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Abstract In today's world, we find ourselves facing energy crises due to factors such as war and climate crises.
To prepare for these energy crises, many researchers continue to study systems related to energy monitoring and
conservation, such as energy management systems, energy monitoring, and energy conservation. In line with
these efforts, nations are making it mandatory for energy-consuming facilities to implement these systems.
However, these facilities, limited by space and energy constraints, are exploring ways to improve. This research
explores the operation of a data collection system using low-performance embedded devices. In this context, it
proves that an optimized version of RocksDB, a Key-Value store, outperforms traditional databases when it
comes to time-series data. Furthermore, a comprehensive database evaluation tool was employed to assess
various databases, including optimized RocksDB and regular RocksDB. In addition, heterogeneous databases and
evaluations are conducted using a UD Benchmark tool to evaluate them. As a result, we were able to see that
on devices with low performance, the time required was up to 11 times shorter than that of other databases.

Key words : Database, Benchmark, NoSQL, Time series Data, Optimization, Evaluation

39, 157EATS A7 (A1 AR Received: October 9, 2023 / Revised: October 24, 2023
w7 5] 9, Lvﬂ%ﬁ T4 AT (A2 AR Accepted: November 5, 2023

w2 3 °J S71EdTY AT (A A} sxxCorresponding Author: jaehoi@iae.re kr

qrd: 20?3Lﬂ 10“?J 94, A= 20234 10¥ 24 Dept. of Energy Environment IT Convergence Group,

A A: 2023 1Y 52 Institute for Advanced Engineering, Korea

- 911 -



Evaluation of Edge—Based Data Collection System for Key—Value Store Utilizing Time—Series Data Optimization Techniques

.M 2

A AAASE AR QYA \HlE S7L 715 9171
o} 22 9719k EAel o3 A e} oA &
&3} 9 A7l dis) g #4s AYA Ak o
A 4716 tulEty] Y3l FAE
28 71tk 2 7 diAdQl oy 43 Ve F
37t oA #e] Al2~El(Energy Management Syste
m)olEh= 7golt) olyA] #e] Al=gle 7]Ee HE
Ho F8at9d 34, 7, Ul 59 +&
T 71719] el ok Alxel 22 GuE F3f o]
HE F33te dlo]gE 7|9to s $-83ke] ojyA] A}
|7 JEE IR1s oA dyA A3t 7les 88
Z1golti1][2]. A &8 A~gEs A8

S PR ok 3 M 2 FRE AW ¥ o
| #el A

& AE R Be

A8 To

Al2=8l(Factory Energy Management Syste
=] A 32k odA] 7]E AYE F3l 202
5d ¥ 109 TOE(Ton of Oil Equivalent)o]2] ol
YA thaH] ARl A e 37 oluA] #E
o= Agdfof st AAe] FHHUTE AT o]
A XA ekaL, 108 TOE olshe] F7gell X 57 o
A T&vﬂ l e Hes ek gtk 4
‘3—3 S 7189 MH Alzas

Atk Al =S A% AW e g

o] dom Mu Ao =e A
13}. AuiEnto] obd AW 37

A ouA] Am), F3E ff210119}
13 FAE AT + Ade

A3 Qe Sl

AR

ot
=

Al

rﬂ u“‘

oo
Olt
2 %)
o o

b oo
L

ol

rméirlr*
m\l
j‘uﬁiu{o

)

gy 4
w

oo

ol—J.—E
o

o
>,
[
0T N

2
ru

1

1o o
N

[ % M 1o f% oX Mo ok

il

et

oo
ol o W

Eﬂ

x
ﬂmb
B
2
41

o,
[
>

flo 2

off Loy
my o
rlo
sl

=c)
of

rr
o =

o
k=)
fu ¢

ox

1o
e
> M e
> 2o
=
X
> oy tio
N
r ﬁ =~
5L
= o Mo
X °
e -
-3
v
A
rl
Ach
>
>4
@,

I
P
[> ofy

o

<

2
o
oL
=
o mi (g mX
o o
o N
Sb O ey T
N K oo o
£ > oo 2
g =
ot O
(1
>~

.,d
-
:L

18 ZFH317] 930 Key-value store$l R
AAD "ol Aele] HHow &

2kt 4 QIS Parameter 2 Y=
o] E} dloJe{wo]2ote] HALE B3
tupo] 2o A ol 3 Al~ES
Key-value store7} 7H A3s-S BITH3L
2 23] o]F do|Ewo] =5 HAY
o]z AAIE dlo]glHlo] 2 Key-value storeE 25 A
4 7Fsst W8 W7 28 Este kA A xR
Al 714 dlolEHlo| A& wlaste] HA 33 RocksDB
o] gt tiuto]x Aol ta WrkE Xgth
el & = A= RocksDBE] AlAIED dlolE ]
oj2gMe] & oAX|o s Holri, WE H} &
5 JIwste] vt diojejwo]o) M A THse
WAuta2E A5-gth =g Qut= tjuto]29 vo]
B 4 Alzagozxe &8 W APEE wAst 4
l\/hcroSDoﬂ/ﬂ < 4

i
i
&
o
=i}
[ o
)
_0|L

;
rlo
ox
R

o o
lo rr o

rr o

fo
b
gl

=
o

-

B

_VEJEL&

n)
o
=

1. 0f &4
1 #A% dloleulo)
P78 wlolEMol s AEAS] HolE o] ~2A
dlolElt= Bl oJs) AgH o} 22kl wlolE] Fze)
PR 41 shetela olald 4 wg AAE ol

glujo]zoltt ol g #AY woleulo] = ACID A
A A =L VA 55 AYx o A

HIAE ol #3tskA] athe

MySQL-2 @A AAANA 717 o] AREE L 9)
= ELS WA volEHo]zo|tH4]. TheFe B
AeA SQL A 2 =2 A5S AYx U B-r
7IHko 2 w1503 InnoDBEke 2B A X 7
2EZA QRlo g ARgste] KeyE 194st] =
z23] J5S AYE do|euo]xolti5].

rlo rl-tt 8

o

AEER DIEIEES
A7 el Mol 2t AAY HolE Azl H7
348 doleujo] 2 olmat) oleldt AlAe HlolE]
Wolze] A% A7kt @7 dolEE Ade AL F

- 912 -



The Journal of the Convergence on Culture Technology (JCCT)
Vol. 9, No. 6, pp.911-917, November 30, 2023, pISSN 2384—0358, elSSN 2384—-0366

ZAo7 F& Insert® Delete A4 9159
Zleg =019l

S EET

1) InfluxDB

InfluxDB= 32 227 #2js} Fg] F38 55 A
at7] fl8l Go slol= 7id AAE dolguo] s~ &
ShEM FEE QE4s A HolEHolx T 7t
& de] AREE = HlolE o) solthe]. =2 227
7} tEo] APL A9 B InfluxQL¥} Z& HeE9] A
de ol A AHEe A3k sARt TICK stack,
71:2# %1 DBMS®| 73 &3k Aol §lojAl AALeF vt
ool &£ HAo] ofg]y Aol EARTHTI

3. Key-value store

Key-value store®t NoSQL d|o]E{H|o]=9] dFo
2 Key9} Valueg 3+ o2 A8t dlo]g o] 20]
t}. o] 3t Key-value store= A 5 t}Fsk 7|Ho

2 715 A8 F vk Aok Key-value stores=
?LAWLO] ug- wol A4S Bk AA A= b=
$7F ol B ow ofet HolEHo]ze] HlE) =
% Fes A4S F Utk
o]2{ gt Key-value stores AHE-3F 2]l dloly]
#lo] 2= RocksDB, LevelDB, Big Table 5°] 111, £
ATl A= RocksDBE AdEste] 7]&9] e A&
fa9tske HlelEule]2ote] e Hud i ATE
Zl8) gt

1) LSM-tree (Log Structured Merge Tree)

Flush
Level 0 SSTLD#D Memory M mtahle
Level 1 SSTL14#0 SSTL1#1

SSTL2 #0 [ SSTL2#1 I SSTL2#2 ! SSTL2#3 .

SSTL3#0 [ SSTL3 lH SSTLS #2 ][ SSTL3 #3 I SSTL3 #4 I SSTL3#5 I
u

[ ]

%l 1. LSM-tree #=
Figure 1. LSM-tree Architecture

LSM-treet= & 227] HA3= $)8] Key-value st
ored] A A ETHR]. LSM-treex Rocksdb, LevelDB,
Cassandra, 59 %<& do]ejuo] 204 zjeis}tar gl

th LSM-treet= 227] HAgE 98] 19 13} 22 7
=4 F25 Adh Wz 27] W32k memtabl
eS AY3il memtable®] 7}5 7 Immutable memtabl
eo] o] A ~do g FejA Ha, oju] Z#A H
Hd& SST(Sorted String Table)ghes 4E¥ AEF
vz A foy 7 AL wdeld) Ha2d, U
o] Al =d uj t}g @] SST wde] 7] We
7} AA= SST #4934 B3 A2E sk Compactio
nelgte A S 3 Egs AGTh o o 4 #d
o] A77} kel B8-S Size factor, memory©l &
A8HE memtable?] 7ITE
£ write buffer size?}al g},

£ write buffer number, 7]

2) RocksDB

RocksDBE 712 Google®] LevelDBE 7]|WFC. 2 Fla
sh drive ##3} 4 o2} 7|5E5S F7ket 7MAde Ke
y-value store®|th. RocksDB+ LSM-tree(Log Structu
red Merge Tree)S 7]WHo = A|2E Q=] o5 S35
w2k 2712 §gkste] 27 Al & A
AS AYar, C++ Library FEE Ale¥ =
storeo| T},

wE 278

B .

1

Key-value

Hlolg =3 Al
dlole] 3 Azgleld 71 deole F Al
o]9% DAQ(Data Acquisition)©] 2l 7jde] Al
gojr9]. dAl= ole] 7ol Sof AlA, PLC, H
MIvto] obd dloJejulo] 2, vloje] A & e
e &5l ool gt doly 3 Al %‘%
°lHE s go] A AREEEY, B =R
A= & ~
13w

1 dlolel =5 Al
o 7}& X—]fﬂ—is‘ Hlo] g
Hjo] 2 ]

% A A2 0
S

I, RocksDB AlAHIY =XMsl 7|H

1. RocksDB
RocksDBO] 74 2 7] 45 %2 458, ¥
& A 9k 2 ool o) W2 ol Ho] 28t
589 Back-end 2EgA] Aoz AHEE 3 gtk R
ocksDBE THdd S804 &88 4 YA, 54
o3 “&at wlolE’Ql AAE volHANE F& &§

- 913 -



Evaluation of Edge—Based Data Collection System for Key—Value Store Utilizing Time—Series Data Optimization Techniques

T2 Atk E3 RocksDBE MySQLY 728 A3
dloef o] 2} InfluxDBSF 22 AlAIE dlo|Efuo] 2~
of v v AUE Q] ulo] dukzQl tiulo]

2o A et E we AR wet v Aes WY

@ 5 g, e el vutelzl A B dolg
olzoll Mls) e A AW 5 ddeh Ed )z
WA eloleulolze] W) e AR A o
ol ol9le] ofe] WHANE /1A |5 A &
Tk Wb RocksDBE ¥ w=RoldE oii7) e
Aol A= doleulo) et gskm AAD ol

Bl 43¢ Ax5s A,

RocksDB+
b R 4F du
AL ofy7ld $-271 A
of HHHE 4% GuF WA B A

Comparison of

Data Compression Algorithm
2500

2176.0

2000

1500 A

1205.0

MB

1198.0
1000 4

500 4

o

Lza Snappy ZSTD NONE

g 2. &F ¢12|E Bl

Figure 2. Comparison of Compression Algorithms

E 1. 4E Lue|E M4

Table 1. Compression Algorithms Spec.
Compression Decompression
L74 740 MB/s 4600 MB/s
Snappy 550 MB/s 1750 MB/s
ZSTD 530 MB/s 1700 MB/s
F1& 2 4= £5 dolMe Lavt 7HE
T

©

1 o
&
o
ofy
ko
ot
. ko
[
o
N
=)
2
[ mu N oy
1 flo

o
N
=)
Hd
K3
oft
o
T

o] &AF dlo]HE BEALSE 2 GB W9]e] HolHE A
st 4EES Itk 1 A ¥ 29F 7ol
AR it = tupol oA s dnEES
Ay} 7STD7} LZ49}F Snappy Rt theF 20%7H =
=& Hole AE B & 5 AAHSnappy, ZS

TDI. Wt tiupe] 2o A 71 &3] ALRE & 2K
22 ¢1 MicroSD 78 799+ UHS-39] 7]FelA &

2 30MB/s¢] £52 BASl = HEHAS Ho|:=
7EMMW%L%WW%M£$W
ggitt Mgt = A 500 =

Holt}, o] Lz49} 2 é%%%%ﬂﬂ%ﬁm
S A &8 5 gloks S grsty] wi
8] 7MY =2 ZSTDE # 43} 1 RocksDBY] o
dg|Fo s Me i

H2E

fo
I

il

o

2) LSM-tree parameter
LSM-treet= de}v]Elol] 9 H %*éﬂr 4

FFE Mzt LSM-tree®] %
Jizo) 7R 2 JFe

A
JeolA ol HE Zet) shAINE AAE HlolE of 2
o] Key7} AAA] &+ 79+ Compaction®] B3}
7] wiEel dubAl A ohE AFgs Bl w
2hA] o] A dlojEH o] M9 FHo] LAFA] ekol Co
mpaction 914+ AA7F LGSR @A 21, el e}
Compaction 2B =7 ¢lar, =& gis xS o
o o]¥2 HE| Z2 A~ By Ay Alolw ddd
o} AT AT 97 AR B vk A=
tuto] zo A& 7]E9] Aue g WEaAds Frst
7] o} et i gelo] uist LW =rt 23]
A4 7bsA B EAE wabA gas o8l v
H By eI =EE Fola, A2 v Rl o3 Write
Buffer Size%— 128MB=Z A4 3kt}. Write Buffer Num

ber?] 74 MAAS &8317] st 2719 Write Bu
ffer= A% T&D} BB e # 29 2] RocksDB

sebu e g 44l
SDB% B Hlo|8ue] 2} vla

A AL "olEdl &4 3le Rock
7re

- 914 -



The Journal of the Convergence on Culture Technology (JCCT)
Vol. 9, No. 6, pp.911-917, November 30, 2023, pISSN 2384—0358, elSSN 2384—-0366

E 2. RocksDB %X s} mzjo|g
Table 2. RocksDB Optimization Parameters

Parameters Value
Write Buffer Number 2
Write Buffer Size 128 MB
Level 1
Size Factor 150
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