wo 2017/151250 A 1[I 0000 O 0O 0 O

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2017/151250 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

8 September 2017 (08.09.2017) WIPOIPCT
International Patent Classification:
GO6F 17/30 (2006.01)
International Application Number:
PCT/US2017/015243

International Filing Date:
27 January 2017 (27.01.2017)

Filing Language: English
Publication Language: English (84)
Priority Data:

15/056,622 29 February 2016 (29.02.2016) UsS

Applicant: INTELL. CORPORATION [US/US]; 2200
Mission College Boulevard, Santa Clara, California 95054

(US).

Inventors: RAGHUNATH, Arun; 1389 NW Alex Way,
#230, Hillsboro, Oregon 97124 (US). MESNIER, Mi-
chael P.; 51711 SW Old Portland Road, Apt. B, Scap-
poose, Oregon 97056 (US). ZOU, Yi; 14969 NW Night-
shade Drive, Portland, Oregon 97229 (US).

Agent: KELLETT, Glen M.; Barnes & Thornburg LLP,
11 South Meridian Street, Indianapolis, IN 46204 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, 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, ST, 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, FI, 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, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

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

(54) Title: TECHNOLOGIES FOR MANAGING REPLICA CACHING IN A DISTRIBUTED STORAGE SYSTEM

400 108
\\‘ STORAGE MANAGER DEVICE
410
-
NETWORK COMMUNICATION MODULE 8’ 402
f420 DRIVE LOOKUP TABLE
PRIMARY REPLICA
SELECTOR MODULE 8, 404
r430
STORAGE NODE
STORAGE NODE SELECTOR MODULE LOOKUP TABLE

HINT GENERATOR MODULE

FIG. 4

(57) Abstract: Technologies for managing replica
caching in a distributed storage system include a
storage manager device. The storage manager device
is configured to receive a data write request to store
replicas of data. Additionally, the storage manager
device is configured to designate one of the replicas
as a primary replica, select a first storage node to
store the primary replica of the data in a cache stor-
age and at least a second storage node to store a
non-primary replica of the data in a non-cache stor-
age. The storage manager device is further con-
figured to include a hint in a first replication request
to the first storage node that the data is to be stored
in the cache storage of the first storage node as the
primary replica. Further, the storage manager device
is configured to transmit replication requests to the
respective storage nodes. Other embodiments are
described and claimed.
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TECHNOLOGIES FOR MANAGING REPLICA CACHING IN A DISTRIBUTED
STORAGE SYSTEM

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] The present application claims priority to U.S. Utility Patent Application Serial
No. 15/056,622, entitled “TECHNOLOGIES FOR MANAGING REPLICA CACHING IN A
DISTRIBUTED STORAGE SYSTEM,” which was filed on February 29, 2016.

BACKGROUND

[0002] Typical distributed storage systems include a storage manager device, which is
sometimes referred to as a proxy, coupled to multiple storage nodes. The storage manager
device is configured to receive data uploaded from a client device and transmit the data to
several of the storage nodes for storage therein, as copies (“replicas”). Similarly, when a client
device requests the data, the storage manager device requests the data from one of the storage
nodes that stored a replica of the data, based on load balancing policies or other rules. The
storage manager device then receives the data and transmits the data to the client device. In
some distributed storage systems, the storage nodes include hard disk drives (HDDs) and solid
state drives (SSDs), which provide faster read and write times than HDDs. In such systems, a
determination to store data in the SSD rather than the HDD is applied across all of the storage
nodes that are to store the data, such that the each of the storage nodes stores the data in their

respective SSD rather than their HDD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The concepts described herein are illustrated by way of example and not by way
of limitation in the accompanying figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale. Where considered appropriate,
reference labels have been repeated among the figures to indicate corresponding or analogous
elements.

[0004] FIG. 1 is a simplified block diagram of at least one embodiment of a distributed
storage system to manage cached and non-cached replicas of data;

[0005] FIG. 2 is a simplified block diagram of at least one embodiment of a storage
manager device included in the system of FIG. 1;

[0006] FIG. 3 is a simplified block diagram of at least one embodiment of a storage

node included in the system of FIG. 1;
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[0007] FIG. 4 is a simplified block diagram of an environment that may be established
by the storage manager device of FIG. 2;

[0008] FIG. 5 is a simplified block diagram of an embodiment of an environment that
may be established by the storage node of FIG. 3;

[0009] FIGS. 6-7 are a simplified flow diagram of at least one embodiment of a method
for writing data that may be performed by the data storage manager of FIG. 2;

[0010] FIG. 8 is a simplified flow diagram of at least one embodiment of a method for
reading data that may be performed by the data storage manager of FIG. 2;

[0011] FIG. 9 is a simplified flow diagram of at least one embodiment of a method for
replicating data that may be performed by the data storage node of FIG. 3; and

[0012] FIG. 10 is a simplified flow diagram of at least one embodiment of a method for
retrieving data that may be performed by the data storage node of FIG. 3.

DETAILED DESCRIPTION OF THE DRAWINGS

[0013] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and will be described herein in detail. It should be understood,
however, that there is no intent to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives consistent with the present disclosure and the appended claims.

EE Y

[0014] References in the specification to “one embodiment,” “an embodiment,” *“an
illustrative embodiment,” etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may or may not necessarily include
that particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described. Additionally, it should
be appreciated that items included in a list in the form of “at least one of A, B, and C” can mean
(A); (B); (O); (A and B); (A and C); (B and C); or (A, B, and C). Similarly, items listed in the
form of “at least one of A, B, or C” can mean (A); (B); (O); (A and B); (A and C); (B and C); or
(A, B, and C).

[0015] The disclosed embodiments may be implemented, in some cases, in hardware,

firmware, software, or any combination thereof. The disclosed embodiments may also be
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implemented as instructions carried by or stored on one or more transitory or non-transitory
machine-readable (e.g., computer-readable) storage media, which may be read and executed by
one or more processors. A machine-readable storage medium may be embodied as any storage
device, mechanism, or other physical structure for storing or transmitting information in a form
readable by a machine (e.g., a volatile or non-volatile memory, a media disc, or other media
device).

[0016] In the drawings, some structural or method features may be shown in specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, in some embodiments, such
features may be arranged in a different manner and/or order than shown in the illustrative
figures. Additionally, the inclusion of a structural or method feature in a particular figure is not
meant to imply that such feature is required in all embodiments and, in some embodiments, may
not be included or may be combined with other features.

[0017] Referring now to FIG. 1, in an illustrative embodiment, a distributed storage
system 100 for managing cached and non-cached replicas of data includes a client device 102
and a storage manager device 106 in communication over a network 104. Additionally, the
storage manager device 106 is in communication with storage nodes 110, 112, 114, 116, and
118 via a storage network 108. While five storage nodes are shown connected to the storage
network 108, it should be understood that in other embodiments, a fewer or greater number of
storage nodes may be connected to the storage network 108. In use, the storage manager device
106 is configured to respond to requests from the client device 102 to write data to or to read
data from the array of storage nodes. The requests from the client device include an identifier,
such as a uniform resource locator (URL), of the data to be read or written. When the request is
a write request, the storage manager device 106 is configured to determine, based on the
identifier, one of the storage nodes connected to the storage network 108 to store a primary
replica of the data and at least one other storage node to store a non-primary replica of the data.
The primary replica of the data is stored in an SSD of the corresponding storage node while the
non-primary replica of the data is stored in an HDD of the corresponding storage node.
Similarly, when the request is a read request, the storage manager device 106 is configured to
determine which of the storage nodes has the primary replica, which is stored in the
corresponding SSD, and request the data from that storage node, rather than from one of the
other storage nodes that stored a non-primary replica of the data in an HDD. As described in
more detail herein, in some embodiments, the storage node that is to store the primary replica

(the “primary storage node”) is configured to perform a portion of the functionality of the
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storage manager device 106. For example, in such embodiments, the primary storage node may
contact the storage nodes that are to store the non-primary replicas (the “secondary storage
nodes™) to request that they do so. Regardless, by causing only one of the storage nodes
connected to the storage network 108 to store a replica of the data in an SSD, the SSDs of the
other storage nodes have additional capacity to store other data that would have otherwise been
used to store redundant copies of the data.

[0018] Referring now to FIG. 2, the storage manager device 106 may be embodied as
any type of computation or computing device capable of performing the functions described
herein, including, without limitation, a computer, a desktop computer, a smartphone, a
workstation, a laptop computer, a notebook computer, a tablet computer, a mobile computing
device, a wearable computing device, a network appliance, a web appliance, a distributed
computing system, a processor-based system, and/or a consumer electronic device. Although
shown as a single computing device, it should be appreciated that the storage manager device
106 may be embodied as a collection of servers and/or other compute devices configured to
cooperate to perform the functions described herein.

[0019] The illustrative storage manager device 106 includes a processor 202, a main
memory 204, an I/O subsystem 206, a communication subsystem 208, a data storage device
210, a display 212, and peripheral devices 214. Of course, the storage manager device 106 may
include other or additional components, such as those commonly found in a compute device
(e.g., various input/output devices), in other embodiments. Additionally, in some embodiments,
one or more of the illustrative components may be incorporated in, or otherwise form a portion
of, another component. For example, the memory 204 may be incorporated in the processor
202 in some embodiments.

[0020] The processor 202 may be embodied as any type of processor capable of
performing the functions described herein. For example, the processor 202 may be embodied
as a single or multi-core processor(s), digital signal processor, microcontroller, or other
processor or processing/controlling circuit. Similarly, the memory 204 may be embodied as
any type of volatile or non-volatile memory or data storage capable of performing the functions
described herein. In operation, the memory 204 may store various data and software used
during operation of the storage manager device 106 such as operating systems, applications,
programs, libraries, and drivers. The memory 204 is communicatively coupled to the processor
202 via the I/O subsystem 206, which may be embodied as circuitry and/or components to
facilitate input/output operations with the processor 202, the memory 204, and other

components of the storage manager device 106. For example, the I/O subsystem 206 may be
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embodied as, or otherwise include, memory controller hubs, input/output control hubs,
firmware devices, communication links (i.e., point-to-point links, bus links, wires, cables, light
guides, printed circuit board traces, etc.) and/or other components and subsystems to facilitate
the input/output operations. In some embodiments, the I/O subsystem 206 may form a portion
of a system-on-a-chip (SoC) and be incorporated, along with the processor 202, the memory
204, and other components of the storage manager device 106, on a single integrated circuit
chip.

[0021] The communication subsystem 208 may be embodied as any communication
circuit, device, or collection thereof, capable of enabling communications between the storage
manager device 106 and other remote devices over a computer network (e.g., the network 104).
The communication subsystem 208 may be configured to use any one or more communication
technology (e.g., wired or wireless communications) and associated protocols (e.g., Ethernet,
Bluetooth®, Wi-Fi®, WiMAX, etc.) to effect such communication.

[0022] The data storage device 210 may be embodied as any type of device or devices
configured for short-term or long-term storage of data such as, for example, memory devices
and circuits, memory cards, hard disk drives, solid-state drives, or other data storage devices.
The data storage device 210 may store, for example, one or more lookup tables for use in
determining which storage node is to store a primary replica of data and which storage nodes
are to store non-primary replicas of the data.

[0023] The display 212 may be embodied as any type of display capable of displaying
digital information such as a liquid crystal display (LCD), a light emitting diode (LED), a
plasma display, a cathode ray tube (CRT), or other type of display device. Additionally, the
peripheral devices 214 may include any number of additional input/output devices, interface
devices, and/or other peripheral devices.

[0024] Referring back to FIG. 1, the client device 102 may be embodied as any type of
computing device capable of sending requests to write data or to read data. While one client
device 102 is shown in FIG. 1, it should be understood that in other embodiments, any number
of client devices similar to the client device 102 may be in communication with the storage
manager device 106 via the network 104. The client device 102 may include components
commonly found in a client device, such as a processor, memory, I/O subsystem, data storage
communication subsystem, etc. Those components may be substantially similar to the
corresponding components of the storage manager device 106. As such, further descriptions of

the like components are not repeated herein with the understanding that the description of the
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corresponding components provided above in regard to the storage manager device 106 applies
equally to the corresponding components of the client device 102.

[0025] Referring now to FIG. 3, the storage node 110 may be embodied as any
computing device capable of selectively storing a replica of data in one of a cache storage
device or a non-cache storage device, and retrieving the data from the corresponding storage
device in response to requests from the storage manager device 106. In the illustrative
embodiment, each storage node (e.g., storage nodes 110, 112, 114, 116, 118) includes a
processor 302, a memory 304, an I/O subsystem 306, a communication subsystem 308, a
display 312, and peripheral devices 314. Those components may be substantially similar to the
corresponding components of the storage manager device 106. As such further descriptions of
the like components are not repeated herein with the understanding that the description of the
corresponding components provided above in regard to the storage manager device 106 applies
equally to the corresponding components of the storage node 110.

[0026] The storage node 110 also includes a data storage device 310 that may include
components that are not necessarily in the data storage device 210 of the storage manager
device 106. In the illustrative embodiment, the data storage device 310 includes a controller
320 that selects whether to store and retrieve data from a cache storage device 330, such as an
SSD, or a non-cache storage device 340, such as an HDD. As such, the cache storage device
330 is embodied as a storage device that is capable of reading and writing data faster than the
non-cache storage device 340. As a trade-off, in at least some embodiments, the cache storage
device 330 has less storage capacity than the non-cache storage device 340. As described in
more detail herein, when the storage node 110 receives a request to replicate data, the request
includes a “hint” (i.e., an indicator) usable by the storage node 110 to determine which of the
cache storage device 330 and the non-cache storage device 340 to store the data in. Similarly,
when the storage node 110 receives a request to retrieve data, the request also includes hint
usable by the storage node 110 to determine which of the cache storage device 330 and the non-
cache storage device 340 the data is stored in. In some embodiments, the storage node 110 is
configured to interpret the lack of an indicator in the request as a hint that the data is associated
with a non-primary replica and should be written to or read from the non-cache storage device
340, rather than the cache storage device 330. The storage nodes 112, 114, 116, and 118, as
well as other storage nodes of the system 100, include components similar to those described
above with reference to the storage node 110. Accordingly, the above description of the
components of the storage node 110 applies equally to the storage nodes 112, 114, 116, and
118.
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[0027] Referring back to FIG. 1, as discussed above, the client device 102 is configured
to communicate with the storage manager device 106 over the network 104. The network 104
may be embodied as any type of wired or wireless communication network, including cellular
networks (e.g., Global System for Mobile Communications (GSM), 3G, Long Term Evolution
(LTE), Worldwide Interoperability for Microwave Access (WiMAX), etc.), digital subscriber
line (DSL) networks, cable networks (e.g., coaxial networks, fiber networks, etc.), telephony
networks, local area networks (LANs) or wide area networks (WANSs), global networks (e.g.,
the Internet), or any combination thereof. Further, as described above, the storage manager
device 106 is in communication with the storage nodes via the storage network 108. The above
description of the network 104 applies equally to the storage network 108. In some
embodiments, the storage nodes are remote from the storage manager device 106 while in other
embodiments, the storage nodes are local to the storage manager device 106. Accordingly,
depending on the particular embodiment, the storage network 108 may include a LAN, a WAN,
a global network, or any combination thereof.

[0028] Referring now to FIG. 4, in an embodiment, the storage manager device 106
establishes an environment 400 during operation. The illustrative environment 400 includes a
network communication module 410, a primary replica selector module 420, a storage node
selector module 430, and a hint generator module 440. Each of the modules, logic, and other
components of the environment 400 may be embodied as hardware, firmware, software, or a
combination thereof. As such, in some embodiments, one or more of the modules of the
environment 400 may be embodied as circuitry or collection of electrical devices (e.g., network
communication circuitry 410, primary replica selector circuitry 420, storage node selector
circuitry 430, hint generator circuitry 440, etc.). It should be appreciated that, in such
embodiments, one or more of the network communication circuitry 410, the primary replica
selector circuitry 420, the storage node selector circuitry 430, and the hint generator circuitry
440 may form a portion of one or more of the processor 202, the memory 204, the /O
subsystem 206, and/or other components of the storage manager device 106. Additionally, in
some embodiments, one or more of the illustrative modules may form a portion of another
module and/or one or more of the illustrative modules may be independent of one another.
Further, in some embodiments, one or more of the modules of the environment 400 may be
embodied as virtualized hardware components or emulated architecture, which may be
established and maintained by the processor 202 or other components of the storage manager
device 106. In the illustrative environment 400, the storage manager device 106 includes a

drive lookup table 402 and a storage node lookup table 404, each of which may be accessed by

-7-



WO 2017/151250 PCT/US2017/015243

the various modules and/or sub-modules of the storage manager device 106. It should be
appreciated that the storage manager device 106 may include other components, sub-
components, modules, sub-modules, and/or devices commonly found in a server computing
device, which are not illustrated in FIG. 4 for clarity of the description.

[0029] The network communication module 410, which may be embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof
as discussed above, is configured to manage inbound and outbound network communications to
and from the storage manager device 106, respectively. For example, the network
communication module 410 is configured to receive requests from the client device 102 to write
or read data, transmit corresponding requests to the storage nodes connected to the storage
network 108, receive responses from the storage nodes, and transmit corresponding responses
to the client device 102. In some embodiments, at least a portion of the functionality of the
network communication module 410 may be performed by the communication subsystem 208
of FIG. 2.

[0030] The primary replica selector module 420, which may be embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof
as discussed above, is configured to designate a replica as a primary replica. The designation of
the primary replica may be a replica index number, such as one. For example, if the storage
network 108 is to store three replicas of a set of data transmitted from the client device 102, the
primary replica selector module 420 may be configured to designate the first replica of the
group of three replicas as the primary replica. Accordingly, the other two replicas are
designated as non-primary replicas. The primary replica selector module 420 may be
configured to designate the primary replica based on a predefined rule, such as a configuration
setting in an initialization file, a hardcoded setting, or other type of predefined rule. In other
embodiments, the primary replica selector module 420 may designate the primary replica based
on one or more characteristics of the data or of the storage network 108. Regardless, as
described in more detail herein, when transmitting a request to replicate the data, the storage
manager device 106 includes a hint with the request associated with the primary replica to
indicate that the primary replica is to be written to the cache storage device 330.

[0031] The storage node selector module 430, which may be embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof
as discussed above, is configured to select a one of the storage nodes, such as the storage node
110, to store the primary replica of data uploaded to the storage manager device 106 from the

client device 102 in conjunction with a data write request. As described above, the primary
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replica is to be stored in the cache storage 330. The storage node selector module 430 is also
configured to select at least one other storage node, such as the storage nodes 112, 114, to store
non-primary replicas of the data in their respective non-cache storage devices 340. To do so,
the illustrative storage node selector module 430 includes a hash module 432 and a modulus
module 434, The hash module 432 is configured to generate a hash of an identifier that is
included in a data write request or a data read request from the client device 102. The identifier
identifies the data to be written or read. Further, in some embodiments, the identifier may be
embodied as a uniform resource locator (URL). In some embodiments, the generated hash
indicates a partition index in which to store the replicas. In other embodiments, the modulus
module 434 is configured to perform a modulus operation on the generated hash. In such
embodiments, the result of the modulus operation is the partition number. In at least some
embodiments, the modulus module 434 is configured to perform the modulus operation using
the hash as the dividend and the total number of partitions in the storage nodes of the storage
network 108 as the divisor. In other embodiments, the modulus module 434 is configured to
use another value as the divisor, such as a weighting value that the modulus module 434 may be
configured to vary over time and/or based on a load balancing function.

[0032] Regardless, the storage node selector module 430 is configured to select the
storage nodes to store the primary and non-primary replicas in, based on the partition number
generated by the processes described above. In some embodiments, the storage node selector
module 430 is configured to read the drive lookup table 402 to determine which drives in the
storage nodes the replicas are to be stored in. The drive lookup table 402 associates each drive
identifier (e.g., drive number) with a partition index and a replica index. For example, if the
partition index is two, then the drive lookup table 402 specifies a drive number associated with
the first replica and the second partition, another drive number associated with the second
replica and the second partition, and so on. The storage node selector module 430 may be
configured to determine the drive number for each of N replicas that the storage manager device
106 is configured to manage. Further, the storage node selector module 430 may be configured
to determine the corresponding storage nodes based on the storage node lookup table 404. The
storage node lookup table 404 associates drive identifiers with storage node identifiers. For
example, if the storage manager device 106 is configured to manage three replicas of the data,
the storage node selector module 430 is configured to determine the identifiers of storage nodes
identified in the storage node lookup table 404 based on the identifiers of three drives from the

drive lookup table 402. The storage node selector module 430 is also configured to perform the
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processes described above in response to a data read request from the client device 102, to
identify the storage nodes that contain the primary and non-primary replicas of the data.

[0033] It should be appreciated that each of the hash module 432 and the modulus
module 434 of the storage node selector module 430 may be separately embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof.
For example, the hash module 432 may be embodied as a hardware component, while the
modulus module 434 is embodied as a virtualized hardware component or as some other
combination of hardware, firmware, software, virtualized hardware, emulated architecture,
and/or a combination thereof.

[0034] The hint generator module 440, which may be embodied as hardware, firmware,
software, virtualized hardware, emulated architecture, and/or a combination thereof as
discussed above, is configured to include a hint (i.e., an indicator) in a replication request or a
data retrieval request to a storage node that is to store a primary replica or retrieve data from a
primary replica. The hint is usable by the receiving storage node to identify that the storage
node is to use the cache storage device 330, rather than the non-cache storage device 340 to
read or write the data associated with the primary replica.

[0035] Referring now to FIG. 5, in an embodiment, the storage node 110 establishes an
environment 500 during operation. While the environment 500 is described in relation to the
storage node 110, it should be understood that the other storage nodes in the system 100 (e.g.,
the storage nodes 112, 114, 116, and 118) may also establish the environment 500. The
illustrative environment 500 includes a network communication module 510, a replica manager
module 520, and a secondary storage node selector module 530. Each of the modules, logic,
and other components of the environment 500 may be embodied as hardware, firmware,
software, or a combination thereof. As such, in some embodiments, one or more of the
modules of the environment 500 may be embodied as circuitry or collection of electrical
devices (e.g., network communication circuitry 510, replica manager circuitry 520, secondary
storage node selector circuitry 530, etc.). It should be appreciated that, in such embodiments,
one or more of the network communication circuitry 510, the replica manager circuitry 520, and
the secondary storage node selector circuitry 530 may form a portion of one or more of the
processor 302, the memory 304, the I/O subsystem 306, and/or other components of the storage
node 110. Additionally, in some embodiments, one or more of the illustrative modules may
form a portion of another module and/or one or more of the illustrative modules may be
independent of one another. Further, in some embodiments, one or more of the modules of the

environment 500 may be embodied as virtualized hardware components or emulated
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architecture, which may be established and maintained by the processor 302 or other
components of the storage node 110. In the illustrative environment 500, the storage node 110
includes cached replicas 502, non-cached replicas 504, and a secondary storage node lookup
table 506, each of which may be accessed by the various modules and/or sub-modules of the
storage node 110. It should be appreciated that the storage node 110 may include other
components, sub-components, modules, sub-modules, and/or devices commonly found in a
computing device, which are not illustrated in FIG. 5 for clarity of the description.

[0036] The network communication module 510, which may be embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof
as discussed above, is configured to manage inbound and outbound network communications to
and from the storage node 110, respectively. For example, the network communication module
510 is configured to receive requests from the storage manager device 106 to store data as a
replica or to retrieve data from a stored replica, and to transmit corresponding responses to the
storage manager device 106. In some embodiments, at least a portion of the functionality of the
network communication module 510 may be performed by the communication subsystem 308
of FIG. 3.

[0037] The replica manager module 520, which may be embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof
as discussed above, is configured to manage the writing of data into the cache storage device
330 as a primary replica (e.g., the cached replicas 502), the writing of other data into the non-
cache storage device 340 as a non-primary replica (e.g., the non-cached replicas 504), the
reading of data from primary replicas, and the reading of data from non-primary replicas, in
accordance with requests from the storage manager device 106. In order to do so, the
illustrative replica manager module 520 includes a hint detector module 522 and a storage
selector module 524. The hint detector module 522 may be configured to analyze a replication
request or a data retrieval request from the storage manager device 106 and detect a hint (i.e., an
indicator) in the request. The hint indicates that the request pertains to a primary replica, rather
than a non-primary replica. The storage selector module 524 may be configured to select the
cache storage device 330 or the non-cache storage device 340 for use in writing or reading data
as a function of whether the hint detector module 522 detected a hint in the request. For
example, if the hint detector module 522 detects a hint in a replication request, then the storage
selector module 524 may be configured to select the cache storage device 330 for use in writing
data associated with the replication request. Accordingly, in the example, the stored data would

be one of the cached replicas 502. By contrast, if the hint detector module 522 does not detect a
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hint in a replication request, then the storage selector module 524 may be configured to select
the non-cache storage device 340 for use in writing data associated with the replication request.
Accordingly, the stored data would be one of the non-cached replicas 504. Further, if the hint
detector module 522 detects a hint in a data retrieval request from the storage manager device
106, then the storage selector module 524 may be configured to read the requested data from
the cache storage device 330 (i.e., from one of the cached replicas 502). If, on the other hand,
the hint detector module 522 does not detect a hint in a data retrieval request from the storage
manager device 106, then the storage selector module 524 may be configured to read the
requested data from the non-cache storage device 340 (i.e., from one of the non-cached replicas
504).

[0038] The replica manager module 520, which may be embodied as hardware,
firmware, software, virtualized hardware, emulated architecture, and/or a combination thereof
as discussed above, is configured to select one or more additional storage nodes to which to
send a replication request or a data retrieval request. For example, in some embodiments, the
storage manager device 106 is configured to send a request (e.g., a replication request) to the
storage node (a “primary storage node”) that is associated with a primary replica of data, and to
rely on the primary storage node to transmit requests to one or more other storage nodes to store
non-primary replicas of the data. More specifically, while in some embodiments, the storage
manager device 106 is responsible for transmitting requests to each of the storage nodes that are
to store a primary or non-primary replica of data, and include hints in the requests to indicate
that the data is associated with a primary replica or not, in other embodiments, the storage
manager device 106 is configured to only contact the primary node to store the primary replica,
and the primary node is configured to identify and contact the secondary nodes to store the non-
primary replicas of the data. In the latter embodiments, the primary storage node is configured
to use the secondary storage node selector module 530, which may be configured to access the
secondary storage node lookup table 506 to determine which secondary storage nodes to send
the requests to. For example, the secondary storage node lookup table 506 may designate a set
of secondary storage nodes based on the identity of the primary storage node. As described
above, in other embodiments, the storage manager device 106 is configured to transmit requests
to each of the storage nodes associated with the primary replica and the non-primary replicas of
data, rather than relying on the primary storage node to transmit requests to secondary storage
nodes. In such embodiments, the secondary storage node selector module 530 may not be

included in the environment 500.
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[0039] Referring now to FIGS. 6 and 7, in use, the storage manager device 106 may
execute a method 600 for writing data in response to a request from the client device 102. The
method 600 begins with block 602, in which the storage manager device 106 monitors for a
data write request. Once the storage manager device 106 has received a data write request, the
method 600 advances to block 604, in which the storage manager device 106 determines a
number of replicas of the data to store. The storage manager device 106 may determine the
number of replicas to store by reading a predefined configuration setting, by identifying an
indicator in the data write request that defines a priority of the data and determining the number
of replicas as a function of the priority, or by another other method. Regardless, in block 606,
the storage manager device 106 determines a number of available partitions among the storage
nodes connected to the storage network 108. The storage manager device 106 may determine
the number of partitions by reading a predefined configuration setting, by querying the storage
nodes of the storage network 108 for their respective partition numbers and totaling the results,
or by another method.

[0040] In block 608, the storage manager device 106 determines an index of a partition
to which to store the replicas. Depending on the particular embodiment, the storage manager
device 106 may determine the index of the partition in a number of ways. For example, as
indicated in block 610, the storage manager device 106 may determine the index based on an
identifier in the data write request. As an example, the storage manager device 106 may detect
an identifier, such as a name, of the data or an identifier of a location of where the data is to be
accessible once it is written, and generate the index as a function of the identifier. As indicated
in block 612, in some embodiments, the storage manager device 106 may generate a hash of an
identifier of the data included in the data write request. The resulting hash may be indicative of
the partition index. Further, as indicated in block 614, in some embodiments, the storage
manager device 106 may perform a modulus function based on the hash generated in block 612.
The result of modulus function may be the index of the partition to which to store the replicas.
In some embodiments, in performing the modulus function, the storage manager device 106
may set the hash as the dividend and the total number of partitions from block 606 as the
divisor. In other embodiments, rather than using the total number of partitions as the divisor,
the storage manager device 106 uses a weighting value that may vary over time and/or based on
a load balancing function.

[0041] In block 616, the storage manager device 106 designates one of the replicas as
the primary replica. For example, the storage manager device 106 may read a predefined

configuration setting that specifies an index (e.g., the first replica) as always being the primary
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replica. In block 618, the storage manager device 106 selects the primary replica for storage of
the data. In block 620, the storage manager device 106 selects a storage node associated with
the selected replica. In some embodiments, the storage manager device 106 may determine a
storage drive based on the selected replica and the determined partition index, as indicated in
block 622. For example, the storage manager device 106 may access the drive lookup table 402
of FIG. 4 to determine the storage drive associated with the selected replica index and the
partition index. In some embodiments, the storage manager device 106 may then determine a
storage node associated with the determined storage drive, as indicated in block 624. For
example, after determining the storage drive, the storage manager device 106 may access the
storage node lookup table 404 of FIG. 4 to determine the identity of the storage node associated
with the determined storage drive.

[0042] In block 626 of FIG. 7, the storage manager device 106 may generate a
replication request to the selected storage node to store the data as a replica. In some
embodiments, as indicated in block 628, the storage manager device 106 may generate the
replication request as an hypertext transfer protocol (HTTP) request. As an example, the
request may associated with an HTTP verb, such as an HTTP PUT request. In some
embodiments, the request may be formatted pursuant to an application layer protocol that uses
HTTP as an underlying protocol. In other embodiments, the request is not based on HTTP. In
block 630, the storage manager device 106 determines whether the presently selected replica is
the primary replica. In the initial execution of block 630, the determination will be yes, because
the storage manager device 106 selected the primary replica in block 618, as described above.
If the storage manager device 106 determines that the selected replica is the primary replica,
then the method advances to block 634. In block 634, the storage manager device 106 includes
a hint in the generated request to indicate that the selected replica is the primary replica. For
example, the storage manager device 106 may include a Boolean indicator of “true”, a keyword
such as “primary”, or another indicator in the request. In embodiments in which the request is
formatted as an HTTP request, the storage manager device 106 may include the hint in a header
section of the HTTP request. If the storage manager device 106 instead determines that the
selected replica is not the primary replica, the method may advance to block 632. In block 632,
the storage manager device 106 includes a hint in the generated request to indicate that the
selected replica is not the primary replica. For example, the storage manager device 106 may
include a Boolean indicator of “false”, a keyword such as “non-primary”, or another indicator
in the request. As described above, if the request is formatted as an HTTP request, the storage

manager device 106 may include the hint in the header section of the HTTP request. In some
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embodiments, rather than performing block 632, the method 600 proceeds directly to block 636.
In block 636, the storage manager device 106 transmits the replication request to the storage
node that was selected in block 620. As described above, in some embodiments, the storage
manager device 106 transmits the replication request using HTTP or a protocol that is based on
HTTP. In other embodiments, the storage manager device 106 may transmit the replication
request using a different communication protocol.

[0043] In block 638, the storage manager device 106 determines whether additional
replicas are to be stored. For example, if the storage manager device 106 determined in block
604 that three replicas are to be stored and only the first replica (e.g., the primary replica) has
been addressed, then the method 600 advances to block 640 to select the next replica. In block
642, the storage manager device 106 designates the replica selected in block 640 as not the
primary replica, then the method loops back to block 620 of FIG. 6, in which the storage
manager device 106 selects a storage node associated with the selected replica. Referring back
to block 638, if the storage manager device 106 determines that there are no additional replicas
to be stored, then the method 600 loops back to block 602 to await another data write request.
[0044] Referring now to FIG. 8, in use, the storage manager device 106 may execute a
method 800 for reading data in response to a data read request from the client device 102. The
method 800 begins with block 802, in which the storage manager device 106 monitors for a
data read request. Once the storage manager device 106 has received the data read request from
the client device 102, the storage manager device 106 may determine the number of available
partitions among the storage nodes connected to the storage network 108. The storage manager
device 106 may determine the number of partitions by reading a predefined configuration
setting, by querying the storage nodes of the storage network 108 for their respective partition
numbers and totaling the results, or by another method. In block 806, the illustrative storage
manager device 106 determines an index of a partition where replicas of the requested data are
stored.  Depending on the particular embodiment, the storage manager device 106 may
determine the index of the partition in a number of ways. For example, as indicated in block
808, the storage manager device 106 may determine the index based on an identifier in the data
read request. As an example, the storage manager device 106 may detect an identifier, such as
a name, of the data or an identifier of a location of where the data is stored, and generate the
index as a function of the identifier. As indicated in block 810, in some embodiments, the
storage manager device 106 may generate a hash of an identifier of the data included in the data
read request. The resulting hash may be indicative of the partition index. Further, as indicated

in block 812, in some embodiments, the storage manager device 106 may perform a modulus
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function based on the hash generated in block 8§10. The result of modulus function may be the
index of the partition in which replicas of the data are stored. In some embodiments, in
performing the modulus function, the storage manager device 106 may set the hash as the
dividend and the total number of partitions from block 804 as the divisor. In other
embodiments, rather than using the total number of partitions as the divisor, the storage
manager device 106 uses a weighting value that may vary over time and/or based on a load
balancing function.

[0045] In block 814, the illustrative storage manager device 106 identifies at least one
storage node associated with the replicas, based on the partition index. In some embodiments,
as indicated in block 816, the storage manager device 106 determines the storage nodes based
on one or more lookup tables. For example, the storage manager device 106 may access the
drive lookup table 402 to determine one or more drives associated with the replicas of the data,
based on the replica numbers and the partition index. Further, the storage manager device 106
may access the storage node lookup table to identify the storage nodes associated with the
determined drives. In some embodiments, the storage manager device 106 performs the above
process only with respect to the primary replica (e.g., the first replica), rather than also
determining which storage nodes contain non-primary replicas of the data.

[0046] In block 818, the storage manager device 106 determines whether to request the
primary replica. In some embodiments, the storage manager device 106 may be configured to
always request the primary replica. In other embodiments, the storage manager device 106 may
determine whether to request the primary replica based on load balancing considerations, such
as a predefined frequency at which the storage node containing the primary replica may be
requested to provide data, or based on other considerations. If the storage manager device 106
determines to request the primary replica, the method advances to block 820 in which the
storage manager device 106 transmits the data retrieval request to the storage node associated
with the primary replica. However, if the storage manager device 106 instead determines to
request a non-primary replica, then the method advances to block 822, in which the storage
manager device 106 transmits a data retrieval request to a storage node that is associated with a
non-primary replica of the data. In block 824, the storage manager device 106 receives the
requested data from the storage node that the storage manager device 106 sent the request to in
one of blocks 820 or 822. In block 826, the storage manager device 106 transmits the received
data to the client device 102 in response to the data read request. Next, the method 800 loops
back to block 802, in which the storage manager device 106 monitors for another data read

request.
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[0047] Referring now to FIG. 9, in use, a storage node (e.g., the storage node 110) may
execute a method 900 for replicating data in response to a replication request. The method 900
begins with block 902, in which the storage node 110 monitors for a received replication
request. For example, the storage node 110 may receive a replication request from the storage
manager device 106, as described with reference to FIG. 7. In some embodiments, the storage
node 110 may receive the replication request from another storage node, such as in
embodiments in which the storage node receiving the replication request is to store a non-
primary replica of the data. Such embodiments are described above, with reference to FIG. 3.
The replication request includes data to be stored as a replica in the cache storage device 330 or
the non-cache storage device 340, as described herein. Once the storage node 110 has received
a replication request, the method advances to block 904. In block 904, the storage node 110
determines whether the replication request contains a primary replica hint. As described above,
with reference to FIG. 7, the replication request may contain a hint (i.e., an indicator) that the
data is to be stored as a primary replica. Further, as described above, the hint may be a Boolean
value of “true”, a keyword, such as “primary”, or another indicator of whether the data is to be
stored as a primary replica. In some embodiments, the hint may be absent or may instead be a
non-primary replica hint (e.g., a Boolean value of “false”, a keyword such as “non-primary”,
etc.), either of which indicates that the data is to be stored as a non-primary replica. If the
storage node 110 determines that the replication request does not contain a primary replica hint,
the method 900 advances to block 906. In block 906, the storage node 110 applies a local
policy to determine whether to store the data from the replication request in the cache storage
device 330. The local policy may include one or more rules that may override the primary
replica hint, such as rules pertaining to the size of the data to be stored in the cache storage
device and the amount of unused storage capacity in the cache storage device 330. For
example, if the amount of data to be stored exceeds the unused storage capacity of the cache
storage device 330 or if the age of the cache storage device 330 is within a predefined range of
its expected lifetime, the local policy may dictate that the data not be stored in the cache storage
device 330. In block 908, the storage node 110 determines whether the local policy allows the
data to be cached (i.e., stored in the cache storage device 330). If the local policy allows the
data to be cached, the method 900 advances to block 910 in which the storage node 110 stores
the data as a replica in the cache storage device 330. In some embodiments, as indicated in
block 912, the cache storage device 330 is an SSD, and the storage node 110 stores the data as a
replica in the SSD. In some embodiments, as described above with reference to FIGS. 3 and 5,

the storage node 110 may forward the replication request to one or more additional (secondary)
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storage nodes (e.g., storage nodes 112, 114), as indicated in block 914. In doing so, the storage
node 110 may remove the primary replica hint from the replication request, to indicate that the
additional storage nodes are to store the data as non-primary replicas.

[0048] Referring back to block 908, if the storage node 110 instead determines that the
local policy will not allow the data to be cached, the method 900 advances to block 910 in
which the storage node 110 stores the data in the non-cache storage 340. The storage node 110
may write an indicator, for example in the local policy, to indicate that the primary replica was
stored in the non-cache storage device 340 rather than the cache storage device 330. While the
method 900 is described above as being performed by the storage node 110, it should be
understood that any of other storage nodes in the system 100 (e.g., the storage nodes 112, 114,
116, and 118) may perform the method 900.

[0049] Referring now to FIG. 10, in use, a storage node (e.g., the storage node 110) may
execute a method 1000 for retrieving data in response to a data retrieval request. The method
1000 begins in block 1002, in which the storage node 110 monitors for a data retrieval request.
For example, the storage node 110 may receive a data retrieval request from the storage
manager device 106, as described with reference to FIG. 8. Once the storage node 110 receives
a data retrieval request, the method 1000 advances to block 1004 in which the storage node 110
determines whether the data retrieval request contains a primary replica hint. As described
above, with reference to FIG. 8, the storage manager device 106 may include a hint (i.e., an
indicator) in the data retrieval request indicating that the data to be retrieved is associated with a
primary replica. The hint may be embodied as a Boolean value such as “true”, a keyword such
as “primary”, or another indicator that indicates that the data to be retrieved is associated with a
primary replica. If the storage node 110 determines that the data retrieval request does not
contain a primary replica hint, then the method 1000 advances to block 1006 in which the
storage node 110 retrieves the requested data from the non-cache storage device 340 (e.g., an
HDD) of the storage node 110. Otherwise, if the storage node 110 determines that the data
retrieval request does contain a primary replica hint, then the method 1000 advances to block
1008 in which the storage node 110 retrieves the requested data from the cache storage device
330 (e.g., an SSD). Regardless, the method 1000 then advances to block 1010 in which the
storage node 110 transmits the retrieved data in response to the data retrieval request. For
example, the storage node 110 may transmit the retrieved data to the storage manager device
106. While the method 1000 is described above as being performed by the storage node 110, it
should be understood that any of other storage nodes in the system 100 (e.g., the storage nodes

112, 114, 116, and 118) may perform the method 1000.
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EXAMPLES

[0050] Nlustrative examples of the technologies disclosed herein are provided below.
An embodiment of the technologies may include any one or more, and any combination of, the
examples described below.

[0051] Example 1 includes a storage manager device for managing replica caching in a
distributed storage system that includes a plurality of storage nodes, the storage manager device
comprising one or more processors; one or more memory devices having stored therein a
plurality of instructions that, when executed by the one or more processors, cause the storage
manager device to receive a data write request from a client device to store replicas of data;
designate one of the replicas as a primary replica; select (i) a first storage node of the plurality
of storage nodes to store the primary replica of the data in a cache storage of the first storage
node and (ii) at least a second storage node to store a non-primary replica of the data in a non-
cache storage of the second storage node; include a hint in a first replication request of a
plurality of replication requests to be transmitted, wherein the first replication request is to the
first storage node and the hint is to indicate that the first storage node is to store the data in the
cache storage of the first storage node as the primary replica; and transmit the replication
requests to the respective storage nodes to store replicas of the data.

[0052] Example 2 includes the subject matter of Example 1, and wherein to transmit the
replication requests to the respective storage nodes comprises to transmit the first replication
request to the first storage node to cause the first storage node to store the data in the cache
storage of the first storage node; and transmit a second replication request to the second storage
node to cause the second storage node to store the data in the non-cache storage of the second
storage node, wherein the second replication request does not include the hint.

[0053] Example 3 includes the subject matter of any of Examples 1 and 2, and wherein
the plurality of instructions, when executed by the one or more processors, further cause the
storage manager device to determine an index of a partition in which to store the replicas based
on an identifier in the data write request; and select the first storage node and the second storage
node from the plurality of storage nodes based on the partition index.

[0054] Example 4 includes the subject matter of any of Examples 1-3, and wherein the
plurality of instructions, when executed by the one or more processors, further cause the storage
manager device to generate a hash based on an identifier included in the data write request;
perform a modulus operation on the hash to determine a partition index in which to store the
replicas; and select the first storage node and the second storage node from the plurality of

storage nodes based on the partition index.
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[0055] Example 5 includes the subject matter of any of Examples 1-4, and wherein the
plurality of instructions, when executed by the one or more processors, further cause the storage
manager device to generate a hash based on a uniform resource locator (URL) included in the
data write request; and select the first storage node and the second storage node from the
plurality of storage nodes based on the hash.

[0056] Example 6 includes the subject matter of any of Examples 1-5, and wherein the
plurality of instructions, when executed by the one or more processors, further cause the storage
manager device to determine an index of a partition in which to store the replicas; determine a
first storage drive in which to store the primary replica, based on the index of the partition;
determine a second storage drive in which to store the non-primary replica, based on the index
of the partition; determine the first storage node based on the determined first storage drive; and
determine the second storage node based on the determined second storage drive.

[0057] Example 7 includes the subject matter of any of Examples 1-6, and wherein to
determine the first storage drive in which to store the primary replica comprises to determine a
solid state drive; and to determine the second storage drive in which to store the non-primary
replica, comprises to determine a hard disk drive.

[0058] Example § includes the subject matter of any of Examples 1-7, and wherein the
plurality of instructions, when executed by the one or more processors, further cause the storage
manager device to transmit the replication requests as hypertext transfer protocol (HTTP)
requests.

[0059] Example 9 includes the subject matter of any of Examples 1-8, and wherein the
plurality of instructions, when executed by the one or more processors, further cause the storage
manager device to receive a data read request to retrieve the data; identify the storage node in
which the primary replica of the data is stored based on an identifier included in the data read
request; and transmit a data retrieval request to the identified storage node to retrieve the
primary replica of the data from a cache of the identified data storage node.

[0060] Example 10 includes the subject matter of any of Examples 1-9, and wherein the
plurality of instructions, when executed by the one or more processors, further cause the storage
manager device to receive a data read request to retrieve the data; identify an index of a
partition in which replicas of the data are stored; identify storage nodes associated with the
replicas based on the partition index; determine whether to request a cached replica of the data
or a non-cached replica of the data; and transmit a data retrieval request to the first storage node
to retrieve the cached replica of the data in response to a determination to retrieve the cached

replica.
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[0061] Example 11 includes the subject matter of any of Examples 1-10 and wherein to
identify an index of a partition in which replicas of the data are stored comprises to generate a
hash of a uniform resource locator (URL) included in the data read request; and perform a
modulus function on the hash.

[0062] Example 12 includes the subject matter of any of Examples 1-11, and wherein to
transmit the data retrieval request comprises to transmit the data retrieval request with a hint to
retrieve the cached replica of the data.

[0063] Example 13 includes the subject matter of any of Examples 1-12, and wherein
the plurality of instructions, when executed by the one or more processors, further cause the
storage manager device to receive a data read request to retrieve the data; identify an index of a
partition in which replicas of the data are stored; identify storage nodes associated with the
replicas, based on the partition index; determine whether to request a cached replica of the data
or a non-cached replica of the data based on a load balance analysis; and transmit a data
retrieval request to the second storage node to retrieve the non-cached replica of the data in
response to a determination to retrieve the non-cached replica.

[0064] Example 14 includes a method for managing replica caching in a distributed
storage system that includes a plurality of storage nodes, the method comprising receiving, by a
storage manager device, a data write request from a client device to store replicas of data;
designating, by the storage manager device, one of the replicas as a primary replica; selecting,
by the storage manager device, (i) a first storage node of the plurality of storage nodes to store
the primary replica of the data in a cache storage of the first storage node and (ii) at least a
second storage node to store a non-primary replica of the data in a non-cache storage of the
second storage node; including, by the storage manager device, a hint in a first replication
request of a plurality of replication requests to be transmitted, wherein the first replication
request is to the first storage node and the hint is to indicate that the first storage node is to store
the data in the cache storage of the first storage node as the primary replica; and transmitting,
by the storage manager device, the replication requests to the respective storage nodes to store
replicas of the data.

[0065] Example 15 includes the subject matter of Example 14, and wherein transmitting
the replication requests to the respective storage nodes comprises transmitting, by the storage
manager device, the first replication request to the first storage node to cause the first storage
node to store the data in the cache storage of the first storage node; and transmitting, by the

storage manager device, a second replication request to the second storage node to cause the
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second storage node to store the data in the non-cache storage of the second storage node,
wherein the second replication request does not include the hint.

[0066] Example 16 includes the subject matter of any of Examples 14 and 15, and
further including determining, by the storage manager device, an index of a partition in which
to store the replicas based on an identifier in the data write request; and selecting, by the storage
manager device, the first storage node and the second storage node from the plurality of storage
nodes based on the partition index.

[0067] Example 17 includes the subject matter of any of Examples 14-16, and further
including generating, by the storage manager device, a hash based on an identifier included in
the data write request; performing, by the storage manager device, a modulus operation on the
hash to determine a partition index in which to store the replicas; and selecting, by the storage
manager device, the first storage node and the second storage node from the plurality of storage
nodes based on the partition index.

[0068] Example 18 includes the subject matter of any of Examples 14-17, and further
including generating, by the storage manager device, a hash based on a uniform resource
locator (URL) included in the data write request; and selecting, by the storage manager device,
the first storage node and the second storage node from the plurality of storage nodes based on
the hash.

[0069] Example 19 includes the subject matter of any of Examples 14-18, and further
including determining, by the storage manager device, an index of a partition in which to store
the replicas; determining, by the storage manager device, a first storage drive in which to store
the primary replica, based on the index of the partition; determining, by the storage manager
device, a second storage drive in which to store the non-primary replica, based on the index of
the partition; determining, by the storage manager device, the first storage node based on the
determined first storage drive; and determining, by the storage manager device, the second
storage node based on the determined second storage drive.

[0070] Example 20 includes the subject matter of any of Examples 14-19, and wherein
determining the first storage drive in which to store the primary replica comprises determining a
solid state drive; and determining the second storage drive in which to store the non-primary
replica comprises determining a hard disk drive.

[0071] Example 21 includes the subject matter of any of Examples 14-20, and wherein
transmitting the replication requests comprises transmitting the replication requests as hypertext

transfer protocol (HTTP) requests.
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[0072] Example 22 includes the subject matter of any of Examples 14-21, and further
including receiving, by the storage manager device, a data read request to retrieve the data;
identifying, by the storage manager device, the storage node in which the primary replica of the
data is stored based on an identifier included in the data read request; and transmitting, by the
storage manager device, a data retrieval request to the identified storage node to retrieve the
primary replica of the data from a cache of the identified data storage node.

[0073] Example 23 includes the subject matter of any of Examples 14-22, and further
including receiving, by the storage manager device, a data read request to retrieve the data;
identifying, by the storage manager device, an index of a partition in which replicas of the data
are stored; identifying, by the storage manager device, storage nodes associated with the
replicas based on the partition index; determining, by the storage manager device, whether to
request a cached replica of the data or a non-cached replica of the data; and transmitting, by the
storage manager device, a data retrieval request to the first storage node to retrieve the cached
replica of the data in response to a determination to retrieve the cached replica.

[0074] Example 24 includes the subject matter of any of Examples 14-23, and wherein
identifying an index of a partition in which replicas of the data are stored comprises generating,
by the storage manager device, a hash of a uniform resource locator (URL) included in the data
read request; and performing, by the storage manager device, a modulus function on the hash.
[0075] Example 25 includes the subject matter of any of Examples 14-24, and wherein
transmitting the data retrieval request comprises transmitting the data retrieval request with a
hint to retrieve the cached replica of the data.

[0076] Example 26 includes the subject matter of any of Examples 14-25, and further
including receiving, by the storage manager device, a data read request to retrieve the data;
identifying, by the storage manager device, an index of a partition in which replicas of the data
are stored; identifying, by the storage manager device, storage nodes associated with the
replicas, based on the partition index; determining, by the storage manager device, whether to
request a cached replica of the data or a non-cached replica of the data based on a load balance
analysis; and transmitting, by the storage manager device, a data retrieval request to the second
storage node to retrieve the non-cached replica of the data in response to a determination to
retrieve the non-cached replica.

[0077] Example 27 includes a storage manager device comprising one or more
processors; and a memory having stored therein a plurality of instructions that when executed
by the one or more processors cause the storage manager device to perform the method of any

of Examples 14-26.
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[0078] Example 28 includes one or more machine readable storage media comprising a
plurality of instructions stored thereon that in response to being executed result in a storage
manager device performing the method of any of Examples 14-27.

[0079] Example 29 includes a storage manager device for managing replica caching in a
distributed storage system that includes a plurality of storage nodes, the storage manager device
comprising network communication circuitry to (i) receive a data write request from a client
device to store replicas of data; and (ii) transmit the replication requests to the respective
storage nodes to store replicas of the data; primary replica selector circuitry to designate one of
the replicas as a primary replica; storage node selector circuitry to select (i) a first storage node
of the plurality of storage nodes to store the primary replica of the data in a cache storage of the
first storage node and (ii) at least a second storage node to store a non-primary replica of the
data in a non-cache storage of the second storage node; and hint generator circuitry to include a
hint in a first replication request of a plurality of replication requests to be transmitted, wherein
the first replication request is to the first storage node and the hint is to indicate that the first
storage node is to store the data in the cache storage of the first storage node as the primary
replica.

[0080] Example 30 includes the subject matter of Example 29, and wherein to transmit
the replication requests to the respective storage nodes comprises to transmit the first replication
request to the first storage node to cause the first storage node to store the data in the cache
storage of the first storage node; and transmit a second replication request to the second storage
node to cause the second storage node to store the data in the non-cache storage of the second
storage node, wherein the second replication request does not include the hint.

[0081] Example 31 includes the subject matter of any of Examples 29 and 30, and
wherein the storage node selector circuitry is further to determine an index of a partition in
which to store the replicas based on an identifier in the data write request; and select the first
storage node and the second storage node from the plurality of storage nodes based on the
partition index.

[0082] Example 32 includes the subject matter of any of Examples 29-31, and wherein
the storage node selector circuitry is further to generate a hash based on an identifier included in
the data write request; perform a modulus operation on the hash to determine a partition index
in which to store the replicas; and select the first storage node and the second storage node from
the plurality of storage nodes based on the partition index.

[0083] Example 33 includes the subject matter of any of Examples 29-32, and wherein

the storage node selector circuitry is further to generate a hash based on a uniform resource
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locator (URL) included in the data write request; and select the first storage node and the
second storage node from the plurality of storage nodes based on the hash.

[0084] Example 34 includes the subject matter of any of Examples 29-33, and wherein
the storage node selector circuitry is further to determine an index of a partition in which to
store the replicas; determine a first storage drive in which to store the primary replica, based on
the index of the partition; determine a second storage drive in which to store the non-primary
replica, based on the index of the partition; determine the first storage node based on the
determined first storage drive; and determine the second storage node based on the determined
second storage drive.

[0085] Example 35 includes the subject matter of any of Examples 29-34, and wherein
to determine the first storage drive in which to store the primary replica comprises to determine
a solid state drive; and to determine the second storage drive in which to store the non-primary
replica comprises to determine a hard disk drive.

[0086] Example 36 includes the subject matter of any of Examples 29-35, and wherein
the network communication circuitry is further to transmit the replication requests as hypertext
transfer protocol (HTTP) requests.

[0087] Example 37 includes the subject matter of any of Examples 29-36, and wherein
the network communication circuitry is further to receive a data read request to retrieve the
data; the storage node selector circuitry is further to identify the storage node in which the
primary replica of the data is stored based on an identifier included in the data read request; and
the network communication circuitry is further to transmit a data retrieval request to the
identified storage node to retrieve the primary replica of the data from a cache of the identified
data storage node.

[0088] Example 38 includes the subject matter of any of Examples 29-37, and wherein
the network communication circuitry is further to receive a data read request to retrieve the
data; the storage node selector circuitry is further to identify an index of a partition in which
replicas of the data are stored; identify storage nodes associated with the replicas based on the
partition index; and determine whether to request a cached replica of the data or a non-cached
replica of the data; and the network communication circuitry is further to transmit a data
retrieval request to the first storage node to retrieve the cached replica of the data in response to
a determination to retrieve the cached replica.

[0089] Example 39 includes the subject matter of any of Examples 29-38, and wherein

to identify an index of a partition in which replicas of the data are stored comprises to generate
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a hash of a uniform resource locator (URL) included in the data read request; and perform a
modulus function on the hash.

[0090] Example 40 includes the subject matter of any of Examples 29-39, and wherein
to transmit the data retrieval request comprises to transmit the data retrieval request with a hint
to retrieve the cached replica of the data.

[0091] Example 41 includes the subject matter of any of Examples 29-40, and wherein
the network communication circuitry is further to receive a data read request to retrieve the
data; the storage node selector circuitry is further to identify an index of a partition in which
replicas of the data are stored; identify storage nodes associated with the replicas, based on the
partition index; and determine whether to request a cached replica of the data or a non-cached
replica of the data based on a load balance analysis; and the network communication circuitry is
further to transmit a data retrieval request to the second storage node to retrieve the non-cached

replica of the data in response to a determination to retrieve the non-cached replica.

[0092] Example 42 includes a storage manager device for managing replica caching in a
distributed storage system that includes a plurality of storage nodes, the storage manager device
comprising network communication circuitry for receiving a data write request from a client
device to store replicas of data; means for designating one of the replicas as a primary replica;
means for selecting (i) a first storage node of the plurality of storage nodes to store the primary
replica of the data in a cache storage of the first storage node and (ii) at least a second storage
node to store a non-primary replica of the data in a non-cache storage of the second storage
node; and means for including a hint in a first replication request of a plurality of replication
requests to be transmitted, wherein the first replication request is to the first storage node and
the hint is to indicate that the first storage node is to store the data in the cache storage of the
first storage node as the primary replica; wherein the network communication circuitry is
further for transmitting the replication requests to the respective storage nodes to store replicas
of the data.

[0093] Example 43 includes the subject matter of Example 42, and wherein the network
communication circuitry for transmitting the replication requests to the respective storage nodes
further comprises circuitry for transmitting the first replication request to the first storage node
to cause the first storage node to store the data in the cache storage of the first storage node; and
circuitry transmitting a second replication request to the second storage node to cause the
second storage node to store the data in the non-cache storage of the second storage node,

wherein the second replication request does not include the hint.
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[0094] Example 44 includes the subject matter of any of Examples 42 and 43, and
further including means for determining an index of a partition in which to store the replicas
based on an identifier in the data write request; and means for selecting the first storage node
and the second storage node from the plurality of storage nodes based on the partition index.
[0095] Example 45 includes the subject matter of any of Examples 42-44, and further
including means for generating a hash based on an identifier included in the data write request;
means for performing a modulus operation on the hash to determine a partition index in which
to store the replicas; and means for selecting the first storage node and the second storage node
from the plurality of storage nodes based on the partition index.

[0096] Example 46 includes the subject matter of any of Examples 42-45, and further
including means for generating a hash based on a uniform resource locator (URL) included in
the data write request; and means for selecting the first storage node and the second storage
node from the plurality of storage nodes based on the hash.

[0097] Example 47 includes the subject matter of any of Examples 42-46, and further
including means for determining an index of a partition in which to store the replicas; means for
determining a first storage drive in which to store the primary replica, based on the index of the
partition; means for determining a second storage drive in which to store the non-primary
replica, based on the index of the partition; means for determining the first storage node based
on the determined first storage drive; and means for determining the second storage node based
on the determined second storage drive.

[0098] Example 48 includes the subject matter of any of Examples 42-47, and wherein
the means for determining the first storage drive in which to store the primary replica comprises
means for determining a solid state drive; and the means for determining the second storage
drive in which to store the non-primary replica comprises means for determining a hard disk
drive.

[0099] Example 49 includes the subject matter of any of Examples 42-48, and wherein
the network communication circuitry for transmitting the replication requests comprises
circuitry for transmitting the replication requests as hypertext transfer protocol (HTTP)
requests.

[00100] Example 50 includes the subject matter of any of Examples 42-49, and further
including circuitry for receiving a data read request to retrieve the data; means for identifying
the storage node in which the primary replica of the data is stored based on an identifier

included in the data read request; and circuitry for transmitting a data retrieval request to the
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identified storage node to retrieve the primary replica of the data from a cache of the identified
data storage node.

[00101] Example 51 includes the subject matter of any of Examples 42-50, and further
including circuitry for receiving a data read request to retrieve the data; means for identifying
an index of a partition in which replicas of the data are stored; means for identifying storage
nodes associated with the replicas based on the partition index; means for determining whether
to request a cached replica of the data or a non-cached replica of the data; and circuitry for
transmitting a data retrieval request to the first storage node to retrieve the cached replica of the
data in response to a determination to retrieve the cached replica.

[00102] Example 52 includes the subject matter of any of Examples 42-51, and wherein
the means for identifying an index of a partition in which replicas of the data are stored
comprises means for generating a hash of a uniform resource locator (URL) included in the data
read request; and means for performing a modulus function on the hash.

[00103] Example 53 includes the subject matter of any of Examples 42-52, and wherein
the circuitry for transmitting the data retrieval request comprises circuitry for transmitting the
data retrieval request with a hint to retrieve the cached replica of the data.

[00104] Example 54 includes the subject matter of any of Examples 42-53, and further
including circuitry for receiving a data read request to retrieve the data; means for identifying
an index of a partition in which replicas of the data are stored; means for identifying storage
nodes associated with the replicas, based on the partition index; means for determining whether
to request a cached replica of the data or a non-cached replica of the data based on a load
balance analysis; and circuitry for transmitting a data retrieval request to the second storage
node to retrieve the non-cached replica of the data in response to a determination to retrieve the
non-cached replica.

[00105] Example 55 includes a storage node comprising a cache storage; a non-cache
storage; one or more processors; and one or more memory devices having stored therein a
plurality of instructions that, when executed by the one or more processors, cause the storage
node to receive a replication request to store data in the storage node; determine whether the
replication request includes a hint to store the data as a primary replica in the cache storage;
select one of the cache storage or the non-cache storage to store the data in based on the
determination of whether the replication request includes the hint; and store the data in the

selected one of the cache storage or the non-cache storage.
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[00106] Example 56 includes the subject matter of Example 55, and wherein to select
one of the cache storage or the non-cache storage comprises to select the cache storage based on
a determination that the replication request includes the hint.

[00107] Example 57 includes the subject matter of any of Examples 55 and 56, and
wherein to select one of the cache storage or the non-cache storage comprises to select the non-
cache storage based on a determination that the replication request does not include the hint.
[00108] Example 58 includes the subject matter of any of Examples 55-57, and wherein
to select one of the cache storage or the non-cache storage comprises to select one of the cache
storage or the non-cache storage based additionally on a predefined local policy of the storage
node.

[00109] Example 59 includes the subject matter of any of Examples 55-58, and wherein
the replication request includes the hint and the plurality of instructions, when executed by the
one or more processors, further cause the storage node to transmit the replication request to at
least one additional storage node without the hint to cause the additional storage node to store
the data as a non-primary replica.

[00110] Example 60 includes the subject matter of any of Examples 55-59, and wherein
the hint is a first hint and the plurality of instructions, when executed by the one or more
processors, further cause the storage node to receive a data retrieval request from a storage
manager device to retrieve a replica; determine whether the data retrieval request includes a
second hint that indicates that the replica is a primary replica; retrieve the replica from the
cache storage in response to a determination that the data retrieval request includes the second
hint; and transmit the retrieved replica to the storage manager device in response to the data
retrieval request.

[00111] Example 61 includes the subject matter of any of Examples 55-60, and wherein
the hint is a first hint and the plurality of instructions, when executed by the one or more
processors, further cause the storage node to receive a data retrieval request from a storage
manager device to retrieve a replica; determine whether the data retrieval request includes a
second hint that indicates that the replica is a non-primary replica; retrieve the replica from the
non-cache storage in response to a determination that the data retrieval request does not include
the second hint; and transmit the retrieved replica to the storage manager device in response to
the data retrieval request.

[00112] Example 62 includes a method comprising receiving, by a storage node, a
replication request to store data in the storage node; determining, by the storage node, whether

the replication request includes a hint to store the data as a primary replica in a cache storage of
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the storage node; selecting, by the storage node, one of the cache storage or a non-cache storage
of the storage node to store the data in based on the determination of whether the replication
request includes the hint; and storing, by the storage node, the data in the selected one of the
cache storage or the non-cache storage.

[00113] Example 63 includes the subject matter of any of Examples 62, and wherein
selecting one of the cache storage or the non-cache storage comprises selecting the cache
storage based on a determination that the replication request includes the hint.

[00114] Example 64 includes the subject matter of any of Examples 62 and 63, and
wherein selecting one of the cache storage or the non-cache storage comprises selecting the
non-cache storage based on a determination that the replication request does not include the
hint.

[00115] Example 65 includes the subject matter of any of Examples 62-64, and wherein
selecting one of the cache storage or the non-cache storage comprises selecting one of the cache
storage or the non-cache storage based additionally on a predefined local policy of the storage
node.

[00116] Example 66 includes the subject matter of any of Examples 62-65, and wherein
the replication request includes the hint, the method further comprising transmitting, by the
storage node, the replication request to at least one additional storage node without the hint to
cause the additional storage node to store the data as a non-primary replica.

[00117] Example 67 includes the subject matter of any of Examples 62-66, and wherein
the hint is a first hint, the method further comprising receiving, by the storage node, a data
retrieval request from a storage manager device to retrieve a replica; determining, by the storage
node, whether the data retrieval request includes a second hint that indicates that the replica is a
primary replica; retrieving, by the storage node, the replica from the cache storage in response
to a determination that the data retrieval request includes the second hint; and transmitting, by
the storage node, the retrieved replica to the storage manager device in response to the data
retrieval request.

[00118] Example 68 includes the subject matter of any of Examples 62-67, and wherein
the hint is a first hint, the method further comprising receiving, by the storage node, a data
retrieval request from a storage manager device to retrieve a replica; determining, by the storage
node, whether the data retrieval request includes a second hint that indicates that the replica is a
non-primary replica; retrieving, by the storage node, the replica from the non-cache storage in

response to a determination that the data retrieval request does not include the second hint; and
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transmitting, by the storage node, the retrieved replica to the storage manager device in
response to the data retrieval request.

[00119] Example 69 includes a storage node comprising one or more processors; and a
memory having stored therein a plurality of instructions that when executed by the one or more
processors cause the storage node to perform the method of any of Examples 62-68.

[00120] Example 70 includes one or more machine readable storage media comprising a
plurality of instructions stored thereon that in response to being executed result in a storage
node performing the method of any of Examples 62-69.

[00121] Example 71 includes a storage node comprising a cache storage; a non-cache
storage; network communication circuitry to receive a replication request to store data in the
storage node; and replica manager circuitry to (i) determine whether the replication request
includes a hint to store the data as a primary replica in the cache storage; (ii) select one of the
cache storage or the non-cache storage to store the data in based on the determination of
whether the replication request includes the hint; and (iii) store the data in the selected one of
the cache storage or the non-cache storage.

[00122] Example 72 includes the subject matter of Example 71, and wherein to select
one of the cache storage or the non-cache storage comprises to select the cache storage based on
a determination that the replication request includes the hint.

[00123] Example 73 the subject matter of any of Examples 71 and 72, and wherein to
select one of the cache storage or the non-cache storage comprises to select the non-cache
storage based on a determination that the replication request does not include the hint.

[00124] Example 74 includes the subject matter of any of Examples 71-73, and wherein
to select one of the cache storage or the non-cache storage comprises to select one of the cache
storage or the non-cache storage based additionally on a predefined local policy of the storage
node.

[00125] Example 75 includes the subject matter of any of Examples 71-74, and wherein
the replication request includes the hint and the network communication circuitry is further to
transmit the replication request to at least one additional storage node without the hint to cause
the additional storage node to store the data as a non-primary replica.

[00126] Example 76 includes the subject matter of any of Examples 71-75, and wherein
the hint is a first hint and wherein the network communication circuitry is further to receive a
data retrieval request from a storage manager device to retrieve a replica; the replica manager
circuitry is further to: determine whether the data retrieval request includes a second hint that

indicates that the replica is a primary replica; retrieve the replica from the cache storage in
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response to a determination that the data retrieval request includes the second hint; and the
network communication circuitry is further to transmit the retrieved replica to the storage
manager device in response to the data retrieval request.

[00127] Example 77 includes the subject matter of any of Examples 71-76, and wherein
the hint is a first hint and wherein the network communication circuitry is further to receive a
data retrieval request from a storage manager device to retrieve a replica; the replica manager
circuitry is further to determine whether the data retrieval request includes a second hint that
indicates that the replica is a non-primary replica; and retrieve the replica from the non-cache
storage in response to a determination that the data retrieval request does not include the second
hint; and the network communication circuitry is further to transmit the retrieved replica to the
storage manager device in response to the data retrieval request.

[00128] Example 78 includes a storage node comprising a cache storage; a non-cache
storage; network communication circuitry for receiving a replication request to store data in the
storage node; means for determining whether the replication request includes a hint to store the
data as a primary replica in the cache storage of the storage node; means for selecting one of the
cache storage or the non-cache storage of the storage node to store the data in based on the
determination of whether the replication request includes the hint; and means for storing the
data in the selected one of the cache storage or the non-cache storage.

[00129] Example 79 includes the subject matter of Example 78, wherein the means for
selecting one of the cache storage or the non-cache storage comprises means for selecting the
cache storage based on a determination that the replication request includes the hint.

[00130] Example 80 includes the subject matter of any of Examples 78 and 79, and
wherein the means for selecting one of the cache storage or the non-cache storage comprises
means for selecting the non-cache storage based on a determination that the replication request
does not include the hint.

[00131] Example 81 includes the subject matter of any of Examples 78-80, and wherein
the means for selecting one of the cache storage or the non-cache storage comprises means for
selecting one of the cache storage or the non-cache storage based additionally on a predefined
local policy of the storage node.

[00132] Example 82 includes the subject matter of any of Examples 78-81, and wherein
the replication request includes the hint, and the network communication circuitry comprises
circuitry for transmitting the replication request to at least one additional storage node without

the hint to cause the additional storage node to store the data as a non-primary replica.
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[00133] Example 83 includes the subject matter of any of Examples 78-82, and wherein
the hint is a first hint, the storage node further comprising circuitry for receiving a data retrieval
request from a storage manager device to retrieve a replica; means for determining whether the
data retrieval request includes a second hint that indicates that the replica is a primary replica;
means for retrieving the replica from the cache storage in response to a determination that the
data retrieval request includes the second hint; and circuitry for transmitting the retrieved
replica to the storage manager device in response to the data retrieval request.

[00134] Example 84 includes the subject matter of any of Examples 78-83, and wherein
the hint is a first hint, the storage node further comprising circuitry for receiving a data retrieval
request from a storage manager device to retrieve a replica; means for determining whether the
data retrieval request includes a second hint that indicates that the replica is a non-primary
replica; means for retrieving the replica from the non-cache storage in response to a
determination that the data retrieval request does not include the second hint; and circuitry for
transmitting the retrieved replica to the storage manager device in response to the data retrieval

request.
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WHAT IS CLAIMED IS:

1. A storage manager device for managing replica caching in a distributed storage
system that includes a plurality of storage nodes, the storage manager device comprising:
ONe Or More Processors;
one or more memory devices having stored therein a plurality of instructions
that, when executed by the one or more processors, cause the storage manager device to:
receive a data write request from a client device to store replicas of data;
designate one of the replicas as a primary replica;
select (i) a first storage node of the plurality of storage nodes to store the
primary replica of the data in a cache storage of the first storage node and (ii) at least a second
storage node to store a non-primary replica of the data in a non-cache storage of the second
storage node;
include a hint in a first replication request of a plurality of replication
requests to be transmitted, wherein the first replication request is to the first storage node and
the hint is to indicate that the first storage node is to store the data in the cache storage of the
first storage node as the primary replica; and
transmit the replication requests to the respective storage nodes to store

replicas of the data.

2. The storage manager device of claim 1, wherein to transmit the replication
requests to the respective storage nodes comprises to:
transmit the first replication request to the first storage node to cause the first
storage node to store the data in the cache storage of the first storage node; and
transmit a second replication request to the second storage node to cause the
second storage node to store the data in the non-cache storage of the second storage node,

wherein the second replication request does not include the hint.

3. The storage manager device of claim 1, wherein the plurality of instructions,
when executed by the one or more processors, further cause the storage manager device to:
determine an index of a partition in which to store the replicas based on an
identifier in the data write request; and
select the first storage node and the second storage node from the plurality of

storage nodes based on the partition index.
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4. The storage manager device of claim 1, wherein the plurality of instructions,
when executed by the one or more processors, further cause the storage manager device to:
generate a hash based on an identifier included in the data write request;
perform a modulus operation on the hash to determine a partition index in which
to store the replicas; and
select the first storage node and the second storage node from the plurality of

storage nodes based on the partition index.

S. The storage manager device of claim 1, wherein the plurality of instructions,
when executed by the one or more processors, further cause the storage manager device to:
generate a hash based on a uniform resource locator (URL) included in the data
write request; and
select the first storage node and the second storage node from the plurality of

storage nodes based on the hash.

6. The storage manager device of claim 1, wherein the plurality of instructions,

when executed by the one or more processors, further cause the storage manager device to:

determine an index of a partition in which to store the replicas;

determine a first storage drive in which to store the primary replica, based on the
index of the partition;

determine a second storage drive in which to store the non-primary replica,
based on the index of the partition;

determine the first storage node based on the determined first storage drive; and

determine the second storage node based on the determined second storage

drive.

7. The storage manager device of claim 6, wherein:
to determine the first storage drive in which to store the primary replica
comprises to determine a solid state drive; and
to determine the second storage drive in which to store the non-primary replica,

comprises to determine a hard disk drive.
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8. The storage manager device of claim 1, wherein the plurality of instructions,
when executed by the one or more processors, further cause the storage manager device to

transmit the replication requests as hypertext transfer protocol (HTTP) requests.

9. The storage manager device of claim 1, wherein the plurality of instructions,
when executed by the one or more processors, further cause the storage manager device to:
receive a data read request to retrieve the data;
identify the storage node in which the primary replica of the data is stored based
on an identifier included in the data read request; and
transmit a data retrieval request to the identified storage node to retrieve the

primary replica of the data from a cache of the identified data storage node.

10. The storage manager device of claim 1, wherein the plurality of instructions,

when executed by the one or more processors, further cause the storage manager device to:

receive a data read request to retrieve the data;

identify an index of a partition in which replicas of the data are stored;

identify storage nodes associated with the replicas based on the partition index;

determine whether to request a cached replica of the data or a non-cached replica
of the data; and

transmit a data retrieval request to the first storage node to retrieve the cached

replica of the data in response to a determination to retrieve the cached replica.

11. The storage manager device of claim 10, wherein to identify an index of a
partition in which replicas of the data are stored comprises to:
generate a hash of a uniform resource locator (URL) included in the data read
request; and

perform a modulus function on the hash.

12. The storage manager device of claim 10, wherein to transmit the data retrieval
request comprises to transmit the data retrieval request with a hint to retrieve the cached replica

of the data.

13. A method for managing replica caching in a distributed storage system that

includes a plurality of storage nodes, the method comprising:
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receiving, by a storage manager device, a data write request from a client device
to store replicas of data;

designating, by the storage manager device, one of the replicas as a primary
replica;

selecting, by the storage manager device, (i) a first storage node of the plurality
of storage nodes to store the primary replica of the data in a cache storage of the first storage
node and (ii) at least a second storage node to store a non-primary replica of the data in a non-
cache storage of the second storage node;

including, by the storage manager device, a hint in a first replication request of a
plurality of replication requests to be transmitted, wherein the first replication request is to the
first storage node and the hint is to indicate that the first storage node is to store the data in the
cache storage of the first storage node as the primary replica; and

transmitting, by the storage manager device, the replication requests to the

respective storage nodes to store replicas of the data.

14. The method of claim 13, wherein transmitting the replication requests to the
respective storage nodes comprises:
transmitting, by the storage manager device, the first replication request to the
first storage node to cause the first storage node to store the data in the cache storage of the first
storage node; and
transmitting, by the storage manager device, a second replication request to the
second storage node to cause the second storage node to store the data in the non-cache storage

of the second storage node, wherein the second replication request does not include the hint.

15. The method of claim 13, further comprising:
determining, by the storage manager device, an index of a partition in which to
store the replicas based on an identifier in the data write request; and
selecting, by the storage manager device, the first storage node and the second

storage node from the plurality of storage nodes based on the partition index.

16. The method of claim 13, further comprising:
generating, by the storage manager device, a hash based on an identifier included

in the data write request;
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performing, by the storage manager device, a modulus operation on the hash to
determine a partition index in which to store the replicas; and
selecting, by the storage manager device, the first storage node and the second

storage node from the plurality of storage nodes based on the partition index.

17. The method of claim 13, further comprising:
generating, by the storage manager device, a hash based on a uniform resource
locator (URL) included in the data write request; and
selecting, by the storage manager device, the first storage node and the second

storage node from the plurality of storage nodes based on the hash.

18. The method of claim 13, further comprising:

determining, by the storage manager device, an index of a partition in which to
store the replicas;

determining, by the storage manager device, a first storage drive in which to
store the primary replica, based on the index of the partition;

determining, by the storage manager device, a second storage drive in which to
store the non-primary replica, based on the index of the partition;

determining, by the storage manager device, the first storage node based on the
determined first storage drive; and

determining, by the storage manager device, the second storage node based on

the determined second storage drive.

19. The method of claim 18, wherein:
determining the first storage drive in which to store the primary replica
comprises determining a solid state drive; and
determining the second storage drive in which to store the non-primary replica

comprises determining a hard disk drive.

20. The method of claim 13, wherein transmitting the replication requests comprises

transmitting the replication requests as hypertext transfer protocol (HTTP) requests.

21. The method of claim 13, further comprising:

receiving, by the storage manager device, a data read request to retrieve the data;
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identifying, by the storage manager device, the storage node in which the
primary replica of the data is stored based on an identifier included in the data read request; and

transmitting, by the storage manager device, a data retrieval request to the
identified storage node to retrieve the primary replica of the data from a cache of the identified

data storage node.

22. The method of claim 13, further comprising:

receiving, by the storage manager device, a data read request to retrieve the data;

identifying, by the storage manager device, an index of a partition in which
replicas of the data are stored;

identifying, by the storage manager device, storage nodes associated with the
replicas based on the partition index;

determining, by the storage manager device, whether to request a cached replica
of the data or a non-cached replica of the data; and

transmitting, by the storage manager device, a data retrieval request to the first
storage node to retrieve the cached replica of the data in response to a determination to retrieve

the cached replica.

23. The method of claim 22, wherein identifying an index of a partition in which
replicas of the data are stored comprises:
generating, by the storage manager device, a hash of a uniform resource locator
(URL) included in the data read request; and

performing, by the storage manager device, a modulus function on the hash.

24. A storage manager device comprising:
one or more processors; and
a memory having stored therein a plurality of instructions that when executed by

the one or more processors cause the storage manager device to perform the method of any of

claims 13-23.

25. One or more machine readable storage media comprising a plurality of
instructions stored thereon that in response to being executed result in a storage manager device

performing the method of any of claims 13-23.
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