters,
based at least in part on the feedback.

Example 42 may be any one of examples 39 — 41, wherein the erasure code
generation module is to generate at least a first and a second parity of an erasure code from
at least a first, a second and a third data block, and respectively store the first parity, the
second parity, the first data block, the third data block, and the second data block in a first,
a second, a third, a fourth, and a fifth of the computer-storage nodes.

Example 43 may be at least one computer-readable storage medium comprising a
plurality of instructions configured to cause a storage system, in response to execution of
the instructions by the storage medium, to perform any one of the methods of examples 20
—-33.

Example 44 may be at least one storage medium comprising a plurality of
instructions configured to cause a storage system, in response to execution of the
instructions by the storage medium, to perform any one of the methods of examples 34 —
38.

Although certain embodiments have been illustrated and described herein for
purposes of description, a wide variety of alternate and/or equivalent embodiments or
implementations calculated to achieve the same purposes may be substituted for the
embodiments shown and described without departing from the scope of the present
disclosure. This application is intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifestly intended that embodiments

described herein be limited only by the claims.
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Where the disclosure recites “a” or “a first” element or the equivalent thereof, such
disclosure includes one or more such elements, neither requiring nor excluding two or
more such elements. Further, ordinal indicators (e.g., first, second or third) for identified
elements are used to distinguish between the elements, and do not indicate or imply a
required or limited number of such elements, nor do they indicate a particular position or

order of such elements unless otherwise specifically stated.
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Claims
What is claimed is:
L. An apparatus for storing data, comprising:

a plurality of computer-storage nodes, wherein each computer-storage node
5 includes at least one processor and at least one storage unit;
an erasure code generation module; and
a dispatch engine to:
launch one or more instances of the erasure code generation module to
be operated by one or more processors of the computer-storage
10 nodes to generate erasure codes for data to be stored in the storage
units of the computer-storage nodes, wherein the number of
instance of erasure code generation module launched is based at
least in part on hardware configuration of the computer-storage
nodes; and
15 set operational parameters of the plurality of instances of the erasure
code generation module, wherein the operational parameter is set
based at least in part on current system load of the computer-storage

nodes.

2. The apparatus of claim 1, wherein at least one of the processors comprises

20  aplurality of processor cores.

3. The apparatus of claim 1 wherein the dispatch engine is to further retrieve

the hardware configuration of the computer-storage nodes.

4. The apparatus of claim 1, wherein the dispatch engine is to set erasure code

parameters of the erasure codes to be generated.

25 5. The apparatus of claim 1, wherein the dispatch engine is to further receive,

information about the current system load.

6. The apparatus of claim 5, further comprising a system load monitor to
monitor system load, and provide information about current system load to the dispatch

engine.
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7. The apparatus of any one of claims 1 - 6, wherein the one or more instances
of the erasure code module is to generate at least a first and a second parity of an erasure
code from at least a first, a second and a third data block, and respectively store the first
parity, the second parity, the first data block, the third data block, and the second data

block in a first, a second, a third, a fourth, and a fifth of the computer-storage nodes.

8. A apparatus for storing data, comprising

a plurality of computer-storage nodes;

a erasure code generation module to be operated by processors of the computer-
storage nodes to generate erasure codes for data to be stored in the plurality of computer-
storage nodes, wherein one or more instance of the erasure code generation module to:

copy a first data block to a first, a second, and a third of the computer-storage
nodes;

copy a second data block to the first, a fourth, and a fifth of the computer-
storage nodes;

copy a third data block to the first, the third, and the fourth computer-storage
nodes; and

generate a first and a second parity of the first, second, and third data block on

the first computer-storage node.

9. The apparatus of claim 8, wherein the one or more instance of the erasure
code generation module to generate the first and second parities by respectively applying a
first and a second function to the first, second, and third data blocks, the first and second

functions being different functions.

10. The apparatus of claim 8, wherein the one or more instance of the erasure
code generation module to further transfer the second parity from the first computer-
storage node to the second computer-storage node, and on transfer of the second parity to
the second computer-storage node, discard the first data block from the second computer-

storage node.

11. The apparatus of claim 8, wherein the one or more instance of the erasure
code generation module to further, on transfer of the second parity to the second

computer-storage node, discard the third data block from the third computer-storage node.

PCT/CN2013/080805
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12. The apparatus of any one of claims 8 - 11, wherein the one or more
instance of the erasure code generation module to further, on transfer of the second parity
to the second computer-storage node, discard the second data block from the fourth

computer-storage node.

13. A method for storage data, comprising:

launching, by a storage system, a plurality of instances of an erasure code
generation module, wherein the launching is based at least in part on hardware
configuration of the storage system;

10 setting, by the storage system, operational parameters of the plurality of
instances of the erasure code generation module, wherein the setting is based at
least in part on current system load of the storage system; and

operating, by the storage system, the plurality of instances of the erasure
code generation module to generate erasure codes for data to be stored in the

15 storage system, in accordance with the operational parameters set.

14. The method of claim 13, wherein the storage system is a scale out storage
system having a plurality of computer-storage nodes, wherein at least one of the computer-

storage nodes includes a microprocessor having a plurality of processor cores.

15. The method of claim 13, wherein launching comprises launching, by a
20  dispatch engine of the storage system, the plurality of instances of the erasure code
generation module, based at least in part on hardware configuration of the storage system,
and wherein the method further comprises retrieving, by the dispatch engine, the hardware

configuration of the storage system.

16. The method of claim 13, wherein setting comprises setting erasure code

25  parameters.

17. The method of claim 13, wherein setting comprises setting, by a dispatch
engine of the storage system, the operational parameters of the plurality of instances of the
erasure code generation module, based at least in part on current system load of the
storage system; and wherein the method further comprises receiving, by the dispatch

30  engine, information about the current system load.
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18. The method of claim 17, wherein receiving comprises receiving the
information about the current system load, by the dispatch engine, from a system load
monitor of the storage system, wherein the method further comprises monitoring current

system load, by the system load monitor.

19. The method of claim 13, wherein the storage system comprises a scale out
storage system having a plurality of computer-storage nodes; wherein operating comprises
operating, by the storage system, the plurality of instances of the erasure code generation
module to generate at least a first and a second parity of an erasure code from at least a
first, a second and a third data block, and respectively store the first parity, the second
parity, the first data block, the third data block, and the second data block in a first, a

second, a third, a fourth, and a fifth of the computer-storage nodes.

20. A method for storing data, comprising:

copying a first data block, by the storage system, to a first, a second, and a third
computer-storage node of the storage system;

copying a second data block, by the storage system, to the first, a fourth, and a fifth
computer-storage node of the storage system;

copying a third data block, by the storage system, to the first, the third, and the
fourth computer-storage node of the storage system; and

generating, by the storage system, a first and a second parity of the first, the

second, and the third data block on the first computer-storage node.

21. The method of claim 20, wherein generating comprises generating the first
and second parities by respectively applying a first and a second function to the first,
second, and third data blocks, the first and second functions being different functions; and

wherein the method further comprise:

transferring the second parity from the first computer-storage node to the
second computer-storage node, and on transfer of the second parity to the second
computer-storage node, discarding the first data block from the second computer-
storage node;

on transfer of the second parity to the second computer-storage node,
discarding the third data block from the third computer-storage node.; and

on transfer of the second parity to the second computer-storage node,

discarding the second data block from the fourth computer-storage node.
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22.  An apparatus for storing data, comprising:

a plurality of computer-storage nodes, wherein each computer-storage node
includes at least one processor and at least one storage unit;

an erasure code generation module;

means for dispatching a plurality of instances of the erasure code
generation module for operation by the processors to generate erasure codes for
data to be stored in the storage units, wherein the number of instances dispatched is
based at least in part on hardware configuration of the plurality of computer-
storage nodes, wherein the dispatch engine is to further set operational parameters
of the instances of the erasure code generation module, based at least in part on
current system load of the plurality of computer-storage nodes;

means for monitoring current system load, and for providing information
about the current system load to the means for dispatching; and

means for monitoring execution of the instances of the erasure code
generation module, for providing feedback to the means for dispatching, wherein
the means for dispatching further adapts the number of instances of the erasure
code generation module, and their operational parameters, based at least in part on

the feedback.

23.  The apparatus of claim 22, wherein the erasure code generation module is
to generate at least a first and a second parity of an erasure code from at least a first, a
second and a third data block, and respectively store the first parity, the second parity, the
first data block, the third data block, and the second data block in a first, a second, a third,

a fourth, and a fifth of the computer-storage nodes.

24. At least one computer-readable storage medium comprising a plurality of
instructions configured to cause a storage system, in response to execution of the

instructions by the storage medium, to perform any one of the methods of claims 13 - 19.

25. At least one storage medium comprising a plurality of instructions
configured to cause a storage system, in response to execution of the instructions by the

storage medium, to perform any one of the methods of claims 20 - 21.
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