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(54) SWAP AREA IN MEMORY USING MULTIPLE COMPRESSION ALGORITHMS

(57) A computing device and an operating method
thereof are provided. The computing device includes a
memory and a processor configured to: perform a first
compression on a data object stored in the memory ac-
cording to a first compression method, store the first com-
pressed data object in a swap data storage area, and
reclaim a portion of the memory in which the first com-
pressed data object was stored; register information
about the first compressed data object in a first manage-
ment table; obtain the information about the first com-
pressed data object from the first management table
based on a usage ratio of the processor; and perform a
second compression on the first compressed data object
according to a second compression method, store the
second compressed data object in the swap data storage
area, and reclaim a portion of the swap data storage area
in which the first compressed data object was stored.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based on and claims priority
under 35 U.S.C. §119 to Korean Patent Application No.
10-2019-0134101, filed on October 25, 2019, in the Ko-
rean Intellectual Property Office, the disclosure of which
is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a computing device
and an operating method thereof, and more particularly,
to a computing device for performing a memory reclama-
tion function and an operating method of the computing
device.

2. Description of Related Art

[0003] A computing device loads various applications
by using a main memory and performs an operation cor-
responding to an application by executing an application
process. In this case, when a vast amount of data is load-
ed in the main memory, the performance of the computing
device decreases. Accordingly, the computing device pe-
riodically monitors a memory usage and performs a
memory reclamation operation (swap-out/swap-in) when
the memory usage exceeds a certain level. During the
memory reclamation operation, data stored in a memory
is compressed and stored again in another storage de-
vice or a portion of the memory. When a compression
ratio increases during data compression, a compression
speed decreases and a compression time increases,
thereby degrading the performance of the computing de-
vice. Accordingly, in general, a computing device per-
forms compression by using a compression method hav-
ing a high compression speed rather than a compression
method having a high compression ratio, in order to pre-
vent the degradation of the computing performance dur-
ing memory reclamation. Accordingly, a more efficient
method of performing memory reclamation to make more
memory space available is required to yield a high com-
pression ratio while maintaining the high compression
speed.

SUMMARY

[0004] Provided are a computing device and an oper-
ating method thereof, which may overcome limitations of
a memory reclamation function according to the related
art using only a compression algorithm having a low com-
pression ratio and a high speed due to swap-out/swap-
in performance, and may maintain existing swap-
out/swap performance and increase a data compression
ratio by maintaining a compression algorithm according

to the related art having a high speed and recompressing
the compressed data stored in a swap device by using
a compression algorithm having a high compression ratio
when a central processing unit (CPU) is idle.
[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.
[0006] According to an embodiment, there is provided
a computing device including: a memory storing one or
more instructions; and a processor configured to execute
the one or more instructions stored in the memory to:
perform a first compression on a data object stored in
the memory according to a first compression method
based on a free space of the memory, store the first com-
pressed data object in a swap data storage area, and
reclaim a portion of the memory in which the first com-
pressed data object was stored; register information
about the first compressed data object stored in the swap
data storage area, in a first management table; obtain
the information about the first compressed data object
from the first management table based on a usage ratio
of the processor; and perform a second compression on
the first compressed data object according to a second
compression method, store the second compressed data
object in the swap data storage area, and reclaim a por-
tion of the swap data storage area in which the first com-
pressed data object was stored.
[0007] The information about the first compressed data
object registered in the first management table includes
a first storage time indicating a time when the first com-
pressed data object is stored in the swap data storage
area, and the processor is further configured to execute
the one or more instructions to determine whether the
first storage time of the first compressed data object ex-
ceeds a threshold time.
[0008] The processor is further configured to execute
the one or more instructions to register the first storage
time of the first compressed data in the first management
table based on a size of the first compressed data object
being greater than a minimum threshold value and less
than a maximum threshold value.
[0009] The processor is further configured to execute
the one or more instructions to obtain the information
about the first compressed data object of which the first
storage time exceeds the threshold time from the first
management table, in response to the usage ratio of the
processor being less than a first threshold value and a
usage of the memory exceeding a second threshold val-
ue.
[0010] The swap data storage area is a portion of the
memory.
[0011] The second compression method has a com-
pression ratio different from a compression ratio of the
first compression method.
[0012] The processor is further configured to execute
the one or more instructions to register a second storage
time indicating a time when the second compressed data
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object is stored in the swap data storage area, in a second
management table.
[0013] The processor is further configured to execute
the one or more instructions to: obtain the second com-
pressed data object of which the second storage time
exceeds a threshold time, and perform a third compres-
sion on the second compressed data object according
to a third compression method, store the third com-
pressed data object in the swap data storage area, and
reclaim a portion of the swap data storage area in which
the second compressed data object was stored.
[0014] The first management table includes a first pref-
erence table and a first normal table, and the processor
is further configured to execute the one or more instruc-
tions to: register the first compressed data object in the
first preference table based on a process corresponding
to the first compressed data object stored in the swap
data storage area being a non-killable process, and reg-
ister the first compressed data object in the first normal
table based on a process corresponding to the first com-
pressed data object stored in the swap data storage area
being a killable process.
[0015] The processor is further configured to execute
the one or more instructions to preferentially select the
first compressed data object registered in the first pref-
erence table over the first compressed data object reg-
istered in the first normal table, as a second compression
target data object in response to the usage ratio of the
processor being less than a first threshold value.
[0016] According to an embodiment, there is provided
an operating method of a computing device, the operat-
ing method including: performing a first compression on
a data object stored in a memory according to a first com-
pression method, storing the first compressed data object
in a swap data storage area based on a free space of
the memory, and reclaiming a portion of the memory in
which the first compressed data object was stored; reg-
istering information about the first compressed data ob-
ject stored in the swap data storage area, in a first man-
agement table; obtaining the information about the first
compressed data object from the first management table
based on a usage ratio of a processor; and performing
a second compression on the first compressed data ob-
ject according to a second compression method, storing
the second compressed data object in the swap data
storage area, and reclaiming a portion of the swap data
storage area in which the first compressed data object
was stored.
[0017] The information about the first compressed data
object registered in the first management table includes
a first storage time indicating a time when the first com-
pressed data object is stored in the swap data storage
area, and the operating method further includes deter-
mining whether the first storage time of the first com-
pressed data object exceeds a threshold time.
[0018] The operating method further includes register-
ing the first storage time of the first compressed data
object in the first management table based on a size of

the first compressed data object being greater than a
minimum threshold value and less than a maximum
threshold value.
[0019] The operating method further includes obtain-
ing the information about the first compressed data object
of which the first storage time exceeds the threshold time
from the first management table, in response to the usage
ratio of the processor being less than a first threshold
value and a usage of the memory exceeding a second
threshold value.
[0020] The second compression method has a com-
pression ratio different from a compression ratio of the
first compression method, and the compression ratio of
the second compression method is higher than the com-
pression ratio of the first compression method.
[0021] The operating method further includes register-
ing a second storage time indicating a time when the
second compressed data object is stored in the swap
data storage area, in a second management table.
[0022] The operating method further includes: obtain-
ing the second compressed data object of which the sec-
ond storage time exceeds a threshold time, and perform-
ing a third compression on the second compressed data
object according to a third compression method, storing
the third compressed data object in the swap data storage
area, and reclaiming a portion of the swap data storage
area in which the second compressed data object was
stored.
[0023] The first management table includes a first pref-
erence table and a first normal table, the operating meth-
od further includes: registering the first compressed data
object in the first preference table based on a process
corresponding to the first compressed data object stored
in the swap data storage area being a non-killable proc-
ess, and registering the first compressed data object in
the first normal table based on a process corresponding
to the first compressed data object stored in the swap
data storage area being a killable process.
[0024] The operating method further includes prefer-
entially selecting the first compressed data object regis-
tered in the first preference table over the first com-
pressed data object registered in the first normal table,
as a second compression target data object in response
to the usage ratio of the processor being less than a first
threshold value.
[0025] According to an embodiment, there is provided
a non-transitory computer-readable recording medium
having recorded thereon a computer program for exe-
cuting an operating method of a computing device, the
operating method includes: performing a first compres-
sion on a data object stored in a memory according to a
first compression method, storing the first compressed
data object in a swap data storage area based on a free
space of the memory, and reclaiming a portion of the
memory in which the first compressed data object was
stored; registering information about the first com-
pressed data object stored in the swap data storage area,
in a first management table; obtaining the information
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about at least one first compressed data object from the
first management table based on a usage ratio of a proc-
essor; and performing a second compression on the at
least one first compressed data object according to a
second compression method, storing the second com-
pressed data object in the swap data storage area, and
reclaiming a portion of the swap data storage area in
which the first compressed data object was stored.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other aspects, features, and ad-
vantages of certain embodiments of the disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a reference diagram for describing a mem-
ory reclamation concept according to an embodi-
ment;

FIG. 2 is a reference diagram for describing an op-
eration according to a page fault according to an em-
bodiment;

FIG. 3 is a reference diagram for describing a con-
cept of a memory reclamation method in a computing
device according to an embodiment;

FIG. 4A is a block diagram of a computing device for
performing memory reclamation according to an em-
bodiment;

FIG. 4B is a reference diagram for describing an op-
eration of a processor of a computing device that
performs memory reclamation according to an em-
bodiment;

FIG. 4C is a reference diagram for describing a lo-
cation of a swap data storage area according to an
embodiment;

FIG. 5 is a flowchart of a method of performing mem-
ory reclamation in a computing device according to
an embodiment;

FIG. 6 is a flowchart of a process of first-step com-
pressing a data object in a computing device accord-
ing to an embodiment;

FIG. 7 is a reference diagram for describing an ad-
dress system of a data object stored in a memory
according to an embodiment;

FIG. 8 is a reference diagram for describing an ex-
ample of first-step compressing a data object of a
memory, storing the first-step compressed data ob-
ject in a swap data storage area, and registering the
first-step compressed data object in a first-step least

recently used (LRU) according to an embodiment;

FIG. 9 is a flowchart of a method of second-step com-
pressing a first-step compressed data object in a
computing device according to an embodiment;

FIG. 10 is a reference diagram for describing a sec-
ond-step compression operation according to an
embodiment;

FIG. 11 is a reference diagram for describing an ex-
ample of performing second-step compression ac-
cording to an embodiment;

FIG. 12 is a reference diagram for describing an ex-
ample of performing third-step compression accord-
ing to an embodiment;

FIG. 13 is a flowchart of a method of performing first-
step compression by using characteristics of a data
object in a memory reclamation operation according
to an embodiment;

FIG. 14 is a flowchart of a method of performing sec-
ond-step compression by using characteristics of a
data object in a memory reclamation operation ac-
cording to an embodiment; and

FIG. 15 is a reference diagram for describing an ex-
ample of preparing first-step preference LRU by us-
ing characteristics of data and performing second-
step compression according to an embodiment.

DETAILED DESCRIPTION

[0027] The terms used herein will be briefly described,
and embodiments of the disclosure will be described in
detail.
[0028] The terms used herein are general terms cur-
rently widely used in the art in consideration of functions
in the disclosure, but the terms may vary according to
the intention of one of ordinary skill in the art, precedents,
or new technology in the art. Also, some of the terms
used herein may be arbitrarily chosen by the applicant,
and in this case, these terms are defined in detail below.
Accordingly, the specific terms used herein should be
defined based on the unique meanings thereof and the
context of the disclosure.
[0029] It will be understood that when a certain part
"includes" a certain component, the part does not exclude
another component but may further include another com-
ponent, unless the context clearly indicates otherwise.
The term used herein such as "unit" or "module" indicates
a unit for processing at least one function or operation,
and may be implemented in hardware, software, or in a
combination of hardware and software.
[0030] The expression "at least one of a, b or c" indi-
cates only a, only b, only c, both a and b, both a and c,
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both b and c, all of a, b, and c, or variations thereof.
[0031] The disclosure will now be described in more
detail with reference to the accompanying drawings for
one of ordinary skill in the art to be able to make and use
the embodiments of the disclosure. The disclosure may
be embodied in many different forms and should not be
construed as being limited to the embodiments of the
disclosure set forth herein. In the drawings, portions ir-
relevant the descriptions of the disclosure may not be
illustrated for clarity of explanation, and like reference
numerals denote like elements throughout.
[0032] The term "user" used herein refers to a person
who controls a function or operation of a computing de-
vice, and may include, for example, a viewer, a manager,
or an installation engineer.
[0033] FIG. 1 is a reference diagram for describing a
memory reclamation concept according to an embodi-
ment.
[0034] Memory reclamation refers to a process of re-
turning a space of a memory that is used by a process
(e.g., an application or a daemon) operating in a system
to the system so that the system reuses the returned
space of the memory. The memory reclamation may be
performed by breaking a connection between a virtual
address and a physical address, while maintaining the
virtual address of the application. Data of a physical mem-
ory of which the connection to the virtual address is bro-
ken is copied to another storage device, and then the
physical memory is used for another purpose. When the
process attempts to access the reclaimed virtual ad-
dress, a new physical memory is allocated, data of the
storage device is copied, and a reconnection to the virtual
address is established.
[0035] Memory reclamation is performed by using two
methods according to a memory type.
[0036] First, because file-type memory data (e.g., code
or a general file) may be read again from a storage device,
a memory is reclaimed by dropping the data and breaking
a connection between a virtual address and a physical
memory address.
[0037] Second, because anonymous (Anon)-type
memory data (e.g., a data area, a heap for dynamic al-
location, or a stack) may not be read again, a memory is
reclaimed by storing data in a swap device and breaking
a connection between a virtual address and a physical
memory.
[0038] In the disclosure, reclamation performed by
swapping out Anon-type memory data will be described.
[0039] A memory reclamation concept will be de-
scribed with reference to an example shown in FIG. 1.
[0040] Referring to FIG. 1, three processes, that is, a
process 1, a process 2, and a process 3, operate in a
system. Each process has a virtual machine address
(VMA) system for finding a memory space that is used
by each process. A central processing unit (CPU) allows
a process to operate based on a virtual address by using
a memory management unit (MMU), the virtual address
used by each process is connected to a physical memory,

and when the process accesses (reads/writes/executes)
the virtual address, the process accesses the physical
memory connected through the MMU.
[0041] The process 1 accesses a memory space
through a process 1 VMA, and the process 2 accesses
a memory space through a process 2 VMA. For conven-
ience of description, it is assumed that data of a memory
corresponding to a virtual address <1> of the process 1
is <10>, data of a memory corresponding to a virtual ad-
dress <2> of the process 1 is <20>, data of a memory
corresponding to a virtual address <3> of the process 2
is <30>, data of a memory corresponding to a virtual ad-
dress <4> of the process 2 is <40>, data of a memory
corresponding to a virtual address <5> of the process 3
is <50>, data of a memory corresponding to a virtual ad-
dress <6> of the process 3 is <60>, and data of a memory
corresponding to a virtual address <7> of the process 3
is <70>. Although a virtual address and an actual memory
are simply mapped to each other in FIG. 1 for conven-
ience of description, a virtual address actually accessed
by a CPU may be translated by using one or more page
tables and offsets, to obtain a final physical address.
When a process accesses a memory based on a virtual
address, a CPU translates the virtual address into a phys-
ical address at a high speed by referring to page table
information of an MMU. Connection information between
a virtual address and a physical address is included in a
page table. A process may access a physical memory
by using the page table. A page is a basic unit for physical
memory management, and a physical memory is gener-
ally managed in 4 KB pages.
[0042] When a memory space is being used and a
physical memory becomes scarce in a system, a kernel
swap daemon (kswapd) may operate to reclaim a mem-
ory of a process and start securing free spaces in the
memory.
[0043] A space for copying data of the physical mem-
ory in a memory reclamation process is referred to as a
swap device. A storage device such as a hard disk drive
(HDD) is often used as a swap device in an environment
of a server and a personal computer (PC). However, in
an embedded system (e.g., a smartTV or a smartphone),
an HDD storage device is rarely used, and a flash storage
device that is mainly used has a short lifespan due to a
memory swap operation. Accordingly, in an embedded
system, a RAM-disk (or RAM-drive) that compresses da-
ta of a physical memory and stores the data in a kernel
memory, rather than a general storage device, is used.
Although a RAM-disk-based swap device is illustrated in
the disclosure, embodiments of the disclosure are not
limited to the RAM-disk-based swap device.
[0044] Referring to FIG. 1, memory spaces corre-
sponding to the virtual addresses 4, 5, 6, and 7 are re-
claimed, and data at the virtual addresses 4, 5, 6, and 7
are compressed and stored in a swap device. A process
of compressing data and storing the compressed data in
a swap device is referred to as swap-out, and a process
of decompressing compressed data from a swap device
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and storing the decompressed data in a memory is re-
ferred to as swap-in. When the memory spaces corre-
sponding to the virtual addresses 4, 5, 6, and 7 are re-
claimed, a system may regain memory spaces occupied
by the data 40, 50, 60, and 70 and may use the memory
spaces to store other data.
[0045] FIG. 2 is a reference diagram for describing an
operation according to a page fault according to an em-
bodiment.
[0046] When a process accesses a virtual address and
there is no information about a physical address connect-
ed to the virtual address in a page table, an MMU raises
a hardware (HW) exception referred to as a page fault.
During memory reclamation, because data of a physical
memory is stored in a RAM-disk-based swap device and
a connection between a virtual address and a physical
address is broken, a page fault occurs when a process
accesses the virtual address. Once the page fault occurs,
an operating system allocates a new physical memory,
reads data from the swap device and copies the data to
the new physical memory. When the data is completely
copied to the new physical memory, the new physical
memory is connected to a virtual memory so that the
process can access the data.
[0047] Referring to FIG. 2, when a CPU attempts to
access the virtual address <4> of the process 2 that is a
reclaimed virtual address, a page fault occurs. In this
case, an operating system allocates a new physical ad-
dress, and reads the data <40> corresponding to the vir-
tual address <4> and copies the data <40> to the new
physical address.
[0048] As such, when an available space of a system
memory is reduced such that the available space is less
than or equal to a set threshold value while the system
and a process operate, a kernel swap daemon kswapd
of the operating system wakes up and starts memory
reclamation. The memory reclamation involves breaking
a virtual/physical address connection in mapping infor-
mation (e.g., a page table) between virtual and physical
memories, compressing memory data by using a com-
pression algorithm set in the system, and storing the com-
pressed data in a swap device. When the process ac-
cesses (reads/writes) a virtual address of a compressed
area, a page fault occurs. In this case, swap-in is per-
formed, by decompressing the compressed data stored
in the swap device and loading the decompressed data
to a memory so that the process accesses the virtual
address.
[0049] Conventionally, because a memory reclama-
tion method prioritizes response speed performance dur-
ing application launching to secure memory space, data
stored in the memory may be compressed by using an
algorithm/level having a high compression speed from
among various compression algorithms and a plurality
of levels of the compression algorithms. That is, a con-
ventional compression method/level has a low compres-
sion ratio, and a short compression time.
[0050] However, when an algorithm having a high com-

pression ratio is used for memory reclamation, a com-
pression time is relatively longer compared to that of an
algorithm having a lower compression ratio and swap-
out/swap-in performance is degraded, and thus access
of an application to a desired memory may be delayed
and considerable performance degradation may occur.
Accordingly, a memory reclamation method according to
the related art does not use a compression algorithm
having a high compression ratio, but instead uses a com-
pression algorithm having a low compression ratio to
yield a high compression speed. For example, a default
compression algorithm of a Linux-based operating sys-
tem is Iz4. A default compression level 1 is used, and as
a compression level increases, a compression ratio in-
creases. Although various compression algorithms and
compression levels other than Iz4 may be used, an op-
erating system according to the related art selectively
provides only an algorithm such as Lempel-Ziv 4 (LZ4 or
Iz4), Lempel-Ziv-Oberhumer (LZO or Lzo), or zstandard
(zstd), and it is impossible for the operating system to
dynamically adjust a compression algorithm and level.
[0051] Embodiments of the disclosure provide a mem-
ory reclamation method that improves compression per-
formance and compression ratio based on the following
two schemes.
[0052] First, in the case of a plurality of compression
algorithms (e.g., Iz4, zstd, and Lempel-Ziv-Markov (Iz-
ma)), as a compression level increases, compression
speed performance (swap-out) decreases but decom-
pression speed performance (swap-in) is constant. How-
ever, because a compression ratio may increase as a
compression level increases, a compression ratio may
be improved by performing secondary compression by
using a compression method having a high compression
ratio during a time when a usage of a CPU is low.
[0053] Second, among reclaimed memories of an ap-
plication, there are many memories that are not accessed
or are very rarely accessed (swapped-in) until the system
is turned off. Also, there are many cases in which a mem-
ory is not loaded when a specific operation scenario does
not trigger the memory to be loaded. Accordingly, during
the secondary compression using the compression
method having the high compression ratio during the time
when the usage of the CPU is low, compression efficiency
may be further improved by appropriately selecting mem-
ory data to be subjected to the secondary compression.
[0054] FIG. 3 is a reference diagram for describing a
concept of a memory reclamation method in a computing
device according to an embodiment.
[0055] Referring to FIG. 3, a memory 300 may include
a data storage area 310 and a swap data storage area
320. A computing device may read a data object 330
stored in the data storage area 310 based on a free space
of the memory 300. Specifically, in a first compression,
e.g., first-step compression, the computing device com-
presses the read data object 330 by using a first com-
pression method to obtain a first compressed data object,
e.g., a first-step compressed data object 340, and stores
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the first-step compressed data object 340 in the swap
data storage area 320 to reclaim a memory space in
which the data object 330 was stored. For example, the
computing device may reclaim a memory space when a
usage of the memory 300 exceeds a threshold value
and/or a free space of the memory 300 is less than a free
space threshold value.
[0056] Although the first compression method used in
first-step compression may be determined in various
ways according to an embodiment, a compression meth-
od having a high compression speed may be used con-
sidering compression speed performance rather than a
compression ratio.
[0057] Although the swap data storage area 320 is il-
lustrated as a portion of the memory 300 in FIG. 3, the
swap device storage area 320 may be an external device
that is separated from the memory 300.
[0058] The computing device may read the first-step
compressed data object 340 stored in the swap data stor-
age area 320 based on a usage ratio of a processor,
perform a second compression, e.g., a second-step com-
pression, on the first-step compressed data object 340
by using a second compression method to obtain a sec-
ond compressed data object, e.g., a second-step com-
pressed data object 350. Then, the second-step com-
pressed data object 350 may be stored in the swap data
storage area 320. Specifically, the computing device de-
compresses the first-step compressed data object 340
stored in the swap data storage area 320, and then per-
forms the second-step compression by using the second
compression method. For example, the computing de-
vice may start the second-step compression when it is
detected that the usage ratio of the processer is less than
a threshold value. This is to additionally secure a free
space of the memory 300 by performing additional com-
pression, that is, the second-step compression, during a
time when the processor is not busy, without burdening
an operation of the processor.
[0059] According to an embodiment, a method having
lower compression speed performance than the first
compression method but having a high compression ratio
may be used as the second compression method.
[0060] As such, when a usage of the memory 300 in-
creases, because a data object is first-step compressed
by using a first compression method having high com-
pression speed performance, a memory space may be
secured at a high response speed; and when a usage
ratio of a CPU decreases, because the first-step com-
pressed data object is second-step compressed by using
a second compression method having a relatively higher
compression ratio, more memory space may be secured.
[0061] A computing device for performing memory rec-
lamation will be described with reference to FIGS. 4A,
4B, and 4C.
[0062] FIG. 4A is a block diagram of a computing de-
vice for performing memory reclamation according to an
embodiment.
[0063] Referring to FIG. 4A, a computing device 100

may include a memory 110 and a processor 120.
[0064] The memory 110 according to an embodiment
may store programs for one or more processes and con-
trol operations of the processor 120, and store data input
to or output from the computing device 100.
[0065] The memory 110 may include at least one type
of storage medium from among a flash memory type, a
hard disk type, a multimedia card micro type, a card type
memory (e.g., a secure digital (SD) or extreme digital
(XD) memory), random-access memory (RAM), static
random-access memory (SRAM), read-only memory
(ROM), electrically erasable programmable read-only
memory (EEPROM), programmable read-only memory
(PROM), a magnetic memory, a magnetic disk, or an
optical disk.
[0066] The processor 120 controls overall operations
of the computing device 100. For example, the processor
120 may perform a function of the computing device 100,
by executing one or more instructions stored in the mem-
ory 110.
[0067] The processor 120 according to an embodiment
executes the one or more instructions stored in the mem-
ory 110, to first-step compress a data object stored in the
memory 110 according to a first compression method
and store the first-step compressed data object in a swap
data storage area based on a usage of the memory 110,
reclaim a portion of the memory 110 in which the data
object was stored, and register storage time information
of the first-step compressed data object stored in the
swap data storage area in a first management table. The
processor 120 may also obtain the first-step compressed
data object of which the storage time exceeds a threshold
time from the first management table based on a usage
ratio of the processor 120, second-step compress the
first-step compressed data object according to a second
compression method, store the second-step com-
pressed data object in the swap data storage area, and
reclaim a portion of the swap data storage area in which
the first-step compressed data object was stored.
[0068] As such, because the second-step compres-
sion is performed during a time when a usage ratio of the
processor 120 is relatively low in addition to first-step
compression, a memory space may be additionally se-
cured without degrading the performance of the comput-
ing device 100.
[0069] The processor 120 may execute the one or
more instructions stored in the memory 110 to register
the storage time information of the first-step compressed
data object in the first management table based on a size
of the first-step compressed data object being greater
than a minimum threshold value and/or less than a max-
imum threshold value.
[0070] As such, when the first-step compressed data
object satisfying a certain threshold value is registered
in the first management table, the second-step compres-
sion may be performed according to the registered first-
step compressed data objects in the first management
table. In addition, the first-step compressed data object
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that no longer requires further compression may not be
registered in the first management table, and therefore,
a data object to be second-step compressed may be ef-
fectively selected.
[0071] The processor 120 may execute the one or
more instructions stored in the memory 110, to obtain
information about the first-step compressed data object
of which the storage time exceeds a threshold time, from
the first management table, in response to a case where
a usage ratio of the processor 120 is less than a threshold
value and a usage of the memory 110 exceeds a thresh-
old value.
[0072] According to an embodiment, the swap data
storage area may be a portion of the memory 110.
[0073] According to an embodiment, the swap data
storage area may be separated from the memory 110.
[0074] According to an embodiment, a compression
ratio of the second compression method may be different
from (e.g., higher than) a compression ratio of the first
compression method.
[0075] The processor 120 may execute the one or
more instructions stored in the memory 110 to register
storage time information indicating a storage time of the
second-step compressed data object stored in the swap
data storage area in a second management table.
[0076] As such, because the second-step compressed
data object satisfying a certain threshold value is sepa-
rately registered in the second management table, a data
object to be third compressed, e.g., third-step com-
pressed, may be effectively selected.
[0077] The processor 120 may execute the one or
more instructions stored in the memory 110 to obtain the
second-step compressed data object of which the stor-
age time exceeds a threshold time from the second man-
agement table, perform third compression, e.g., third-
step compression, on the second-step compressed data
object according to a third compression method, store
the third compressed data object, e.g., the third-step
compressed data object, in the swap data storage area,
and reclaim a portion of the swap data storage area in
which the second-step compressed data object was
stored.
[0078] In addition, the processor 120 may execute the
one or more instructions stored in the memory 110 to
register the first-step compressed data object in a first
preference table when a process corresponding to the
first-step compressed data object stored in the swap data
storage area is a non-killable process, and register the
first-step compressed data object in a first normal table
when a process corresponding to the first-step com-
pressed data object stored in the swap data storage area
is a killable process.
[0079] Furthermore, the processor 120 may execute
the one or more instructions stored in the memory 110
to preferentially select the first-step compressed data ob-
ject registered in the first preference table over the first-
step compressed data object registered in the first normal
table when a second compression target data object is

selected in response to a case where a usage ratio of
the processor 120 is less than a threshold value.
[0080] The computing device 100 may include more
elements than those illustrated in FIG. 4A, and the dis-
closure is not limited to the above example.
[0081] According to an embodiment, the computing
device 100 may further include one or more of a display
for displaying an image on a screen under the control of
the processor 120, a tuner for receiving a broadcast sig-
nal, a communicator capable of communicating with an
external device by using a wired/wireless communication
system, a detector for detecting a user’s voice, image,
interaction, etc., an input/output unit for transmitting/re-
ceiving a video, audio, or additional information input
from the outside of the computing device 100, a video
processor for processing image data displayed on a dis-
play, an audio processor, an audio output unit, and a user
input unit through which the user inputs data for control-
ling the computing device 100, in addition to the memory
110 and the processor 120.
[0082] FIG. 4B is a reference diagram for functionally
describing an operation of a processor of a computing
device for performing memory reclamation according to
an embodiment.
[0083] Referring to FIG. 4B, a kernel 400 may include
a kernel swap daemon 430, a first-step least recently
used (LRU) 440, a recompression daemon 450, and a
second-step LRU 460.
[0084] A kernel is a computer program at the core of
an operating system of a computer with complete control
over everything in a system, and provides various serv-
ices necessary to operate other portions of the operating
system and an application program. The kernel plays the
role of securing computer hardware and processes, man-
aging resources for efficiently utilizing limited system re-
sources and smoothly executing programs, and perform-
ing abstraction.
[0085] A daemon is a program that performs various
tasks in the background without being under the direct
control of a user in a multitasking operating system, and
responds to network requests, hardware activity, and oth-
er programs.
[0086] Referring to FIG. 4B, a memory reclamation
function may be performed by the kernel swap daemon
430 and the recompression daemon 450.
[0087] The kernel swap daemon 430 operates based
on a memory usage 410. For example, when the memory
usage 410 exceeds a threshold value, first-step compres-
sion may be performed on a data object of a memory,
and the first-step compressed data object may be stored
in a swap data storage area. Also, the kernel swap dae-
mon 430 may register, in the first-step LRU 440, infor-
mation about a first-step compressed data object satis-
fying a pre-determined threshold condition from among
first-step compressed data objects to select the first com-
pressed data object to be second-step compressed.
[0088] According to an embodiment, the kernel swap
daemon 430 may register, in the first-step LRU 440, a
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first-step compressed data object satisfying a pre-deter-
mined threshold condition based on a compression size
being greater than a minimum threshold value and/or less
than a maximum threshold value.
[0089] According to an embodiment, the kernel swap
daemon 430 may selectively register a first-step com-
pressed data object in a first-step normal LRU 441 and
a first-step preference LRU 442 of the first-step LRU 440
based on characteristics of a data object. The character-
istics of the data object may include whether the data
object is killable or non-killable. When a data object is
non-killable, it means that a process corresponding to
the data object is an indispensable critical process to an
operation of a system, and thus must not be removed
from the system. When a data object is killable, it means
that the data object may be removed from a system. For
example, when a first-step compressed data object is
killable, the kernel swap daemon 430 may register the
first-step compressed data object in the first-step normal
LRU 441. For example, when a first-step compressed
data object is non-killable, the kernel swap daemon 430
may register the first-step compressed data object in the
first-step preference LRU 442. A priority for a second-
step compression target varies according to whether data
objects are registered in the first-step normal LRU 441
or the first-step preference LRU 442. As such, when a
non-killable data object is registered in the first-step pref-
erence LRU 442, a data object registered in the first-step
preference LRU442 is preferentially selected as a sec-
ond-step compression target over a data object regis-
tered in the first-step normal LRU 441. Because a non-
killable data object must not be removed from a system,
it may be prioritized as a potential a second-step com-
pression target over a killable data object registered in
the first-step normal LRU 441.
[0090] The recompression daemon 450 may operate
based on the memory usage 410 and a processor usage
ratio 420. For example, the recompression daemon 450
may begin to operate when the processor usage ratio
420 is less than a threshold value and the memory usage
410 is equal to or greater than a threshold value. Also,
the recompression daemon 450 reads a data object ex-
ceeding a threshold time from the swap data storage area
from among first-step compressed data objects regis-
tered in the first-step LRU to decompress the first-step
compressed data object and performs compression by
using a second-step compression method having a high-
er compression ratio than a compression ratio of a first-
step compression method. The second-step com-
pressed data object may be stored in the swap data stor-
age area. Information about the second-step com-
pressed data object stored in the swap data storage area
may be registered in the second-step LRU 460.
[0091] According to an embodiment, when the first-
step LRU 440 is divided into the first-step normal LRU
441 and the first-step preference LRU 442, the recom-
pression daemon 450 may preferentially select a data
object registered in the first-step preference LRU 442

over a data object registered in the first-step normal LRU
442 as a second-step compression target.
[0092] The recompression daemon 450 may read a
data object exceeding a threshold time from among sec-
ond-step compressed data objects registered in the sec-
ond-step LRU 460 from the swap data storage area to
decompress the second-step compressed data object,
and may perform third-step compression on the decom-
pressed second-step compressed data object, and may
store the third-step compressed data object in the swap
data storage area.
[0093] FIG. 4C is a reference diagram for describing a
location of a swap data storage area according to an
embodiment.
[0094] Referring to FIG. 4C, a swap data storage area
130 in which a compressed data object is stored may be
included in a kernel area included in a portion of the mem-
ory 110.
[0095] According to another embodiment, the swap
data storage area 130 may be included in an external
memory 140 that is a device separate from the memory
110.
[0096] FIG. 5 is a flowchart of a method of performing
memory reclamation in a computing device, according
to an embodiment.
[0097] Referring to FIG. 5, in operation 510, a comput-
ing device may perform first-step compression on a data
object stored in a memory according to a first compres-
sion method and store the first-step compressed data
object in a swap data storage area based on a usage of
the memory, and reclaim a portion of the memory in which
the data object was stored. For example, the computing
device may perform first-step compression on the data
object stored in the memory as the usage of the memory
exceeds a threshold value.
[0098] In operation 520, the computing device may
register information about the first-step compressed data
object stored in the swap data storage area, in a first
management table. For example, the information about
the first-step compressed data object registered in the
first management table may include storage time infor-
mation indicating a storage time when the first-step com-
pressed data object is stored in the swap data storage
area.
[0099] In operation 530, the computing device may ob-
tain information about at least one first-step compressed
data object from the first management table based on a
usage ratio of the processor, perform second-step com-
pression on the first-step compressed data object ac-
cording to a second compression method, store the sec-
ond-step compressed data object in the swap data stor-
age area, and reclaim a portion of the swap data storage
area in which the first-step compressed data object was
stored.
[0100] According to an embodiment, the computing
device may obtain the information about the at least one
first-step compressed data object from the first manage-
ment table in response to a case where the usage ratio
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of the processor is reduced to be less than a threshold
value.
[0101] According to an embodiment, the computing
device may obtain information about a first-step com-
pressed data object of which the storage time exceeds
a threshold time when obtaining the information about
the first-step compressed data object from the first man-
agement table.
[0102] FIG. 6 is a flowchart of a process of first-step
compressing a data object in a computing device, ac-
cording to an embodiment.
[0103] Referring to FIG. 6, in operation 610, a comput-
ing device may detect that a usage of a memory exceeds
a threshold value.
[0104] A kernel may monitor the usage of the memory
during an operation of the computing device, and may
detect whether the usage of the memory exceeds a pre-
determined threshold value. For example,
min_free_kbytes may be used as a value indicating the
usage of the memory. The computing device may detect
whether the usage of the memory exceeds a pre-deter-
mined threshold usage value, whether a usage ratio of
the memory exceeds a pre-determined threshold ratio
value, or whether an available space or a free space of
the memory is less than a pre-determined threshold spa-
tial value.
[0105] In operation 620, the computing device may
first-step compress a data object stored in the memory.
[0106] Here, an address system of the data object
stored in the memory will be first described.
[0107] FIG. 7 is a reference diagram for describing an
address system of a data object stored in a memory ac-
cording to an embodiment.
[0108] An address system may translate a virtual ad-
dress into a physical address and may access an address
of an actual physical memory by using the physical ad-
dress. A format of the virtual address may be determined
in various ways. For example, a virtual address 700 may
include a primary page number 710, a secondary page
number 720, and an offset 730. The system may first
access a primary page table 740, and may obtain a page
table number 750 by using the primary page number 710
included in the virtual address 700. Next, the system may
access a page table corresponding to the page table
number 750 from a plurality of secondary page tables
760, and may obtain a page frame number 770 by using
the secondary page number 720 included in the virtual
address. Next, the system may obtain a final physical
address 780 of the memory by using the page frame
number 770 and the offset 730 included in the virtual
address 700. In detail, the system may access a start
address of a page frame in the data storage area 310 of
a physical memory by using the page frame number 770,
and may access an address of actual data to be accessed
by using the offset 730.
[0109] Referring back to FIG. 6, when it is detected
that the usage of the memory exceeds the threshold val-
ue in operation 610, a kernel swap daemon for executing

a memory reclamation operation may wake up. The ker-
nel swap daemon that is a daemon operated in the back-
ground by the kernel may execute a memory reclamation
operation to secure an available space of the memory
when the usage of the memory increases.
[0110] The kernel swap daemon may determine a data
object in an area of which the space is to be secured for
memory reclamation, and then may break a connection
between a virtual address and a physical address of the
data object. When the connection between the virtual
address and the physical address of the data object is
broken, it means that information of a page table used
to access the physical address of the data object by using
the virtual address is manipulated, to make the physical
address invisible when a process attempts to access the
data object by using the virtual address. Once the con-
nection between the virtual address and the physical ad-
dress of the data object is broken, the system may use
the physical address to store other data.
[0111] The kernel swap daemon may read the data
object stored in the memory and may perform first-step
compression on the data object by using a first compres-
sion method.
[0112] The first compression method used in the first-
step compression may be determined in various ways.
For example, a compression method having a high com-
pression speed may be used considering compression
speed performance rather than a compression ratio.
[0113] A compression method may be determined ac-
cording to a compression algorithm and a compression
level. Examples of the compression algorithm may in-
clude Iz4, zstd, and Izma. Also, one compression algo-
rithm may include a plurality of compression levels. For
example, the compression algorithm Iz4 may include
compression levels from 0 to 16.
[0114] According to an embodiment, a compression
algorithm having excellent compression speed perform-
ance may be used as the first compression method.
[0115] According to an embodiment, a compression
method having a low compression level in the same com-
pression algorithm may be used as the first compression
method.
[0116] In operation 630, the computing device may
store the first-step compressed data object in a swap
data storage area.
[0117] Specifically, the kernel swap daemon may store
the first-step compressed data object in the swap data
storage area by using the first compression method.
[0118] In operation 640, the computing device may de-
termine whether a compression size of the first-step com-
pressed data object satisfies a threshold condition.
[0119] Specifically, the kernel swap daemon may de-
termine whether the compression size of the first-step
compressed data object satisfies the threshold condition
by determining whether the compression size is greater
than a minimum threshold size and less than a maximum
threshold size. The reason why a condition including the
minimum threshold size and the maximum threshold size
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is set as the threshold condition is as follows. When the
compression size of the first-step compressed data ob-
ject is less than the minimum threshold size, the first-step
compressed data object is already compressed to the
smallest size and does not need to be recompressed,
and thus has to be excluded from management. Also,
when the compression size of the first-step compressed
data object is greater than the maximum threshold size,
the first-step compressed data object is likely to be an
incompressible data object. Therefore, even when a
compression operation is attempted once again by using
another compression algorithm or compression level, the
first-step compressed data object does not have a com-
pression effect anymore and does not need to be recom-
pressed, and has to be excluded from management. As
such, for a first-step compressed data object of which
the compression size satisfies a certain threshold condi-
tion, whether the first-step compressed data object sat-
isfies a threshold condition is determined in order to sep-
arately store and manage the first-step compressed data
object in an LRU.
[0120] When the compression size satisfies the thresh-
old condition, the computing device proceeds to opera-
tion 650. However, when the compression size does not
satisfy the threshold condition, the computing device pro-
ceeds to operation 660 to enter a wait state without stor-
ing the first-step compressed data object in the LRU.
[0121] In operation 650, when the compression size of
the first-step compressed data object satisfies the thresh-
old condition, the computing device may store informa-
tion about the first-step compressed data object satisfy-
ing the threshold condition in a first-step LRU.
[0122] According to an embodiment, the kernel swap
daemon may store the information of the first-step com-
pressed data object of which the compression size sat-
isfies the threshold condition, in the first-step LRU. A least
recently used (LRU) algorithm is a page management
algorithm of an operating system that removes a page
that is not used for the longest time.
[0123] When the kernel swap daemon stores the infor-
mation about the first-step compressed data object of
which the compression size satisfies the threshold con-
dition in the first-step LRU, it means that the information
about the first-step compressed data object of which the
compression size satisfies the threshold condition is
managed by using a first-step LRU algorithm. In the dis-
closure, for convenience of description, it will be de-
scribed that the kernel swap daemon stores the informa-
tion about the first-step compressed data object of which
the compression size satisfies the threshold condition in
the first-step LRU.
[0124] The information about the first-step com-
pressed data object stored in the first-step LRU may in-
clude a swap address indicating a location of the swap
data storage area in which the first-step compressed data
object is stored and storage time information indicating
a storage time when the first-step compressed data ob-
ject is stored in the swap data storage area.

[0125] FIG. 8 is a reference diagram for describing an
example of first-step compressing a data object of a
memory, storing the first-step compressed data object in
a swap data storage area, and registering the first-step
compressed data object in a first-step LRU according to
an embodiment.
[0126] Referring to FIG. 8, a memory of a computing
device may include the data storage area 310 and the
swap data storage area 320. The computing device de-
tects that a usage of the memory exceeds a threshold
value, reads a data object 810 (e.g., a page frame #2 or
PF2) stored in the data storage area 310, and performs
first-step compression on the data object 810 according
to a first compression method to obtain a first-step com-
pressed data object 820. The computing device stores
the first-step compressed data object 820 in the swap
data storage area 320.
[0127] Also, the computing device updates the page
frame #2 that is a page frame number stored in a second
page table for memory reclamation to an address of the
swap data storage area 320 (e.g., a swap address 50),
in which the first-step compressed data object is stored.
Because the page frame #2 is removed from the second
page table and is released from the data storage area
310, the page frame #2 in the data storage area 310 may
be used to store new data. Also, when a swap address,
instead of a page frame number, is stored in the second
page table and a system accesses the second page table
to access data of the data storage area 310 of the mem-
ory, the page frame number is not stored, and thus an
event such as a "page fault" or a "page exception" occurs.
Accordingly, the computing device may recognize the
swap address 50 by accessing the second page table by
using another process accessible to the swap data stor-
age area 320, determine that the swap address 50 cor-
responds to a physical address 73 by accessing a swap
address management metatable 850, and read the first-
step compressed data object 820 by accessing the phys-
ical address 73.
[0128] Next, when a compression size of the first-step
compressed data object 820 satisfies a threshold condi-
tion, that is, when the compressions size is greater than
a minimum threshold value and less than a maximum
threshold value, the computing device stores information
about the first-step compressed data object 820 in a first-
step LRU 860. The first-step LRU 860 may store 50 as
a swap address of the first-step compressed data object
820 and 00:00:10 as time information indicating a time
when the first-step compressed data object 820 is stored
in the swap data storage area 320. The reason why stor-
age time information is stored in the first-step LRU 860
is to recompress (i.e., second-step compress) data ob-
jects beginning from a data object that has been first-
step compressed and stored for a long time.
[0129] FIG. 9 is a flowchart of a method of second-step
compressing a first-step compressed data object in a
computing device according to an embodiment.
[0130] Referring to FIG. 9, in operation 910, a comput-
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ing device may determine whether a CPU usage ratio
and a memory usage satisfy a pre-determined condition.
[0131] According to an embodiment, because the com-
puting device is to perform second-step compression at
a time when the CPU usage ratio is low, the computing
device may determine whether the CPU usage ratio is
equal to or less than a threshold value. For example, the
computing device may determine whether the CPU us-
age ratio is equal to or less than 50%.
[0132] According to an embodiment, the computing
device may further consider the memory usage in addi-
tion to the CPU usage ratio. For example, the computing
device may determine whether the CPU usage ratio is
equal to or less than a threshold value pre-determined
for the CPU usage ratio, and whether the memory usage
exceeds a threshold value pre-determined for the mem-
ory usage. When two threshold conditions are satisfied,
the computing device proceeds to operation 920, and
when the conditions are not satisfied, the computing de-
vice proceeds to operation 995 to enter a wait state.
[0133] As such, whether the CPU usage ratio and the
memory usage satisfy pre-determined conditions may be
determined by a recompression daemon. The recom-
pression daemon may periodically wake up and deter-
mine whether the CPU usage ratio and the memory us-
age of operation 910 satisfy pre-determined conditions.
For example, the recompression daemon may wake up
every 1 second and may perform operation 910.
[0134] In operation 920, the computing device may de-
termine whether there is a first-step compressed data
object exceeding a threshold time.
[0135] Specifically, the recompression daemon may
determine whether there is first-step compressed data
exceeding a threshold time from a first-step LRU. For
example, it may be assumed that "50" is stored as swap
address information of a first-step compressed data ob-
ject corresponding to an index 1 in a first-step LRU and
compressed time information is 00:00:10 as shown in
FIG. 8. Also, it may be assumed that a current time is
00:00:21 and a threshold time for selecting a second-
step compression target is 10 seconds. Because a data
object corresponding to the index 1 stored in the first-
step LRU was stored at 10 seconds and the current time
is 21 seconds, 11 seconds have passed. Accordingly,
because the data object corresponding to the index 1
exceeds the threshold time of 10 seconds, the data object
corresponding to the index 1 may be determined as a
second-step compression target.
[0136] In operation 930, when the computing device
obtains the first-step compressed data object exceeding
the threshold time, the computing device may select a
second compression method for a second-step compres-
sion to be performed on the first-step compressed data
object.
[0137] According to an embodiment, a recompression
daemon may select a compression algorithm having a
high compression ratio or a compression level having a
high compression ratio. Because second-step compres-

sion is a recompression using a compression method
having a higher compression ratio at a time when the
CPU is idle, the recompression daemon may select, as
the second compression method, a compression method
having low compression speed performance but a high
compression ratio, rather than a compression method
having high compression speed performance.
[0138] For example, the recompression daemon may
select a compression algorithm having the highest com-
pression ratio as the second compression method.
[0139] For example, the recompression daemon may
select a level having the highest compression ratio in the
same compression algorithm as the second compression
method, when the same compression algorithm is se-
lected as that of the first compression method.
[0140] In operation 960, the computing device may
second-step compress the first-step compressed data
object according to the selected second compression
method.
[0141] In detail, the recompression daemon reads the
first-step compressed data object from a swap data stor-
age area to decompress the first-step compressed data
object, and second-step compresses the decompressed
data object by using the second compression method.
[0142] In operation 970, the computing device may
store the second-step compressed data object through
recompression in the swap data storage area.
[0143] For example, the recompression daemon
stores the second-step compressed data object through
recompression in the swap data storage area, and re-
leases a portion of the swap data storage area in which
the first-step compressed data object was stored. Once
the portion of the swap device in which the first-step com-
pressed data object was stored is released, the portion
becomes an available space in which other data may be
stored.
[0144] In operation 980, the computing device may de-
termine whether the compression performed in operation
960 is second-step compression. When the compression
performed in operation 960 is the second-step compres-
sion, the computing device stores information about the
second-step compressed data object in a second-step
LRU. When the compression performed in operation 960
is not a second-step compression, that is, for example,
a third-step compression, the computing device pro-
ceeds to operation 910 in order to not perform separate
LRU management.
[0145] In operation 990, when it is determined that the
compression performed in operation 960 is the second-
step compression, the computing device may store in-
formation about the second-step compressed data object
in the second-step LRU. Information stored in the sec-
ond-step LRU may include a swap address indicating a
location at which the second-step compressed data ob-
ject is stored in the swap data storage area and time
information indicating a time when the second-step com-
pressed data object is stored in the swap data storage
area, like in the first-step LRU.
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[0146] FIG. 10 is a reference diagram for describing a
second-step compression operation according to an em-
bodiment.
[0147] For example, it is assumed that 50 is stored as
a swap address of the first-step compressed data object
820 corresponding to an index 1 in a first-step LRU and
stored time information is 00:00:10 as shown in FIG. 10.
It is assumed that a current time is 00:00:21 and a thresh-
old time for selecting a second-step compression target
is 10 seconds. Accordingly, because the first-step com-
pressed data object 820 stored in the first-step LRU was
stored at 10 seconds and the current time is 21 seconds,
11 seconds have passed. Because the first-step com-
pressed data object 820 exceeds the threshold time of
10 seconds, the first-step compressed data object 820
may be determined as a second-step compression tar-
get, and the computing device may read the first-step
compressed data object 820 from the physical address
73 corresponding to the swap address 50 of a swap data
storage area to decompress the first-step compressed
data object 820, perform second-step compression on
the decompressed first-step compressed data object by
using a newly determined second compression method
to obtain a second-step compressed data object 830,
and store the second-step compressed data object 830
in a physical address 20 of the swap data storage area
again.
[0148] Next, the computing device may remove an en-
try corresponding to the index 1 stored in the first-step
LRU, and may store the swap address 50 and the time
00:00:22 as time information indicating a time when the
second-step compressed data object 830 is stored in the
swap data storage area as information about the second-
step compressed data object 830 in the second-step
LRU. Also, the computing device may update the phys-
ical address corresponding to the swap address 50 from
73 to 20 in the swap address management metatable
850 to update the physical address at which the second-
step compressed data object 830 is stored. As such, be-
cause the computing device compresses the first-step
compressed data object 820 stored at the physical ad-
dress 73 by using a second compression method having
a higher compression ratio, stores the second-step com-
pressed data object 830 in the swap data storage area,
and releases the physical address 73 from the swap ad-
dress management metatable 850, the computing device
may use the physical address 73 to store other data.
[0149] Furthermore, third-step compression will be de-
scribed with reference to FIG. 9.
[0150] When the computing device determines in op-
eration 920 of FIG. 9 that there is no first-step com-
pressed data object exceeding the threshold time, the
computing device may proceed to operation 940.
[0151] In operation 940, the computing device may de-
termine whether there is a second-step compressed data
object exceeding a threshold time. When second-step
compressed data exceeding the threshold time is ob-
tained, the computing device proceeds to operation 950.

When there is no second-step compressed data exceed-
ing the threshold time, the computing device proceeds
to operation 995 to enter a wait state.
[0152] According to an embodiment, the recompres-
sion daemon may determine whether there is second-
step compressed data exceeding the threshold time from
the second-step LRU. For example, it is assumed that a
second-step compressed data object corresponding to
the swap address 50 is stored in the second-step LRU
and compressed time information is 00:00:22 as shown
in FIG. 10. It is assumed that a current time is 00:00:33
and a threshold time for selecting a recompression target
is 10 seconds. Accordingly, because the second-step
compressed data object stored in the second-step LRU
was stored at 22 seconds and the current time is 33 sec-
onds, 11 seconds have passed. Accordingly, because
the second-step compressed data object exceeds the
threshold time of 10 seconds, the second-step com-
pressed data object corresponding to the swap address
50 may be determined as a third-step compression tar-
get.
[0153] In operation 950, when the computing device
obtains the second-step compressed data object ex-
ceeding the threshold time, the computing device may
select a third compression method for third-step com-
pressing the second-step compressed data object.
[0154] According to an embodiment, the recompres-
sion daemon may select a compression algorithm having
a high compression ratio or a compression level having
a high compression ratio as the third compression meth-
od. Because third-step compression is recompression
using a compression method having a higher compres-
sion ratio at a time when the CPU is idle, the recompres-
sion daemon selects, as the third compression method,
a compression method having low compression speed
performance but a high compression ratio, rather than a
compression method having high compression speed
performance. Here, the compression ratio of the third
compression method may be higher than the compres-
sion ratios of the first compression method and the sec-
ond compression method.
[0155] For example, the recompression daemon may
select a compression algorithm having a high compres-
sion ratio as the third compression method.
[0156] In addition, the recompression daemon may se-
lect a level having a high compression ratio in the same
first compression method as the third compression meth-
od, when the same compression algorithm as that of the
first compression method is used.
[0157] In operation 960, the computing device may
perform third-step compression on the second-step com-
pressed data object according to the selected third com-
pression method.
[0158] Specifically, the recompression daemon reads
the second-step compressed data object from the swap
data storage area to decompress the second-step com-
pressed data object, and third-step compress the decom-
pressed data object by using the third compression meth-
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od.
[0159] In operation 970, the computing device may
store the third-step compressed data object through rec-
ompression in the swap data storage area.
[0160] According to an embodiment, the recompres-
sion daemon stores the third-step compressed data ob-
ject through recompression in the swap data storage ar-
ea, and releases a portion of the swap data storage area
in which the second-step compressed data object was
stored. Once the portion of the swap data storage area
in which the second-step compressed data object was
stored is released, the portion becomes an available
space in which other data may be stored.
[0161] In operation 980, the computing device may de-
termine whether compression performed in operation
960 is second-step compression. Because the compres-
sion performed in operation 960 is the third-step com-
pression, the computing device proceeds to operation
910 without separate LRU management. That is, be-
cause the third-step compressed data object is no longer
a recompression target and thus does not need to be
stored in an LRU. According to an embodiment, when
the third-step compression is performed, third-step LRU
management may not performed on a third-step com-
pressed data object. However, when an algorithm for per-
forming up to fourth-step compression is used, the third-
step compressed data object may be registered in a third-
step LRU.
[0162] FIG. 11 is a reference diagram for describing
an example of performing second-step compression ac-
cording to an embodiment.
[0163] Referring to FIG. 11, for a data object A stored
in a first-step LRU, a compressed data object swap ad-
dress is 10 and compressed time information is 00:00:10,
and for a data object B stored in the first-step LRU, a
compressed data object swap address is 20 and com-
pressed time information is 00:00:18. For a data object
C stored in a second-step LRU, a compressed data object
swap address is 30 and compressed time information is
00:00:12. It is assumed that a current time is 00:00:21
and a threshold time for selecting a second-step com-
pression target or a third-step compression target is 10
seconds. Then, the data object A stored in the first-step
LRU has been stored for 11 seconds, the data object B
stored in the first-step LRU has been stored for 3 sec-
onds, and the data object C stored in the second-step
LRU has been stored for 9 seconds. Accordingly, the
data object A of the first-step LRU exceeding the thresh-
old time of 10 seconds is determined as a second-step
compression target, and a computing device may read
the first-step compressed data object A from a physical
address 800 of a swap data storage area corresponding
to a swap address 10 to decompress the first-step com-
pressed data object A, perform second-step compres-
sion on the decompressed data object A by using a newly
determined second compression method, and store the
second-step compressed data object A again at a phys-
ical address 900 of the swap data storage area.

[0164] Next, the computing device may remove an en-
try corresponding to the first-step compressed data ob-
ject A stored in the first-step LRU, and may store the
swap address 10 of the second-step compressed data
object A and the time 00:00:22 as second-step compres-
sion time information about the second-step compressed
data object A in the second-step LRU. The computing
device may update a physical address corresponding to
a logical address 10 of the data object A from 800 to 900
in a swap address management table. As such, because
the physical address corresponding to the logical ad-
dress 10 of the data object A is updated to 900, a system
may release a space corresponding to the physical ad-
dress 800 and may use the space corresponding to the
physical address 800 to store other data.
[0165] FIG. 12 is a reference diagram for describing
an example of performing third-step compression ac-
cording to an embodiment.
[0166] Referring to FIG. 12, for a data object A stored
in a first-step LRU, a first-step compressed data object
swap address is 10 and compressed time information is
00:00:10, and for a data object B stored in the first-step
LRU, a first-step compressed data object swap address
is 20 and compressed time information is 00:00:18. For
a data object C stored in a second-step LRU, a second-
step compressed data object swap address is 30 and
compressed time information is 00:00:08. It is assumed
that a current time is 00:00:19 and a threshold time for
selecting a second-step compression target or a third-
step compression target is 10 seconds. The data object
A stored in the first-step LRU has been stored for 9 sec-
onds, the data object B stored in the first-step LRU has
been stored for 1 second, and the data object C stored
in the second-step LRU has been stored for 11 seconds.
Accordingly, the data object C of the second-step LRU
exceeding the threshold time of 10 seconds may be de-
termined as a third-step compression target, and a com-
puting device may read the second-step compressed da-
ta object C from a physical address 1000 of a swap data
storage area to decompress the second-step com-
pressed data object C, may third-step compress the de-
compressed data object C by using a newly determined
third compression method, and may store the third-step
compressed data object C again, for example, at a phys-
ical area 950 of the swap data storage area. Here, the
threshold time of 10 seconds is used for both the first-
step LRU and the second-step LRU as an example, how-
ever, the embodiment is not limited thereto. The thresh-
old time for the first-step LRU and the second-step LRU
may be different depending on a configuration of the com-
puting device.
[0167] Next, the computing device releases content
about the second-step compressed data object C stored
in the second-step LRU. That is, the computing device
may remove an entry corresponding to the second-step
compressed data object C in the second-step LRU, and
may update a physical address corresponding to a logical
address 30 of the data object C from 1000 to 950 in a
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swap address management table. As such, because the
physical address corresponding to the logical address
30 of the data object C is updated to 950, a system may
release a space corresponding to the physical address
1000 and may use the space corresponding to the phys-
ical address 1000 to store other data. Also, when the
computing device performs up to third-step compression
on a data object and does not perform fourth-step com-
pression, the computing device may not manage a third-
step compressed data object in an LRU. According to
another embodiment, when the computing device per-
forms up to fourth-step compression on a data object,
the computing device may generate a third-step LRU for
managing third-step compressed data objects.
[0168] In the above embodiments, a case where a
computing device selects a first-step compressed data
object that has been stored for a long time as a second-
step compression target during memory reclamation has
been described.
[0169] However, the computing device may preferen-
tially select a non-killable data object from among first-
step compressed data objects as a second-step com-
pression target during memory reclamation.
[0170] For example, a system includes non-killable
programs called VIP programs. The non-killable pro-
grams include, for example, programs for launching ap-
plications when the system is booted and programs for
adjusting a video screen or a volume. When the programs
are removed from a memory, the system crashes. Ac-
cordingly, the programs must not be removed and thus
may be referred to as non-killable programs. Because
the non-killable programs must always stay alive in the
system and the system may not normally operate when
the non-killable programs are terminated. Accordingly,
the computing device may preferentially select a non-
killable data object as a secondary compression target
so as to provide more free space in the memory by com-
pressing the non-killable data.
[0171] A method of performing a memory reclamation
operation by selecting a secondary compression target
data object by using characteristics of a data object will
be described with reference to FIGS. 13 through 15.
[0172] FIG. 13 is a flowchart of a method of performing
first-step compression by using characteristics of a data
object in a memory reclamation operation according to
an embodiment. The flowchart of FIG. 13 is similar to the
flowchart of FIG. 6 except for operations 1350, 1360, and
1370. Accordingly, similar operations will be briefly de-
scribed.
[0173] Referring to FIG. 13, in operation 1310, a com-
puting device determines whether a usage of a memory
exceeds a threshold value. When the usage of the mem-
ory does not exceed the threshold value, the computing
device may proceed to operation 1380 to enter a wait
state, and when the usage of the memory exceeds the
threshold value, the computing device may proceed to
operation 1320.
[0174] In operation 1320, the computing device may

perform first-step compression on a data object stored
in the memory.
[0175] In operation 1330, the computing device may
store the first-step compressed data object in a swap
data storage area.
[0176] In operation 1340, the computing device may
determine whether a compression size of the first-step
compressed data object satisfies a threshold condition.
When the compression size does not satisfy the thresh-
old condition, the computing device proceeds to opera-
tion 1380 to enter a wait state, and when the compression
size satisfies the threshold condition, the computing de-
vice proceeds to operation 1350.
[0177] In operation 1350, when the compression size
of the first-step compressed data object satisfies the
threshold condition, the computing device may deter-
mine attributes of a process corresponding to the data
object and determine whether the process is a killable
process.
[0178] Specifically, a kernel swap daemon may deter-
mine whether a process of a page is killable by using
attribute information included in a page table entry that
manages each page of the memory. For example, the
kernel swap daemon may determine whether the process
corresponding to the data object is a killable process by
using "access control information" from among attribute
information included in the page table entry correspond-
ing to the compressed data object.
[0179] In operation 1360, when the process corre-
sponding to the first-step compressed data object is non-
killable, the computing device may store information
about the first-step compressed data object in a first-step
preference LRU.
[0180] In operation 1370, when the process corre-
sponding to the first-step compressed data object is kill-
able, the computing device may store information about
the first-step compressed data object in a first-step nor-
mal LRU.
[0181] As such, in FIG. 13, the computing device con-
siders characteristics of a process of a first-step com-
pressed data object of a memory to be reclaimed to de-
termine whether the process is killable, and stores infor-
mation about the first-step compressed data object in the
first-step preference LRU or the first-step normal LRU
according to whether the process is killable. When the
process of the first-step compressed data object is killa-
ble, the information may be stored in the first-step normal
LRU, and when the process of the first-step compressed
data object is non-killable, the information may be stored
in the first-step preference LRU. When a second-step
compression target is selected, the first-step com-
pressed data object stored in the first-step preference
LRU may be preferentially selected as the second-step
compression target. That is, the first-step compressed
data object stored in the first-step preference LRU may
receive priority over the data object stored in the first-
step normal LRU to perform the second-step compres-
sion.
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[0182] FIG. 14 is a flowchart of a method of performing
second-step compression by using characteristics of a
data object in a memory reclamation operation according
to an embodiment of the disclosure. The flowchart of FIG.
14 is similar to the flowchart of FIG. 9 except for operation
1420. Accordingly, similar operations will be briefly de-
scribed.
[0183] Referring to FIG. 14, in operation 1410, a com-
puting device may determine whether a CPU usage ratio
and a memory usage satisfy a pre-determined condition.
When the CPU usage ratio and the memory usage do
not satisfy the pre-determined conditions, the computing
device proceeds to operation 1499 to enter a wait state,
and when the CPU usage ratio and the memory usage
satisfy the pre-determined conditions, the computing de-
vice proceeds to operation 1420.
[0184] In operation 1420, the computing device may
determine whether there is a first-step compressed data
object exceeding a threshold time in a first-step prefer-
ence LRU. In operation 1450, when there is a first-step
compressed data object exceeding the threshold time in
the first-step preference LRU, the computing device se-
lects a second-step compression method for performing
second-step compression on the first-step compressed
data object in the first-step preference LRU.
[0185] In operation 1430, when there is no first-step
compressed data object exceeding the threshold time in
the first-step preference LRU, the computing device may
determine whether there is a first-step compressed data
object exceeding a threshold time in a first-step normal
LRU. In operation 1450, when there is a first-step com-
pressed data object exceeding the threshold time in the
first-step normal LRU, the computing device selects the
second-step compression method for second-step com-
pressing the first-step compressed data object in the first-
step normal LRU.
[0186] In operation 1440, when there is no first-step
compressed data object exceeding the threshold time in
the first-step normal LRU, the computing device may de-
termine whether there is a second-step compressed data
object exceeding a threshold time in a second-step LRU.
In operation 1460, when there is a second-step com-
pressed data object exceeding the threshold time in the
second-step LRU, the computing device selects a third-
step compression method for performing third-step com-
pression on the second-step compressed data object in
the second-step LRU.
[0187] As such, in FIG. 14, a first-step LRU is divided
into a first-step preference LRU and a first-step normal
LRU, in which a data object corresponding to a killable
process is managed in the first-step normal LRU and a
data object corresponding to a non-killable process is
managed in the first-step preference LRU. When a sec-
ond-step compression target is to be selected, a data
object registered in the first-step preference LRU is pref-
erentially considered over a data object registered in the
first-step normal LRU, because a data object of a non-
killable process that must always stay alive during an

operation of a computing device, and may be preferen-
tially second-step compressed. This is because, when a
killable process is selected as a second-step compres-
sion target, the effort of performing secondary compres-
sion by using time and resources of a computing device
becomes less effective since the killable process may be
terminated in the system, and thus, it is more efficient to
select a process that will never be killed as a secondary
compression target. Remaining operations 1470, 1480,
1490, and 1495 are the same as the corresponding op-
erations shown in FIG.9, and thus a further explanation
will be omitted.
[0188] FIG. 15 is a reference diagram for describing
an example of preparing a first-step preference LRU by
using characteristics of data and performing second-step
compression according to an embodiment.
[0189] Referring to FIG. 15, for a data object A stored
in a first-step preference LRU, a compressed data object
swap address is 10 and compressed time information is
00:00:10. For a data object B stored in a first-step normal
LRU, a compressed data object swap address is 20 and
compressed time information is 00:00:09. It is assumed
that a current time is 00:00:21 and a threshold time for
selecting a second-step compression target is 10 sec-
onds. The data object A stored in the first-step preference
LRU has been stored for 11 seconds, and the data object
B stored in the first-step normal LRU has been stored for
12 seconds. Accordingly, because the data object B reg-
istered in the first-step normal LRU has been stored long-
er than the data object A registered in the first-step pref-
erence LRU, if the first-step preference LRU and the first-
step normal LRU are not separately classified, the data
object B registered in the first-step normal LRU may be
first selected as a second-step compression target.
[0190] However, a data object corresponding to a non-
killable process is registered in the first-step preference
LRU and a data object corresponding to a killable process
is registered in the first-step normal LRU. Accordingly, in
an embodiment where a data object corresponding to a
non-killable process preferentially becomes a second-
step compression target, a computing device may first
select the data object A registered in the first-step pref-
erence LRU as a second-step compression target, per-
form second-step compression on the data object A,
store the second-step compressed data object A in a
swap data storage area, and register information about
the second-step compressed data object A in a second-
step LRU.
[0191] An operating method of a computing device ac-
cording to the embodiments of the disclosure may be
implemented in the form of program commands execut-
able by various computer means and may be recorded
on a computer-readable recording medium. The compu-
ter-readable recording medium may include program
commands, data files, data structures, or a combination
thereof. The program commands recorded on the com-
puter-readable recording medium may be those specially
designed and configured for the disclosure, or those
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known to and usable by one of ordinary skill in the art of
computer software. Examples of the computer-readable
recording medium include magnetic media (e.g., hard
disks, floppy disks, and magnetic tape), optical media
(e.g., compact disk read-only memories (CD-ROMs) and
digital versatile disks (DVDs)), magneto-optical media
(e.g., floptical disks), and hardware devices (e.g., read-
only memories (ROMs), random-access memories
(RAMs), and flash memories, etc.) that are specially con-
figured to store and execute program commands. Exam-
ples of the program commands include high-level lan-
guage code that may be executed by a computer using
an interpreter as well as machine language code made
by a compiler.
[0192] Unlike in the related art in which memory com-
pression is performed by using only one compression
algorithm and level selected by preferentially considering
compression speed performance, according to various
embodiments of the disclosure, the effect on compres-
sion speed performance may be minimized and more
available memory space may be secured by performing
recompression by using a level having a high compres-
sion ratio when a CPU usage is not high. Because com-
pression is affected by a compression algorithm level,
whereas decompression is performed regardless of a
compression level, it does not take more time to perform
decompression even when compression is performed by
using a compression method having a high compression
ratio. In a current TV system, a space allocated as a swap
area is set to 50% of an entire memory. This means that
a product using a 1 G memory system may use up to 500
MB as a swap space and use the swap space as a com-
pressed space. As in the disclosure, when data is com-
pressed by using a level of a compression algorithm hav-
ing a high compression ratio and is stored in a memory
space, a usage of a compressed area memory used in
the related art may be reduced and a usage of an entire
system memory may be additionally reduced.
[0193] While one or more embodiments of the disclo-
sure have been described with reference to the figures,
it will be understood by one of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the scope of the disclosure as
defined by the following claims.

Claims

1. A computing device comprising:

a memory storing one or more instructions; and
a processor configured to execute the one or
more instructions stored in the memory to:

perform a first compression on a data object
stored in the memory according to a first
compression method based on a free space
of the memory, store the first compressed

data object in a swap data storage area, and
reclaim a portion of the memory in which
the first compressed data object was stored;
register information about the first com-
pressed data object stored in the swap data
storage area, in a first management table;
obtain the information about the first com-
pressed data object from the first manage-
ment table based on a usage ratio of the
processor; and
perform a second compression on the first
compressed data object according to a sec-
ond compression method, store the second
compressed data object in the swap data
storage area, and reclaim a portion of the
swap data storage area in which the first
compressed data object was stored.

2. The computing device of claim 1, wherein the infor-
mation about the first compressed data object reg-
istered in the first management table comprises a
first storage time indicating a time when the first com-
pressed data object is stored in the swap data stor-
age area, and
wherein the processor is further configured to exe-
cute the one or more instructions to determine
whether the first storage time of the first compressed
data object exceeds a threshold time.

3. The computing device of claim 2, wherein the proc-
essor is further configured to execute the one or more
instructions to register the first storage time of the
first compressed data in the first management table
based on a size of the first compressed data object
being greater than a minimum threshold value and
less than a maximum threshold value.

4. The computing device of claim 2, wherein the proc-
essor is further configured to execute the one or more
instructions to obtain the information about the first
compressed data object of which the first storage
time exceeds the threshold time from the first man-
agement table, in response to the usage ratio of the
processor being less than a first threshold value and
a usage of the memory exceeding a second thresh-
old value.

5. The computing device of claim 1, wherein the swap
data storage area is a portion of the memory.

6. The computing device of claim 1, wherein the second
compression method has a compression ratio differ-
ent from a compression ratio of the first compression
method.

7. The computing device of claim 1, wherein the proc-
essor is further configured to execute the one or more
instructions to register a second storage time indi-
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cating a time when the second compressed data ob-
ject is stored in the swap data storage area, in a
second management table.

8. The computing device of claim 7, wherein the proc-
essor is further configured to execute the one or more
instructions to:

obtain the second compressed data object of
which the second storage time exceeds a
threshold time, and
perform a third compression on the second com-
pressed data object according to a third com-
pression method, store the third compressed
data object in the swap data storage area, and
reclaim a portion of the swap data storage area
in which the second compressed data object
was stored.

9. The computing device of claim 1, wherein the first
management table comprises a first preference table
and a first normal table, and
wherein the processor is further configured to exe-
cute the one or more instructions to:

register the first compressed data object in the
first preference table based on a process corre-
sponding to the first compressed data object
stored in the swap data storage area being a
non-killable process, and
register the first compressed data object in the
first normal table based on a process corre-
sponding to the first compressed data object
stored in the swap data storage area being a
killable process.

10. The computing device of claim 9, wherein the proc-
essor is further configured to execute the one or more
instructions to preferentially select the first com-
pressed data object registered in the first preference
table over the first compressed data object regis-
tered in the first normal table, as a second compres-
sion target data object in response to the usage ratio
of the processor being less than a first threshold val-
ue.

11. An operating method of a computing device, the op-
erating method comprising:

performing a first compression on a data object
stored in a memory according to a first compres-
sion method, storing the first compressed data
object in a swap data storage area based on a
free space of the memory, and reclaiming a por-
tion of the memory in which the first compressed
data object was stored;
registering information about the first com-
pressed data object stored in the swap data stor-

age area, in a first management table;
obtaining the information about the first com-
pressed data object from the first management
table based on a usage ratio of a processor; and
performing a second compression on the first
compressed data object according to a second
compression method, storing the second com-
pressed data object in the swap data storage
area, and reclaiming a portion of the swap data
storage area in which the first compressed data
object was stored.

12. The operating method of claim 11, wherein the in-
formation about the first compressed data object reg-
istered in the first management table comprises a
first storage time indicating a time when the first com-
pressed data object is stored in the swap data stor-
age area, and
wherein the operating method further comprises de-
termining whether the first storage time of the first
compressed data object exceeds a threshold time.

13. The operating method of claim 12, further comprising
registering the first storage time of the first com-
pressed data object in the first management table
based on a size of the first compressed data object
being greater than a minimum threshold value and
less than a maximum threshold value.

14. The operating method of claim 12, further comprising
obtaining the information about the first compressed
data object of which the first storage time exceeds
the threshold time from the first management table,
in response to the usage ratio of the processor being
less than a first threshold value and a usage of the
memory exceeding a second threshold value.

15. A non-transitory computer-readable recording me-
dium having recorded thereon a computer program
for executing an operating method of a computing
device, the operating method comprising:

performing a first compression on a data object
stored in a memory according to a first compres-
sion method, storing the first compressed data
object in a swap data storage area based on a
free space of the memory, and reclaiming a por-
tion of the memory in which the first compressed
data object was stored;
registering information about the first com-
pressed data object stored in the swap data stor-
age area, in a first management table;
obtaining the information about at least one first
compressed data object from the first manage-
ment table based on a usage ratio of a proces-
sor; and
performing a second compression on the at least
one first compressed data object according to a

33 34 



EP 3 812 904 A1

19

5

10

15

20

25

30

35

40

45

50

55

second compression method, storing the sec-
ond compressed data object in the swap data
storage area, and reclaiming a portion of the
swap data storage area in which the first com-
pressed data object was stored.
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