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Abstract  While the first decentralized cryptocurrency system, Bitcoin, has run successfully
since it was launched in 2009, the underlying technology, blockchain, now draws increasing
attention. Based on the unique decentralization and trusted features of blockchain, it is possible
to build a value-connected platform. However, the Bitcoin white paper does not provide a rigorous
definition of blockchain. Meanwhile, prior related work mainly introduces high level concepts in
blockchain, ignoring the important technique details. To provide an in-depth introduction of
blockchain, this survey first extracts the blockchain technology from specific application scenarios,

breaks the blockchain architecture into five core layers, and elaborates on the data, network, and
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consensus layers. More specifically, we introduce state-of-the-art techniques of three main
components of a blockchain system: cryptography, consensus algorithm, and network in detail.
We firstly introduce basic cryptographic tools involved in blockchain systems, such as hash
calculation, Merkle tree, digital signature, elliptic curve digital signature algorithm (ECDSA),
ring signature algorithm, zero-knowledge proof, and anti-quantum cryptographic algorithm. We
then summarize the mainstream consensus processes involved in the existing systems and refine
the consensus framework. Users can choose different consensus components to build their own

The end of the

consensus section introduces the methods for modeling consensus algorithms abstractly and the

consensus models according to the characteristics of the application scenarios.

two approaches used to formally prove and analyze the essential features of consensus models.
Further, we introduce the network topologies and common network protocols adopted in
blockchain systems. In addition, we introduce three hot issues related to blockchain, which are
privacy protection, common attack schemes and capacity expansion. The paper analyzes the
existing research results on the anonymity of Bitcoin, and then introduces three options to
enhance its privacy: mixed currency, ring signature and zero knowledge proof. The existing attack
schemes are divided into two categories in the paper, one based on the consensus model adopted by
the system, and the other based on the network. We summarize the existing blockchain expansion
schemes as single-chain extensions and cross-chain extensions, and analyze the two types in detail.
At last, the current application situation and technical prospects of blockchain are introduced. We
introduce three phases of the development of blockchain application, namely the digital currency,
smart contract and new extensions in other areas. We compared different digital currencies in terms
of purpose, distribution method, consensus algorithm and other aspects. We select three typical
systems, Ethereum, Hyperledger and Enterprise Operation System (EOS), as the examples to
show how to build smart contracts. Blockchain has made significant impact on the innovation and
evolution of various fields, especially in the areas of Internet of Things, medical and public key
infrastructure. Compared with other blockchain surveys, this survey summarizes and refines the
papers in the blockchain field rather than a simple combination of prior work. For example, in the
introduction to the consensus module, we extract a general framework from many existing
consensus models. We split the consensus instances in different systems according to the hierarchy of
the framework, and extract the components that are necessary for building a consensus model.
Based on this survey, readers are able to understand the development of blockchain quickly and
can explore in depth according to their respective needs.

Keywords  blockchain; Bitcoin; cryptography; consensus algorithm; P2P network; blockchain
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bitcointalk. org/index. php?topic= 6284

@ Vasin P. Blackcoin’s Proof-of-Stake Protocol V2. URL:

https: //blackcoin. co/blackcoin-pos-protocol-v2-whitepaper.

pdf, 2014

Novacoin. http://novacoin. org/

NXT. https://www. jelurida. com/nxt
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[ JC 3 & Fil Merkle #4442 il e )5 .

Dziembowski % A% 3% 3 (9 55 25 v A2 & i B
NG UL A A I 1 46 A0 R 56 A B B 2H AL
W46 A4k B B . 36 Uk 3 A0 IE B 3 1 R A TR A A 2R B
hard-to-pebble 4 1] LK G=(V,E) , s\ G %
AELV RRE TR L E KR Bl i, ik B s,
B v B A TR — X AR 25 E w, GIE B 5 4 B8
w(v) =H (v, w(x(0))) i 5B TR AR (E, o
R L Y THA, 5 7 (o) RN TH A o 1) Bl A 30K 7
B w(o)={v"| (v, o) EE}. MR T A v FAH AT
A5 MHARSSAE w (o) =H (v). UEB 2 H 45 15 25 1A
ZAEAE R L A B — A Merkle B, I 4%
Merkle R F{E 3R [F] 25 36 9iF & . 35 k8 3 )5, o] DAk
APAT BT B ZE AT B B, B0 ik 2 Pl AT 326 X 1] o 2 —
TS AE A Bk % (challenge) % 3% 45 1E B & . 3E B & %
PIZ TS AR 28 A w FITE Merkle 4 139 1 28 7
Merkle #f #% 72 1 (1) W A {H (% 3 72 5 “opening a
node”) [0l &F (response) ¥ iF & . 36 IF & AR % iF BH &
B AT A K G ) Merkle #82, 1 5 5 %7 46 16 B
Bt ) Merkle #i2— 2, D) 56 ik 8 1+

Hard-to-pebble [ Hr 15 i ] BHLERPEAR & . it &
TS bR 2 7 O HL A A TOU AR 28, an ] 13.
FEAERI PR B R 22, B2E 5 H 3 TR W s bR 4
B R PSE AL pebble Ji X%, Jy 1 68 8% 16 KL I FR A
M) 7 35 1k 2 B2 A kR I B BT AN A S TR A
fitt R 1Y bR % (. Hard-to-pebble & 1y pebble & 7%
PR A B S TC R I — S A R A
fith 1] v L 26 55T gl BB A6 KL E B[R] Y 58 A pebble i
#k. PR F] hard-to-pebble A % £ 3iF iF B % £
TR B AFEAE AT R ] Merkle 44 BE 8 {f & 50 3IF ¥
AE % PR3 0 T

L1 L] L]

[ 13  hard-to-pebble J5 3 [&]

(4) Proof Of Retrievability & ¥

AR EERY ST IR S SR g H 2
5 POC B+ B s A A [F). POC ZERAY i v ik 77
fEGEIRUE D] B B 7] S (H R A A SO A B IR Il
Rk 2 L PORY™ DA S B fff BB AR B2 B R (19 4
F it — 26 B R B U S 5 IE IR ARG 4

POR SF¥E W) T = A7 3R 5% , 30 UE 3 iR B &
RBFA R — . B R P s — s
25 B PR POR B3 T 500k = A7 it B D 7 2 75
e BB SR AP 4G 8 SCAF - I 7E % 7 3 77 22 I 52 % 4t
PRI JEARAE 3. 8B 8 PDPY [ proof of
storagel®” proof of ownership™* , %) % #% 2 FH T 1
TEE B SO e 4 . 48 A Ateniese By proofs of
space £ (HIX s SCE 95 POR S5 58 2540

Z R KR K AT DAFE X B BE 2R 4 i g gy
fi 3 POR Skt SR AT S AP i — Lo B M Y
BARE . W R AEER Z SC i e HSE 4 B R AL
O B R R R A IR RIS KT S R I 3R
A I8 70 1 FH 0 2% v 25 TR B A7l B R S0k — 3L
W64k (setup) . fi# %5 (Scratch-of ) Fl B IE (verify) =
AW B 7E 90 46 6 B B AR Y A (dealer) 4 SC 4 HF
G0 n By IR KR AR BB SO R A — R
Merkle #f. &5 fiAR 38 B C B9 A I & A7k
M ScRE A, AR R Vi€ [ed:ulil=H, (pk | i)
modn, AP S HE R R SRR S s Spi= (ulil}icrn.
fE scratch-off B B, b — X B84 J T A4 A ik
PS8 WARBHEESHERAL KX =
ul HCpuz||pk ||s)mod ¢ 7153 ) FI F ma iz $k 5% 74 344
R G I (pkyso AFLr Jom 0 i=1,2, 0 k) IR
|l At 1 S 0B o R AR A KR AE. B T
Permacoin™# 4}, Storj™**! | Sia®  Filecoin® [y 1k iH iy
#BEE T POR B3k (10 L %

(5) Proof of Luck & ¥ . Proof of Elapsed Time
RS

X G HOR A m Al T A5 BE 4 PR 45 (Trusted
Execution Environment, TEE)™ % 50 I A 1 3%
4. TEE ¥F 5% $2 1 — > B8 B 59 0 A7 2R 58, OR3IE
LI 0 A R A R € e o N ] I i
MoE s e, Pt R R 7E TEE BH 45 b 284742
WP, B S B AT . AR A K TEE
FEE A 3 0 Intel (19 SGX®, ARM Y Trustzone®,
AMD ) PSP® 4. B4 £ %) TEE #8585t i 3411
Bk, FEAH ] Intel i SGX HEZE.

SGX fu i 1 FH v 3 43 78 ' AU 1B 17 76 — R

Sia. https://assets. coss. io/documents/ white- papers/siacoin.
pdf

Filecoin. https://filecoin. io/

Intel SGX. https://software. intel. com/en-us/sgx/
Trustzone. https://developer. arm. com/ip-products/security-
ip/trustzone

AMD Platform Security Processor (PSP). https://www.
amd. com/en/technologies/security
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fF 7 (Enclave) 19 A {5 $h 47 #5587 » Enclave 7%
Ry 8 N A7 X ] (Reserved Protected Memory,
RPMDIa A7, R4 2 B B $hAT L 42 1 72 2 9 A 11 A
TnTE 14 Fos . F P AL A B AR T 43 S T AR AN T S
#B41, B8 Enclave B I/ €4 2 AT A 5L
It S5 AH AT B Y AT AT R R T )L AT 2 5
#:3) Enclave P &84T . F/3E N 2 7 408 A 45 4
TEIZAT I AR AN 52 1 ) 2R 8 SR A 1 ik CfB) Ry
W R GRS HAE RS .BIOS. VMM 45).

é AFEESY I RS R

—T1

fi## Enclave

R
ﬁE]FHElHﬁIZ

#8Enclave

ARFIRLE AR S

s

< FERFEFRES. OS. BIOS. VMM 4

14 SGX Al {5 $hAT I 2

fdi 3¢ TEE B TAF & UE W] 58 48 [7] 8k 55 ) A
Byng ). & 97 s E A Bk i By uE B, B3R )
¥ AR 2 520 Al A Ui e ) & A
S AN 2 ) L RE A A AR THZ BT 1 28 F- 1.

Sawtooth Lake I H O3 F SGX # 4 POET &
Bl 2k AL A Create Timer () Fl Check Timer ()
P REL. Y S A CreateTimer(O)TE Enclave H 2Ry
X e i — AN TF A 28, PR P X Bl Enclave j= 4.
P I s AT A S — A B LSS T I ] B T
ST I 25 . Check Timer O T 8 F 1 1 28
Enclave ] g, 40 5 1 0 48 78 05 45 3, % 4 o — 4
EWY T 30 0E 19 508 38 G0 IR AL E & 45 15 9 00
Fic 19 B[R] . B 90 245 ORAE F B R) A9 1T S 3R AR iz e il
T AL

Milutinovic 28 AN 3 SGX #: 4# POL & -,
LR TH POW 8% 2 TEE 88l g 1)
AT 453 POO Fil POT. POT fig i #2 4 B £k B (1]
W TR B Z T s 0 SE AR 5 08 A T B — B B K Y B
[E] (8] B . POO %7k 68 % 32 41 7T X 43 i S5 44 B 173 i
B, B s TC TR AR R R B 2 A SR TEX
AT S Al B HEAT YR, SO R i POL 2841
Bk,

POL & ¥ F % i1 W 4~ 8K 20 PoLRound ()

PoLMine ) 2H 1 » 3X P> SRR AE T BT EW M
N BE. Z 5 EH VM PoLRound O il 53 24 /i B 411
Eoprgok e 4 TEE DIFERE @ 5 B2 0. R0 T
IR 1 755 A T U3 S A 2o e, 8 P — B[] ()
f ROUND_TIME. ROUND_TIME 2 J5.2 5%
WH PoLMine O 248 — 1> #rH. & 5 H FE L E A
4% GetRandom O B —A~L0, D H A BENLE 1, 1%
BRI ) o34 ¥ LRI S A NREL S f (DY
R A FHAE proof W% L W18 R B, T 1
ETETA Z 5 H AR X P rbax — 58 1 48 1k 3.
PoLMine(O) o8 ¥ W) B¢ J5 $RAT sleep (f (D). 75 5 18
“SEE N S 19 PoLMine O) 047 I i) i 45, AT LA
FEATR A E A o e ol i N P Ao B R S I = W 7
PoL.Mine () bR %515 3] 45 5 5 5t © 2 W03 HoAth X e,
M6 B X — S8 AN 238 7. X F 43 LIS B0 Pl rp
TR AR R B B R 1Y 6k

(6) DPOS & i

AL ZEIE B Delegated Proof of Stake(DPOS)
SR MR O A TR I 2 BORD X B 9 A 7 i Bk
AT BUACAR Ml 5 = 2 1 B2 L i 51 A WL E AL )
fife- P v Ak ] 2.

0T FIRIRE AU B O R 45 RO RRIR T R 3R
HDX He A 72 A 33k X 3 COORR UL AIE O #4548 Ui A= 7
DR, AU X HLBE M 45 4 B R 7 A URE S
A UG S A ARER R TR AR AT DX B g H HAL.

Larmier 25" 3% M IEH AR D EE 2 3L R
B /DB DU A 7 4 A e DA DL A b T
ARG L AE. TEH TR AR R el A=
77 DR R AR SR AT 4 BN AE & B 55T Y B[]
BAE s R R A K. DR iR, D
BOB BT S B RT SBE T — A 5 R B
Tl T BN RT O AE S K
SR SE Y R AR N DR R 2 A TR R DA

S 7 20 SO EBE. SR B T e

PRI 70 S % L 55 . 28 1 A i) B0 A 0 5
WA ZB XS H, B K b A B R D8
e G HE . 24 0 2% 3 MR S BOE BN b BioE
B BB D) 4 3 B KB

i id B . DPOS Bk IR T 5 T 2 4%

@ https://sawtooth. hyperledger. org/

@ Larimer D. Delegated Proof-of-Stake White Paper. 2014.
https://steemit. com/bitshares/@ testz/bitshares-history-
delegated-proof-of-stake-dpos
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FE ARG AT Y A5 56 TE i 8] . 0 i v /0 155 i DA SR 8K BEER T AE . NEEREAR G FAE LG ER

B85 15 IR . DPOS &k al LB # Jg oot
£ LR 25 G R G R 2 L 4 N
ATRERC AR R ZHH P R FE . JF H AR H
HhA PR TS AR X BT R DO A0 TR A AL
F 48 T AR 7 18 28 07 A0 19 ORI AN Y L i
BURIAE E R B0 D5 L DR L HE A M
21 A ST L AT R AR UE LE A 1 .

Har i Hx X RBEENRE A LK
Bitshares?, Steem®, EOS®, H: ULiE A (1) %55 2 51l
101.21. 21, I T WAE N R Wl 2451 R g
Ui pg AR

(7) Proof Of Useful Work & &

POUW BEZ R T AT BRI 52 512
TEALH 55 4. POUW H5 POW Hh TG 3 X9 me A it 3
BN A B AL 55 AT

REM"*' 3t F Intel ) SGX HEZL B, 42 T
Proof of Useful Work {0 &, 95 5 4E enclave
AT B 53 B AT 55 5 B 58 AT 55 BT 5 18 AT 19 46 2 5%
BRAAR (Z1—A—dif )i &, HIk B A
P& (M TEE 23584 85 R AR5 A T fE
FEXF T REF AT B AT 50 UE , 5 PR 5 SR B
BHAT 82 A8 W R PATIE S IR s S £
FERU Ty H Pt A8

King® #R s R4k F B T gk i €. F
R BAEE TS 2 R — A T R %
DAL FIEEOR A& JOH AT S =F Cunningham
HEIE X Z — 1 BURCHE , B 45 SR 85 09 8 46 JT e N IR
B X R IS A (B D B BR AR B 15 B A R IC R AE
Xk rp. i ] = Cunningham $£JE X Z — /Y it
BOREAE ki, AR RAZ T MERE AT 4R, 2 5 e
g UL — MR RN IZ0. KR A R TFHT DR
I (Fermat test) 1 KK fi-H 4% B H-HL 5% 75 2%k I
(Euler-Lagrange-Lifchitz test) B ] . i@ it DL | 4G )
MR B A R T e DL 2 SR AR 3R
2P R B L 4R RO R A, e, wT AR
BRI AR AR 5 030 UE 45 2R 1 TR0 1
3.2.3.2 XPAERER

RS EE - B KA 55 4 5 . A s A
PN S AR AR Bk A S5 B 3ROy R R+
C K R [ I A B X B ] 0, POW B8 3k o, 5
MW B T 2 &A1 nonce J5 44 I IE ]
FZE G B AT AL 5 A5 LXK B, T 03 AN 4 R e di bk

filt, O 7R R G IR PGE BES S TS LR
Bi R X B A i e B — E R T iR g3k
SRR DY

TEX P R g O T T @R AR 2 ey
ZHEGIA T B 43 B AR A 8 A 58 IR (round) |
B Bt Cepoch) LB Ja] H (slot) 25 Mk 4.

(1) PBFT 2§

PBFT 830 i A = 43845 - LI
(view) (@l 4 (replica) . fi & (primary , backups). i
BERR YT REN 2 RRE, REH S 507 5088
BCA replica, T #E B A4 #L B H s replica H (Y A 843
R, Hoh — AN B A FE 2 403 (primary) , T H
B AAE £ 45 (backups). 5% R G0 &Y H gk
BA HRTEBEN L BEENRBREES ML
AW B TE SR TR A ME A BRSSHNE L AR P i
RATE K IG YT E o primary 5 5 4 X3 5K
G5, I E I T A 1 S 8 R0 25 1 backups 15 L 40
AT RO AT BME A (5 B A TR HE £ B Bt

e (5 BB (/0 2 /) N 28 1R 5 1 36 ke 5
e T 5 T BAIE & T BB A H &L &1 558K
HEAE B B - i) A A5 AR B0 R &1 AR IE
O B A5 B A RO RN A I B 1
Ke—A AT B R E PR f 1 AR
[ 27 U O AT S Bl 2R o AN Tl A O B e —
YR LB v 7R T A g ] 15.

Wk Bis | s | M | Em
e I S
AlA1 | \l | [
RlA2 I \M
A3 I i l |

B 15 PBFT &5
¥ PBET 5.3k b H X B 4% & 4, primary 7 &%
AR BGE WA T s B A K P iE K A G

e

dantheman. DPOS Consensus Algorithm-the Missing White
Paper. https://steemit. com/dpos/ @ dantheman/dpos-con-
sensus-algorithm-this-missing-white- paper

Bitshares. https://bitshares. org/

Steem. https://steem. io/

Eosio. https://eos. io/

King S. Primecoin: Cryptocurrency with prime number
proof-of-work. https://assets. ctfassets. net/sdlntm3tthp6/
resource-asset-r379/5ad81da96 cfdce4043cccad684edf368/
b72fce6c-66c4-47e8-8772-15d7af815450. pdf
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= BB £k X B, primary 35 &5 4K PBFT 25 3k 41 41
A1 R BT X SR AR R,

2016 4F, Haithem % A" 42 44 T HoneyBadger-
BET Wp i, 32 B i5CAH X 245 I & H 5 3 19 52 22 i
I %5 B 1 ( Asynchronous Common Subset) #f 47
HE. ARG T ) R A R ok T BR B B g
Z B U4 (i 7 2 0 A5 4 A 80T S8 T kR 1 Ak
T R4 A T4 (Asynchronous Common Subset).
AT AE S 28 ) 28 B 055 T S B 1 #f 7 PR 3L R PBET
1 HoneyBadgerBFT 8k #8 H 68 7E W 45 o 17 i %K
HEHANE LT AT, HAR DT B b Je s
A . Duan % AN FE 2018 4E%F HoneyBadger
AR R BEAT 1 4 B2 8 T SO S AU BEAT
I

M GRS R A T R I POW+ PRET,
POS+PBFT ik B 265 3% 4n POW . POS ¢ 1
3540 KA, PBET 5375 4 F T DA 45 i IX B v i 4%

o F BET SRR LM St , — 2607 Rk BFT
B POW B4 DR 4271 1 X Pk 2 HU5E
b S QS N I 7S T e o V2 A7 9 T o o 1
Cachin 2§ A1) [ Pass 2 AP Min £ APV,

Algorand " RSG5 H HIK YLkt i B2 U 16 B,
A4 $E proposer Fl committee W FP £ . 14,
FeA /9 F P 8 B O R AT ATAR 5 328 B A A4 D A
AT VREsk B3k, 1 (49346 )5 » proposer Ji§ 51 42 i
HFik X H, & F 78, By B, &, T committee i
ARYE BA® B MEE X HTREE . 5 —-REL
T — X . BAT B —3 48 Reduction
BinaryAgreement W~ Br B. £ Reduction By B, {%
UEITA Ik S5 5 5 2 B0 — AR s K gk gt
iR JE BinaryAgreement By Bk , %} Reduction [y B i
i H0 5 R PR AT AR AT BT A I A AR %R
25 Heal as Yok LR

B,
VRFsk B, BE(B,B, . B)
: i B ol
: empty block({{3&
& SRR AT AR
k

VRFsk
K 16 Algorand £ 4t X He A= il 1k i

(2) Raft.Paxos
H Ay f# F Raft 83k 1 e gy X He 48 3 2 0 B
TABE W B 4% Quorum® i A Y IR B R L T

Raft J¥ & 1. 5 PBFT 5 ik JE B, 38 0K 39 5 X DL
Raft 5035 AU F &7 S 37 SR X L 58 5 ol 4
PeX B, T K5 5 BT RS I, ARy
AR H 7S [ A X B

Raft 50 3 o 5 2P0 B 40, 915 2 FBR B 2
GT A MBTL IR AR TR BE A 1 5T AT A . X
R RN AT el L S LT R P U R iS4
Raft ZE W (A =FORE - 93 FH RE A IR B
FL =M O ROl BRI 17, 4 3h R SEAE A
SRS N R D0 AR L 3l 2 A AT I A MR B L R G
AfiJm, WA 18 FEE R R T AT H WAL —,
10 3 ST S I A R R L EAE — IR 2

_— el 0T, T
" IS [ETERIN , JT4R 2 m eI R PR
ET TRl /\

BB (wan )  (w9x)

ROZRIGSESHOEN R w e 5 S

Kl 17 Raft 5% 05 6K

(E FEM2 fE3 (£
C s
| ]

HE2E IE AR AE RIS

18 AL R A

Raft B SR B 70 o = A0 F )
ST NEEL . H &S 2 k.

TFHER . REGE S OBl RE RS R
GEIE R B EE I, TS s B B A R LBk, 2B
Bt WA B0 Bk AL I BARCE 3 AT L AT LA
FHRH— SR EZ. R ML BT, S 5 EMN A
RAFE A AgE N o FF 10 HoAh 5 5 B 52 T SRR
V30 SR o 2 5, WU Y 3 T — A B Y 45 R A
BB AR 2 B S U a2 O L AT
SO TR —H ik,

H S AR UE A& sl AT A R B P 51 24 %
A v [] 4505 3 R RS 1 R i 90T 3 W3 1 B8 b
TR RS (Uncommitted). & il 113 72 530 =
U 38 BT T R R A A B R
T2 W I e o7 451 2, 401 AL AR I 5 3 I A e B S
[1a] % 7 it Ml S0 50 2 — ELIR N, 1% 7 i, U Bk
i 5040 PR A5 B O 42 38 (Commiitted).

@ Quorum. https://www. jpmorgan. com/global/Quorum
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(3) 3 ] Jr e 45

TE Ouroboros HP*, B 8] #% 43 & slot, 10 4~ slot
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A RE LR VSS PR =SB B B 19 Fs.
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— I~ epoch AE JSUHT B BEALF T

1 epoch=10 slot (R=10k )

le
<

W Commitmentfi Bt Reveal i Bt Recovery m&k
4 ?IOt 4 SIIOI sllot
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LSRR TR A B BRI X Bt 47 45 whtT
B — MU A F I AR XA IT 585
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Ll 6

%
XHek

(D RA R B
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POS %. POW+POS J7 2 47 8 F w5 R S35 A6
FOEAHC IR ALY [ B 43 590 A= B POW X Bt Fil POS
X He.

Bentov 4 AU R T —Fhiy POA gy 3L &
%8 R POW + POS 8 4 487 3 H. POW
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follow-the-satoshi. H. {43 35i , POA [ 1 B o F2 &
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@ Peercoin. https://docs. peercoin. net/ # /peercoin-v0-5-proof-
of-stake protocol
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B AR 8 o A B D0 L 0 00 R 2% v R A 1Y DX R R
%, COIN_O & 3% 25 8 A\ B 28 G 4 0 Bk SUAE Wity
JH.

1 &, Eclipse I i i i “ tried” 1 “new” 1
AN 2 76 UL B R 130 SR, “ tried” IR SRR £ IA
WK IP Hohl , “new” sp g SR # E S (1) b W
HE. “tried” A RBL LB £ A9 RSB ET SAHE,
BB KR o R T, Yot & 3ok B
IR I (22) , CEAE A Ja $R it 7 2 T botnet 42
A ) 1 foe 2.
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afof sraed =D e ) o f [ 2o fof vrasz)
o o (22)

ARG CE W AE#E XS T Eclipse Yoty ok L4
FE DX PR AL TR B B A R O 58, R A A S o R B L
Kz CBEPLEE R T 2 AW A R N SCE AR
FAE R RE B 37 5, ] “tried” 2 AR A B XY O 52
WG R AR E T X LB R A5 R R S
Yt v 19 TP Mk %t A 4600 4 55 2 41000 4,
Tk B AN 84 Y0 IR 3 50 %.

LR IIE N B AT X Pt R 5, [ A4 7] BE
% 3| Eclipse Wi IR , 9F Bl T H ARV 5417 45
FEA T AR K RIS IR 0915 B0 T @ 2 8 1 FR A 41
Huhk B 5 57 Eclipse B2 0. HAT, C &/ THF
PAAR Y5 EAT Eclipse B0 i H & WF 5%, Karl % A ©
T = AR LK 57 X M i N 45 R0 & P s 19 T
T8 R XA R Bt 2 3 T Eclipse Kifi 4840 T
— U IR 8 el — T R A b R K B
FAR R EE , B AR T DLK 35 26 v 5 e B (E i — A
BB, Marcus 8 AU $2 0 T £ LK S5 9 Eclipse
Yot s FAUNE P & EVLE B T3, thoh, A&
T SCEE X T LUK P51y Eclipse Yt iR #4717 2047
FEHR T AH R Y 3 5 X R BE I 45 HIKAH Eclipse Moy
) X] 5.
4.2.5 HAhHd X

TE Ghost Pp 3 v, 2Rk I “ o5 5 B J J0) 7 AR
R N R i B X B BE R G B (S X B
HE W 25 tp 1Y 32 By B DA I TR) A5 B AR R R EE R 2 .
Natoli & A5 4 I T —Fh g% 0l 40 XX B R 45
(Ghost) B %7 A Bt Jr 2 - i Y ik ot b B
ALIAEC NI 38 5 o B 08, T 2 LA BH 1R 8T 19 28
Gy A B . A B0k b ot 8 e i A
A ARIAZ B ) B HE Z (8] 1A 7 G ) Koy
BUE—DTFRDRERLS I — D FRPEZ,
B X T RER RN T35 1 RER Y R/,
TESCHT Y He e Th 2 Fh Mo Oy ik b, B 8 2 A
L Pk S T PR A S JRE SR R B G i L O A ik 0
B Z AR AE T H A DLR S B R SR 420 R i
B IFAE AT 22 1] 4 38 A% 338 31 2, 11 9 JE 28 5K L il 52
T B B T SR X He. A LA el g B LR
i) Eclipse Y AT DL H SE 3R B 58 T W) 2% o Ath 35
I3 Z 6] BT B, AR T, 3 b Ak | X BE AR R — AN B
FEM ARG B AR R EE S N EHAE MUK
G5 RGE R 25 AT R X A5 R) AR 45 T 0

VI3

Sybil Bkt S A % Xk 5 0 26 4 H 9 — Fh g
w7 2 XA Ty AU R A TR T HEE S
6 JIE A1 8] 422 B 45 56k 9 b 36 U 7 2 BEIR 1 40 A X
FE0l R S8 h I TCARBL] L Sybil Bty 7 Ul R A8 8
32,

< 3
ASEEEERRRARN
r 2 2 F B B 3 % % \ N

32 Sybil Bk 75 S G A 1Y

Syblil Y (AR » 48— A&7 4 (Sybil
50O TE A R A R 5 v 8 20 B80T S A 2 A R R
Ep 5. Sybil Zids v] DLl i B A R 4 A5 O i
By s B Ay TR B sk | ) B 20 A5 OR [R) 2
1 77 2R SE BT . 7E X B W 4%, B T JC R B0 E
T 265 55 05 00 5 4y PR G Sybil Mo i Mo & A
AR X — SOk R RIGE, B e EZ A RIER S 5
I —E A R e M 4%, 2 5 T 4 1) X B i ) 45
B4 TE B Ak R BT A R R 5 T I Y
FA) % ER 22 o DA A AT DX Bt I 286 19 19 i A TR0, B
FHE T B R A DX e R 2 v oAt Y S BK &R Sybil
Yy B Yo 25t AT DA AE ) 2% v 4% i A 52 A S
I 0 24 e S e g 4 T AR T A I A S R IR AR
M S B 19 R A B R 2 5

DDOS Bl 255 = # WL 1 W 28 Yoo, ety
HRTE THELE V&I KRR LS. HE
DDOS i X F v 0 Ak ik 55 B 8 A 850 1 X F X 3
FEIX M AT R G H B ROR 8RR H 55 T
Zrp Wy S E 2RI A T R R R AU AR
A PR X B R o 4 v T #ik Bt DDOS
i

T (Replay Attacks) &35 Wiy & £ # H

@ Ethereum eclipse attacks. https; //www. research-collection.

ethz. ch/bitstream/handle/20. 500. 11850/121310/eth-49728-
01. pdf
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) AL E S WO B A 2 6, OF I E A XA
B ARG HN FN, BARBGEERNREBIIED &
I oy B AL N 2 B AT RO T B B AL T R
B>k ik B Bk 49 B Y. 78 X sk R g AR kAR el
ECE MU RZ G R G 2 HIAE S SRy 1 O B
53 SCHY T 2558 A 3 8] 00 2 B A AL B 7 Ak Bk LU
LR ) 38 2 s . BB B T R SOk i
F— 258k LRI BIESC By In) 75 — SRk AT Rk B 3
TE W 2555 EA AR IR 0PI 2E 2 5y . PR G 7E B 73 ST, 75
T AR, B R A — AR BE B S e T —
507 UEE EER U S R AL

Kroll % NPT 4 77— Fif A8 B2 48 5% b6 110 A9 2K
7 7 2 WA AT 2 A8 A A s B0 IR 43 1) 2ok O
AW 5 e o R (0 | 0 B B U R Y S
BRI T — e fE 2 AL s
4.3 XREHREEN
4.3.1 PAfEIR R

o T R T R GRS T T A SR B 38 5 # i
FH S BRI e B AR T A R 10 DX B A I 26 3
REEATHH R , B U 28 4. Hn e A W fh . —
Fifr o DA B ARR T DX BB A0, X T — BB AR IR 2R B O
T T DXCHREE ) B 28 7 ) el HC B ST D Ak B ER
TELR T AT, X A 07 30 m) i5E F # E Coff-chain
scaling) 5 73 — i & 48 T+ X Hed A< B (14 M e H A g
JI AL B BT A 2R R 58 B, 31X B J7 S0 BBE B A R
(on-chain scaling).
4.3.1.1 #E B

(D Jw L

Wil 5 S B 07 FH 5 5% v DX B B RIS A AN 1T 3
HoA R ORI SZ B AT DGV . DX He B 1Y) 7T 4 Ji 1
A LG I P bR o R i B S 55 A kB transaction
throughput (X 4% G 4k B 5 55 19 e KRR FHIEIR
latency (BN —~35 55 O &40 & 76 X B g% B [a)).
HRl DX B BE 7 A ik B R0 SE IR | S B B Y B A
otk L H B A B (inter-block interval )0,
AR AR AR i DX e ) AT 46 R i A 1 O OB
M HERAT.

BT LURR TR DX P H B R 28 B A i A AL
b BIR ) A R 7 e ) e EL B DA B I gl 3 A | R
A LR MALE A 10 min P24 — A XCH, A X
Pef e 1 ML AR THE TR k& 0 BB (2
TP 7 A Gy XA E A T I AN BE T R AR 1) & T
Xf LT BT T R Y. O T R G R TR R
Bitcoin Improvement Proposals (BIPs) 1009,1019,

1029 i1 1039 o #R¥5 K 3 T X e K /N Fn e (7] B 1
HH SRk, BIP 101 @ 3UH — > B3 i ] LAl 350
I ) R BE R Y e R B s B R ] E 1 1 MIB R B
R ft. BIP 102 — Wk s — A e i 9 5
558005 BN 1 MB B %) 2 MB. jx 26 T 4F 3 27
AT PR/ BY B AL SR B (TCAS B R R A
A 1Y) 45 0 D K% fid A 738 S ) BT R A BG4 B AT
AH D ) T B

BREH Xt bitcoin H X He5E B J& M i TE i =
FOAT 0 A AR 2 W A N B A s TR A — i X
A8 Ak Dennis 5 AW DGR 9 A R £ B %
o] A R 214 X R B LA i R K R R) L T
PR T —FP B AR Bl 7 X B BE. X SR e A A X B
B A ZE R AE — A E 8 B9 R/ TS 233k X B
S 1) JRE A 52 30 R R A A 1 PR A

(2) XAk

BIRXT IX Y B & 1 ) A R AT DA — R Bk
A P RE L {H AR R B2 42 i X s i R 9 R 1 U
SLE BT X B 2 G B0 3 48 Y AR R R
R D5 3. K 33, X Bk A 1 R R
SRR — N O Ik U R R — A e E
Xy 2™ BRI T I I R A R . SR
Y A B R . Bano 58 AN K BE B4R R B 5 VR 4
RLEAF JLZE 5 91 2 3 X (Multiple Blocks per
Leader) .20 & 1 %0 78 2 (Collective Leaders) . 347
iR (Parallel Blockchain Extension) f143 K 22 5 76
7 (Sharding Transactions).

IHRXH ShriX e

BT R
FOAR T X B L R 2

(D B 50 2 H {5 R (Multiple Blocks per Leader)
Bitcoin-NG"* ff {5 /T8 % &5 Bitcoin A [H] , X 3
FET RS B2 F 55 AT, A7 ok Ut
EL A T AT A ML 1 2 328 B — R 40 A 7= A — A,

&l 33

Making Decentralized Economic Policy. http://gtf. org/
garzik/bitcoin/BIP100-blocksizechangeproposal. pdf
Increase Maximum Block Size (BIP 101). https://github.
com/bitcoin/bips/blob/master/bip-0101. mediawiki

Block Size Increase to 2 MB (BIP 102). https://github.
com/bitcoin/bips/blob/master/bip-0102. mediawiki

Block Size Following Technological Growth (BIP 103). https://
github. com/bitcoin/ bips/blob/master/bip-0103. mediawiki

® 6 e

®
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IAE Bitcoin-NG ¥ i 8] 4] 43 0 Fv Be. an &l 34, 5 —
AR B EJB A — A Bk Y R 5T A AR A
Lt , h TR FRS M. EHSENZ K
P AT R R X B, T Ak R
OB X H R B T A 10 SR B T X B B — A X
A—NEHE R R AT A XK SepymE—5]
FH S 32 b — B3O8 Sk 1 5 5 2 o A AL % DL
AR B 2 5 3 3 <7 RN 1 S e 2 L 1
S T HESE A 1Y JE P, Bitcoin-NG 1 1] {45 P 4K #i
TBEE 58 T 12 W 38 I Gl 09 /N 22 B 22 /) 5 A5 )
M FHIEAY TS EAR. SR MK/ 2
AR CH BTA TF B Bitcoin-NG (38 5 A 4~
J& & Bitcoin Y 5 fi5).
I X Bt BiX e

PFHET

B 34 B4 PR

(ID & A 1 47 35 (Collective Leaders)

1 Bi Ik Bitcoin-NG H &5 5 2 78 AT 1 18] ) 3
ERES DR S EL AT, ByzCoin™™ 5 8
THA SO U7 B EOR R — AT E B
WO — 21 45 7 3L ) s g 1 R S B R BE,
Bl 35. ST /N E AR LRSS B i, H
REENG HAZ T H0E BUE F. FE X R AL R L FE
Ji& i R 08 Wff DR A Sl R 2 AN a3 b 32 52 1Y T EL
REAE PR UE BT 1Y) leader # HEAE BT TR Z .

XY sk [ BFEHR _
|

AL 'é?b'
I
|

| =
K 35 daEants

(11D 34775 7L (Parallel Blockchain Extension
and DAG)

Xof A G X e R 35 HC £k P 56 E 1 ek 5 T
(0 P 2 80T R AT S 45 19 ZE 3R . Boyen %8 AW 4T
TRXFEGE AT E R T PR B
BT A AR A oy WA T — A EAE Y o3 A S0 2R
WRGE. FEZRG T, A F 5548 — 2L gk (i

BT AR R AE =k B, O 5 25 IE P A
55 AERX B E S50 T AR AT R AR AT ¥ R 5
Sy BB TR] 43 32, WP 36. 28R X Fh R IO 2 3 T
G REAE  E A R G AN B R 4 SE R 2
SPBOREE RL 2 IR] B 5T A E 2 W R TG 3R AR

W 4.

FETA

IHXHe

HriX s

’l 36 JfATiE

(IV) % i 38 55 {5, (Sharding Transactions)

53 A B AR SR IR T B0 R R, BN KR O
A3 B /IN R 43 A ASE A BB . A X BB 1 S
L P2 T AE B i IR SR o B TR
X SERAE ) A 25 /0N A S A B G A /N 2O
Do 2 e 1) T R RS S SR IR 4 L ANV R
AT —BOPE PR H B0 B 5 9 45 775 0 A 385 i i £k
PERE K, Q& 37, f IE AT UL 43 B R AT LA S R IX B
FEACEY 4 XTI A ZE AR & 2R . F S8
SR EARRIFH AR Z  ENTESS 5 SN R
I3 M /N N BB R ) — B D T 5 5 S
T AN A [

AL

FXH X

———O)

\i;’%ll;ii%z

37 ARG
PBFY &1 %} 156 B3 4 N 20 R B AR (il Hml 2L 52
Fro 7R 55 S 50 1 1 Bk 32 5 A B B0, O AR £
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5 1 AT {5 B2 RSCoin'™™ & 56 F 43 o H AR ) — b
I BT MAHEZR. BT AL 58 19 e A7 46 rh 45 T 51 Ay
HLAI AR LS O M B A2 5 e gy, 3R 43t 17 9 K9 &
W J3 0 AT A % P AR IE. RSCoin Y A4S/ Y $0UFT
P B4R S Bh s o fH 2 X A TAE R R R 2
Ji& 2 1R L 38 T RE 23 B SR L. R S A AR 2w
FEXT AT T .

ELASTICO"* J& 5t % FF 1 22 A 4% $2 s i —
i, B AT ALk A 15 g S By R A A B
T RS 558 5 I S AL oy A ik i B Y R B0
M 2% P4 J&. 76 ELASTICO B, b 1 33 31 14 /)
A YRS committee” , &> committee & {7 —
2o M o e L TR PR IOR I AT b R A AT BT R E
)38 55 46 , — > leader shard B iiF fIF 4 25 44 3 6] g
— 2R {H Elastico L f7 1E — 26 ] & . 1755, /b
BB N S TEAFAE 1/4 W38 406 -0, B2
BATRAE 2. 76 %0 KR WE, XFE PoW R % 2
A %A R4 R g BA — & 1y o
(bias-resistant) , H ANGEHA PR 73 F B 19 58 &) T 51
IR AL 2 B I A% E 23 R v () AN W7 U0 4 S B0 20 A ik
22 JR AR A T S BOHERE T B LA B 58 5 B A Y S8 IR
4 Bitcoin £, X #5 BOH 52 R R R FEAIR.

Xt B34 X 2 ] 8, Kokoris-Kogias % AN 42
th 7 Omniledger, & {8 J $t fhi far 19 2 3t Bl AL B
WOR B HE R MBI B A RPN R AL FR 52 5
[ 51T 880 38 YD 53 4 38 DRSO Ak PR B 24>
93 95 Gy VAR UE H R . BR I Z #F s Omniledger
AL T /N N TR 52 B FFR AT AL B, SE B TR AE R
FR 52 7y B I Sl i B 1A 4 44 R 28 Bk X Ik AR ik A7
BURL. S50 45 R W] Omniledger AJ DL SE B A nf: &
LR MR J O 1 Visa H 8, A TR K
P

M AR 3 S i 5 R M E R B, A BT
A XS OHE F R 52 58 e 2 Ak
KF T H AT EE BA BN R S RE ) . B
HERRBERR, D2 REMLE2HE
FRiR . EXENY 5T . RapidChain®™ L T, &
A5 X B I FE S IR A R IR A T 1/3, 25
— AT AR A] A 1 RIA] X A2 & 1 AE TR A
£7 4 TF 585 3 47 58 4 V0 4 19 & R 2 6 1Y B L
RapidChain Xt /]2 P4 #8 B9 — Sk 50k | 2 18] 3%
5 7 28 Gy SR Ay B AT T U0 AR DA S A R A B
T 7300 tx/s K G HINER RS T 8. 75, REE
WAL B E] ZE B T 4500 4E (overwhelming time-to-

failure).
4.3.1.2 #THE

BT ¥ R 0 3 2 SR R IR RN A DX M
ik i A B IR A F AT AT LA B K 22 5 e K )
Y6 7% o DT 03 20 X et 10 00 194 Hs 7. sl /0 IX. B i %
ERGEAEPR X R ELL S — M REET
2y Je LA T T 3 ) B 3R 3 R 32 g O 2K D B
&S

BRSO E AL WP N IR
EASE Bl — 238 G & AT m X 7 42 4t A
BH. 3k Fh 7 AT AR KRR B A 32 2 i Ik B A, 9 AT
LA K 2 e S 57 B5F (8] N 52 5 B B T Bl Ak 4R A
FABH B N AR B FABH B A, 3X B offchain (1 J7 2L 7
BN IEN A —E R EMEENRRT.

HET R T B L ac 5 BB KW EE 4
e NEM T, & & — AT LLE i 4 8 ] X B g
HRRERE ™ & gt NEM # BB %8 7™ R 48t U 7 4
5 RS N i D SRR SN S ol S et
[ FIAZ 5. 76 X B v, NEM b bl 2 % 72 19 25 2%
o 2 E A A P AT LS AR SR B2y 2 E DA
i o7 3 2 52 b Bk 9E 7 0 BT A AL ) 3E v R A TE
NEM H I iy [ 5 9% 7. B P Al LS8 i iy 44 25 (8] 7
NEM |2k B & 89l 55 58 5% 7~ 81 o — 4531, 1
2 5y W% X0 T LA Hb ik (8] 5 3% 5 19 4% 6 5% H ik
JIT A AP 5 0 R0 . X L %) B o b i T A R ) R
SR E L S 1 5 — R IE X AT DU R AR
A v DX H B Y R0 T A SR

3 G Ja b ) o AT PR — e, R R R — sk
B L 5 /N B 22 5 18 R BE SN A I G TR s 31 X B
b SR AR L f R AT B W E 20 28 90 AEARL O T RE
2 Z it sk 1 B AS , Wheeler 1 Rivest $& th T 3
ST &L AR S G R T AR D i S AT E L T B
FEH T A 5. Pass AR T —FE TR
SEIICAT 7 58 5 T DA TE AN B0 AR B AT S i 2 e 1
O A FREATET AN S RS, LRk
BT A A R M RE.

AT R X T AT 8 E B ST SRR Y E R
T3 388 3] 9 R[] R B 12 9K 2 A A g Y F 9, HE b B
ELAR e B il 2 D R I 2 O, DR R R 4%l R S R
128 T 6 29 20 1 : 50 B 49 AT RS A 29 (RSMC) il
WA 7 I T A5 A 2 (HTLC) , B & MR e 73 38 o e

@ The bitcoin lightning network: Scalable off-chain instant

payments. https://www. bitcoinlightning. com/wp content/
uploads/2018/03/lightning-network-paper. pdf



1 # SRIGENG 45« X P I B R A D BR 117

R T B o) 3 gl [ et S i e T BN A B TR AL X
PR U SR AR 381 T 3k S A 3 T SR AT 28 o 1 75
AN e B R A AR BE AL, TR A FL B BR B 0 A
{45 JC 5 {5 AT 4 5 826 = J B AT ok 47 SE A LI A Y
58 5 WL B S

T LU T IR R I % 0 LB DL R B4R T
B O A EE T A 8 8 i e )7 52 - TR HL R 2% (Raiden
Network). A T LIESE T A EE BB ENL S,
T FE 4% b R A0 3 T 4 0 R O P 3 T A A
ST DAGA BUBE |52 &) 4 AU A  E T 45 B 50 . X R
32 7 TR RE & A9 09 PRAT TR 5 $AT R A L g
A TF A R R 25 KB BE A Ok T & ik i LB A
S TINCYINVSTAR 2 A aliE =S

R B AT 1) S A 8 I BAEAE— RE R BR, — 3
538 TS 5 JE S AP TRE 22 5 1B L R iR
.Y P Z 18] G S B (B R T SOAN 3 T 7 L
Wh AR A 1% 38 T H R I L IR 3 2 4 7 AR T IR
AT AT = A 2 R B BRI AR, R T X — ()
31, Khalil 4 AU 2 1 7 REVIVE, & R 5 W4
AT T — 2 P AR A8 BT A 1) 52 B e SR AE S A JE
ZIMZRNERRE. (ARR THERNEEH—E,
JIT DA% 7 2% ) T A ) B A — 5 1R BR

AR IS T TE A AR A Bl R B e
12 b, Bolt!" " sk & 3 B 5] 58 i ZCash |- iy —Fh 4%
T E A AT EE R R B R SRR A RV Y
TR BE A S T 9 2 1) 4% ) £ A 67 4H.
4.3.2 EEEIRE

Bt o X L AR 1 A BT B P A I e B
XL AR el Ok B £ B9 AT L I iR T X — AT
FOR. H 2 H ET AR DX HBE A XA A R X —
AR E BIATAL 17 2 EbF B AR » AN [ ATl =22 JH] —
HHRAEAE A AT B 1 18 38 5 28 Ik - X 0 45 X B BE Y B
WP OR T PR R R T B EEROR N T
DX BB 1] 1 e RO 2 1) T AR TR

H A 25 55 5 R 19 0 H 5 5] A4S S 1A~ O
T (1) %= (RT3 G 5 (2) B8 7= 5 55 7 A Fnfif
(3) BHEEE BUE ML s (4 ¥~ B B sl 1K (5) A
WG A FEMILZ AR N T RIS Z T, A
1) 35 i R R 0 3 T AR FLZEAS W R BT BAE 32
) 5 5 B R 2 28 D JRE R A = (Tl AL ) 4 /
Rk G A B ) Hh O R BT T oA KRV
il AR A B CATE N -+ 5 ) 7 Feh 2 AL

IS TE AL A Ji B2 A AN B AN A 1 % 22 )
FIASE =T A kA% 38 06 B 75 8] Ik A 2Z 1] 58 B

5 e 2 gy () Bt A RS 2ok R G 1B 38, 33K A ML R AR TR
B, HES XA S L .o BEAHE T
JE R 2 B B B R i 4. SR I H A B i
Interledger PpX @H1 Corda®.

RIS

ey >

AT S

> WHES

Kl 38 BEHER DR L R

4% #1417 5 B Blockstream 2 \] F 2014 4F
PO, B R AR AN 39,8 i e 4 5
Z [T WU EE 48 (Two-way peg) 3145 & 1 81 3 4+
Bk (SPV) Sfe 52 3L 5% 7 (alg bb R ) 76 M B 1 A 9
i, [ IR UE FE B bR R A R X AT DK —
5 i Ak B = AL B e B B S AAT . AT
BU R T A RS2 B 80, AT A T Rl Ak 1% Liquid ©.
JG 3k Blockstream X T 2017 &£ 4 TEHK A H Y
(Federated Pegs)"'*%! s i ¥ %% 7= 1y 2 v o0 Ak 5 %
WA AR TR G IERIFEM T X T2 5
R4 TR, W T Liquid Z£4 T bW ARl

SR b gb gk BOR SR BT Lt ] DL 25 S I B
Ak e
RILFISPVH
B A ,
SPViEHH g
Efese g
(PR )
REFISPVBLE R
SPViLH RIS
SE4HITT IR
_ SPVEHIEY
Lt h
s BISPVIEH
S5 S
BENER

B 39 M RmsE s BEE

@ Buterin V. Chain interoperability. R3 Research Paper, 2016.
https://allquantor. at/blockchainbib/pdf/vitalik2016chain.
pdf

@ Thomas S, Schwartz E. A Protocol for Interledger. Payment-
shttps://interledger. org/interledger. pdf

@ Brown R G, Carlyle J, Grigg I, et al. Corda: an introduction.
https://docs. corda. net/releases/release- M7. 0/_ static/ corda-
introductory-whitepaper. pdf

@ Back A, Corallo M, Dashjr L, et al. Enabling Blockchain
Innovations with Pegged Sidechains. http://www. open-
sciencereview. com/ papers/ 123/ enablingblockchain-innovations-
with-pegged-sidechains

® Liquid. https://www. liquid. com/
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HLAR M 19 Bk & Polkadot®. &K JR A 85 1 Y
token B A 2 H 45 44 45 il 1 5L B ik v %
198 I B  TE T Ak BE b 0 38 B 45 R ) i 28 2% 44
NIRRT H R A AL

— P SR B, A A AR DR ABCI Y X4y, X
— AR i B 3, S BYE B R L (H AT LA ST R B
F 8BS BE L 7S AC e SR SR AT 55 . 5 X ITE AR AR O
W iR A RootStock®, Cosmos®, BTC Relays®,
Aergo® il Bumo®.

e A B BRI T A M A L R 2% i) HTLC
(Hashed TimeLock Contract) @, H: %] % 2 il b 4
T3 368 3o 0 T8 B AR 38 B /N S A I RSOR L 5 ok
X —HARY B T 5E. vA A B 2 o Bl e —
BInf [ 5% hash JFUER 545 ST —FrdL. 28 5 3
T ABR R BUE R AR S AR, Hh AR -4
BEPLECHY hash (k%% B, 45 B ZE L& I [H] Y AE
PEAZ BE MBI (E N AT DL e A BE BT,
ZIRBR. A5 E L E B A BN R 48 4k 1 B 1 2% 1A
B K IR [ 45 AL e A BE 9 4 b 7 T ] DLAE I
WCAE AT B A5 T 56 I 85 BE 3¢ ™ e 4, (HE 2N
FLIE BRI B 7 1 B B 5 7

g3 A AL BB AN T 5 4 0 5 B i R o A
BT 7 g g A 2ORA B AR S R BOR A B T
PRI N B AR X BB L R S AR R B B AE B
TS T R R A 2 ok A B i B A A AL
PR M FAH 20 5 Y 22 SR 0 B e A TR
HAEEFHE S e AW ENRH S . A ek 7wt
FE L B . X AR 4T 3 SR A
AL, (EFABH B9 A= LA 73 B AR B f 2 — R (51T
A G R TE R X — R B IR LAk, B ETR X R
AR 52 B 5 55 58 5 AR 2 T H A : Wanchain®
Fusion®,

BT B 4D ERNEREE AR WA AR
P B A 0 B A 2 R N B BE AT Rl S, DL IR B R R
PEFN AT A5 A 1 1 B B B AR SR M 19 3 2 Ether
Universe (5 T 45 = U X HedE - & EOS. 100 #y iy
s i S S DINEE T PUI Tty b U e £ | a1
HEHE LR Y M 2% JEOS W 28 F1H B R 2%, ] 40, 1
R AR H 0 A N R 2L R AR AN R A AR AL
il 5 T 0 UE 0 o N R IE AT A S HEEE B
Gy W TEAE . 19 45 8] 18 38 15 D00 R P00 5% B AR 26 B2
THER 5 H B F 4 24T X e 54 € 2 B ETU (Ether
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