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Abstract With the recent performance improvement of mobile devices as well as the emergence of
various applications, not only interactive tasks but also real-time tasks are rapidly increasing. As
real-time tasks have deadline requirements, resource management policies used in the conventional
time-sharing systems have limitations in satisfying real-time constraints. In this paper, we examine how
to efficiently manage resources while satisfying the constraints of real-time tasks through end-to-end
resource management of CPU, memory, and storage when interactive and real-time tasks are executed
concurrently on a mobile device. Instead of suggesting complicated resource management policies, we
focus on examining the basic concepts necessary for each resource management. Specifically, we first
look at basic policies such as assigning dedicated CPU cores for real-time tasks, allocating a certain
working set of real-time tasks in memory, and using fast storage without context switch in I/O. We then

consider how these basic policies can be adopted efficiently.
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Fig. 1. A mobile device architecture for supporting
real-time tasks.

£ AT IS B 7 5 A o]t Al e
AXTE 2] AAE HE ] AFAI7E AEA 34
| vl 2 ool 54 Wk welstal 1o A8
AT vR ks ddiiths SHOA HEEHA
9] My &% SR 4 Sle Axo] Stk
9 12 4719 CPU, Wz, AEA] T 7|HE
Aot AATE ZY A LG Hupd 7]7] ofF[ElA
Hoj31 Slth AEA= 7|&9] EAH e}
2B Fo] ARGEH, & AEHA= A
A4 9 1 HolEE ERcts 82 ARGE
CPU 0] T X7t AATH 2 Ad oj2 ARGE|H,
AATE ZGo] L4 AEi7t ofd BRlell sid ot
o2 Aol dFE= A 83t L1 4= 2 Fol
B2 AR L2 i4E Zoi7le] Fastct Az &
Aol A vEHE Y= (non-blocking I/0)S
o, 1 Q9] APEL 7|E Al LYAAL} vt
7 & BHE dEE Z-85to] CPU o882 =<
o} g, WX 2= AARZE 2 v)AATE ZdE0] 3
frotm, AARE 2] A vlne] EAge] 9 £

olel7t B FvjEEe BHo= Fgsin,

2

oﬁ rlr

o o

S Ip

>

. 45 B7

oAl mrtel 7)7jo4 AAIZE At theky
A 4Be Fol B rolA] it 71y
T BAglh B E=EolA avfet WAz v

YAA7F AREBRe 1

920

— 80
£ 7 Al S HH A
o
F 60 = 7 A Yl
g
£ 40
2w
B 2
(]
a 10 I .
0

5K BK 7K 8K 9K 10K
# of page cache entries
J3 2. HO|X] FHA| T7| Hato| M2 HIEZQI O|AS
Fig. 2. Deadline miss ratio as the size of the page
cache is varied.

F
2 70 Algg 2 H
®
w 60 ——F L AR e
2 5
E
o 40
£ 3
e
8 20
Q10
0

10 20 30 40 50 60 70 80 90 100
CPU queueing delay (%)
J% 3. CPU Of7|E9| X|Hoyl ME Hl=2fl njAE
Fig. 3. Deadline miss ratio as the CPU queueing delay
is varied.

1.2
1.0
0.8
Rk
204
o
o N i
0.0

RT Non-RT RT Non-RT RT Non-RT

Itratio (%)

AEZ 2BHF | ST XHAZE] | HAZESHH

O 4. HAIZE 0 tHer Zo| H=e| 2IHE
Fig. 4. Page fault ratio of real-time tasks and
interactive tasks.

Jsx] ¢kl CPU, W&
B a8 e

Py A Bolg AMgSH
Ao, Wie Y AR
b2t sty 2elo] ohset

- 46 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
2022. pISSN 2289-0238, elSSN 2289-0246

Vol. 22, No. 5, pp.43-48, Oct. 31,

e I o P RS
AP S A B 7122 1E AET 2GAA)
geetel uAg 929%7H] Sl AL BT 4 0@
53], FU7 A4 B 7142 A 277 7K
setel uAg A9 WA ehe v, 715 A
T AL 48%0) H=ael BlARS Uehigl
79 3L CPU FolA t7] 52 150 Alzk B
0g wseel Mage BelFm ook fYl Ak
100%9] OJmls UAIZE Agjo] ol EARS v B
4% 59 Z2A2T 2 CPU B 4] 100%8 A
83foF She B9 oJuidic. Yol B AXY A
B8 AR YEakel BARS B ARk Sk
wet FA43] Sk wE, S A4 B 14
#35] £ A5 el Aok

T 4 7 A B V14T AEA 8T
SIAAY el BALE vwajA Holxm c.
el AAIZE AART)Z 3k 221(Non-RT)2)
vme] RARee 247k HelFn ek IFelH HE 2
A SU7E AT 71 HAZE Qi) Hime] 2
Aee U +3 oldte] e e grow Baska 9
22 31T 4 ik o] Hl3) AR 2FAA] AL
VI ) 978 AR UGS S oo
Aol A WS 2L el
T LAAATH BE B FAY Tz ABA)
Rof ek A3tz 2 4 Uk O, FU AU B
o 7o) A S el el o AT

-

m)~

1T

ol

o

5z 2 4 9 o= Bash] A AN 4 A
Ag Hmeo] A7 AN LA F42
el F7kgom, T”eIN Bl AHY WAZE 29
AR A9 AARE 0] Hme] SAEL 00lx/gk of
s}y A9lo) AAE E3o] Ve 22 31g
& oItk 2, FUE A e 71 AN A9 8
FASE STUAS iy 2] ) Fol2 A2
o= ABE 5 Yk VY eI S20) ANE £E
ek & % Sl

v.Z 2
2 wEk 7]7]0]4 AARE Aedo] A ARt
S S0 ART LAATE 275 A4 B

3}
Aol tigt Aart Bagk Ao ol2F}. £ =&

A wHR 7]7]014] AT A]lo] of3 HRIST} ¢

B

498 0 e FAe S WA g HEsele

3 2 Qs A Te) Auo] o) AMugh

3], ANz AIL ofst /\Hi—?— ol7|€lAe} CPU, #&
g, 2EEAIR ojojAls FHE A B E Fote] A

Aok 2AS U]—&o]—tﬂk] 4ol a&AQl #evt
QJopugitt. A Were AAZF A

< S 4% CPU oj9] A9, W BASS U3
S olstz s vmel A 7Y, 14 AEeA) A
5 BHud gl 1/O0S AW 5 WA sHe w543

29 52 A83tel AN Q1) ekl A
sfetict. E3F AokE e At A9 27
19 4202 WASAAE thokd Aol gl

(1]

[8]

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

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.

DOLI: 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

Google Pixel 6a,
https://store.google.com/gb/product/pixel_6a

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

J. Kim and H. Bahn, “Maintaining application context
of smartphones by selectively supporting swap and
kill,” IEEE Access, vol. 8, pp. 85140-85153, 2020.
DOI: https://doi.org/10.1109/ACCESS.2020.2992072

J. Kim and H. Bahn, “Analysis of smartphone I/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

S. Yoon, H. Park, K. Cho, and H. Bahn, “Supporting



End-to—End Resource Management Techniques for Supporting Real-time Tasks in Mobile Devices

9]

(10]

(11]

(12]

(13]

(14]

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

O. Kwon, K. Koh, J. Lee, and H Bahn, “FeGC: an
efficient garbage collection scheme for flash memory
based storage systems,” Journal of Systems and
Software, vol. 84, no. 9, pp. 1507-1523, 2011.

DOI: https://doi.org/10.1016/j.jss.2011.02.042

H. Bahn and K. Cho, “Implications of NVM based
storage on memory subsystem management,” Applied
Sciences, vol. 10, no. 3, 2020.

DOI: https://doi.org/10.3390/app10030999

T. Kim and H Bahn, ‘Implementation of the storage
manager for an IPTV set-top box,” IEEE Trans. on
Consumer Electronics, vol. 54, no. 4, pp. 1770-1775,
2008.

DOI: https://doi.org/10.1109/TCE.2008.4711233

E. Lee, Y. Kim, and H Bahn, “QoS management of
real-time applications in NVRAM-based multi-core
smartphones,” Int'l Conf. Information Science &
Applications (ICISA), pp. 1-4, 2014.

DOI: https://doi.org/10.1109/ICISA.2014.6847452

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

H. Bahn, “Real-time task aware memory allocation
techniques for heterogeneous mobile multitasking
environments,” The Journal of The Institute of
Internet, Broadcasting and Communication (IIBC), vol.
22, no. 3, pp. 43-48, 2022.

DOI: https://doi.org/10.7236/J1IBC.2022.22.3.43

LR

19974¢ 29 : ALgsta AXEA
EER
1999 29 : AgefstL WA

I AA

*20024 24 @ A2Tista ARET
SHE HRAL

+20029 99 ~ : o]l A

% This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIP) (No. 2019R1A2C1009275) and also by the ICT R&D program of MSIT/IITP (2020-0-00121,
development of data improvement and dataset correction technology based on data quality assessment).

_48_




