ISSN 1229-1889(Print)
ISSN 2287-9005(Online)

J Korean Soc Qual Manag Vol. 49, No.4: 527-537, December 2021
httos.//dx.doi.org/10.7469/JKSAM.2021.49.4.527

HISEHEMS 0[S PoN SFA2 AILH] eelEFE JiM

*1 =)k sk 3k
CRREIL LRI R

olFuek 413 ek}
AR AT

Improvement of Consensus Quality for PoN Blockchain
System Using Response Surface Methodology

Jin Young Choi'" - Young Chang Kim"™ - Jintae Oh™ + Kiyoung Kim™

" Department of Industrial Engineering, Ajou University
“ Electronics and Telecommunications Research Institute

ABSTRACT

Purpose: The purpose of this study was to suggest an improved version of Proof-of-Nonce (PoN) algorithm, which
1s a distributed consensus algorithm used for block chain system.

Methods: First, we used response surface method for design of experiment that is to generate experimental points
considering non-linear relationship among variables. Then, we employed overlapped contour plots for visualizing
the impact of control variables to performance target.

Results: First, we modified the consensus procedure of the existing PoN algorithm by diminishing the content of
the exchanged message. Then, we verified the performance improvement of the new PoN algorithm by performing
a numerical experiment and paired t—test. Finally, we established new regression models for consensus time and
Transactions per second (TPS) and proposed a method for optimizing control variables for obtaining performance
target.

Conclusion: We could improve the performance of the previous version of PoN algorithm by modifying the content
of the exchanged message during 4-steps of consensus procedure, which might be a stepping stone for designing

an efficient and effective consensus algorithm for blockchain system with dynamic operation environment.
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Figure 1. Comparison of centralized network vs. distributed P2P network

olzlg B AN Folohs RE o} 24 Aol FAT HlolHE THaL A%ap] AaiA AHeEE
Wo] BAkge] I Fo|T. =, BAkGe] FIABL WAk BN A2te] wmEE Aolo|A o]Foi7l Eua
Aol ojg 71Folt B8 44 % A% Fol Igeld BAY gl wE 1k 2% Ane] U FAS o)
FE ARe FARt B GRS 2% A4S 99 AlT e ARS T wmEe] ¥l w
=7 AN ¥4 A PRI AL G BE

O

o2,

2

=2

>,

4 -

1= S|
EAQE A E FFoE EE3t 4= 9JE Practical Byzantine Fault Tolerance(PBFT) ¢i1#]Z(Castro and
2 Zd(Delegated Proof-of-Stake, DPoS) ¢ 8]Z&(Kim et al., 2020) o] Sth

S oee BAY SAIZES 2o 45 FANOD S8 ThFF S8 Hop] W HOT AHGH 0

= 2|8l BEE5AR19] HE2 AgtE SAoA AFRE = A9 Bol Sty FAIH SR PoW 4o dag]
=8 A% 584 AT 29 EWBAM 4*(Transactions Per Seconds, TPS)7F ] 7 TPS AEE wj$- vtar 10
ol 71 o AIZHS Fo R st} o] g PoWe| B-S Hestr] $I8lA] AlehE PoS #AHee] duEEE 4
A TPS 759 A5E 27 ulitol AAIZE Av|2= AlFd SAE 28a itk gEAQl v A QA 24kgke] dues



Choi et al. : Improvement of Consensus Quality for PoN Blockchain System Using Response Surface Methodology 529

l

91 PBFT &5 gold Fojshs wrg9] 71 Foahd ghojo] mgd 4= ﬂﬂ‘{}, e 7‘“34 0}% E L=
7F BRENAEE Sl o] HAAE deety] mite] wAA] BTt 0%
opdTE 6‘4 AlZto]l F7bstal TPS Asol Astett. 3, 58 ESAQlAN 2543t EX}* HOH Akl
Algorand &322 % PBFTS} nlz7kA 2 3he] whr|e] wA|x] HREFAAg o2 Qs o WAA] BAEE 7pA|H,
22%9] ol AJ7to] A Qo] AAIZE My AlFol| Aleko] 12T Chen and Micali, 2019).
olg|gh 7| Akt daelFe] FAE S5aH] HEA AIFE Proof-of-Nonce(PoN) 4Heke] iz
7t ol dAlel A wEE = wAA] BT} o) g8 F o], o5 V|Wrom & o] ol AJZka}
T e ATl 7FesAtHON et al., 2020). 18y she] E5o] £3EE EWAMAL] F7]
Fo)E sl Zag 4dA Y & HA skl AFH = WA A7]e] S vAY, HAA == 5
o] Fhof = o] SThs BAshe wAA] FRFolur AlE] AR bl wlg- 2
=i o] & A 913 ARFetE PoN #4Hghe] dael5e] 55 ghe]

o darglFate A Hlals S8 A éiPe ASsk3leh &3, Wkt
% E

N
)
i
e

_ﬁ
o
tlo
X ook
% o
o
o
= 1o
~ B
i k)
S
2ok e

N9 o 7
o I

ro,
)
BN
%
o
rlO 1‘H
i
ofr
Ol
rl
ol
o M
M)
=
o
>,
k1
2
=
ol
O
32
i)

o
o

o Z rg & .
HToorr
= o
i o
o
M2 ox
=

=)
=
|
ol
Ogt:",
ot
Rui
W
o3l
=2
S
rir
2
rO
i,
s}
(@)
Z,
Eh
>

nB: ox,
)
S
o
1o
i
Y,
N
)
ot
2
=
ol
>
e
ol
o
Ol
I
d
A
N
=2
o
fru
ol
Y
2,
>
rlr
iin)
il
K
o
-
2
-
o
o
tlo
2
>

2. PoN #A13}e] &d38)& Me

2.1 EZu ¥4

PoN #4Fe] g5 7|Edl Ak e akehel darg]EEel vis) XA Ed v} o7& 25
A FE ol st vk EFAQ Edutet ESAQ A Aado] 7| A 07 AT of o= SAOEA &
Zoksl A4 Bt o R AHoldtHViswanathan and Shah, 2018). &5kl &9 Holsl= ApFo] i
=5 JFHA gor Ayt AT o T ATS 2E 5 ARA oML w5 F A 2FEE
BAet] gk Aot PoN #4kete] dag]&e 7R 8o® BE wu7) Fejd Fofshs Ao ofel, 4
= 749 &9l (Congress)E 3l FoE Fdshe HIAAA WS Agdrt o] W, BE == ool o
= A4S gEHor FusH 98 5 gtk w3 7o) == U A2l (nonce—chain) S A48k, o] S &

71 A (hash- cham)oi /‘}%OM %EH Al Fol s AR a4l T ARkl 28k Wis A48T o=A FofA A
2 GO A

N
&
£
e,
N
\
o
N
&
SL
)
=7
E
O
2
of{
ot
oo
&
=
B
o
il
o
=
o)
o
Z
M
22
i)
o
1
2
oN o
o
am
ofN
o2
ox
o

4 A
5% 4 AHOh et al., 2020).

AL B2 YEYT Folshs =B F7) 57 Po}ﬁa} ghe] AIZF &
gk A7t AA BAsHA e 542 eI PoN £4 =
Az]e] A7)7F 57lelH, FefE HI7E wAlA] agke] Hiter } oiﬂ H] a54
S} Bolg e WA wsst g ool el v



530 J Korean Soc Qual Manag Vol. 49, No. 4: 527-537, December 2021
Aeld 4 = 5otk PoN 4] dargFod= dels A ELJXﬂOﬂ Folgk A3E ofd k=i o5
7k o, m=e] 7t *7}’0‘}74‘4 18 =m0 F07F Skt et §HejAl o] Al gES B} A
k= Alo] 7hsattt. kA PoN #4HgHe] dhare]5 Liveness B4 HUL HIZE 37 B ool oigh Bk
Aol 7FsdteHOh et al, 2020).
2.2 g A}
PoN #4Hee] daref5e] ¢o] Al 7|24 0 Aol & Mdsty] 918 doAE dEshe dAs A4
oA Z5E 9 L3)(Committee) & TA3HL E55 FoJshs WAlE 73 AHKim et al., 2020). oA 478 34
oA Esdotel Hotd B 98 A4 w2 ARl AEE kAL, ofF o]&ste] FejA] o] 7t
AL deth FAACE BE wrvb U2 A9 Wi ghs o] &3t di4] s AXtetal, 211E nhsto] ‘L«]
A Fo] AAE AL =50 o oA Next Congress Request(NCR) HIAI A S Hujo] o)A o] =17
AA Ho] HFAHo 7 o =7} AAHYE B2 3o A AE Figure 29 o] Delegated Request(DR)
Prepare, Commit, Committed®] 497419 &9 #A4 & 53 £5 oS GA3th. WA, DR @0l A+= g+ Aol
A% el BE =&t A4l WEMempooDdll AE EWRHAE o oA A, o] uff, Ads e E
A o= EdAMA HE(dentification: ID)9F EAAA Ar7F Takgth o w2 RE LAY HAXE AE
skal, o] Toll A W o] TEA o T3 EAMANES AEsto] HF B5] YEom A B3 vUs &
o] ol E 3l XE ==7FNCR WIAAE o mEoAl Bujo] A28 FejA 74398 93 da= st
Prepare @AM = o =27} 7)) 91935 T6kaL, o] =50 A Prepare WAIAIE &gt o] wA[A]
o o wu7t gAg 559 ylgo] xiE o] glom, olF Filg 993 7 REES FAE FH BESS
Aseth Commit AN &5 Hes Aud A3 w=Eo| b5 A¥S AAsHe] o7 ==l Commit
HAIAE B3, 94 2B o] FHEt HE 5 AT Committed GANME o ==7F E5AI%1
o dd¥ BE k55 HE EES Aoeti, 558 A 55 B AdE AdE 94 it
T £ 3ol A&t
commit committed
N el -
Congress [ member | N W A e
31 _ ~ - -
2f+1

Next
Congress
NC

> 3f+1
Figure 2. Consensus procedure of PoN algorithm



Choi et al. : Improvement of Consensus Quality for PoN Blockchain System Using Response Surface Methodology 531

3. PoN 3e] A5 /A

3.1 7§AE PoN BARFe] ¢tagE)E

P

Kim et al. (2020)% PoN #4F5he] duel5e 3t A5 4
Aol &S = T Ade Al ‘?i-?i’ﬁ H]E%ﬂ L= ?(%341 7N

(e}
2
HE,
e
2
toby
il
Ho
gg
rO
-4
il
>
OQL—“
P,L
32
E 0
M
>
%
(U ()

Table 1. Levels of design parameters

Variable Level
-1.732 -1 0 1 1.732
Size of transaction (tx_size,Xl) 250 317 409 500 567
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The number of nodes (node_num,X;) 6 10 15 20 24
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Table 2. Definition of financial service for smallbank

Service name

Description

Balance(N)

Checking the remaining balance of account N

Withdraw(N, V)

Decreasing the balance of account N by V

Deposit(N, V)

Increasing the balance of account N by V

Transfer(N1, N2, V)

Increasing the balance of account N1 and deceasing that of account N2 by V

Merge(N1, N2)

Amalgamating the balance of N1 and N2 into N1
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Table 3. Experimental results of performance for two versions of PoN

Perf. of old PoN Perf. of new PoN

I;Z\)I((S. X, X, X, Y1 Yoy 1 Yoy
(Consensus time) (TPS) (Consensus time) (TPS)
1 -1 -1 -1 0.137 2,315 0.125 2,377
2 1 -1 -1 0.161 2,342 0.134 2,349
3 -1 1 -1 0.171 3,202 0.153 3,171
4 1 1 -1 0.199 3,198 0.156 3,211
5 -1 -1 1 0.332 2,310 0.311 2,319
6 1 -1 1 0.399 2,315 0.331 2,321
7 -1 1 1 0.514 3,172 0.393 3,175
8 1 1 1 1.073 3,144 0.453 3,178
9 -1.732 0 0 0.251 2,762 0.214 2,767
10 1.732 0 0 0.343 2,736 0.268 2,754
11 0 | -1.732 0 0.209 2,018 0.197 1,998
12 0 1.732 0 0.404 3,492 0.299 3,520
13 0 0 -1.732 0.092 2,760 0.088 2,854
14 0 0 1.732 0.481 2,733 0.395 2,737
15 0 0 0 0.290 2,738 0.238 2,743
16 0 0 0 0.285 2,741 0.234 2,765
17 0 0 0 0.299 2,739 0.238 2,746
18 0 0 0 0.277 2,756 0.241 2,754
19 0 0 0 0.294 2,740 0.232 2,737
20 0 0 0 0.285 2,749 0.237 2,758
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Table 4. Levels of design parameters for new experiment

Variable Level
-1.732 -1 0 1 1.732
Size of transaction (tx_size,Xl) 250 330 440 550 630
The number of transactions (tx_num,Xz) 5,732 5,000 4,000 3,000 2,268
The number of nodes (node_num,X3) 6 10 15 20 24
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-valueE YERt %“&@23 p-value #°] Z245 A5 A3 2

fxp. e = X % (Conseé/sls time) (;jPQS)
1 -1 -1 -1 0.314 5,017
2 1 -1 -1 0.408 5,022
3 -1 1 -1 0.185 3,076
4 1 1 -1 0.206 3,051
5 -1 -1 1 1.140 4,955
6 1 -1 1 2.930 4,840
7 -1 1 1 0.427 3,019
8 1 1 1 0.509 3,008
9 -1.732 0 0 0.378 4,022
10 1.732 0 0 0.576 3,981
11 0 -1.732 0 1.725 5,679




Choi et al. : Improvement of Consensus Quality for PoN Blockchain System Using Response Surface Methodology 535

Exp. No. = = X (Conseé/sls time) (;jPQS)
12 0 1.732 0 0.265 2,309
13 0 0 -1.732 0.148 4,042
14 0 0 1.732 0.919 3,975
15 0 0 0 0.479 4,006
16 0 0 0 0.475 3,991
17 0 0 0 0.447 4,023
18 0 0 0 0.461 4,031
19 0 0 0 0.457 4,026
20 0 0 0 0.454 4,007
Table 6. Coefficients of regression models for consensus time and TPS
(a) Coefficients for consensus time (b) Coefficients for TPS
Term Coefficient p-value Term Coefficient p-value
Constant 0.5131 0.000 Constant 4,004.00 0.000
X, — tx_size 0.1664 0.030 X, — tz_size -15.50 0.033
X, — tz_num -0.4281 0.000 Xy, — tx_num -965.51 0.000
X5 — node_num 0.3735 0.000 X; — mnode_num -32.86 0.000
X7 0.1887 0.011 X, X, 18.00 0.058
X, X, -0.2226 0.028
X, X; 0.2196 0.030
X5 X5 -0.3504 0.002
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Figure 3. Overlapped contour plot of consensus time and TPS
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