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RepChain—A Permissioned Blockchain Toolkit Implemented by Reactive Programming
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Abstract: The core value of the blockchain system is to establish multi-party trust. In enterprise application scenarios, it is necessary to
enhance the security, real time performance, and user friendliness. To meet the needs of the domestic independent control and technical
development, open source and win-win cooperation should be advocated. This paper proposes a permissioned blockchain toolkit
implemented by reactive programming named RepChain (reactive permissioned chain), which is the first open source reactive
permissioned blockchain toolkit in China. It highlights responsive, loosely coupled, lightweight, collaborative consensus, hierarchical
contract deployment and visualization of real-time status through a novel system architecture design. A secure channel is established
based on access control, and a synergistic consensus is used to replace the competitive consensus of the public blockchain, therefore, the
transaction real-time performance and throughput are improved. Experiments show that the reactive permissioned blockchain can
significantly increase transaction throughput, real-time performance and resilience.

Key words: permissioned blockchain; reactive; Actor; collaborative consensus; visualization

X et (blockehain) fE A — o3 A 3 Al {5 kAU DU R (0 0 A 2L Zene b, Araa il AS ol SLE5 454 1,

« BEETH: )N R (20180202001 5)
Foundation item: Science and Technology Plan Project of Guangzhou (201802020015)
A3 EH DX PRE R B TR R L R 2 G R 0T S I R R R SO B R
R ): 2018-06-25; & el i): 2018-10-12; AT F): 2018-12-18; jos 754k Hi S F): 2019-03-27
CNKI M 484056 i fi: 2019-03-27 16:40:31, http://kns.cnki.net/kems/detail/11.2560.TP.20190327.1640.007.html



ZABR e i X4 VT 44 2 Ak 28 4 — —RepChain 1671

FEAER G @R TT S AT RS — I R JE il e A 7 o %35 10 7 M B L 04 50 T A5 AT 20 B AR B s 2 .
SR IE 424 1k, DX A 1 A v e L 5% i g 1) A503a AT 48 J) BT DA B R T ST 36 R DL R 5 4 A 110 2 A il
PR T AT tof -+ X Hhe e g A A A Ml 28 3 5 A0 S A7 8% 4k T R 2 e B U781, 1 e e 0y o {2112 T 3oL T 4 22
J7 B UE IR K A B e S 2 07 R AT, A RER S LI P EE 4 BUIPLEL s Ll eI IR R
78 HRE E Yot R SR I B R T BT AR AR O A 8L, 78 AR b 3 v, a0 20 i L Ak 3 s o0t JH 30 3T o . A 1 A i
FFURFE 3 3 LA R Al 3% 5 B R A
VERIBE 6T F 2 5 241 1T SR IR & 0 ME N 1 7F B R Ak L 57 22 A ) B AE A5 0 AR T A B T 1
Z VR A AR B, DA by BE ik, mT LA i ek 2 5 SR sl e . T AP I LR A A B e A PESL R,
ATIT I B v S B P RN AZ 50 30 S 1) Aol B A DR bk, £ M 12 FH 37 5530 6 38k 88/ T 4 119 4. 9 5 =L IR B Al H
LT — SO TR AT A 1 AV ) TR LA AR e AT B 2 B A AR DU ) L
o ARG ZBIYAN U, R G & AL G v, A DO R Pk AT R e 3 8
o It AR T Z AL, FERGE MR, it s, R TR R B K
o ERZMEREMI Y RETE BT, 7F BAAS(blockchain as a service)fRzl R FEAR 8 48 1Y 25 N A% A B Y A
PEARBE m N IR AN AR BRER T 1 38 55 PR 5, 85 7 Rl v 4
o D RN X AN 4] T ) R s i A
H T O [ AN S T e VR T ) A 4 A ——RepChain. H A1, B P B A R 2 T IR A
20 A, A S R B TR AN
(1) R TCW s M AL 25 5 7% (consultation-free random draw algorithm with distributed environment, {&j F%
CFRD) W [Al 1 3L R AR A B BE 1 58 4 P LA
(2)  BASA W EAC AL e T ik R L SR T R e L TR R G, 7 A AR A A [F] 3 st o A e AT 2 48
(3) v T HR AL 20 (1 S fiASE e, P AR I vk (%) 3 St L B A O DR
(4) AU Actor SEFEALEL AT LLSZBLAT i oY o5 P4 0 A00RE FSE 0 10385 I 50 T A5 M b 45 1 ) 280 2 e o 37
BRI T B
(5)  FIH Actor IR B 7 B 1 AR 45 A 45 A2 E B AS [) SR A () 1) 240308 28 SR s, AT 5 BRAR Y T 5 44
[1 22 4 [ B8 5 BRAT 1k BB 2 TR A AR TR i 5
(6) KHETBAMLEPIRS SR EEMEUWRR & T RAMN S SR, HiaFD . KR8 5E/%k. H
PO sk s, Rk . B e s gl .
ASCER 1 19 28 DX PR (A% ot (8 00 o B 20 5 PR AR 0, 060 B 2 A BN/ A 1R 4 9 07 2058 2 1 A 4
RepChain [ R LK, 3L 6 DRI KRE— AR RIS LBEATH WSS 3 54044 RepChain 15 A 4L e, o
REARHI B V1 T7 R REAT UL 26 4 35/ 43 RepChain P ESZIG . I J5 6 45 4 SCIF kAT R 3.

1 35l

jillf3

1.1 XEREERH AR

DX A 28 5 110 100 M (10 2 S 7455 A, IR R+ A R 1) i 5 U OV gz L e b aE 3 T AT AR 44N
AT U ] DA AT X e 2R 4, 15 2 L A 45 S0 25 LB IR, 2 T3 W I T 56 1. X
TR 1) 5 it 3 G 2R A% B8 R R AT O AR A B AT IR I B 1 R Bk R 48 B AR AT O AR A
FERUZ 5 A VR BT 49 4 1T 8T I g Rt >

DX HBE AR S5 I B 1 ()T 7,8 2 B — FR A i 5 2 1R X B 2 A, A A DX e L TR 60, 5 42 e HE 510 1) A8
SN0 — AN AT S AL S AT R B ST A 55 44 A AT, DA sk A2 i T np s gt B SO H AR,
MRE (0 B 2 S5 M T TR T 2588 S REIE 0 AS R 5%

TR N B S 1(0) 7R, A2 B &l 2 20 1, B0l A B e 2 T 3000 (W B2 BRI, FH 7 R R 45 4T
ARG M0 T X HBE A UL, B R U Fa B 1 R GO i s S P AR B G R A N FHEGETREH



1672 Journal of Software i34k Vol.30, No.6, June 2019

LI AT 56 UF ) ACH
Tiif— X Hthash B —[X Hhash
501 | 50184 RS | KRN T2 A% 4
LHH02 | A 502854 LH12 | 51224 522 52254
TR . || | LS. RS
Bt 4 XE12844 X sk 44
BB X1 X He2

(a) DX BRBEHH 4544

S0 | B G | Bl O | BdEH

502 | HEHE 52 | Bt 522 | Bt

.. | BRI G | A Ty | Bt
%0 #1 #*2

(b) A48 N H Bl 454
Fig.1 Data structure of blockchain and traditional application

BT YRR AL G2 T B 4544

B3 DX HREE AN AL G N B0 25 K40 PR AT LUK B X PR B K R AR 2 3 0 2 55 T7 ST e K <
S 33 R LA AT O T AR TR A AT 60 A Gt 22 G A5 AT D) 3 21060 2R 46 L 11 v 30 E 00 1 15 8 2
DX R AR A BRI

OSSR 47« I 281 190 S 200 SR RO LR 75 5 22 (0 5000 o N L 99 s el ok 16 g K5 g L
TR 22 BN SR R T DR SR m A ABLR) I, 28 A B R ARl K RS 2 )L F) 5 4 PR 3L IR 3 8O AT 5
SN 2, A B 3 R AN e VR T 1 A 3R S AT M N LA B ME N R R S ST 22 A AR T RS 5 LR
T U, P ) PR R S O A B 58 4 P PR R 0 TR RE 8 BB M i v 5 ) ST I A R ) T

P (AL S 2 s,

(ay AATHE (b) VT
Fig.2 Access methods of public blockchain and permissioned blockchain
B2 ATHEERVEEEN I 5 5
FEE 2() ) A HEP ) 8 B AT LA T s (U AE Y i A AZ TS0 W 5 0y AE & 2(b) VR R B,



RS 5ok i X4 4% A8 28 — —RepChain 1673

R s B N AR 75 483 LA™ s (W 7E M1 il A)VIEAT AR 30 B4, T 28 B AR AE A G B vh S S R L
503 I ME— = B T A0 VP W] by, 4 T A 30 10 7Y 0 2wl DA Bl P A 52 3 P A 1 B A RT B R IR T
BELEHE N ML A b T 25 B SCRF 2 0T 0 W 55, T L i O i FH P OB [ ) 3 i T 2 b £ 47 090 B A

1.2 MRz sCmAE & SRRk

& G THT 1) %oF 52 Gt PR AR 284 7 W 5% v 3 R 4 A1 32 6 I A7 7 Jm) R A8 22 A S PR ) — A v i T 22
3 A0 2B P UE A e ) — SOV (RN BU™ BT R 2 B HLAEAE  W 2% SR v HLAR by S B

Actor FREIP iy 1 545 A P2 — B S B, 7E Actor R 48P REAN S A — N S 3H JEL I Actor, Actor (11 P
R R AL A 1, LATH B IR B AR A% SE 1 U7 208 T 58 A .43 B0, 2K i Akka Actor B 1) scala 1 55 35 %
67 387 G R, FLAE 4E RF 40 A1 X R G P 10 R A i e LA £ 1),

RepChain [ 52 IR A T Actor #5889 124 22 I HH B4 1 22 45 B A1k [ 6F, 2 00 2R 4 (RSB 3064755 )
#4475 RepChain [P Re U0 AL R b R I, 8 SR8 30 47 78 BU O™ HE (1) BHLZE GREIT £ 120ms), 46 58 T 24~ &
N RERP A &) Bl (transactions per second, {&j F% TPS). A b, ok a2 #4515 1517 3K 119 A B2 A J5 K 14 B2 Actor S 5] 52 AT 2
h% Actor SEIFHAT K 61515 100G SR DRI EE A 51 5T BE 1K) Actor A5 BT 1AL BE (YT Actor; [F] B R FF XS
AMIR S I T SR S A, T Actor X 58 K B AL B AR AN A Uik 5 T P AL BRFE I FRAK T 40ms,
RGN TPS $5h542H T 60,50 IACES HAS £ 300 4712501 7] 2 R 46K FH Kubernetes %5 1 HL AL 25 38 9 5 AT 51
708 B LS I AR (0 A /- R R S ) 1 Al e S B ) R

2 RGELEN

22 TR0 A T 4y AP RepChain 1% ik 2 W T 1 5 233 702 88 T APT 2 A 4 2.
RepChain R4 N 6 ZMIRZEE LREDMERER . MEE. IWHR. GZ4RE. APLE. HER WK 3
B,

[ sy BT
iz ] Protobuf 1) \ ] WebSocketifii% \ ] HTMleﬁf&&ﬂ
EErEREEERETT
APIJZ Restful API ‘ ’ Swagger Ul ‘
[teanzon] crusmenk] whsis M asan | embr)
I 1
EEN G ! R !
" [ il Sl ——————————— i —— 1
| [ cerottyions | L) [asursiar | Medeloie]| g |
o | - 'l '
Lo WASR G WihdOR
TLSA M VFa] o
TLS ECDHE P2P A/ 1)
_—_ ECDSA_ WITH N P Protobufilf LI
ki AES_128 GCM_SHA256 GossipZH M 1£ %
DI sy B X HeZs| ‘ ’ WorldState i ’ Hudli & X :Protobuf
L e B 2 S —— — ==t
I | | sHA1wi
Al i ’l1¢§éﬁAPI" LevelDB \ E | SHA2561t: 75 ECDSAV‘;‘I;% i
A T R § N .

Fig.3 System structure of RepChain
3 RepChain R %451 E



1674 Journal of Software i34k Vol.30, No.6, June 2019

(1) Fd )2 457 B a8 S E 457K ] Protocol Buffers 5 X SCAE, I LA g Bl S BB A 28 e
LTI T AN NG
(2) MZZE: KA IDK WE R TLS SEBL SCHEA B 0] 3G UE, 76 B Al B 3EAT 25 Hh0 b 11 gossip 21 9, I 2%
{545 32 45 P2P A1 Pub/Sub W7 2X;
(3)  FLIEFE R H IR A A AR AN S TR R T S A5 S B 2 R £ 4 1) CFRD 45030k, BUE SRt 1) 28 5 (1 52
RF P T2 SR, SR AT — 8 S 97 1 e A AR B B N S TRURE N B R A8 5 0 38 i — 380, B ) LR AL
5 WGP AT 110 &5 SR i — 3
4) BHENEAPATERAE LT RS SR A MBS E . BAT I IR g B AT
(5) API 2424048 0, a3 = J7 W LA Restful B S R H, IF R IF A& @ T Swagger Ul
AT 2R APL AR AT 5y B 444838 X HRFIAZ ) R R S L AR T R
(6)  Wi¥m 2 AEIX Bkt X 4% TPl R F AR H 3 IR L BL Protocol Buffers 4% UHE% 2 Web ¥, L HS EIE
FOR AT 2RI AT WAk S 7= 0 2 [
RepChain F JT 4% 52 40 A1 b5 HE Ak 1% U1 48 T 3580 1 K 16 3R 5 4k S5 30 58 52 R 55 T 2 (491 2 201 194 £ 1 A
TLS1.2 J+-4 E| TLS1.3).7E H § & T8 (1 T e 56 2 1R V7 ] S FE il 41 444 1 RepChain AURH 44 &2 /1 [R1 28 528, 4>
AL AN 11 000 4T 26 A7, 503 A £E TR2 92 B R 48 45 3 S AT s B T4

3 fEHgIt

RepChain e A6 BEvFH 48 v A SR ARRS & f R 10 BRSNS 1506 B — > ActorSystem, T % D)y RE A5 B 22 ) 2
N Actor, 5 APL IS5 ST JLISRNG . AR B, 4 Jros. L3 —A> Actor AN BN IEAR Actor 2
[ FR) T S AT Lt AN 2 7 2 2 28 AORE P 10 30 (58 - EAT AR S T .

> E5EE 3¢ A
s = | e o THITEER

o EHRT 7 = =
H i " « ETHAFEEEH

» & EHEAE R s Protobufid B

I

I

I

I — e

| EQ -

| iR TRE/EHE PR

! T T |

! I [ |

! I [ [

| [ [ [

w
v BPEE + L:zw:DE « SHA23S + ERweEERTEN
. TREEIREE . IR + SHAIWHECDSA o TREE RNEE. gEsE
* Rastful AFI * EiFrrotobufSiEventiE BIEE

Fig.4 Interaction between modulars

4 BT

(1) LAY
210 2 4 B T 5 AT IR RE A N T 5 38 Rk T 80, D 7 36 s AR A A 15 240 4R AT IR 19 s T2 L B B U



ZABR e i X4 VT 44 2 Ak 28 4 — —RepChain 1675

(CPU. AT A7 fiff)id JBE by 380 7 38 2 o 240 PR R AT SR U Rl 2 495 Mt AEL2E e 0 45 0 SR AT 0 R MM 15 o 0k
FELES (Y] WorldState, IR ANFG AT H 5 3E R A5 R PE REACAT

RepChain K Actor #8784 2647 3% W1 PE, DX L RE % S DLAE & 20 AT I 4% [ 5 29 1 32 A5 AR R BE e A
TR HERE NI EIAT SRR ATI TVM BERE AT A A R AL AT AR 15 205 AR RE B AN 7] R A [V )
LR A, T £ BRAR g T 2 () 2 A S AT PR R T A7 A R R

T3 A0 IRE B AR 5t Actor BERSBE S X & £ 1R P AT J7 SCREAT I B2 ¥ 56, AT SR R 05 B ES 1  Actor, 1R
H T Actor JREAR I 15 2oL, pR i TR 28 & 240 5 2L ER AT AT IR L8 5 LY BERS T A AT AR A ARl Actor H5 534730
TS SR AL H ) 5 L0 FRA% P I R PAT U SR AL LT T B 1 Actor, MEIHEZ B % Actor 2 5 9 K 40AT . &
5 TR,

Fig.5 Execution of contract
K5 &4ar

(2) f#fiti

RepChain 75 H (i SCAF 74 F LevelDB 14 i, SCA I SR AT 135 DX B84 LA K 8815 8 Level DB A7 85U IX He il
SR GUE B RS L85 1 WorldState {5 5L AF it AT 5 LR DL BCIRE B0V LA S 45 A8 5 TRAT 0 IE
S BRI AZ AT G5 SR AT B S e 2 e AL

RepChain {7 fiff 45 4 ¥ 1H W 1&l 6 o, D fig 4%

o SCRFIXHRIEEE 0 X HRAE R AL S 5 IR G AT R

o SZ¥FTE WorldState PRI IS UKAS 5 AT IRPIRAS R

o W HrX) WorldState #:4T Merkle i1 5.

FESCIE ZR S8 APLZ 1 SR 73 B BRI G AN RS B BB S0 1 5 N/ AR RE R B F HOA T
S DR M E s PR TR 3 TE Level DB Hl 7 0 IR BB 1t 9 A &R 51 DUSCRE R PERE RS 2R

(3) Hfs

WAF RIS Akka Cluster 2 E 20 W5 f 2 [A) LU il Web i 2 (8] 2R 7 4146 25K H Protocol
Buffers({&j#% Protobuf)#}iX.

Akka Cluster 2% 2= /0K IE) gossip B SCZH M, 'e 4 DL Dhfig.

o VTEZIARM TLS1.2 11 & Ax il 5 15 i

o IS RGEFAFEAN T T LLAERE IR A AR RORLIEL

o SCFFT RUZIALR AT B U7 GlAE

o SRR IR P2P U7 AR,



1676 Journal of Software 354k Vol.30, No.6, June 2019

AbstractLevelDB

Fig.6 Design of classes structure for storage
Ko Afrikdiaityieit

ImpDataPreload

4) K
SINE LNV 2Z )5 AT ZEF TN B A 5 S FEN P 3847 am N\ 6 3 75 5 TP ST A8 5 5 <l A
7 AR R AT e TR 1 7 PR

A —[X Hthash Hif— X Bthash
501 | 50144 O | ZEH11%84 W21 |14
502 | B 50254 12 (551254, 50 | B20%4,
w5 | sl TS |55 Bk || - w5 |5 L%

Bt 4 X He1% 44 X 244

B X1 X He2
GAPAT B My
setState(key1,valuel) HELPAT LT
setState(key1,value2)
y setState(keynl.valuent) v Y

keyl | valuel keyl | value2 keyl | value3

key... | value... key... | value... key... | value...

WorldState 0 WorldStatel WorldState2

Fig.7 Consensus mechanism

K7 AL

58 BB [F) 28 2 2 5 JL VR IR T 3, U et A 3 X B s (WY R4 1T e 70 2 5 35 1H RepChain LR
Fi CFRD 5032, % 715 SU7E o200 i (R T 42 N R A 4 I — BUR Dy BE B LD 7 4l 25 v 1 J3T SO 3 41 A6 B N
M) B, LA M — 1R — A1 U 4 A R F HE B e A SR 22 i R R RS BB IE R H B B B R HE RS R
BOEMAL 45 R — AN e s

RepChain K PIIT BCAERSE 1 B B Py sl 51 Do o 2 38 9 8 o 25 44 900 UE 1K 52 5 #4247 B A B B
FRIAT SRATF IO 0 45 2R 2 )5 B A0 T AT HE B AR 1) 25 55 3R TR K5 A8 T SR IFE SR 15,58 2 B Beih By
Y 2 R A T i P =i o i T B B A s W b= R e 2 ) D 2 o IR 2 AR R SR W HE |2
PR R

(5) AT R 5 HEL

RepChain FH A EIE T Akka Cluster Y Sub/Pub, L Event Topic | 3% 242 it F {4 IR 4 /) Event Actor.Event



RS 5ok i X4 4% A8 28 — —RepChain 1677

Actor 1]} Event Topic Jf# Wt F4E3 &, T EventServer ¥ & F 414k A Protocal Buffers 71 i 343 2131
B A%, 0 Y5 1k WebSocket Client #2280 B HE12% (1) 2 15 3t Ja 8 S 77 514k ok Event St %, 4% 5 1 F Al A4k A B 3t
ITsErbR SRR EEL AR E 8 B,

RemoteActor EventActor
sendEvent Event i
Subscribe/RecvEvent
Event
. Source
Topic
LocalActor EventServer
sendEvent Event=>BinaryMessage
WebSocket Service
handleMessageWithSinkSo
urce
Graph Draw Browser
Push
protobuf.js
Event<=BinaryMessage
WebSocket Client

Fig.8 Subscription and push of event
8 HAIT] S HE%

(6) Itk

AR BRCRE IR G AR 1R S IRPIR S, A AR K5 SR B T

RepChain 3 {1t 1) SR ZR T W1 9 Jis: 2300 i BT D AT b 38 20 2 e ME AR DX, Sl 7 AN B A2 Jle Fg DX BR B J
B S WA T 2 H X, BLSCATS 3R Bl Sk o B e B0 () e 11T DI R AR 4 I, I Je] g s [ AR
RS 5 AW /N BN R B AR Y AL AN RPIR 2 s 2R 0 AR H By iR e AR B o,
R AR 2 i AR e S )20 14 L

Iiock? 20181058 FE7-30:10
BiockaB 2018008 THTa814
Bockd5 20181028 THT38:14
Biock34 201801028 F7-30:14
Biock3d 20161008 FFT7.38.00
192_168_31_126_ 56387 BckI2 20187028 FH7I8:09
Bockd 1 20181028 FHTI8.00
EBaock30 20181026 FH7-38.04
Biockal 018108 FETI8.04
Bock2f 20181020 FH7-0:04

\ Kranacor erdorse Boc2? 20181028 FETIT50
192_168_31_126, 3g3n Sock28 20181038 FETIT50

Block25 201641028 FF 71750

e

ki sel 671, 17856300/ user modulshianagee cormansualianage consensys-CRF I biocker - B46083047

Recered: 3 from Endorsement

216431, 1244830 umer/moduaMansger ‘comensushAanagar consens- CAF [Vendore S200H0 10T 28
Endorsemant

2 168 31,126 38401 fuserimoduishansgercomsensushianagenconsenss- CIF (endorsen 14823753

152 168 30 136 55350
2,188,311 48900 user/modulshianagerconssnmushianager conssnsus- AP DV biocker# 1800753108

Fiocarend: 2 trom filoce

JFiepchain@ Tz, 16831, 126.50360/\usen modulshianagen consenmushanager consensus- CAF Do ker 0866713

Recaived: 7 torm s ssl ep.Fspehain@ 102,158 31, 126-55387 e moculshianages conssns lisra gan conserays.

akice sl A Flapchain@H 2. 1 58311 26- 55087 fuser Moculshsnagee consenssMaragan consens:

Fig.9 Real-time state diagram
9 SEEPREH



1678 Journal of Software 354k Vol.30, No.6, June 2019

KK X A LR JLAS Topic.

1)  RepChain:41 M5 fi 1944

2)  Transaction: 15 £ A AE A 5y i 3K

3)  Endorsement: 15 il 7 B H 1h;

4)  Block:%8 5y ik B

5)  Sync: BTN RS A AU XSRS LA — SO, kB R P R K

21 T A5 Topic 2 IA] [ 26 AR 3R 1 B A5, Ho 41 26 AR 3K K 3% Topic 1 B, 2R 0K MIT T 1) Topic #210%
FIEE. N E R R R TT AAMSEMN ., B D AT SR, WY I, RIS, OE
P e S 7R

4 RepChain M REITAY
Pongnumkul®5¢ i T LUK (RA geth 1.5.8) 75 Jadal - 11 1 AW A 52 560 AF Sy ef EU, A SCHE SRy sk 9 b et
T RepChain(i4s improved tps_20181026) L HE 3t S 46 24 sty 2 B )L 3 1.

Table 1  Contract of experimental result

R1 LR

A5 W i I ZiE
EA S WK IR BT R % SRR I% SRR I% R %
100 22255 | 1000 22455 | 100 2£25 5 | 1000 2455
. | 56 8 3.20GHz. 15G WNTF. 128G
PLAE .. o 38.93TPS 34.40TPS 2.15 26
PRIT | " SsD #e it i, TR s s
. 5 4 8 #% 2.40GHz. 15G W1 100G
RepCh AN 44.7TPS 143.30TPS 1.75 4.84
CPVNAIN s L. TR % s 3

AR AN A W7 R 3% 48 B 1415 1L R ,RepChain ] TPS 28 5 1 = & & ££ 320TPS

S 45 IR R AT R N 100~1 000 B, LUK DS H9AZ 5y 3 1 B I SE 2 2% 4% 11, RepChain [{)52 5 il 5 _E T
IS S A BT G 05 A L3R 5256 45 F 1 ,RepChain A2 5y 38 32 15 T LUK YIS, I AE 29418 T LUK Y, H KA A2 5 2t 0 1
RSN S

S 4 SRR, CFRD iy ) P SR B AT B 10 58 S PSR AE A Bl B TPS AT 48 J5 T AT R e
8 TR T 17 Wiy 7 2/ R B () 2 A

TIANAICAE 30 AT AL IIRETR SR T 3l 4 b AR ) 7 OB 3l R R P L e, R S A RE
55 90s T 7] 20 4 W T RUIR S IR EE IE 2 5% 52 06 45 AR W] AE 7 A 53R BT F RepChain FL 4 R A4
PRI R Actor H5E 7Y 1) T JEL B 8l LR DRV R BRI AN B DR R — 52 104, T AR P I AN RE B A
(T S WA LY A1 ] 182 A Sl G RE 29 TR, 2R B8 REE IS 70 A1 SUIAIE 1 4% 2857 3

5 RESRE

D RBE T 2o 58 5 58 M AL SRAT O BRSBTS 5 Z M AR BB, B B I %
LUSE T A AT A G0 I A 0 5000 A A 35 A T 1 XU T DX B S S e 6] A8 5 26 44 DRAIE T VA AT o 4K
AL K 30 e o] i X R 25 A ORAIE T 52 Rl 16 i 5 (RIDAS 7T Sk 0 o500, DRI R AT O 3 Ak 22 1)
TS T BT AR Bk 1A A 24, DX DL A AT B 5 S B B N TN H L (EAE Al 37 5t 1 1 ¢
RA RN

RepChain LAV 4 H bz 5t 3R 00 T 1R A 55— 3w b, i g VR m] BERE R AL LA 122 5 i i
N 1 F1AS By 3 . 2 HE 3 N 7 510 2 1 RepChain %33 TR Al D g, O B S R RFBH 8] (AR RS &, LA TS
A AE L A St P AT I

H i, RepChain 28N I B AF UL . PEBETEEE . 3 2% AL 05 45 ST B T RepChain 1 ke i B i S T



RS 5ok i X4 4% A8 28 — —RepChain 1679

#2577 B as Of B3 — b MK 2 5 07 38 1L AT AR A N IR A A Hd S 15, e AT R 3R v LTI 3 1 AR g
RepChain Jy f& G5 i A4 (1 HL 7 R4 A7 T0E 1 55 8 N 17 B8 5O g 36 30 (0 A, A FE A 0 2 38 T g Bk, A £R97 17
FL IR ) S BE R, JF B T LT SR Pk A R .

FArI A XS RepChain (19 T BE B K T & 8 20 10 S B ML 23 48 13 45 P AN 7 C8CIE 8 ST (A28 5 Ton DX B 11 1
R J FR R AT (A1 .

References:

[1] Zuo C, Liang G, Xu H, et al. Contrastive analysis of blockchain and traditional software technology. Information Technology and
Standardization, 2017,(5):23-27. (in Chinese with English abstract).

[2] Ministry of Industry and Information Technology. White Paper on China’s Blockchain Technology and Application Development
(2018). 2018 (in Chinese).

[31 Shao QF, Jin CQ, Zhang Z, et al. Blockchain: Architecture and research progress. Chinese Journal of Computers,
2018,41(5):969-988 (in Chinese with English abstract).

[4] Xu XW, Weber I, Staples M, et al. A taxonomy of blockchain-based systems for architecture design. In: Proc. of the 2017 IEEE
Int’1 Conf. on Software Architecture (ICSA). IEEE, 2017. 243-252. [doi: 10.1109/ ICSA.2017.33]

[5] Cachin C. Architecture of the hyperledger blockchain fabric. In: Proc. of the Workshop on Distributed Cryptocurrencies and
Consensus Ledgers. 2016.

[6] Vukoli¢ M. Rethinking permissioned blockchains. In: Proc. of the ACM Workshop on Blockchain, Cryptocurrencies and Contracts.
ACM Press, 2017. 3—7. [doi: 10.1145/3055518.3055526]

[7] Sillaber C, Waltl B. Life cycle of smart contracts in blockchain ecosystems. Datenschutz und Datensicherheit—DuD, 2017,41(8):
497-500.

[8] Min XP, Li QZ, Kong LJ, et al. Permissioned blockchain dynamic consensus mechanism based multi-centers. Chinese Journal of
Computers, 2018,41(5):1005-1020 (in Chinese with English abstract).

[91 Hewitt C. Actor model of computation: Scalable robust information systems. arXiv preprint arXiv:1008.1459, 2010.

[10] Kosba A, Miller A, Shi E, et al. Hawk: The blockchain model of cryptography and privacy-preserving smart contracts. In: Proc. of
the 2016 IEEE Symp. on Security and Privacy (SP). IEEE, 2016. 839-858.

[11] Neisse R, Steri G, Nai-Fovino I. A blockchain-based approach for data accountability and provenance tracking. In: Proc. of the 12th
Int’l Conf. on Availability, Reliability and Security. ACM Press, 2017. 14. [doi: 10.1145/3098954.3098958]

[12] Micheler E, Von Der Heyde L. Holding, clearing and settling securities through blockchain/distributed ledger technology: Creating
an efficient system by empowering investors. Journal of International Banking & Financial Law, 2016,31(11).

[13] Jang H, Lee J. An empirical study on modeling and prediction of bitcoin prices with bayesian neural networks based on blockchain
information. IEEE Access, 2018,6:5427-5437. [doi: 10.1109/ACCESS.2017.2779181]

[14] Decker C, Wattenhofer R. Information propagation in the bitcoin network. In: Proc. of the 13th Int’l Conf. on Peer-to-Peer
Computing (P2P). IEEE, 2013. 1-10.

[15] Xu XW, Pautasso C, Zhu LM, et al. The blockchain as a software connector. In: Proc. of the 13th Working IEEE/IFIP Conf. on
Software Architecture (WICSA). IEEE, 2016. 182—191.

[16] Watanabe H, Fujimura S, Nakadaira A, et al. Blockchain contract: A complete consensus using blockchain. In: Proc. of the 4th
Global Conf. on Consumer Electronics (GCCE). IEEE, 2015. 577-578.

[17] Gipp B, Meuschke N, Beel J, et al. Using the blockchain of cryptocurrencies for timestamping digital cultural heritage. In: Proc. of
the Workshop on Web Archiving and Digital Libraries (WADL) Held in Conjunction with the 16th ACM/IEEE Joint Conf. on
Digital Libraries (JCDL). 2016.

[18] Liang, XP, Shetty S, Tosh D, et al. Provchain: A blockchain-based data provenance architecture in cloud environment with
enhanced privacy and availability. In: Proc. of the 17th IEEE/ACM Int’l Symp. on Cluster, Cloud and Grid Computing. IEEE Press,
2017.468-477. [doi: 10.1109/CCGRID.2017.8]

[19] Browning TR. Applying the design structure matrix to system decomposition and integration problems: A review and new

directions. IEEE Trans. on Engineering Management, 2001,48.3:292-306. [doi: 10.1109/17.946528]



1680 Journal of Software 354k Vol.30, No.6, June 2019

[20] He JH, Chen Y, Li BZ, et al. Research of financial security model based on compliance chain. In: Proc. of the 2017 Int’l Conf. on
Arts and Design, Education and Social Sciences (ADESS 2017). Wuhan: Zhicheng Times Cultural Development Co., Ltd., 2017.

[21] Agha GA. Actors: A Model of Concurrent Computation in Distributed Systems. London: MIT Press Series in Al, 1987.

[22] The reactive manifesto. https://www.reactivemanifesto.org/

[23] Valkov I, Chechina N, Trinder P. Comparing languages for engineering server software: Erlang, go, and scala with akka. In: Proc.
of the 33rd Annual ACM Symp. on Applied Computing. 2018. 218-225. [doi: 10.1145/3167132.3167144]

[24] RepChain: Reactive permission chain. 2017. https://gitee.com/BTAJL/repchain.git

[25] Concurrency. 2018. https://gitee.com/BTAJL/repchain/commit/949391¢3f3b7d70469b6202192244843cd20d68a

[26] Pongnumkul S, Siripanpornchana C, Thajchayapong S. Performance analysis of private blockchain platforms in varying workloads.
In: Proc. of the 26th Int’l Conf. on Computer Communication and Networks (ICCCN). IEEE, 2017. 1-6. [doi: 10.1109/ICCCN.
2017.8038517]

M H 325 2% Sk

(1
(2]
(3]

TrAR GRE AR G I U BOR 5 45 e IR AT B AR L 4317 A5 BB 545 uENL,2017,(5):23-27.
Tl AN B AT A R 0. 2018 4F v [ X B 7k [ % 15.2018.
I 7y U, VO T A A X R R S B JEE T B4R ,2018,41(5):969-988.

[8]  XIHIT, 2= P i AL 24 44,55 VPl ik 22 vh oL s AL RL L VML 2% 1,2018,41(5):1005-1020.

FHEBE(1968—), 2 WAL M T g TR
ili,CCF 4l 4% B3, 32 BEAIF 5 A0 X Bk
BB T R P AR

FRBE(1972—), 55, W gf T REN, 32 2EF 7T 40
350 A DX B 0 LA S A IX B B R Y
ISR

FBAID(1990—), 55, W B T AR, 3= SLAF I
AR DX HRBE, TS LN A

EEH(1959—), 99, 0F 50 01, 32 BT T4 K
Pk TR

B = (1972—), 55 BAF BV, 32 2 5T

REE(1962—), 5, 2 TREN,CCF £k 2
01, 2 BTSN X e, v LN



