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A Resource Planning Policy to Support Variable Real-time
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Abstract With the growing data size and the increased computing load in machine learning,
energy-efficient resource planning in IoT systems is becoming increasingly important. In this paper, we
suggest a new resource planning policy for real-time workloads that can be fluctuated over time in IoT
systems. To handle such situations, we categorize real-time tasks into fixed tasks and variable tasks, and
optimize the resource planning for various workload conditions. Based on this, we initiate the IoT system
with the configuration for the fixed tasks, and when variable tasks are activated, we update the resource
planning promptly for the situation. Simulation experiments show that the proposed policy saves the

processor and memory energy significantly.

Key Words : Resource planning, Machine learning, IoT system, real-time task, evolutionary computation.
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Fig. 1. Resource planning process proposed in this paper.
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Table 1. Workload scenarios

AluE] e 1 I Eat G S ) AZYAZE vlg
1 174(0.2-7M410.2-7P20.6)  50%-20%-30%
2 175(0.3)-714(0.5) 30%-70%
3 117(0.1)-7FA1(0.4)-7142 (0.7) 25%-50%-25%
T R PR TTEETE
o | eETEA2 e =gy ez gy
a0 08
o
do6
=
g 0.4
02
0.0
AlLtg|=1 AlLtg|=2 2 AlLt2|2 3

a3 2. oHX] AR HW
Fig. 2. Comparison of energy consumption.

HgE gy DE AT 7| Sal Y
12 el B = ==
fIJIﬂJH]
o
s
]
=04
0.2
0.0
ALt = 1 AlLtE|2 2 AlLtE|2 3

J8 3. ezl SZE Hw
Fig. 3. Comparison of deadline meet ratio.

35

Heg® =ey I Ej AT 7|t Ee)y
30 ezOpE A 7| ERY =72 S2Y
25
Tl
oo 20
S5
[l
10
05
00
AlLE|2 1 AlLtE|e 2 AlLtE|e 3

a3 4. X1 0|8E Hlw
Fig. 4. Comparison of resource utilization.

_50_



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 23, No. 4, pp.47-52, Aug. 31, 2023. pISSN 2289-0238, elSSN 2289-0246

I9 32 4714 Akl 23 FFel o
Z5Z HolF1 gtk JYojd B: A

Al o] BARQle] BF dEsielE S5 ST
Ol Fal= A8 FHd2 YA F AF div
oflix] deF axprt X Fole F AR vzt 7=
g=2tkel S50l 100%%2 1 4= St o] Al A4
At ge] 14 A 7|9 P B ekl 5
80| v Weten, o= o] FFo| 7hd eA3e &
geHE sk 7] hiEelth. AuEe 39 B¢ AL
7 EHiA=0] Fopr) uie- w2 Wi 7P e A=) Ko}
7t A S7bhs fARER FAEW] deel 1
Bia3 7R Zed ol g=ael $5E0] A AstEe
2E I & Sl

I9 4= 4714 B39 AH o] 8E2 HolFal Sl
IolA He AAE 484 Ede] Ze Ayeed
A1 0.95 o9l =2 A o] 8ES e As RIS
& ok FAE B =R BE AU QoA HAT
=9 i #3171 0.8 olstz A7 "zl 10 7t
7k ol 8ES A VHES 4% R g5t o
< 22 & 5 ok FHd A3 7E S V1R
S99 Aol 8E2 A8A EAYETG e Aol
o] HA Yepg ey ol AAlE Fop7t 4] ok A
FolA = ol5 BAS0| 2 FolE 7MiM A
e ] HiEez & 4 Aok i B2 7t
g o] Al ol gEo] 71 E el vlsh &A UEk
on oz o gja3 7|5 EFdo] AXY 7HEe
Y F=7HA A5 mizelt. 28y, fazE ¥
Stofl tiAfsHA] @71 wiiol 1 vk AR YE & 5
ATk 37 HAT 7|9 Q] B A o880l 1
< e e 22 ges UEpden, ols Folxl A
9] FHAE &M e A2 & e FasHH ¥ 2
HE & 5 Sl ol 19 39 gEER] S5E0] W2
ZoME I 2AE & 4 Atk

(I

V.2 B

o
N

Q1 AAZE Al AEoIM = BE BAT0] HEet
BAst7] s exekql AAIEH] ZHkRE A

Fsiet. 2y, ofet WAL HaRE
opo] AT o= Qlof HaEH] A e 2
A}, & =2ollAs 7hd BAart ZokE ARSI

o

R
ol
o
4

ol

4 B M o

! S A A &9 BAES ARSI Al
= A2 AazE Hole] qAs] fs) 1 % 7t
238 799 Ya=s x5t gis) A ZHd

- TARcRE M} A4k B 2=
2] e 292 o8l 1
A2t EE HESI] AR Hle] g
92 SA HFT F A=F Aot AlEFolAd
30 At FHo] A=UHU A2 H¥e §

N+
>,
2|
T,

X o & Ok
L
N
i)
>,
o
o

& 4o o

<, x
i 1o,
|
T
)
I
)

References

[1] J. Wan, M. Yi, D. Li, C. Zhang, S. Wang, and K. Zhou,
“Mobile services for customization manufacturing
systems: an example of industry 4.0,” IEEE Access,
vol. 4, pp. 8977-8986, 2016.

DOI: http://doi.org/10.1109/ACCESS.2016.2631152.

[2] L. Liu, S. Lu, R. Zhong, B. Wu, Y. Yao, Q. Zhang, and
W. Shi, “Computing systems for autonomous driving:
state of the art and challenges,” IEEE Internet of
Things Journal, vol. 8, no. 8, pp. 6469-6486, 2021.
DOL: http://doi.org/10.1109/JI0T.2020.3043716.

[3] S. Yoo, Y. Jo, and H. Bahn, “Integrated scheduling of
real-time and interactive tasks for configurable
industrial systems,” IEEE Trans. Industrial Informatics,
vol. 18, no. 1, pp. 631-641, 2022.

DOI: http://doi.org/10.1109/T11.2021.3067714

[4] D. Kim, S. Lee, and H. Bahn, “An adaptive location
detection  scheme  for  energy-efficiency  of
smartphones,” Pervasive and Mobile Computing, vol.
31, pp. 67-78, 2016.

DOI: http://doi.org/10.1016/j.pmcj.2016.04.012

[5] 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, article 371, 2019.

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

[6] H.E. Ghor and E.M. Aggoune, “Energy saving EDF
scheduling for wireless sensors on variable voltage
processors,” Int. J. Adv. Comput. Sci. Appl., vol. 5, no.
2, pp. 158-167, 2014.

DOI: https://doi.org/10.14569/1JACSA.2014.050223

[71 M. Huh and S. Shin, “A study on the energy saving
house system using IoT technology,” The Journal of
The Institute of Internet, Broadcasting and
Communication (JIIBC), vol. 20, no. 6, pp. 109-113,
2020.

DOI: https://doi.org/10.7236/J1IBC.2020.20.6.109

[8] S. Lee, H. Bahn, and S.H. Noh, ‘CLOCK-DWF: a

_51_



A Resource Planning Policy to Support Variable Real-time Tasks in loT Systems

9]

[10]

(11]

[12]

write-history-aware page replacement algorithm for
hybrid PCM and DRAM memory architectures,” IEEE
Trans. Comput., vol. 63, no. 9, pp. 2187-2200, 2014.
DOL: http://doi.org/10.1109/TC.2013.98.

E. Lee, H. Kang, H. Bahn, and K. G. Shin, “Eliminating
periodic flush overhead of file I/O with non-volatile
buffer cache,” IEEE Trans. Comput., vol. 65, no. 4,
pp. 1145-1157, 2016.

DOI: http://doi.org/10.1109/TC.2014.2349525.

J. Gong and S. Lee, “A study on performance
comparison of combination of genetic algorithm and
ant colony optimization for multi-robot coverage
path planning,” Journal of KIIT, vol. 21, no. 6, pp.
55-65, 2023.

DOI: http://doi.org/10.14801/kiit.2023.21.6.55

S. Yang and Y. Kim, ‘Optimization of process
parameters of incremental sheet forming of Al3004
sheet using genetic algorithm-BP neural network,”
Journal of the Korea Academia-Industrial cooperation
Society, vol. 21, no. 1, pp. 560-567, 2020.

DOL: https://doi.org/10.5762/KAIS.2020.21.1.560

H. Chetto and M. Chetto, “Some results of the earliest
deadline scheduling algorithm,” IEEE Trans. Software
Engineering, vol. 15, no. 10, pp. 1261-1269, 1989.
DOI: http://doi.org/10.1109/TSE.1989.559777.

- FAAIH}

e Gl )

£ 20229 ~ :
« FEyHOL :
HgE A2g

X R A

- 19974 1 Agrist AXEAS T
bt

- 19994 1 AguEkL At} A

- 20024 © ATt ARETLR
ahay,

* 20024 ~ : olsjoleiatE AR

SR, 2B A2,

3ot w4
AT =4 AE]

19864 : olgtiRitfety ET e}
AL
1996¢ : Illinois Institute of

Technology HFEITstT A
20184 : olstoiAisty. HFEF
S} "hAk

20194 ~ 20204 : Seattle Pacific

University 23

olgfoiztesta AIFHAT AFS
ZGAA

AnEgel dAY, AFA%, Y

% This work was partly supported by the Institute of Information & communications Technology Planning & Evaluation
(IITP) grant funded by the Korean government (MSIT) (No.2021-0-02068, Artificial Intelligence Innovation Hub) and
(No.RS-2022-00155966, Artificial Intelligence Convergence Innovation Human Resources Development (Ewha

University)).

_52_





