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[Abstract]

Because blockchain is designed in a linear linked manner to prevent forgery and falsification of data, it is inefficient in
applications where data search occurs frequently. In private blockchain applications that have time-specific records, such as public
records, searches for records of a specific period can occur frequently. In general, when a block is created in a blockchain, the
creation time of the block is stored in a timestamp field. In this paper, we propose a timestamp-based index management for
efficient searching in a public records management blockchain. The proposed method can efficiently search data of a specific
period using timestamps while maintaining the characteristics of the existing blockchain. To evaluate the proposed method, we
designed a simulation model between a general blockchain with linear structure and the proposed blockchain and compared the
performance using it. As a result of the simulation, the proposed timestamp-based method showed much faster performance in

retrieval of records by period compared to general linear blockchain.

MOIO] : B+ E2|, EEN|Q, 7|1ZE H2|, 7|I2E EHM EIQARMD

Keyword : B+ Tree, Block Chain, Records Management, Records Search, Timestamp

http://dx.doi.org/10.9728/dcs.2023.24.5.1083 Received 21 March 2023; Revised 17 April 2023
This is an Open Access article distributed under Accepted 24 April 2023
@ the terms of the Creative Commons Attribution

AL Non-CommercialLicense(http://creativecommons *Corresponding Author; Young-Hak Kim
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-54-478-7524

original work is properly cited. .
E-mail: kimyh@kumoh.ac.kr

Copyright (¢©) 2023 The Digital Contents Society 1083 http://www.dcs.or.kr  pISSN: 1598-2009  elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2023.24.5.1083&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

C| X" 2El X &5 =&X|(J. DCS) Vol. 24, No. 5, pp. 1083-1089, May. 2023

tlolH & A7dahe WA ol EEAIQ Al2=gloll A 5
Qo)) glojefr]o] 2 metel X E5AQ1S 4k

= E% "d«] A E 93t £FM o7 B S ), B2 0]
Al 2253 dRbARl Ak Hlo|Eu|o] 2 A| 2Bl o] =8 Afo]
= o' E A3k B otk dwA Rl 4t tlo g o]~
Al2=Ele HolHE E—%O}Cﬂ M2 OE Rl =2A At
AlA Azt o] 9 2t dlolE7t Axds EAF FAE &
7] {18l w3 s STk

e BEEARIY] T2 WAl AnbARl EAE tlojEjH] o]
29} g, ake GO BAlE G A AR dlolH
E At & 25 B4 AA e o]y Uit old Y
gk HA HolHE ARt gtk E5A1R19] olegh A
Al B2 Betel] E3tE|IT) whep £ AREAPF E5A|Q)
o] dlolEl & otolH o & el A9, o shube] Bk
A7} o AA FAF FA] 9] ol AR A of OPE
2, oke]% Wz ofe] -3 Hlo|H ] FA/dE FTHeTH 1

E5AelA ERAA dlojH= P2P HIES A 7}015}
TE Lro ﬂvﬂrib— oo o3 HEHrh ERS] 55
Ao BE EAAAS ASs= £ == (Full Node)ﬂ'
ApAl 7} ﬂe‘ilﬂ EdAA dHE HSsks SPV(Simplified
Payment Verification) =52 2=t} & === t}& SPV
LE 59 834 A ERAAE Aty A ARSARY
ZWol A B w SPV »Ei F o g 4 7P
SPV ==& EdAA dolHE AFsr] 913 ~EgA] &
go|u} BR15)oF 3= ERAMA 75 IA £Y 5 7] Wi

oltH2]

EEARINA EIAEAES E508 YYHIL o] 55
= el ol A A glaEs) e A ow FAEN
=, BFARINA Hxdd AdE E5& AvA L S50l
ot 22 E50] A wopd ARE SAUR A T
= B5o] e BS540 dolye] oz 5l 744
< dzste] AAlE VeR 54 EdAAE BAshs o2
2] Aflelli= vlag o]t 3].

F| o] AKollA “Eav]EE vl wi HETo] EA44
o= AgHo] TR 715 HEE d-stetaL 9l
tH4l. e3715E2 dd 9 @9 SMd R 7158 25
A Aol et 3-89 ¢ o2 & F Arkh Ek o3 7|5
2ol E5ARleR wed 49 54 VIl tid 7 E= '
Ao WA ool 4= gltk. o]2f gt el A E5A
o) JLfrRE =2H4 54wzl RIHSE ghalol] thgh A7} &l

N
i
9

(o]
)
(o
v

T
Loy

ox
ox
i,
R
) > r
[}
[>
el
K
o
I
2
rir
:Oé
oft
s
Jfu
e

http://dx.doi.org/10.9728/dcs.2023.24.5.1083

e}

>

s

Wb ATk AR S B AEng Zigto 7 ol
g Pste} 5 A7 =9 3
ok, Algke wRle] WA 918 AlBelold Rulg Yol
ol 7|27 %5g BT,

27golA T A8 71Eeka 3ol & Aol Agh
Al = Ao BEFA 25 At 4ol At
H E5AQ x2S 7S] W A vlareh, iAo
2 hAA A8 B

21T = R

o
ﬂ?
A

o
ot
=
ol
oy
Ju

Ll

= AH] 2 2ES AIQE P’ﬂp} . O] AT A= tEte] F
F7)EE 2] IS 22813 Hyperledger Fabrics ©]-&
slo] Au) A B gt T2 el AAEgth Euee
F3715E AHE 8 ESA] 71Ee] 48 vsde A
Eslal olof tigh /A SRl A 5 AaF D WHS A
QreISITH 6], o F AsATollA] T3 7] A F37FES
SEA1Q1e2 #Ash] gt 7HL§7§; 1 S0l A AJH] 2~ Wt
& A7 B871REL

H=Z2x ﬂo] EJ—/\H °J1/\].o]Eoﬂ [q.euj H]E 0] Eiiﬂo]g |
$- 20234 2¢ 20¢ 7 AA E59] = 777,49170,
S50 P A7) 2.146MB, 3 559 Hd EWRYA L
4= 1837.29, BFAQ19] ¥ A7]|= 457.45GBo|tH7]. &
SARNA] AJZke] ApAA A28 EFo] A& o= 44
7] Wil A EE2] Z7]|% ol H|#dle] Frhgihct. H
ERl EFARINAE HAl E55 Adshs & w=o E
WA HAE g 7 ARE Agshs SPV =271 9l
EFAIR1S A77F AXEA A EFE A3t
HEo] ~2EZX] #e] Wi o2 g ~ETX| A
a&How B 'er] fg A7 H8E L vk

Li 52 &£5AQ dlo|EE <% MongoDB dlo]g o]~

l BAREtS] o] & &-8ate] BFAIQI HlolE A& g W

& ARMSIATHS]. TU 52 ths EAAM o] 554
°1°ﬂ/\1 Folalb= AR [ 25 olF A 5 olF &
= 55 Ao A HolE= Hefte] B+ EgE A3t
w2 S gk WS AIRKSISITH 9. Feng 5 719

<1 A e *46393?% At EE 2y
@‘ﬂ g gk 7)1

1. ol& ArellA ARt

2
i
1
jz
"

i
Y

oL 1 &
L oft
QL
EE:
=
Ll
£
ol °§f
&y
2 o
ﬂm

f
e
©
19
T,

N 2
JHUr Nt

i e

ol
-

N
N
M oreo
)
IS
My
o«
of

[
i)Y
ko
Py
M
e
o,
i
S
2
(/N
rlo
=
Jo
ok
A
ox,
o
u
0,
:oé
e
E



SHA| o] o] FA| = Fofell M= Wl aE A Q] Aot
ATl 7w ek B2 Zetoldl ARl S8
oM EA 7R a8Xo® 55 dolHE gMsh=
YAFE 7|ke] WS AlbR, I ESRlY 22 E5A0R]
o] - EdAAL 47 Bor ApR|ehs wEe] ek of
T Ak vESR]D E5AQ1 sk g7 5w A
EdAAe T zher 3 EdA o] ApA|shs Ry
CRia—kilAn

. Aot L

T 1€ BE50] A F20 ofd) AZR 2=
B2k 90 HlolE TS HolFT. BEANN @ B
2] AE] B uh) BRo R TR H) RS o]
B2 S, QIR N FE g Fo] T vl
pye Edadse TAH

£719k 5o elelA] A 7| SRel P BEAAL 1
% 13} o] Aul: 3110101 W gojo], BmAlel Hojol
Frske] AASGTHS]. 2Rl Hololt= Anel B
A9 72 e }f'% Sl EHE EAA 7|5
| e}t o] TE

AT A ga, o
Joun GRg ez el 5 e dohs
A5E g87 o7 Sllgl= HhS Foksit),

BEA0le] B2 scol Blelaus e B2o] 4y
A9 @ A7 5] 71 gRrt AgEck B A

AR} U5k FIPEE B ARE EEHOE BAS
7] 9181 BRI 2R 7] Qe ALgSlel Br EelE 7
Stk B+ Eels vlojeilo] s Holo] U] AHgElE AuT
22 olgs g B nE AT Qs s
Efelawme] Z1ghot vk Q112 wmo] Tk EQIE} 4
531, 93 st gl G AYshs Be e,
P o} Sl BREE A%NE QEHOR S
Wl QAslo] BEAGle] I 5L vl A
(e DE o] EAske BHAANA AMAI~ 3
S0 AFsle] WE B2 24 uel 7hdst B2 g
Qe glel wel B+ E¢lE T $4S nlF
B2A0 Holxte] B9 BEANN BE BEE A

g & =9k SPV 9 o] 127t Qi v SPV 3]

.ﬂ

=

e

237|122 22| SEAL0IM ElIAE J|slo| BB B

Service Layer ‘ ARecord Register ‘

¥

‘ E-document Genaration ‘

Preservation Layer ¥

‘ A E-document Chject ‘

Blockchain Layer Headear <-L Header

[ Hash of Previous Block ] <{ Hash of Previous Block ]

[ Timestama | [[Nonce | [ TimeStame ] [ Nonce |

Merkle Root ]

i [ Merkia Root ] | "

Merkie Tree

{ Transaclion Dala ] [ Transaction Data ]

38 1. 337229 2240l 7=

Fig. 1. Blockchain structure of public records
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Fig. 2. An example of configuring a B+ tree with the
timestamp of a blockchain block as a key value (a)
Blockchain with two blocks in one module (b)
Composition of index node with a block timestamp
as a key value
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Table 1. Simulation variables and values

Simulation Variables Symbol Values
Total number of blocks N [500,1000,5000]
The number of transactions
included in each block n N(2500.850)
The location of the block
containing the data to be K DU(N)
searched
The location of the
transaction containing the r DU(2500)
data to be searched
Time to read one transaction t 1us (1x107% sec)
Time to move to the next level .

: c 1ms (1x107% sec)
in the tree
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