creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

gt

AR 2AEEE 5

Speculative Transaction Scheduling for

Adding Concurrency to Ethereum

20219 29

Tor

7



p
<
Ak

T
n

—_—

ToR

20219 2¢

Tor

&

Tor

oj

20219 2¢

ak

]

o
bt
o+

_?;I



2 2020¥E0] T HY 7h7to] Zlsh71® 3L SRl AAH &
HHYH o EFSHI, FA ojHI g2 R ERAAE &34

oz sastal 970 EMAM] xEHe
= =

o
ok
£
=
i=)
)
m
)
)
20
24
A
ofl
g (o
[

sk i
ERMHES B4 $9sh] 9 A7Sol AAsolgitt. AR ol
A SRS ERAMETY FBL AT 4 dom, FFo AF WAL 3
o3l %ol Askd 4 At

273e 2AZYS BF A £ JPEES AGHT =AM
A AEE HA oS 7HsE WA ZE(explicit conflic) ¥ opiet 2
1 =
=] 3

E JEE AFste Z2HUHE B9l ST 2EH, 4-thread AlEFH 0]
| A EFHA 23 £=5 oF 318, 71€9 23Y &4

F80] : oy, ESAY, AntE HEHE, EAHA

=

st W :2019-24567



A L T Al B e e e e e e e e e e s e s 1
Al 2 FF HETBRTIA] e e e e e et eeeeee e e s e e e e e s eens 3
A 1A OJHBE 718 THW e 3
Al 22 ol EFNAA o e 5
Al 3 olHTR ATRE B e 7
I R = o = OSSOSO RRPRPR 7
A 2 B2 IR ettt 8
A 47 AP 2AEHE 5 EWAA AL 11
Al 1A AR ZEE Ol e 11
Al 278 AR T Ol e e e e e e et e e 12
Al 3-8 ZEAYA 71 AFA AHAEH e 13
A5 Z AT BT e e e e 15
A 1A ABHOIA A et an 15
A 2 B I oottt reraaen 15
A6 T T QI e en 20
Al 77 BE L T A e e e e e e e e e e aeaes 21
B R ettt e e ae 22
A DSETACT e eeeeeeeeeeee ettt e e et e e e eneseaesensanesansansaneannasen 23
ii -
A



I 23}

[= 1] Z2ad?] w28 A%
[& 2] 2A1EF o 4E 2AEF FE= 4.

[3F 1] 2A1EY HAo E EHAAL £33
[ 2] FEME FTE A i eeeeeeeeeeeaeeens
[ 3] WAIA Z2Z ZAF L e

[2F 4] EFHAY BRI YAH FE oAl
[2% 5] & EHAXC gt 23 oA,
[O2F 6] AI7IE S5 EFFA HIE .,

(2% 7] YAE 25 =AML oprlote A A g
(3% 8] 7 A 25 YRS 71Ss Zengs 12
(2% 9] T2 7|8 AABH. oo

[ 10] &% &3 dy] &% ¢4 A

......... 5



A1F A B

A2 Wdz, dsstEany Agd 2229 &0 gE B vEe
2 HEFQ, odeleg HEs U 2IH ZAFSo| AYE TN
O Apgeo] Es| ZUbsigth B3 olgY gL wes] £ 43%E E
AHHR ohzt Ante AEEehe Fo] T2 RS Sct: EAA
2 Azt B4 AT Yl ol B WEoAE EEUE o
Za)7 o] (DApp) AHIA7 Thebsl7le] LubAQl EdAMET ATtE
EUES TZste ERAMo| HE Wolxlk ZAlo|tHs] 5] SUAY(2]
3 e 3§ MElasel Q1718 Tu UY B3 HEFo] 2020850 T
vl b7t Z7ksl71E FTH3) ol2iet EAAAM WA opge BERle &
o g st Aul2o] HEED A&l Z7lsiza EAl Mejste
W we A BLAALE AT ST oA AA WolAa, Bz
A7te EAMMIE Bk, B4l olHeee BE ERAAMES £XF
o st Yrlol EAMAY Hewe kolt Hol BA Yk AA

2 o2 s ARGAPE B2 MulA7E SEE wuith ERAA AEFe 1

gl=ely EdHMe] 47t Z/ltEA 24a7t 09 koA BA7IA @

st QIrHal wrebd oleist &3 49 UAle FH Woldm HEHA
7He ERmAC] WA Aol s Aol Welmo] o9 HarES F
B3] B8 5k Yok wEEHS I Yt

2L ol HAE Sl

7] 1%+ 71 Eol ARtE
Ao 2AELEE Boll Al YT B EFAA 3 FES AR
< & glon, o2 Qs FEo| AF YAAY FF 23518y deol Astd 4
AT 3FoA g olHYy g YARE A it AR olHyZo T &
Eg Fd 2EEL 64.5% JE2 =2 Holth

E =RAAE olgfdt oldgg ERAME ZFE A FHslo], Al £
F Al FE0| gt AA YABSIEE 2AIEHsH Ao 2HE EE A
2A1EY 7IME AdSh dEEC], 7I€ 2gY AAEY HAY BA £
Folgtd I 1(b)at Zo] FEo] WAst: dZlA, APl olgfet FES



Thread1 Thread1 Thread2 Thread1 Thread2

Tx2
Tx1 Tx1 Tx1 Tx3
Tx2 Tx1
Tx2
X2 Tx2 Tx2 x4
Tx3 T3
Tx4 Tx4
T3
e tx1-tx2 conflict
tx3-tx4 conflict
Tx4 .
commit
(a) sequential schedule  (b) greedy schedule (c) ideal schedule abort

A7 L5 Eolof &Qlo] 7Hsst WA F&(implicit conflic)E U0 &
olstal, AA FEQ B AAEY TAdAE FE AdRE ERIT £
A==

HA FE 7SS 7IHeR 3 Z220dYE F9 JdSstth o

N
iz
1o
S
Dol
2
[>
)
N
o
N
ok
2
r [©)
ye,
iTad
2
S
an
i)
dlo
e}



A 2 % WARA

A 1A olhaF 718 /Id
A7 (Account)

oltjgl& Aol AA[7]e AR 2§ AH(EOA, External Owned Account)}
AEHRE AHH(CA, Contract Account) F 7H] 2HZ U&= 4 Ao} 7 &
F AL olgg & UM AZ 4T st AR, oy el =&
(Nonce) < AYath =A7tolgt s AlAo] H Ho| ExmiAMH S HhAd
ANFLAE E3tth o7iA 2 HEHNE A =3 oy et =AZS
AYal 9low, QR Af ARINE =2 EHe=2 JEYE Jret AR
A 27+ AFst ok a9 2= AEIYE I AR, o|d ATt

ojlfdg Ho|EZE E AXY Z= I3 AFH

WgtElo] AEH
line 301 ME Wit AEHE Aol Axelz] g3 AAEL oAz,
clelE Wit gt 2ANE Fof a2 -é;f & 9o ogelg

Ho} old, AntE
a9 29] line 7-9

ol 2 A mlE

F

T

EQEL 59 ¢

CIga
7HHAI(EVM, Ethereum Virtual Machine) 9JollA 4
A (turing-complete)$t 1oj=2 ZrAd
T Ha

% 5o
LA B4 SR Aok ofd WA

0
.
S

e,
1
)
o

contract Token {
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mapping(address => uint256) balances;
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+

function SetBalanceOf(address addr) public {
if (balances[addr] > 10) { // read

balances[addr] -= 1; // read, write
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1 def is_explicit_conflict_pair_tx(tx1, tx2):

2 # check nonce conflict

3 if tx1['from'] == tx2['from']:

4 return True

5

6 # check balance conflict

7 if tx1['balance'] > @ and tx2['balance'] > 0:

8 if set([tx1['from'], tx1['to']]) | set([tx2['from'], tx2['to']]):

9 return True

10

11 return False




Oxaa (EOA) oxbb (EOA) oxcc (CA)

Nonce : 1 Nonce : @ Nonce : @
Balance: 1 Ether Balance: 1 Ether Balance: 1 Ether
Storage: null Storage: null Storage: [..]
Code : null Code : null Code : [..]

Tx1 Tx2 T3
From : @xaa From : @xaa From : @xbb
To : Oxbb To : @xcc To : @xcc
Value: 0.01 Ether Value: 0.1 Ether Value: @ Ether
Data : null Data : Call foo() Data : Call foo()

(a) OlIA| EZHZHM 2 A

T | s

read/write @xaa(nonce,balance)

x1 read/write @xbb(balance) B
read/write @xaa(nonce,balance) .
Tx2 read/write @xcc(balance) read/write @xcc(storage)
Tx3 read/write @xbb(nonce) read/write @xcc(storage)
(b) oilA| EZT o) CHet BAIZ] HEL LT FHE
— " explicit conflict pair
TX1 = Tx2 TX3

implicit conflict pair
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"blocknumber": 684600,

"from": "@xb@53b1d48cc216942e431ca955a29476d954efdd",

"to": "O@x7157d2d644cf4006edbad877f532abff068da8de",

"nonce": 1,

"balance": "15462600000000000",

"operations": ["TRANS 0xb053b1d48cc216942e431ca955a29476d954efdd
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"return": "null",
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greedy scheduling

37— explicit conflict-only scheduling
3.4 —— profile-based scheduling
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Abstract

Speculative Transaction Scheduling
for Adding Concurrency to Ethereum

KOO Yeonjae
Dept. of Electrical and Computer Engineering
The Graduate School

Seoul National University

Ethereum is one of the most popular blockchain platform, and the amount of
usage has been increasing for years based on interest in blockchain-based
financial services. Despite the growing number of these complex transactions,
Ethereum currently handles all transactions in a sequential execution method
using a single thread, which limits throughput. To overcome this limitation,
studies have been proposed to execute Ethereum transactions concurrently.
However, if the transactions scheduled in a greedy manner, frequent collisions

may lead to poor concurrency and high rollback costs.

In this paper, we propose a speculative scheduling technique that focuses on
minimizing collisions between Ethereum transactions. Not only collisions that
can be easily predicted by explicit feature in the transaction, but also collisions
that can only detected by implicit feature are considered based on past records
through profiling. As a result, the speedup is increased by 28.2% compared to
the concurrent execution of the greedy method in 4-thread simulation, and the
overall transaction execution speedup was improved by 3.1 times compared to

sequential execution.

Keywords : Ethereum, Blockchain, Smart Contract, Transaction, Scheduling
Student Number : 2019-24567
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