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ABSTRACT

The essence of the blockchain is a distributed public ledger. The ledger is open to
anyone, but not a single user can modify it at will. Only the blockchain nodes selected
by the consensus mechanism can change. The decentralization, immutability, security
of blockchain provide a good execution environment for smart contracts.

The current execution efficiency of smart contracts has seriously hampered its
application in many fields. Smart contracts are invoked through blockchain transac-
tions, thereby increasing the efficiency of smart contract execution is equivalent to
increasing the processing speed of blockchain transactions. In order to improve the
processing efficiency of transactions, the paper proposes a transaction grouping par-
allelization strategy to process non-conflicting transactions in parallel. The smart con-
tract platform in the strategy is based on AEIf, and its smart contract is to support
metadata. When processing the transaction, the strategy marks the resources accessed
by the smart contract function according to the metadata, then builds the union-find
set of resources according to the result of the marked resources, and then finds the
subset of union-find set in which transaction lies in. Every transaction in the transac-
tions set need be set into the corresponding group according to the ID of the subset.
And then the result of the transaction grouping is merged according to the concurren-
cy level, and finally the result is submitted to the Actor model implemented by Ak-
ka.Net to execute. Experimental results show that the transaction processing speed is
greatly improved by using the transaction grouping parallelization strategy.

The transaction grouping parallelization strategy has certain requirements on the
performance of the computer, because the concurrency level of the single machine is
limited, which will limit the efficiency of the strategy to some extent. For this reason,
the paper introduces the cluster on the basis of the transaction grouping parallelization
strategy, so that it can improve the concurrency level to reduce the probability of
transaction group merging, which allows the Actor to process fewer transactions and
improve the efficiency of the strategy. It has been proved by experiments that the
processing speed of transactions is improved again when using the actor cluster based

transaction grouping parallelization strategy.



KEY WORDS: Blockchain, Smart Contract, Grouping, Parallelization, Actor,
Cluster
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FRM: WRESAREEAAAXIEE L, e LI4E B CRPRES, 26 E CirE
BB 57, w] DRI BT . RS AR A 2-4 PR .
BT, B RE S LR G A L T ENLE S SEIM LR A, BRI

ITAE X UL ERGTHSERURE R, T AR 2 — 8 SR I AT

&, —HEE|X g b, s A
222 AN ESIIT

Y

e e Y IET e or S IV E
BUPPG FIBAT RN R A 2T
8

=
A ab
%-Q%E'? He = He'|\

o
%’ Hbé\

ZIER S SE Ik

F 114 Ethereum, Neo[23],
& R BEA L AT HLI SE LI

AHE, ARREGEEL 6528 72340 IVM ava Virtual Machine) )

BB
Fihereum - SOLCHHEEE
I FHig
%ﬁ%ﬁiﬂ?—%ﬁ%
RPC

1
o "
: EthereumpgZg :
| |
| |
| |
| |
| |
| EEaKTEE BRANTHE  ERANTPE |
| |
| |
|| ornee RERGEAIE e ||
Lo - |

K 2-5 JEF Ethereum [ B8 & 20358 E I FE

ERIML, 1 EVM (Ethereum Virtual Machine) ,

& Be & 2R RNREREHUT: A —RER 5L
WL R LB B & 2 P AT, W AEIf.
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BRI, ERAREA M. SCIFMZ AR R RN, RN T RIE 224
HH PR PR A

AEIfZ g
l RDEE
RPC From : JAAEKF
To : ERREAELIHbE

| Data : HRRIERENSE

l BHFTH SOFL3 l

PITER PUTER
XERGEETE XERGEETE

|
|
|
|
|
|
|
|
|
|
|
: [ EFHE AT
|
|
|
|
|
|
|
|
|
|

K 2-6 %1 AEIF )R BE S AHATILRE

=a

THREE LT G DA, R 6eE L& AL AH [F . XFT Ethereum,
BReA L — M2 i Solidity®1R S, 4’5 6 E4 SOLC Sy 1itd, A5
I — B G R LIME e & A EE, KoM aEEA 83 E KK ik, &2)
FHLEEE, XoHRNESAREL ML, &2 b AT K P bk A a) g
K7 Nonce fENE N, B3 Kecca-256 Il 2 554 %) . Ethereum L2 fe &
LI B RAL B 2-5 Fis 0T AEI, FEEA L H CHR'E , Jw'5 5 5 4 dotnet
PR RS2 dIl SO, 2 dIl ST TBCE FiR e SO, @ R A 5y 1) 7 Aok sk
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H2® MRERUII

MAEGLIMEE . £ AEIf %%’%‘”“%‘Q’\J&%Eiﬂﬁﬁ% ’J, AL H
XA EL 2 AEIF NE R RESG Y, 18I e RT DASEILE fea 2 B .
BB LI B%fl:ﬁ%ﬁ%iﬁ‘]ﬁﬂ 1E|I:ﬁ%%f£2k%%°7§‘ﬂﬁﬁﬁ% (MR
2 G RPATH, W EVM, AEIF (R REEHLEISE . BREGAMPAT M T
DXERBETT s RAE A S il A I oAl DXCBRBE T SRR B 5 Jr = e 5 A 3
e, 0 RAT RO 25 X HUEERE A B S 20T, TRRESAT 45 RSN X Bk
B . AEIF ERBESZIMPITIER WK 2-6 Fros.

HREE QNPT HLEZEA A —RAEY LA 5 (Miner) 125 A «
WL AT AL 5 B AN X, BRI TR, EEgR B gEs “ %
FIKA” o B LN RAE P27 A, BISRBGEIKB 5, R AR X B
PR XHEEM 22, SRR 2R XA R B S X REEF X5, W a%
A AT A AL PR X B b L5 B 58 5 B ARG . 53— AN AT I LR AR 6 E S A
(Validator) U X B2 J5 o Bl s Al DU 2 s B AR LY s, Brl bl
B LA R AR R RIBI X R 5, B e RRWIEX SR KX RPZ 5 G
ENE, WEARKEREE, o BB XRPAE ) R REGY), Bt R AT At
H,

=]
l:l A
=]

2.3 HhiSERMRE A HE

2.3.1 FHASTE % [a]

—ANENASIEEME H B (Dynamic Connectivity Problem) [281H] ik Jy.

Given a set of N objects, connect two objects, or ask if two objects are connect-
ed(directly or in-directly).

FEES T, A ) S TRy, XﬂDE\ﬁ N /\Iﬁ)ﬁB’Jl, e
T AT A B O A T 75 £ ] — AN ) i o XA ) gt Wi’l\ﬁﬁé\
S8 Union 1 Connected.

« Union(a, b)H Ti%# a Al b T 1

« Connected(c, d)H T I T s ¢ A1 d Tﬁ)ﬁ BAER — AN &l =N

XF2h e T p, Wi g 58 v, EdbEEA DU R

. E&ﬁ:pEpE%%LL%-

o RPARME: ﬁﬂ%pEQE Yy, A q '3 pﬂij i

o fEEVE: R p 5 q RN, q 5 r R EE, B4 p 5 r R .

13
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232 HEE

AR ), JEE4E (Union-find B Disjoint-set) PIRiiE 4=, IE4F
R — R BER S5, T4 HE— 28 Disjoint-Sets [ & 3F K & 10 8. 8
RS2 TR, SRl id, parent 8%, LLJ% size Al rank (fRET
RO EE R o IEEERE K LUR JUAMERE:

« MakeSet: g RBE—MITRMTE;

e Find: EWHEANTTRAEIA T,

« Union: &HMMNITERER T,

S MakeSet #AE A ARISINEE 2-1 FroR:

% 2-1 MakeSet #:/E

B MakeSet# 1k

I TR INEIF S RS —JT R
1. function MakeSet(x)

2 FIWTxR T CAAFE, MMEERIREHR, 5 INgkEE;
3 X.parent = x

4. x.rank =0

5 x.size=1

2 2-2 Path compression %%

k. Path compression&i%:

I SN AW TTERX
I Hvs R B PRAE TR TR
1. function Find(x)
2 if(x.parent 1= x)
3. X.parent = Find(x.parent)
4

return x.parent

Find #/EARIEWEE W IC R parent FE4HEE—EHRTEIR TR, WILEMN
parent 5412 € H O, RIGE AT MAE —A 74, BER DR IRc & g TR 146
Find #1EA ==z J530: Path compression #y%, Path halving?®l5 L1 Path
splitting!?®1537% . Path compression $yZ3@ ik 76 25 1 70 2 (1 R ol o i ik e &
(1) parent FE £ #- TR AR TG 2, £ — IR BT 5, A2 B8 T4, B B%) 5 FE B A

14
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Path compression B35 AN 2 s 5 0 A ik £ i frid oo R B Ak, B
2NE 5| X S e KK A ). Path halving 2238 i i 1) 76 & 1) parent $a 4118 7]
H: parent JTLE ) parent TG . Path splitting H LS G &K AE _E KT R ) parent
FEE e M1 H: parent JCE 1) parent JGZ . Path compression %72, Path halving 5%
LK Path splitting SV EHACED 2 Bt 2-2, 2-3, 2-4 FiR:

2 2-3 Path halving %%

Hyk: Path halving i

I N AW TTERX
Il e R EIXPTE AR RIAR TR
1. function Find(x)

2 while(x.parent != x)

3 X.parent = x.parent.parent
4, X = X.parent

5. return X

2 2-4 Path splitting 1%

5% Path splitting .92

Il SN AW TTERX
Il it R EIXPTE TR TR
function Find(x)
while(x.parent 1= x)
t = X.parent

1
2
3
4. X.parent = x.parent.parent
5 X=t

6

return x

Union #:E 1T F Union(x, Y)&7~, BERAH x 5y FTEREGHITEH,
HAEGHZHimmE x 5y 2®E T RS, BIEHE Find(x)5 Find(y)2
MAHSE . 8 Union #RAERE ., RAFEBHP DN oR I EEANRTERE
NA—NTRN TR AR FEOFEELMMIZEM I &S ER R, N
TR X R LR KA, 38 H T ALE Union $#4E i 2 ih4d ] Rank B8 Size.
/] Rank k#E47 Union #AERF, FHE =N

15
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Rank=3 Rank=1 Rank=3

° e Union(3, 6) E
Rank=2 Rank=2 Rank=3
e Union(2, 6) e

2-7 Union by rank i3

2% 2-5 Union by rank %%

#y%: Union by rank 512

I N AT Union) ot = xfly
1. function Union(x, y)
2. xRoot = Find(x)

yRoot = Find(y)

if(xRoot == yRoot)

return

3

4

5

6. if(xRoot.rank < yRoot.rank)
7 t = XxRoot

8 XRoot = yRoot

9 yRoot =t

10. yRoot.parent = xRoot

11. if(xRoot.rank == yRoot.rank)

12. xRoot.rank = xRoot.rank + 1

16
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Size=4 Size=2 Size=6
=! :H Union(3, 6) 5
Size=3 Size=3 Size=6

;( Union(2, 6) °
2-8 Union by size &%

2% 2-6 Union by size #.33:

#y%: Union by rank &1

I N #EATUnionf) ot = x My
function Union(x, y)
XRoot = Find(x)
yRoot = Find(y)
if(xRoot == yRoot)

1

2

3

4

5. return
6 if(xRoot.size < yRoot.size)
7 t = XxRoot

8 XRoot = yRoot

9 yRoot =t

10.  yRoot.parent = XRoot

11.  xRoot.size = xRoot.size + yRoot.size

I B T i EE BRI IR T3 b, 38 IXAEA 215 5 1 5 (B EEJER A
S, BRAER G I AT R iR FEAH ], X RS S BUE IR RO R e B A T Rk
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OB 0 1 BE AN 10 A T S5 B4% Rank Ski#E4T Union, 26BN R HHEE —
A Rank AT RGHK. ®wH), AT RA—NIGERINE, Rank 5 0. WRHAE
& BB AR Rank, MI&FEEHEAR Rank il 1, & UA G HIEE A1 Rank
LT E IR N ES B Rank K . X LI Rank JEAS 2 A S ip i (1 v
BUIRIE, KA Path compression 2= % I (8] OB 1) 5 BE SR B 4% Rank 2847
Union #&1E Rt R an & 2-7 B, P ARAG ink 2-5 Firor . 4n 44 A Size K47 Union
BAER, REMGOTHE D IORIMIE TASEZ 0 R IMIIRIGER . 4% Size
#BEAT Union #1E R RE N 2-8 AR, DvARIB 4N 2-6 B

2.4 Actor 25!

oLt VB R ERPI—Hig 5% CPU IR JE, CPU FZ M REHORE &,
HENGLLFEKERE, BE/REHROREM, CPU I L ERIFEM & #Hia etk
Z[EJE LI, 350 CPU % DB E U B0 TT %, HETH CPU 2N 7»
ANHGCAIRE W, MRS a9 CPU B2 G AU &R 2 T X H FLi CPU A% L3
8 1%, HERHm, FINMAERZIRSSHEHG L CPU. A T Re i FHZ
CPU [IERE, FHARMERLN ZIRRTEAMSZE E & 2] B gt N K&K
&, Threads HAESLIH M RIGFF7%, BN Threads 4 1E <7 kM LLA R IE
EEH bug, (H2H AR —EHET B, Hl o &f 18 2 KA 773k szl &) H o kv,
kb 4n Actor A&7,

Actor FE R 2 —Fh IF KA, 7 1973 4EF Carl Hewitt, Peter Bishop /% Richard
Steiger®AF iR SC R, B — ML =R S A A &, Actor BEEY H IR
AR A TR T IEE B AR 1) 07 AT SR, XETHR RITIR A
Actor. FLEEEEY I S RN Z IR HIE, HR = A e R
Z I, EgmiEd PR MR k. HE Z RN MM RERER, EIFR
G A P L = B AR R 1, BRI AT CE T S T LR ATt R
H T Actor B!, Map-Reduce[31] 5t & — M a8 ) Actor 118!, Erlang fE15 5 2
TAXT Actor BEASEHE T 3 #F, Scala iRt | Actor B2Y 1) SCHF, (HIEARAEE
=T SRR, IR Z B8 5 i Java, CHESZ ML T 528 T Actor B RL (1) 58 =5 FE .

Actor BERYIEAE ) %2 “— VB2 Actor” , IX ST AN RIFER) “ — P&
XPR” ZRAL, AHIRAEH )0 RGGFE T, 5 [R] 3 W A A2 MiFP R AT 1R, 17 Actor
Bifirh, Actor Z [AIERE AT LAFFATHATHI. —4> Actor FRHIR — M EARMTHE
BTG, ' RERR N B IR T AT FL Al ) — S 4R, Lo, B 22 1 Actor,
RIELZHIE R, LA B — 259 255 . 1M B IRIEE 5 RIE T B2 W
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R, XPERAES DA BN T AT AE . T4 BRI 2 1) i bk SRR ) 7
(1), HihkA BB A Mailing Address. Klith—-~ Actor R B8 F1°E 15 % 77 Mailing
Address [*] Actor 1#15 , Actor 7] DAIE & 220 21 1998 2. 3R EX 2 Mailing Aaddress,
‘e A DISRECE] E CAIE 1 Actor 1Y) Mailing Address. fE Actor #574H,  Actor
PEBFN Actor Z [HI#REA AT, Actor nf A s E)E, WEHES Actor
[¥J Mailing Address, Actor 2 B[4 B & il 5520 i B ks, By En
FEIBTCHTIB T o

FE—NSRHL Actor SRS RGe . WRESH £~ Actor [RIIN fEi81T, (H2%
A Actor X T 42U 2 HT A BRI Hh 25 A0 38, IX B Wi R — AN Actor IR E]
ZARME, ERRE KA. WK B E AP 2 SKTH ., IR RE R
Q7 FAEERL 1Y Actor, &E> Actor AbHE— 253 .. Actor 7TEB:I B Z KH E 2 5
T2 EAE R AN TT, 7E Actor 5284+, Mailbox A& KN Actor 774ifi
HEM, Mailbox TAERHE LK 2-9 FR.

Mailbox Mailbox
Messages Messages
Message
>
2 &

o >

Xy 2

) &

3 3
Internet
State

Messages
Mailbox

] 2-9 Mailbox T fEF¥H
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Actor B B BT, A Actor 2 MSLIZATH, Actor 2 [H)J2& 5
RREH, XEWRE A Actor FPIRZASA L5200 73—~ Actor PR . 7E Actor
B g — AN SRR B E 1) Actor, 24—/ Actor [IZITIRER o E, ZIE
FRBUZME R, SNEARE 7S B PATAHN 1@ . s X F#or X, vl —
AMNATULERBEM RS, BT, WR—4 Actor BN T H0RAS, MB#H AT LIk
F7RE AR (LhinE Jg Actor) #5575 1 Actor FHT AL T IEFIFIRAS . Actor £
i BA BRI R, Actor B Actor P LUEATAEAN I A b, —
ANRIETE B Actor AT LLEATAE—/NT9 s b, B20H 21 Actor T LLSATE 5 —
AN B AE Actor S Hh WIBEALT R 5540 T, Actor B8 U 615 Mailbox .
IRASFICRL Actor, R Z0H ERERIIA Actor, Actor JF REl e 5 B AT
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HI3TE X G TEFHTILR

X HEE 224, TPS KR FUM R &, Bitcoin f:F0 7 B AL A G &,
Ethereum &40 37+ 10 2B 5 47, IXFEM TPS ARA TR S “XU+—7 T KL I8
SR AL . 2017 4F 11 F 11 H, SCAS TPS IE{HIAF] 25.6 /5. PRI X Btk
LAREAS BB, TPS RUANEMRRIIN R —. 24, &+ TPS (177
XA M E 2GR : 75537 0 R EARBU T X Pk 1)
PR IR R, FE I8 O Y 2 B R IR 7 OREE T TPS. Ethereum S&HEH 770 v
FARFI Plasma, HRGHEA C& LR, Ethereum 1EZB#HTIE 70 Fr B AR #HE )3
HIEE Fo Br T Ethereum, HoAt— 2ol k4 500 X ik ot B 807 T4 75
AR N N3 E S sE B, Zilliga 78 2018 4 4 F AR R ) R R T
[FD 2400 WA Gk, A8 5 AT R 7 AR SR UL, B AL AR XD
JUFA SE R T i AR AL . BRItk AR RS 5 o AT AL G, TEALEE
AZ G, B XS X H A RS Gy AT A AL, R A R AE 5 AT AL, AT
FETHAZ 5 I AL BE5HE 2R DA K TPS.

3.1 Amdahl EES X% FHIFHITAIE

Amdahl 2 B2, J&H Gene Amdahl T 1967 4E7E AFIPS Spring Joint Com-
puter Conference L#EHHY, ©3FRRFATHATITFHEAUE FAEFFAT AT J5 JE W)
PETEAEFEAT I 4% A8 F Amdahl 52 BRI ZE £ F 22 A 2385 BT F 398 ek
/W%N%@%Mﬁw%ﬁﬁﬁ&mﬁﬁ@@ﬁ%o

S latency =

(3-1)

(1-p)+%
H1 S atency NPATEEN P EAES I INIRLL, s HGE RGRIE (Cankgnsb 3 &
BED Pt R ESPATHIIE L, p dlGE RG TR AT DL R PAT R 1R
THHIAR &R 73 AT 55 AT I 8] 7 S PAT I TR B b o i .

1

Slatency < E

. 1 (3-2)
sh—>r2> Slatency (s)=—

1-p
RUBEHE RGN AREGE, Hig AT RIS & et SRz 3. =
ANERGBHRECE MR LA 2 &, B BRI L 02 2 52 BITEVE G RS 5E

PRITHHAT RECRAT BT A7 A 55 1R PR A
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0, R A AT 5 AR 20 NI, (LR R B
B O PR B R 1 /N FLI B AR RSB S I AT T JLA RS T LU 4T,
TR LA 2 /0 AR BT MR B b SAAT I )R 1 b F A 1 /DR
HIUEER i E g R 9 = 20, Febp gl FATR DG 5 G, thp = 2.
e 53R AT T3 AU R AT IR FE A

Amdahl &R 1 1 R 2 1, BRI Amdal & 0 X S5
ST I LRIE I o1 T X B rb BN B2 5 RO A, A
Amdahl i /HEAT K, FRATARERAE 5 0] AR X BT AR B PO AR, AT
HLTHIX ety TPS.

3.2 XG5 MR

X BB U AC 2 R e 55, XSt Ae B BEA IR 1%, 25
Hb R R B AR B A A AT, BEA PR B A Gy HAT Z TR A 2
XTHE 3 A AR BRI E S SRR PRSI FEE SO, R
BAREARIBRT N HATEBIAF LR EXPEET, 525 Z 18R 5m] & X
N, WERPANEE G R AT AT e 2 5 B X R BEEE AS — B e @, W EA T ]
HAHM R KR,

X T H— T HL ) Token &4, G2 ALE —> Transfer B%, 4K~ 2 8]
TR ¥ 2 % Transfer st GlUAAE=DIKS A, B, C, HADIKSH)
MHTRAI N 100, R FAEFHELSTX, = {Transfer A > B,100}, TX, =
{Transfer B - C,200}, TX, &Kk A RIKF B K 100, TX,RZRKH B [
MK C 0K 200, GIERTX, ETX, HIHAT, WSS S BEIIAT » B TX,7ETX,
ZHHAT, WITX, 2 MIHAT, TXy 23R It LS T fd% I — @ 741
A5G, AR RAZ A RIHAE 5 U7 AT X B AL 5, it Bl X S 2
AN B ) R, RDHCA X R B 5T R A — 3 E R TX, 5TX,
[FIT AT, 2338 B IX SRR AN — S0 )

FERSCHHEH AL 5 7 AT RS T, SEZ G HATHT, AT 5 2 [A]
HIPRR K R, A LT RO T RIS 2 # 4% fE B CAT B 58 5 I JEAT B AT A4k
B, i T AR R AR G AT HAT AR ER, B AIE T RSN TR IR B A 5 g 4 BRI
X 58 Zy M7 34T ER AT AR B, HAT AL IR AP RIS 5 6
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3.3 HEEAABIES L

A2 5y oy AT RIS I DI RO SR 5 T BG S, BEAT S 5 o I, Jeta i zg
G AR BHE CIRESZRESE) , ZRRIEI LTI S RO, 5 5 AR BT
IRIAE 5 o BIAT AR B (AN 3-1 B ) o O 1 SEBE RS ) AL B 22 Wi SEDNAZ 5
Sr#L, BRI BRI 5 2 AR 20 A B AT

HRYZZES MRPRZBERE MRPRZBES coe

Bl 3-1 22 5 o A IATHAT R

POIRAE R BE A 40— AR B e S LIRS A 2 B, £ 4 0 SR 2T

Sl THREAR AT — R 28, KRR G ARIRESEERE 77 =R

(1 REEMmK e L Z5E (Read-only account-sharing data) = iX K%k
R G B FE P A ST, BN, XEem e, A E X e A (8 DL P AE
BHe B 20 E S A B

(2) "5 RK A EEZEYE (Read-write account-sharing data) : %K
BT 2 AR P 3T IS AR, Flin—MREAEY, 2R LLFER
25 A — Mg N o

(3) KA (Account-specific data) : % BEE W £ — D
Key-Value R 4R, Key — A X Bk lik 7 Address, Value 551K Address
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FRWEAE . — K Address Reevi A58 H CAH R EHE . #140—4> Token
HL, AR P RBUE Map 8284 1748 & A MK - Aaddress [ R ATS L,
BN Address A gV [A11% Address AR A, 1IANBEVT M) HAth K 7 Address (1)

P RS P L R, 2458 5 o] LLIRI N s BOX 2o s, A e
WL, [R5 R EATR 2 A58 5 AT LT AL BE, FFEA 25 X B 250408 1) — B
PEo XT RIS B P L2888, U2 AL 55 EnIn, MR AR, JEA
2 HIBIEA —B I8, (A EESEREIREA W&, HTREEEE
LIRS — MR A2 B R 58 % 1Y, 2 TVEAT I T HH 2 R I 2 B R, BRI,
EE0hix A, BN 5y RIS 8] AT 32 5 RO () S 2850, WO BT
M. XTI AR SR B, 2B AT o AR L, — R A 5
AR, R, X AR B ] DS P A DG B RIS, AT AT AT
F—FE O 2 N5 BRI T, R, X1 5 A2 Tei o K A SR
B FI S5 1, A RIS 208 B s A — B0 ) i DU AT 5 2 i
R, TIEHATHAT

X Ff 43 2407 T S R B e G 20 B00b 55 3 A2 R A DRI . AR,
IR 2 R B8 G 20 1 R B — RS U5 i) K AR DS B . FEXFEIE T, WA
[FIT 4 AR P A DG B, IR A X 65 5y 0 vl DAFFAT AL AR B 1)

3.4 MY SRSEENTHIE

BB JCEE , 2 R B A3 B8, dnfa$538 — AN IEAE I8 47 A RS fn e 4
M, XIERZTCERNER . BR8N, W RS A2 4 a3 1 755X,
T2 B A W Y IR SL B2 [B) 1R P 7 38 0 0G 20T FH 2 SR 10088 5 A2 2 2% 1 Mk DB
FRI o TTEUR AL EIARR T A I DR RTIE T, $R4LE P T AEFR 7 1) B2 5t
ko

N T IREUEANZE 5y it b7 R B2 R 4R &, 757 B RE RN B & 2 B B
BEUR SS9 T SEBX AN B, R A s B oo B . e ek O o s
AT CARRICEEA BT & B BRIR S O, B AR A BESE . o A A R 2 A
F#4 (Calling set) A4S (Resource set) o BREHIHH S LR IIE 1%
BRG] T R oA 2, WA RSP E A IR R B R G RIRE S

R MR BAE T 7 HE, ANERPERFIE R S HE. XB, ARG
HES SR PRI E T BN RIER AR, ERAME M, AMERERGAER

fEAE, hREGEZE. /£ AEIF T, FREGAZMEM CHSH, BT CH#
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FE FE ORI, WSO EA R Co Y Attribute JTEHE, RIS AT LUK AT RE
G LT OB S T BT R B A 20 EE H A RS R R,
DRI i A e s : RSB 08dE (SmartContractFieldData) 1 p& £ c 5
( SmartContractFunctionData ) . '~ 1l EL — 4~ Token & 2 8 #l, A&
SmartContractFieldData 1 SmartContractFunctionData 17 7£ 2 G & 20 4 F .
SmartContractFieldData XIS, IRESZE LIRS L TR

(BRI 3.3 F A LM HE k%) , A SmartContractFieldData(FiledName,
DataAccessMode) K £ 7. #ii Token &Z1H HPIRASAE & Balances, &1 JGEHE
Al £ I~ AN SmartContractFieldData(”${this}.Balances”, DataAccess-
Mode.AccountSpecific), HH${this}. 7E &L E 5 =8 B AR Ge A Lt

SmartContractFunctionData #U =M%, R AHPE RS LELE S M)
A KRS B 44, H SmartContractFunctionData(FunctionSignature, CallingSet,
LocalResouces). #n14& 24 i85 Transfer, ‘& HIDhEE N MR IEE K Kk —E
AN Token ZE#EUEIK A, EAEMMP{EH T Token &LAKIREAL&E
Balances , HE H & A WH LM &2, FikemoiETRRN
SmartContractFunctionData(”${this}.Transfer”, {}, {’${this}.Balances™}) , I
Hg{this}. fEG 2308 o =i B O R e & 2k

3.5 %5 74E

FEFR AL 5 3 P AT A SR T 7 2 — Se i B 4R, RIRBR & 4 7s A H T
it A LPRES AR B AR HOHAT IR I, FEAE B % 75 ZR u O A A 24D
—EANX ISR E . WA R0A T A H oo e IR A AR B AN R Hohs
i, X—RIE AEIf FIE R e G A RINE . £ AEIF R REA 218 7 2
RiE—EL 5, %5 HH—A AEIf [f] Basic Contract (iZ%&2)/&1E 3 5l [X Bk
IR O 5 N X BEE AR ge 520 , IEALAPATH, LB St e
SRR SREUE 20408, @I S S & 2R TS AR 2, L 75 A
T —8ek 1 Libraries (Z4FEPE, WPE) , W CHRG AL, 38 S ot
ML HE R 58 & 2R B R B o i, SR X OVEES 20 H K, {2 R
A A HOR S A B 5 R HOTEdE TR ${this}y.”, AR HEH S FPRES AT 2 AR
TR S R B PR T B AT TR A ANBERE R AR A A kg & 24
AR AN EHR JE

I DU ZANP B SN X HR (58 5 SIEENL 43 4H
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1 BARMXBHIRHAZ 58S, WHZH%ES, RSN NG
2R H A PR G5 L0 Ml IR B ek 250 o, AT AT AR 2052 5 5 I 3R
o

2. TRE RIS M T IRHOH TG 7] B o AEXANTEm B, 5 SO — AR,
WER—ANZ G R e & L ey iv] 7 AR, I8 A XA SR Bt —
%1

3. MRHE TR 0] L X e 158 2 e Be BIAN R 2, A&l
BT R R BN G4 o3 Bl 2 [F] — AN

RH 2 Fit [Alice, Bob]m, it [Chad, Helen]m, , HHm /&K 7 A S E i,
Loty 2= Vilimy. Alicefimy. BobW /N IR, 38 Zht, 2 Vi [ilm, .Chad Flim,. Helen#
NG, BT IR G 2 BEA BRI, BrbAR] DO T AL B e AT .

A Yy i) [/ — AN AT K P R AR A 5, BT R R MR, AT
S BCR— A . RUOAE RS Z) i KK P 4, BT UT R A3 S
R0 P TR L 2 A o T T DA — M0 U A SRS AT I AR, (R — N XL S n
K 3-1 iRNaL oy, Hoba RoRml 35 K 2 TR L 2400

#3-1 HAXATZ G L4

L5 I TCEAR R IRAE S
ty [Alice, Bob] my,a,
ty [Chad, Helen] ms
ts [Sam, Ean] Mms, My, a4
ty [Zack, Chad] ms
ts [Ean, Andy] m,, my
te [John, Chad] m,, d,
ty [Ada, Ron] a,
oy AR

1 X — AL, 3 BRI AU AR 10 U 0] R B R -

o IRV TIK P A GBS M, W my. Account, Flmy. Account, TS N
Bt RS T (Bt FAHSCIK P & Account, Ml Account, ) ;

o WStV 7RIS B P St = R, , WKa, AN B B BEIREAE G

o Wt Vi T REMIK P I EHGE, A E A, EEEE.

AR b 3R RO T ) X e 528 5 EAT AL B ) JG 45 SRk 3-2 FiTz .
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#3-2 HAXIATZ G LS

L5 i R IEE S

ty m,.Alice,m,.Bob, a,

t, ms. Chad, m3. Helen

t; ms.Sam, my. Ean,m,.Sam, m,. Ean, a,
ty ms. Zack, ms. Chad

ts m,. Ean, m,. Andy, m,. Ean, m,. Andy
ts m,.John, m,.Chad, a,

ty az

2. RWHRICHIRIRES, TG M. LT HNSEREERB AN
GHES, BEAFTENOREN—ANZSHH, KGHFMNLZGYINRL S, W
R 5 AR R R UR I AE S o 120 b T A 58 BRI ARG [n] B IR AU , #2346 [ e
BT RFRRI TR, a0 RSB [F— 22 5 5 Ia), X PR B R T 2
(LA — 253 . A28 Gy ok iit, WniRvy nl () B2l E T A — AN i@ s &, WA
LZAE 5y B A — N IR YE DL IR, 58 5 43 4 Il i n] Ak R sh s e e 1
Il @, 1% ) R T E I S A AR R MR 2B A IE M N S R PO R A s TR E
fbRic Ja A2 5 % S TGRS = {TX;,i = 1,2, .., N} — DT 5 HES
RT, HTX; = {r;,j = 1,2,..,m}, vy NTX; S HIFEAN IR, T 2R 2TX,H
HIZEA TR R 5 TX I FEA WA E, BV RS 5w ae & AR R BE0E, i
JORSH ) BEIETC R, AR BTV 2 15 AH R 22 5 )8 TR — N3 54T Union #24E,
IR N SE I AR M, BT EREEE 2N TE, B TEK
AHEH—NIDKFR, BGHEIRSTRIZ SR, RIS 5 HFIFEATIEG
REWIFALE, WENZFIEAEN AL FERID, RABIDE M 5 HEERT,
G AEAEZID T A Z 4, WA — M-S 25N HH, TMARTES
B, BAEAR R Dol S FERIDE WA RIS S, BN EEEAE S N E
A . A G4 RN fEIR a0 R, ARFERD X A A58 5 43 LI 45
K 3-2 fros:

o I BIMCHIRIEEAR, SRS KRR,

o WTEANLG, WRZA G WA TIHEAFEES (MEE T, WHZZ 5
RAZALE S INAE G oy
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t6,t7

|

|

| (@_2.chad)

: X5394A3
|

|

K3-2 [XBA S5 HEs R

3.6 ;TR E ARV IEffME

BB T — N EHEETXS, LHEETRETXMTX,, Wil HERAG
PNAE 5 T4 GEM 8D CCLMCC,, CCMCC,2 [BFEAREmK), MTX, kTX, 5
I BIEAS 2[RI ECCLAICC, .

BT X, i Fmy. AliceFl my. Bob /58I,  H.TX, BIPRAN BEUE 737 45 CCy AN
CC,f, MTHFEE E X, WRNAFEE D5V, IR 5
M S 2 (R — 2%, A B2 RSB, WCC,MCC, BN, S
WA, MNTTXy, FFEATHEESEETERS L, RSO

3.7 XHZTEEH

TR —HAZ S, Wil LR, HARINLGESHE RS
KT XPEETT S8 CPU Bz 0%, BN T A HE M %G, B—HHS
H— MR LA, LR A R HEGNEEKRT CPU &0, el
AN, AP G B R . LN T X MG L R e,
BT F IR FEE A ek, A4S I 225 R Gy A A E /N T AR T CPU %0 4K

XH, WICE L NIERERMS, R TR SESREZ T USZ /D
Ho, "E ERRIRGRNNEERZHEEGNUG = {91, 92 -, gn}» P gih—DA
G, EHNMNZ G RNMRAL S, Weflzml G A 7RISR, S0tk
(1 H B2 E A 5 Count (G) < CL, HAff3Variance(G)/XT R/, HA G NmA LS
REZEGEE, CLNIFRIE, Count NGiTHZE AR EL, Variance N7 7 R
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F3E O dIFAT IS

WS H A SRS R SE L 70 5 I SR/ N L& T SRS A e /NN 7
IS, eI D2 Nk 3-3 F13E 3-4 fras.

® 3-3 KA LG IS O

S KRN LG IR

I N RG> AT RIS 5 B S UGHII A EECL
Il SIFERNZHEEGC

1 G={/IWiiatai RES

2. if Count(UG) <=CL

3. return UG

4. SortByDescending(UG) // #i#Count(g) b FFHEE, HidginUGH 7T 5
5. start = Startindex(UG), end = Endindex(UG) // startFlend 43 545 A1 UG 1) 9 3 76 5
6. while(start <= end)

7. TMP = UG(start) // TMPE f£UG 1 & 51 Aystart ) 7o &

8. while(Count(TMP) + Count(UG(end)) <= Count(UG) / CL && start < end)
9. TMP = Merge(TMP, UG(end)) // &I TMP5UG(end)

10. end—

11.  G.Add(TMP) /I KTMPEs & 45 REGH

12.  start++

13. if Count(G) > CL

14.  SortByDescending(G) // #4ECount(g) kR, HrhgihGrhiits
15.  while(Count(G) > CL)

16. Min = LastElementOf(G) // BlfJa — NItk

17. G.Remove(Min)

18. SubMin = LastElementOf(G) // Bl )G —/t&

19. G.Remove(SubMin)

20. TMP = Merge(Min, SubMin) // 4 #Min5 SubMin

21. G.Insert(TMP) //kE 4 Count(TMP) ¥ TMPHE A £I4 1 1z B

22. return G
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R 3-4 /RN LG IS O

g /NN LG IR

I N RO 7 A S A 3 1) 5E Z 4R S UG K BECL
Il . SIFERRZSEEG
G = UG /I e R &
if(Count(G) <=CL)
return G
SortByDescending(G) // R4 Count(g)B&FHEF, HogiGHHIILER
while(Count(G) > CL)
Min = LastElementOf(G) // Bl )5 — /Nt &
G.Remove(Min)
SubMin = LastElementOf(G) // BUR 5 — Mt
G.Remove(SubMin)
TMP = Merge(Min, SubMin) // & F:MinSubMin
G.Insert(TMP) /R #& Count(TMP) ¥ TMPHfi A\ 31| &3& [ A7 B

© © N o g M w DB

e =
N oo

return G

3.8 T Actor IREKRZ ZHITIIT

Wit BT HE I E /RN SES, RN HEET N ETZL
HY&EG 58 , BNHTEETRLHA—EEZM RN, (HRINAZ 5 —
EHE— N LG THEET . [BRXNEGEEG, ] I THIPATIX AL 5+
HBET, ML TEENNZGBEAITHAT. WK Actor FAR LI 5 4
ITHEFRIIATE, HXEANZ 5 FEE, G181 Actor KPUTEANAL 5 14
BHRITAE L 5. IR GREGEZ A Actor, Actor HUES 73 K AT LSS H
Router >R,

Router s&— MRk 1) Actor, & AT 55 2 1% K B.45 HA ) Actor, 1X £ Actor
WHPR N Routees. Router [ TH#) 2 A& FH R BEAT I B B AT 55 70 K45 B
Routees, X%t Routees 432 K IEHI AT EH K4E 5. 7 Akka.Net o1 Router %
Fif: Group Router 1 Pool Router.Group Router A~ i1 57 1) £ 5 & ¥ & 1) Routees,
i Pool Router A< & £ 57 )7 58 # B/ 1) Routees. N T A B UF 1 RIEME, WK
FH /& Group Router. Router 4n{alf e i J2.57% /45 & I — > Routee, X g% K
#| Routing Strategies. Routing Strategies #1%% T Router 41{a#s & iH B4 E M
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Routees [ % . Routing Strategies 1R £ #, [k Broadcast, Random,
Round-Robin 55 . Broadcast /& 45 Router 5 213 5. J5 141 5% & 45 A 11 Routees,
BARE AT SIS E K K] . Random &8 Router 28 EI7H B 5 478 S FEH L
R EHHEA Routee, BHAFENLIME, HARFFAZERK. Round-Robin J&iE
Router U 278 12 J5 R H AW (1) 77 U5 &K 25 Routees, XX T4 Routee #B2& 2~
S, RERE ORI A Routee SRALIEVH B, Round-Robin 4 A Ji 2 41 ]
3-3 firs

— 4 — 1 —®t Routee

—4—3—2—1—.|Router 2 F®t Routee

3 ®t Routee

& 3-3 Roun-Robin T 1k J5i 3

3.9 X G AFITILREE

Lo HATHREBMNATE X REREAAE RS B H
SmartContractFieldData % & 2 RS AT 1 Frid, BI4E BIAR & 1 S AR A1 AR =
151 773, FF{8 A SmartContractFunctionData % e& AT 1 A5ic, BIFE W R £k
I 4aHR, BRECH ARG LM EA R ) T IAPEORESR &, RN EEEREL
), $RE T X BT HHRE I 5 8 R A ARSI A NER . A8 5 AT g e D
N 3-5 Pon, FEFRAEETE 3-4 Fis.
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* 3-5 22 5 i HIHAT RS DS

WG S5 oy AT A R

Il N SEHEATXSHIERECL

Il . SIFERRZSEEG

1. InitRUS // #Iaatb Bl &4k

2. Init TXFR /| CxEANAZ5 P b B — A BHE
3. InitG/ ¥IRAZ G S

4. for(tx in TXS)

5. resources = GetResources(tx) // FEEtx i A& 21 R % 5 I S IRE S
6 first= NULL

7 for(resource in resources)

8 if(RUS.Contains(resource))

9 node = RUS.Get(resource)

10. else

11. node = new Node()

12. RUS.Add(resource, node)
13. if(first == NULL)

14. first == node

15. TXFR.Add(tx, resource)
16. else

17. node.Union(first)

18. for(tx in TXS)

19.  first = TXRS.Get(tx)

20.  nodeld = RUS.Get(first).Find().Nodeld

21.  G.Get(nodeld).Add(tx)

22. G =Merge(G, CL) Il &5 nH &3

23. Execute(G) // i#idAkka.Net] Actorf& R 34T AL AT 0 4LR 22 5
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| wrsmeasnes |

RIERZHIRIRORAEGH
gERFHES

:

RIERZHENTREIRF
BE

)

RiE L—LERERERS
MNEERZE+

)

REAREHTRZDEE
9:‘[_

y

1@idAkka.NetfYActortEgy
HIFToBEENES

7

R

3-4 K5y AT R AR

Step 1: AR#EAC 5 B ISR S SRR 4R

MAZ T T SR B e A 2 1 L E AR 8 5 20 1K ek B2 FR e S 4, B T s kA
PR B A PR I eR ) e e, AR oA (3 ) AR B2 & R BERER 5, Bl
Vrlel RIS AR, SRR B ST R L, M BRI IR B .

Step 2: ARG H WA IR IFE5E

WRYEAE 5 A B AW B R IRBOF B R TR MID .

Step 3: MR _E— B AWML RZ G IWMNIRE L S+

W PRI EE T RMIDIAT A, BRAMFEIDIIA Z AN —H.

Step 4: ARG KIEBATZ G A I
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MRYE IR FEA b — 2015 B 1 53 405 (058 5 B 618 B oK e /N SR BK AT 52 5
s E I

Step 5: i id Akka.Net [ Actor B AT AT 0 4L G HIAE 5

81 FH Akka.Net SZHL) Actor #548Y, ¥4 2H 5 78 5 4y U E S5 T I K BEI
PATIESZE 25 Actor SKHAT

3.10 328G K2 47 #fr

3.10.1 SEIGIREE R IA

[TEEEISF

o MKbFEZE: Intel(R) Xeon(R) Gold 6138 CPU @ 2.00GHz
- fififit: 450G

- Wff: 8G

#AF £4:: Ubuntu 16.04 LTS

HFEIES: C#, Shell

%1% B3 Rider 2018.2

3.10.2 34R & FH RIS XTEE

KIS AL 4 3 SRR B /NN 93 2L 4 3 W 4 T LR e 43 4L 45 R £ 1
B, AR I IR G T ARIA, ) 5 B 4 AR 7 296 AL g
TIEFHEL I AL O, ST T AL SRR IR LA I
W TR (I 5 1 A, T TS B AT, BB AN 4 )
M T LURE L X T4 19— A ERMU A1, e b ST 4596, (678
B 0 B RBUF IS A A B RSB 7 2 R T R A E1 R B
R A RO BIHLIE, % SOR P BEHLBOT SR B 23401 25 e ) 25 20
o SRR A BRI, PRGN E I A RB-3) TR

Var(X) = - S, (x; — 1)? (3-3)
FhX NS, NRFSIAEG x NSRBI TR, 1 =2 SN x A
fi5. L SCHEHLAE A 500 A TER RIS BB E R RIIERE, AR im
P 2 R M HEAT SUO RS EL, R 541 M 0 S T E 25 BB 35 .
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—%¥— Max min —— Min sub-min

00007 W 200007 ._./._.\l—l/'—l—l\-
80000 -

300000 A

60000 -
200000 A

40000 A
100000 -

20000 A ‘_H_'/'—'—'—'—v\'
O L T T T T T T T T T

30000 - 7500

25000 - M 7000

20000 - 6500

15000 W 6000 ' ' ' ' '
2 4 6 8 10 2 4 6 8 10

3-5 e Kf/ N LG I HME AR /NI LB IS (0T LR R

K35k b, Ak, BT, ATFHIFKESHNN8, 16, 32, 64, JFHPAE
MUEUT AL E 500 AN TCER, AR N TT 22 KA, BEASAR N SEIR kE. M 3-5
ATCUE Y, BEAE R BI3E N, B K&/ o 6 SRS A e/ N VIN 3 2L S s
P25 B 7 B (0 7 22 /2 i N BRI, HLa R /N 26 FF RGBT A5 45 SR e S i 7
ZERALC NN 26 F S BT AR 45 SR 7 F B 5 22T /N o AE R FERLRI, /s
RN 21 FE S BT AR B (0 25 R B 1) 5 243 T8 /N, AH A A 5 P i i T i
AP HIIAHT, PFhG I S BT S48 FF B 7 Z 2 R . 8 T PRIFS 211
SERF AR Z R TRe/N, AERBURA 7 kR BB AREE R, B S P
KB RIT I TT 22, BT Z B/ MG RITH, 25 R SR SLE 2 H 8 A
HREADRIR R, WK R &K SN 46 5K .

3.10.3 TR T RIE SIS 47

Benchmark & —/MEMFE T, FEH THRIIXEMHAT ISR, WRIX P
REA L HPATIERE . ESEER T, ST R T —ANME HL ) Token A4, G4 FE
FiF Token HI#5MK, RAE % Token FIFEEANThRE . SEIE VN FRIE N AL 5 (1AL
HUERE, HTPS, iHREIEMA K (3-4) R,

Tps = LD (3-4)
Hr Count (TXS) NFFACERAE Gy e 6 B8, ¢ A3 58 Fir A 28 5 BT A FH AR B 1)
fE NI b B — MR L5 WRIE (Transaction Tilt Rate) o i 3CH#
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Hoe N : & m R EMRZ A0 5 a2 5800 tesl, tHE R m A
(3-5)FT7~ -
TTR = 28 5 c 7XS (3-5)

HATXSHITERL WS, SAMRAZ 5 G HH M RA 5 M= TXSFT A
WAL G TR R KK, NANTXSHAE 5 A4

W SR LT AEIF 1, BT AEIF MR MNEHE AR L, 0 r%k
PR LA B T 2, 285 K P 2 FEALAE G, R 5538 e 2 AN K 4 TR —
AN P AT K Tokens £ GPATIE G, #BEXTAE G AT 45 Rt ATI0UE, thin
BAESE B AT JE K 7 REAUE SRS U 1 SO I E T = SER kR LS 5 9y
HIHATH RS AT BCR 552 5 Ef AT AT RIS I HAT R ANFIZE 8 E T HIAS
5153 HIFFAT AR I HAT R 528 5 AT PAT RIS AT IR BT L, A FIZE 5
TN AT 5 o HIFAT SR BE BT RO 5 58 5 ER AT AT SRR AT R X L,
PL AN [RIAE Gy iRt 22 7 52 5 0 0 AT A SRS BT 2R 558 5 B AT PAT RIS (1
PAT BCRIIRT L

% 3-6 AR5 R T 5 50 AT RIS AT RCR 538 5 B AT PAT SRS I AT 2L

oM
; 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
TPS

Serial 1675 1565 1514 1463 1579 1523 1483 1540 1511 1526
TGP 4046 3977 4026 4066 4011 3992 4124 4221 3926 3991
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5000

—%— Serial

4500 | ~® TGP

3500 A
3000 A

2500 A

Transactions per second

2000 -

1500 ‘\""‘—~—v———_;———’*‘*——v———-v————J————v___—v

1000

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Number of transactions

K 3-6 i K/ LA T SRS A e /NI IN 7 2 5 I SRS R0 e 45 2R

ANFIAE Gy HE T B A8 5y o3 L FEAT RS B PAT 036 5 58 5 HR AT AT S 1)
PAT RO B0 HE LB iR 3-6 A1 3-6 P, sEgerRIF RN 8, Frlh Actor 15
AU () Router £ FE T 8 4> Routee. M3E 3-6 11 3-6 il LAE H, 525 FATHAT
FMSLEANFZE S8 N TPS Fa g 1E 1537 A, M3 5 o 347 4L SEmg 1) TPS &
SEAE T 4038 i, A8 5 oy AT ENE (1) TPS $& 7+ 22 5 SR AT AT SRS TPS (1)
2.6 fiFo

R 37 ARG W T 385 7y HIFAT A (PT35S 58 5 B3 AT AT SR AT RCR 1K)

X e
5o A
2 4 6 8 10 12 14 16 18 20
ITPS
Serial 1579 1579 1579 1579 1579 1579 1579 1579 1579 1579
TGP 3447 4057 4729 4877 5034 4632 4679 4720 4867 5070

Max Group 5000 2500 1666 1250 1000 1666 1428 1250 1110 1000
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6000
—%— Serial(transactions=10000)
—8— TGP(transactions=10000)
5000 A
©
C
(@]
O
(O]
£4000 A
(O]
o
)]
C
K=l
& 3000 A
)]
C
o
|_
2000 ~
\ o A A SF SF 4 St F F 2 4
1000 T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20

Number of groups

K] 3-7 ANEIZE 5 4320 T 38 5 43 HLIFAT AL SRS FFRAT 303 5558 5 i ATHAT M BT A3 11
XLk

ANFIAE 5y 53 40T A 5y 4 S AT ARG (AT 285056 15 28 55 HR AT PAT SR (144,
AT 30 R L SEER e 3-7 AE] 3-7 o, Sege R K FEAN 10, Ll Actor 7Y
H1%) Router B3 1 10 4™ Routee. AR5 71 “H” FeG ELHEEE
L HEIR S HE I AR RIMASE, BRI R AR E. W& 3-7 Al
K 3-7 H] DL H M s 5 A BCRERE 10 1, BB A2 5 &l G 22 5
HE AT 10, TPS LB M IRAS Zy A GNP RAS 5 HEGE
it 10 B, AR GEERE R, NG aH e S ML 5 A ATt
WA GERAT Gy P A2 5 B AN ], B4 Routee AT HIAE 5 B 3 A A A,
X4 GO G AT I TR A L 5832 5 A 550 T 10 (S Bl As Bindsém,  TPS R %,
(EFEE IEAE S AL BIGN, Max Group (& EE R HES IO SRS
LoHMEGHZGHD v, XER5E 5 AT I >, TPS #n.
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% 3-8 NS HMUR RN A 5 43 HIFAT U SRIE I HRAT RCR 558 5y R AT HAT HEm I AT 0%

f¥15%f Ll
52 5 iR}
02 03 04 05 06 07 08 09 1
H[TPS
Serial 1579 1579 1579 1579 1579 1579 1579 1579 1579 1579

TGP 4458 3947 3106 2807 2569 2245 2108 1962 1862 1579

5500
—%— Serial(transactions=10000)
5000 1 —#— TGP(transactions=10000)

4500 A

N w w B
U o U o
o o o o
o o o o

L L L L

Transactions per second

1000 T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Tilt rate

K 3-8 A [FISE GBI T A2 5 o3 P IFAT A SRR IR T R0 5 58 5 3 AT HAT SRS AT R0
frxf b

ANRIAZ Zy RN 32 5 o0 LI AT AL SRS B PRAT R 5 28 5 8 AT AT SRS 1)
PAT R B B s g n sk 3-8 AT 3-8 o, SEfrhIF A%y 8, FirbL Actor #
BUrh i) Router 2 | 8 1 Routee. M3 3-8 F1&] 3-8 AT LAFE i, &5 B ATHAT
SRS AE AN [F) 28 5 R 48R TPS A2 AR, BRUONE X BT AT (58 53 s R AT AT 114,
AT Gy RN IR A TN TR 5 4r HIFAT AL SRIE 1) TPS A& 28 A 2 1)
BN, TPS —HAE T, DBUONBEE S S BURERIERTE, o dla it — 425 b Lt
WK, XK FEUE X — A 5 BRI TR I, BT SRS 384K TPS B
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B2 T I, S HMURERRIINE 1, LR e sg 5 #G2 rh= ), efils
W tIa, ZHHAER ., BTl 5525 84T SRS AT RCR S —FE

3.11 RE/LE

AT XHYEE N 1 ORIUE 2 4, B R DR 947 AR RS 5 i m] e 7™ AL s A — 2
I, R T B AT AR B X B a2 5 (175 3, XA 7 sUBIR R T S X R BE (Y TPS
TCIEAG 2 R vy, MEUE X B EETCVAAE — 205t R G Ay i R EORAR i Y LS 21
R o AFSEH A 5 7 HIFAT O SRNS , £ S PATRT, AR 5 o i FH 2 g
5 2 AT o KA FRSR I pR B ) T Bt HRE o Bdie (58 T 455058 2 1) B o 1
DL, SRJEARIEBEIR G IS DU SR G IR B, FARTE S 5 e R B e ks
Lo HAT W, WRZ G20 B2/ A5 H, R HER AL 5 HEA
KT IXEREETT A8 CPU B L EL, M EEZIAT AL &N RAZ S AL, 15 W75
AT P HE I H T A G IR S AT T RO MR SRR & Y
IR SR, A28 T SO ESeHE £ SR Hh AR L TR SR (R B 2R 1, IRl SRR
UE T 7 SRS IR WP, I E ISR 1 PR 45 IR SR, fim SOE I SEae L
BT PRSP0, AR HEAE T Actor BAARIAERE ) AT AT IN AR A
f e I I SER IR 1 58 5 o AT A SR X BB TPS [T
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%4 5 T Actor SREFIIEC S o AT AL S

BAT ET Actor EEIR 5 T HA TR

W5 X BRBESOR R JE , Rk X HLBE S AR 22 AU A5 3 S 5 Eb < R 4033
RO IXCERBER) TPS ESRAG ORI S« [RIN BEZE TSN UREAF A PRI &, KR IX
BRBE X AT /AT ) BERE FH B AR A BT A, A2 B DL R T A
OB T RURUA] BE A HERAEAA R, Pl A7 20 Al Y SERE PR RESR TH LA X BRBEAT
Gy RIPAT R AR L2

4.1 Actor SE8%

= FHEE G H AT SRS & T Actor B[, R ) Actor R
f8 FH Akka.Net SEILT, At e T AL, B CPU ZLEER AR, &
MRKBRHEE WG, SR GAHRE KT RGBS, FIRZE—
NG o A I RE, IR FEARAS 5 HIFAT ARG IR . TRk, N T3
A5 oy HIEAT IO RBG BI RS, W DASE i SR 0 A BE, RN 75 4 =y CPU (1%
OB, RIS R T EALEERE

THEVERRIARERE, &M EVLARS, BaSTFZSIIEN, XEHE
A DAFE—N RN A, 0] DUONTE—AN RN A, et — S o SR e B
A XL A H ) T EATLE R TAE o MIEFP R S o, THEELAR R T AR LA 2
— G IFENL, RN ERIE R A SR E B o Gl ] DO — SR B R
BEURIIAT S5 SR SRR RN, BRBF AT 55 I O /INRUTE DS, A8 HARRF I B A1
PR 52 Bl o SRR FRLAT LL, SR FEAS IR Ab S R B ik By A IR K3 T
CIEEAE AR WY R s M. AT R R R AR T LA A A Y
R TSR EERE R AR T RE o = mT P FR AR B P AT S B LR A 2 5
BEANEERE, SEREXHIME SRR 1B R TAEM

WICH T2 Akka.Net FUSERERCTL, @l izsi, Pra e s as)
RIGHTII AL, HAEA T EE G E IS B bR E AL A B mT RLAI
Actor 2%, ilid Router SREEL. Actor ZEREHRT R AMIE: 15 fl 5 3EA
TS PP AT AR BT A A, AERR T AR BT IR, HATR
SRR, IR A BRI AR AR A
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4.2 Actor SEBERYEENITFE
RS B R 4 2R, Fh T s R 5 AT A o BT Ak
T R AT, BT A B R R A, A R T AR R R

AR50, Actor BEREE T [ L
1. AEFR A A R T

P -_—— ~
e \\\
// Leader N
// C connect A
\
\
\

D connect A

I
:A connect B B connect A:
1 I
\ |
\ ]

/

/

/
/
\ '/
N E connectB\@
N 7’
~ ~ - — - -

4-1 RS — BT B

Bi%A 5 MY A A, B, C, D, E, A, BRMTIA, C, D, ENIERT
W, WHERSIE 4-1 for, M A, B W A HEAREN TREER, M C, D
T RRNER T AT AMEE, BN ARNE B AMNER.

2. Leader %5, ARic MR SEFPRES A Ups
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5 4 & LT Actor SEREIZZ 5 7 HLIFAT ALK

—_——

-7 N

7 \\
7/
P Leader \

K 4-2 SEREEE SIS B

FESRE N BB TR, iz H— A Leader, HI'EKARiC CIMASERE A
RPRZS Y Up .o AL 1B %5 SR A 5 i iiide 2505 Leader, A 5 mUT 4 & A/ B,
C, D Wribricoy Up IR3, (HEEE T —PBrE Gossip Mif&4k, AR E
MARIEA Up I3, pricd R an &l 4-2 fios.

3. T Gossip KIfEHE, A9 s CRNE A 1 R E S, EHE SN,
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———

~
~

Leader

K 4-3 EREELH =I B

Wit Gossip, A 1T ARG BIRWH E H 25, Leader W2 BT A 17 B HPIRES
FRicA Up, ZUGERNTT 88 HoAh Y SOy s, SRR e, IR
AT B SRR . SEREIE AR =P Bran & 4-3 R .

Actor SERFIE B LA G BA R GF I aT SEME, 1 2 2 () 2 A8 W EL AR 3 0k,
R — A5 R TR 2 MOk, 1XK 53T Unreachable Gossip 1% 4 21| 45
Leader 15 s &S % 1T m K IR FOIRAS « 0 ST 15 3 #0021 Unreachable Gossip,
I B =127 /2 Unreachable, NI Leader 5 5 A LR iZ W sidRic v Down, Jf:
MEERE PR B 1% M.

Actor SRS J5, 0] LB Router & HAERE 1 Actors, El Routees.
IR FIRSChE HEE T Actor SERERIAE 2 AT AL RN, B el AR =& )
A5 oy RIS AE Gy ik AT o 1, ARG IREIE R IE AT L 5 i &9, a1
Actor FERFATAE 5

4.3 EF Actor EEEERYAZ 5 A HITIL IR
AT R EARRAZ 5y oy S FAT A SR M AE B L BRI, PRI 75 BB AL 5 AT

[FIEREE, K A o ORI . B2 T Actor £ BEIIAE 2 70 H I AT 40 SR E 1)
WAEEWE 4-4 iR
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5 4 & LT Actor SEREIZZ 5 7 HLIFAT ALK

| wrsmeasnes |

RIERZHIRIRORAEGH
gERFHES

:

RIERZHENTREIRF
BE

)

RiE L—LERERERS
MNEERZE+

)

REAREHTRZDEE
9:‘[_

y

BidAkka.NetfJActorEss
HITTHEEHAES

7

R

4-4 FLF Actor HEREMIAE 5y 70 AT AL KRR ]

Step 1: AR#EAC 5 B ISR G IR IR B4R

MAZ T T SR B e A 20 1 L E AR 8 5 20 K R A2 PR e S 4, AR IE I s kAN
PR B A PR I eR ) e e, AR e A (3 ) AR B2 & R BERER 5, Bl
Vriel 7 REIR AR, SRR B S REAT AL, M BRI IR B .

Step 2: KRG H WA IR IFE5E

WRYEAE 5 A B AW B R IRBOF B TR MID .

Step 3: MR _E— B AWML RZ G IWMNIRE L S+

W PRI EE T RMIDIAT A, BRAMFEIDIIA Z AN —H.

Step 4: ARG KIEBATZ G B E I
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AR I K FEAN b — 2045 B 3 20 )5 28 5 B2 648 e K B /N SR 3R 4T 228 5
A IR

Step 5: i Akka.Net /1] Actor ZEREIATHAT 0 4LE HIZE 5

i F} Akka.Net #47 Actor 425, @il Router & HE Actor 4£1f, o4l &+
J5 HIAE G ATAE 55 354 Router,  H1 Router BHUATAT 5570 & 45 Actor SERERHAT .

4.4 355G K 4y

4.4.1 SEIGINIEEIA

[TELSZ8

o Docker Z#s¥=: 8

o AbFEER: Intel(R) Xeon(R) Gold 6138 CPU @ 2.00GHz
- fififit: 450G

- Wff: 8G

#E &4 Ubuntu 16.04 LTS

MFEIES: C#, Shell

%1% Ei: Rider 2018.2

4.4.2 BT Actor SERFRNSTLHFITILSRIG SCBE S04

XTI E T =S R LT Actor SEEERIAZ 5 40 4H AT A0 SRS 1A T
R 55 5 oy HIFAT G UL S 5y ER AT PAT SIS I HAT RO : AR 5 EE T
(3£ T Actor SRR I 2L 5 73 2H AT A SRS AT AR 528 5 43 I FAT S DL K
A 5y FRAT AT SEBE I HAT R BIXT LG, ANFIAE 5 3 2 T 2T Actor 681K 73 24 5F
AT SRS AT R 5 5 5 AT HAT SRS AT R AT L, DA AR SE 2 Rt
R EET Actor BB AT T 43 4 AT A0 SRR B BAT 803 5 58 ) R AT AT SR B
1T RN L

#* 4-1 ANAZGHET ACGP, TGP, Serial $iAT8CR MIxt

5
& 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
/TPS

Serial 1675 1565 1514 1463 1579 1523 1483 1540 1511 1526
TGP 4046 3977 4026 4066 4011 3992 4124 4221 3926 3991
ACGP 5000 5151 5503 5465 5402 5588 5063 5158 4911 5079
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7000
—%— Serial
—&— TGP

6000 {1 —@— ACGP
©
c
£ 50001 /—%
(O]
wn
o
o
@ 4000 M
9o
o
©
c
© 3000 A
|_

2000 A

1000

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Number of transactions

K 4-5 A[FEZE 55T ACGP, TGP, Serial HUTRUZE %L

ANRIAE 5 & T AR T Actor SEREII A 5 43 AL FFAT SRS AT R 558 5
I3 AT TR LA AL 5y B AT PAT S BT RO R0 B SR B an 3R 4-1 FIE] 4-5
Fion, SEG R If R E N 64, Router £ FE [ Routee 3ty 64. M3 4-1
Kl 4-5 AT LLE H, 28 5 SR AT PAT SRS AEAN [F]ZE 5 i~ TPS A e £E 1637 /i fq,
K5 HIAT A SEIE I TPS FaiEE 1 4038 ££4, TMiET Actor HREHIZE 5 4
HATRNE [ TPS F2BfE T 5232 iy, J2x8 5 HIFATLIRIG TPS 1 1.3 1%,
A8 G AT PAT g TPS 1) 3.4 fi o

X 4-2 RFEIZ 544 T ACGP, Serial HATHCR X L
THHEITPS 8 16 24 32 40 48 56 64 72 80

Serial 1579 1579 1579 1579 1579 1579 1579 1579 1579 1579
ACGP 4954 4957 4966 4991 5026 5173 5250 5376 4781 4785
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6000
—%— Serial(transactions=10000)
—8— ACGP(transactions=10000)
©
c
@]
(@]
(O]
¥4000
(]
o
)]
C
K=l
& 3000 -
)]
C
o
|_
2000 A
\ . A 4 4 A A A A A 2 4
1000 T T T T T T T T T

8 16 24 32 40 48 56 64 72 80
Number of groups

K 4-6 A[FEE 554 ACGP, Serial 3T RCE FIXT L

ANFIAE 543 4R T Actor SERERI 2 L HEAT AL S I AT R 528 5 B AT Hh
AT SRS I BAT BRI LE s R 4-2 A1 4-6 Fiw, iS5 IR R FE A 64,
Router & FL{] Routee ¥ N 64. M 4-2 1 4-6 th Al DL H 4 PR32 5 A %
AL 64 B, BIIAL GG oy H G S A B i 64, UL, S RATE
THHT Y H A, TPS S B ph9AC 5 AR N3 0. 24958 5 4 B0
64 i), N ZHESHHERHRZ G pHEI, HTZSHE—E, WK
H IR 25 R4S 5 4 A <2 5 B A A D, th B4 Routee $UAT 2S5 & HASH AL,
X4 FEOE G AT IS (R L 5852 5 4130 T 64 (B DL BT m,  TPS T %,
HBE & PhIAE Gy A I, RREHPAT IR 5 PR, X 1358 5 AT I (A1 96K
/B, TPS H4Jim.

X 4-3 RS RIZET ACGP, Serial #UATRCE %] L

”ﬁf 1 8 16 24 32 40 48 56 .
fal 64 64 64 64 64 64 64 64

Serial 1579 1579 1579 1579 1579 1579 1579 1579 1579
ACGP 5296 4215 3313 3175 2780 2335 2210 1692 1579
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6000
—%— Serial(transactions=10000)
—8— ACGP(transactions=10000)
5000 A
©
c
(@]
|9)
(O]
Y4000
(O]
o
[%)]
C
kel
& 3000 A
[%)]
C
o©
|_
2000 A
1000 T T T T T T T T T
1/64 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1
Tilt rate

K 4-7 AN[EAE SR 2N ACGP, Serial $0AT 2R X} E

ANFIZE Gy iRt 2 R 2T Actor SEREIIAE 5 73 S IFAT RIS AT AR 558 5
FRAT AT SR I PAT R [P0 B SR B8 an 3R 4-3 A1 4-7 B, i seie ) I B
N 64, Router ZH[¥) Routee &N 64, M 4-3 I 4-7 HoJLLEH, 55
ITHAT RIEAEA R G RIZE T TPS ALK, FINE X Frf 58 5 B AT
PATE), G R ZEN E IR A R . 5T Actor ZEFFAC 5 43 41 AT 10 R m&
(1) TPS & AZ Z IR 138 I, TPS —E.7E FF&, RINMEHE 22 5 WiRbR Tt
A JERIHE—HAL G R R, X T BRI —HAZ 5 Fi I TR ROR$E n
PRI T SFEME (R BEAR TPS HBEC TR, A G R RIGINE 1, U] Bira i
LGN RN, CNEE L G 0H)G, SEAHEAER—H, bS58 5 A7 5%
AT 2 —FE I .

45 KEINE

A F BN G AL IEAT SRR o X B TPS T R 52 3 A ML A5 11
BRI H %, BT Actor BEREMIAS 5 A IFAT ARG . DR IX HLsh S5 s a2 1
VRS EE A