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Abstract With the rapid development of blockchain technology, hundreds of blockchain systems have
been proposed and are serving different applications. As the data and digital assets are stored on different
blockchains, the needs to transfer or exchange assets make blockchain interoperability an important
technology. Cross-chain atomicity is a crucial security property of blockchain interoperability.
Cross-chain atomicity ensures that a cross-chain transaction is executed by all the blockchains (that are
related to the transaction), or none of the blockchains execute the transaction. To realize cross-chain
atomicity, known approaches include hash time lock contract (HTLC), atomic swap, relay chains, etc.
Each of the approaches has its own pros and cons. Among them, the relay chain is the only generic
solution that does not pose strong requirements on the users (who are involved in the cross-chain
transactions). Meanwhile, regardless of the approaches taken by current cross-chain techniques, almost
all cross-chain solutions treat each blockchain as a black-box and assume that each blockchain achieves
the ideal security properties, i.e., safety and liveness of the blockchain consensus. However, practical
consensus mechanisms might have nuance in their security definitions. There is a lack of treatment for
cross-chain transactions for heterogeneous blockchains, especially with a focus on the underlying
consensus mechanisms. To conclude, existing approaches are not yet scalable in terms of handling cross-
chain transactions where multiple blockchains are involved. This paper presents CrossWeave, a new relay
chain-based solution for blockchain interoperability. CrossWeave consists of two main modules:
heterogeneous blockchain management and vector clock-based multi-chain coordination. CrosswWeave
provides a lightweight and efficient solution for cross-chain transactions where multiple heterogeneous
blockchains are involved. Specifically, the heterogeneous blockchain management module takes into
consideration the liveness property of the Blockchain consensus mechanisms. It classifies the liveness
properties of consensus mechanisms into two categories and takes different actions for different
blockchains based on the category of the liveness property. In this way, the strong requirement on a
global physical clock-based timer of the conventional 2-Phase Commit (2PC) approach is removed.
Meanwhile, the multi-chain coordination module uses a lightweight vector clock and takes a fine-grained
treatment of the atomicity requirements of different cross-chain transactions. For instance, some
cross-chain transactions only care about the execution order on the source chain (i.e., the blockchain in
which a cross-chain transaction is initiated) and do not have to be executed sequentially on the target
chain (i.e., all non-source blockchains). Using our approach, cross-chain transactions are executed
according to the nature of the transactions, making our approach more flexible. Via extensive
experiments on FISCO BCOS, Hyperledger Fabric, CITA, and Dyno, we show that our solution is
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efficient and highly practical. Specifically, besides the unavoidable factors such as latency of the
blockchain systems themselves, network delay, and transactions, our approach almost eliminates the
overhead caused by the global physical clock-based timer and is highly efficient.

Key words blockchain interoperability; relay chain; blockchain finality; vector clock; heterogeneous
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@ Parallel Computing, https://wiki.polkadot.com/learn/learn-elastic-
scaling/
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PEREAZ S m, IR ATRBER H BRBE R BTG IR A A
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TR IERR i, $ROt 7 BB TR W 2% I8 15
e, BIAEBCRIEAN RIS B35 5, SCREAS
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FIEMANENK. B2 M%), HIELQREE
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ERXHIREEES . NI, LR
i

S H = LS B SDK RIFE Fr42 L T s 3 1
PSHERT 5y (2P BN SR S0, B E:atds
o X XBEEQT RS X554, Il i DA
GLRIIRS 5I0R B8 SDKAE NG — % ) i %
F, NP S — N DV B B 58 7 M4 L
I o3 A R B S B 22 B B[R] 37 57 T BB 45 R AN Bt
P, GIUARYE S HE AT 5 A3 ik B T BE B 5 iP5
HEH SN SRR K A S5 RS
S 3 At bk B B ECE s B 2, 6t s Y W3C AR
WEAF A AT ISR FEUE, SR ) B8 HEL ) 85 A% 3 B A
RY ZKAERT s B GO PR A ik, sk



646 L2 S ' R S -4 2026 4F
N M 48 22 B AR STl s R A HIZZ AT

AR, HTE = ThH%ENSS,
CrossWeave & #5552 5 2 8] 135 P ORUE AN 2 55 155
BB VLI 5 P 2 A il e ek R A B B AT
FRUR o SAL) B AR Rl ik v G Xo) 5l 2% B
MRESZ G W AR, 43 T &Rz
(] S FEVE T . 2 B P BR85S 5 A7 5 4
Jei ) £ B A ) 5 SOR 4R 220\ 55 2 T 1) 8% 5 IR
TR T AR BRI TEGE A IR AR
42 SHEEIBERER

AR IR A% O B bR RN T R
) 5 P b XA A RIS PR T, B4 R
GUATYRE PRAF T SR 1 5 e 2 — B I M . A5 Fl
PN AR B — A T s R e g M pr il
MU, DA AR 4 0 P A T i 47 22 3 A A R 26
IBEE

TEMERRIL . EHEARICARE T BERIRE T,
KR T R G B — 2% b 55 BE LR 1T (R 2 25
E CrossWeave R4t H, 45550V 55 B E MRS,
H kB 2 AR LI R L IR BSOS TEORIE, T 1%
i —MEPERRE L e {strong, weak}

A TR B T i M ORI R DX BB (a1
BFT JLiR B B4%), CrossWeave ¥ HiEPEFRIC L
BE N strong, BIZIRBEIEHIIRBFTA R S, 1E
B PERSS TA) R t BT RE B A28 AT . X TREE N
BBE A 5535 P ARAIE A X H B (Bl G0, 36T PowW X
HeE), CrossWeave % H: L %5 N weak i, XL
RACZBRREE B R G0, RAMA RS
Bere 1, AHBEA N E PRI ] b BRSR A AR 1% 58
Gy HIAEAT o B URBERITE PERRIE L 0 S 7E Hh 4k EE K
A, R BOR A [FIPAT E 45 1 S BEARHR .

RASIE R 2R R EEUSC R0k B R BE B 5 81 oK
X-Req o IS 8RS 5 xtx ik i dtilE, Hof
W AT B AR EE) IR S EEE % X-Ready JH 2, &M
xtx CIET4kEE Bk, TR Ak N RIE R B AREE
1] X-Ready 43— ML A 55 A1 Q, JHARE H
FrREE BTG PERRIE L, XS BAF Q HH AT 55 R EUA [R] 1)
A= i B P

(1) T weak bric R EE: H 4kE 7 IR T

A 5745 X-Ready {5 570 K&, AB LR SHIRES .

R, 24 kst pish k1% X-Ready J5, %78 E 250
BUABAZ Q ek, BPESEEAE 5 fe 2ot HAREE AL
£} 0, {HBA N E P R A b R R B 1% 58 5

(2) X strong Fric FIUREE: 4k BE 2R
— MR AN I8 BRI DR B BR H AR B X 85 5 28 5 A2
o Hrh 4k Kk i% X-Ready &, ZiH S &% SR H
FERAT Q , FEALEB—ANEN T 28A. T
ABI AT ES BE RN X-Com il 5., MIBASI Q ¥iiZ%
TH B BRI FE R, FHOCHTHN #8A: 5 EARE I F
TIARWCENIN, Hh 2k EEH 25 BB K% 1% X-Ready ¥
B, JFEEE A, EEIPREZAY M.

I FRTE, AR E PR RS DL —
A B 2 77 20, IEECAS [R] DX HRE ()35 P AR
M 25 B2 T T B AN B i 2R 4 R e 1 5 mT S
43 ZHEMIFRR

ZHRE BT 0 B AR 2 T 1E R X B
FEAI S D NIRRT, i 1 B AR 4 ) ) S
B P B S AR T S RIS I SRR . A
B0 % 08 T R R e R T o 55 I A ) BRI R
PLRCIRASBE, SR SLIL &R Gont #5858 &) 1 Ji
PRAE

H R BE PRI B AR A . FEIZAR R, A kB )
70 VR VL R AT A [F) — A SO I R B B 52 (2PC)
(5w

(D) F—WrB: A gkEU Rk B IREE I B
HETE R X-Req &, Bk pLD 5 5B T A7 M 555 1) 4t
SERAS Lock[C), 5 LI EHT T A BAREER Gi,
a5 R BT H AR EET 1 — 2% 5 BEH . X-Ready, #
RS BEAS 5 xtx /e 4kEE 5%, % B bRBEEIR S
IR X-Ready &7, $HATAE HIEARBERIFLIN, TEKL
FLRE IR [FIfIATH S X- Com 45 R 4k

(2) W drsE R SR T B Ak
(1) X-Com i 2« 4T HAREERS R DIk B 2.,
AREET I 241 X-Done ¥ 245 BTG TR EE R H brBE
WAL JEREBOIT AL S BE R BERAS Lock[C], BP
KAL 5 O 56 s B BT AT DA S o — R i 3L
W, TR R GOIRA I — k.

W4k 5 RTE BT A M 5 BE B IR Lock[C] =
false INF E4T xtx HoiR s 4R BELE Lock[C] =true I
PSR xtx, BI A gRBEAAESL IR AR RS 55, D xtx 22
W A7 2 AN atomQ H, SEfRR S EE ORI, BP
Lock[C] =false.
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BEAA L, 5358 SCT AHLET Bl Iseq AN 4 JR ) B
il G;i:

(1) AHuET S Iseq: Iseq B &AMk 55 BE A HL4E S,
T IE kS5 AE 5 5 X BT . 4IRS R AL 5)
PERI, VREERIAHUE B Iseq’ =lseq+1, FEXT Iseq’
(28 5yidhAT LA 4 HAREEI RIS REVE SR I, 50
N ac ATE R, ) H b A s 8 1seq’ =lseq+1,
FXT Iseq 22 2 AT 1%

() ®RIFENMG . G HPARFE4E, N
A R4S FER AP AR S, WA RM IR Ia
St R AREEFE R AL G INT AT . SR R R R B
TREE RS EEIE SR, A0 ac AIERLY), WITE G
HEEHZAE 5 N AT HARBERIR Bl R HArEE 1%
FPAS NIAE o] USE s Bt 4T H FRBE e Rk
PR by BRI IR EIBIATE S, HAREELE G h
WA o T URFERIN B, RIIEFEZT Y5 N RS
BT B CLAEB 58 o

PRAUE S PR i b S B LA o AP RS 1
V8T P 4R BECE AL FRPS BEVE RIS, X Gy Bk i m]
e, B 5 T RN -

D) dJFEFHRIE: EMRIET, TP 4REEE IR
B 5 H bR EE 4 R I

(2) G; EH I fER R xtx FaEZ 5,
BT HAREERIB B G [TC], JF¥ KIZ4 Hix
BERIAE 5 55 W B ORI Bl EUREIFT A B AnEE
EER) X-Com VH B 5, FHEBEEER 20 G [SC] -

B WML ERUE T 85 55 28 5 75 55 2% 1. 55 55 J
Wk BE B SR, BROR T RESREEAS B R E AL
£, (AR SBEMEREIR T B T, RatEpithe
b < 2 B 520 .

(8) FETYERIUE: fEMIRIET, HP4keErE ik
PRI RIS, 2 [F)20 S pr A b S5 BE 2 R N . A2
HARBENRG xtx R J5,  [RIIN BEET B AR S IR
N EZ

(5) Gi[TC] 1 G;[SC], #AEMRIFF52 5
M, 1A S 55—, syl
TRUE T B8 RE G P 4k BE B, W — A
SE PRI E)_F BR KA OR 2 55 85 T 28 5 ASAT, &
G T B T R BRI B, A T IR T
PELUIRF+ RGO

% B P RS B E I A B WO T B AR Y I B
PEAZFAR B 5B LA, /43 CrossWeave RAREE R
T RIS 8 36 3K R AR B R 7 I A R SR R

HIE L2 SRS N 5.
5 CrossWeave FEE 8L

N T e IR CrossWeave #54% B 5 TAF
HR, AEVH SRS E S ENE T A
BATE LHIR T iz AT IR, ZRERTE
SEMGSJETE, Hk, NAETRIE TR SRR
G, VAR RGN T SEIAZME BT AT 18
51 LRz

N T HEIFHLA4E CrossWeave B85 4% Ui 4%
W, BATERSZ0RENE T ETE 2 ER,
BT RE I D ARAS T I 3R . 4R EE 58 A I AZ
Gy 3AR HA R T 22 Gy ml FEE TS ac, 2R 5 H)
A] JE3 3l CrossWeave 555 b

YT IRBE T R pSC W BIREE H P kR I AL
5 xtx={Request, ¢, SC, TC, ts, o}, psC & S iiE
XtX WAE G e b & SC 5 TC BEMITK /T, 45 XX FF
G SRR 5 ER, SC R EFEFHAR B, X xtx ik
FIEIRAE 3R] F RS ac(& 2 2% 1) . SC B )5
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lseq, A i%EEHEEK{X-Req, Iseq, SC, TC, xtx, ac}a
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R gk BE T L pRC IR 5 B 1 SR {X- Req, lseq,
SC, TC, xtx, achH 2Hi, IIF SCH TCEAKRTER
GurbiE M, ac B RLME, LAROR T 2 R D A
5eqg=G;[SC] . Ju kil 5, HhakEEXT xtx i it id
BJE, WHakEEN xtx o fERNIRET St ATH bR
AR Y txe, BHH KB GITCl«
Gi[TCl+1, Jfidsk= 5 ik Readyc[Gi[TC] ~
Hash(tx)]. /e (B 2 588 3), KIXEH TS
{X-Ready, G;[TC], tx, ac}4’ Ht#4EFra 19 5 (1 2
B 4),

EEXME— HAREE T 5 pfc, B HULER H pRe
) f+1 N UCHE FI{X-Ready, gseq, tx., acyi S,
iE ac AR BT 515 gseq %5 T 2417 TC
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() Y AR BE T T (B 2 P ER 7)) PR
HArtE TC, HIEMECRIEAL SR T %5 S bR
i L[TC]. ##¥ric N strong, W4k 4% 76 K i%
X-Ready Hf < J3 g it Bf 28 A(Kl 2 B3R 5) HH#
X-Ready £ N2 55 BAFI Q; #hnic oy weak, ITEH
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— WS  p§ : BRHBEREFHIE Iseq < 0
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— BEEHER B(Request, ¢, SC, TC, ts, OBBRESC , HtsRAM R, BT DINAKAE
Y 1 S

- Lk B & P ek B 5E 22 BXTX=(Request, ¢, SC, TC, ts, o, Xata#t 17N, & fFoto L5, 1520 HMEIE Hac—
ACGen(xtz), HRIZEX-Req,lseq, SC, TC,ztx, ac)iRC

— IR RC W f 4+ 1PEEIR (X-Done, gseq, txs) THEN, % gseq = lseq + 1, WHAT txs FFEH lseq «— gseq
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FPARBE T p
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- WHASC 5 TC BEERHESE, ac BEMY, Hlseq = G4[SC)
- WIE@EESE, fERARE X ota EREATIOR, SRFHE L5
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- BatePRSC FITC ENFREGtw Htx,

- HIKEIEEHERIN(X-Com, TC, Iseq, h):
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TS T

EIE 1CGREFEETE) . W — A RS
by xtx 2.4 p R BE SC A U S A5 IR A (B
AR T AR MEE T ac IR P gk EERR AL T
X-Req), M4, B 2 5% 5 RS s (18
J5%E SCHIPFTA HbreE TC B #R LT Hu B (1) 1
25 o

P BGEIE 4N SR B ORAIE TS 14 - (1) YR s
IR X-Req & 4kEE; () 4k BB R T
P AR IF K% X-Ready; (3) HIRBERITZ S,
Forb o PR B AR 4k R I E L, 559E M
M B ALRERIIE s (4)@id X-Com I X-Done 58
FRA RN . VLB Co

EIE 2(99BSHETEIE) R — A RN S RS
5 xtx B4 HIEEE SC il S IER K,
Wom%, JEE SCHMETE Hiret TC LD RAH
— WL RS PAT HX R 1AL 5

FHE R LA FTA WL s AR AT AL
Gyy WERDH =ML RESPITL S . Fh55Es
BTG M RS FEE I E R . VLN SE Cs

IR 3(HEHESIE T X TR R YR A [
—VREE SC EEHEAL 5 Xt FlIXtx,, IR SC _Eff—
AL BUEHAT Xt FIIREE T4 5, FEHUAT xtx.
PIREE 722 5, IEAXF e H AT B brE
TC, TC LMLy s #ASAEPAT xtx 1) H An
TR 5 Z AT xtx: 1 B AriE 7355 -

AR EE I IR IR B ARIE X-Req 194 5 I
FP— 80k, i34 R4 GI[TCS H brBE A Hi b
Bl 1seq f [R5 B AIE WL (gseq=lseq+1) #i & H hr %
PEREAZ T PATAE Sy o FE LB SR Co

EIE AGEHESR R TE) A FEENELRER

AN S EE S BEAS 5 Xt FIxtxe, WIHRFEAS
55k A B — AN SR AT HAE xtx PR
Gy FPAT HAE Xt P TF28 5, B ATEHARATAT S
55 B &, WA —MWEL RS AT HAE xtx
T2 5, SRIGFHPATHAE xoa F 755 .

SR B Lock IRASAT atomQ 2543 pA
HISEI AR B . A 4R BELE AL TR xtx I B i
2 54 (Lock[C]=true), MHRZT xtx, k%A
# atomQ, XAE xtx: 5 4= &5 I Bl BT A B
( Lock[C]=false) J5 A REFAT - T MLFfS% Co

6 TIESEIf

AT B AEHER CrossWeave 585 MM (4% 0 T
FESZEL. FRATE PN A 7 M B 1S 2 BE DR
KAZ OGS B ARSI 77 2, B G SRR i A e it
5 X Y R4 00 O, HFREERIX
AT He LAy B[R] AR DL OR Bt 5 B 52 5 1) 50 B AR i
JEHA
6.1 FHARSLIIHE S STHT

FELARSE R, LA E i Ak 55 7 SRAEAL
I ) e A5 A S TR I A 2 e«

TE AL BE e 25 7710, Polkadot [ 3 52 22 4 48
RUER P AT4E B & i e PE B &b, 5935 PEBE L 20
ISR E A A Re N A4S - Cosmos 1) IBC
P ULIRI R 0 5y PEBE AR Ak, % T 55 7% VR85 75 30 2
BT F 4l 52 X7 DR R & X B (i B AN X
B XA GBS B4 AT AR B RN B At 1 e R AR
B GFHRENZ G IR . X8y Rk = W Z T
ANFEEHERFIE R G — A FRHESE

FEJE U 7 TH,  Polkadot ft) XCMP i
5< < B & BN (fire-and-forget) > #5158, #h il A S A
PEAERA N B4 IR [RI ML . Cosmos [ 1BC A /2
F 0 ) O RO B AR, ARSI I R SE AR,
LA 2 RS TR T . B s 2
251 S5 PP 78 A A8 B N A 2 S, S8 T R
FE R B G FE R LE RS

AR T3 BRI S R B B L 1) 3 3o T AR TE P
WE BB E &R, 1R — A E
M S ARG I ANELE . R, A7 E
TEVMSUZ A EE T Z8E U )8, JRHRAE T ATk SR
TR S (G55 R ), MR LR 2 i PR AR T
NFHITF R B ARE .
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6T HIT SCA™ 28 1) S ) Bl A 3 A B RN 22 B ) O
TR, A AEZ T T AR A FE N R X IX
P B s e

JRAYSEIL . AEFRATI LI, hgkeE 2t T
Dyno H RIS . [FIR), RG LR T £
Finlk 45%%, AL45 Dyno. FISCOBCOS 1 CITA. {i
REREME, 1ERIEHER Dyno S51E N 4ksE
Dyno, HJKZH A BHIF, {HH AR5 F )
AESEEA: PYFEE RN R X, 2
AT AT TR A% O U8 s Tk 5588 WA R 2
577, HOPATERATSIES .

SEAEEERL Relayer #:10. N 7 AR X H
B, FATEIT T Relayer B4z 0. eAE NIEZH 4k
SRS EER “CIRENFET 7, ESREMEEEA
() DX e AR HR AL ARSI . Relayer 42 158 X T A
HEAL IR A

(1) CrossCall: 447 H1 4k 5% B BE A 38 R i 3 —
BB, BRITE B breEE b AT s e R .

(2) CommitCall: $h47 Hr 4k 55 PRI B 52 252 T i
BB, AN EHUE AL S

(3) IsSeqProcessed: 1 2 H A %5 € ¥ 5 5 ) $5
A e O H breE b2

RO SEI, AR 2 B AR RPC
(EAEL AR ) RS . Ftn, CrossCall 2 F Mk 5%
B EREE RS L. kil 5SS B 1A B E
V1) Eh It 280 5 e P S FR AR e A R, AR BB
5 HAE.

il S0 55 B P T2 R AR T S R 2 R ) 4
Bmfeid, AV RS54 EA — 2 ik
o PR AR P A, E AR
FE Mg 7 AN REER R IEA S 2 2= 5, Sl
X 22 B X B T 5 132 - CrossWeave B3 7E Bt 1)
P G 5% 4aae iz LI EE s, it
FEN it 2RI X O 58 s B A, R L L) e 4 At
TR AN 4 — B AR E R SN B bR EE I R 552
LI Gy s v 2 il b | T o N =R e S SR
ki 91 % B B SONES BB S 1R AL T 2 R e R
JHIE, CrossWeave th i3 7E LAl A4 1 1 )k 4%
FIR AR ) S 5 — Bk IR, S T N4
S B FE R S 2 E T REAR R

RESIBER. AT LIRS FIE R 2 R ALE
H, AT T TransactionQueue #itl, £ Go i
TSI, B AN R B (syne. Mutex) PR3
IS, R AR AR — NS R RS 5 BA S

2 EyE M LRIE N strong HIEEAZ B, Transaction-
Queue 2 NI ZN—ANTTIT 85 . 5 7EHE I BRI R
ik, THETEs ik BB, Z@EsE A
Relayer ] 1sSeqProcessed /7 VTR 2, Byih A
AT . BRERINZ G AR, 02> FoH i A
CommitCall. b itfitr 1 BIfELE HAREERH AT S
TR EATERIE LT, & o HaE 4 58 il o

CrossWeave S 7E 1 b 32 RF 55 i 714 i
JR P AR, e 3 R R v 4k B Y B B R R
SR

SRR T HEGRAE . ZARIE SR IAZ A2 TN T B
REBUENLH] . ARSI 4 PR, ks
Y — 2RI Lock IR . FEALFRFE FEIE SR I

(1) BBt iSSP KA 2
40T Lock = false JR#& . Fag, WP EATREE
A Lock = true F-IF UG ALFE

(2) HEBNEE RS : AT —8E S8, WK HTE R
N —ANJEF 15 BA %1 (atomQ) , B2 AR L.
BB : BB S RE 55 I 2 58 (X -Done) , 4k
BESREOHCEE R B, I atomQ FREUH T — /M
KRIFAT AL

XA R BUE ML, R P AELE PR R 1)
PSR R AT, TSI T 2R AT .
6.3 STERIE

S A0 B A R BTN 22 B B TR B I R ST a2
17, MRS S A AR S P E . R
PA— R e S s B B 1, TR A R s HL P
[F AR

(D) iR ER SV : RGN HTTPIER
WS HFAFUE R R Ik BE T . ZRED R REAE R B
o Locke R, 54l e NI 52 5 22 A7 28 atomQ FA S .

() A5 R NIREEMPTA HAr5E 0T
g, XESEME TR

(AN BNVE L : AR R B AR EE I AR I, 4
P43 JE 728 S I\ TransactionQueue .

(4 FHRPAT: RGiHBZ A Go ZiA% (goroutine) ,
AT H3E i - BE X Y Relayer 52453 1 CrossCall
Tk e ELCRY B S b B BRI A s o 2 B X i
RORAS, Z PR & P 515 %A

(5) SR P FELFEEF5 A CrossCall
e A5 HBEFTRM, W4 /s 4
Ry, W FERTEAS . 2 PR L BAS:
BT .
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(6) HZTfN: AR, F U@ TS Relayer i
H CommitCall . X - 5 i Jv 5 3% 1 1) B ,
CommitCall i1l J5 1155 74 <2 M TransactionQueue H
B . & CommitCall 2RI EHERT , TransactionQueue
P ERNLEE Bz, RIS R&EIL. L
W B2 BE MR BLERE P 5 S, R B PR AR AL
BEAZ 5y A7 BAS

(7) SERIC T R YRBEIC TR LIRS RS IR &5
PEREFRAR, SERCEANIN, 7R B2 B P R AR B
Bz 5880e RE.

6.4 FRFEFITIHFEST

AR NS EE RGP AR AL, 75 [F] I 4
P2 KW SEEIPRSE R BEEBNFERNIEK,
AR 1) DT R VE R AR AL BRI AR T SRR
IEAE =N .

TERETF S T, Ak BE 7R BN R SR S5 B 4 4
PRz RSN 2R mENE GirhrFy S (5
FEE— M) TEMERRY LOEESREE— M R1E)
DLt 56 i i 14 4 (1) 22 &5 BA %1 TransactionQueue.
Iri) IS B R A7 5 (A 2R B2 O(N), o N
NBDY S EEE E, BIMAETT RN . 28 5 AR
T 5 I RIS EEAC B BB A OG, Bk T AR
IS 37 e Ll 45 6

THE AT, 4R EE R 32 B AT S B RE T
FHEE TS ac PSS IE « Tr) 52 I 1) 58 38 LK 2T 5 1% e
W A HPEUE IR B S B R TR L H
ERA (N BLS RABLKUER = E N 0(L)). M
B E R E A R RERORE, 7RSSR
AN TE TV S IR EE A B bR B (BN
O(1+(TC|)), fE 5 T~ F AN & or 5
MIBUE IR (R AN O(ISCI+[TC))), iHHITH#H S
5 5 A8 T B DA R 5 A8 o U e PR 2% 4 A
IEEG, b 52 24 AL 55 B R N (A2 520

WX 2% 38 15 T4 5 T, HR4keE 7R 2L S Al 55kt
ITHERH, WEESEH 55 E LA 5
WD S B E R L

LRERE, AR MRS A E
BIREMEEREIER &R, EHRBR Y5 REE )
CIECH

7 MK SV

AR v ) s L AT SR I S
REVEAl o SKIRAE S 8/ P4k~ ml i) 2 HEM B h 5¢

B, T MRS FISCO. Dyno Al CITA. %
BEFE R R, PSR 5 1 B R AR E Tt S AR R
B e KT HESY Rt R UEA SR
() B S ML LE AN [R) A BE L o 3 B A DA B 30 2
BRI, AR TESZZRNAGMHE
S

SEIGAE R ()P akEEE 2 &M AL EE
B [A] PR FELE 500 ms F e [X (8], 1 % 4R G 38 ) 3 257
il B AR Y H R B S AR g s () A R
[ R 2 0 AR 7 A — 5 s, {H R A S (R 5
Fasg s () A[EIFE A AT M BE I RZ MR/, 2L
BAHECT BN E AL B A ST . AR 4 i 5
LR b=A (iR e s W R Rt s T
71 XWIMESRE

SIS AL T A IR 25 B A URIRE )5 SR
IS Z I MRS 2R E R E R -

AL FEEE N Intel Xeon Gold 5218, 4 2.30 GHz,
S 4 %0, RAEWNAT 8 GB, M%) 3.2GB, i&
7 Ubuntu 18.04 LTS #:4E &%, Java iz47 5K
AN OpenJDK 1.8.0, Redis x4’y 4.0.9, Docker fiix
A4 20.10.21, JQ TEA AN 1.5.

IR UE BT 4 HE T S ) B O 1 L A AE A )
TEPERG T TG N B, RATHE 28
HAT T RAMEM LI PEAL o BET SR 46 50 Z AR [F]—
EAMRS 2, DARIERR ST v] 45 5 R A 1,
HAEGELLI i R N 2 &L E DL
X BB A5

BAVESZ W Z /AT T RAERISL
PEAY . RIS e —2k%E: Dyno. FISCO #1 CITA,
HHakEE N Dyno. FRATSZELIFERE T — N EEE
WG, B X EEEE G R s mE R

Dyno: 1E AR 4k 5 Mk 45 55 555 5 — 25 S,
B S 8 AN ILIRAY A, nRIE M ;

FISCO: #38 4N A, RS G filiR
IS 535 PR s

CITA: #2421, BRAASCR R 51
IR AL, gosid EE .

Horr, DynofENESHEE T 4keE, G—HCH g
SRIFARAE H AR EE 75 MR B AT B B i R A

1E R =P, FISCO Al Dyno 3¢
FEZ G 1A Ja L RIR I 2 G AT SR, B R
NBEST. CITA MIAIREIAE G AR, GREIZE
GiWEAT, RG T WM MR A W R L SEI S 20
o EFXHZIAE, BATRHIESLEL T 5T i 4R
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A2 Gy FeWIHLA o ZAHLAE 4R BERE A 5 R I% 2 H AR
5, JE 5l 200 ms 8] X E I S SRS, BRI 5
A B R Lk .
72 BEEM4SH

NV A FISEA & T s s B RE, FRATT
THFAT T — RPN R ER SR . KRRt 1
H1 FISCO fiHE AT Dyno fFIHE I Mg 4. R4S
BN, REELHAT 100 KEEEEAT 5, WE I

SHAARPATI ], RO EAE Y R B SR

N IR R G KARFRAE 55 (M Ab L RE T, Bl
IIRINGIE T PR 5 8 TRURSE 5 KNk 20
5 (512B), §JBAZ 5 KNI 25745 (256KB) » H
REERFFAE, RS RBSETHM.
i 5 B S B RS 5y i T B IE], AT T
MR EE R S 2 1 SR, B H AR EE IR
AP 5 FEAR [ i A 1k (R B TR o B R Gt 45 R
W 5. B A LA H, Dyno 5 FISCO 2 [H] )
PEHE- Y IEIRAE 1.35—2.5sTEHE N, AR5 AN
i A IE IR B INME AE 26 ms—638 ms . [A], WkEhE
BRI/ o X 32 245 T AL RN LI SRR PR 22 2 1
INAHEEZ R, CITA HAREEMAEIRIITE 525 —5.95
X, X2l CITA 8= Bl BhLEl, &
o gk g e 7 U AL 5 RERIRES, A

B 5G5S By R
6000 1 5416 5268 5384 5535
5000 A
2 4000
D
& 3000 1 2505
1867
2000 -
1000 A
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Dyno CITA Dyno&CITA
(a) FISCOfE Jy it
7000 - BREAE 5 B RAL S
5939 5903 5949 5915
6000 — —
5000 A
w
£ 4000 -
@
& 3000 -
2000 1 1324 1350
1000 1 .
0 . .
FISCO CITA FISCO&CITA

(b) DynofE Ayl %

Kl 5  EHERZ S AT AL

CITAR ]y 2s~3 ™, HA KAy Bt ]
FECT R CITA FHXIMESEEAS 5 # =4 TR
FEIR .
SRR, ZREAA BRAR S IEIR S
—HFr8EN CITA I ZIEHA R . X2H N
M REIR A AR B B AREERT B e, 4R
HAZLE CITA XA AR R RE T, B4ME
AR X B AEIR 52 A PR . R 4 2 %
BEAEIR AL BB mes, BN A ST .
BB FAL 5 KN T IR AR A, 7] LA
RN Gy R 3 et B BEME RE AT — e e, M
BAKES LE, S5 AR B3GR 20 i [A] 7= A=
—ERCI, /e FISCO % Dynoiz it . IEiEH:
TET 638 ms. IX A& I T-HOR IR G AU n T 28
TEVREE. UkBES B AREE 2 (8] (10 4% 75 5 b B4
SR, 76 HFREER CITAMAGERZ Y, PR
S R, 1 FISCO %] CITA M 5416 ms
FA% % 5268 ms, XJEHT CITA 7R AL
i), B ) 1 AR P 4k S W EIA S 5 b
FERS AR R T, BT CITAR RGN 25—
3's, FETHALE R FE ARG S Ry, I e RERE
PgiiEL D, IS T R EA .
7.3 FRYRHERTE] AT
TEARSZIGF, FRATH— DR T 5By &
Xof Hh 2k e A P SE SR PRI o AR YT 152 kB AL FEL
8] A I R BE I B AS B i SRk, B R A
H AREE AT (1 A0 1A] . SEEG R B R GG 2E S AR
27N, NI R G R R ARAR A e e MR i
HVERE, BRATMIE T &E 2°F WY B SR,
o AR T IR G52 5 58 e A8 5 75 e 4k BE i 4b
PRI [A] . S5 6 P
oYREE  erh4kEE mHREE
Dyno&CITA I I
CITA T I
Dyno T [HENNN

0 2000 4000 6000 8000
() FISCOfE Ayt

oJREE gk
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CITA T
FIsCO T N

0 2000 4000 6000 8000 10000
(b) Dynoff fy il %
Bl 6 HgrBEPAT I TR0 L




654 i 5

Hl

2
%

e 2026 4F

MIE 6 FRTLVE, BEER AR R, K2

KPS HEHAT P AR BE A AL BRI 1) 2P B ETHES .

FISCO {RIFEERT, JF 4R ) 1 kS AEIRAE 474 ms—~
534 ms 2 [a], ¥ JEAZS(E 554 ms—580 ms Z [i], I
BIEEE N 20ms —99 ms. Dyno fEE#ERF, ohdkisE
SEIRTE 401 ms—470 ms 5 478 ms—499 ms 2 [f], 1
JNME A 77 ms—88 ms. &y B H M R bk
Ay W AR A SR G IR AE 4.12% %8 20.58%[X [A] . iX
se TP 4R EETE AL FR S RE RS Sy, TR RSk B AR
HEM IS e B S BRI GRS . (RS
M, AE BT RBEA TR, TR
RS 5 SLhRN 44, (HTEN B ER AT OB E N A
RAAR 3R B — 50 4 2B I A2 o) 380 b A B PN S 1) B e
ghikgrp . BT R AkEE R N RE SR H AR EE S A 1 e R
(158 Gy G HPAT NBAERAE, 20 R R K&

FEr e 548 B B ERAE . IS T BUARBORR

X RS B E N CPU AN AR IRITEAE, M
T 2E A A A BEFERT o

BT A SCSE 6 AR AR A H IR 45 28 12 4T, IRk
KEZEGRANG, FEAHRESMIEEI8 . 1T e
TRHI S W RS AL 5y 210 AT, TER2 55
KIS, RN 23— 3G K.

7.4 EIRSEROHT

Nt — 5 B i S A B i AS 5 I R R S B B
(I T4, XTESEAER AT T 0. SE0EE ol
REBIAEL, RIS gk S H bR
A I Tk P (1 A IR I [

TR I 18] 8 SR A R AR B ) B A R A
B PRI %1, {ELR 5B IR 8] () SR O 57 7 4 e
HEE—E 25 . T FISCO 85K % T1T il i 2
PRHEEER, HEAHEP A ERAOS SRS
Pk R B[] o BT DAAR SCHE MR W 21 S0 BT 72 X B
TREUZ DXL X P S i [, 4 S A TR AR
B — XA R Z1, 38X b A 5 A g s
B A& AR IR], A AR SE SE IR T B (AR 4R 1] . Dyno
i REST 42 LRI CH AR Id %, IR B3
B AR A BT (B, R G nT R R i B X
B RAT], AN LRI [H] .

Hh 2k B IS 7] Sy Hh gk B LE 1 0ACR TR R A R
J& BN EEAE Gy R AS 4 B AR EE 2 IR A AR ER N [A] . D
A 1) A S 5 B0A P AR BE R ), 22 0 TR) A
Z R H ARSI SR IR B REAS 5 IR (] .

H b8 I (7] 58 SORESBERE 5 208 H b e 2
AL 5y e AN A BRI ()R] R o L Ge vt i e 7.2
TR 1) B S R 4R BE R RI ZE(E, RN HE
FREERT H] .

BT B E X, ARSCAEA RIS B4R T 43 7l
B ZREIR, SRS RuE 7R, FISCOEN
VR B IR SR T 1.7s 245, T Dyno fE i HE
i, WEIRAHERKE 231s—235s . FEERK
FT P 2B 1A A ] B) SR AR ML 22 5. FISCOfE A X
TS )l 2 HE R [RIE A B R I 1), AR 22 /N
REEEALJ I, ABAE A& Sk 2 s Dyno f8FH Sz fr g
A fid A IR (A1, B4 LS A2 ) E], HLF DN Dyno
RGP HE E AR5 R T R PR AR, M
H A ik 2 ) S WS T 2R G TR A IR B A B P Ak HE
WA, SEOCKB G . A, BAeEcE
(RBE N I AR B 3 S MR B AR, X i I R BE b B i
FEE B R SR LCREZH Y E, 55
BEAIRMERLN

B RAEEE 5 B RS
700 1
600 - 534 996 @ 554
— 481 (
500 - 4, fﬁ
£ 400 A
4
& 300 A
200 A
100 A
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Z) 300
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(b) DynofF it
7 PEHEIER R
Hh A R A IS A AN [R5 B A2 P R A R E

JEEIZE 401 ms—534 ms, UtEALENNRRZEE R A dkis
(R LR P 5528 B e R L o AR P BE A S A R
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TEZ B RE AR, HARBERT B AR B3 &
TIREE AR AR EERN B, EL 47%—T78% , A FERT
W 3 S . (RN RE RS IR AT E, H
P DA 20158 Ok 55 G 20T T . S ER S RS TEHT
FLRIOIE 5 X S NS e B S . =t R IE R
N, SRR T H 2 S BHERL 1/0 354+, LevelDB
R AAAZ A 0 5 B AR = I T 2 HBLBA B FH
F8. HrP eSS T a B BEAL B 58 il fe T 48—
PN R, 1S AR H Ar e S 18 A 1
HE S, R E A AL IR TE = 28 B A 3 I

ME T LA 1, M HbREEN CITA B,
FEIR 2 Th . 7E FISCO fE NREEM S,
CITA HFrBERIZEIR Y 4934 ms, Tfif Dyno H brkE )
ZEIR N 1333 ms, Wi AHZE 3601 ms, fHZEZ) 2.7 f%.
7t Dyno fENIREEI S04, CITA BEAREELLIRIA
#5496 ms, FISCO Hir#ELEIR 923 ms, ZE5FN
4573 ms, MIZEL) 5 5. Z4ER 5 RE BRI S
—5: BT CITA ARSI G R A, Tk
s Ak LR 1) 7 NN AS ) /2 T R D . kAt
CITA XIEEF G K A 3R ML B A B H B
JARA, BB h K T EBARAE G BN TH] .

M2 F, HFrfE N Dyno 8% FISCO K123
U BRI REIR o X A2 T 26 B SCRE RS 5 R 20
WML, AR 4R EETE K% 22 5 Ja AT DSR2 55 41
ATEER, MI4RE 7 R 1] 3E— 50T b H bRk
4 Dyno 1 FISCO Wi#lzsml &I, FISCO 1N
JREERS, HArBEN Dyno HIZEIR N 1333 ms, M7E
Dyno 1EAJEEERT, HErEE N FISCO AR K
923 ms, HEHMZE 410 ms. Dyno 1E HARBERIZEIR
25 T FISCO fE A EARBEM IR . X2 A
Dyno 7EZ G HiABT BEBIN T T TR 2 ML, 75—
N GHAERINZ AT, AR A 2D f+1 N30
T RMAEBGR%4, FRAEAREENT mi kb 7E % 4 2R
Ho X—IFERERI T WA E(EFHRES B4R
HHPE. A, Dyno MH#T FISCO £ 1 — 23
R, R STERIL HAREEIL IR AT, ks
AREE S SRR, TGN T 28 5 1E 42
A AT S S R B RS . T FISCO SR 3 AT
TRRIFEIRARE,  Fovr b 4k B S IR A B R
LR Gy AR, Rtk FISCO R R PRd 58
R EARIRST NS

BT RGBT HIREE, R FEE S
2B D R AR AT SERR SEI AR B R AR A . 1X

PRI A () A% 00 32 T 1 R 1 SR AL 3L 11 O B K AR
HOESHAT . EESEEE R ACFE I RE, FESRALIR )
575 5 AFE FRAF SR AR e R A4 . IESPAT IR
TALTAE, P R ASAELE v AL AR e R 0 e ) B
FR X = AR A IR, SR R A RS,
{8 0 2 56 TR e L MERA AT o] EU M . ST A RE R 40 i
DAty 303 ZE IR A% O, HEAR AT EAS T Bk
AP Z3E RIS, AT 2000 S AR B bty ] A )
P RE, 4TIy A G SRS o
FEAEIR (PR A o [RIGAE AT SRB0 500 T, o 21 i AR
A B ZEIR 73 A1 Eo S B3 7 BRI B S A0E .

VAL 22 GeAE AN [R]38 BAR T 1 i  E AE
Ae, WAV TXTLHLSEES, AT ERNEE S 2L
B R G IR E R . ATEHE T —1
A AR S i AR BE 4 o B gk S AT
VY EER S 28 b, WMGER AR . B
U6 MIRBE SR T B BERC 5y, VSR TP Ak BERL K & H AnEE,
Iy AC SRR EES (6] 4kEE AL BRI (], SEREESHEAL
Sy AL FR R [A]

SIS EE RN 8 B, MSRIRZE R KE, AL
BRI Z Y E TR 5 SR 2 78/ FISCO
VEURBERS, SAEIR I ANYERIFE 109 ms—520 ms 2 [A],
AN HRTF 2%~17.2%. DynofEJRBERS, ZEIRAR(LEE
AN, AN 11 ms—14 ms, FHXTHEFF 0.18%— 1.06%,
Bk R BT
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5904
6000 5416 5525 5384
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=) 4000 -
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2000 A ﬂ
0 T
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8000 - B B L E
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6000 1
£
=) 4000 A
=l
2000 {1 1324 1338
0 | | T \
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(b) DynofE i
Kl 8 HHLS 2 LB B FE AT I A X b
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