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ject corresponding to a data object request received by the proxy computing node. Accordingly, the proxy computing node is con-
figured to obtain a retrieval latency of the storage node and determine whether to chunk the data object based on the retrieval
latency. The proxy computing node is further configured to, subsequent to a determination to chunk the data object, determine a
chunk size (i.e., a portion of the data object) to be retrieved from the storage node and a remaining size of the data object at the stor -
age node after the portion of the data object corresponding to the chunk request is received. Other embodiments are described and

claimed.



WO 2017/052992 PCT/US2016/048850

TECHNOLOGIES FOR REDUCING LATENCY VARIATION OF STORED DATA
OBJECT REQUESTS

CROSS-REFERENCE TO RELATED U.S. PATENT APPLICATION

[0001] The present application claims priority to U.S. Utility Patent Application Serial
No. 14/866,893, entitled “TECHNOLOGIES FOR REDUCING LATENCY VARIATION OF
STORED DATA OBJECT REQUESTS,” which was filed on September 26, 2015.

BACKGROUND

[0002] Distributed data object storage clusters typically utilize a plurality of storage
nodes (i.e., computing devices capable of storing a plurality of data objects) to provide
enhanced performance and availability. Such storage clusters can be used for data object
replication (i.e., data object redundancy/backup), for example. Generally, the storage clusters
are not visible to a client computing device that is either transmitting data objects to be stored
on the storage nodes or receiving stored data objects from the storage nodes. Accordingly,
incoming requests (e.g., network packets including data objects or data object requests) are
typically queued at an entry point of the storage cluster, commonly referred to as a proxy (e.g.,
a proxy server). As such, the proxy may be a computing device that is configured to act as an
intermediary for the incoming client requests. Additionally, the proxy computing node can be
configured to select which storage node to retrieve the requested data object from.

[0003] However, variable latency attributable to accessing data objects from a
distributed cluster of storage nodes can occur when a request for a data object of smaller size is
queued behind a request for a data object having a considerably larger size, which is commonly
referred to as head-of-line blocking. Typically, the small data object request would be serviced
quickly, due to its smaller size, but the latency of servicing the large data object request is
added to the latency of the small data object request when the small data object request is
queued behind the larger data object request. Accordingly, latency attributable to the amount of

time to service the requests can vary widely across the storage nodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] 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.
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[0005] FIG. 1 is a simplified block diagram of at least one embodiment of a system for
managing data object requests that includes a proxy computing node communicatively coupled
to a storage node cluster;

[0006] FIG. 2 is a simplified block diagram of at least one embodiment of the proxy
computing node of the system of FIG. 1;

[0007] FIG. 3 is a simplified block diagram of at least one embodiment of an
environment that may be established by the proxy computing node of FIGS. 1 and 2;

[0008] FIG. 4 is a simplified flow diagram of at least one embodiment of a method for
queueing object requests that may be executed by the proxy computing node of FIGS. 1 and 2;
and

[0009] FIGS. 5-7 are a simplified flow diagram of at least one embodiment of a method
for reducing latency variations of stored data object requests that may be executed by the proxy

computing node of FIGS. 1 and 2.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] 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.

e

[0011] 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 effect 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); (C): (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); (C): (A and B); (A and C); (B and C); or
(A, B, and C).
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[0012] The disclosed embodiments may be implemented, in some cases, in hardware,
firmware, software, or any combination thereof. The disclosed embodiments may also be
implemented as instructions carried by or stored on one or more transitory or non-transitory
machine-readable (e.g., computer-readable) storage media (e.g., memory, data storage, etc.),
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).

[0013] 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.

[0014] Referring now to FIG. 1, in an illustrative embodiment, a system 100 for
managing data object requests includes a client computing node 102 communicatively coupled
to a proxy computing node 106 via an access network 104. As shown, the proxy computing
node 106 is further communicatively coupled to a cluster of storage nodes 110 via a storage
network 108. As will be described in further detail below, the storage nodes 110 includes a
plurality of storage nodes (see, e.g., storage node (1) 112, storage node (2) 114, and storage
node (n) 116) capable of storing data objects (e.g., replicas of the data objects for providing
redundant backup) amongst two or more of the storage nodes 110.

[0015] In use, the proxy computing node 106 maintains a queue of data object requests
(i.e., a data object request queue) received by the proxy computing node 106 for each of the
storage nodes 110. Additionally, the proxy computing node 106 is configured to maintain
various exponentially weighted latency values usable to determine whether to chunk a data
object of each of the data object requests in the queue (i.e., in order to divide or separate the
data object into smaller objects using multiple requests of smaller size than the original size of
the data object). The exponentially weighted moving values include a per-byte-latency and a
recent request latency. The proxy computing node 106 calculates the per-byte-latency as a
function of a request completion time, a data object size (e.g., in bytes), a configurable
weighted value (e.g., a value between 0 and 1), as well as a most previously calculated per-

byte-latency. The proxy computing node 106 calculates the recent request latency as a function
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of the request completion time, the configurable weighted value, and a most previously
calculated recent request latency. Accordingly, the proxy computing node 106 is configured to
determine whether to chunk a data object of a data object request in the queue as a function of
each of the per-byte-latency and recent request latency. For example, the function of each of
the per-byte-latency and recent request latency may result in a chunk size that is compared by
the proxy computing node 106 to a size of the data object of the data object request to
determine whether to chunk (i.e., request only a portion of the data object equal to the chunk
size) the requested data object.

[0016] Each of the access network 104 and the storage network 108 may be embodied
as any type of wired and/or wireless communication network, including cellular networks, such
as Global System for Mobile Communications (GSM) or Long-Term Evolution (LTE),
telephony networks, digital subscriber line (DSL) networks, cable networks, local or wide area
networks (LANs/WANSs), global networks (e.g., the Internet), or any combination thereof. It
should be appreciated that the access network 104 and/or the storage network 108 may serve as
a centralized network and, in some embodiments, may be communicatively coupled to another
network (e.g., the Internet). Accordingly, the access network 104 and/or the storage network
108 may include a variety of network devices (not shown), virtual and physical, such as routers,
switches, network hubs, servers, storage devices, compute devices, etc., as needed to facilitate
communication between the client computing node 102 and the proxy computing node 106 via
the access network 104, as well as between the proxy computing node 106 and the cluster of
storage nodes 110 via the storage network 108.

[0017] The proxy computing node 106 may be embodied as any type of computing
device that is capable of performing the functions described herein, such as, without limitation,
a rack-mounted switch, a standalone switch, a fully managed switch, a partially managed
switch, a full-duplex and/or half-duplex communication mode enabled switch, etc. As shown in
FIG. 2, the illustrative proxy computing node 106 includes a processor 202, an input/output
(I/0) subsystem 204, a memory 206, a data storage device 208, and communication circuitry
210. Of course, the proxy computing node 106 may include other or additional components,
such as those commonly found in a computing device (e.g., one or more input/output peripheral
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 206, or portions thereof, may be incorporated in the
processor 202 in some embodiments. Further, in some embodiments, one or more of the

illustrative components may be omitted from the proxy computing node 106.
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[0018] 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 206 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 206 may store various data and software used
during operation of the proxy computing node 106, such as operating systems, applications,
programs, libraries, and drivers. The memory 206 is communicatively coupled to the processor
202 via the I/O subsystem 204, which may be embodied as circuitry and/or components to
facilitate input/output operations with the processor 202, the memory 206, and other
components of the proxy computing node 106. For example, the I/O subsystem 204 may be
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 204 may form a portion
of a system-on-a-chip (SoC) and be incorporated, along with the processor 202, the memory
206, and other components of the proxy computing node 106, on a single integrated circuit
chip.

[0019] The data storage device 208 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. It
should be appreciated that the data storage device 208 and/or the memory 206 (e.g., the
computer-readable storage media) may store various data as described herein, including
operating systems, applications, programs, libraries, drivers, instructions, etc., capable of being
executed by a processor (e.g., the processor 202) of the proxy computing node 106.

[0020] The communication circuitry 210 may be embodied as any communication
circuit, device, or collection thereof, capable of enabling communications between the proxy
computing node 106 and other computing devices (e.g., the client computing node 102, the
storage nodes 110, etc.) over a network (e.g., the access network 104 and/or the storage network
108). The communication circuitry 210 may be configured to use any one or more
communication technologies (e.g., wireless or wired communication technologies) and
associated protocols (e.g., Ethernet, Bluetooth®, Wi—Fi®, WiMAX, LTE, 5@, etc.) to effect such

communication.
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[0021] The illustrative communication circuitry 210 includes a network interface
controller (NIC) 212. The NIC 212 may be embodied as one or more add-in-boards,
daughtercards, network interface cards, controller chips, chipsets, or other devices that may be
used by the proxy computing node 106. For example, in some embodiments, the NIC 212 may
be integrated with the processor 202, embodied as an expansion card coupled to the I/O
subsystem 204 over an expansion bus (e.g., PCI Express), part of an SoC that includes one or
more processors, or included on a multichip package that also contains one or more processors.
[0022] Alternatively, in some embodiments, the NIC 212 may include a local processor
(not shown) and/or a local memory (not shown) that are both local to the NIC 212. In such
embodiments, the local processor of the NIC 212 may be capable of performing the offloaded
functions (e.g., replication, network packet processing, etc.) as described herein. Additionally
or alternatively, in such embodiments, the local memory of the NIC 212 may be capable of
storing data local to the NIC 212. Additionally or alternatively, in some embodiments,
functionality of the NIC 212 may be integrated into one or more components of the proxy
computing node 106 at the board level, socket level, chip level, and/or other levels.

[0023] Referring again to FIG. 1, the client computing node 102 may be embodied as
any type of computation or computing device capable of performing the functions described
herein, including, without limitation, a computer, a mobile computing device (e.g., smartphone,
tablet, laptop, notebook, wearable, etc.), a server (e.g., stand-alone, rack-mounted, blade, etc.), a
network appliance (e.g., physical or virtual), a web appliance, a distributed computing system, a
processor-based system, and/or a multiprocessor system. Similar to the illustrative proxy
computing node 106 of FIG. 2, the client computing node 102 may include a processor, an I/O
subsystem, a memory, a data storage device, and/or communication circuitry, which are not
shown for clarity of the description. 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 proxy computing node 106 applies equally to the
corresponding components of the client computing node 102.

[0024] The illustrative cluster of storage nodes 110 includes a first storage node, which
is designated as storage node (1) 112, a second storage node, which is designated as storage
node (2) 114, and a third storage node, which is designated as storage node (N) 116 (i.e., the
“Nth” storage node of the cluster of storage nodes 110, wherein “N” is a positive integer and
designates one or more additional storage nodes). Each of the storage nodes 110 may be
embodied as any type of storage device capable of performing the functions described herein,

including, without limitation, a server (e.g., stand-alone, rack-mounted, blade, etc.), a network
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appliance (e.g., physical or virtual), a high-performance computing device, a web appliance, a
distributed computing system, a computer, a processor-based system, and/or a multiprocessor
system. As such, similar to the illustrative proxy computing node 106 of FIG. 2, each of the
storage nodes 110 may include a processor, an I/O subsystem, a memory, a data storage device,
and/or communication circuitry, which are not shown for clarity of the description.
Accordingly, 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 proxy computing node 106 applies equally to the corresponding components of each of the
storage nodes 110.

[0025] Referring now to FIG. 3, in an illustrative embodiment, the proxy computing
node 106 establishes an environment 300 during operation. The illustrative environment 300
includes a network communication module 310, a storage node identification module 320, a
latency determination module 330, a data object chunk determination module 340, a data object
request management module 350, and a data object reconstruction module 360. Each of the
modules, logic, and other components of the environment 300 may be embodied as hardware,
software, firmware, or a combination thereof. For example, each of the modules, logic, and
other components of the environment 300 may form a portion of, or otherwise be established
by, the processor 202, the communication circuitry 210 (e.g., the NIC 212), and/or other
hardware components of the proxy computing node 106. As such, in some embodiments, one
or more of the modules of the environment 300 may be embodied as circuitry or a collection of
electrical devices (e.g., network communication circuitry 310, storage node identification
circuitry 320, latency determination circuitry 330, data object chunk determination circuitry
340, data object request management circuitry 350, data object reconstruction circuitry 360,
etc.).

[0026] In the illustrative environment 300, the proxy computing node 106 includes
storage node data 302, latency data 304, request queue data 306, and data object data 308, each
of which may be accessed by the various modules and/or sub-modules of the proxy computing
node 106. It should be appreciated that the proxy computing node 106 may include other
components, sub-components, modules, sub-modules, and/or devices commonly found in a
computing node, which are not illustrated in FIG. 3 for clarity of the description.

[0027] The network communication module 310 is configured to facilitate inbound and
outbound network communications (e.g., network traffic, network packets, network flows, etc.)
to and from the proxy computing node 106. To do so, the network communication module 310

is configured to receive and process network packets from other computing devices (e.g., the
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client computing node 102, the storage nodes 110, and/or other computing device(s)
communicatively coupled via the access network 104 and/or the storage network 108).
Additionally, the network communication module 310 is configured to prepare and transmit
network packets to another computing device (e.g., the client computing node 102, the storage
nodes 110, and/or other computing device(s) communicatively coupled via the access network
104 and/or the storage network 108). Accordingly, in some embodiments, at least a portion of
the functionality of the network communication module 310 may be performed by the
communication circuitry 210, and more specifically by the NIC 212.

[0028] The storage node identification module 320 is configured to identify which
storage node of the storage nodes is presently storing a data object of a data object request
received (i.e., a network packet that includes the data object request) by the proxy computing
device 106. To do so, the storage node identification module 320 may be configured to retrieve
an identifier (e.g., a source internet protocol (IP) address, a destination IP address, a source
network port, a destination network port, a dynamic host configuration protocol (DHCP)
address, a protocol, a flow, etc.) of the data object request, such as from parsing a header of the
network packet that included the data object request.

[0029] Accordingly, the storage node identification module 320 may use the identifier
(e.g., by performing a tuple match against a mapping table) to determine which of the storage
nodes is presently storing the requested data object. In some embodiments, data characteristic
of the storage nodes 110 (e.g., an IP address) may be stored in the storage node data 302. It
should be appreciated that additionally operations may be performed on the identifier by the
storage node identification module 320 to determine the storage nodes. For example, a hash of
the identifier may be calculated and at least a portion of the result may be used to generate an
index for a location of information of the storage nodes. For example, the index may be an
index into a consistent hash ring, the region corresponding to the index of which may include
an identifier into another structure, such as map that partitions the storage devices on which the
data object has been stored.

[0030] The latency determination module 330 is configured to determine a retrieval
latency corresponding to the storage node identified as presently storing the data object of the
data object request. In some embodiments, the retrieval latencies of each of the storage nodes
110 may be stored in the latency data 304. Additionally or alternatively, in some embodiments,
the identified storage node may be provided by the storage node identification module 320. As
described further below, the retrieval latency is indicative of a temporal latency for retrieving

data from the identified storage node. To obtain the retrieval latency, the latency determination
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module 330 includes a recent request latency calculation module 332, a per-byte-latency
calculation module 334, and a request completion timer determination module 336.

[0031] The per-byte-latency calculation module 332 is configured to calculate the per-
byte-latency as a function of a weighted parameter, a request completion time of a particular
one of the storage nodes 110, a total size of the data object corresponding to the data object
request, and a last calculated per-byte-latency (i.e., the most recently calculated per-byte-
latency) that particular one of the storage nodes 110. The weighted parameter defines a value
between 0 and 1 that is configured to adjust an influence of previously calculated request
latencies. For example, to calculate the per-byte-latency for a storage node, the per-byte-

latency calculation module 332 may be configured to perform the following equation:

Request Completion Time)

PBLpresent = (1= W) % PBLjgse + W = < Object Size

Equation 1

wherein PBLyyesen: 18 the present per-byte-latency, W is the weighted parameter having a value
between 0 and 1, PBL,; is the last calculated per-byte-latency, Request Completion Time is
the request completion time of the storage node, and Object Size is the size of the data object
corresponding to the data object request presently being analyzed.

[0032] The recent request latency calculation module 334 is configured to calculate the
recent request latency for the data object request as a function of the previously described
weighted parameter, the request completion time of a particular one of the storage nodes 110,
and a last calculated recent request latency (i.e., the most recently calculated recent request
latency) of that particular one of the storage nodes 110. For example, to calculate the recent
request latency for a storage node, the recent request latency calculation module 334 may be

configured to perform the following equation:

RRLpresent = (1 — W) % RRL55 + W * (Request Completion Time)

Equation 2

wherein RRLyyesen: 18 the present recent request latency, W' is the weighted parameter having a
value between 0 and 1, RRL,; is the last calculated recent request latency, and

Request Completion Time is the request completion time of the storage node.
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[0033] The request completion time determination module 336 is configured to
determine a request completion time of a particular one of the storage nodes 110. To do so, the
request completion time determination module 336 may be configured to determine the request
completion time based on a duration of time between having transmitted the chunk request and
having received the requested chunk. In some embodiments, to determine the duration of time,
the latency determination module 330 may be configured to manage a timer, or clock, of the
proxy computing node 106 and base the duration of time to complete one or more previous data
object requests (i.e., transmit the data object request and receive the requested data object).
[0034] It should be appreciated that, in some embodiments, the latency determination
module 330 may be configured to use additional and/or alternative models for chunking a large
data object into a plurality of smaller data objects (i.e., via multiple data object request each of
which requesting the smaller data objects). For example, in such embodiments, the latency
determination module 330 may be configured to determine the retrieval latency based on one or
more of the type of data object, an amount of outstanding work associated with retrieving the
object, and/or other telemetry of the platform.

[0035] The data object chunk determination module 340 is configured to retrieve the
per-byte-latency and recent request latency for a storage node to determine whether to chunk
the requested data object. To do so, data object chunk determination module 340 is configured
to compare the retrieved per-byte-latency against the retrieved recent request latency. For
example, the data object chunk determination module 340 may be configured to compare a
product of the per-byte-latency and a size of the data object requested against a product of the
recent request latency a chunk trigger. The chunk trigger defines a threshold (e.g., a number of
orders of magnitude) of size to multiply the recent request latency against. In some
embodiments, the chunk trigger may be a variable (i.e., configurable) parameter.

[0036] Additionally, subsequent to a determination to chunk the requested data object
(i.e., only request a portion of the total size of the data object), the data object chunk
determination module 340 is further configured to determine a chunk size of the data object
(i.e., the portion of the total size of the data object) and a remainder size of the data object. To
determine the chunk size of the data object, the data object chunk determination module 340 is
configured to determine the chunk size as a function of the retrieved per-byte-latency and recent
request latency. For example, the data object chunk determination module 340 may be
configured to determine the chunk size by dividing the recent request latency by the per-byte-
latency (i.e., (RRL/PBL), wherein RRL is the recent request latency and PBL is the per-byte-

latency).
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[0037] To determine the remainder size of the data object, the data object chunk
determination module 340 may be configured to determine the remainder size as a result of
subtracting the chunk size from the size of the data object. In other words, the remainder size is
equal to the remaining size of the data object after the chunk size was removed from the data
object. It should be appreciated that the size of the data object corresponding to the data object
request may be smaller than a total size of the data object corresponding to the data object
request initially received. In other words, the data object request may be a result of remainder
data object request from a previous iteration (e.g., a result of a previous determination to chunk
the data object corresponding to the data object request initially received) that was created and
added to the end of the request queue in the previous iteration.

[0038] The data object request management module 350 is configured to manage the
data object requests. To do so, the data object request management module 350 includes a
request queue management module 352 and a storage node request generation module 354.
The request queue management module 352 is configured to manage a request queue of a
number of data object requests for each of the storage nodes 110. Accordingly, the request
queue management module 352 may be configured to push data object requests into the tail of
the request queue and pop data object requests from the head of the request queue. The storage
node request generation module 354 is configured to generate data object requests for each of
the storage nodes 110, which may be queued by the request queue management module 352. In
some embodiments, the request queue and the data object requests thereof may be stored in the
request queue data 306.

[0039] The data object reconstruction module 360 is configured to reconstruct the
chunks of data objects received by the proxy computing device. To do so, the data object
reconstruction module 360 may be configured to associate each chunk with an originally
requested data object. Accordingly, upon receiving every chunk of the originally requested
data object, the data object reconstruction module 360 may then transfer reconstructed data
object to the client computing node that requested the data object. Alternatively, upon
receiving every chunk of the originally requested data object, the data object reconstruction
module 360 may then transfer the chunks and a set of reconstruction instructions to the client
computing node that requested the data object, such that the client computing node can perform
the reconstruction.

[0040] Referring now to FIG. 4, in use, the proxy computing node 106 may execute a
method 400 for queueing object requests. It should be appreciated that at least a portion of the
method 400 may be offloaded to and executed by the NIC 212 of the proxy computing node
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106. It should be further appreciated that, in some embodiments, the method 400 may be
embodied as various instructions stored on a computer-readable media, which may be executed
by the processor 202, the NIC 212, and/or other components of the proxy computing node 106
to cause the proxy computing node 106 to perform the method 400. The computer-readable
media may be embodied as any type of media capable of being read by the proxy computing
node 106 including, but not limited to, the memory 206, the data storage device 208, a local
memory of the NIC 212, other memory or data storage devices of the proxy computing node
106, portable media readable by a peripheral device of the proxy computing node 106, and/or
other media.

[0041] The method 400 begins with block 402, in which the proxy computing node 106
determines whether a network packet that includes a data object request was received by the
proxy computing node 106, such as from the client computing node 102. If the data object
request was not received, the method 400 loops back to block 402 to continue to determine
whether the data object request was received. Otherwise, if the data object request was
received, the method 400 advances to block 404.

[0042] In block 404, the proxy computing node 106 identifies a storage node that
corresponds to the storage node on which the requested data object is presently stored. In some
embodiments, in block 406, the proxy computing node 106 identifies the storage node based on
an identifier of the data object request. As described previously, the identifier may include any
data indicative of an identifiable characteristic of a data object included in the network packet,
such as a workload type, and/or an identifiable characteristic of the network packet that
includes a data object request, such as, but not limited to, such as a source IP address, a
destination IP address, a source network port, a destination network port, a DHCP address, a
protocol, a flow, etc. In such embodiments, the identifier may be retrieved by parsing a header
of the network packet that includes a data object request. In block 408, the proxy computing
node 106 generates a data object request usable to retrieve the requested data object from the
storage node identified in block 404. In block 410, the proxy computing node 106 inserts the
data object request generated in block 408 into a corresponding request queue of the storage
node identified in block 404.

[0043] Referring now to FIGS. 5 through 7, in use, the proxy computing node 106 may
execute a method 500 for reducing latency variations of stored data object requests. It should
be appreciated that at least a portion of the method 500 may be offloaded to and executed by the
NIC 212 of the proxy computing node 106. It should be further appreciated that, in some

embodiments, the method 500 may be embodied as various instructions stored on a computer-
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readable media, which may be executed by the processor 202, the NIC 212, and/or other
components of the proxy computing node 106 to cause the proxy computing node 106 to
perform the method 500. The computer-readable media may be embodied as any type of media
capable of being read by the proxy computing node 106 including, but not limited to, the
memory 206, the data storage device 208, a local memory of the NIC 212, other memory or
data storage devices of the proxy computing node 106, portable media readable by a peripheral
device of the proxy computing node 106, and/or other media.

[0044] The method 500 begins with block 502, in which the proxy computing node 106
determines whether a data object request placed into the request queue have reached a head of
the request queue and is available to be processed. In other words, the proxy computing node
106 determines whether the data object request is in a position in the request queue to be
processed, such as at a head of the request queue. In block 504, the proxy computing node 106
identifies a storage node that corresponds to the data object request. In some embodiments, the
proxy computing node 106 may identify the storage node based on an indication in the data
object request to be processed. Alternatively, in some embodiments, the proxy computing node
106 may identify the storage node based on the identifier of the data object and/or network
packet, as described previously.

[0045] In block 506, the proxy computing node 106 determines a total size of the data
object corresponding to the data object request. It should be appreciated that the total size of
the data object corresponding to the data object request may not be the same as a total size of
the originally received data object request. For example, the data object request being
processed may be from a previous iteration of the method 500 in which the data object of a
previously processed data object request was chunked.

[0046] In block 508, the proxy computing node 106 obtains a retrieval latency of the
storage node identified in block 504. To do so, in block 510, the proxy computing node 106
obtains a per-byte-latency calculated for the identified storage node. Additionally, in block
510, the proxy computing node 106 obtains a recent request latency calculated for the identified
storage node. In block 514, the proxy computing node 106 compares whether a product of the
per-byte-latency and the size of the data object corresponding to the data object request being
processed is greater than a product of the recent request latency and a chunk trigger (i.e., a
chunk threshold). As described previously, the chunk trigger defines a threshold that may be
represented as a number of orders of magnitude (e.g., three orders of magnitude). In other

words, the proxy computing node 106 determines whether issuing a request for the entire size
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of the data object would require a number of orders of magnitude more than the latency of
recent data object requests.

[0047] In block 516, the proxy computing node 106 determines whether to chunk the
data object based on the comparison performed at block 514. If the proxy computing node 106
determines to chunk the data object, the method 500 branches to block 540, which is described
below in regard to FIG. 7.

[0048] Otherwise, if the proxy computing node 106 determines not to chunk the data
object, the method advances to block 518 (see FIG. 6), wherein the proxy computing node 106
generates a storage node request for retrieving the requested data object from the storage node
identified in block 504. In block 520, the proxy computing node 106 starts a timer, or reads a
value of a clock, of the proxy computing node 106. In block 522, the proxy computing node
106 transmits the storage node request generated in block 518 to the corresponding storage
node. In block 524, the proxy computing node 106 determines whether the requested data
object corresponding to the storage node request was received. If not, the method 500 loops
back to block 524 to continue to determine whether the requested data object corresponding to
the storage node request was received. Otherwise, if the requested data object was received, the
method 500 advances to block 526, wherein the requested data object stops the timer, or reads a
value of the clock.

[0049] In block 528, the proxy computing node 106 determines a request completion
time based on a value of the timer. It should be appreciated that, in such embodiments wherein
timestamps from the clock are being read, such timestamps may be recorded and compared to
determine the request completion time. In block 530, the proxy computing node 106 calculates
an updated per-byte-latency. As described previously, in block 532, the per-byte-latency is
calculated (see, e.g., Equation 1 above) as a function of a weighted parameter, a most recently
calculated per-byte latency, a request completion time, and a size of the data object received in
block 524.

[0050] In block 534, the proxy computing node 106 calculates an updated recent request
latency. As also described previously, in block 536, the recent request latency is calculated
(see, e.g., Equation 2 above) as a function of the weighted parameter, the request completion
time, and a most recently calculated recent request latency. In block 538, each of the updated
per-byte-latency calculated in block 530 and the updated recent request latency calculated in
block 534 are stored local to the proxy computing node 106 such that each may be retrieved by
a next iteration as the most recently calculated per-byte latency and the most recently calculated

recent request latency, respectively. From block 534, the method 500 returns to block 502,
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wherein the proxy computing node 106 determines whether another data object request placed
into the request queue has reached a head of the request queue and is available to be processed.
[0051] Referring again to block 516, as described previously, if the proxy computing
node 106 determines to chunk the data object, the method 500 advances to block 540 as shown
in FIG. 7. In block 540, the proxy computing node 106 determines a size of the data object to
chunk off and request separately. In some embodiments, in block 542, the proxy computing
node 106 determines the size of the chunk as a function of the recent request latency and the
per-byte-latency. As described previously, the proxy computing node 106 determines the size
of the chunk based on a result of the recent request latency divided by the per-byte-latency.
[0052] In block 544, the proxy computing node 106 generates a chunk request usable
for retrieving the chunk of the object (i.e., a portion of the previously request data object) from
the storage node identified in block 504. In block 546, the proxy computing node 106 starts a
timer, or reads a value of a clock, of the proxy computing node 106. In block 548, the proxy
computing node 106 transmits the chunk request to the storage node identified in block 504. In
block 550, the proxy computing node 106 generates a remainder request for retrieving a
remainder of the object. In other words, the proxy computing node 106 generates the remainder
request for a remaining portion of the data object that results from the size of the data object of
the data object request minus the chunk size. In block 552, the proxy computing node 106
inserts the remainder request into the request queue (i.e., at a tail of the request queue) of the
storage node identified in block 504. In block 554, the proxy computing node 106 determines
whether the requested chunk was received. If not, the method 500 loops back to block 554 to
continue to determine whether the requested chunk was received. Otherwise, the method 500

branches to block 526, wherein, as described previously, the timer is stopped.

EXAMPLES

[0053] Mlustrative 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.

[0054] Example 1 includes a proxy computing node for managing data object requests
in a storage node cluster, the proxy computing node comprising one or more processors; and
one or more data storage devices having stored therein a plurality of instructions that, when
executed by the one or more processors, cause the proxy computing node to receive a data
object request from a client computing node communicatively coupled to the proxy computing

node, wherein the data object request identifies a data object stored at one of a plurality of
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storage nodes communicatively coupled to the proxy computing node; identify, based on the
data object request, a storage node of the plurality of storage nodes on which the data object is
stored; obtain a retrieval latency of the storage node, wherein the retrieval latency is indicative
of a temporal latency for retrieving data from the storage node; determine whether to chunk the
data object based on the retrieval latency of the storage node; determine, in response to a
determination to chunk the data object, a chunk size of the data object to request from the
storage node as a function of the retrieval latency, wherein the chunk size defines at least a
portion of a total size of the data object; generate a chunk request to retrieve, from the storage
node, the portion of the data object based on the chunk size; and transmit the chunk request to
the storage node.

[0055] Example 2 includes the subject matter of Example 1, and wherein to retrieve the
retrieval latency of the storage node comprises to retrieve a per-byte-latency of the storage node
and a recent request latency of the storage node.

[0056] Example 3 includes the subject matter of any of Examples 1 and 2, and wherein
to determine whether to chunk the data object based on the retrieval latency comprises to
determine whether to chunk the data object based on the per-byte-latency, the recent request
latency, the total size of the data object, and a chunk threshold.

[0057] Example 4 includes the subject matter of any of Examples 1-3, and wherein to
determine the chunk size of the data object to request from the storage node comprises to
determine the chunk size of the data object to request as a function of the per-byte-latency and
the recent request latency.

[0058] Example 5 includes the subject matter of any of Examples 1-4, and wherein the
plurality of instructions further cause the proxy computing node to determine, subsequent to
having transmitted the chunk request to the storage node, whether the requested chunk was
received from the storage node; and determine a request completion time based on a duration of
time between having transmitted the chunk request and having received the requested chunk.
[0059] Example 6 includes the subject matter of any of Examples 1-5, and wherein the
plurality of instructions further cause the proxy computing node to calculate an updated per-
byte-latency for the data object request as a function of a weighted parameter, the request
completion time, the total size of the data object, and a last calculated per-byte-latency of the
storage node, wherein the weighted parameter defines a value between O and 1 that is
configured to adjust an influence of previously calculated request latencies.

[0060] Example 7 includes the subject matter of any of Examples 1-6, and wherein the

plurality of instructions further cause the proxy computing node to calculate an updated recent
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request latency for the data object request as a function of the weighted parameter, the request
completion time, and a last calculated recent request latency of the storage node.

[0061] Example 8 includes the subject matter of any of Examples 1-7, and wherein to
determine the request completion time comprises to (i) start, prior to transmission of the chunk
request to the storage node, a timer of the proxy computing node, (ii) stop, in response to a
determination that the requested chunk was received, the timer, and (iii) determine the request
completion time based on a value of the timer.

[0062] Example 9 includes the subject matter of any of Examples 1-8, and wherein the
plurality of instructions further cause the proxy computing node to determine a remaining size
of the data object at the storage node after the portion of the data object corresponding to the
chunk request is received; generate a data object remainder request based on the remaining size;
and place the data object remainder request at a tail of a request queue of the proxy computing
node, wherein the request queue defines a queue of data object requests that correspond to the
storage node from which the data object is to be retrieved.

[0063] Example 10 includes the subject matter of any of Examples 1-9, and wherein the
plurality of instructions further cause the proxy computing node to place the data object request
at a tail of a request queue of the proxy computing node, wherein the request queue defines a
queue of data object requests that correspond to the storage node from which the data object is
to be retrieved; and determine whether the data object request is at a head of the request queue,
wherein to retrieve the retrieval latency of the storage node comprises to retrieve the retrieval
latency of the storage node subsequent to a determination that the data object request is at the
head of the request queue.

[0064] Example 11 includes the subject matter of any of Examples 1-10, and wherein to
identify the storage node comprises to identify the storage node based at least in part on an
identifier of the data object request.

[0065] Example 12 includes a method for reducing latency variation of stored data
object requests, the method comprising receiving, by a proxy computing node, a data object
request from a client computing node communicatively coupled to the proxy computing node,
wherein the data object request identifies a data object stored at one of a plurality of storage
nodes communicatively coupled to the proxy computing node; identifying, by the proxy
computing node and based on the data object request, a storage node of the plurality of storage
nodes on which the data object is stored; obtaining, by the proxy computing node, a retrieval
latency of the storage node, wherein the retrieval latency is indicative of a temporal latency for

retrieving data from the storage node; determining, by the proxy computing node, whether to
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chunk the data object based on the retrieval latency of the storage node; determining, by the
proxy computing node and in response to a determination to chunk the data object, a chunk size
of the data object to request from the storage node as a function of the retrieval latency of the
storage node, wherein the chunk size defines a portion of a total size of the data object;
generating, by the proxy computing node, a chunk request to retrieve, from the storage node,
the portion of the data object based on the chunk size; and transmitting, by the proxy computing
node, the chunk request to the storage node.

[0066] Example 13 includes the subject matter of Example 12, and wherein retrieving
the retrieval latency of the storage node comprises retrieving a per-byte-latency of the storage
node and a recent request latency of the storage node.

[0067] Example 14 includes the subject matter of any of Examples 12 and 13, and
wherein determining whether to chunk the data object based on the retrieval latency comprises
determining whether to chunk the data object based on the per-byte-latency, the recent request
latency, the total size of the data object, and a chunk threshold.

[0068] Example 15 includes the subject matter of any of Examples 12-14, and wherein
determining the chunk size of the data object to request from the storage node comprises
determining the chunk size of the data object to request as a function of the per-byte-latency
and the recent request latency.

[0069] Example 16 includes the subject matter of any of Examples 12-15, and further
including determining, by the proxy computing node and subsequent to transmitting the chunk
request to the storage node, whether the requested chunk was received from the storage node;
and determining a request completion time based on a duration of time between transmitting the
chunk request and receiving the requested chunk.

[0070] Example 17 includes the subject matter of any of Examples 12-16, and further
including calculating an updated per-byte-latency for the storage node as a function of a
weighted parameter, the request completion time, the total size of the data object, and a last
calculated per-byte-latency of the storage node, wherein the weighted parameter defines a value
between 0 and 1 that is configured to adjust an influence of previously calculated request
latencies.

[0071] Example 18 includes the subject matter of any of Examples 12-17, and further
including calculating an updated recent request latency for the storage node as a function of the
weighted parameter, the request completion time, and a last calculated recent request latency of

the storage node.
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[0072] Example 19 includes the subject matter of any of Examples 12-18, and wherein
determining the request completion time comprises (i) starting, prior to transmitting the chunk
request to the storage node, a timer of the proxy computing node, (ii) stopping, in response to a
determination that the requested chunk was received, the timer, and (iii) determining the request
completion time based on a value of the timer.

[0073] Example 20 includes the subject matter of any of Examples 12-19, and further
including determining, by the proxy computing node, a remaining size of the data object at the
storage node after the portion of the data object corresponding to the chunk request is received;
generating, by the proxy computing node, a data object remainder request based on the
remaining size; and placing, by the proxy computing node, the data object remainder request at
a tail of a request queue of the proxy computing node, wherein the request queue defines a
queue of data object requests that correspond to the storage node from which the data object is
to be retrieved.

[0074] Example 21 includes the subject matter of any of Examples 12-20, and further
including placing, by the proxy computing node, the data object request at a tail of a request
queue of the proxy computing node, wherein the request queue defines a queue of data object
requests that correspond to the storage node from which the data object is to be retrieved; and
determining, by the proxy computing node, whether the data object request is at a head of the
request queue, wherein retrieving the retrieval latency of the storage node comprises retrieving
the retrieval latency of the storage node subsequent to a determination that the data object
request is at the head of the request queue.

[0075] Example 22 includes the subject matter of any of Examples 12-21, and wherein
identifying the storage node comprises identifying the storage node based at least in part on an
identifier of the data object request.

[0076] Example 23 includes a computing device comprising a processor; and a memory
having stored therein a plurality of instructions that when executed by the processor cause the
computing device to perform the method of any of Examples 12-22.

[0077] Example 24 includes one or more machine readable storage media comprising a
plurality of instructions stored thereon that in response to being executed result in a computing
device performing the method of any of Examples 12-22.

[0078] Example 25 includes a proxy computing node for reducing latency variation of
stored data object requests, the proxy computing node comprising network communication
circuitry to receive a data object request from a client computing node communicatively

coupled to the proxy computing node, wherein the data object request identifies a data object
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stored at one of a plurality of storage nodes communicatively coupled to the proxy computing
node; storage node identification circuitry to identify, based on the data object request, a storage
node of the plurality of storage nodes on which the data object is stored; latency determination
circuitry to obtain a retrieval latency of the storage node, wherein the retrieval latency is
indicative of a temporal latency for retrieving data from the storage node; data object chunk
determination circuitry to (i) determine whether to chunk the data object based on the retrieval
latency of the storage node and (ii) determine, in response to a determination to chunk the data
object, a chunk size of the data object to request from the storage node as a function of the
retrieval latency, wherein the chunk size defines at least a portion of a total size of the data
object; data object request management circuitry to generate a chunk request to retrieve, from
the storage node, the portion of the data object based on the chunk size; and wherein the
network communication circuitry is further to transmit the chunk request to the storage node.
[0079] Example 26 includes the subject matter of Example 25, and wherein to retrieve
the retrieval latency of the storage node comprises to retrieve a per-byte-latency of the storage
node and a recent request latency of the storage node.

[0080] Example 27 includes the subject matter of any of Examples 25 and 26, and
wherein to determine whether to chunk the data object based on the retrieval latency comprises
to determine whether to chunk the data object based on the per-byte-latency, the recent request
latency, the total size of the data object, and a chunk threshold.

[0081] Example 28 includes the subject matter of any of Examples 25-27, and wherein
to determine the chunk size of the data object to request from the storage node comprises to
determine the chunk size of the data object to request as a function of the per-byte-latency and
the recent request latency.

[0082] Example 29 includes the subject matter of any of Examples 25-28, and wherein
the data object request management circuitry is further to determine, subsequent to having
transmitted the chunk request to the storage node, whether the requested chunk was received
from the storage node, and wherein the latency determination circuitry is further to determine a
request completion time based on a duration of time between having transmitted the chunk
request and having received the requested chunk.

[0083] Example 30 includes the subject matter of any of Examples 25-29, and wherein
the latency determination circuitry is further to calculate an updated per-byte-latency for the
data object request as a function of a weighted parameter, the request completion time, the total

size of the data object, and a last calculated per-byte-latency of the storage node, wherein the
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weighted parameter defines a value between 0 and 1 that is configured to adjust an influence of
previously calculated request latencies.

[0084] Example 31 includes the subject matter of any of Examples 25-30, and wherein
the latency determination circuitry is further to calculate an updated recent request latency for
the data object request as a function of the weighted parameter, the request completion time,
and a last calculated recent request latency of the storage node.

[0085] Example 32 includes the subject matter of any of Examples 25-31, and wherein
to determine the request completion time comprises to (i) start, prior to transmission of the
chunk request to the storage node, a timer of the proxy computing node, (ii) stop, in response to
a determination that the requested chunk was received, the timer, and (iii) determine the request
completion time based on a value of the timer.

[0086] Example 33 includes the subject matter of any of Examples 25-32, and wherein
the data object chunk determination circuitry is further to (i) determine a remaining size of the
data object at the storage node after the portion of the data object corresponding to the chunk
request is received and (ii) generate a data object remainder request based on the remaining
size, and wherein the data object request management circuitry is further to place the data
object remainder request at a tail of a request queue of the proxy computing node, wherein the
request queue defines a queue of data object requests that correspond to the storage node from
which the data object is to be retrieved.

[0087] Example 34 includes the subject matter of any of Examples 25-33, and wherein
the data object request management circuitry is further to (i) place the data object request at a
tail of a request queue of the proxy computing node, wherein the request queue defines a queue
of data object requests that correspond to the storage node from which the data object is to be
retrieved and (i1) determine whether the data object request is at a head of the request queue,
wherein to retrieve the retrieval latency of the storage node comprises to retrieve the retrieval
latency of the storage node subsequent to a determination that the data object request is at the
head of the request queue.

[0088] Example 35 includes the subject matter of any of Examples 25-34, and wherein
to identify the storage node comprises to identify the storage node based on an identifier of the
data object request.

[0089] Example 36 includes a proxy computing node for managing data object requests
in a storage node cluster, the proxy computing node comprising network communication
circuitry to receive a data object request from a client computing node communicatively

coupled to the proxy computing node, wherein the data object request identifies a data object
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stored at one of a plurality of storage nodes communicatively coupled to the proxy computing
node; means for identifying, based on the data object request, a storage node of the plurality of
storage nodes on which the data object is stored; means for obtaining a retrieval latency of the
storage node, wherein the retrieval latency is indicative of a temporal latency for retrieving data
from the storage node; means for determining whether to chunk the data object based on the
retrieval latency of the storage node; means for determining, in response to a determination to
chunk the data object, a chunk size of the data object to request from the storage node as a
function of the retrieval latency of the storage node, wherein the chunk size defines a portion of
a total size of the data object; and means for generating a chunk request to retrieve, from the
storage node, the portion of the data object based on the chunk size, wherein the network
communication circuitry is further to transmit the chunk request to the storage node.

[0090] Example 37 includes the subject matter of Example 36, and wherein the means
for retrieving the retrieval latency of the storage node comprises means for retrieving a per-
byte-latency of the storage node and a recent request latency of the storage node.

[0091] Example 38 includes the subject matter of any of Examples 36 and 37, and
wherein the means for determining whether to chunk the data object based on the retrieval
latency comprises means for determining whether to chunk the data object based on the per-
byte-latency, the recent request latency, the total size of the data object, and a chunk threshold.
[0092] Example 39 includes the subject matter of any of Examples 36-38, and wherein
the means for determining the chunk size of the data object to request from the storage node
comprises means for determining the chunk size of the data object to request as a function of
the per-byte-latency and the recent request latency.

[0093] Example 40 includes the subject matter of any of Examples 36-39, and further
including means for determining, subsequent to transmitting the chunk request to the storage
node, whether the requested chunk was received from the storage node; and means for
determining a request completion time based on a duration of time between transmitting the
chunk request and receiving the requested chunk.

[0094] Example 41 includes the subject matter of any of Examples 36-40, and further
including means for calculating an updated per-byte-latency for the storage node as a function
of a weighted parameter, the request completion time, the total size of the data object, and a last
calculated per-byte-latency of the storage node, wherein the weighted parameter defines a value
between 0 and 1 that is configured to adjust an influence of previously calculated request

latencies.
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[0095] Example 42 includes the subject matter of any of Examples 36-41, and further
including means for calculating an updated recent request latency for the storage node as a
function of the weighted parameter, the request completion time, and a last calculated recent
request latency of the storage node.

[0096] Example 43 includes the subject matter of any of Examples 36-42, and wherein
the means for determining the request completion time comprises means for (i) starting, prior to
transmitting the chunk request to the storage node, a timer of the proxy computing node, (ii)
stopping, in response to a determination that the requested chunk was received, the timer, and
(ii1) determining the request completion time based on a value of the timer.

[0097] Example 44 includes the subject matter of any of Examples 36-43, and further
including means for determining a remaining size of the data object at the storage node after the
portion of the data object corresponding to the chunk request is received; means for generating
a data object remainder request based on the remaining size; and means for placing the data
object remainder request at a tail of a request queue of the proxy computing node, wherein the
request queue defines a queue of data object requests that correspond to the storage node from
which the data object is to be retrieved.

[0098] Example 45 includes the subject matter of any of Examples 36-44, and further
including means for placing the data object request at a tail of a request queue of the proxy
computing node, wherein the request queue defines a queue of data object requests that
correspond to the storage node from which the data object is to be retrieved; and means for
determining whether the data object request is at a head of the request queue, wherein the
means for retrieving the retrieval latency of the storage node comprises means for retrieving the
retrieval latency of the storage node subsequent to a determination that the data object request is
at the head of the request queue.

[0099] Example 46 includes the subject matter of any of Examples 36-45, and wherein
the means for identifying the storage node comprises means for identifying the storage node

based on an identifier of the data object request.
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WHAT IS CLAIMED IS:

1. A proxy computing node for managing data object requests in a storage node
cluster, the proxy computing node comprising:
one or more processors; and
one or more data storage devices having stored therein a plurality of instructions
that, when executed by the one or more processors, cause the proxy computing node to:
receive a data object request from a client computing node, wherein the
data object request identifies a data object;
identify, based on the data object request, a storage node of a plurality of
storage nodes on which the data object is stored;
obtain a retrieval latency of the storage nod;
determine whether to chunk the data object based on the retrieval latency
of the storage node;
determine, in response to a determination to chunk the data object, a
chunk size of the data object to request from the storage node as a function of the retrieval
latencys;
generate a chunk request to retrieve, from the storage node, the portion of
the data object based on the chunk size; and

transmit the chunk request to the storage node.

2. The proxy computing node of claim 1, wherein to retrieve the retrieval latency of
the storage node comprises to retrieve a per-byte-latency of the storage node and a recent

request latency of the storage node.

3. The proxy computing node of claim 2, wherein to determine whether to chunk
the data object based on the retrieval latency comprises to determine whether to chunk the data
object based on the per-byte-latency, the recent request latency, the total size of the data object,

and a chunk threshold.

4. The proxy computing node of claim 2, wherein to determine the chunk size of
the data object to request from the storage node comprises to determine the chunk size of the

data object to request as a function of the per-byte-latency and the recent request latency.
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5. The proxy computing node of claim 1, wherein the plurality of instructions
further cause the proxy computing node to:
determine, subsequent to having transmitted the chunk request to the storage
node, whether the requested chunk was received from the storage node; and
determine a request completion time based on a duration of time between having

transmitted the chunk request and having received the requested chunk.

6. The proxy computing node of claim 5, wherein the plurality of instructions
further cause the proxy computing node to calculate an updated per-byte-latency for the data
object request as a function of a weighted parameter, the request completion time, the total size
of the data object, and a last calculated per-byte-latency of the storage node, wherein the
weighted parameter defines a value between 0 and 1 that is configured to adjust an influence of

previously calculated request latencies.

7. The proxy computing node of claim 6, wherein the plurality of instructions
further cause the proxy computing node to calculate an updated recent request latency for the
data object request as a function of the weighted parameter, the request completion time, and a

last calculated recent request latency of the storage node.

8. The proxy computing node of claim 5, wherein to determine the request
completion time comprises to (i) start, prior to transmission of the chunk request to the storage
node, a timer of the proxy computing node, (ii) stop, in response to a determination that the
requested chunk was received, the timer, and (iii) determine the request completion time based

on a value of the timer.

9. The proxy computing node of claim 1, wherein the plurality of instructions
further cause the proxy computing node to:
determine a remaining size of the data object at the storage node after the portion
of the data object corresponding to the chunk request is received;
generate a data object remainder request based on the remaining size; and
place the data object remainder request at a tail of a request queue of the proxy
computing node, wherein the request queue defines a queue of data object requests that

correspond to the storage node from which the data object is to be retrieved.
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10. The proxy computing node of claim 1, wherein the plurality of instructions
further cause the proxy computing node to:
place the data object request at a tail of a request queue of the proxy computing
node, wherein the request queue defines a queue of data object requests that correspond to the
storage node from which the data object is to be retrieved; and
determine whether the data object request is at a head of the request queue,
wherein to retrieve the retrieval latency of the storage node comprises to retrieve the retrieval
latency of the storage node subsequent to a determination that the data object request is at the

head of the request queue.

11. The proxy computing node of claim 1, wherein to identify the storage node
comprises to identify the storage node based at least in part on an identifier of the data object

request.

12. A method for reducing latency variation of stored data object requests, the

method comprising:

receiving, by a proxy computing node, a data object request from a client
computing node, wherein the data object request identifies a data object;

identifying, by the proxy computing node and based on the data object request, a
storage node of a plurality of storage nodes on which the data object is stored;

obtaining, by the proxy computing node, a retrieval latency of the storage node;

determining, by the proxy computing node, whether to chunk the data object
based on the retrieval latency of the storage node;

determining, by the proxy computing node and in response to a determination to
chunk the data object, a chunk size of the data object to request from the storage node as a
function of the retrieval latency of the storage node, wherein the chunk size defines a portion of
a total size of the data object;

generating, by the proxy computing node, a chunk request to retrieve, from the
storage node, the portion of the data object based on the chunk size; and

transmitting, by the proxy computing node, the chunk request to the storage

node.
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13. The method of claim 12, wherein retrieving the retrieval latency of the storage
node comprises retrieving a per-byte-latency of the storage node and a recent request latency of

the storage node.

14. The method of claim 13, wherein determining whether to chunk the data object
based on the retrieval latency comprises determining whether to chunk the data object based on
the per-byte-latency, the recent request latency, the total size of the data object, and a chunk

threshold.

15. The method of claim 13, wherein determining the chunk size of the data object
to request from the storage node comprises determining the chunk size of the data object to

request as a function of the per-byte-latency and the recent request latency.

16. The method of claim 12, further comprising:
determining, by the proxy computing node and subsequent to transmitting the
chunk request to the storage node, whether the requested chunk was received from the storage
node; and
determining a request completion time based on a duration of time between

transmitting the chunk request and receiving the requested chunk.

17. The method of claim 16, further comprising calculating an updated per-byte-
latency for the storage node as a function of a weighted parameter, the request completion time,
the total size of the data object, and a last calculated per-byte-latency of the storage node,
wherein the weighted parameter defines a value between 0 and 1 that is configured to adjust an

influence of previously calculated request latencies.

18. The method of claim 17, further comprising calculating an updated recent
request latency for the storage node as a function of the weighted parameter, the request

completion time, and a last calculated recent request latency of the storage node.

19. The method of claim 16, wherein determining the request completion time
comprises (i) starting, prior to transmitting the chunk request to the storage node, a timer of the
proxy computing node, (ii) stopping, in response to a determination that the requested chunk
was received, the timer, and (iii) determining the request completion time based on a value of

the timer.
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20. The method of claim 12, further comprising:

determining, by the proxy computing node, a remaining size of the data object at
the storage node after the portion of the data object corresponding to the chunk request is
received;

generating, by the proxy computing node, a data object remainder request based
on the remaining size; and

placing, by the proxy computing node, the data object remainder request at a tail
of a request queue of the proxy computing node, wherein the request queue defines a queue of
data object requests that correspond to the storage node from which the data object is to be

retrieved.

21. The method of claim 12, further comprising:

placing, by the proxy computing node, the data object request at a tail of a
request queue of the proxy computing node, wherein the request queue defines a queue of data
object requests that correspond to the storage node from which the data object is to be retrieved;
and

determining, by the proxy computing node, whether the data object request is at
a head of the request queue,

wherein retrieving the retrieval latency of the storage node comprises retrieving
the retrieval latency of the storage node subsequent to a determination that the data object

request is at the head of the request queue.

22. The method of claim 12, wherein identifying the storage node comprises

identifying the storage node based at least in part on an identifier of the data object request.

23. A computing device comprising:
a processor; and
a memory having stored therein a plurality of instructions that when executed by

the processor cause the computing device to perform the method of any of claims 12-22.

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

performing the method of any of claims 12-22.
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25. A computing device comprising means for performing the method of any of

claims 12-22.
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