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ABSTRACT

This paper proposes a new authentication model 1o solve the problem of personal information takeover and personal information
theft by service providers using centralized servers for user authentication and management of personal information. The cenfralization
issue is resolved by providing user authentication and information storage space through a decentralize platform, blockchain, and
ensuring confidentiality of information through user-specific symmetric key encryption. The proposed model was implemented using the
public-blockchain Ethereum and the web-based wallet extension MetaMask, and users access the Ethereum main network through the
MetaMask on their browser and store their encrypted personal information in the Smart Contract. In the future, users will provide their
personal information to the service provider through their Ethereum Account for the use of the new service, which will provide user
authentication and personal information without subscription or a new authentication process. Service providers can reduce the costs
of storing personal information and separate authentication methods, and prevent problems caused by personal information leakage.
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(Figure 1) Operation of Ethereum Smart Contract

EYUEZ AE 2nlE AEYEE HudH &
oltiz]¥ 7MdH4l vl EIZ(EVM Byte Code)] & EN
2 ol (Ledger)oll AF= o Alkl&o] FAo] B
AH) ol # e FElAE(Geth)E 2ntE AEHE)
HlO|EFIEE 353 EVM(Ethereum Virtual Machine) 3
Aol A AAIA Al G mE AFstE Ay I
Ao FAA o] AL ol AP e Helnfaa
g 53 dutHo R HIT § e YAIE Aol A o]
He FEoIAE §lo] AntE HEYEE FHAA 2
S HEAGE E5YetE oz giAgit.
2.2 ECDSAI8])

olEl g AR LfAel tig ASH EMA
A5 2 744 ASE 93] ECDSAElliptic Curve Digital
Signature Algorithm) ZA}X & AH8-gtch. ECDSAE Ef
Aol o xthEAI¢l  ECDLPElliptic  Curve
Discrete Logarithm Problem)ll $FA4-& 7|73} 3 glo
HAH o7 7Q17]9] FFo|vt HAAAH ] AHzTt &
7Fssieh. gk ECDSASH 22 BHI S MU Z(ECO)= o
2 ¢33 ¢S vlaE o A2 bithE B2 Bt

120

2019. 12

Ethereum



HEfOtAS 9t HEE £

Aol 7|8t ARRR} ISR

o 7134 KeyGen
@ [0.n-1](n: order) W €] Y)¢] 7H17] 45 A Feh.
@ Eg934 FA4 AL B3 7] Q=dG G:
generator) & A| AFgHC,

o XA Sign(m, k)

O M9gstEE HWAIA me sl<1%k h=hash(m)S 7|4t
313, he] 3¢ nHlEV} z7h At

@ [0.n-1] He] deJe] & kE AAsith

@ R=kGE ALtsl, IE
g},

@ s=k'(z+rd) mod nS A2ksitt

® v=27+(y%2) (y: QY yFxEZHeS AAreit;

® @ s, v7F AAAMT Frolth

« MYAHZ: Verify(m, 1, s, v)
@ "WAIA] me #41 % h=hash(m)S A48T, he] F
39 nHE 2§ A&
@ w=zs' mod n, w=rs’ mod n& A2tstc}
@ & vE ol &3 FM7] QF Bt
@ xy)=uGruQ< AlLtgtt
® x=r mod no|H ZH}E Agolth

2.3 M|EfOAT (MetaMask) (9]

E274 91 AzKwallet)2 E240) AR 15 7
e ZNto] opd Algxte) JAANE AFsY, AHEA
£ s EdAS AAS) Broadeast® 4 Utk o]d
oujo A A7 dukalgxie] BEA Q) LﬂE%E’-iJ
M FE ot & 4 gl

HEhlaT s Bake-A] o)A *‘ﬁﬂﬂ* M o xAel

L71ke] Azt FHZZIHCZ A Chrome, Firefox,
Opera, Brave Browserg A 93t 2™, o5 2% A%
AR B AE, AT, ERANARA T& ALTh AL
SR BER-AG A HEAAE o] &3] BEEAY
dol 2ntE ZEHEY &4A4 {2 F AUtk

o ¥

MetaMask !
EJSON—RPC
Web3Js | ||
Ethereum

- ,5;

(33 2) web3E o|&st 22IXof|AM2] JSON-RPC o1&
(Figure 2) JSON-RPC Connection in Browser by
web3

AHEA7E ol % U EY ol H2al7] AsiME o
tEg ZEO|dES 5ol E5A =EZA YEA
o] Fodsforsitt. o]d HWRAL ALRA} HIAS W)
o Fo WEtATE 27 AFLA A EYT BES
A FEH-E AW 2Q) Infura API[10]S AHE-3H ©]5
B AMEAE A LES $9EA Yolk olddd
M=) Ao 2= AER=E A3A/1T A3
€ Wole & Utk oHEL SlojEAlolelA
JSON-RPCE: ©]&3f oltie]& LﬂE LECE LI
3 web3.JS EZAPIE A Q3th melnpads TEZ0)
BE}9A o] o]& AAHOE AlFstaL drh

- User Registration - Authentication Verification

- Information Storage - User Metadata Search
Ethereum

- Authentication with Ethereum Account
- Information Request, Response —  —
Client Service

Provider
(O3 3) Miet==le 74
(Figure 3) Composition of the Proposal Model

19 32 AR 7S Uiy, ot e &< 7
Hro 2 ARGARS] Q1T TR R AlFol FaE T Al
AE ol M AREARE 219 ol elE AFE Tl vt
E AEYES e A dastd NAYH} AlF
7Fed A FEQl dEHolHE AT Mujx

121



HENtATS} HAETEE 25

Aol 7|8t ARRR} ISR

ABAE AR AN 2E AEAES S
o2 938 FANL A HHIIAE I
AGARRE BLF HARRE 248 Ak
ALTAS B ASAL oIS AYE o8
Bl D Aol 371 A ol nekiAE
A S AL slon, BRAd A28 Aoy
A2 A AZAY AQAE L2 A2
T A AFAES B A H AF

o] &4A AR} Q=S ZaE 42 9k

ol
-

oX OHTI

z ze
ze O

AR L2 o]tf ] goll AvtE HEHE 7]9ke] HH
AFEE A, AT 2 NIAEA EFAA
Mgl Sld AR oldelw AxFLE AEA
Z 9] ARZ o] Fol Addrh A Jre 7
ojuf AA (AR MEE AY EINA £ MHE &
sl s R 2FFYS Alste] APdrh At
E HEHE 2AE d4Y R ARZE B} o =E
so] AR 7Pl BAHA etk f2e MAA
HE AHEAPE 13712 deske & A% &A1l

A HolH e ede Hedith

DAM(Decentralized Authentication Manager)

mapping (address => CIS) ClientInfo_Structure;

modifier accessControl(){

function set_client(string memory _infoStructrue) public returns (bool){
function modi_clien ddress _client) public accessControl{

function get_client_Meta ess _client) public view returns (string memory)

(3% 4) A0lE ZHEME DAMS| 7=
(Figure 4) Structure of Smart Contract DAM

2WE ZAEYE DAMS] tx2& A I¥ 49 2t
AFERL] AZAFAE AEAE VAR el o] E
7} A== ClientInfo_Structure™] ¥ 24| 9} A H A
o] HIZA|o]E 3 accessControl©] YTh FHASZ =
AE= FrEe AR AR AR AMREHE
set_client, #1738 ARE F743}7] $1¢ modi_client_Data,
83 AH 2 AFAEe] AR dElE| o] B gl ALE-
%= get_client_Metadata= -3 ¥t}

AHEAE 19 59 7o) AntE AEYEQ] dloE +
she 7H°]xqie 29 hjr “ﬂE}Eﬂ oJEl &= AREAE
LI E Zﬂ*x}ﬂ AEA TS 2337 A A
Bl EXERle AMEHETE AMEAE olE B
AF 7Hsst AR HFE Foigth

ClientInfo_Structure

0xF2563715C... Metadata Name
Address

PhoneNum

Data Efseff13f23tkmé...
Erhg32fd11j870...
G2ewy342dbck...

(O3 5) DAMO]| XMEEl= AFSA FE 7=
(Figure b) Structure of User Data in DAM

3.3 Al S5 ¥ JjoiEn 52

39 6 AT el sAd $58 olHE
x4 o= /\U}E ﬂEE}]Eoﬂ 7Ho]x4i 9 9] %@E% =
ske Fgel fRelm 119 72 L] Aol

Mo 0o

MetaMask .‘ — -
Transaction Verify
swgnTransactmn Ethereum ﬂ

J

Client Browser
=0
0 - & g
w AR X
Contract Account Data
Personal Data Storage

(O3 6) ALBX 85 S8
(Figure 6) User Registration Flow

MetaMask M

Make transaction with
MetaMask and broadcast

0 Password-based encryption of
personal information

)
\/ ]
| ME ) - @ m
Ethereun (IR Contract
Storage - X
°Va|idate transaction signature o Saving personal information
and call Smart Contract data in Blockchain
(Key => Value)

(T3 7) ARBAL &5 Al
(Figure 7) Steps of User Registration

122



HEfOtAS 9t HEE £

fol 7le ARRA} ol 5oy

O EEASe] dolE 71EAS Sl AHSA= 7K
AAME AS3H HEHNSE Y3l o] & SHA-3 A
st A" 256Bit HoJHE 7= st JAJIAHRE
AES-256(Advanced Encrytion Strandard)[11]2.2 th 7] &
Setgity AEE ARES AREAHT tE 7R o
33E R AR F219] 934 Brute Force) U
TE NJAE fZo 999s 7Hith

@ AHAE 2vlE AEYE DAMS) set_client ¥4
& 24 OA A dsskE AR B} dsr o]
B o] e o]E & mElAIE 53 EdAHoR A
8l oltgE WEY A AEsch

® AEd ERFMo] xFE EFo| AFHA &
Ao 23Hd o ole g ERAAI A9 Trii/H
& ASdth I8 ERAA @7 AWE AEYE
9] set_client®] $&< Gk

@ ~vlE AE E—‘iE DAM & A1 A #HGA &
IEAY] AZFLE EAR A9E JEE I9 5
7+o] ClientInfo_Structure ol #43tc}h A4 A1 <
S 9138 modi_client_Data 2] 23} accessControl ©Il
A a8 ERNMY MYl ARFAE AGS
Yot FEA} vl ws)] HGeke] Fojgch

-{%:‘zr&l

[e5

4

3.4 MEXt 2l

0l

H JHIEE NS

19 82 AR AT ‘3—4 HE AFe ii%% Lehd
o, 19 9% 7} @A) 4
AHEARE wEbrRaE s A osz M?ﬂw A7 74171

9 Recover Signer Info
A=
\ Signer

o Authentication Request, Response _ Info
[CEER.)
9 Return Signature “
—=
—  —

Client e Information Request Ser\{lce
— Provider

Ethereum
(O3 8) ARZAL Q1B 5E.
(Figure 8) User Authentication Flow

AANEE ol AFE Wtk AHs AAE A
s ARl AAYBE

_);l_‘
o|X
tlo
e
Fu
o
ot
ko
o
offt

[ .- ] u-ﬂg
oo ] . ‘ MetaMask
iy N

——

Service

Provider Client Client
Client requests authentication 9 Return signature data to
from the Service Provider and Service provider

the Service Provider responds
toit

Ay

Recover signer’s public key

.\/

Ethereum

Check the correct key and
\m‘ormat\on in Smart Contract

] [ ]

=—lal ~grp
Service

Provider Client

e Request and Check Data is decrypt and transmit
personal information

(3% 9) ARSA o1ETt THOIME HE T
(Figure 9) Steps of Authentication and User Data
Infomation Provision

O AHgAE ol ARE 58 A5 235y
ojol Mulz AlFAE Bl & o] 34 Replay Attack)®] H
AE 9% Aol W (Nonce)S WL
@ AHEAFE mlEMEA T AFE TR A H A
FAPNA W2 A28] A (@, s, v)=Sign(Nonce, k)& A
et A0 R, AR Bak-A] o A web3.personal.
sign) F7F AYHA HEPATE o] F A AR
2ke] Q1A E olgs MHEE Atk
@ M2 A FAE AREAE Bl A olEl, s, v)
S DY Y22 JHal| Verify(Nonce, 1, s, V) S ©]&a) A
AAMEE AEth g oldEgellA A U3 ecRecover
Sl Aol 2 RE ARARe] 7] QF gt
@ AMu 2 AlFAe 5L AR FA7IR oY

d¢ AYFEE FEHL 20 AEYE DAMS

get_client_Metadata <75 S &3] £S5 Aol A8}
o] Ju7E S50 Ak a7ehe AR FEo|
v el o] o] EA)H=R] Felsith

© 2WE AEYE N AR FRoF9} 9 73E
o] gel=H, A4H tely9 Rost 847 283 A




189) GE2 AEAA The A7 E Noneer )5} 3
A LB AL 28 4N BB AEST A
Tol FOI8A AP

®

198 ATE A9 487 2ol deqe

8 GEHolE g goish ARHANA AHET o
z:a}% LA EABS BhA7)E HoHE BEs,
o0F 2 AAGUE AuZAZANA AA2HE

(Nonce+2) 9} &4 A%ttt
4. 79 2 43
B =EA AlQret Bl FAE Felsta HEs)
3}

71 918 ZREES FEs AFP o, A
ofefell A Mt §

1o
T

MM A= vE =7} A E Chrome
01]’\1 Web3.JS —3— E35) ojrjale 9@ AH| A A ZF AH o}

*1‘3]* As A= ‘Q‘EMEE AEste AU E 7Hg 8t
El Web3Js B3 AnlE AEYE HIsH, AHeA}
ot BAIE Bl lF R NI E AlFweth AvtE A
EYEE SHvER 24 F o] HadE o] EVMHI|E
I FHE oy WEL A

55519 VMol
sl B vkl 2 ATk AgRe] A HE
oA i 5 4910, A9 AZAL ol

2§ ZeholAES AHFSAY Infura |28 HE A0

° Qs 2~
2 888 49

(F 1) 7HstA
(Table 1) Development Environment

User Environment | Chrome Browser, MetaMask
Web Language JavaScript
Service | Environment | Node Server, Windows
Provider | Language NodeJS
Smart Environment | Ethereum Ropsten Testnet
Contract | Language Solidity "0.5.0
4.2 78
421 AY L IQINE S8

17 102 AE|20A AREARe] 27191 shroln, )

Login

Sign In to your account

or
sign in by Ethereum

&L Username

&  Password

Sign in

(O 10) ALSAH 7|54
(Figure 10) User Initial Screen

® Ropsten B A =L
@ NakHoon.. (> (@ oxesca..

olcizlg A S5 [CoNTRACT INTERACTION

40

DETAILS ~ DATA

=== 2 E: Contract Interaction

(a& 11) olHzlE AN S5(Z), EHMM MM(S)
(Figure 11) Ethereum Account Registration(Left),
Create Transaction(Right)

Bpehzvh FEEQ Beke Boleh A AL 3
solAel A olEel ¢ 219E AR ol g AR

o] 2vlE HAEHE DAMe| S55 0] oA el
TEHA & AdolEH AYTEAYoE olF
Hul, $58 AHolzh AuERE dAs ddue}

2390 #4E Yt

I 112 AHEAPL olb el AgS olgd 29
758 AR A8k AR T E st AvE HEYE
ol ARE Asty] f13 EdMAM] FelshHolt) 1
F 11FAA dF3e HEHsE A
A7) ¢5eE g v soln B3l 2
718 ARtk O™ 119 488 HEY AFE 9
o EAA YA ] SolstHolt) 132Bytes 719 AE
£ EEAIR AAshed AMHEE 7F(Gas)E 65,0007}
o7 33} 149 HLo|th

ol
ol
ol
rr
o
s
1o,
=

124



HEltAT S HASEE SEMQ 71 AEAL AS2Y

00:34 LT - 01:45 -
s
Mg a4
— Wallet FD“ = Q 2032492294
. . LY | = [ o
MetaMask Account
@ Dx021747A4862Cd56B043831€8563052e576B9559 P
’ $
Nakhoon Choi olcizlg A 55
EE kS
L 0x021f47A48d6aCd56B043881e8563052e576B9559
( M2 ad YU
TOKENS [ )
‘ 5.97653 ETH {
Vo e [A— S— MetaMask 22 55 219
+ ADD TOKENS
1 msE pws AE
0xe519c8326c2f0cac81118dbaTel ea521c

ab30dag5c0927h034bf106afdb7h0ds

(O3 14) 239! EHstH(EH 1 HA MH(D)
(Figure 14) Login popup Screen(Left) and Signing
a Nonce(Right)
(3l 12) zHi 20| tElniAz

(FI gure 1 2) Meta MaSk n MObI | e E nvironment Signature : Oxd4e50da2d7663aef594F1254Fd7F4d0ef 9e94bBadfed0claiccefl7 {2
ce724B1f7f17d90T7501092d61b4c91F2F8b33180b2507b4873d28d855606804a74d1c

= H}-O] ;]_7_—] oﬂ/q/] % ]_E ;‘3;‘1‘?__?—5 ] ] H Uﬂ E]rﬂ}}\_:’__l'_ User Address : Oxf2563715ca207a40efb2008b35d590766d7d01e3
= =] =) = : Nakhi hoi
"] IOS Betabq Z‘]p_ 0]% H /\E]_Gﬁ‘ 0}'2;\-9-11‘19 1%] 12% %6}1 :dmg:essu? R‘:;Dbﬁ'i?uf Korea, Kyonggi
= = =] Ph Mumb : 010-0000-0000
2utd el A AdH e R Agshe AS gsAh ﬁi?:l:rmszr : 951111-1111111

~ user addr : @xf2563715ca287a4@efb2088b35d598766d7de1 &
Name : Nakhoon Choi

Address : Republic of Korea, Kyonggi
PhoneNumber : @l@-280808-0088
= SocialNumber : 951111-1111111
(a8 15) MH|A MiZXte| Zntsts
(Figure 15) Service Provider Results screen

0 string: U2FsdGVIE(1/ml 15qdzMDC+MEx+ZECz0w]
4O0tvHXGEvwWwW2 1BdMjLSL+19ysl 1+G6gCANSP4HO0Q K42
Np+ztimgf AMkrvVnptih2JoOMNacénnk5c=

2| I A= AguolHERY A7 AFae] By
FJD 13) 2/9 IDE 37 A0lE AEYES get_client_ Metadata S E3] AL
(Figure 13) REMIX IDE o] HEE oS B0l el gE 29 2Ty,

Hulz AR AR OIS e 2 AFg e A
HFEAE BT 2 oo Aolgue) Bas Y
Ags LA Aeds Ade st 19 1590
A] Windows 2} MacOSell A &% 5= A1H] 227} ChromeS
o]_Q_;‘:_ /\]__Q_x]_ Zoﬂ/q A{EHE} /\-]Eﬂ[ﬂ OlEi(signature)%
who} 24)\1-% oz ;\}AC_L;}/] ;q (User Address)e L5

19 132 iElElEl <) IDEQ! REMIXE 9] JrX%M
5 ]
o AgH 71—% f—i}?lf‘;} # 9}

4.2.2 15 A HIEE MS

l:l
39 UEHE AEATL oEP e AR 2102 23 79 AL B 5 otk =9 g AR Fa
@ T AUTE BYOE A Skt AY MY AR RS ATVE AL 4 5 At
EE FEHOIN S5 YR BE}E BAANE 2 39 162 239 HHS Fal Az AZA ALE
BT 29 HE AZHAANA ANz ATAZH LS A JRE ATRS F A} FAT 5 U 2
A e dro] U ARG SAske SRel, Qo] ArA Rl

2o M s} AUl AZANA AFHA Al A

EjLl XE5H3| (20263) 125

ror
Hl
ro



HEfOtAS 9t HEE £

Aol 718t ARZA} ol

Welcome

Sign in by Ethereum

0xF2563715Ca207a40efb2008b35D530766d7D01e3

Hello! Nakhoon Choi

& SignOut

(O 16) ARSK} =B3HH
(Figure 16) User final screen
Als

[=
=20

=

4.

w

2 Aorxs WeEkAI A9 Browser$! Firefox,
Opera, Brave Browseroll 412 AW ¢ g]&3} 7+ 0S| w
£ ecRecover?] 52 AFsith

(E 2) ecRecover Mzfzy}
(Table 2) Quantitative evaluation of ecRecover

0S Windows (x64)

Browser Chrome Firefox Opera
RSR*(%) 100 100 100
oS macOS (Mojave)

Browser Chrome Firefox Opera
RSR(%) 100 100 100
(OFS] Ubuntu (18.04.3 LTS)

Browser Chrome Firefox Opera
RSR(%) 100 100 100

RSR(Recover Success Rate) = (match / total try) * 100

E 25 500701 9] A1 =(Seed)E WEMFAT A Y B¢
Ao A A ek Argdole e} ZF LGAA A ecRecover
£ 5o AR XA B9 5003 A Aol
ARAIE T3l vEnt2a9] ECDSAXY €ilElE
BE BEA A FdsA saete] 22 AR o]
Hr, s, & g3 A& AT F Utk =3
Windows, macOS, Linux 7394 ecRecover’} A4 ©
2 AR AFAE BFse A4S EAF F Ak

4.4 Hlm

7]

A+8 ID(Decentralized Identifier)= W3C<2]

Shid

DIDs 3#F[12]9] wet FdE AN 25 JF37t
1‘1—5—0}.1_ Side-chain 5& AFE3l= X2 T3] o
HEeo® EFAA] Hou 38R g+ 4¢7F Bk
TS 7H?JX3H—4 A7E 38l off-chaing A3l A,
AR AR fA, HEE g EEAQ] ¥ F
7k8.47F 8 Ett

2 =E9] AEdE 7| DIDs #2579 §19 22
A E on-chain2] 2 AHEAPE A7) E B3l sl dst9
th Hx FEHGAA NAFEE BEEAA dastat
o Aste] Bd ARl 9lo] AMEAL SH FrES A
£ FAslstth 5S Hs el DS F71 5
S AHEAOIA BN 7IA] GO 2 A AREA HEAE

W,
5.8 A

B =30 A Aok Bd AES- 256 53l AMEAY

AAEE dostste] olnelwol AAse) A ¢
= &% %A 7 FE(Quantum Computer) 2

B Ao gpor Bisl slsAdo] EAg

/12t 3 3H(Quantum-resistant cryptography) & &

olF 5T ¢ UAN, XFoE AAE ¢35 t””iu

52 oF7HA FAWAGE 7HA] EZEAL Sl &

AR gsst wa e xEsF dREvtd 2Yo 45
27

oo
&Ol'

On-'

AFHA AGAES M2l 0§ s) Ml
AZAe] Aol A GRS AAYRE Aok A,
2l 71 93 08l AZAA Ao B
EEAL ATUAS TAHSN TAYE 13 A

At BAE Bal AGAL S AN o8
sl W A1 AF YL ANA G2 ol
A%

B o AN AZT 5 A0, AR U
& Bz obd Belo] GO2A AW PO A% )
AR R FE AT 5 Ak w2 A
BAE AVLA AT L Aas A2 U8 Tas
.37_

126



HEltAT S HASEE SEMQ 71 AEAL AS2Y

#3153 (Reference)

[1] Hardt, Dick. “The OAuth 2.0 authorization
framework.” , 2012.

[2] The Sovrin Foundation. “Sovrin: A Protocol and Token
for Self-Sovereign Identify and Decentralized Trust.”
https://sovrin.org/library/sovrin-protocol-and-token-white-p
aper. Jan. 2018

[3] Lundkvist, C et al. “Uport: A platform for self-sovereign
identity”, blockchainlab.comy/pdffuPort_whitepaper_
DRAFT20161020.pdf. Oct. 2016,

[4] One-click Login with Blockchain: A MetaMask
Tutorial
https://www.toptal.com/ethereum/one-click-login-flows
-a-metamask-tutorial

[5] The Ethereum Foundation. “White Paper: A Next-

Generation ~ Smart  Contract and  Decentralized
Application Platform”
https://github.com/ethereum/wiki/wiki/White-Paper

[6] NAKAMOTO, Satoshi, et al. Bitcoin: A peer-to-peer
electronic cash system. 2008.

[7] Szabo, N. “Smart contracts: building blocks for digital
markets,” EXTROPY: The Journal of Transhumanist
Thought, 1996

[8] Danial R. L. Brown. “SECl: Elliptic Curve
Cryptography,” Standard for Efficient Cryptography,
pp. 47-48, May. 2009

[9] METAMASK. https://metamask.io/

[10] The Infura Inc. INFURA. https://infura.io/

[11] STANDARD, NIST-FIPS. Announcing the advanced
encryption standard (AES). Federal Information
Processing Standards Publication, 2001, 197.1-51: 3.3.

[12] Decentralized Identifiers (DIDs) v0.13
https://w3c-ccg. github.io/did-spec/#generic-did-parameter-names

OXMA =710

Z| Y Z(Nakhoon Choi)

TAEF : BEAQ
E-mail : skrgns0411@naver.com

2 5| A(Heeyoul Kim)

FAROL : JRREF BEA9
E-mail : heeyoul kim@kgu.ac.kr

20004 BFE7| %9 AT EIA
20024 HEHS) &Y HAIHEIAAD
20079 ST &Y ALK F A
20004~ 871 71k AFE T R

20149 ~AA A7INstal A 5FE 8t At

127


https://sovrin.org/library/sovrin-protocol-and-token-white-paper
https://www.toptal.com/ethereum/one-click-login-flows-a-metamask-tutorial

