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(57) Abstract: A message is received from a process. A por-
tion of a send buffer is allocated at a kernel of an operating
system (OS) of a first node for the message. The message is
compressed and loaded into the send buffer. The message
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COMPRESS AND LOAD MESSAGE INTO SEND BUFFER

BACKGROUND
(00011 Networks may have various types of communication fopologiss. A
common communications topology is one with many processes/threads per
node, where every processithread may communicale with every other
process/thread in a cluster of nodes. Manufacturers, vendors, andfor service
providers are challenged o provide improved communication topoiogies for more

efficient transfer of information between nodes,

Brier DESCRIPTION OF THE DRAWINGS
(000217  The following detailed description references the drawings, wherein:
{06031 FIG. 1 is an exampie block diagram of a system to compress and load
a message into a send buffer.
{00041 FIG. 2 is another example block diagram of a system t¢ compress and
foad a message into a send buffer;
(00057  FIG. 3 is an example block diagram of a computing device including
instructions for compressing and loading a message inlo a send buffer; and
[0006] FIG. 4 is an example flowchart of a method for compressing and

loading a message into a send buffer.

DeTAILED DESCRIPTION
[00071  Specific details are given in the following description {o provide a

thorough understanding of embodiments. However, it will be understood that
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embodiments may be pracliced without these specific details. For sxample,
systems may be shown in block diagrams in order not 10 obscure embodimenis
in unnecessary detail. in other instances, well-known processes, structures and
technigues may be shown withoul unnecessary detall in order to avoid
obscuring embodiments.

[0008] Common  communications  fopologies may  have  many
processes/threads per node thal can  communicate with  other
processes/threads in a cluster of nodes. These lopologies may suffer in
performance and scalability. For inslance, as a number of nodes and a number
of processes/threads increases, the number of connections per node may grow
exponentially, e.g. n%2 connections, where n is the number of
processes/ihreads. As  the underlyving interconnect may have 1o
multiplex/demulliplex each connection onto a single inferface, this contention
may cause a performance botllensck.

[0008]  Also, there is typically a Hmit on the number of connections that may
be possible per node. As the number of nodes and the number of
processes/ihreads increase, this limil may be reached. Many of the messages
being sent in these topologies may be small, which results in poor network
throughput. Current systems, which are implemented in user level code, may
not fully solve the above problems.  Thus, current approaches may have
shortcomings from both a performance and scalability perspective.

{00107  Some sofiware sysiems may aggregale messages 1o improve
performance (e.g. reduce latency) and scalability. These syslems may

aggregate many smaller messages inlo a single larger message which is then
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sent over the network. However, the smaller messages may remain in the
aggregated buffer unill the buffer is full or some other threshold is reached {e.g.
maximum time to wail). Some systems may do aggregation, but without
comprassion. Conversely, cother systems may do compression, but without
aggregation.

[0011]  During this time period while the aggregation buffer {e.g. send buffer)
is held, examples may apply message compression of individual buffers that
comprise the aggregation buffer without impacting the total time an aggregation
buffer is held before sending. Thus, examples may effectively allow
compression 1o be performed without impacting a lalency of the aggregation
buffer. An example system may include an allocation unit and a compress unit.
The allocation unit may receive a message from a process. The allocation unil
may aliccate a portion of a send buffer at a kKemnel of an operaling system {O5)
of a first node for the message. The compress unit may compress the message
and load the compressed message into the send buffer. The message may be
compressed during a window of time that the Kernel of the first node is waiting
to output the send buffer as a single transfer across a network {o a second
node.

(00123 Thus, examples may reduce the fotal number of bytes sent over the
network to improve throughput.  For instance, sxamples may perform a
compression during the inherent latency of message aggregation, which allows
the compression o be done without increasing the lalency of messags

transmission. Further, by compressing the messages in the aggregation buffer,
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fewer byies may be sent across the network, thus improving overall capacity
with resultant throughput increases.

{00131 Referring now to the drawings, FIG. 1 is an example block diagram of a
system 100 to compress and load a message into a send buffer. The system 100
may be any type of message aggregation system, such as a communication
network.  Example types of communication networks may include wide area
networks (WAN), metropolitan area networks (MAN), local area networks (LAN),
Infernet area networks (IAN), campus area networks (CAN) and virlual private
networks (VPN).

{0014}  The system 100 is shown 1o include a first node 110. The term node
may refer to a connection point, a redistribution point or a communication
endpoint. The node may be an aclive electronic device that is attached to a
network, and is capable of sending, recelving, or forwarding information over a
communications channel. Examples of the node may include data communication
equipment {DCE) such as a modem, hub, bridge or switch; or data terminal
equipment (DTE) such as a digital telephone handsel, a printer or a host
computer, like a router, a workstation or a server,

[0018]  The first node 110 is shown include an operating system (O3) 120, An
Q8 may be a collection of software that manages computer hardware resources
and provides common services for applications. Examples types of O8s may
include Android, BSD, 105, Linw O5 X, QNX, Microsolt Windows, Windows
Phone, and iBM z2/0S5.

[0016]  The O8 120 is shown to include a kemel 130, The kemel 130 may be a

central part of the OF 120 that loads first, and remains in main memory (not
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shown). Typically, the kernel 130 may be responsible for memory management,
process and task management, and disk management. For example, the kernel
130 may manages input/output requests from an application and ranslate i inlo
data processing instructions for a central processing unit (not shown) and other
electronic components of a node. The kemel 130 may also allocatle requests from
applications to perform /O 1o an appropriale device or part of a device.

(001717 The kemsl 130 is shown to include an allocation unit 140, a compress
unit 150 and a send buffer 160. The term buffer may refer 10 a region of physical
memory storage used to lemporarily store data while it is being moved from one
place lo another. The kemel 130 may be included in any electronic, magnetic,
optical, or other physical storage device that contains or stores information, such
as Random Access Memory (RAM), flash memory, a solid state drive (88D), a
hard disk drive {HDD) and the like.

{00187  The allocation and compress units 140 and 150 may include, for
example, a hardware device including eleclronic circuitry for implementing the
funchionality described below, such as control logic andfor memory. In addition or
as an allemative, the allocation and compress units 140 and 150 may be
implemented as a series of instructions encoded on a machine-rgadable storage
medium and execuiable by a processor.

[0019]  The send buffer 140 is allocated within the kernel 130 of the 08 120
of the first node 110. Thus, the send buffer 140 may not be paged out of the
kernel 130. The allocation unit 140 may receive a message 142 from a process.
The term process may refer {0 an instance of a computer program thal is being

executed. The process may contain code of the program and/or ifs current
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activity. Depending on a type of the OS 120, the process may be made up of
muitiple threads of execution that execute instructions concurrently.

{00207  The allocation unit 140 may allocate a portion of the send buffer 160 at
the kernel 130 of the OS 120 of the first node 110 for the message 142, The
compress unit 150 may compress the message 142" and load the compressed
message 142 into the send buffer 160. The message 142 may be compressed
during a window of time that the kemnel 130 of the first node 110 s watlling to
output the send buffer 160 as a single iransfer across a network to a second node.
The allocation and compress units 140 and 150 are explained in grealer detai
below with respect o FIG. 2.

(00211 FIG. 2 is another example block diagram of a system 200 to compress
and load a message info a send buffer. The system 200 may be any type of
message aggregation system, such as a communication network, such as WAN,
LAN or VPN, The system 200 is shown {o include the first node 210 and a second
node 280, The second node 210 may include the functionality and/or hardware of
the first node 210 of FIG. 2 and/or vice versa. While the system 200 is shown 1o
only include two nodes 210 and 2280, examples may include more than fwo
nodes, such as a cluster of hundreds or thousands of nodes.

[0022]  The first node 210 of FIG. 2 may include the funclionality and/or
hardware of the first node 110 of FIG. 1. For example, the first node 210 of FIG. 2
includes an OS 220, where the 08 220 includes a kernel 230. The kemel 230
includes an allocation unit 240, a compress unit 250, a send buffer 260 and 3

plurality of processes 270. The allocation unit 240, compress unit 250 and send
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buffer 260 of FIG. 2 may include at least the functionality and/or hardware of the
respeclive allocation unit 140, compress unit 150 and send huffer 180 of FIG. 1.
{00231 The send buffer 260 may be persistently allocated in the kernel 236
for remote direct memory access (RDMA) transfers. By using a persistent
RDMA approach, an preparing/un-preparing of the send buffer 260 per message
fransfer may be avoided.

[0024]  As noted above, the allocation unit 240 may receive a message 142
from a process 272, The allocation unit 240 may allocate a portion of a send
buffer 260 at a kernel 230 of an operating system {O8) 220 of a first node 210 for
the message 142. Further, a plurality of the processes 272-1 0 272-m, where
m is a natural number, may transmit a plurality of the messages 142-1 {0 142-n,
where n is a natural number, o the allocation unit 240, The allocation unit 240
may sequentiaily aliocate the plurality of messages 142-1 o 14Z-n {0 the send
buffer 260. For example, assume the allocation unit 240 first recsives
messages 142 from the first process 272-1 and then from the second process
272-2. Here, the allocation unit 240 may first allocate a portion of the send
buffer 280 for the messages of the first process 272-1 and then allocation a
portion of the send buffer 280 for the messages of the second process 272-2.
(00251  The compress unit 250 may compress the message 142 and load the
compressad message 142" inlo the send buffer 260. The message 142 may be
compressed during a window of time that the kernel 230 of the first node 210 is
waiting to oufput the send buffer 280 as a single transfer across a network 10 3
second node 280. Further, the compress unit 250 may concurrently compress

and/or load the plurality of messages 142-1 t© 142-n 1o the send buffer 260 this
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window of time. For instance, the compress unit 250 may be simultanecusly
compressing messages 142 of both the first and second process 272-1 and
272-2 and/or simullaneously loading compressed messages 142" of both the
first and second pracess 272-1 and 272-2 to the send buffer 260.

(002617  The allocation unit 240 may update the process 272 with a completion
indication afler the corresponding message 142 of the process 272 is
compressed and/or loaded to the send buffer 280 by the compress unit 250, At
least ong of the plurality of processes 272-1 to 272-m may include a process
buffer 274 1o store a message 142 10 be sent {o the allocation unit 240. The at
least one process 272 may reuse the process buffer 274 after recelving the
completion indication from the allocation unit 240,

[0027]  The compress unit 250 may separately determine a type of
compression scheme 252 for each of the plurality of processes 272-1 {o 272-m
based on a threshold 254, Exampie compression schemes 252 may include
fossy data compression algorithms, such as JPEG, MPEG and the like, as well
as lossless data compression algorithms, such as Lempel-Ziv {LZ), LZW
{(Lempel-Ziv-Welch), LZR (Lempel-Ziv-Renau) and the like.

(00281  In one example, the threshold 254 may include a minimum threshold
255 that relates to a minimum size of a message 142 o be compressed. The
compress unit 250 may not compress the message 142 if the size of the
message 142 is less than the minimum threshold 255. For instance, a message
that is very small may not benefit from compression.

(00291 in another example, the threshold 254 may include a size threshold

258 that relates o the size of the compressed message 142 {o {oad {0 the send
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buffer 260. The allocation unit 240 may vary the size threshold 256 for different
types of the processes 262, For example, size threshold 256 may indicale &
fixed ouiput size for compressed messages 142 for the first process 271-1 o
be 128 kilobyigs (KB) and for the second process 27 1-2 o be 256 KB.

(00301  For instance, the compress unit 250 may compress sach of the
plurality of messages 142-1 {o 142-n of a process 262, such as the first process
262-1, 1o a same fixed size. Also, the compress unil 250 may compress a
remainder of a message 142, such as the first message 142-1 of the first
process 282-1, into a separalely compressed message 142-2°, If an enlirely of
the first message 142-1 cannot be compressed (o the same fixed size.

(00311 In yvet another example, the threshold 254 may include a compression
threshold 257 1o relaie 10 a type of compression schame 252, The compress
unit 250 may base the compression threshold 257 on, for example, a processor
foad andfor free memory of the system 200. For instance, some compression
schemes 252 may provide lower compression with lower CPU cost, while some
compression schemes 252 may provide higher compression with higher CRU
cost. I less processing resources are available, a less process-intensive
compression scheme 252 may be selected.

[0032]  In still ancther example, the threshold 254 may include a history
threshold 258 to relate o a compression ratic of a previously compressed
message 142, The compress unit 250 may select a different compression
scheme 252 andfor no compression schems for a current message 142 based
on the compression ratio of the previously compressed message 142, For

instance, if a previous message 142 of the first process 272-1 had little or no
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comprassion after the ong of the compression schemes 252 was applied, &
different compression scheme 252 or no compression scheme 252 may be
applied for a next message 142 of the first process 272-1.

[0033] Examples may include more or less than the above four thresholds
255-258. The compression unit 250 may also use any combination of the
thresholds 254 to determine a compression scheme 252, Further, the thresholds
254 may be dynamically varied, such as run-lime analysis of the compression
ratio, time 1o compress, and the like. Thus, examples may comprass messages
142 during a window of time that the send buffer 260 is being held until sending
thresholds are met. This may allow for compression {0 be accomplished without
increasing the iatency of messaging while also improving overall capacity by
sending less data {e.g. compressed data).

{00347  FIG. 3 is an example block diagram of a computing device 300 including
instructions for compressing and lcading a message into a send buffer. In the
embodiment of FIG. 3, the computing device 300 includes a processor 310 and 3
machine-readable storage medium 320. The machine-readable storage medium
320 further includes Instructions 322 and 324 for compressing and lcading 2
message into a send buffer.

(00351  The computing device 300 may be included in or part of, for example, a
microprocessor, a controlier, a memory module or device, a nolebook computer,
a deskiop computer, an all-in-one syslem, a server, a nelwork device, a
wireless device, or any other type of device capable of executing the instructions
322 and 324. In certain examples, the computing device 300 may inciude or be

connected o additional components such as memgries, controllers, sic.
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[0038]  The processor 310 may be, al least one central processing unit (CPU),
at least one semiconducior-based microprocessor, at ieast one graphics
processing unit (GRFU), a microcontroller, special purpose logic hardware
controfled by microcode or other hardware devices suitable for retrieval and
execution of instructions stored in the machine-readable storage medium 320, or
combinalions thereof.  The processor 310 may feich, decode, and execule
instructions 322 and 324 to implemeant compressing and ioading the message into
the send buffer. As an alternatlive or in addition 1o retrieving and executing
instructions, the processor 310 may include at least one integrated circuit {C),
other contral logic, other electronic circuits, or combinations thereof that include a
number of electronic components for performing the funclionality of instructions
322 and 324,

{00377 The machine-readable storage medium 320 may be any elecironic,
magnelic, optlical, or other physical slorage device thal containg or stores
executable instructions. Thus, the machine-readable storage medium 320 may
be, for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), a siorage drive, a2 Compact
Disc Read Only Memory (CD-ROM), and the like. As such, the machine-
readable storage medium 320 can be non-transitory.  As described in detail
below, machine-readable storage medium 320 may be encoded with a series of
execuiable instructions for compressing and loading the message into the send
buffer.

[0038]  Moreover, the instructions 322 and 324 when executed by a processor

{e.q., via one proocessing element or mulliple processing elements of the
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processor) can cause the processor o perform processes, such as, the process of
FiG. 4. For example, the determing instructions 322 may be executed by the
processor 310 to determine a first oulput size for a first process and a second
output size Tor a second process.

(00381  The compress insfructions 324 may be executed by the processor
310 to compress and load any messages from the first and second processes
into a send buffer aliccated at a kemnel of an OF of a first node (not shown).
The messages of the first and second processes may be compressed andior
loaded concurrently.  The messages of the first process may be compressed to
the first oulpul size and the messages of the second process may be
compressed o the second output size.

(00401  The messages of the first and second process may be compressed
during a window of time that the kernel is wailing 1o ouipul the send buffer as a
single transfer across a network to a second node. The send buffer may be
output from the kernel to the second node without participation from the first and
second processes.

(00417 FIG. 4 is an example flowchart of a method 400 for compressing and
loading & message inlo a send buffer. Although execution of the method 400 is
described below with reference {o the system 200, other suitable componenis for
execution of the method 400 can be ulilized, such as the system 100.
Additionally, the components for execuling the method 460 may be spread among
multiple devices {e.g., a processing device in communication with input and ouiput
devices). In certain scenarios, mulliple devices acting in coordination can be

considered a single device o perform the method 400. The method 400 may be
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implemented in the form of executable instructions slored on a machine-readable
storage medium, such as storage medium 320, and/or in the form of electronic
circuitry.

(00421 At block 410, a first node 210 determines oulput sizes separately for
each of a plurality of processes 272-1 1o 272-m. The plurality of processes 272-
1 1o 272-m may transmil a plurality of messages 142-1 to 142-n. At blogk 420,
the first node 210 compresses at least one of the plurality of messages 142-1 to
142-n o the oulput size corresponding to the process 272 sending the at ieast
one message 142, The compressing, al block 420 may determing a type of
compression scheme 252 based on a dynamically varying threshold 254,

{00431 The threshold 254 may be based on at lsast one of 3 size of the
message 142, a type of the process 256, a comprassion ratio 258 of a previous
message of the process, and a inoad of a system 257 including the kernel 230.
At block 430, the first node 210 loads the compressed message 142 into a
send buffer 260 allocated at a kernel 230 of an OS5 220 of the first node 210,
The plurality of messages142-1 to 142-n may be concurrently compressed
and/or loaded during a2 window of lime that the kemnel 230 is wailing 1o culput

the send buffer 260 as & single transfer across a nelwork to a second node 280.
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CrLams

We claim:

1. A systern, comprising:

an allocation unit 1o recsive a message from a process, the allocation
unit to allocate a portion of a send buffer at a kernel of an operating sysiem
(O8) of a first node for the message; and

a compress unit io compress the message and (o load the compressed
meassage into the send buffer, wherein

the message is 1o be compressed during a window of time that the kemnel
of the first node s waiting to output the send buffer as a single transfer across a

network 1o a second node.

2. The system of claim 1, wherein,

a plurality of the processes are o transmit a plurality of the messages
the allocation unit, and

the allocation unit is 1o sequentially allocate the plurality of messages to

the send bufier.

3. The system of claim 2, wherein the compress unitis to
concurrently at least one of compress and load the plurality of messages {o the

send buffer.

4. The systermn of claim 3, wherein the allocation unit is to updale the

process with a completion indication after the corresponding message of the
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process is at least one of compressed and loaded {o the send buffer by the

comprass unit.

5, The system of claim 4, wherein,

at least one of the plurality of processes includes a process buffer to
store 2 message {0 be sent to the allocation unil, and

the at least one process is o reuse the process buffer after receiving the

cormplelion indication from the allocation unit.

8. The system of claim 4, wherein the compress unit is 1o separately
determing a type of compression scheme for each of the plurality of processes

based on a threshold.

7. The system of claim 8, wherein,

the threshold includes a minimum threshold to relate to a minimum size
of a message 1 be compressed, and

the compress unit is to not compress the message if the size of the

message is less than the minimum threshold.

8. The system of claim 6, wherein,
the threshold includes a size threshold to relate 1o the size of the
comprassed message ko load o the send buffer, and

the aliocation unit is to vary the size threshold for different types of the



WO 2016/160033 PCT/US2015/024325
16

processas.

g. The system of claim 6, wherein,

the thraeshold includes a compression threshold to relate to a typs of
compression scheme, and

the comprass unit is to base the compression threshold on at least one of

a processor ioad and free memory of the sysiem.

10. The systerm of claim 8, whersin,

the threshold includes a history threshold o relate 10 a compression ratio
of a previously compressed messags, and

the compress unit is 1o select at least one of a different compression
scheme and no compression scheme for a current message based on the

compression ratio of the previously compressed message.

11.  The system of claim 2, wherein,

the compress unil is compress each of a plurality of messages of a first
process of the plurality of processes 1o a same fixed size, and

the compress unit is 1o compress a remainder of a first message of the
plurality of messages of the first process inlo a separately compressad
message, if an entirely of the first message cannot be compressed to the same

fixed sizs.

12. A method, comprising:
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determining cutput sizes separately for gach of a plurality of processes,
the plurality of processes transmit a plurality of messages;

compressing at least one of the pluralily of messages {o the oulput size
corresponding to the process sending the at lsast one message; and

loading the compressed message into a send buffer allocated at a kemel
of an operaling system {(O5) of a first node, wherein

the plurality of messages are {0 be concurrently af least one of
compressed and loaded during a window of time that the kernel is waiting to

output the send buffer as a single transfer across a network 1o a second node,

13 The mathod of claim 12, wharain,

the compressing is to determing a type of compression scheme based on
a dynamically varying threshold, and

the threshold {o be based on at least one of a size of the message, a
type of the process, a comprassion ratio of a previous message of the process,

and a load of a system including the kernel.

14. A non-transitory computer-readable storage medium  storing
instructions that, if executed by a processor of a device, cause the processor o

determine a first oulput size for a first process and a second output size
for a second process; and

compress and load any messages from the first and second processes
into a send buffer allocated at a kernel of an operating system (O8) of a first

node, wherein
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the messages of the first process are compressed o the first output size
and the messages of the second process are comprassed to the second output
size, and

the messages of the first and second process are compressed during a
window of time that the kemnel is waiting 1o ouiput the send buffer as a single

fransfer across a network {o a second node.

15, The non-transitory computer-readable storage medium of claim
14, wherein,

the messages of the first and second processes are at least one of
compressed and loaded concurrently, and

the send buffer is output from the kernel 1o the second node without

participation from the first and second processes.
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