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(57) ABSTRACT

As one aspect of the present disclosure, an electronic device
is disclosed. The device may include: a volatile memory
device; and a controller configured to be connected with a
host processor and the volatile memory device, wherein the
controller may be further configured to receive a swap-out
request for first data in pages from the host processor,
generate first compressed data by compressing the first data
in response to the swap-out request, and store the first
compressed data in the volatile memory device.

Ll

Host mensy

£

*
¥ %%

|

118

Host procgssor

file m
derving

ary

)

&

FEiS

Conpnnion
Thon pord
218

CERRE

Fist

o port

Bacoud
sumaies
Hon vt

B et

Neon-volaie storsge
duvice §




Patent Application Publication  Sep. 26, 2024 Sheet 1 of 10 US 2024/0319878 A1

FiGg, 1




US 2024/0319878 Al

Sep. 26, 2024 Sheet 2 of 10

Patent Application Publication

P
PEVIGY PRIBIOA-TION

Z 0

i

Raagtitsititte

ot veony

PN

8 !
wd wog
FIRIGOT

By

wcad pog

PET potanp
Asoust g

foe

gt

CORIEIRI)

P

§ie

wsesoxd ey

11t

fhd
AIOULOUY JROYE




Patent Application Publication  Sep. 26, 2024 Sheet 3 of 10 US 2024/0319878 A1

Yolatile memory
device 132

P 240
gt o
k3 4 5 2 3

Memory
controlier 330

+ 4
X ¥

Fast Compression sad
conppumeat = . devompression
i {,3 1; g} g} {,{ 33 : i

Moy
manager

FlG, 3



Patent Application Publication  Sep. 26, 2024 Sheet 4 of 10 US 2024/0319878 A1

Recsiving a swap-out request of data in pages - S 410

H _
Storing the data in the temporary memory poolof the | S430
volatile memuory device b
4
Compressing and storing the data in the temporary . | $430
merpory psol i
+
Rtaring the comypressed duta in 8 storage wven bythe | 5440
compressed memory pool E

i
Recording the location of the torags ame in the e CABD
metadata of the data s
+

Motifying the host processor of the completionof e SAG0
provessing of the swap-out requast e

FiG. 4



Patent Application Publication  Sep. 26, 2024 Sheet S of 10 US 2024/0319878 A1

S06

FiG. 5

520 =



Patent Application Publication  Sep. 26, 2024 Sheet 6 of 10 US 2024/0319878 A1

Recelving o swap-in moguest of dats i pages m L6110

¢

identifying the location of the sompressed data inthe |
velatile memory device based on the metadata of the b 5820
data ?

i
Decompressing and sturing the compressad datainthe | C620
temnporary memory pool -~ ’

]

Tramderring the devompressed data to the oyt

PrOCessor “ 5640
H

Notifying the bost processor of the completion of — G50
processing of the swap-in reguest o

]

fnitializing the information of the metadats of the data » S660




Patent Application Publication  Sep. 26, 2024 Sheet 7 of 10 US 2024/0319878 A1

FIG. 7

710~
720 -



Patent Application Publication  Sep. 26, 2024 Sheet 8 of 10 US 2024/0319878 A1

Paceiving & swap-oul maguest of dala in pages o S210Y

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ;

Storing the data in the temporary memory pool of the » $820
volatile nuanory devios T

4 |

Compressing and stodng the data inthe temporary . | $830
memory pool Tt

i |

Transferring the size of the comprassed date to the hest | S840

procesaor c

Storing the compressed data at the address received » S850
from the hogt procussny E -
i
Recording the location of the Qorage ares in the e SREO
metadata of the data : =
....................................................................... Pre————

Notifying the host processor of the completion of ,é,w $870
processing of the swape-out regusst : e

FIG. 8



Patent Application Publication  Sep. 26, 2024 Sheet 9 of 10 US 2024/0319878 A1

Shlatile memory

B 3
b £ 0
*® y

Cachie memory 350

¥ x s
oo * % %
Fivst

TN g RO S Ravod

TR i.i)mg}?»;i»r&i? Storage Recand
: HIE

o module y

' . comdrollor e f¥s2siziaainsons
Qﬁkﬁ;’-ﬂﬁfﬁ,}?ﬁ&&ﬁf’ gn
.,5 E S35 53 It

SRR
flom post

Y

¥ pontroller e Remory panager 3Y
220

FIG. 9



Patent Application Publication  Sep. 26, 2024 Sheet 10 of 10  US 2024/0319878 A1l

FiG. 10



US 2024/0319878 Al

ELECTRONIC DEVICE AND COMPUTING
SYSTEM INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C §
119 to Korean Patent Application No. 10-2023-0035760,
filed on Mar. 20, 2023, in the Korean Intellectual Property
Office, the entire contents of which is hereby incorporated
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to electronic devices
and computing systems including the same.

BACKGROUND

[0003] A memory (e.g., DRAM) connected directly to a
host CPU is a resource that is fast but very expensive and
limited in capacity. For this reason, various techniques are
used to make the most of the host memory. For example, the
swap technique is a method in which pages, which are not
frequently used or to which there has not been an access
request recently, of a memory area used by an application are
stored in a storage device (swap out), thereby making the
corresponding pages available for other purposes. The swap
technique has the advantage of allowing the maximum
utilization of host memory, but may result in extreme
performance degradation if swapping is frequent due to the
relatively low performance of storage devices, the input/
output overhead, and input/output bottlenecks.

[0004] In order to compensate for the drawbacks of the
swap technique, recently, a zswap method is often utilized
that allows faster swap-in/out than the storage device by
compressing data before swapping out to a storage device
and then storing it in some areas of the host memory.
Because the zswap method uses the host memory without
sending data down to the storage device, relatively high
performance can be expected. However, there was a problem
that memory availability was reduced in that CPU resources
were consumed additionally to perform data compression
and some areas of the host memory were used for storing
compressed pages.

SUMMARY

[0005] It is a technical object of the present disclosure to
provide an electronic device capable of offloading at least
part of an existing zswap function implemented using host
CPU and memory resources.

[0006] It is another technical object of the present disclo-
sure to provide an electronic device capable of using
resources of a host memory efficiently through compression
while expanding the capacity of the host memory.

[0007] It is yet another technical object of the present
disclosure to improve the performance of the entire com-
puting system by allowing a host CPU to be utilized for
processing other than compression by providing an elec-
tronic device that takes over the compression operation of
the host CPU.

[0008] It is still another technical object of the present
disclosure to resolve an input/output bottleneck of a main
system and improve performance by providing an electronic
device that directly controls a storage device.
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[0009] The present disclosure may be implemented in a
variety of ways, including devices, systems, methods, or
computer programs stored on a readable storage medium.
[0010] As one aspect of the present disclosure, an elec-
tronic device for compressing and storing data is disclosed.
The device may include: a volatile memory device; and a
controller configured to be connected with a host processor
and the volatile memory device, wherein the controller may
be further configured to receive a swap-out request for first
data in pages from the host processor, generate first com-
pressed data by compressing the first data in response to the
swap-out request, and store the first compressed data in the
volatile memory device.

[0011] In one embodiment, the controller may divide and
manage the volatile memory device into a compressed
memory pool and a temporary memory pool.

[0012] In one embodiment, the controller may: store the
first data in a first temporary buffer in the temporary memory
pool, store the first compressed data in a second temporary
buffer in the temporary memory pool, and store the first
compressed data stored in the second temporary buffer in a
storage area in the compressed memory pool.

[0013] In one embodiment, a size of the storage area may
correspond to a size of the first compressed data.

[0014] In one embodiment, the controller may: record a
location of the storage area in metadata of the first data, and
notify the host processor of completion of processing of the
swap-out request.

[0015] In one embodiment, the controller may: receive a
swap-in request for second data in pages from the host
processor, generate decompressed data by decompressing
second compressed data in which the second data is com-
pressed in response to the swap-in request, and transfer the
decompressed data to the host processor.

[0016] In one embodiment, the controller may: store the
decompressed data in a third temporary buffer of a page size
in the temporary memory pool, and transfer the decom-
pressed data stored in the third temporary buffer to the host
processor.

[0017] In one embodiment, the controller may: notify the
host processor of completion of processing of the swap-in
request, and initialize metadata of the second data.

[0018] In one embodiment, the controller may include: a
swap controller configured to request allocation of a
memory space of the volatile memory device based on page
information on the first data included in the swap-out request
and control compression of the first data; a memory manager
configured to secure an empty space in the volatile memory
device according to a determination of the swap controller;
and a compression and decompression module configured to
compress the first data according to the determination of the
swap controller.

[0019] In one embodiment, the controller may include: a
direct memory access (DMA) module configured to receive
data to be swapped out from the host processor or transmit
data to be swapped in to the host processor by using a
predetermined protocol.

[0020] In one embodiment, the controller may include: a
cache memory configured to store data that has ever been
accessed or is expected to be accessed; and a memory
controller configured to be connected with the volatile
memory device and the cache memory.

[0021] In one embodiment, the controller may include: a
swap controller configured to identify a storage location of
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the second compressed data in the volatile memory device
based on page information on the second data included in the
swap-in request and metadata of the second data, and control
decompression of the second compressed data; a memory
manager configured to secure an empty space in the volatile
memory device according to a determination of the swap
controller; and a compression and decompression module
configured to decompress the second compressed data
according to the determination of the swap controller.
[0022] In one embodiment, the controller may: transfer a
size of the first compressed data to the host processor,
receive an address where the first compressed data is to be
stored from the host processor, and store the first compressed
data at the received address.

[0023] In one embodiment, the controller may: determine
cold data out of data stored in the compressed memory pool
in the volatile memory device, and transmit the cold data to
a non-volatile storage device configured to be connected to
the controller.

[0024] In one embodiment, the controller may: determine
cold data out of data stored in the compressed memory pool
in the volatile memory device, generate decompressed data
by decompressing the cold data, and transmit the decom-
pressed data to a non-volatile storage device configured to
be connected to the controller.

[0025] In one embodiment, the controller may be con-
nected with an external electronic device, and the controller
may receive a swap-out request for third data in pages from
the external electronic device, generate third compressed
data by compressing the third data in response to the
swap-out request for the third data, and store the third
compressed data in the volatile memory device.

[0026] In one embodiment, the controller may be con-
nected with an external electronic device, and the controller
may receive a swap-in request for fourth data in pages from
the external electronic device, generate decompressed data
by decompressing fourth compressed data in which the
fourth data is compressed in response to the swap-in request,
and transfer the decompressed data to the external electronic
device.

[0027] According to another aspect of the present disclo-
sure, a computing system is disclosed. The system may
include: a host processor; and an electronic device, and the
electronic device may include: a volatile memory device;
and a controller configured to be connected with a host
processor and the volatile memory device, wherein the
controller may be further configured to receive a swap-out
request for first data in pages from the host processor,
generate first compressed data by compressing the first data
in response to the swap-out request, and store the first
compressed data in the volatile memory device.

[0028] According to various embodiments of the present
disclosure, at least part of the existing zswap function
implemented using host processor and host memory
resources can be offloaded.

[0029] According to various embodiments of the present
disclosure, the resources of the host memory can be used
efficiently through compression while expanding the capac-
ity of the host memory.

[0030] According to various embodiments of the present
disclosure, the performance of the entire computing system
can be improved by allowing the host processor to be
utilized for processing other than compression by providing
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an electronic device that takes over at least part of the
compression operation function of the host processor.
[0031] According to various embodiments of the present
disclosure, it is possible to eliminate input/output bottle-
necks with the host processor and improve performance by
providing an electronic device capable of directly control-
ling a non-volatile storage device.

[0032] The effects of the present disclosure are not limited
to those mentioned above, and other effects that have not
been mentioned will be clearly understood by those skilled
in the art to which the present disclosure pertains (herein-
after referred to as a ‘person of ordinary skill’) from the
description of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is an example diagram conceptually illus-
trating a computing system including an electronic device in
accordance with one embodiment of the present disclosure;
[0034] FIG. 2 is a block diagram of a computing system
including an electronic device in accordance with one
embodiment of the present disclosure;

[0035] FIG. 3 is a block diagram of a controller in accor-
dance with one embodiment of the present disclosure;
[0036] FIG. 4 is a flowchart regarding an operation in
which a controller processes a swap-out request according to
one embodiment of the present disclosure;

[0037] FIG. 5 is a diagram for describing an operation in
which data to be swapped out is compressed in a volatile
memory device according to one embodiment of the present
disclosure;

[0038] FIG. 6 is a flowchart regarding an operation in
which a controller processes a swap-in request according to
one embodiment of the present disclosure;

[0039] FIG. 7 is a diagram for describing an operation in
which data to be swapped in is decompressed in a volatile
memory device according to one embodiment of the present
disclosure;

[0040] FIG. 8 is a flowchart regarding an operation in
which an electronic device processes a swap-out request
according to another embodiment of the present disclosure;
[0041] FIG. 9 is a block diagram of a controller in accor-
dance with another embodiment of the present disclosure;
and

[0042] FIG. 10 is an example diagram conceptually illus-
trating a computing system including an electronic device in
accordance with another embodiment of the present disclo-
sure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0043] Various embodiments set forth herein are illus-
trated for the purpose of clearly describing the technical
ideas of the present disclosure, and are not intended to be
limited to particular embodiments. The technical ideas of the
present disclosure include various modifications, equiva-
lents, and alternatives of each embodiment set forth herein,
and embodiments obtained by selectively combining all or
part of each embodiment. In addition, the scope of the
technical ideas of the present disclosure is not limited to
various embodiments or specific descriptions thereof pre-
sented below.

[0044] Terms used herein, including technical or scientific
terms, may have the meaning commonly understood by
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those of ordinary skill in the art to which the present
disclosure pertains unless defined otherwise.

[0045] As used herein, expressions such as “include(s),”
“may include,” “is/are provided with”, “may be provided
with,” “have/has,” “can have,” and the like mean that target
features (e.g., functions, operations, components, or the like)
exist, and do not preclude the presence of other additional
features. That is, such expressions should be understood as
open-ended terms that imply the possibility of including
other embodiments.

[0046] Singular expressions herein include plural expres-
sions unless the context clearly dictates that they are singu-
lar. Further, plural expressions include singular expressions
unless the context clearly dictates that they are plural.
Throughout the specification, when a part is said to include
a component, this means that it may further include other
components rather than excluding other components unless
particularly described to the contrary.

[0047] Further, the term ‘module’ or ‘part’ used herein
refers to a software or hardware component, and the ‘mod-
ule’ or ‘part’ performs certain roles. However, the ‘module’
or ‘part’ is not meant to be limited to software or hardware.
The ‘module’ or ‘part’ may be configured to reside on an
addressable storage medium or may be configured to run one
or more processors. Therefore, as one example, the ‘module’
or ‘part’ may include at least one of components such as
software components, object-oriented software components,
class components, and task components, processes, func-
tions, properties, procedures, subroutines, segments of pro-
gram code, drivers, firmware, microcode, circuitry, data,
databases, data structures, tables, arrays, or variables. Func-
tions provided within the components and the ‘modules’ or
‘parts’ may be combined into a smaller number of compo-
nents and ‘modules’ or ‘parts,” or may be further separated
into additional components and ‘modules’ or ‘parts.’

[0048] According to one embodiment of the present dis-
closure, a ‘module’ or ‘part’ may be implemented with a
processor and a memory. The ‘processor’ should be inter-
preted broadly so as to encompass general-purpose proces-
sors, central processing units (CPUs), microprocessors, digi-
tal signal processors (DSPs), controllers, microcontrollers,
state machines, and the like. In some circumstances, the
‘processor’ may also refer to an application-specific inte-
grated circuit (ASIC), a programmable logic device (PLD),
a field programmable gate array (FPGA), or the like. The
‘processor’ may also refer to, for example, a combination of
processing devices, such as a combination of a DSP and a
microprocessor, a combination of a plurality of micropro-
cessors, a combination of one or more microprocessors
combined with a DSP core, or a combination of any other
such components. In addition, the ‘memory’ should be
interpreted broadly so as to encompass any electronic com-
ponent capable of storing electronic information. The
‘memory’ may also refer to various types of processor-
readable media, such as random-access memory (RAM),
read-only memory (ROM), non-volatile random-access
memory (NVRAM), programmable read-only memory
(PROM), erasable-programmable read-only memory
(EPROM), electrically erasable PROM (EEPROM), flash
memory, magnetic or optical data storage, registers, etc. A
memory is said to be in electronic communication with a
processor if the processor can read information from and/or

Sep. 26, 2024

write information to the memory. A memory integrated with
a processor is in electronic communication with the proces-
sor.

[0049] As used herein, expressions such as “first” and
“second” are used to distinguish one object from another
when referring to a plurality of objects of the same kind
unless the context indicates otherwise, and do not limit the
order or importance among the relevant objects.

[0050] As used herein, expressions such as “A, B, and C,”
“A, B, or C,” “A, B, and/or C,” or “at least one of A, B, and
C,” “at least one of A, B, or C one,” “at least one of A, B,
and/or C,” “at least one selected from A, B, and C,” “at least
one selected from A, B, or C,” and “at least one selected
from A, B, and/or C” may mean all possible combinations of
each listed item or listed items. For example, “at least one
selected from A and B” may refer to all of (1) A, (2) at least
one of A’s, (3) B, (4) at least one of B’s, (5) at least one of
A’s and at least one of B’s, (6) at least one of A’s and B, (7)
at least one of B’s and A, (8) A and B.

[0051] As used herein, the expression “based on” is used
to describe one or more factors that affect the action or
operation of a decision or determination described in the
phrase or sentence including the expression, and this expres-
sion does not preclude additional factors that affect the
action or operation of that decision or determination.
[0052] As used herein, the expression that a component
(e.g., a first component) is “connected” or “coupled” to
another component (e.g., a second component) may mean
that said component is connected or coupled to said another
component directly, as well as connected or coupled via yet
another component (e.g., a third component).

[0053] As used herein, the expression “configured to” may
have the meaning of “set to,” “having the ability to,”
“modified to,” “made to,” “capable of,” etc., depending on
the context. The expression is not limited to the meaning of
“designed specifically in hardware,” and for example, a
processor configured to perform a particular operation may
refer to a generic-purpose processor capable of performing
that particular operation by executing software.

[0054] Hereinafter, various embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings. In the accompanying drawings and descrip-
tion of the drawings, identical or substantially equivalent
components may be given the same reference numerals.
Further, in the description of various embodiments below,
repetitive descriptions of the same or corresponding com-
ponents may be omitted, which, however, does not mean that
such components are not included in that embodiment.
[0055] FIG. 1 is an example diagram conceptually illus-
trating a computing system 100 including an electronic
device 130 according to one embodiment of the present
disclosure.

[0056] A computing system 100 in accordance with the
present disclosure may be a storage server or other kind of
server that may be used in a data center. As shown in FIG.
1, the computing system 100 may include a host processor
110 (e.g., x86 CPU, ARM, RISC-V), an electronic device
130, and a non-volatile storage device 140. The host pro-
cessor 110 may be connected to a host memory 120. The
electronic device 130 may include a volatile memory device
132.

[0057] The computing system 100 in accordance with the
present disclosure may have a scalable device structure that
can use the volatile memory device 132 of the electronic
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device 130 as an intermediate storage medium and the
non-volatile storage device 140 as a final storage medium.
The host processor 110 may recognize the total capacity of
the non-volatile storage device 140 connected to the elec-
tronic device 130.

[0058] The host processor 110 may communicate with the
electronic device 130 by using a first interface 150. The first
interface 150 may be a serial interface, and may be, for
example, an interface using PCle or a compute express link
(CXL) protocol. The electronic device 130 may communi-
cate with the non-volatile storage device 140 by using a
second interface 160. The second interface 160 may be a
serial interface.

[0059] In the computing system 100 in accordance with
the present disclosure, the first interface 150 may be a
byte-addressable protocol (or byte addressing protocol), and
the second interface 160 may be a block-addressable pro-
tocol (or block addressing protocol). The host processor 110
may assign addresses in bytes and read and write data to the
electronic device 130. The electronic device 130 may assign
addresses in blocks and read and write data to the non-
volatile storage device 140. The electronic device 130 may
retrieve data in blocks from the non-volatile storage device
140 based on the byte addresses and store the data in the
volatile memory device 132 of the electronic device 130.
The electronic device 130 may access data corresponding to
the address requested by the host processor 110 out of data
stored in the volatile memory device 132.

[0060] According to one embodiment, the electronic
device 130 may internally have a cache for data stored in the
volatile memory device 132 to improve performance.
[0061] FIG. 1 illustrates that the non-volatile storage
device 140 is configured separately from the electronic
device 130 for the convenience of description. However, the
present disclosure is not limited thereto. For example, in the
present disclosure, the non-volatile storage device 140 may
be configured to be integrated with the electronic device
130.

[0062] FIG. 2 is a block diagram of a computing system
100 including an electronic device 130 in accordance with
one embodiment of the present disclosure.

[0063] As shown in FIG. 2, the computing system 100
includes a host processor 110, an electronic device 130, and
a non-volatile storage device 140. The host processor 110
may include a communication port 210. The electronic
device 130 may include a volatile memory device 132 and
a controller 240.

[0064] The host processor 110 may refer to a set of one or
more processors. The host processor 110 may control at least
one component of a device or terminal (e.g., the electronic
device 130) connected to the host processor 110 by driving
software (e.g., commands, programs, etc.). In addition, the
host processor 110 may perform operations such as various
computations, processing, data generation or processing.
Further, the host processor 110 may load data or the like
from various memory devices or storage devices, or store
data or the like in the memory devices or storage devices.
[0065] The controller 240 may have one or more volatile
memory channels, and may communicate with individual
components or the volatile memory device 132 via these
volatile memory channels. The volatile memory device 132
may be, for example, a DIMM-type DRAM. The controller
240 may include a first communication port 220. For
example, the first communication port 220 may be a PCle
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end point or a CXL end point. According to one embodi-
ment, the controller 240 may further include a second
communication port 230. For example, the second commu-
nication port 230 may be a PCle root complex port.
[0066] The controller 240 may communicate with the host
processor 110 over a first interface 150 via the first com-
munication port 220 and the communication port 210.
Further, the controller 240 may communicate with the
volatile memory device 132 over a third interface 250. In
addition, the controller 240 may communicate with the
non-volatile storage device 140 over a second interface 160
via the second communication port 230. Here, the first
interface 150 and the second interface 160 may be serial
interfaces, and the third interface 250 may be a parallel
interface.

[0067] The controller 240 may communicate with the host
processor 110 in a first protocol. Further, the controller 240
may communicate with the volatile memory device 132 in a
second protocol. Moreover, the controller 240 may commu-
nicate with the non-volatile storage device 140 in a third
protocol. Here, the first protocol and the second protocol
may be byte-addressable protocols that allow data to be read
and written by assigning addresses in bytes, and the third
protocol may be a block-addressable protocol that allows
data to be read and written by assigning addresses in blocks.
[0068] The non-volatile storage device 140 may include
one or more non-volatile storages. According to one
embodiment, as many non-volatile storages as the interfaces
allow may be connected directly to the second communica-
tion port 230. Here, the non-volatile storages may include
hard disk drives (HDDs), solid-state drives (SSDs), and the
like.

[0069] The controller 240 in accordance with the present
disclosure may receive a swap-out request or command for
data in pages (hereinafter referred to as ‘page data’) from the
host processor 110. According to one embodiment, the host
operating system (OS) may determine page data to be
swapped out. For example, the host operating system may
determine to swap out the page data that has not been
accessed for a predetermined period of time or has a low
frequency of accesses out of page data stored in the host
memory 120. The host processor 110 may transfer the
swap-out request including page information to the control-
ler 240 via the communication port 210 and the first com-
munication port 220. For example, the page information
may include a process ID and an address for each program.
[0070] The controller 240 may determine the availability
of the volatile memory device 132 in response to the
swap-out request. If it is determined that the volatile
memory device 132 is not available, the controller 240 may
transfer an error message (e.g., a memory full error) to the
host processor 110. If it is determined that the volatile
memory device 132 is available, the controller 240 may
receive the page data from the host processor 110 and
compress and store it in the volatile memory device 132.
[0071] The controller 240 in accordance with the present
disclosure may divide and manage the volatile memory
device 132 into a compressed memory pool and a temporary
memory pool. For example, the controller 240 may define
and manage a first area of the volatile memory device 132
as a compressed memory pool, and define and manage a
second area that is different from the first area as a temporary
memory pool. When storing certain data in the volatile
memory device 132, the controller 240 may determine to
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store the data in the compressed memory pool or the
temporary memory pool depending on whether the data is
compressed.

[0072] According to one embodiment, the controller 240
may store the page data requested to be swapped out in a first
temporary buffer in the temporary memory pool. For
example, the size of the first temporary buffer may be
allocated to be the same as that of the page data (e.g., 4 KB).
The controller 240 may store the page data requested to be
swapped out in a first temporary buffer in the temporary
memory pool. The controller 240 may compress and store
the page data stored in the first temporary buffer in a second
temporary buffer in the temporary memory pool. For
example, the size of the second temporary buffer may be
allocated to be the same as that of the first temporary buffer
(e.g., 4 KB). The controller 240 may store the compressed
data stored in the second temporary buffer in a storage area
in the compressed memory pool. The size of the storage area
may correspond to the size of compressed data. For
example, the size of the storage area may be equal to or
proportional to the size of compressed data. The controller
240 may record the location of the storage area in the
metadata of the page data requested to be swapped out. In
addition, the controller 240 may notify the host processor
110 of the completion of processing of the swap-out request.
[0073] In general, even if data of the same size are
compressed, the sizes of compressed data generated as a
result of compression may be different. According to the
controller 240 in accordance with the present disclosure,
after compressing the page data in the temporary memory
pool and identifying the size of the compressed data, a size
corresponding to the size of the compressed data may be
allocated in the compressed memory pool and the com-
pressed data may be stored. With this configuration, effec-
tive management of the compressed memory pool is pos-
sible, and the availability of the compressed memory pool
can be increased.

[0074] The controller 240 in accordance with the present
disclosure may receive a swap-in request or command of
data in pages from the host processor 110. According to one
embodiment, the host operating system may determine the
page data to be swapped in and the location where it is to be
stored in the host memory 120. The host processor 110 may
transfer the swap-in request including the page information
and location information on the host memory 120 to the
controller 240 via the communication port 210 and the first
communication port 220. For example, the page information
may include a process ID and an address for each program.
[0075] The controller 240 may search for the compressed
data in which the page data is compressed in response to the
swap-in request. According to one embodiment, the control-
ler 240 may identify the location of the compressed data in
the volatile memory device 132 based on the page informa-
tion and the metadata of the page data. The compressed data
may be located in the compressed memory pool of the
volatile memory device 132. According to one embodiment,
the controller 240 may decompress and store the compressed
data in a temporary buffer in the temporary memory pool.
For example, the size of the temporary buffer may be
allocated to be the same as the page data (e.g., 4 KB).
[0076] The controller 240 may transfer the decompressed
data to the host processor 110. For example, the controller
240 may transfer the decompressed data to the location
information on the host memory 120 included in the swap-in
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request. The controller 240 may notify the host processor
110 of the completion of processing of the swap-in request.
In addition, the controller 240 may initialize the information
of the metadata of the page data requested to be swapped in.
[0077] According to the computing system 100 in accor-
dance with the present disclosure, since the host processor
110 does not have to directly perform a compression opera-
tion function or manage compressed data, overall system
availability can be improved. In addition, since the elec-
tronic device 130 in accordance with the present disclosure
provides offloading to the compression function and data
transmission while expanding the capacity of the host
memory 120, overall system performance can be improved.
[0078] FIG. 3 is a block diagram of a controller 240 in
accordance with one embodiment of the present disclosure.
[0079] As shown in FIG. 3, the controller 240 may include
a swap controller 320 (or may also be referred to as a ‘zswap
controller’), a memory manager 330, and a compression and
decompression module 340. In addition, the controller 240
may further include a direct memory access (DMA) module
310, a memory controller 350, and a cache memory 360.
[0080] Inorder to process the swap-out request of the host
processor 110, the swap controller 320 may request alloca-
tion of a memory space in the volatile memory device 132
based on the page information on the page data included in
the swap-out request and may control compression of the
page data. The memory manager 330 may secure an empty
space in the volatile memory device 132 according to the
determination of the swap controller 320. The memory
manager 330 may divide and manage the volatile memory
device 132 into a compressed memory pool and a temporary
memory pool. The compression and decompression module
340 (or a compressor included in the compression and
decompression module 340) may compress the page data
according to the determination of the swap controller 320.
[0081] In order to process the swap-in request of the host
processor 110, the swap controller 320 may identify the
storage location of the compressed data of the corresponding
page data in the volatile memory device 132 based on the
page information on the page data included in the swap-in
request and the metadata of the page data. The swap con-
troller 320 may control the decompression of the com-
pressed data. The memory manager 330 may secure an
empty space in the volatile memory device 132 according to
the determination of the swap controller 320. The compres-
sion and decompression module 340 (or a decompressor
included in the compression and decompression module
340) may decompress the compressed data according to the
determination of the swap controller 320.

[0082] The DMA module 310 may receive data to be
swapped out from the host processor 110 or transmit data to
be swapped in by using a predetermined protocol. In addi-
tion, the cache memory 360 may be configured to store data
that has ever been accessed or is expected to be accessed.
The memory controller 350 may be connected with the
volatile memory device 132 and the cache memory 360. The
memory controller 350 may be configured to access the
volatile memory device 132 and allow a data read or write.
[0083] The DMA module 310, the swap controller 320, the
memory manager 330, the compression and decompression
module 340, and the memory controller 350 shown in FIG.
3 may each be implemented as a hardware device or
software code. According to one embodiment, the DMA
module may be implemented as a hardware device, and the
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other components may be implemented as software code.
According to one embodiment, the compression and decom-
pression module 340 may be implemented as a mixture of
hardware devices and software code. For example, the
decompressor of the compression and decompression mod-
ule 340 may be implemented as hardware, and the compres-
sor may be implemented as software. In addition, FIG. 3
illustrates the components of the controller 240 by way of
example, and the present disclosure is not limited thereto.
For example, it may be implemented such that some of the
components shown in FIG. 3 may be omitted or functions of
particular components may be included in other compo-
nents.

[0084] In the following, a process in which a swap-out
request is processed in the electronic device 130 will be
described with reference to FIGS. 4 and 5, and a process in
which a swap-in request is processed in the electronic device
130 will be described with reference to FIGS. 6 and 7.
[0085] FIG. 4 is a flowchart 400 regarding an operation in
which a controller 240 processes a swap-out request accord-
ing to one embodiment of the present disclosure, and FIG.
5 is a diagram for describing an operation in which data to
be swapped out is compressed in a volatile memory device
132 according to one embodiment of the present disclosure.
[0086] The controller 240 may receive a swap-out request
of data in pages from the host processor 110 (S410).
According to one embodiment, the host operating system
may determine to swap out predetermined page data. The
swap controller 320 may receive information on page data to
be swapped out from the host processor 110 via the com-
munication port 210 and the first communication port 220.
The swap controller 320 may determine the availability of
the volatile memory device 132. If it is determined that the
volatile memory device 132 is not available, the swap
controller 320 may return an error message (e.g., a memory
full error) to the host processor 110. If it is determined by the
swap controller 320 that the volatile memory device 132 is
available, the process may proceed to the next step S420.
[0087] Next, the controller 240 may store the page data in
the temporary memory pool of the volatile memory device
132 (S420). According to one embodiment, the swap con-
troller 320 may request the memory manager 330 to allocate
a temporary buffer in the temporary memory pool. The
memory manager 330 may allocate a first temporary buffer
in the temporary memory pool of the volatile memory
device 132 according to the request of the swap controller
320. Once the allocation of the first temporary buffer is
completed, the swap controller 320 may request the DMA
module 310 to receive the page data. The DMA module 310
may receive the page data to be swapped out from the host
processor 110 or the host memory 120 via the first commu-
nication port 220 according to the request of the swap
controller 320. The DMA module 310 may store the
received page data in the first temporary buffer of the
volatile memory device 132 allocated by the memory man-
ager 330.

[0088] Referring to FIG. 5, the memory manager 330
allocates a temporary buffer (a) 512 of a predetermined size
(e.g., 4 KB) in the temporary memory pool 510 of the
volatile memory device 500. The page data 530 to be
swapped out may be stored in the temporary buffer (a) 512.
[0089] Next, the controller 240 may compress and store
the page data in the temporary memory pool (S430). Accord-
ing to one embodiment, the swap controller 320 may request
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allocation of a temporary buffer that is different from the first
temporary buffer in the temporary memory pool of the
memory manager 330. The memory manager 330 may
allocate a second temporary buffer in the temporary memory
pool of the volatile memory device 132 according to the
request of the swap controller 320. Once the allocation of the
second temporary buffer is completed, the swap controller
320 may request the compression and decompression mod-
ule 340 (or the compressor included in the compression and
decompression module 340) to compress for the first tem-
porary buffer. The compression and decompression module
340 may compress and store the page data stored in the first
temporary buffer in the second temporary buffer. The com-
pression and decompression module 340 may identify the
size of compressed data in which the page data is com-
pressed. The compression and decompression module 340
may transfer the size of the compressed data identified to the
swap controller 320.

[0090] Referring to FIG. 5, the memory manager 330
allocates a temporary buffer (b) 514 of a predetermined size
(e.g., 4 KB) in the temporary memory pool 510 of the
volatile memory device 502. The compressed data 532 of the
page data 530 may be stored in the temporary buffer (b) 514.
[0091] According to one embodiment, the size of the
temporary buffer (b) 514 may be set to be equal to the size
of the temporary buffer (a) 512. As shown in FIG. 5, as a
result of compression by the compression and decompres-
sion module 340, the size of the compressed data 532 (e.g.,
2.4 KB) may be less than the size of the temporary buffer (b)
514. In contrast, if the size of the compressed data 532 is
greater than the size of the temporary buffer (b) 514 as a
result of the compression by the compression and decom-
pression module 340, the compressed data may not be stored
in the temporary buffer (b) 514. In this case, the compression
and decompression module 340 may transfer an error mes-
sage (e.g., compression failed or data capacity exceeded) to
the swap controller 320. With this configuration, it is pos-
sible to recognize or prevent the case where the size of
compressed data gets larger than the size of data before
compression. As a result, the volatile memory device 132
can be managed more efficiently.

[0092] Next, the controller 240 may store the compressed
data in a storage area in the compressed memory pool
(S440). According to one embodiment, the swap controller
320 may request allocation of a storage area in the com-
pressed memory pool of the memory manager 330. For
example, the size of the storage area may be equal to that of
the compressed data or may be related to the size of the
compressed data. The memory manager 330 may allocate a
storage area in the compressed memory pool of the volatile
memory device 132 according to the request of the swap
controller 320. Once the allocation of the storage area is
completed, the swap controller 320 may copy the com-
pressed data stored in the second temporary buffer to the
storage area.

[0093] Referring to FIG. 5, the memory manager 330
allocates a storage area (c) 522 as large as the size of the
compressed data (e.g., 2.4 KB) in the compressed memory
pool 520 of the volatile memory device 504. The com-
pressed data 532 may be stored in the storage area (c). With
this configuration, a memory space can be allocated in the
compressed memory pool only as large as the size of the
compressed data, allowing for more efficient management of
memory resources.
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[0094] The swap controller 320 may request the memory
manager 330 to deallocate the first temporary buffer. The
memory manager 330 may return the first temporary buffer
to the temporary memory pool at the request of the swap
controller 320. For example, the deallocation time point of
the first temporary buffer may be any one of after the
compressed data is stored in the second temporary buffer,
after the storage area is allocated, and after the compressed
data is copied to the storage area. In addition, the swap
controller 320 may request the memory manager 330 to
deallocate the second temporary buffer. The memory man-
ager 330 may return the second temporary buffer to the
temporary memory pool at the request of the swap controller
320. For example, the deallocation time point of the second
temporary buffer may be after the compressed data is copied
to the storage area.

[0095] Referring to FIG. 5, the memory manager 330 may
return the temporary buffer (a) 512 to the temporary memory
pool 510 of the volatile memory device 504 at any one time
point of after the compressed data 532 is stored in the
temporary buffer (b) 514, after the storage area (c) 522 is
allocated, and after the compressed data 532 is copied to the
storage area (c) 522. In addition, the memory manager 330
may return the temporary buffer (b) 514 to the temporary
memory pool 510 of the volatile memory device 506 at a
time point after the compressed data 532 is copied to the
storage area (c) 522. With this configuration, temporary
buffers in the temporary memory pool are always returned
when a series of compression and storage processes are
completed, allowing for more efficient management of
memory resources.

[0096] Next, the controller 240 may record the location of
the storage area in the metadata of the page data (S450).
According to one embodiment, the swap controller 320 may
record the location of the storage area in which the com-
pressed data is stored in the metadata of the page data
requested to be swapped out. For example, the metadata may
be stored in one area of the volatile memory device 132. The
metadata may be called by the host processor 110.

[0097] Next, the controller 240 may notify the host pro-
cessor 110 of the completion of processing of the swap-out
request (S460). According to one embodiment, the swap
controller 320 may notify the host processor 110 of the
completion of processing of the swap-out request. The host
operating system may recognize that the swap-out request
has been processed.

[0098] Since the electronic device 130 in accordance with
the present disclosure can take over at least part of the
compression operation function of the host processor 110,
the performance of the entire computing system 100 can be
improved by allowing the host processor 110 to be utilized
for processing other than compression.

[0099] FIG. 6 is a flowchart 600 regarding an operation in
which a controller 240 processes a swap-in request accord-
ing to one embodiment of the present disclosure, and FIG.
7 is a diagram for describing an operation in which data to
be swapped in is decompressed in a volatile memory device
132 according to one embodiment of the present disclosure.
[0100] The controller 240 may receive a swap-in request
of data in pages (S610). According to one embodiment, the
host operating system may determine a swap-in of prede-
termined page data. The swap controller 320 may receive
information on the page data to be swapped-in (or page
information) and location information to be stored in the
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host memory 120 from the host processor 110 via the
communication port 210 and the first communication port
220. For example, the page information may include a
process 1D and an address for each program.

[0101] Next, the controller 240 may identify the location
of the compressed data in the volatile memory device 132
based on the metadata of the data (S620). According to one
embodiment, the swap controller 320 may identify the
location of the compressed data in the volatile memory
device 132 based on the page information and the metadata
of the page data. For example, the metadata of the page data
might have been recorded by the swap controller 320 when
the corresponding page data was swapped out. The com-
pressed data may be located in the compressed memory pool
of the volatile memory device 132.

[0102] Referring to FIG. 7, the swap controller 320 may
identify the location of the storage area (a) 722 in which the
compressed data 730 is stored in the compressed memory
pool 720 of the volatile memory device 700. For example,
the size of the storage area (a) 722 (e.g., 2.4 KB) may be
equal to that of the compressed data 730.

[0103] Next, the controller 240 may decompress and store
the compressed data in the temporary memory pool (5630).
According to one embodiment, the swap controller 320 may
request the memory manager 330 to allocate a temporary
buffer in the temporary memory pool. The memory manager
330 may allocate a temporary buffer in the temporary
memory pool of the volatile memory device 132 at the
request of the swap controller 320. Once the allocation of the
temporary buffer is completed, the swap controller 320 may
request the compression and decompression module 340 (or
the decompressor included in the compression and decom-
pression module 340) to decompress for the temporary
buffer. The compression and decompression module 340
may decompress the compressed data stored in the storage
area and store it in the temporary buffer.

[0104] Referring to FIG. 7, the memory manager 330
allocates a temporary buffer (b) 712 of a predetermined size
(e.g., 4 KB) in the temporary memory pool 710 of the
volatile memory device 702. The decompressed data 732 in
which the compressed data 730 has been decompressed may
be stored in the temporary buffer (b) 712.

[0105] Next, the controller 240 may transfer the decom-
pressed data to the host processor 110 (S640). According to
one embodiment, the swap controller 320 may request the
DMA module 310 to transfer the decompressed data. The
DMA module 310 may transfer the page data to be swapped
in (i.e., the decompressed data) to the host processor 110 or
the host memory 120 via the first communication port 220
at the request of the swap controller 320.

[0106] Next, the controller 240 may notify the host pro-
cessor 110 of the completion of processing of the swap-in
request (S650). According to one embodiment, the swap
controller 320 may notify the host processor 110 of the
completion of processing of the swap-in request. The host
operating system may recognize that the swap-in request has
been processed.

[0107] Next, the controller 240 may initialize the infor-
mation of the metadata of the data (S660). According to one
embodiment, the swap controller 320 may initialize the
information of the metadata of the page data requested to be
swapped in.

[0108] The swap controller 320 may request the memory
manager 330 to deallocate the storage area. The memory
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manager 330 may return the storage area to the compressed
memory pool at the request of the swap controller 320. For
example, the deallocation time point of the storage area may
be after the decompressed data has been transferred to the
host processor 110. In addition, the deallocation time point
of' the storage area may be substantially the same as the time
point of initializing the information of the metadata of the
page data requested to be swapped in. Referring to FIG. 7,
the memory manager 330 may deallocate the storage area (a)
722 in the compressed memory pool 720 of the volatile
memory device 702.

[0109] Further, the swap controller 320 may request the
memory manager 330 to deallocate the temporary buffer (b).
For example, the deallocation time point of the temporary
buffer (b) may be after the decompressed data has been
transferred to the host processor 110. The memory manager
320 may return the temporary buffer (b) to the temporary
memory pool 710 at the request of the swap controller 320.
Referring to FIG. 7, the memory manager 330 may deallo-
cate the temporary buffer (b) 712 in the temporary memory
pool 710 of the volatile memory device 704.

[0110] According to the electronic device 130 in accor-
dance with the present disclosure, temporary buffers in the
temporary memory pool are always returned when a series
of decompression and transfer processes are completed,
allowing for more efficient management of memory
resources. In addition, since the electronic device 130 in
accordance with the present disclosure provides offloading
to the decompression function and data transmission while
expanding the capacity of the host memory 120, overall
system performance can be improved.

[0111] FIG. 8 is a flowchart 800 regarding an operation in
which an electronic device 130 processes a swap-out request
according to another embodiment of the present disclosure.
[0112] In the present embodiment, the host operating
system performs at least some functions of the management
for the compressed memory pool of the volatile memory
device 132. Some steps of the embodiment according to
FIG. 8 may be the same as or similar to some steps of the
embodiment according to FIG. 4, and detailed descriptions
of the same or corresponding steps will be omitted. For
example, steps S810 to S830 of FIG. 8 may be the same as
or correspond to steps S410 to S430 of FIG. 4, and steps
S850 to S870 of FIG. 8 may be at least partially the same as
or correspond to steps S440 to S460 of FIG. 4.

[0113] The controller 240 may receive a swap-out request
of data in pages from the host processor 110 (S810). Next,
the controller 240 may store the page data in the temporary
memory pool of the volatile memory device 132 (S820).
Next, the controller 240 may compress and store the page
data in the temporary memory pool (S830).

[0114] Next, the controller 240 may transfer the size of the
compressed data to the host processor 110 (S840). Accord-
ing to one embodiment, when the compressed data in which
the page data is compressed by the compression and decom-
pression module 340 is generated, the swap controller 320
may transfer the size of the compressed data to the host
processor 110. The size of the compressed data may be
identified by the compression and decompression module
340 and transferred to the swap controller 320.

[0115] Next, the controller 240 may store the compressed
data at the address received from the host processor 110
(S850). According to one embodiment, the host operating
system may allocate a storage area in which the compressed
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data is to be stored in a memory area of the volatile memory
device 132. For example, the host operating system may
allocate a predetermined area in the compressed memory
pool of the volatile memory device 132 as the storage area.
The size of the storage area may be equal to or correspond
to the size of the compressed data transferred by the swap
controller 320. The host processor 110 may transfer the
address of the allocated storage area to the controller 240.
The swap controller 320 may store the compressed data at
the received address. For example, the swap controller 320
may copy the compressed data stored in the second tempo-
rary buffer to the storage area.

[0116] The swap controller 320 may request the memory
manager 330 to deallocate the second temporary buffer. The
memory manager 330 may return the second temporary
buffer to the temporary memory pool at the request of the
swap controller 320. For example, the deallocation time
point of the second temporary buffer may be after the
compressed data has been copied to the storage area.
[0117] Next, the controller 240 may record the location of
the storage area in the metadata of the data (S860). Next, the
controller 240 may notify the host processor 110 of the
completion of processing of the swap-out request (S870).
[0118] According to the electronic device 130 in accor-
dance with the present disclosure, since the host processor
110 does not have to directly perform the compression
operation function or manage the compressed data, overall
system availability can be improved. In addition, according
to the computing system 100 in accordance with the present
disclosure, the host operating system can directly manage
the compressed memory pool.

[0119] FIG. 9 is a block diagram of a controller 240 in
accordance with another embodiment of the present disclo-
sure.

[0120] The electronic device 130 in accordance with the
present embodiment may swap out the data stored in the
volatile memory device 132 to a non-volatile storage device
140. Some components of the embodiment according to
FIG. 9 may be the same as or similar to some components
of the embodiment according to FIG. 3, and detailed
descriptions of the same or corresponding components will
be omitted.

[0121] As shown in FIG. 9, the controller 240 may further
include a storage controller 900. The storage controller 900
may be configured to drive the non-volatile storage device
140 via the second communication port 230, designate
addresses in blocks, and perform data reads or writes.
[0122] The controller 240 may determine cold data out of
the data stored in the compressed memory pool in the
volatile memory device 132. According to one embodiment,
the memory manager 330 may determine the cold data in the
currently allocated compressed memory pool based on infor-
mation such as time information when the memory was
allocated and the frequency of page accesses. The cold data
may refer to data that is not frequently accessed and can thus
be swapped out to another device, out of the data stored in
the compressed memory pool.

[0123] The controller 240 may transmit the cold data to
the non-volatile storage device 140. The storage controller
900 may swap out the cold data to the non-volatile storage
device 140. According to one embodiment, the cold data
present in the compressed memory pool may be swapped out
in a compressed state. In this case, the storage controller 900
transfers the cold data present in the compressed memory
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pool to the non-volatile storage device 140 via the second
communication port 230 in the compressed state.

[0124] According to another embodiment, the cold data
present in the compressed memory pool may be decom-
pressed and then swapped out. In this case, the swap
controller 320 may be allocated a temporary buffer from the
temporary memory pool by requesting the memory manager
330. The compression and decompression module 340 may
generate decompressed data by decompressing the cold data
at the request of the swap controller 320 and store the
decompressed data in the temporary buffer. The storage
controller 900 may transmit the decompressed data stored in
the temporary buffer to the non-volatile storage device 140.
According to the embodiment in which decompressed data
is transmitted, a delay may be reduced if an access to the
corresponding data is needed again later, compared to the
embodiment in which compressed data is transmitted.
[0125] Thereafter, the controller 240 may receive a request
(swap-in request) for the page data that has been swapped
out to the non-volatile storage device 140 from the host
processor 110. In response to the request, the swap controller
320 may be allocated a temporary buffer from the temporary
memory pool by requesting the memory manager 330. The
storage controller 900 may bring the page data to the
temporary buffer from the non-volatile storage device 140.
The swap controller 320 may transfer the page data stored in
the temporary buffer to the host processor 110 via the DMA
module 310. If the data brought into the temporary buffer is
compressed data, the controller 240 may decompress the
compressed data by using the compression and decompres-
sion module 340 and then transfer it to the host processor
110 via the DMA module 310.

[0126] According to the present disclosure, it is possible to
selectively swap out data, which is less required to be
retained in the volatile memory device 132 in terms of
performance, to the non-volatile storage device 140. Accord-
ing to the present disclosure, overall memory efficiency can
be improved by performing a primary swap-out from the
host memory 120 to the volatile memory device 132 and a
secondary swap-out from the volatile memory device 132 to
the non-volatile storage device 140. According to the present
disclosure, it is possible to reduce the management burden
of'the host operating system and improve the performance of
the entire computing system 100 by allowing the electronic
device 130 to process the swap-out from the volatile
memory device 132 to the non-volatile storage device 140.
[0127] FIG. 10 is an example diagram conceptually illus-
trating a computing system 1000 including an electronic
device 130 in accordance with another embodiment of the
present disclosure.

[0128] The computing system 1000 in accordance with the
present embodiment may include a plurality of electronic
devices 130, 1100, and 1200. Some components of the
embodiment according to FIG. 10 may be the same as or
similar to some components of the embodiment according to
FIG. 1, and detailed descriptions of the same or correspond-
ing components will be omitted.

[0129] The electronic device 130 in accordance with the
present disclosure may be connected with the external
electronic devices 1100 and 1200. The controller 240 of the
electronic device 130 may receive a swap-out request of data
in pages not only from the host processor 110 but also from
the external electronic devices 1100 and 1200. For example,
the controller 240 may generate compressed data by receiv-

Sep. 26, 2024

ing and compressing the corresponding page data in
response to the swap-out request of the external electronic
device 1100. The controller 240 may store the generated
compressed data in the volatile memory device 132.
[0130] The controller 240 of the electronic device 130
may receive a swap-in request of data in pages not only from
the host processor 110 but also from the external electronic
devices 1100 and 1200. For example, the controller 240 may
generate decompressed data by decompressing the com-
pressed data in which the corresponding page data is com-
pressed in response to the swap-in request of the external
electronic device 1100. The controller 240 may transfer the
generated compressed data to the external electronic device
1100.

[0131] According to the present disclosure, swap-out and
swap-in requests not only from the host processor 110 but
also from other electronic devices 1100 and 1200 can be
processed. If the electronic device 130 is configured to be
connectable with a plurality of other electronic devices 1100
and 1200, management in consideration of the memory
availability of each electronic device is possible. Accord-
ingly, the performance of the entire computing system 1000
can be improved.

[0132] The methods in accordance with the present dis-
closure may be computer-implemented methods. Although
each step of the corresponding methods has been shown and
described in a given order in the present disclosure, the
respective steps may also be performed in an order that can
be combined arbitrarily according to the present disclosure,
in addition to being performed in sequence. In one embodi-
ment, at least some of the steps may be performed in
parallel, iteratively, or heuristically. The present disclosure
does not exclude making changes or modifications to the
methods. In one embodiment, at least some of the steps may
be omitted or other steps may be added.

[0133] Various embodiments of the present disclosure
may be implemented as software recorded on a machine-
readable recording medium. The software may be software
for implementing the various embodiments of the present
disclosure described above. Software may be inferred from
the various embodiments of the present disclosure by pro-
grammers skilled in the art to which the present disclosure
pertains. For example, the software may be machine-read-
able commands (e.g., code or code segments) or programs.
A machine is a device capable of operating according to
instructions called from a recording medium, and may be,
for example, a computer. In one embodiment, the machine
may be the host processor 110, the electronic device 130 or
the computing system 100 or 1000 including the same in
accordance with the embodiments of the present disclosure.
In one embodiment, the processor of the machine may
execute the called command and cause the components of
the machine to perform functions corresponding to the
command. The recording medium may refer to any type of
recording medium on which data readable by a machine are
stored. The recording medium may include, for example,
ROM, RAM, CD-ROM, magnetic tapes, floppy disks, opti-
cal data storage devices, and the like. In one embodiment,
the recording medium may be implemented in a distributed
form over networked computer systems or the like. The
software may be stored in a distributed manner and executed
on a computer system or the like. The recording medium
may be a non-transitory recording medium. A non-transitory
recording medium refers to a tangible medium regardless of
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whether data is stored in it semi-permanently or temporarily,
and does not include signals propagating in a transitory
manner.

[0134] Although the technical idea of the present disclo-
sure has been described by various embodiments above, the
technical idea of the present disclosure includes various
substitutions, modifications, and changes that can be made
within the scope that can be understood by those skilled in
the art to which the present disclosure pertains. Further, it is
to be understood that such substitutions, modifications, and
changes may fall within the scope of the appended claims.
The embodiments in accordance with the present disclosure
may be combined with each other. The respective embodi-
ments may be combined in various ways according to the
number of cases, and the combined embodiments also fall
within the scope of the present disclosure.

1. An electronic device for compressing and storing data,
comprising:

a volatile memory device comprising a compressed

memory pool and a temporary memory pool; and

a controller configured to be connected with a host

processor and the volatile memory device,

wherein the controller is further configured to:

receive first data in pages and a swap-out request for the
first data from the host processor,

store the first data in a first temporary buffer in the
temporary memory pool,

generate first compressed data by compressing the first
data in response to the swap-out request,

store the first compressed data in a second temporary
buffer in the temporary memory pool,

determine a size of the first compressed data in the
second temporary buffer,

allocate the size of the first compressed data in the
second temporary buffer in a storage area of the
compressed memory pool of the volatile memory
device,

store the first compressed data stored in the second
temporary buffer in the storage area,

record a location of the storage area in metadata of the
first data, and

notify the host processor of completion of processing of
the swap-out request,

wherein a size of the allocated storage area corresponds
to the size of the first compressed data.

2. The electronic device of claim 1, wherein the controller
is further configured to divide and manage the volatile
memory device into the compressed memory pool and the
temporary memory pool.

3-4. (canceled)

5. The electronic device of claim 1, wherein the controller
is further configured to:

receive a swap-in request for second data in pages from

the host processor,

generate decompressed data by decompressing second

compressed data in which the second data is com-
pressed in response to the swap-in request, and
transfer the decompressed data to the host processor.

6. The electronic device of claim 5, wherein the controller
is further configured to:

store the decompressed data in a third temporary buffer of

a page size in the temporary memory pool, and
transfer the decompressed data stored in the third tempo-
rary buffer to the host processor.

10

Sep. 26, 2024

7. The electronic device of claim 6, wherein the controller

is further configured to:

notify the host processor of completion of processing of
the swap-in request, and

initialize metadata of the second data.

8. The electronic device of claim 1, wherein the controller

comprises:

a swap controller configured to request allocation of a
memory space of the volatile memory device based on
page information on the first data included in the
swap-out request and control compression of the first
data;

a memory manager configured to secure an empty space
in the volatile memory device according to a determi-
nation of the swap controller; and

a compression and decompression module configured to
compress the first data according to the determination
of the swap controller.

9. The electronic device of claim 8, wherein the controller

further comprises:

a direct memory access (DMA) module configured to
receive data to be swapped out from the host processor
or transmit data to be swapped in to the host processor
by using a predetermined protocol.

10. The electronic device of claim 8, wherein the con-

troller further comprises:

a cache memory configured to store data that has ever
been accessed or is expected to be accessed; and

a memory controller configured to be connected with the
volatile memory device and the cache memory.

11. The electronic device of claim 5, wherein the control-

ler comprises:

a swap controller configured to identify a storage location
of the second compressed data in the volatile memory
device based on page information on the second data
included in the swap-in request and metadata of the
second data, and control decompression of the second
compressed data;

a memory manager configured to secure an empty space
in the volatile memory device according to a determi-
nation of the swap controller; and

a compression and decompression module configured to
decompress the second compressed data according to
the determination of the swap controller.

12. The electronic device of claim 1, wherein the con-

troller is further configured to:

transfer the size of the first compressed data to the host
processot,

receive an address where the first compressed data is to be
stored from the host processor, and

store the first compressed data at the received address.

13. The electronic device of claim 1, wherein the con-

troller is further configured to:

determine cold data out of data stored in the compressed
memory pool in the volatile memory device, and

transmit the cold data to a non-volatile storage device
configured to be connected to the controller.

14. The electronic device of claim 1, wherein the con-

troller is further configured to:

determine cold data out of data stored in the compressed
memory pool in the volatile memory device,

generate decompressed data by decompressing the cold
data, and
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transmit the decompressed data to a non-volatile storage
device configured to be connected to the controller.

15. The electronic device of claim 1, wherein the con-
troller is configured to be connected with an external elec-
tronic device, and

the controller is further configured to receive a swap-out
request for third data in pages from the external elec-
tronic device, generate third compressed data by com-
pressing the third data in response to the swap-out
request for the third data, and store the third com-
pressed data in the volatile memory device.

16. The electronic device of claim 1, wherein the con-
troller is configured to be connected with an external elec-
tronic device, and

the controller is further configured to receive a swap-in
request for fourth data in pages from the external
electronic device, generate decompressed data by
decompressing fourth compressed data in which the
fourth data is compressed in response to the swap-in
request, and transfer the decompressed data to the
external electronic device.

17. A computing system comprising:
a host processor; and

an electronic device,
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wherein the electronic device comprises:

a volatile memory device comprising a compressed
memory pool and a temporary memory pool; and

a controller configured to be connected with the host
processor and the volatile memory device,

wherein the controller is further configured to:

receive first data in pages and a swap-out request for the
first data from the host processor,

generate first compressed data by compressing the first
data in response to the swap-out request,

store the first compressed data in a second temporary
buffer in the temporary memory pool,

determine a size of the first compressed data in the
second temporary buffer,

allocate the size of the first compressed data in the
second temporary buffer in a storage area of the
compressed memory pool of the volatile memory
device,

store the first compressed data stored in the second
temporary buffer in the storage area,

record a location of the storage area in metadata of the
first data, and

notify the host processor of completion of processing of
the swap-out request,

wherein a size of the allocated storage area corresponds
to the size of the first compressed data.

#* #* #* #* #*



