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Abstract: After more than a decade of in-depth development, blockchain has formed a blockchain net-
work with different characteristics and suitable for different application scenarios. Due to the isolation of
blockchain and the high degree of isomerization between chains, the data flow and value transfer between
blockchains have become the technical bottlenecks that hinder the widespread application of blockchain
technology. The cross-chain technology of blockchain is an important technical means to realize the inter-
connection of blockchain and improve the interoperability and extensibility of blockchain. In view of the
difficulty of cross-chain interaction between blockchains,the development and application of blockchain
cross-chain technology are studied. The basic principles of cross-chain are explained, and the technical dif-
ficulties faced by cross-chain technology are analyzed. The current situation is emphasized. Finally, we
summarized some cross-chain core technologies about the security risks and practical applications, and dis-

cussed the current challenges and future development directions of cross-chain technology.

ks A #A: 2020 - 12 - 02

BEEWA: HEXHARFIEETIH (61902324)

*BEEE & (1964—), B, HuR, Wk, WA S, BT R R .
ORCID: 0000 — 0003 — 3371 — 4379 E-mail: huangxn@vip.qq.com

SIRRET T, B, MRS, [X BB B ROR R SR TR Fe 253k 0] BE AR S22 (B AR BEERR), 2021, 40(3): 1 — 14,
HE Shuai, HUANG Xiangnian, CHEN Xiaoliang. The Research Summary of the Development and Application of Blockchain Cross-chain
Technology [J]. Journal of Xihua University(Natural Science Edition), 2021, 40(3): 1 — 14.


http://dx.doi.org/10.12198/j.issn.1673-159X.3845
http://dx.doi.org/10.12198/j.issn.1673-159X.3845

2 (RN = = QRS )

2021 4

Keywords: blockchain; cross-chain technology; interoperability; value transfer

FUA TR G 1 D R 3 A A5 LIS 2 X Bk
FERRZRN T Z MR S . X R
B ARPIE I KB . A2 R A S — T A
PERTHRBIAR M, XHBEH AR KB T %2 | 115
PURH: | 1R . B S5 2 A 2E B, 2 2500
T N1 K ol 7 I S 2 I I 2 ) I3 o = W
i A7 0 55 2 A B AR A B SRR, B s rhuo
o RATEE, FIE I, AT P A F AR R, SEE
TAEFFIR P2P 45 AR AT (5 568 = 7 I BUF
VARG, IEM TS SH TR R, ARG
BB M IR, B U A A
i 17 Vs g, SR 5 AT R BE LA, 51
BT Al TSP BTS2 AN
KRR,

X HUEE B AR IREA: 5545, D46 T IX st 1.0 1)
Fb A4 1T B A RN LK B Sk AR 3R 1 X B 2.0
o Gt JLAR Sk X Bk 5 AR TR AR & J' LA
T DX Hebe T H B A v L, (X B g R R i g F) T
PL EOS J 43 B IX Hedik 3.0 PR, X HesE JE7E
FOAF T A SRR AR A 22 ST O S R, H ATAR
P17 S A ML 25 O AR RS X B o)
NS BCIREE A RAA HES) . LR AR R
R T8 40 2 SRR TR T I 3 R FH R T e R
SRR A AT R SR R, (AR A X HepE
AR g e I AT £ AR R, AR ASBE T2 A T At sk
Pryzse, L, ik 138 H AN RIATI 78 B Y DX B
BETET -, Fl40 Linux 34276 2015 4R &8 T
Hyperledger 710 H , & 7E4#E 3l X BBk (1) 2517k
i, HF 300 H Fabric Zid Z4F M01H 5 & e o 2
Z ) T RGN Rk, Ol T8 5E
0 H FF R B FTRAESL . A X HeBEI H 2B E AR
FECRAS A RIS, i 22 17 A 4 X Bt 3 1 ) A
(A T 5 H X () 45 04 5 AR BRI
Jia] JE7

H AT, 25 Fh X HesE i 5 #0247 A9 52 PR
S BB, RS AR HE LR T % Hh 1
A X BB, AR R X T H Bk T —
PRSL MM EAR FR o Bl X BB B R 7 Ik py 4 4

Rl AR BRI A R IR AN, B el RS
R SR R BRI R 22 1] (%) {3 . A BRI
ok H A WL, ey S X e 2 ) ) LI B
HENT Rk, A G MR A 5 BE R R R,
i AL B 2 ) 9 2 e AR L 5 55 T )
JEOA T R X REEDTFE A rh 2 Y B ROARH
ST Bl DX R Ml K R PR i iz FH ) 56 7 Bl
R, B X B BE 3.0 FARAAZ O 5 OB R .

| B

L1 B ~E

Wit DX R X 24 118 TS e, 5 b IX e ot H
Z ARG oK H a3, PO ROR W 5 5548 1.
FIVFR R ERSE o X e 7 AR 7E 28 5 Ak P g
AVAT 4 A 5 T 4 ¢ BIR ) 4 DX HR B R Bl i) 7 3
W el SEMNE 2 23 B RE AN D BRI, 5230
Ak i RS AR — R X e RGN R T
YR X P S 5T B . FEPERE DT T, X HLEE
N FAE BB SR R Z2 B, Sl A HE SR ) T A =
HE B P)(proof of work, PoW ) - HIL il 1% e 2F A1 41
1k, 7 R T AU R B B9 BRI ZE MG BT AR 1 DASE
H FE o iE %5 4 U9 practical byzantine fault toleran,
PBFT) Fl1Z £ AL £ 1iF B ( delegated proof of stake,
DPoS) MR B S A% 00 A 156 B 4 RN B ) 2%, S
T TPS(Ik 55 % 5 B0 A 3 1) =5 55 50 A7 £ BR T
BTG R G, (B JRAE— B B L3k T IX
Yegik 2 rpu Al A% O TS L, 7ESEPRY
50z H X PR I 28 i e ORIk 54 1) 2 bt 4k
FIE T, SCE S a8 o PE g™, ZEDhfe i, b
B X AR R S50 B R G LI L
B e S, DT T s &
Ji&, 25 Tl Ml 2 ol X BB I H 1% P b S5 it el 15K
2y B R IR N HEIE L T AR 220 ST Y A 1A
A 55 R0, R T SEHUOR [FA Tl X ek m H
A FLRLG, 353 DX Bk ] 1) B3 B3, 2 1 5 R
b 55 5 (B )% B) 3 e 1) A, DX R 0 1 4 AC
HEARA T LR DI K, B, SEE R RBE 2
JiRC



55 3 4] Y5 DX R RS BERR R J B i TS 20 3

12 BHNER

P e AR DN F e T A 22 0 R e 4 4 FR AR 9
517 T M BASE D 3 3] v 24k 2 s 5 S 5 1) 224 B ]
BHHO, 7R X HBE R & e AR B, IX HUERR
ORI T AR B R R, (i T B 1Y M Re LA
FNEEAR T AFAE B MERE , AN BT 2 5L PR I FH 75
SR BRI, A B TR SR P Y, I i U )
T ZBEYE KRB B, 2012 4FFi i S50 A 4R
T InterLedger!® WS, ik T IX Hepk s R 450 2 [A] 1)
P[5 7] 185 2013 4F Herlihy $2 H T J5 58 $ it 2
2, T8 FE A B — 2B e S BEAE 5 (A 5y v AT
FE 2 FP RS B, R ORE TR )RS 2R T 2014 4
BlockSream & H TS, 188 15 1) F R )l o 52
BTN B A B S A Z W R, eI
filt b5 MR T SR IR A X AN AR T T B R,
AT R G T A B 5 A R R A B E 5 2015 AR
FU AR5 T DA E, O 2% 1) TS i B ] 30 AL, S50 17 L
FeMBE NI AE 5, 3T T IR T RG2S 5 3L
;2016 4 BTC-Relay FI| F rf 4k 5 55 52 90 T LR
A DL oK b7 22 [6] | 5 (] 5 B 15 5 2017 4, 78
Cosmos!'® Fll Polkadot!"” B4 101 H H 4 T 5 2285
EILRESE- & (07 58, AP A T A7 X Bt 13 FH 1)

FI#4; 2018 4F Wanchain &1 fHEHFE I, HAE LKD)
I ETA P Z E5I ABSEER 32 L, SC30 T4k L
T E A KR AR R DI RE W AR T A
Plasma ST F-901, 7RI LA 2 Rk T H D)
REveTt, 15 3 5 1) Plasma B N%E 5 . %% FHE
{i; 2019 4E Cosmos 2k, 34 Cosmos-SDK H 4
X Hest i A R 48, it Cosmos Hub!" ™16 Cosmos
Networks |- [4 T 4 X B i 2 ke ok He [l )t 17—
AT R0 O R TR A s [R)4F, BN I B 4
AR5 BixXHub FIAR I TES 5V &5 WeCross
IR, KApfeit 7 FATEE A SRR &
1) 5 e, & 10 T S M TR SR B ] 1) TR AS B 454, ke
TESEETh R SE S AR L A B R B A U R
2020 4F Polkadot 1E 3 b2, H i fit i) B 484 14k
MEHERAE S TP ARSI RE Z MG (5 2., 4T
TE T IXHEEAIHT IR 55 1 KT

SRR N A L R B S s v s AR
TE Tk X Hebk B4R VE L 2 S P AAT 4 J vk T
TS T — M. BT, #9585 IE FISEE fr 4
L. BRI AE UMY e 55— RSy
AT Z IR R S5 . B BEHOR K e iR an
K1 R

D T
P (Herlinyit | [ (gt
L BRI T || g
- S

l 20124F 20144F l
20094F T 2013¢T 20154F T

[ Vitalik & 72 { Chain [ Wanchain ) cogmos |
Interoperability )

20164F l

EZ G|

3 WeCross | -ChainOSX-"
)| BRI ke | | e |
(i

T

Interledger | BlockStream ( BTC-Replay \(
PEMRA T | BB FeRF ALK
PEVERRL || MBS | YirhdkEl

FPolkadot
THJE)

Comos { Plasma | [BitXHub | [ Polkadot
| BT | T =

K1 IXHRERRE EEROR K il 7

1.3 BHEEE

P, 045 LS, it i R R B R T
Br, BB (R B 3 A 5 4 2 [A) e A A T B RS
B, DT SEBRAN ] DX B 22 [a] 09 7 3 38 RN (i
B o I A S T R R B S A 3 R T T S A A R
HE— Sy, Bt BEE A A R HENE 2R
[F] DX Bl (1] 1) %8 7= S A5 1 H 0 o DRI R FH ) #

JEORE, R AR Y T — N ER =S
FIE, AN TR) 9 R P 34 mT i 3 % 58 5 BT AT S BE 58 5
I FL7E B B 7 v R AN 25 B AT R IX B 1 i
(ELALAR, U SE R TS ) IX B FH P 22 1 F4 4115
e, W BEHRAXN T AL G2 TCP/P 1% i b 13T
B AR T AR 2 8 7E [ B e R A
Sy 1 B 2 RN SR IR, PRI, B REA



4 (RN = = QRS )

2021 4

A TR B G, B ORAIE T 7R (B S 1H 1Y A 52
T, S EAEAN ) XHBE 22 [ e sh ™, B
Z, BB R R X U DA SRR A, S S
Y (L EC IR Y DG, S DX B [ S0 4Tl X Bt
TE A EAR S A R B
14 FEHERAR

5 4 22 B AR 4 BT 5 1) X B IR Z HE R B
(AN [) 0] LA Sy () A 5 B2 4 RN S A BRI . (W) A
ol 1S T 7 N I I 2 K R N P 2
PRI AR — S, PR I [T R e 2 ] 1) B e 52
TAEXE R 2N, SR, FESEBR N g s, A
(B 5% 2 S e 2 () S 28 L. SeA s 2 ] () AL
WL PSR FMAAERR 22 57, (A5 S A 4 110 5
A F AR B A% o 9 WX B 4 Fabric SR A& 50
AE PRI, T A T A ] AR SR (PoW )

Wk, SECT KB E MR UEDLH A SO X
PR T BRZESE, Tk HAR BT S BE S E AL T
B =07 M55 S B s RS L, AT RGN T 54
FERS RS T AAEEEP, AT, B R BERS L
S S R B B, A DR ) B Bl ) ) L 2 i ]
77 B RS FIGE 7 1Y S0 (RS B HE 52 5 1Y i
THERTEE &, B R I B BB AT
SE B ) I TR H2 52 05 7 B R Y H b B BT B 1t 4%
(EAF R TT 7™, DT S B 22 [A] 4 5% 7 e 3% S )
SR A BE 1 B B R A R i A A AR A
SRR TR IR IE R AR HE RO B RANERITE BT,
[Fi) Fof 28 B 5 B e 2 TR X e b 7 ) T A AR, AT s
B DCHRBER] G5 S H Y. FAT, 7E Mt rh s
§iE 7 AN F 2 N XHME T L A AR H R =
PSS E, R AR BEAA N IA] 2 7

BEET- A
. 1
B A M mmmmm » NEHEXH |€----- > _— ‘ < He2 K HeN '
X1 XHe1 - |
| BEAIKH H BEBIXHe }<—> B2
K52 X 42 X1 lZﬁu‘ | KN
- ] <—>{ B e >
X He3 X 53
BEN
: - LR : : : '
XN XN mml‘ X2 : XN

K2 IXHREE R R B HE AR 1

2 BHEURERE R

B R X HLEETIT H P S0, 1 fe BEIX R
RO H B AT\ IR R, iR X L 2 2R A T
L ME  BE A RN E] EAAE | 2 E PR SUAS [R] B3R
b7 S I N IR (D N 4 s W N T RER Wi D3
), 5 R T SR 1 2 i X R B AR A i G
Jrile TS BEEOR M TR XS B2, R IX B
Bl (14 5 BER R B SEATS A T BT 2R B BE, 1R TR 45 45K
JRURE R, 5 A ) i BT 2 T s 7 % Aol 25 Ao
(A S, FZRBAE LA LA

D) S aE 55 PRI A, 15 B RO A S BRG]
L7 RS M S A 8 1 o P A R S XA LR, B

SR Ty FURE [ b 2 sl ] P R, PRAIE B 18] 52 5
X7 B AS AR JEL ) 20 BT EL AR A5 5 i o 55 B — X
P TE—RESHEL Sl e PR & 241225,
XTSI T — 55, AR ¥ 58 5 i
WAL IFAT B AT A R B X EE R e v, 55 R 55
BB R E AT 58— IR o) I, HeF 2
Sy WHERE BT, WARIE — 32 5 $hAT 2R U, Tl
REAE [T VR UM AT T 09 152 5 o IR, Bl o5 7
TE S BRS 5852 5y WA A v EEARAIESE 2 B D11, 3K
LR S BE B WA EE i R B £

2) WS HEAZ By Yk Il 5 4 58 B ok 3 A
5 2 Jr i — 2N 5 AT S8 BT ) S A X B



55 3 4] Y5 DX R RS BERR R J B i TS 20 5

FRIKAR; I B R85 WU 185 5 by it R P fE
WIS UESS 5y IS EEE R RO . SR, TEIX e
FRGirh, R TR B AL AT A, AR X e
ARG —NHER) . B RGIE, XN
MRS S AR AT 23 B RE, DTN 1 983k 5
— ZRHE S A RO XERE o F R IX B
S+ SPV IR T WL BB 5SS 5y e L ]

3)BSHEAS Sy VERE I . X B 1 52 5) b HLRE
J1 5 A R — TR DX R SRR B 2Ty
] o X HBE R Gk AR A i e A7 A 25l
e G AR Ak B AN i RE = A TR, (A X
Yok HREAIU Ay 2 00, RAE Yl AL 2 X B
HEIH RERS X BBOA 7 B TPS, [HE A 1ED
I IE T A HTRE T A RESEBL, Rl IE AR T R 5E
LR R . B 25 HEAC S LB A,
B HE RS S W) I e AR T B )P RE G SR IR g, 18
P §E S 5 I S ME AT 4 R 1 1 5 B B ik
TR AR R B A RE A

4) B RE B PRI RS, B A PR A8 1
IUEE b7 BOE R4S, [FIBOE X 3 3
TR 25 AT, REAS A B A FRAE 5 K, DRt
TE B AL TR A KA 5y i 22 4, Wil 152 5
bR FeRUE TR B, H A, BUE BT B
LAERE AR, B AR R
FEER . TN s Al VS R AR A —
(4 SRy KR, DRI B B AN A B )4 BT 1T it AT
FFitE— 2L R BB,

5) Z2 B DM ISCIE e IR 5 R B A S B X B
B AR TR B ECIE B RS SO B4 B AR o KBk
il 10 245 R BRI R — AR A LI 5, AU SR
SRR M E IR Bl ZHEE A S RS .
FI AT, 5290 205 51K B8 5 5\ F S sl
B 2T ) AT SR Akt 22 6 I IS 1 [R) A
EEFAIEE T A B X R EE R G 2 L, BF
KRB HEDLA, B DX 4 52 bR B b Tk i
T ARSI B EEROR, BT SE BLES  5e a5
HIBAIESER . SElAERIREFEAT, L
POV 6, TR b AR T XU R GE Y
TEA, Rk ik a] L 4 11 e AT 2 1 IX e &
g, RS B RG]

6) 5 Bl 42 A OR B TRl B ) 2 A e TRl
TRE B HE M 28 B IE B AT B B . KIRBE R GE
ZIA] AT B B A TN, ARl i PR XY R G0 2 4k
JE 5 HE BRI T — ROMER . AT 2T B
B RN R 2 DT R T . YRR
FER T e 2 — A A2 B T I e A
HE RGBT, S PR 2 18] A 37 4 A 22
A = R o AT R I R BE ) 2R =7
FORAE PRI HE S 55, (1305 5E R gL HA LRI K Hs
IZRE . 85 5 22 4 O o ) FEDKE 2 15 BE HOR AN W7 B
MY — D BRBEIE AL, WIS EEEOR BT, {H
FRE— B RADI I AW

3 ERBEEILE

1EN 55 B H 25 B 7 5, 585
B 2 [A) dif = 48— 10 TLIC EL A ATL R, S0 A R PR
X PR AR 1 & e s 1] o B0 L TE A A0 (H X R
O 245, SO0 U [ A S 118 DX TR ) 9% 32 42
Ko BEXRTIX PRk 2 0] B B8 A% . 28 5 Vi 0] 5 4L
AXE S, H e A A UE AL (notray scheme) | ]
B/ 4k (side chain/relay), W37 815 (Hash-locking).
A ZURAEAHE i (distributed private key control), 2y
JE N+ 85 18 & #L i (notary scheme-+sidechains
mixing technology) 55> 4.0 H AR TE A [F] F2 2 I
fifp e 1 DX B 5 e A8 R A, SR TS R 2 R
77 F L
3.1 AUEAHLH

I8 U HIL il S — oA X 25 2 52 30 1Y 25 i L
il LG AE 2 T TAEREASRAL, AR AP Z
I IR B85 =07 AT B BT S A Sk A A
Ko BIEATE B X HBE 2R 50 gk A7 58 7 S5 i
T, BE28— a2 UE A IE A K A 85k
TR AT AN R BE L A0, JF 8 R R
T FAAEA A AR R, i B A i 27
BT, AUEAMLRAR S S 2 4 44 07 i 22 5
&l R TN TN N A /N TN K|
o341 X4 AR AL
3.1.1 FELNEA

BB SUEN XFR A TH AR AR, 2 ATEA
Bl v e a7 ) B AR X . S B A B — 1



6

(RN = = QRS )

2021 4

TSZAY L EFEHU FEH A TR, IR AUEATERS HESS
B R TR | SRR S5 A AT
%, IFFEH T PR AP (A, dEmi S B T Al
B TR REOR LRI EE IR, N

MEARE A HAT AR | Ak BLEEE PRAYRFE, (HiE
FIRE I e —, KRB T RSB0 ™ i, 2T
FARE A4 NI NS LK 5 9 268 F11 LG A5 T R 45 2
A 5 AL g B AN 3 BT o

Li K /NT N
PUK T /4% 3E 5 TR 55 4% Lo T R0 2%
~ &
Atk S Q Bkl
b W3 1BTC--SETH Y
/= %ﬁﬁ " "\

A W (;1_ \
semptt [y o N¥ = %&%ﬁr 5255 it
gfg b AN e -

2 2 B R
4 5& HH{EFBSETH-1BTC [ Ez;\ \

B | § %E W At

™ o —
— 2y &
< =
< 5
b

K3 AR VIE NS HESE ™ S

DA A¥H e L) ETH # A% 5
ST HLhE g

)P A 0158 5 g AN S 40135 3K : 1BTC
i f SETH,

3)H T B ¥ H O R h Y BTC # A5,
St bk o

4 B 1038 5 e A e A5 iid K : SETH
Jifk 1BTC,

5) 28 Gy VR R AR 26 = e 5 28 5 XT3k 1
R,

6) 38 &y i F P A % A1) ETH 5% 88 2 H P
B mygk bk

7) [ 52 5 el L P B % AR BTC #6855 H
FA WLk
312 3 EXLMNEA

2 240 N UE NHLI R AR 3547 28 5 Bk i DA
ISUE AR T BEALAE HH— 3853 ATEN, SR 5 FI
LR B P e A o O /A TEUNG .
PER AR L . TEZ AL AN IE A, 2AHIEA
TR RS T S ECE DU A R,
RS — B, HA Y LB A UEATE

£ H R IRAS 3L 25 44 18 R, BSHEAC 5 A4 fig
BERINE ™, AR TR A AN UE AL, 2
ANUENSSAE T AR XU, BA S i 2 e, Y
R R 2 FE R U AN SR A B BE R S
Wzt SRR 4 fin .

....... ‘ ETTTTIN ‘
A &5 B K B
f Keyl
| w0 .. wO
@ “Key2  Keyd” P
At - BiE

Bl 4 ZHEZEZNEAGRERE
SR % EELNEA
AL NS UEANUGRAE 2 EE L EA
BL AW A i B T e R AT S v 2
NS S PO R A e /N NG T
IR ZE AL AUEABLHIER AT T 2771155 MPC(multi-
party computation ) [ 4% 0 JELAEU R A O 255 4H B9 B R
Moo 17 o i SRS Y (T W 2 /NS TN - S D 5
T R R T A A R M — S BRI A
R, IR b B B RE e BERIL A3 2 25 il BCRY 23 Ik
N, BV A AUE KR R DR fE— R ek A5
B, A S R — R L8 2 E A S [R) 578 il

3.13



55 3 4]

Y5 DX R RS BERR R J B i TS 20

7

e AR R e R, I SE BN 25 oLy
e B HS B REANIAL 5 P

g UmummmuL g
A I,r"/ Keyl (partl) \ B
| w0 _ w0 |
ﬁ \ ._!(fyz (part2) Key3 (pa??," 4 ﬁ
_______ AlE ] B

TENIE NS BERES H, Ripple £2 11 AY Interledger
PRLEI(ILP) J2: e MY Y 3 Uk AL A . ILP A
7 EFRAATE X IR, Efft T — DR H
“HEHFTUZ IS /Y. EX PP
O BT, A TR DX B 28 G0 2 0] o] LU i 265 =07
“BOUEds B VEHEA HAN A i SRR B0
3.2 {3/ ax

)5 /v 2 ( sidechains/relays ) J2&: —Fh BEME F 17
K30 52 5y Bl HLEAT a4 SR PR A B B ROR . Nl ik
R ARIFBAT T4 1 X o, MBS B, M 5E % &
TRARHERIA FCER, ke S BB HE Y BOR B
Ti 5o MEE AN T 85 5 1Y, EHEAHE M5
AAFTE, (BN BE RS 55 9 7AAE, 4 F 55 B2t
PR Z2 W5 55 B0 B BRSNS, mT DA 5 b
(1) ¢ 7 e B B 4% - b 3, A TR FEBE A R
77, R BN e EEEDIREAPERER B 09 MEESE IR
R D B R o) FE R AR o W) S H AR H R AT
DLIE o B — 4R R AR SPV ALK 3R )
HERCAFIR AR OR ST, i akJe s 8IS

OrES ORI — S EERAR )R, SR T SR — iR,
A0E P RO 2 4988 2 A A B R3S 25T A
FRIAE, ] /D i 2 (] A5 1 2 AU, ST
BEHE 2 A S Rl [RIAG DXCHREECT T b g B A
A Z AR R LB, I HSeR B .

VBT AT o FH ) 5 A, 7 S B
P b By s ZORAE IR EE O f5 B, (E P e U 5%
F AT R WAATEROR2ZE R . TE
JERER b, Mg R T 5k, T2 ME T X R
HERY TP AL rhARECA B SC R, B TS 5EEL
e . NPATERE, hTIEEAL AL ) 72
i B[R] 20 BT AR DR Sk, DRI ) 5 2 LG P 4
A8 22 Ak I T, M0 A B 64 22 VAL )
JEANSL A, TN EE A AP ST AR T IR P
G B R e a7 B G S TR B2 i el o 1 ) Y R X3
LAV A REAEMIEE LR IE M ; Thakoe 4ot 5k
FATIAIE, DRI A B 0 2 AP ER

0 55 /v 24k s B A5 X RT DATE B v B R S
2, R e 2 R R X P R AL R
RSB P PO R ARG 36 T SR AGE 6 X R 71 Tk A2 36
PURTE VG ER o MEE/rh 4k LU 25 P s 30 IEH R
N HER, RIFE RS R 52 B i A b, e —408E LT
X BB P I DI RERY R B 2, Tlad 7 — 4%
R P T T A R L B DX RSk SR 6 i B ] F) S I
SERL Gy FAFEURAE R BRI AR, BURY)
REMMCR LA TGN BE, IR Ak E AT B 6 52 1,
HBld e 6 FroR .

B1 head B2 head B3 head T B4 head BN head
I
Rl Blockl Block2 Block3 ,-" " Block4 #  Block N

L g 7

““““““““““““ - /
> )

’/’ B4 head g ‘\\ ,"
s Y,

/ Relayerl ,’ \‘

/ ! \

] ' [

'.‘ B4 head ’}
\ i

\\\ f Relayer2 \ Relayer3 ~o /
- l“
S o~ S
\\“ "'J ‘~‘
__________________ B4 head
PIKYi Block A Block B Block C Block D

K6 Mg/ ks e B



8 (RN = = QRS )

2021 4

3.3 MAEBE

W A B A R R A 5[] i 5 24 (Hash
timelock contract) , /&7EJCHT A& ATE AR E LT,
3 3 P A BRI ) 0 ] 0 R 1) 5 7 S Y —
SRR AR %8 . FESCI R, A B S bl L
TE IR 25 (B A e A i 2 5 1, SR e A B (A T
WA TR IR A5 B A S A (EAE e Ay BB A8
AR LN 5 2 L R 0 4 A B ™ E
IS A EUE E R RE A A, [ B A5 F 1Y E]
BT 3 A RS 7 ) TR B DA T i [z 55 (14 EF 1R 485 ) , 40

SRAE R E I 18] BOT ERSR AL T AR, W& 24
SE P S s i, A, RGN fg
TERLE I 18] PN B2 HEA 25 (8 (W A ik s 3 5D, W&
Lyl B B R R i Il R A B Y R
H AR PIRAIE T W] — 5585 rh %™ SR IR R AN R,
R e B A VS R LU R RR, 38 % R R T
BERGE ™ S, IEANRE LB = IS BE 7 . Sl
RUFH 2 F) F e A Bl SE 38 ETH 3] BTC 1Y )5+
A, AT FRIE 7 s .

Ak Bk
:'“ 1
WEHLEC (BRA) S
{04 A B35 A " a
: W7 PRE (EAAT) h = hash(S) > FKASh :
WHEVBAT, T,
- \ o I
BTC -I— = %Jll E
i BHEDASAREYE A
‘ T @
— i 1T, LR RS - o
Wit () h - TRATT B3s /fi
i -
2 i RS 2--ETH
AREIR BV i FiEa
7 [
i TET, R4S 8
£ i | waEsies -
; BB .
el _
L 2

K7 A BUE B A R

1) A B 7= A BEHLEL S, TR0 3158 H X R 14 0
{E hJFHE bl L2 B

2)TE A fiE b B ] 8, O 8 of 0 A E 2K
BTC #iE7E A BER R RER 2

3)B GEBEE M)A, [l PN A B A% 1 ok
() h ¥ ETH B 7E B SRR RES L

4) A BELEIF[R] T, 0 6 P 1) B B B Ak SO 3
FEAE), B HERHUE Y ETH 56558 A B, [A]0F 4%
15 S, FEE AR, XSO5 U e A AP g e

5)B BELEMF[A] T S A 1] A BE 21 SO
PR, A FEKPE (1) BTC #8 3 B &%, )
PSRRI, U7 BRI REA 2 T %7

6) AT ] — A5 B A 76 X I B (8] 1R A e ] 3
Rl ER AL S 125 S BURAN B HE BT 7 540 R I
3.4 SRR

oA RVERE i (distributed private key control),
Ji5 44 SEL S, BT R FH A 20 ROk i DX BE R
AR 7= B FAEH , KR e FH AR i A A



55 3 4]

Y5 DX R RS BERR R J B i TS 20 9

HEAT OB, A XS BB i A RE 2 A M L 72
FErpe b R G, R A L 5™ s 21 5
HErh, SN [R] DX HURE ZR 458 ] 1967 il A (5
FEU oA FRABH 1 ) B SR R R R — A S
T IX B PR P R, AR RS ) 1 B
T IR B A 2R A L B A 8 6 T g el
M Fh O M B A B RS B s L, B
W AP EC A G R HOE N S E AT,
PR T A BE 9% 7= A s dE L ATY SR AT LUAH B A2 5 U
i oA XA ¥ HIE Fusion X gD H H15 3
T, HE ™ 8i5E (Lock-in) it PR AP 8 Fii., &
ST EN A R It A B, R R
Fusion 7 s5OR B RS AR sk 38 2 WP 55 7=, AL
R B A=A RS B 095, BRI .

1) P8 5E1H] Fusion & H8E %6 7= 1K .

2) Fusion AR 45 P i 5K Az o3 A X% 40 A
7E (Lock-in) % i b it

3) Fusion 4= 5% A Lock-in #ihik & 326 45 FH 7,
FH P AR 5% 77 2 A Mtk

4) Fusion 8 % M1k A1 W 1) % 87 I 50 8 56 iE
P2 Dl

i Fusion ! i Hr i Fusion i
% iLock-inifiok | '

(e P

: PR BN

! Lock-inHii ik

| FEMRLock- i) Lotloinfih

e
Lock-in5g i{

5 | E L AR AR
T P Fusion

] 8 Fusion 3 Lock-in 13 R Z &

3.5 AUEAHNEER S HLH]

TECA M 4 P EREREEOARR Z |, B
P B SELRT IR A B B R I s A
UE AL AL AT 37 e PR s v 30 A 0 % A
54, B T AUEAHEERR A H A (notary scheme+
sidechains mixing technology) > % /= I 5 52 H. 1k
fig, TR LPr b A5 28] T o AR A8 R
BRARFEATRIET 2 FHLE RO, 81 B AR
P 1 X M 2R 4 ] = G 15 I RCR, R ATE AL
il SE PR P B 4, SR SRR IS B P A L SRR
LyVL R PP, SEIE T A T SR A

o T AR, SR S A R R BB R T
Trik . HARE 5 B4 A BRI ], X Bt 2 [a]
el 2 [R5 A 9 43 A 309 08 S AR 58 B
e, LIS EEAC B . HHT, Ether Universe J& 7
R A UE AL 00 5 TR A B R S 3 T4
3R X B & EOS.I0 M i Bs 85 ik 55 F- &, &
— B8 ANHT AL B AR R T

3.6 BEHERAMEES T RELE

Hal, BARE A B 5 Fh 32300 0 B AL e A ]
FREE Lol 1 B BEAAAE 1025 Al B8, 7E RS H RN
WA T R T, B T e TR
JE R ANER X 0 R e AN [R) s Rk, 3 1) i
AREBAFAER I SR BR M o Ay o 4 T B W0 1 e
5P E IR Z A 25 5, A SO EARAEN: . fFIE
B AZ G b ZMAE A R L& 50
RESF T HIEAT T 43 HT M b A, gk 1 iz .

KT EE 5 R A BARAEME T 1, WA A B
JE—FPAE SR O 2, AT HA TR B AR A7
TE B AN 5 ZEAR AR B AL 7 1hl, A UE AL 75 2L
ZALAIEEE = VBN NIE N, 25 3 i o4k, T
oAt U S5 4 A RS A A3 J T ) 7RIS 5558 5
Ab BT T, WA BE 10 Ry B LA, R Bl
T BB S RE B, (R SRS R R R
WA FLHE SRS Bl I r R A5, i HAth L 5 A X
HB RS Hb S R4 AL Ty WO AH CHRAE s TEZ T AP
ARG 29, A A A R BE S 15 2
R S, oAt LA 5 B B AR A e b o 35
TERARZ A SRR T, AN UE AR I EE/rh 4kAs
KL VR LR, A8 5 MU Wb A R T, 2
UE N EE TR A AT RUAE L8 4 5 & 3 B 7 THI AR AR
U (HSC B B . M2, HRTIR A — &gk
(36 F TR S W S B AR HE AR R, ZER TR
ST, Sr 8 (i 2% B S B BOR A B 1 454
FIAFAE () [n) 3L, e85 300 ) B e PR At R AL O 1) 52
Brlal

4 PHEBOR LR B2 AT

4.1 FEHERRHIRN A

BSBEBORMT AT I R, C R TEB BRI R 45
Hey S EERIR b R] | 5 BT 7 A S 5 T R T A
R IERIL ], HAE AT A5 | B R B =5



10 PEAER R CH AR 2021 4
F 1 EHEHLRIMEREXS LA
X B S S AL
iy
ATEAHNLE] e/ AR R HL ] WA Bl LR SRR AUEAEER &L
HARAENE ) ) 3ESLAKH BT B
FATAE SBUNENBS: RS HER AL HER S RAL RAMR
PEHERE ) SHE K BZE] SCHE S
Z 550 EZii: XU/ o4 XU EZic: XUt /22
PEHEYE =GR SHE S RIHE S SeHE
B HEAR SHE SR REBEHs SCHE S
I S Sy BZE; RNHESEHY BEL BZE;
Z M REA 2 E3ps E3)s RIHE pah; [£3)s
B GA = GA GA 1%
Ak {8 {8 el el [
S5 1% 1% GA i P
SCHAEE rhagE L3 w5 % Bk
e W=7 BRRE . ARAX B REAER O MABLE/N BiEsY S mMEES
IEA — FEHL Fist P IRIME
ESER(] Ripple RootStock/Cosmos Lighting Network Fusion/Wanchain Ether Universe

S T —E M . AREE LR Ripple 2
Ry B EE Y H 1L e r 2 R B i InterLedger
Protocol, 5L 3 1 #5474 #41°°); Plasma 311X
PURE I AE SR8 1oF 1 R RE S 29U A T 5 5 A
1357 MIT 1 Thomas 254 i (1) — &R BT LS
1E Tradecoin 1 #E4T T 52 B B7; ConsenSys 2 i %)
BTC Relay, fifi AN AR SZEL T X Bk (8] 75 7= It
18 P8l Cosmos % 37 Tendermint JT & HEZR, #EH T
Cosmos Hub®™'; Polkadot {ii J rp 4k &% 48257 7 — 0]
AR S b 2258 R

[ A S BE R OR (B9 5 0 AR A T R
T 00, 3 T T e iR . e

BHE R S BRI T — M SR 255 B AE
()53 S BRAR Y AR O B L — A S RE NI
PPN, X B A T SE B (5 i
B RIEE S R B E 2RRE, AR BR
e TR RAE L T ) X BRI A T DX P 1 B
YE &R Gt ChainOSX™; AR 4T H WF /Y 85 55 F &5
WeCross, 1 /& [F] 44 X HLEEFA 74 i 5 19 AT 45 20als
ST SR R EE R AR T SRR IR S R X
HE 0] 52 by () 5 4 HOR 7R E P & BitXHub™, B2,
S RERORIE IR BTG, 15 55 HOR 1 52 PR iz R
SR, H o A E R S AL B T H
R BN R DL 2 s .

F 2 BEHERRIMITTE R B B

DIRAE L e WIST AR o7 S B
Ripple/A 7] NI S A} 245 BRI AR 38 . Interledger TR 532 2 6 4 4 kgt
Tendermint/A 7] P2k R IE TS 2 3L (DPoS+BFT) Cosmos SRR G2
Tendermint/1 B\ SRR RIS H R AL 45 Cosmos TR e S 5 b
R3CEV/A ] ATEAB B REH A Croda BT OE AR o3 A A
PolkadotBA SRR B SR 2 BEEE BET- 5 Polkadot FRELALAKRYS &, LG HALAARE 3%
Fusion/\ S A A A RS L R AR Fusion BT Ze s 2 S 5
BBz GAL I AT R Wanchain AT N €]
TR T ST SR X B 5 4 Hb WeCross N TR 7 STk B e ac i
HREEFLE SCRERIAG BS54 X HU ] H 5 5552 ) BitXHub FHF S R 1) 7 540 B 8, T3




55 3 4]

Y5 DX R RS BERR R J B i TS 20

11

H A, 76 5 Ff 5 50 00 B BE AL T S Al L, £ xR
] () X HEE SR T R s EE R H R, Jf
E— R LR T X B 3R 50 N R R SR 1Y
A ) R, AR K M AR 2 T DX e AR B IO
AR X PEEF- 6 1922 51, B BEHOR 2R L4y o
F BTC XY B HERAR | T ETH X HUk i #%5
HEHOR DA S A A HERSHEROR

B F BTC X Hedi i) %5 4 £ RS2 46 78 BTC %
fill b3 3 I % 8 T BTC X BB 1 4 45 5 5 4 A
T BTC X P 25 ik KR il B2 32 & 22 9% 5 1y 1)
5l Pegged Sidechains 5 [N HY, 0 45 25 3 AR 1), 3k
T ETH X H4E Y 5 BEH R JEF6 76 ETH ALl |, 4
TfRYe ETH X IREER AT 97 A 2 L PEREIR T .
BE IR AN B 3 5 ) REURTE 2 1 — R 9 B R R, 1 4n
Plasma Cashh £l Loom 4 [ HE 5545 H AR &4
XA XIS AE RS, 5 1 T A A BRI A X
BB H, 3800 T TSRSl A . AR vEAL 0 X
Bz A AN,

B DX HRAE B AR AR 25 ATl S5 A 1 5 )
B, BB ARAE N 8 B AN [R) X B (AR AL, 215
T A2 AR, AR R A S
(RGENT/ RGN . B EEALH 288 (AR N/
W% (rp 2k ) /s 75 B0 BRSO ) A B IX e 1
3 (JLF BTCETH/ A A ), A SO Y/ 2 A 1 85
FER ARSI H AT T RS, i3k 3 s, WA
KA BEBERAR T B R A [] IX Bk 22 45 ] 1) B
BEAZ T JETIT; fEANEE, BT BTC F1 ETH X Mgk
(1 B BT H BOR 24, S — 3 7R A B ot e L
A2 0 N BE AR 8 ) ) SR, e, A
HEISH ) BE B F AR WAEAN W BB K . 1R IF &
—EE . S bRIER S R AR, 2 X
P R AT BEAN W B0 1) 7 1) L A SR a3
42 BHRL2MSH

P B A R A X DX A Y 58 B SR
(14, R L A AR (8 D HE P i 5 DX et 7 S B
FH BT T 14 45 b 2 4 ) BB O, BS R AR
1 e R b g 5 DX et B R iy g FH S 2086 R T 4
DX HBEF AR Z PRI R SRR 2o % B e B R $ 1R o
e YLK, SR T S AR I R 1 110 2% 2R i
PIBORER Ak TR AR, B AR 1z A AT Al

*3 BEHEEORILE

PERERORAAFR XIREET- G20 ESRENLIRIZER  BSREE O
Pegged Sidechains H:TBTCIX ks il EX |
;ﬁ‘jg;ﬁg HETBICKHE MR HIE R4l
RootStock FTBTCXHuE  MkE B2
Elements FETBTCIX Uk ke ]
Factom FETBTCX HegE - B3l
BTC-Relay FETETCIXHEE B EX L]
Sharding HTETCX B4t — RGN
Plasma FETETCIXHREE  MIFE B3l
g;:nm:' Viable gy FRTCRbEE Mg Rl
Plasma Cash FETETCIXHREE  MIHE B3l
Loom FFETCXHEE  HE EX L]
Bancor FETETCXHuhE - Sl
Interledger FAfriE NN e el |

Cosmos A ek EAEPMUE RSN
Polkadot FAHE gk Bl
Lisk FAfriE MigE B3l
Aion A AR DI B
Nano HA 5 - RGAHR
Zcash XCAT FAfriE A Bl B3l
OneLedger A AR DI B
Wecross HA 5 RN )
BitXHub H A Mg, ik ES ]

R PR, X DX B LA 2 4 ()RR R AT 43
B, A A T8 8 B HERORAE 2 M7 A AE ]

D) BHZEREI . X BLGE R GE IR E A T 5 5858 B
AR R, D T B ORAE S ) S LA R e G A ]
R, T8 A Sy BSEIRS IR ] AR (58 K e
g7 X BRBE EARRIARRRIA . T S AT Xk
RGLH TPS B/, 52 5 NG, I KAk PR 55 1 fE
T, DA DX B 190 24 i ) R BEL 2 AR s 4 )
AL BIAnAE R T R Geh, ISR 2 kAL 5 FHIE
JU/INIEE R AR PRI, H5225 | R R I BR B 5 52
Dy BH 2 B AU o

2) H ik o XCBREEAE S B A ik 3] 2
HLO AR H Y, 7 2R R L A P2P [ 2%
S FERE, (0 T4 AT TCP Pl J5 B, P2P 4%
BN R B AR Y AT BB AR WA R R,
Taky 5 AT LA o FERRURI 363 o 52 73 3 O B IR Y



12 (RN = = QRS )

2021 4

) B, 2 7 i 52 5 38 T A A i AR 0 8, DA
1717 BEL Lk S5 1) DX R A7 B A H s o5, e 2R %)
BB EH A

KR S . KIS A= T
FLAEIER (PoS) FEIRHLEI ) X BBk [ 45 v FESEF
TAERUE (PoW) HRBLEI AT LARETh R4 D, KR
B R AR B Bk AR R B T, ot B
WATEEE ] 519% BYSETT, 78 P2P N 45 i LA SC
SR T PoS B Z X5 H LB, T S RE S
S IR DS I A PR, A A B o g XU
N5 = RTINS B U R YA (X X - I <
i e et

4)TEG R BE  JRTAHZE B E R 4
WX G AN e e A e 22 5, RIS 558 5 (AT
fuf — 7 ¥ v] RE M eI, T 3 B0 4 A 1R K
o BIANAE 5y XUy A B3 i B 5k 2R GE 4R IL A0
A 29920 BTC F1 ETH Z[A] 1) Si e, & Jy Ak
7743 ¥ BTC FI4EE A ETH & 2% 514 448 € 1
Mk, SRR AT AR ) e A 23 R i ik
T A5 R T AR R BTC, 1R300 1938 5
eIk, A8 280 BERREUR F O 5% A S Lk

H ETH, [F]I 15 2] &8 7 A& 20 ik i) BTC,

1M &AL T —Terak, Ik 238 4 55 1 Mo i H 19 o

5) SRR E I o DXCHEE N 2% T AR S
ZRC IR I i 25 5 s BRAE 23 L, X ek ke A
TS BIT P 2 4B 2 558 Iy T B L 28 i
hk . 258 S B R DL R AR A 7 4 A R 1
g — 4585 Y 3E 2 A TT RE w1 16 3 Ho A B
EECH TR AT B AR A, R R Y
AR LRI R4y O Y B ETH F ETC 2 455%, &
A2 5 MAE S TR B ETH T A Al g 53 W) 45
Bt ETC , M 5% 7 B4 2%

WAk, DX ek 2R G e R ALy TH A7 7E T i
8 I PN 7 = 0 T 7 L s P 4 7 = W L
MR AEE ST W By | A3 BBl L SUE S A s 7R
s 2 A ML T TR AR AR 55 2 Moty . el | K
FEY R a1 s B X R AL
P A BT B GE L BRI S R, B,
DX A BT TE 166 1) 22 4 e [ RETE B85 i R 40 ol A2 1
W%, i, EEEE RGBT R R R 2|

NARP ML, TR 4205 0 7843 T ff IX BB i R iz £
TR I 2 A R A, A R ol 95 R AR 1) 2 B £t
ST R KR
5 BHEANKERSWE

A R L 2 B A I R IR ) R S A1 (1 1)
28RN B RO OGS R, R HE B DX et o
Yy G R R IIRHE G B X HEE AR i +F
SRR, AR KT 25 3% A A X B A 25
R, DX HREE (1) 2R M AR B S B0 B A B AR T 2 11
BRI i, X5 1 75 SR B A Ry BT 38
Sy o TEARR, B DX HUEEHAR B I A B3 &, &
FIWE AR T IR rh bR o Ak 0 BcHi 42 11 i A5
AR, PR I, S B4l DX R TR] 0 125 52 B2
PEEEFA ) K R
51 BERAREIGHHE

A 2 X B 2R G e R I I Rl S e =
ERVEVE, DRI RE R R 3G I A DR G i 366 Tie 452 X
Pk, I DR S R E Y MR s ek . 15
R S IME R R K, BRI TR SRR B
BL, 30 W R TE G — 1 B s oA RIS A 1 5 e A
Fo TERKN) R IR LRI £ B B & Fh kAR,
BLSCELEE M A BER, 1E X HUEE R SRR IR
AOPRIE R 883 B I TCP/IP DML S — e 3
A B b, 38 R 1 (] R R R i e o 3] 4
85 ) 4% 22 (] 118 2 4 ] ALY 34 e o e ] A
PR ) 2% 22 TS0 AT Ay 1% T R o PR R
VR 28 S8 It ) ) A Ak Tl AL B 22 ) v B A 1Y)
FEAGER ) 1, BEHE 43 S [a) BRAE 50 2 i 4 R
FE % Rt BN AS THT I Ak AR
52 BERAMELZRIIR

LA, KPR AR B B s AT, AR
A ERC LK X st T2 E R RG2S, G
Jedt 7 DX HUE QBT & R R A TE T X B
Y 5c oK B 25 WO FIBUN KT HRKe s o0, 3
] 0 X R A S [ 0 e A L SRRl it Y
B S o B AR A R Bl X B AR
IR ARRGEIRWOIR S LR, YT, B A
TE ST — 6 (T 58 B, 76 A ol Bl 28 25
REGH I B IR M | B L s 5 E 1Y



55 3 4]

Y5 DX R RS BERR R J B i TS 20 13

LARETE BHEAC S I G AT — 2k | 55k
RGN SR BRI R R PE S5 5 R IF T Iz TR A
MBI SRR, K— 2L R — U Al {E A
AR RIS, SR T B U T, S
PLS X Bt 13 MR, 285 SRR SRS T B R
A, IF R 7 BE IR AR

2 £ X ™

(1] 5k5e, XA FE, SRAE, & KPR HoRZEA (1.
HRHLT AR, 2019,45(5): 1 - 12,

[2] Z2IGeE, P58, KA, 4. PR RO R A O3
AT LR, 2021, 44(1): 84 — 131.

(3] farsil, T, Tk g, 45 IXHREEH AR 5 N T FTHE
LR ] THAHLRE, 2017, 44(4): 1 7.

[4] B REEK, BRI, BERE, A5, XKHBE R AR E 2504 i
B RS R (0], {5540, 2020, 41(1): 134 - 151.

[5] SHAO QF, JIN C Q, ZHANG Z, et al. Blockchain:
architecture and research progress[J]. Chinese Journal of
Computers, 2018, 41(5): 969 — 988.

[6] W=, X, X4, 55, XU T4 PR 5E: )
B 7 L AL 9T 5 K, 2018, 55(10): 2099 —
2110.

(7] B[R], B, ke, 5. IXHREERS BE ORI ST
(I A5 B2 4, 2019, 19(8): 83 — 90.

[8] 24277, AR vigR, BB, DX Bk 5 4% 1 R M e i oY
(7). P24, 2019, 30(6): 1649 — 1660.

[9] VLI, BEHEBAMEE L2 1 FI%f Lt [EB/OL]. [2020-
10-06]. http://www.mimajike.com/2417/.html.

[10] KWON J, BUCHMAN E. Cosmos: A network of
distributed ledgers[EB/OL]. [2020-10-06]. https:/github.
com/cosmos/cosmos/blob/master/ WHITEPAPER.md.

[11] HERLIHY M. 5 F #4284 [C1//2018ACM 43
i A R FE W £ 19 A1 £ . San Francisco: ACM,
2018: 245 — 254,

[12] HOPE-BAILIE A, THOMAS S. Interledger: cre-
ating creating a standard for payments[C]//Proceedings of
the 25th International Conference Companion on World
Wide Web. Canada: [s.n.], 2016: 281 — 282.

[13] Wk, SRS, X1 A, HUAS M X AR
W5 00 T EERLIFSE 5 K i, 2017, 54(10): 2390 — 2403.

[14] BRLES. —Fh gk Y DX H RS BEHOR [T]. 2623
A4 4, 2019, 10(6): 40 — 45.

[15] Freidls, JRIET. BHE oA & LA [J]. iHEHLN
JHE5E, 2020, 38(2): 341 — 346.

[16] KWON J, BUCHMAN E.Cosmos whitepaper
[EB/OL].[2020-10-08]. https://cosmos.network/resources/
whitepaper.

[17] NOLAN T. Alt chains and atomic transfers
[EB/OL]. [2020-10-06]. https://bitcointalk.org/index.php?
topic=193281.0.

[18] WANCHAIN Ltd. System and method for univer-
sal blockchain interoperability: USPTO 20200278958 [P].
2020.

[19] BUTERIN V. Minimum viable plasma [EB/OL].
[2020-10-08]. https://ethresear.ch/t/minimal-viable-plasma/
426.

[20] GAVIN W. Polkadot:vision for a heterogeneous
multi-chain framework [EB/OL] .[2020-10-08] .https://polk-
adot.network/Polkadot-lightpaper.pdf.

[21] BJIBZ, Dustin Byington. J7 45 : X PGk B 5EH;
AR AT AU (DD, 2018(18): 32 - 33.

[22] BUTERIN V. Chain interoperability [EB/OL].
(2020-10-06].
operability.

(23] SRR, ZR Uk, KOMFME. B T8 A Bl (0 2 05 15
FEPIUIFST (0], M2 s ) 2 4, 2018, 9(11): 57 — 62.

[24] S8, FRUMED, BRIER], 25, XHRBERSHEROAR 73T
[J). PIHk 241, 2020, 4(2): 35 — 48.

[25] AT2#7il. 3£ F SimpleChain Beta (855538 1. 5
Frgifa s 8% 0], (5 BB, 2019(11): 54 - 56.

[26] XU, sk, BRI, 25 BT R .o p 3t
B HE SR (1], TSR HLRL, 2019, 46(S2): 557 —
561.

https://www.r3.com/download/chain-inter-

[27] /N3 2T DX s B R B I 9 e K e iy
s U] R RSN (BRI RR), 2018(16): 106 — 107.

[28] NAKAMOTO S. Bitcoin: A Peer-to-peer elec-
tronic cash system[EB/OL]. [2020-10-06]. https://bitcoin.
org/en/bitcoin-paper, 2019-4-9.

[29] MARK F. Compact SPV proofs via block header
commitments [EB/OL]. [2020-10-06]. http://sourceforge.
net/p/bitcoin/mailman/message/32111357/,2019-4-15.

[30] AR 7y U, 0 5k A 5. DX HRBEH A S Stk
JELT]. THRHLAAAR, 2018, 41(5): 969 — 988.

[31] MENDLING J, WEBER I, AALST W V D, et al.
Blockchains for business process management-challenges
and opportunities[J]. ACM Transactions on Management
Information Systems (TMIS), 2018, 9(1): 4.

[32] BRARAI, KB FH. XHEEER 1T IR S
PRI THEHLIIT S K, 2018, 55(9): 1853 — 1870.


http://dx.doi.org/10.11896/j.issn.1002-137X.2017.04.001
http://dx.doi.org/10.11959/j.issn.1000-436x.2020027
http://dx.doi.org/10.7544/issn1000-1239.2018.20180440
http://www.mimajike.com/2417/.html
https://github.com/cosmos/cosmos/blob/master/WHITEPAPER.md
https://github.com/cosmos/cosmos/blob/master/WHITEPAPER.md
http://dx.doi.org/10.7544/issn1000-1239.2017.20170416
https://cosmos.network/resources/
https://cosmos.network/resources/
https://bitcointalk.org/index.php?topic=193281.0
https://bitcointalk.org/index.php?topic=193281.0
https://ethresear.ch/t/minimal-viable-plasma/426.
https://ethresear.ch/t/minimal-viable-plasma/426.
https://polkadot.network/Polkadot-lightpaper.pdf.
https://polkadot.network/Polkadot-lightpaper.pdf.
https://polkadot.network/Polkadot-lightpaper.pdf.
https://www.r3.com/download/chain-interoperability
https://www.r3.com/download/chain-interoperability
https://www.r3.com/download/chain-interoperability
http://dx.doi.org/10.3969/j.issn.1674-9456.2018.11.011
https://bitcoin.org/en/bitcoin-paper
https://bitcoin.org/en/bitcoin-paper
http://sourceforge.net/p/bitcoin/mailman/message/32111357/
http://sourceforge.net/p/bitcoin/mailman/message/32111357/
http://dx.doi.org/10.7544/issn1000-1239.2018.20180127
http://dx.doi.org/10.11896/j.issn.1002-137X.2017.04.001
http://dx.doi.org/10.11959/j.issn.1000-436x.2020027
http://dx.doi.org/10.7544/issn1000-1239.2018.20180440
http://www.mimajike.com/2417/.html
https://github.com/cosmos/cosmos/blob/master/WHITEPAPER.md
https://github.com/cosmos/cosmos/blob/master/WHITEPAPER.md
http://dx.doi.org/10.7544/issn1000-1239.2017.20170416
https://cosmos.network/resources/
https://cosmos.network/resources/
https://bitcointalk.org/index.php?topic=193281.0
https://bitcointalk.org/index.php?topic=193281.0
https://ethresear.ch/t/minimal-viable-plasma/426.
https://ethresear.ch/t/minimal-viable-plasma/426.
https://polkadot.network/Polkadot-lightpaper.pdf.
https://polkadot.network/Polkadot-lightpaper.pdf.
https://polkadot.network/Polkadot-lightpaper.pdf.
https://www.r3.com/download/chain-interoperability
https://www.r3.com/download/chain-interoperability
https://www.r3.com/download/chain-interoperability
http://dx.doi.org/10.3969/j.issn.1674-9456.2018.11.011
https://bitcoin.org/en/bitcoin-paper
https://bitcoin.org/en/bitcoin-paper
http://sourceforge.net/p/bitcoin/mailman/message/32111357/
http://sourceforge.net/p/bitcoin/mailman/message/32111357/
http://dx.doi.org/10.7544/issn1000-1239.2018.20180127

14 (RN = = QRS )

2021 4

[33] M, RATAR, BRI, 45, B b b iy X Pk
LILRSRARA B L] A5 B 452242, 2017, 17(7): 32 —
39.

[34] INRE, JERR, B2, DX HLbEF AR K e K
BRSSP LT]. T AR, 2018, 20(2): 27 — 40.

[35] KIMH M, LASKOWSKI M. Toward an onto-
logy-driven blockchain design for supply-chain proven-
ance[J]. Intelligent Systems in Accounting, Finance and
Management, 2018, 25(1): 18 — 27.

[36] T, iHMfESe, 5KAZHE, %F. LT Ripple JRAL
il 8 73 A AR FTIR  FCTEET S (1), (5 B AR Ry
1z, 2019, 20(6): 750 — 757.

[37] XUAEAE. HET A0 0E A2 i X ek 5 s P [D].
PR HRHR LR, 2020.

[38] Ethereum. Welcome to BTC relay’s documenta-
tion[EB/OL].[2020-09-18]. https:/btc-relay.readthedocs.
io/en/latest/.

[39] RIGEHE, o B4, AP, 55, IXHEEHOARTE D5 1R]
Pl it R L], BHEA, 2020(35): 102 - 103.

[40] BUHFIR, 1E22, BRIFEAE. JE T XHRBEM B REG 2
HARG R LA ] THRHLBEE 5 4, 2018, 55(11):
2452 — 2466.

[41] LEMAHIEU C. Nano: A feeless distributed
cryptocurrency network[EB/OL]. [2020-10-06]. https://
nano.org/en/whitepaper.

[42] THOMAS S, SCHWARTZ E. A protocol for in-
terledger payments[EB/OL]. (2020-08-03). https://interle-

dger.org/interledger.pdf.

[43] DEICHLER A. Interoperability: the holy grail of
blockchain [EB/OL]. (2017-10-25). https://www.afponline.
org/ideas-inspiration/to-pics/articles/Details/interoperabil-
ity-the-holy-grail-of-blockchain.

[44] XUFL. XHusE S N TR RE M8 8 se b Ber 2 5F
TS DML AEsT: A REBRH Y i, 2019.

[45] WOOD G. Polkadot: Vision for a heterogeneous
multi-chain framework [EB/OL]. [2020-10-06]. https:/git-
hub.com/polkadot-io/polkadotpaper/raw/master/PolkaDot-
Paper.pdf.

[46] KOENS T, POLL E. Assessing interoperability
solutions for distributed ledgers[J]. Pervasive and Mobile
Computing, 2019, 59: 101079.

[47] BURZR, Z2HEDT, 20, 45, 3T it PageR-
ank V5 1 5 BE 2 IE ABL PP RS (0], 3L TR,
2021, 47(2): 26 - 31.

[48] /DA, T/, TR A5, 25 BitXHub: FFI5E
gk i S Al X Bk HLERAE - 5 DL 3 SALREY, 2020,
47(6): 294 — 302.

[49] Bh3fe, %55, T RER. KP4 )il pFoR IR
SR, Bk, 2019, 45(1): 206 — 225.

[50] OneLedger. A universal blockchain protocol en-
abling cross-ledger access through business modulariza-
tion[EB/OL].[2020-10-06].https://oneledger.io/wpcontent/
uploads/2018/04/oneledger-whitepaper.pdf.

(A 46 A4T)


http://dx.doi.org/10.3969/j.issn.1671-1122.2017.07.005
https://btc-relay.readthedocs.io/en/latest/
https://btc-relay.readthedocs.io/en/latest/
http://dx.doi.org/10.7544/issn1000-1239.2018.20170658
https://nano.org/en/whitepaper
https://nano.org/en/whitepaper
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.11896/jsjkx.191100055
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
http://dx.doi.org/10.3969/j.issn.1671-1122.2017.07.005
https://btc-relay.readthedocs.io/en/latest/
https://btc-relay.readthedocs.io/en/latest/
http://dx.doi.org/10.7544/issn1000-1239.2018.20170658
https://nano.org/en/whitepaper
https://nano.org/en/whitepaper
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.11896/jsjkx.191100055
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
http://dx.doi.org/10.3969/j.issn.1671-1122.2017.07.005
https://btc-relay.readthedocs.io/en/latest/
https://btc-relay.readthedocs.io/en/latest/
http://dx.doi.org/10.7544/issn1000-1239.2018.20170658
https://nano.org/en/whitepaper
https://nano.org/en/whitepaper
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.11896/jsjkx.191100055
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
http://dx.doi.org/10.3969/j.issn.1671-1122.2017.07.005
https://btc-relay.readthedocs.io/en/latest/
https://btc-relay.readthedocs.io/en/latest/
http://dx.doi.org/10.7544/issn1000-1239.2018.20170658
https://nano.org/en/whitepaper
https://nano.org/en/whitepaper
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.11896/jsjkx.191100055
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
http://dx.doi.org/10.3969/j.issn.1671-1122.2017.07.005
https://btc-relay.readthedocs.io/en/latest/
https://btc-relay.readthedocs.io/en/latest/
http://dx.doi.org/10.7544/issn1000-1239.2018.20170658
https://nano.org/en/whitepaper
https://nano.org/en/whitepaper
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://interledger.org/interledger.pdf
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://www.afponline.org/ideas-inspiration/to-pics/articles/Details/interoperability-the-holy-grail-of-blockchain
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
https://github.com/polkadot-io/polkadotpaper/raw/master/PolkaDotPaper.pdf
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.1016/j.pmcj.2019.101079
http://dx.doi.org/10.11896/jsjkx.191100055
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf
https://oneledger.io/wpcontent/uploads/2018/04/oneledger-whitepaper.pdf

	1 跨链基础知识
	1.1 跨链的产生
	1.2 跨链的发展
	1.3 跨链的原理
	1.4 跨链的类型

	2 跨链技术的难点
	3 主流跨链机制
	3.1 公证人机制
	3.1.1 单签名公证人
	3.1.2 多重签名公证人
	3.1.3 分布式多重签名公证人

	3.2 侧链/中继
	3.3 哈希锁定
	3.4 分布式私钥控制
	3.5 公证人+侧链混合机制
	3.6 跨链技术性能分析及比较

	4 跨链技术应用及安全性分析
	4.1 跨链技术的应用
	4.2 跨链安全性分析

	5 跨链技术的挑战与前景
	5.1 跨链技术面临的挑战
	5.2 跨链技术的发展前景


