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Abstract Since the birth of the Ethereum in 2015, various decentralized applications (DApp) based on
blockchain smart contract technology have appeared. However, CryptoKitty's case showed instability in
terms of performance and scalability in real—world service environments. To solve this, a blockchain
platform that developed a high transaction per second (TPS) has appeared, but there have been no
environments and services to test it. Therefore, this paper intends to design and develop a game that
can record the contents of all games on the chain and verify the performance and scalability of the
blockchain platform through oversized transactions. The developed game generated a total of 6.3
million blocks and 8.9 million transactions through by 682 and verified the improved performance and
scalability of the existing platform. Additionally, the maximum TPS was measured at 1,309 during the
test period. In the future, it is expected that performance and scalability can be compared in a realistic

environment through the method presented in this paper.
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Fig. 1. Architecture for Blockchain DApp
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Fig. 2. CryptoKitties, a DApp of the Ethereum platform
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Table 1. Machine environment of Si. Chen’s Research

Num 0S CPU Disk Memory
. i7—6700HQ 2.6Ghz |M2S3138E—1
1 Winl0 4cores 28GM—B 8G
.- | APPLE SSD
2 Mac OS [2.9 Ghz Intel Core i5 AP0256] 8G
3 | winto | PT42LOH 2.9GHZ - 0e6 sop 8G
4cores
4 | winto | PTHRLOH LIGHZ | o506 gop 4G
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WDC
- Ubuntu 1?\17\1/{[1}? égd 4???31/[) A}?g WD10JPV 8G
° 16.0.4 ?reoh X—00JC3T 0
sraphics (17)
. 1TB/5400
6 Win7 17-5500U 2.40Gz 4 rotation per 8G
cores .
minute
e 1TB/5400
7 Winl0 i5-4210H 2.9GHZ rotation per 8G
4cores .
minute
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Table 2. Comparison between EOS and TRON's own
performance test

SUBJECT EOS TRON
Consensus Name DPoS DPoS
Max TPS 4,000 2,000
Block Creation time 0.5 s 15 s

Max Delay Time 1 second 1 blocks
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Table 3. DAppRadar DApp Activity Rank
(K = 1,000) (2020. 8. 1.)
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1 Splinterlands 6.4 K 454.7 K
2 Bank of TRON 5.9 K 35.1 K
3 Crypto Dynasty 3.1 K 55 K
4 Tron Funding 2.4 K 9 K
5 Yup 22 K 9.3 K
TPSe] =Hol|A B 19 Splinterlandse] Transaction

454, 70072 35 86,4002 rd AU Hit oF
5.26 TPS7} Lo At A A 2= AR/l HEE = A7t
thi} Transaction®] {55 o|WlES] of o wjz}
A== Ho) TPS7F T 8844 o]= DAppo] 7|2t %164
wlo] wel 232 29191 Bank of TRONO] 1 3%

T = Ao EAs) ey @A) o) TPS9 73
- DAppRadartt DApp®] & &l A A|&3k= Block

Explorerdl] Al 2 4= §lo] vl 4= 9= 227} §l)
E3 e DAppS X3 olejEl e ZHFE WA o)

TPS+ 3001, th-
Ao}t HE 7)SH AnE 74Eaﬂ§§ 2=
A9} FAlEES AAE <

wEb FA 24 E = *Zﬂ DApp AfR]Z gH ol

A BEFAIR EHE] T A S 4SSt
717} o/ {17 ].

B =oAE olglst SHAIE slds] flske] 9=
o2 WE EAMe] WASH= DApp AHE- S =
sh= AlS AAskar Ndekgich Bk ARER}e] 4re)
9] (Location) Z=HAXE 2 A DApp A8 34
ot 25 P8l 2= AREAE dide s F91
(EF) do=53s oMIES Fasith 18]ar o] 2 A
25 38 Au 2ol Fshe 2 olA] 1597 37 H
2EE Faste] A3 HolHE =&, /AE EFAQ

PE 45t P e AFHh

9] DAppe| o& a#ste] ES
220 vE

o[N

=

ox, I

k

‘

mlm
s m
of

3. Al =E AA

E5AI AL NE HAEs vt 2ol Al @A
= Y

A, E-=A) 21 Aol Transaction®] A& A{H] 20
o v I FE o AEE AY el BE



olr
HE,

ot

259 3

(1]

g 4

257

b 2AQ A AA B

olelE EFAI Bl 7SS A sk g

=
stk BEe EEAA AU 2 DAppel EE
Transactione A¢1Atel 71A1e o= Qi 18y &2

HIAE AQS e AR Fall At =S g%
HAEANE ghHsh= ) lojA o]# gk Transaction®]
Mg st & dart Aok ol wet BE
Transactions A|Q1 ol 7| Ast=S AA = At

A, HI2E 3 245 98 g Ads 224
670 A Sfol] SeR-= Aol 4t dX|stqleh Bg ofof
=F oMIES B9k ol R 6827 SR AMEAE
grste] ofF 15Ut HAEE 3ot

AA, H=EE 73] 3% Transaction®] 9}
TPS(Transaction Per Second)E HIF o2 7|&2] =
Aol ZPZ o} DAppY] Transaction ¥3sk = TPS
ofe] vluE Sl JidE e S HASslth

iz
S

N
M

1912 Transactionol] th3lF o]
<1

o}, QuAel e BE

e

=

qn

oAl FE UL, ol&
H3sh= Al 32, Al 7))
Transaction ©]&S A & 4= QtH[18].
ol2]gh 7] 4]l olsfE HiF o R
o]’d(DApp)E°l 5783I3laL o] DAppElAH A==
Ark o] Hgk Y Alo|EE Eal EFo Al 3% o]
o EEAIR] AlolA = o] XY Alo]E
22 (Block Explorer)#}a &1} 19].
Z28E 53| AF8-Ak= Transaction®] W8
A, A/ RS 5 Sk
oM ofol wet AlQlE FEst] Hes A
191 £35S 15 AAskaL, Al dHoly 2
Transaction 2 Block9] °]8& &

=2e] 155 7IEsisith

a

IN
o

r
K

o
oz &
1

]

[>
il

10 o
d

wiom e ¥o
[

JWEN%F}E_O‘JWME_—E‘

P
T

= e T
o Qg -

iz}

[QIR=N
A L

P

t 86 oy

18

githuboll AAF =71 F71E o

e HAE o AR ol i obelst Bk

EAN

Pz

1l

]_

AA, FLETA® AMH|2= 7Fs3k 459 55412
¥} thE sk A ] FEAES iR
a1 9lo] kg doj9 "oy FxE A st &
A ALE JNEsk=d oA Azlsklh

Z#, FLETAY Github® "4 (white paper)Atel
14,000 TPS(transaction per second)® 7]Z%o] 9}
©] 24| Transaction® ¥ st HAE 3745 7t
A dolyE ¥ & dvkar 1 E AT 20].

371 7HA ol & 1 ATl A& FLETAE HIZ-E
} EHEFOR 1L, o] & o] &gk BEAR] AYS A

tar 7kl

Moo

o

A

m

=

>

ol
7l

0O

ol

m
It

@
D‘r—trl.n: w

(@]]
e e

AL AL AA
7] AldellA= 68278

g o

= 1
t
ok

N Y
o

&= Transaction ©] 8-S &
2 7= AT whebaA] AlQlel gk
L7} o9 5A] e ket Al o= A Fig 39
AE Aldle] A= AT

T
=

P

e

Fig. 3. Wireframe of Blockchain Game

2 9] e A B 5] wlelgls et
Hejsio] Az the Al 714 2921 A8, 2, Q17

e wo

Adshs AES 3l ol =stal, vt s A
s Fuste] Sud s nigos e ARSAket
A Ao AAENY. A= = & A 7t
A= gGAT, SGAT, FAATTE ek ofell tig A
A1, AFARE, drelol= AR, 7zt e =] 2k

5533} Txele ofdlel 2o,

I CO



258 YyAEEEFAT A18H A10%

Table 4. Level design of commercial district buildings

LEVEL 1 2 3 4 5
Construction Cost 400 2,400 12,000 | 60,000 | 300,000
Construction Time 30 140 700 3,500 18,000

Resource Acquisition 4 9 14 21 32

Required Population 9 3 5 3 12
Resources

Required Power 3 5 8 12 18

Resources

Table 5. Level design of industrial district buildings

LEVEL 1 2 3 4 5
Construction Cost 200 1,200 6,000 | 3,0000 | 150,000
Construction Time 60 200 700 2,700 | 12,000

Resource Acquisition 5 12 20 35 50
Required Population 1 9 3 5 8

Resources

Required Power

Resources

Table 6. Level design of residential district buildings
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Table 7. Type and content of blockchain transaction

Transation Type Contents

LEVEL 1 B 3 n 5 CreateAccount Transaction recorded when account is created
Construction Cost 300 1,800 9,000 45,000 | 225,000 Construction Transaction recorded in building construction
Construction Time | 45 170 700 3,200 | 15,000 Upgrade Transaction recorded in building Upgrade

Resource Acquisition| 3 8 15 25 40 Demolition Transaction recorded in building demolition
Required Population | _ _ _ _
Resources Getcoin Transaction recorded when picking up coins
) generated in the building field
Required Power -
2 3 5 8 12
Resources
gk o] HA ‘g’dﬂf’— 7)A€ Transactione Fig. 5
o} o] B o) ~Z e s Baj ANToR B
< + Es FaEss

Fig. 4. Building Design
(Commercial, Industrial, Residential)
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Fig. 5. Webpage of Blockchain Game’s Block
Explorer
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Table 8. Test environment of blockchain Game

Server Information

A S i sholele, o5 W1, et

gatglom, E5AQ] == AHE Vulre] F2H-= A
H]29] 6 Core SEH$-= MBS o] &3&lo] F2H 67

i &

5 EE % E)Oﬂ wakele] 43 }Oﬂu} 1%
= g

AL ) ol HED 5 = ) Ade= A
=5 = Rsl] ) HAE i

Table 99} %0] ﬁlﬁ EI

o} dFd3ke] oﬂO%E% %A] o]F 2 6829 HIAE

Storage 320 GB SSD
CPU 6 Core . .
Table 9. Participation reward Token(FLETA) airdrop plan
Memory 16 GB
2 i In—game score rankin, ot Coliewiton Random draw
Bandwidth 5 TB g g Ranking (Daliy)
Hardware
Spec Getfa(l;beLniilLllX“-Z 3.904 19,389 1st 200,000 » - 000
. ~ 2 S 5,
<86(64bit) (Single—Core) (Multi—Core)
2nd, 3rd 50,000
Integer 4,482 23,836
Performance (Single—Core) (Multi—Core) 4th~10th 30,000 2nd, 3rd 2,000 P;(?;?le 1,000
Memory 2,841 3,973
Performance (Single—Core) (Multi—Core) 11th~20th 10,000
~ 4th, 5th 500
Soétware Linux(CentOS 7) 21th~50th 5,000
Spec
Client Information SUM 760,000 10,000 100,000
Ha;(;\gfjre Depends on user environment Total SUM 870,000
Software | A browser that supports HTML 5 can connect, but if
Spec possible, a Chrome environment is recommended. - - =
ofoj=gte] 7]Fo] B AR 5 sl Al Wl
o] 2e310] e AYAT AR E B TYA
T =9 A9 AL 6ule ¢t el FAX T A
W= tew vork (W) W= vami W= mailas =) =7
= = = 9o Q19" ke 4nje] gk ekl miAXT o] ¥
o =)
4e Askshe obdls} gt
Frocdufurt BN London Faris .
- A il Score = Gold + Population™4 + Power*6
ol % [7} Az
QQ 4, H7 ]’ E'_"J'

Total 36 nodes

Fig. 6. Blockchain Testnet Node Distribution
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Table 10. Test game result statistics

Game Participant Statistics

Number of L . How to Airdrop
L. Participation time ..
participating users participate amount
682 People 360 Hour Ethereum 870,000
address

Chain environment statistics

Number of Number of cloud Block Number of
formulators servers generation transactions
36 36 Unit (6 Core)| 6,295,022 8,919,570
Gameplay statistics
Coin collection Gold production Population Powe?
amount output production
1,143,144 260,755,935,305 | 159,553,113 | 67,533,431

H2~E ZA3E BW 3604135 6829l Al
8,919,570 7R¢] Transaction®} 6,295,0227]2] £5&
A eR3ATE o] 15971e] HolElE Y3t HolE = Wt
aH 594,6387119] ERAAM A 419,668719] E5S A
A3 A3 2 Table 113 o] @A) DAppRadar 2]
D5 =94 1990l gale A3=E S EATH

Table 11. Leaderboard including activity level of game

test results (K = 1,000)
Daily Active Daily
R D Welwe Users Transaction Count
new 1 Test game 682 594.6 K
2 Splinterlands 6.4 K 454.7 K
3 Bank of TRON 5.9 K 35.1 K
4 Crypto Dynasty 3.1 K 55 K
5 Tron Funding 24 K 9 K
6 Yup 2.2 K 9.3 K
01%— H}% 11/‘15’ *] o] 7] Anl2 $H4 €]

ols} 3‘1%01 A Hrt EL_/J:OJ o) TPS(Maximum

Transaction per Second)FA &= E£F AJA2ZZ2HE
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3 1,309% FA4E 4= AUk Fig. 72 & Qa2 w2
25 B B ¢ JdE AA 240 A HAE T 54

d 7} =o TPSZl 1,3092 KolF1 gt}

Transaction Type per Second
18001
1400
1201
00
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400
And
2051
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TF533  1PS33s 1340 1FS34n 15350 1S5S 1rRED0 1T SA05

Fig. 7. Graph of Max TPS captured
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m 1] 00
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Bitcain Oash Bidcoin Cash

I e 24000 transactions
9 e ' e par second are processed
Etheréum Lites:ain PayPal Feippls: by Visa (80-year-okl comgany)

Fig. 8. Comparison of maximum TPS: Blockchain platform
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Table 12. Summary of performance comparison of
blockchain platform

Blockchain Project | Year of Maximum TPS Performance
Name release (Internal test) versus VISA
Bitcoin 2009 10 0.0417%
Ethereum 2015 30 0.125%
Ripple 2013 1,500 6.25%
Tron 2018 2,000 8.33%
Eos 2018 3,000 12.5%
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Test Target
Subject EOS Ethereum Blockchain Remarks
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