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Real-time Task Aware Memory Allocation Techniques for
Heterogeneous Mobile Multitasking Environments
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Abstract Recently, due to the rapid performance improvement of smartphones and the increase in
background executions of mobile apps, multitasking has become common on mobile platforms. Unlike
traditional desktop and server apps, response time is important in most mobile apps as they are
interactive tasks, and some apps are classified as real-time tasks with deadlines. In this paper, we discuss
how to meet the requirements of heterogeneous multitasking in managing memory of real-time and
interactive tasks when they are executed together on a smartphone. To do so, we analyze the memory
requirement of real-time tasks, and propose a model that has the ability of allocating memory to
multitasking tasks on a smartphone. Trace-driven simulations with real-world storage access traces
captured by heterogeneous apps show that the proposed model provides reasonable performance for

interactive tasks while guaranteeing the requirement of real-time tasks.
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Fig. 1. Memory allocation of real-time tasks based on
the proposed model.
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Fig. 2. Performance comparison with general purpose multi-tasking and real-time systems.

AN A2E A,
o] Al Al
g Ul e Ro|Ed Y 4
AT HZElE AN B A

(¢}

a9 2= vEe] 29 Ao w2t FAlel dRAIR]
AR AT ek Aol AR AT HleZ B
oFal k. FAHeR duEd I9 2() ¥He
A ol FtolAES] HE AT Ae v
i glew, I9 2(b)= 98 A8 ARRAY 4,
I8 2(c)= AAIE HAAS A= o] HEJEAT A%

oA 7 71de] AakE ANz 2wt Yoy Ao
o] ol it

IoIN B AAY A REe BE A9
glo] AXIZH 29le] ABA H Hl&L B v]g of
st sty Jeg T 4tk B2 AAT A
2u) wpale] A9o] AN 2] AA AT Hlg
o] 71 e AL Bl & YA, ol2F WAl A
Azt AYe] FuAES vmeld] BT 227 99
g 2ele) vjme] YR AUHA 4471 B
ARE oISk Hek. 1 A dskg 2ol Aol 4
SAFE o] e AL BRI % itk 7AH

- 46 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 22, No. 3, pp.43-48, Jun. 30, 2022. pISSN 2289-0238, elSSN 2289-0246

o=t Aot BY ] 268014 4utAY AERA
B2 3712 ok Al el AL AL Sl
® st

sh, Wg WeEAY $Ae A9 HAZ A &
& A2 A Eeta AR
£ Do) Zoke A% T 4 ek, ol WS
Hele|ay) o] BE RS FUT 71E0R FPA]
7) o] veht Zue ¥ 4 itk TgolA B
A e Delelarg PAL YA A oieky &
Qo 2Eelx] F2 wge WAL vlnA 24 e
Q_o]?ﬂ— 2~ 010111 1 7:1_],]. 1:}___ tﬂ-/k] "| ]:]]f‘,-H T;Hﬁ]_—&]
Qo] AEelx] HT WSS BT FolEt NS
S1g 4 ik, SHE, AQIS mHo] A9 1% We
Sehag AR 5K 499 Aol LAt A
AZE A28 Ao BEE A ARE AE A9
om, oj MAZF Y] ATATEL FFIAAN A2
& 9k FPHQ Aven ¥ & 9tk

>)i

4

=)

i

|

27l

v. 2 2

£ =golA AntEEelA AN 2elnt ety 4}
ol FAlo] 4D v vz welg owA Fozn
olAH9l WAy FAY ATAGES FET 4 U=
Ao cjs) AFSHAT). QERolE B o] Avnhe
£ PAolAE AAIZE Aol Tier SEet 1e glo] ]
e I7HE HE g AT 29 FAAE7|Y 731“6]—-— HA]

2 AL Slo] AAIRE A9 78 FEAIA 2
ah= EAHo] 9k olo] we) ABHQ AARE Al
oL AQlel WAt HE YolHg 4R FHW
8epo] vmelE Abdol] FAstel AEelA] o] A
Foll WAYsHA] o WhAS ISk, oleiet WAL thop
3 AjQl5o] Akl wheh WSSl AgEe AnteE
AN B8E7] ofHet. ol HFsh] 9 £ =
RolAE AAZE AQe] 87 24 WS 9o 8ay
Wwe) 27]% wadska olo] Juksd HeEiad %
(ﬁ 7]-4 uﬂ ﬂ."é_ E;G_E o]—ﬂ—‘é.‘:_ EE]LQ. ;(—"O]-‘a]_oﬂ
o} olF Q9 AEelx] W Edolag £&5HL ol
713k AEEol S B8] ke o] UAIZE &)
Q58 9 0@ WHSHA det 9l Il

= Z35F A 0

(1]

8]

[10]

[11]

_47_

References

F. Khomh, H. Yuan, and Y. Zou, “Adapting Linux for
mobile platforms: An empirical study of Android,”
28th IEEE Int'l Conf. Software Maintenance (ICSM),
pp. 629-632, 2012.

DOI: https://doi.org/10.1109/ICSM.2012.6405339

Google Pixel 6 Pro,
https://store.google.com/gb/product/pixel_6_pro

J. Kim and H. Bahn, “Analysis of Smartphone 1/O
Characteristics — Toward Efficient Swap in a
Smartphone,” IEEE Access, vol. 7, pp. 129930-129941,
2019.

DOI: https://doi.org/10.1109/ACCESS.2019.2937852

J. Kim and H. Bahn, “Maintaining Application Context
of Smartphones by Selectively Supporting Swap and
Kill,” IEEE Access, vol. 8, pp. 85140-85153, 2020.
DOLI: https://doi.org/10.1109/ACCESS.2020.2992072

B. Lee and C. Son, ‘Improving evaluation metric of
mobile application service with user review data,”
Journal of the Korea Academia-Industrial cooperation
Society, vol. 21, no. 1 pp. 380-386, 2020.

DOI: https://doi.org/10.5762/KAIS.2020.21.1.3

B. Choi, S. Eom, C. Kim, and H. Lee, “Counterfeit bill
identification based on deep learning using
smartphone camera shooting images,” Journal of
KIIT, vol. 19, no. 3, pp. 1-8, 2021.

DOI: https://doi.org/10.14801/ikiit.2021.19.3.1

S. Yoo, Y. Jo, and H. Bahn, ‘“Integrated Scheduling of
Real-Time and Interactive Tasks for Configurable
Industrial ~Systems,” IEEE Trans. on Industrial
Informatics, vol. 18, no. 1, pp. 631-641, 2022.
DOI: https://doi.org/10.1109/TI1.2021.3067714

Y. Park and H. Bahn, ‘Challenges in memory
subsystem design for future smartphone systems,”
IEEE Inte'l Conf. Big Data and Smart Computing
(BigComp), pp. 255-260, 2017.

DOI: https://doi.org/10.1109/BIGCOMP.2017.7881707

S. Yoon, H. Park, K. Cho, and H. Bahn, “Supporting
Swap in Real-Time Task Scheduling for Unified
Power-Saving in CPU and Memory,” IEEE Access, vol.
10, pp. 3559-3570, 2022.

DOI: https://doi.org/10.1109/ACCESS.2021.3140166

S. Nam, K. Cho, and H. Bahn, “Tight Evaluation of
Real-Time Task Schedulability for Processor’'s DVS
and Nonvolatile Memory Allocation,” Micromachines,
vol. 10, no. 6, 2017.

DOI: https://doi.org/10.3390/mi10060371

X. Cheng, Y. Guan, and Y. Zhang, “Design and
Implementation of Dynamic Memory Allocation
Algorithm in Embedded Real-Time System,” Int'l
Conf. Pioneering Computer Scientists, Engineers and
Educators, pp. 539-547, 2018.

DOL: https://doi.org/10.1007/978-981-13-2203-7_43



Real-time Task Aware Memory Allocation Techniques for
Heterogeneous Mobile Multitasking Environments

[12] S. Lee and H. Bahn, “Characterization of Android
Memory References and Implication to Hybrid
Memory Management,” IEEE Access, vol. 9, pp.
60997-61009, 2021.

DOI: https://doi.org/10.1109/ACCESS.2021.3074179

X Xt A N

+ 19979 29 AEThSkL AXLEASE
3 spit

+ 19999 29 ALuhek HAkrt)
N

+ 20024 29 : AghetL AR T
5w,

+ 20024 99 ~ : o]sleiAehelE A%

H3ot W

© FEARCE ¢ 2YAA, AEHAALH, PHHEAILH

% This work was supported by the IITP grant funded by the Korea government (MSIT) (No.2021-0-02068, Artificial
Intelligence Innovation Hub) and the ICT R&D program of MSIT/IITP (2018-0-00549, Extremely Scalable Order
Preserving OS for Manycore and Non-volatile Memory).

_48_



