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5301  Pre-execute a plurality of transactions to obtain pre-execution read-write sets of the
respective transactions
S303  Group the plurality of transactions according to the pre-execution read-write sets of the
plurality of transactions
S305  Generate pre-execution read-write sets of the respective transaction groups
S307  Send a grouping result and the pre-execution read-write sets of the respective groups
S309  Verify the grouping result according to the pre-execution read-write sets of the groups
8311 Verify the pre-execution read-write sets of the groups according to the execution read-write
sets of the transactions
8313  Verify the pre-execution read-write sets of the groups according to the execution read-write
sets of the groups
$315 Execute the plurality of transactions in series
AA  Master node
BB Slave node
CC Not passed
DD Passed

(57) Abstract: A method for executing a transaction in a blockchain system, and a blockchain system and nodes. The blockchain
system comprises a master node and a slave node. The method comprises: a master node pre-executing a plurality of transactions to
obtain pre-execution read-write sets of the respective transactions; grouping the plurality of transactions according to the pre-execution
read-write sets of the plurality of transactions, so as to obtain a plurality of transaction groups, and generating pre-execution read-write
sets of the respective transaction groups; sending a grouping result and the pre-execution read-write sets of the respective transaction
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groups to a slave node; the slave node verifying the grouping result according to the pre-execution read-write sets of the plurality of
transaction groups; and when verification is passed, executing the plurality of transactions in parallel according to the grouping result,
so as to obtain execution read-write sets of transactions, which are comprised in each transaction group, and verifying the pre-execution
read-write set of the transaction group on the basis of the execution read-write sets of the transactions, which are comprised in the
transaction group.
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HEZ, ENA 1ENTRENESFHRS Tx1 WRATHREWE, BHhHE
FHATREEFRECRER S Tx1 HHARTREFHLTE FIWEELD . WRES,
R ERPITREEFRBEAELS Tx1 BHPITREF MR, WRMR
PATREETAEFERZ S Tx1 MHPRTRETHETRE, HRAN, ZiTRTHH
AT PR SRR (32 B BRI ZRR 5 Vi A R ERAT RS, WAHERS Tx1 KHRATIR
EE5WMPITREEEF MR, HEHFHE XL S Tx1 WTHATE A& AT H Rk
WA 5 NAEFEM SR

WRFFA 1HETAPTREEFAFELTE ANE, WHEHPTREFNETR
ARESHHTREETHERREANERT -, WR -8, WHZXHERHER A
MEANTPATEREPZE AMBIRE, BEFTA INTFRY Tx1 WRTREFHE
AR R ERH E BT BUE AT PAT SR F B FRESZ G, HEIXRES Tx1 KB
ITRE S TPATREEAFLEMNR.
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Gi, EW R 1 RXER S Tx1 BFEHATHHRAT .
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RGAFEMR. B, FIRMBITEGEEWWARFREIER, BE T
o

BB S303, EW A 1 MEEANAL G BPTEREEN AR HHAT U
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FHHERT, ENMRGEUZBAREENRIL S, Hik, £ HEHT UIHETHAT.
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S FERIBIET B FEA RS AFEIFE N ENZH HHART RS RERE
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HER, EWA I WERSRREN, 2R RBEWFTREZAIZLHHALER.
ENMNXGANTPITRER. IR NG ERPITE ZEEFHFHFIRF, HrkZ
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EROXRFHIZANRZS, HFAEBNLHETHREANLZGERIIT LGRS T H
HFBFHAT - Hd, ARSI ET RBEEE P RERBTRS AR 5, BE,
EIRBEWTFEAUEFEEZZNLS

B, BV RERTHRPITREER TR S 2 ERHR, 3 EEN N RERT
X5 BB APATR BEE T RHFURFIITENL S, EREETANMEBENER
FHATRHBINEEREEEZX O PPITRERELRE B,

FEHIRS309, AT RM\EEN T Z AN BHAT RS ERIESTHLER.

HERZ, N R2ARE SN 5 AR TRAT RS EH E &0 HE GV A F K
T, MRENDPAFELHAHAZEVAMERANZEE, WHREDSHA AN
Bl— AR FEF, BT 7 4 45 R R, AT AT 4 52 59 R AR BR BTN,
BISR At 7R 4, B IIEARED, W R2A AT ES315, #HEIRE W F
K7 BT HATEZA LS, BEMNTRABEEEWRNSHLER, MEBEL ST
PATZANR B EE —BHPATE R

BRSS9 MBS BB OLH, W R2PATHIRS31L, N5 AT
AEF, REZZHPTESERIEHNTRATESE.

AT R2fER o A RN RIEET 2 5, RS E25 7R 82 DN PAT TR IFAT
PATZAR S, B, FMPIT FRERTMIGRBER22BR IR HH, U
THTEILGAFTREANE S . HF, PTTRREPITEIZZHEES, LER
ZRXHHPITRENPTEEL, HF, RITERKPEE R ZEPTEREFRHE
BERRES, MITEEEEZZTZEMTIEFTEANZENBEST.

PAT PRERAERITZ ZEPE, BIRGHRN R ZKPATH, EFRER—IRE
i, WHIE RS TRNZ AN THITEETEGREZZER, X35 KBk
ITRBHTHRIE. WRAXZANPAPITREFACFEZEERE, WHAETRERME T HIR
RT3 4R, BLE T EMHATREHT AR AN AL R UM EHIRNER,
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Hik, SESIIIHHIIERED, NF R BB AT B E,S315. k2, WRXHLE
PATERF EANEHTEHHAAERL SHNTRATSHEF, WA AG ST X %A
Hh HAth 32 5 I BRAT -

R, PATFHRIRERITE S KRS, T8 X35 HK AT B E TR
iE, 8flth, TRIER BEPITEBRFEANZERS HRERX AN TRITEE P,
WMRREI, PRSP RHRAERET, A EAFTHATHES35. RZ, WERXSE
ERTERFEANMET TR HNERL S A TIRATSES, W AT PGk SE BT W 1%
40 H A 22 B I RAT

FEABES31IH RI R I By, AN W9 A AT 4k S 34T B 3P 1 2B BRS 313,

FEHHES313, N ERER AN PTEEERIFHANPTESE.

M REFATPATEREANR G )G, IRBENHPRFBERLZ S HRITREE
ERENZGANPITRESE, ZEBETSE LR ERE SHNTRT RS EN
R, ERREER.

WG, AN R2ATRIESNEHANPITEERER SR HHANPITRETE—
B, BAE, RIESNMTSZANPITRERTEEZSZHNTPRITRE—B, AR
BN EGHANPTEERTE L AN BT EE B MR B NRIF#E,
M F2R TR 5 WPATEREFHFURE, SRRk, iR EA 35 HKH
TEEEEZZZANBPRITEEEA B MAT K2 HAT S ES315.

BT RERIERNELERL T BRPES3I5Z G, R ERERET A,
VNIRRT I E S D=V 2 g (8

Bl 4 A Ui B B SE R Hh  — P X BE N R AR B, B

BT 41, BT TR KB 5 B AR 5 kAT 4 AR B 4 4 45
RMENZGANBRATRESE, Hf, MR GANTRITREEE TR G4
H AL HE I AN 32 5 B TRBRAT 352 5 B AR s

WAUFR G 42, FATREFTREANR S HW AT RS LN 5 HE RHETRAE;

PATEIT 43, ATERIEESWERPRESALERIFTRTIRENK S, B
FEANLEGHBRENRZ S NPT REE;

FTRRAE R n428HF, BETFEAMAXGHAARTENZLHPITREENFTRZ S A
M TRAT R 5 R BEATIRAE

7E 20 42 90 AR, XFF—ANBAR IS AT DUR B B X 4 R4 s (il
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W, XZRE. ST, TFREEBSHNEGH) EERM LS G TIrkiE
Higit) o RiMi, FEEDRRKAR, 5 KRS I ERAER St e UM B
A MM BB, Bt AR L PEGE R SR B T R IR AR B R B B b R B
FARLHIREAF B S5 o BRIE, ASBEUL— N7 SR TR A BSOEE B A B I AR A SE AR B B ste s2
. Blin, AI4FEZHsH4 (Programmable Logic Device, PLD) (Hlinliza] 4wiE
[1BE%] (Field Programmable Gate Array, FPGA) ) WiRiXFE—FhEREE, HiZ8E
ThEEH A P X SR mAER B E . BTt AR BITRERTE N RF RS ‘B £
Fr PLD B, TiAS & EF S filiE) Bkt MsfEE HEREES . H, W4,
BARF Tt fE B B B, XA AE th 2 M “ BB 4 4% (logic compiler)”
BAREH, EEBRFITRES N AR R ERHERU, T0EREZ AT EREA
MR ENRETE S RES, WRZAEHHIRES (Hardvare Description
Language, HDL) , Tfi HDL B3F R4 — M, T2 ¥ % Fk, W ABEL (Advanced Boolean
Expression Language ) AHDL(Altera Hardware Description Language ). Confluence.
CUPL (Cornell University Programming Language) . HDCal. JHDL (Java Hardware
Description Language)Lava.,Lola,MyHDL.PALASM.RHDL(Ruby Hardware Description
Language) %, H B {#H #2 VHDL (Very-High-Speed Integrated Circuit
Hardware Description Language) 5 Verilog., A4 ARA RN ZFERE, HEE
B i B R UM B4R TE S HEEEREH RIZDIE R BT, MRS
543 B S %2 18 U7 1R R AR B BE A R B

Tl a8 v AR S 7 NSe B, Bilan, F2m0 28 T DUREUE] dn i ib 2 243 R A 2
WULFEITHZ (B AERPATHTHEITRERE (Bl rsREFD Kt
BT RAR . B8] FFR. FASEMEE (Application Specific Integrated
Circuit, ASIC) . PR Z B HI{MRAMEFHFHHEX, ZERHHHTEEBEER
BR T DL T4 #2588 : ARC 625D Atmel AT91SAM. Microchip PIC18F26K20 BLX Silicone
Labs C8051F320, 77 #4542 il 451k ol AR LI N A M S I Z N — 2. AR
BARNGBEE, BT A ST SR e AR 7 AAse Il k83 BLAh, e Ed
BT EPBRHITEEMERCEFEA S UOERIT. TR, THERBER. THEZH
P B AR GIEH R F AR SLIAFIThEE . B e I 422 1) 28 7T AR 9 — T
BEARERAE, T RIS RO A T SE LA PP Th AR Y 3 B T AR O AR AR I S5 0
HREEZE, W LOR AT SOl Th A8 i 2 B A 9 B AT DA R SEEL 7 R I AR AR B AT BA
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REBE A BRAF IS5

ER sl E AR RS BB RS TT, BTN Db 7 S Fr B SE AR SEER,
REHEFEMIDERK T RREIH. —MRABKLRAREZNIRSBRE. S8, FH
BAHRRBEE R R EV AR R RE, LI R SLHEH ohse i v S AL i mr DUOsA A
THENL. B ERGREN. EHANZE RS, BEHEE, HHLEE. HERiE. A
BFBE. HBAEBRE. SHMBE. BTIARE. WRERE. FRIFEN. 7%
BB AREREREPTHEMRERNAS.

BRAPHB DL D LR T 0S5 B RE B iR i 7 RS &R,
HETHENRE LREERFBRTUREESREELONRED R, LHHIFFI2EH
B BINF U AR Z 5 BHATIF B —F 5 K, AMREME—RPATIRF . LT
2 B B i 7 A AT I, T DA% R S ] B T s ) 7 TR R R AT R AT 3R
T (Bl FFAT B AR EE ZRBEL BN, EENHAABELERT) . RiE“HQ
& . B REHEMEARARERRFFMBENES, NTESEE— RS
BRRIOERE. Hik. PREREREAMEBERLER, WHEEHERARHIHKE
ER, NELRERBBAZXMERE. Tk MREEREFTEHAFNER. £ERAES
REIFFELLT, FAHBRARTEREERNIRE. Fik. P HRERE RE P IEAEESR S
RAHFARERAER. SIEFEREE -, E2FRAEARRIEH, MIFEARIEM
52 BT o

AT HRETTE, #RU LRER CAThRED & MR R Btk . SR, 7ESKHE
AUt B — AN B A IS AT LS SRR B B REAE R — AN B N ER AR/ BRBE A P SE B, 1R
A BURSEBL A — ShRE AR 2 N TR T BTN A S LIE. U E#ERRRE
LB R R BN, Flan, BT fsKRla, O —MZBRIIRRI S, LR
B AT LA 7 4RI 7 K, Bl 24 B e BRAL AR T DAGS & BE T AR B A — 1 &
88, B EAFET AR, BRARIT. SR, TESBITRNHLZ HARGRE
EHABBEFERITUEELT — &2 0, RERATNAZEESRBFEER, TUE
R, PUEEEREA.

EEPRSEMEARPLEHARTE. KE (RG  MTHENERFR &R
FEEM / BT HEEREEA K . MR AT dy v EALRE 78 < SCOLTAR BT / RO AR B A
K —WEMN / RTE. URREEM / RTEESPRREN / RTENES. TR
X EHREFRLIEATTEN. TRTEN. RARLCBL R wE L
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RbFE VA& WAL S8R DA AR — AN pLEE, AR I o B AL B At T 4 AR R A B R R AL
BRPATIRLSTEH T ERERERE - MRS MNMREMN / T ER— PN TER
ENFEFREHIIRNEE.

X TR P 8 & I AR R A 5] S TH P B H A T SR AR 408 AL B 1R % DU B
HTRIAERTHEN SR @RS, FEEEEZTHENTREESTNES=EaRE
ROKENHER, ZHORELPAEREER - TRERSNMREN / RGTEE—
FHERESANTHES I ERTIGE.

XETHENE IR S AR R BT AN R T m AR R e & b, ERET
FH AR TR B & AT — RIVRAED B AT BN, NETE
PLEHAM T RmE R & LRATHRR SR T RAERBZE - MREISDMREN / R
FTHEE—NTERS AN TIETEE TN P ER.

ERABPRES, HEREFAFE ARSI LESE CPU) . WA/MBED. Wk
BOMAE. AETRERETEI RN R R AR A EEAE RS, BEVLZ R 4448 (RAM)
F/RAEHRENFEERR, WREFMHEE RO SN F (flash RAM) . AR THEHLAT
BB

THEHAT RN R ERE KA ERMIEAA Y. ATHsh A AEA 8 a0 i 44A 7T CA AT 7 v
RBARKRLIE B, ERFTURTENRIES . BESH. 7Rl Hh
PR HENEEN BRG] FRE, EARTHZENE (PRAN « #AFENEDUF#
7% (SRAM) « B BENLAFEEUEAE RS (DRAM) o FoAth 82 B BE LA BUE GG 2% (RAM) - R L FF
2% (ROM) . EETTHERRTT 40 78 R 32245 53 (BEPROM) . HRINCIZAAR M A ER AR Rkt
3 R 58S (CD-ROM) « ¥ % TRk e#E (DVD) BRELMOL 4748 . BEE R, B
B A B B AR B AR R A BT B R ], PR TR AT B
BUEREFTARER . BBEASCHAE, RIS R A G A B
& (transitory media), WiAHI KRGS M.

EHRBEARANRMHE, RPUHB—-DRENEZHHTRENTE. REBTHE
PR M. Bk, XEHB—ANREA LG T RAHTEE LR TR ME
Ha Bk 45 A A AR T R SERI ER . T E, AU B — AN 2 A SRR
RE—NREMNHRFEEETHENTHEFRE KT ENTHEAEN R (BFEERR
THEBLAEAESS . CD-ROM. SLZEHFMARSE) Lt ENER™RINER.

2 YL B — AN R B AN L HE B 7T PATE B v BT T BN AT AT R A — R B R
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PR, Bl . — B, BRI IAT R AR % B SE DU E il R R
RURBIFE. BFP. MR, 4. BEEWES. W ES AT HERFEFLEA
AUHB—ARSA L], ERXREPARTEIRTS, BB W PEE R
TR H R ERPATES . EXANTERSE S, BEFERT UM T EA R EE
A A AL R TH AL B

7t B A5 P 9 A S 51 35 SR R G A O iR, S SR A1 <2 1) A [RD A AL R 3R
SEMS T, AL E AR RERE SR ARZ 4. BHE, MT
RGLHHIMN S, BT HERMUTITELHES, FrolfantiE e, Mzt
IR K2 WA AT . AR BRERT, ZHRE “—DLHH” . “—
SeHisl” o amBl” L CRARRE” L B R A)” SRR IR & % LG
BBl R K BN 41, MERER RS TAUHHHED —AEHFI B0R
Bl FEA UL, XF_EIRARTE B Bk R A X A A R B SE ) B 61
mH, #RKRARKFAE. G WRERE R AT DU A — > B A SE a1 R 4] 7 DA
FENTRE S o, EAMEIFERHBLT, AFREOBARN R AT OKE A 5E  H
HR IR AN [ SE T B 1) DA R A () SE B B B R ARFIE EAT S5 S A & . DL B Brid
PR P —AREAN LRI LRI, FARTREEERAF - A
LHEB . Xt T AFIEEARN BRI, AUt B — A B2 A St il 7T AT B SE i 22
o NAEARVHAFEFPNEREZ AFEREMES. SRR, S0tsE, HNaEd
ERFERBEEZN
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M E R P

L e S R IATE5 A FI IX SR AR G 9 T SR AT A
FriR 75 5 B4

FTRETRBPITENLH, BREZAZHATHITRESE; RELSIXHHH
PITEREEN BN L GHETHH, BREAZANZHA, ERENZHARNTAIATREE;
B o LS R ZEAR 5 H K THAT IR E R RKIZE TR

FTid T RRE TR 2 432 5 AR AT SR B R 70 H 45 R AT RAE; 7K IEE
NHERFRESAERFTITRRENIZ S, RGN ZHACENL S KHAT
EEE, ETEIMLZACENZE NPT RS RN FRZ 7 AR MHIAT R ERET
B

2. MBFEHMER 1 Fridw7i%, RETEIRZHBERIZZHPITEEEN
TR 32 5 AR AT R B ERITRIERRE: EPTENIZLZKERES, HHAZS K3
AT ERR X% AE 5 BT & I8 5 4 I TRIAT B SR AT B

3MMIBEBAER 18k 2 Frid ik, iR TEANZZHABRBENZZNIITES
X TR A AR PAT R B REITRIERSE: ERRANTREANZEKIITIITZ
JG, MEEIMTXZATRENZZHIPITREEEREN T ZANPITRESE, T
BN LS APITREENFENZH AN TPIT R EEHEITRIE.

4 MFEWHER 1-3 E—FrRKITTIE, Frid AT RR3E Brid 2 458 5 4 I Bk,
TREENTHERETRIERTE: IRATRAREFBRZENZHHNBRITRESR
RIEFTR AN HAPHZBHZ B REV HHEFARE.

5. REBAER 1-3 E—TFRNTTIE, FIRETWABMPTZALZEHE: ik
EWRETHPITRERAPITIRE AN Z, FrRTEEERE: Frid £ SERK
TREBANRZZE, FAMNENIZHETUTLE: #EiER 5K RAPITIRER
BEFRBPATRERAFENR, Kb, EX THRPATRHE L5 B AL R
KIEOLF, ETHRE - HHRAPTREEEFHERPTREE, BIRE X
HIFILRE BRI R BEEF; K, SIXZATHRBHIRFRTENZS
32 5 FERTR BT 3 5 B & R HES PP 1 E

6. MIEWAIER 5 Frid 771k, EEFE: RET BB LA 5 E TR
TR HEETHHIIRF RIERFTBNT R, RN RERIEAEINFRF, R
&R A 5 FEFT R AT 22 2 & A K HEF BT B AT AT TR 2 AN 5
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TARBEBAER 5 B 6 rifdfi ik, K, FREWRAETHHATRESERHIAT
TR 2N EHAE, FREWRERPITE LD RRE—ZERN, #ERHH
ITREEFTREFHATRE —RENE, EHEMBRHMIITREETREEITESE
—RENENFBRT, WRESEEERRTEE —ZENE.

8. MIEMAIEK 5 BL 6 Frid ik, H, FiRME R Z NPT RER T
E5RRBHTREEFENRETE, HEFMBRASITREETESUHTBRRZ B K
PATEREFTHE -XE, EHEFNBRBMIITRESETRENBE —ZENERLF,
EFTRBMPTREEFTHE " ZENEEMBTHATEEFTHE RENEL ST B
WMARA—Z, NHE AR %K BPATRES rid MPIT RS REFEMN K.

9. ~MEXRERGTHATR BN T, IRXRERGERE LT AMNT L,
PR 77 ¥ T IR T S AT, B9

MPTR £ SR ET 24 5 #1720 AR 22 A5 RMEANI 5 H AT 3
B, B, iR S5ANTPITREEETHIRAZ A EENENZ S K EHIT
BEEREK;

R PriR 2 A3 5 AR TPAT IR T 5t o 45 R AT R

FERIEEE BT RE S ELERIFITHITIRZ AN LS, BEAGIKLHABTE
122 5 AT B2 5 £ 5

HTRENZHHBFENL S NPT REEN TR 5 AR HAT RS RHITRIE.

10. RIFERFER 9 Fri® 751, Frid 2 TEANZHHCHENL S5 BPTEEEX
Frid % 5 @K MPAT R EEH#TRIEERE: EPTERIZZNERES, £HZ5KH
ATEER X AZ 5 BT 8 R 22 5 L K PRPAT B AR AT IR

1L RBERAER 10 Fridf 5%, FRETEMNRGHCENZZRHITRESR
TR G JR BT R ERETRIEERRE: ERRN RN ERIFTRITL
A, R\ESALHATEBENL NPT EEERIAZTNXHENRITESE, ETF
ARG ARPATEERN FANZ 5 AN FPAT BRHETRIE.

12, BRI EER O-11 E— TR TT 5, FridiRyE prid £ 432 5y 4 B AT 12
HEMN > HERETRIECHTE: RETESIZZHNTRTEEERIEMEEZANK
SRR G A2 F RV A A& .

13. —MXRERFGPONT R, B

s, ATAFrRXERE RGN T RABE AL 5T HRBKN A
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GRMENZ ZARNTHATIRE R, HF, FREXZANTRTEEREETHEZ %
AP AER S5 B RIAT R ERE K

BiEs I n, HATRBEREA S AT T X 2 H 45 R BT R

WAT T, ATHEREESHELTREIHLERIFTIITRREALS, B2
BT SHABFENIZ S NIITREE;

iRt TiE AT, E2TEANZLZABENZ NPT REEX TR HHK
PHAT IR G R HATRAE.

14, — X RERL, BEET AN A,

FIAETRAT: BARITEAIRE, BREAFIZLZHBIITRESR; RE\ELIK
BHBRTRERN ZANRZHETHH, BEASILHH, EREDL 5 AN BHAT
BEE; BodERNEANTSHANBPITEEERIZE N A

iR N R AT REFRENZZHRWSATREEN S HES RITRIE: £
BALES M B FRE T AERIFTHITR AN S, BEEIMRZUBENZS
MITIESE, ZTEMNZACHENRZHHTESENFTRER AW AT
EHATRAL .

15, —MiHENTRAEN R, X EFRAETHENRER, SR ENEFET
EALFHATH, T ENBATRRER 9-12 E— TR BTk K175 4

16. —MXIRET R, QIEFESNLCES, Pkt b A sa W HaT A6,
BT A0 B 88 B AT Frid W AT ARSI, SERAAI SR 9-12 FAE— TR 5 ¥ .
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