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Abstract Bitcoin is a crypto currency introduced by Satoshi Nakamoto in 2008. It has the features of
decentralization, cross-border and fixed total amount and has become one of the most widely used
crypto currencies. Due to some initial limitations set by the inventor and the following developers, the
transaction throughput of the Bitcoin network is much limited. Recently, the transaction throughput
has been close to the maximum limit, and the corresponding transaction confirmation time has been
greatly increased. Not only this affects user experiences of Bitcoin and limits its usage, but also this
puts forward higher requirements for Bitcoin protocol design. Focusing on the challenges of
transaction processing performance, this paper aims to promote blockchain capacity and takes a deep
research on Bitcoin protocol. Firstly, we do a research on the current network status of Bitcoin, and
analyze the transaction delay according to Bitcoin transaction data. Secondly, we analyze the
feasibility and effectiveness of on-chain scaling proposals. Thirdly, we analyze mechanics and effects
of off-chain scaling proposals. Finally, we analyze the advantages and disadvantages of on-chain/off-
chain scaling proposals, and propose a scaling roadmap which meets the community requirements.

The recent progress on the Bitcoin scaling shows the correctness of our proposals.
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Fig. 2 Size of unconfirmed transactions mempool

Kl 2 Rk sc b N A b I/

3 HEYRAR

AR MY AT EZ — 8 LY 4 (on-
chain scaling). 3XFf J7 4 4 130 B H2 18 o L R 1 X3k
i LRI IR 2038 5. £ X ek LY 4%
J7 % AR A BT B IX B K /N 32 B I 4% R 8T i
PR X e A 6 B2 5 28 Uk W Al A k. HOR, 4 iy
BE LA 7 SRR M T A8 By A 51 [R) A 0 AR B
Jo R TR YAy 583 a0 R A SORURS: 2 AT
43T
3.1 NBEHLETEAR

A 5 W 07 Sk 0 A8 i b AR R KB
LI MB KN BRI LLR BT 2450 B i, AEAR 24
P 28 UG o B 43 S AR i A XKD

fE BIP101 b, @ 3 X He 25 4 L BR 7€ 2016-01-11
0:0:0 E 4233 8000000 B. L )5 , 41 63072000 s
(24E) FBRBIA%. & 2036-01-06 0: 0: 0 35
8192000000 BCRJ 8 GB)Y™,

f£ BIP102 h, @ X He 25 & L 82 N 1 MB 25t
Z 2 MB, 1 /N 258 AT ] b B0 000 9 T 4 T il D 2 R
[ﬂiﬁ[m:.

Bitcoin Unlimited 7 £ H, XA H LR A
P [ A i 2 T i T SE ek AE . & TR LA
PR LR XA i b PR FEUE 7 — 2 T 3l
PR R S S X B 2 e R
3.2 WEAIEASW

TE 3.1 T2 85 B4 25 0 RAFAE — A Ko
4 B R, - S RE A A 78 R ok it B[R] 1A 1) 46827 9 LA
fitt 25 o 2 15 DA SCHE T R IX B

T R TR 25 1 2 e Ak 0 B S 1) 2% 1
RERBE SIS . SCHRL7 . 26 14845t T —Fh 43 B J7
5. MR LU T B SL, 290 i A W — AN Y DX B
B B S I UE X A TE PR QRIS U L A A
237 inv T4 8, 38 0 H A Y SR X B A AR, 2R
FAT A B TR M AR B [FAE A inv J5 2 ) 23 e
A K% getdata B, 15 A ZE block™.
PRI BT RLIA R 19 5 A & 3% iny 6 2R I [R] L 2 i
ST DX B A e ] 0 45 2 AT LA BR 2R B OE BT A A
VORI 2%, 3 4 R A 5 0, M0 inv 9 2L Y
AR AE B« DT ] W DX A I 4% v B A R A L. DA —
ANBT X B & A i b — A X B AR & 90 Yo iy
FLORARAE AT DU H 4 rRon] LA d Y B R X R
.

e 1Al UL, A 2015 4%, W 2% n] 7R 2k iy X He R
/N EBRA 4MB 45, A 2012—2015 4/ 3 4F B[]
W2 R A B T 100 %, (H R ALFE MR FERK H T 2
AJ7H: Dinv 5 getdata 1 B B2 ER T, . X &
45X He R /NTE X 5 2) block 4 i L AR T, , 3%
BB RN DR /NI L. 2 AR I T, > T, o A%
AR FER AT T, LA A X PR/ L BR T
FUERR. XN T, 5 Ty Y35 145 1E R A 51
FR o M B R B Y DX R /N b BR A /DN, PRI DA 2012—
2015 4R, LLAF T P2 AR B2 /N TR 1 Fr R B
100%.

Table 1 Block Size Limit Constrained by Network

F1 ZRFHEHRRK/NER

90% Effective Block Maximum Dat
Year Throughput Interval Block . ata
. . Source
/Kbps /min Size /KB
2012 26.8 10 2010 Ref[7,26]
2015 54.7 10 1102 Ref[7]

AR R B, BIP101 3% H 0y 5 22 “~r B 3% 7+
XK/ EBRZE SMB, Z J5 4 2 4F 4T+ 100 767 2R
FH. B T X R/ ERR %2 8 MB &l H X
SIRERBE ST L X BR BT X B A B L RSk 106



Wy OMEAE . LR X HeBE Y A HOR BT

2395

DL s B W B b — > X 38 g ™ AR
AR, 55— 5 T A 2 AR TE 100 240 1 J7 8 A A
28R T BE S A R R IR 7 A U i — 2P i e
M) o) £ R o k. AR SCHR (28 TRy AIF 5 DX B 1 4% 5 1
IR 5 X P I/ LM A DG 1. B K A% 476 48 R B R
AR R IR A T R XA
TCE FH T 10 58 b 1 28 b (R BF  PICHR 15 Big A0 43
22 Q3R 20 o B BN Y o B [ A
BEAR T 5 7 ek i i e
3.3 MERRBENRSM

Sk B0 I 1 R DX B8 i X 2 {58 S AE AR ) el 5
YERT R 1.2 735 b (85080, A5 401 24 IX e 25 6 344 fin )
1.5MB,2 MB FI 4 MB i , 15 # 1\ 58 & A7t h 52
50 RKNHPIR . R 1) 78 2017 4E 4 J) 21 A, X e
A ar IR 2) 07 T2 58 Bk, &R nl fg 42
5 H O S 53) B 10 min 7 A — N8 09 X H AR
PILE R E 3 R, X E 2 58 3 AT LA, T
DX B 75 f AT 2 a0 1R A A BE B AR Tt KN, Rk
28 Gy A6 I [R) il E 34 5 43 A i B B 10 min 77 42— A~
B X RN G P Y E /N T 0.5 X KA &
B, BT AR BT A 28 5 SER AN i 10 min. DL o B

15
10
5
m
N
5 0
3 1.492 8 1.4932 1.493 6 1.494 0
g 107X Unix Timestamp
g (a) Block size is 1. 5 MB
B 15
§ 10
[_‘
B 5
£
2 0
S 1.4928 1.493 2 1.4936 1.4940
<
9 -
% 10 "X Unix Timestamp
9 (b) Block size is 2 MB
% 15
S 10
5
0
1.4928 1.493 2 1.4936 1.494 0

107X Unix Timestamp

(c) Block size is 4 MB

PS: The timestamp of x-axis is from 2017-04-21 0:0:0 to
2017-05-09 12:0:0 (19.5d)
Fig. 3 Size of unconfirmed transactions mempool when

the block size is increased

3 XA A ] B 155 A TA 5 B At R/

HEL XA RETHE 1.5 MB 3R R AESE 2 24 T
MR, X He s B4R TF 2 2 MB A LU fig o X4 A2 5 4
i ] A

HAZ Ty WAE A O 23 B T IR 3. BRI S 5
FE M P U 25 T I 25 o K T i A R ORfELIE 22
PNt ) i R s I )L A 5 B AP ISR 1 Uk ==
JE I AR GE T 52 S PR A L 1) i K3 s I ] e (L S
B AR ek 2 Fios

Table 2 Indexes of Unconfirmed Transactions Mempool Upon

Block Size Increase

R2 RREAERESF/HFHINZIBNEFERIER

Peak Size of

Average Size of

Maxi
Block Cﬂ]xlmum Unconfirmed Unconfirmed
Size/ MB - eance' Transactions Transactions
Time /min
Mempool/B Mempool/B
1(now) co 112979535 44181699
1.5 479 11535845 953141
2 157 5367455 397162
4 16 2816053 327717

3.4 KEFAESW

B R BpA X s 1 19 5 AR S 7 T8 58 T
by TR LT A2 N A2 2% B 5 (H 2 i U 7E T HE X
FRAR O BT ™ A I XCHRAE TH Y ok & TRk
B+ 33X T A 3 0 AN ATkt A s 5 | AR 43 3L THT A&
FE 20 A7 AR DX AT A A A 2 T IX R
(1) DX BB 2 TO R0 B I 2 306 5 4 282 98 KO B 1
DX PR 4. DARE 73 SO — 20, R IH Y A7
T DXCHEERE L 2 25 0T AT 0943 32 43 I S 3B AT

F LIRS (Ethereum) ¥ & B F % M LLKR
MA T4 X, B 2016 4F 7 A S bl 4> L 4R .
PIKTr2h ETH 5 ETC(Ethereum Classic) #i
Figcg 6 M, o ETC SRR DL TH L) 4E 252 X S 4
i ETH DU gLz 17 2= 4, 2 Fofes 58 R 78
FaE s Tz . LUK Y5 (10 43 24 0 55 K 56 3] 2 48
LRI L St X PR A A SOFETE 53 2L

4 BTHERE

BREE 2 AR B EE Y AT RN B A 54
—EY B HE 5 TP & (off-chain Scaling). JLIE
B 15 5 2 M TR 58 o S Jre M [R) R, 2 5 T 47 25 Y BL Al
5 RIS UL IR B B L AR IR BB ok — 8 I BE LA
ROR. BE N A7 R KA T RIF Y B B
(off-chain) 58 B 3% 38 & 77 2 76 LR T M 4% 2 |-



2396

ARV S KR 2017, 54(10)

SEES 2 2 TR HL T 2% AR T Y — Rl DR R %
Wt e A BT A A& 4 (revocable sequence
maturity contract, RSMC) Fl 4% 1% I 8] 8 € & 244
(hashed timelocked contract, HTLC) & il & £% 11
TS AT, 3 2 Bl 28 1 5 S AE DL AE bR 25 7 S il
.

FE 4. 17515 558 50 1 DL B 25 0 BOR 401y L et
G3 AT 2T 2% v 45 A A2 By 0 L A8 O 3 T IR ) D IR
B B B B % B A RCR AT R A AR 4.2
53 AT DR P 285 512 R 7 =X A AR
4.1 WIERE
4.1.1 RN

DWLUE PR 2 52 R AE BIP141~BIP144 gl $2 4 Jf
PRANFE IR0

TE ST B H R T 38 5 th A AE — A [R) R, 52 5
I 5% A BARAAAE T I8 — Bl 454 vh . 4 44 I ek
i o AT LUTE AN R0 IE FABA B 0 T B3R 48 4 1 fil K
SRBEAS B0 R i GX I R P gl 4 WA A 2%
RIVAS il 3 ek 3 by BB e B i O P S 4 AR
PRAESE 5 B A 2k AR R A2 5 1D R R3S
X 5, BB 28 B Bl A0 35 8 4 8l . % 44
1) 3 Ji Pk B AC &y 1D R 2 M —ff 2 7). T R I AE &
HB 2348 ] FLAT — 0 28 Sy 04 i i PR O 3 T R B A 52
5 W BT AT 28 5 8 AN 4 4 g L SOk 35 138 o 5L 56
UESE 3 U0 B A 1 TG vk TE A b B 32 ) A R R R
14 [F) R

Sy ff P X A ) L, BIP62 X e 45 1 25 44 16 iF 1%
Iy A i R e G TS =07 R T AE ) A R e
17X 1Y AT RE L EARSR AN BEBH 11 52 B & A 5 ) I 22
T HIE JR A R IR 0 L DL B T DA A RS i ke A ) S
JR A R) L. DL IE B 5 4 25 44 BUHE A AE B vh s 8 2%
AAERR R WAE ) B s 54 b, — N G EA
24 1D, Hrh 22 5 ID ARS8 Al ok J2 A R i, & LA R
P25 1 91 Ak CRE B 1R e 4 Ry <7739 T 9 O 3% B A
fith) B XL 55

[nVersion][ txins ][ txouts ][ nLock Time]

T3 A E CWAIE 1D H S DUE 37 45 48 1y 910 4k 5 10

[nVersion | [ marker ] [ flag | [ txins | [ txouts |
[ witness ][ nLockTime |

FIHRUA AN ] #9222 808 © 48 )\ txins
BCHS I e Wk L R A2 5 TD A 25 BoA I e H.
M —.

F T DX Sk 35 RTBT I A A DL E 25 48 TG OG L IX
MR UL AIEAS 23 8 DX B B DR 3 5 7 208 DL UE I A 4 i
ERY LB BN G4 WLUE B B 8. A SR E 38 1 B0 58
B IR R R — A XS 1 038 Sy W A — T
coinbase 2%  Hl FHAZ 0 X i AL B0 T35 2 1Y
Hiuhk AT LORE DL UE 2508 38 2o A v R B R B IR A
IRB AR L A coinbase 32 5 ", 24 UL UE BUIE B ok
3l s coinbase 28 & 1D £ it 48 , AT 3 BU5E 5 g v R
RS 14 AR o B 245 M B IX M 2% 2 i DR b IX e i
A LA D E £ AN Bl B

BIP141~BIP144 i it 8k 73 X523 WL AR R 25 . an
REWIHE, ZWREL Y 1D J2& Al LLME—8 2 1, X
Sk e T DA EEL D) 4% 1 R R S A
4.1.2 XIEERIHo T

DL IE B 5 0T LA v DX B i S B K/, R R 28 44
P Y IR € e T IEN SR FP R S N
1) 33 FB 43 F A X R AT RE B Y E8 A X R
D IR ARUE TH AT 85 2 X HNF 1 MB [ [F B,
X HTT UL & B 2 1 28 55 » #1910 9 52 B R/
T 1 MB.

SRR T, UL AIE B S AR B X T X BB 1 B4
BN Gy 1 2 5 PR X TN [R) R 1) 28 g 2 TR
SN TR PR T B S AR UL I B B X 4% Fh R L
25 W) 23 0] 1T IR0 L BE4E B 24 1 W 25 T & Fh 32 5
() LA T35 e A 25 AL

METRCHE W LR 22 &) o P2PKH 5 P2SH
Pl P2PKH 2 B m AN A5 S Bk E
RS ANELE YNNI & GNCINYY RENRN RN &S
Sy T T IT A AL s P2SH J2 [) 3 A4S B A 1) 22 2 8 32 A
WO B 5 22 A7 % A B AS L 38 T o il N4
AT RVFFE R m AN A n AN AR
R FAER (n<lm) L BN FT BUAR 5 P 9 T

XFRY E R 2 PP g Gy o FE DL UE RGBS L B 2 AP
(38 5 274, B P2WPKH F1 P2WSH, B 58 5) 45 14
AR f b B A 7 B i Y seriptSig A 7 B Y
scriptPubKey 1, %& 4 40 7 28 4653 4 scriptSig K
FEIE R s 8 txins FEH AN A K BEIC N in,
# txouts F R B AF R K BEIC RN ours ¥
witnesses F B 1 B UL IE B3R K B i8N witness,
28 Gy 5 ¥ A B A B I R meta. 38 55 45 41
b 25 [N 3 fsk 4 Fios.

#3 ML 4 BN A S T EON &
252, 3X 5 3 F G O AR AT IY L AL B R A
Loyt /b AR R 3 MR A LU LE F3E 5
[y scriptSig K&, 0] LLIA5 2 [ 4.
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Table 3 Space Comparison Between P2PKH and P2WPKH
% 3 P2PKH 5 P2WPKH § A == /8 kb 3%

Size of P2PKH Size of P2ZWPKH

Field Transactions /B Transactions /B
in® 41+ 41
out 34 31
meta 10 12
witness 0 s

@ If s=>252B, in should be added 2 B.

Table 4 Space Comparison Between P2SH and P2WSH
%4 P2SH 5 P2WSH /5 f =5 8 b %

Field Size of P2SH Size of P2WSH
Transactions /B Transactions [B
in® 41+s 41
out 32 43
meta 10 12
witness 0 s

@ If s=>252B, in should be added 2 B.

400
350 | O Current Size _
O SW-Base Size ]
300 } @ SW-Total Size — ]
m
Wy
g 250 |
n — -
8 200
Q
<
2 150 |
g
& 100}
0
P2PKH P2PKH 2-of-2 3-of-2
(01d) Multi-Sig ~ Multi-Sig

Transaction Type

Fig. 4 Space comparison of typical transactions

P4 SRR B A o T 2 [ L

K 4 v R EHE (SW-Base) $8 %5 witness F B
Z AN B 3 LR BB B 2 5 B R O B A
i L AEAE 2 Bl P2PKH &y B 4 (PublicKey)
B T A e 2 0 PR AR i A . A
WIRTEAEAE 2 PP AR B2 0 P2PKH 22 5. il & 4
AT UL LI B B A X AT T AE Al BCHE T AT
2y 50 Y0 22 A7 1Y 75 8] [ B BE A B 58 5 & 4 K e
JIT o E AP A KL A ) 45 29 0001 R BR S. H RD AR A
e v DATE AR At 28 B 22 T A R BAT 15 A S [
RESLE S

R G DI B B X TR A W 28 52 B A R $R T
RO T Ay W AS R 2 B 22 5 BT 5 e . 3R AT

1.1 e, 3k 2017-01-01 0:0.0—2017-03-16
0:0:0 Y i A X He. i 33 38 5 v A0 & 1) b bk 15 80 A0
A BE W DL TR A 8] 5 FIIE 6 R 4E
A

& 5Ca) &%t P2PKH 4 A g2, Hd A
A — A~ B A W AL AR B AS K BB 25 B AL L X2 b i
i P2PKH %t B AS. & 5(b) & xF P2SH i i i A<
MGETT s B T AR O e . T A i 2 Y
B M A K B RS2 23 B 5 (o) A T H A 2 A 22
UL k) RN e RO AR e X NS P 7 (S E
H OP_RETURN 494 8§ jiF B 257,

S
) % 5

Q
E2
e
=5 T
X N
¢ A o 1 o . .
S o 0 25 50 75 100 125 150

Size of ScriptPubKey/B
(a) P2PKH script

25 2

Q
23
X A
Kol . . . L .
5° 0 25 50 75 100 125 150

Size of ScriptPubKey/B
(b) P2SH script

10

107X The Amount
of Other Script
(<]

0 25 50 75 100 125 150
Size of ScriptPubKey/B

(c) Other script

=

Fig. 5 Length statistics of different types of output

scripts

IS N G PSRk il )

Kl 6(a)Giit P2PKH % A A, 0T LA ) i =
WA B AE 106 ~ 107 B B 3T . 3 02 2 1 5 5 H Y
P2PKH % A A 5 55 b — I AE 138~ 139 B Fft
T, 3R R A R R 46 A AR T AR S
Kl 6(b)geit P2SH i ABIAS, 2 A~ W] 5 0 {8 53 ) 7
218 B #1253 B Bz s © A5 A% 2-0f-2 ZH A4
5y 2-0f-3 ZEEL A Sy B 6 (o) Giit H A s A
(R0 A TEAS s WA AL bR BT DL HY S 33X 26 58 ) ARG T i
Tl 2 Fp 28 Gy A 4~5 A EC 9, LI A] DL 220 AN 1.

BIP141 #7158 X 3 E (block weight) g 3 X il
BRI+ BN rp Sl B Sy X B OR AL E
DB 38 43« 3K 2 TH T 5 BT R B N 25 B K
AN A B B s RN S R T R B IX
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10”"x The Amount
of P2PKH Script
— )

0 250 500 750 1000 1250 1500
Size of ScriptSig/B

(a) P2PKH script

Iy

1075% The Amount

of P2SH Script
Do

00 U250 500 750 1000 1250 1500

Size of ScriptSig/B

(b) P2SH script
250 500 750 1000
Size of ScriptSig/B
(c) Other script

'S
=)
S

The Amount
of Other Script
[\~]

[=]

[=]

1250 1500

(=]

Fig. 6 Length statistics of different types of input
scripts

6 AR AMARKES T

e RN HHLIU B E < P 8RR F 4 000 000 B, 7
IR0 AT DGR R il £ 4 R KT 1000 000 B. AR
B KLU MR B2 Br A7 P2PKH 52 5 #f # P2WPKH
BAC.Br A P2SH 52 5 #8#% P2WSH 2 AU J5i A 48
T b ) 52 55 /N B Sl B A8 B 1 SRR RN S
BIE T RN A G RS By LA A8 OB X R
r1 {4 S 35 JE R ECHE KN 2 361, 7 KB, SE 3 sk /N 2
921. 6 KB, F¥He 8 4 2006. 7 KB. % & 3] 24 i F 14
DXCH IR /N AR IR BB, 40 2R 24 i DX B 75 o ik 3
1B FFR T MBI B X He e E Oy 2185, 4 KB.
FUI Fo 34 Y f K B 7R 4 000 KB [R I 357 #0072 34
YN 83. 0 MZE . 25 JE ) LU e AR B B I &
A T LR B B SR AR B (SR A L 5.1 99), L
UE B 25 588 5 51 28 B T e i) 2 e 28 BT IR 458
LERIEZS).
4.1.3  SLBITEAH

ULE B 1 B R T o g0 SO B 3 SRR T AR
7 HE B DR TH S 0T & KR T2 A7 A0 BRI SE 5 A7
R 25 A H BRI I SN ™ R R R 0 R AR
B2 e CULAIE B B8 2R 95 %0 15 A5 S H) , o & i
. X AR O T XBEE A 2 A 2 R 2
54 LA A B A, R 0 9 23 o BT I R A
23 IR TE fc K B8 B AR CRURE 43 SUAN[R] L 300 s £
X TH 7 ke I A AL D).

By YOI H O ot BIP9 24 iy 05 2 4% 5L 28
XS version T BB B Ol oA o) i L B —
A7 T — o AR 0 bR AR A LR R B S
S5 1. QSR TR X HY version 55 1 1
R 1o AR e B T S R UL UE B ) T L A AR R
XoF. AR — B I [R] PN S 4 DL AIE B 25 110 X B it 95 %,
UK M 2% i 95 04 (1 58 0 5 5 34 DL IR B B L B
FEVEBE Z BOTE. EEER S N 2016-11-15 0:0: 0—
2017-11-15 0:0 0", 4n L4 1k A ) /i A 3R A5 L 0% 52
B, L5, version TR ZEA U M. WLAFEFRE Y
PR WS A BRI R E RV LR R
4.2 [NEME

IR HL 2% £ 32 B RSMC #il HTLC 7 # 4 4944
B A RSMC e i 2 P A 0 1) 825 55 13 3 A
A, A B A P S0 0 R U S B FE ik s HTLC
FOVFR A ST E A 1Y 2 R e H At v 4k R s
A T[] B R IE 5% 4 AN 23 PR b 4k R P A 1R 0 B
AT R R 3K 2 i 2 35 55 EAE DL IR I 25 1 Ak
.

4.2.1 JRHEIEA TR A 4

HEAT 28 5y W AT AT LAl 3 1) B AR 1) % 125 b ik F
AT 7 R f B8 4 i AW &t IR 9 4 b
i L0 i B Y LA R AR A B MRk XU OB T —
TAZ 5y | % 2 W i i — T 58 B 45 44 Je A B A8 . 24
X7 BEHEAT SCAS I o I A % At 1 A L %
R IH D7 AR R AL B, R Mg Kb G it A &
NG5 B 7 B A N A B X HLBE b 3R, TR 38 o WL
T Z RN HEAT 3 22 70 UK B B 28 By o AN 23 X DX g i
NN
4.2.2 ZRBERHBE SN

B — 25 b, B XU ) S A G = A 44 s
[ B A 2 AR R STl Y 2 A, AT DL it 24
EATMF 26 = s AT X AN 5 A S S A,
RARMCHEE B @7 AT A A58 ik Fh oy ik
] C 347 0.5 BTC Mk )y C A — A% R . 5F
W E HRZES AA 5 B g 504 34 n i
B fig#E — B[] Py B X B 3 #E 100) R R, A
] B 3% AF0.51BTC. [AFE.B 5 C @7 &35 5 . i
3 C BBAE— 2 B[] (R 8 IX e 5 B 80D 7R R,
B C 34} 0.5 BTC. 1+ R th C Ak, F b 44
SCAS S SR AT AR AR 38 2k RO L AT DU S
HEf 77 X — R & i 2 Bk 58 S AL Rt 7R U i R
O AN ELE BL RV GAREE 5. % T B & L i AR
i A 224 0. 01 BTC g2 et B3k AS 138 &) 9%
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TSR R 1 X g S A R T R kL TR 4 B A
(4 X7 38 L 5 = 5 38 B BN AR AR A3 AT B S e,
TN EL Y 4 BT IR B XL I, A 28 S AR AT LA
TE DN HE ) 45 v B i 5 . B B A B T AR AR, TE TR A
FEAfIN . B 5¢ ) B 4 28 Sy RIS 3 1. #h ok AT
U5 TR EL T 246 114 7 58 R R s I AU % I 14y /N85 S A
25y bk AR T 8 R AE i 4 B o . AF: i S A
TR S B X 2 % R e Rt R S OG E IX S
1Y 38 5 B R 2% e A 28 By o BRI K T A LR
T3 A A D) BT T DA R ) 4% AR A 0 T B e — A S
HER P 2 L B AL B A BT 2 R R PR )
fig s AR B M &% O 214 K0T Z 80 ) e AR A O g
AN A R AT R o WA ST GE— B . PR
DA R 90 4% 1) 4 R o A ). AT 2 KR A
T ST A 2 5 DN L 2% RO A R e 2 R B Ok

2017 4 4 H S EPTE I Room77 22 78 LB T
3 28 i e ST DN R T 4% L 48 R R B L G Tk ] e B
FPZ N SE L. 2017 4 5 H SRR T BTG DL TIE PR
J& »Blockstream [ Christian Decker £F 3€ 43 M v il
IR DN R 4% S T 2 R, DA B A 1 TH 4 1
FEMRAE 1s PHSE /. Fr L AT D0 . DR E T 45 A B 25 T
i WINTIVN 8 R R RN R T R
4.2.3  SEBUTROMT

KRTE 258 5y o TN HL I 2% T B2 5 X 1 58 B 4%
B XL Zy % 44 R T A8 By JE M Y L R T
L) JC 5 3 4 1P 2 42 0 R Ay it DRk A ) A TR R
D28 1 Bz A5 v 4t — i e Oy 2L JE AR LT A
SIGHASH_NOINPUT #:4E. 5 41 19 % £ 77 20K
[, SIGHASH_NOINPUT A% A iy 32 5 1D
B4 XFE A G 28 by 1D B ALK 23R 28 5
S 4 AT R DL IE R S 4L 5 — i e S B L
1 25 2 B A A B ) i R S B A SR
P IR 558 R N 2% 1 R S T R B O E AR L DL
I R 25 0 A0 P b 3 I e e LS LA 3
NE— RGBS LA B RGN E AR
A DX T 1 BE R 6% 3 Sk — YRR A S DR AT R £ 1Y (]
R, T LA DI B 225 A4 R G SAH XoF DA HL ) 6% e 4 3 1
SIGHASH NOINPUT ¥ %5 5 i #1 [X 4257

DLUE B B -+ D4 R 4% R LR O D F R
(Bitcoin Core) K Jy 3 HE Y T+ 9% #% 26 . DL IE B B n]
AAE 5 30 o8 2 T DX B 25 o DR Y T 3 B 28 R 1Y)
5] . Tt A DA FL I 24 14 B2 TR B A2 &) T DAAE IX B i
Z AN TE Y G A IX B TR

5 HBERRSH

AT Hr R AL XY R T BB B
ZlaE b AL X oy R 2 R R A — R
o] T8 YA H B A AR X A i EIR
28 Ty BT FAZ O FF 35 0 0 — JR U 8 S Rk T 4%
Ti %82 IR R HES Y4507 S 09 52 BB AR S5 ).
501 #HX4SE

XF T HE AR TR R 18 & e T ) L AL XA 2 Bl AN TR]
)7 . LA Bitcoin Core iy 3 0 — IR A 4 Lb R T I
AR RS E R G R F LR IR B+ 8 R 2% 1 75 =X
DLIRAT LURE T I 4% A LA, 2 57 55 2 )2 I 4% (IR H
W2 L KEB 528 by AL 2 )2 W 4% v 58 i IS )2 1Y
FL AR T I 265 A 1 22 0 246 B Ik 2 4x R L H R
A NSRS R RS B R IR T S
A HR Y LR TR R S AR AEE ] T 58 AN TR
], ABATT 2 07 F AR LA T A e e gk 22 D)
MEeRGEM BT T L. kB A H W, ME—
i DRI G R IX e BR (ol 2D X B ™ A ]
F&). A T Fll Bitcoin Core ¥ & A, #0 IF & & ik
PEIF Bitcoin Core M9 & P ¥, 2 57 T & ) Bitcoin
Unlimited (BU) % 7 3. [H 1, Fl3d i BIPY A8 2
PN L IR 25 R ), 324 BU Jr 58 2l o ff R [/ % P
Ui R 7 33K Y

bR 2 BT R —E SRR SRR G AR
REIIERE N MNE T Z . e R2E0 R E
Bitcoin Unlimited J5%&. 2017 4 4 A ,BU F £ ¥F
JEE W v T UL TR R B 3 SRR I AE 30 00 A 1

M UL E RS 2 1 Dy s S AR B OR B L 7E BIP141 #E
SE 15 S I (] T 46 B S 4 D IE B 2 Yy IXC B R e 4
Z AR MG — B AR REAE 3000 22 AL F R
B, L AIE B AR ME AR ML SE I ) P (2017 4R 11 15
HOad s P 30 40> LCUASE) 5 S48 L 4
RZ BTN G5 P 22 5 B VB AL 3R T 2 55
[) 2, 719 5 2% 1 s b 5 o T R BB, BIP148 R A
MUE : N 2017 4E 8 J1 1 H R, R & A ) 5 53 15 37 i
A X Ok S5 o LAY AR AL Iy A T
K GE B T WAL RS . O X UASE, SR
fifi (bitmain. com) 4& Hi “ H /= #0073 L (UAHE)”
T % W7 AL T VAR B S [l b X e 2 i ERR
7+ = 8 MB. UAHF 7 UASF ##% 12 h 20 min J5
S RIR 2 RO RN R ) R R
e T 1 L e e T 3 X
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AR L T8 X UL AIE B 85 S I O e i T
Z AN REAR D LR B S 0 S 3 RO = T BU L AR X
N EN R T U UE B B Y SRR R L FE A A SRR R
HEE RGN FD T 70% . 1 BU J5 84X 20% /2
PR+ & /N A TR 1l | N Y Ol R L & N T
JIF R LRI 2 1 4. R b T WL B T 58 B i
T LR T K R 7 ) ) R A A A IS
5.2 #EARYBEXESH
5.2.1 Pty Ab RV

BU AR T Ak DX — B Lo A 1T I 465 1) s s 34
oy AR LU R T B B b g R B 2R
HeE K2R T IR T 1P stk g, — 1P Hihk—
SIS 2 R ANHA S K i TP ok A A g,
TZ AL A TR T TR R U B AL A A 5 U —
CPU —Z2M " Fe el 3 v Lo 4% 1 35 05 7T L iz
FEEAN AL L. th T 47 IR, BT A AR ]
DIAENG TS84T & 33X — i PR UE 3248 19 45 AL 53
e P

FEX G, T HF BU (Y B AR BN X He 25 5 1 BR
(7 8 £33 R rp s Ak RUBS: . 8 K I X B 5 B O 1
W) 28 %A SR AT A i o A 1 Bl 2 23 ) T A7 A X 2
PR A AR IE AT TR AR Ry T3 58 5 KN
PRFFAAE LB 490 B, & W 32 5 3 3R 3k B visa F Y Al
SEHIIKF 2000 38 5 [FB L JU S 359 X B K /N K it
500 MB, e84 3. 3 1 i % (R J1. 53 4h .
250k A P AR I BOE B A 85 GB,L REAFE 77 AR B
M 1 TB, i R R 0 A7 A 5 HH. N W7 1 85 A Al 5
FAEAE AR X /NG T 5 2 B 1 {02 X R R
NFEN R A2 0. R B R , K /g T
P E IR L BRI A 2 PO fh AR M 1 5.

PRIt 3% 1 R /INAS A2 BR il ) DX B o 4 X PR BB A
FE. L4 e LLVE N 25 pu e B 8 R GRS IS 1T
5.2.2 Ml KU

S9N T Sl s - R 1S
IR PG S DT B AR 4 Bk A E 2. T T3 BT R DL
Bk S8 LY AR,

1) WAL i (double spending). & 4" % 5 ,
FE A UL T X R 23 AR S N DA SUAE 28
JE 2 F R

FHIANRUAL 5 X PAL 7 O R A K. A0 75 2R
25y BB 5 4 BN KRG 0T« KO 2 2 IS )
2 LT RE 3 S Ja B R WO T L I B2 B i R
HEA X g AT AT AR G 4 T #
T3 — Wil A MZE Sy i AR 1 B O R bl

LHHEHF A AW S A X B S RATFEEA
o, U E A S E IR ik g R E 5T
R T D0 4% v A4 49 HE R A OC L B 47 25 0T 5 e AN K

N BIA WA & HR Bl HAE N AN RRBANZ 5
3 o kAR FE B G ) L 38 BT ST A2 5 i H Y. IR
HHEWAEE B4 M 50 %I, B A R otk e 5 7
.30 2 4T FE TR X £ 5 BUIX B AR 1 A R 1
hns B8R4 SCA AT R B, DN T A SR T Y D
/b ST LU AR T 4% 1) 28 A P BRI, s 35 T LA
S/ B8 0 o R A R K B A 43 S, DT el A 32
A

2) HEAZEW (selfish mining). 4 P B 15
LR T 25 5 %2 3] A FAZ 0 52 1.

SCHERLA7 4 Y1k 3 — K205 0
AT DL3E 3 B B s 42 21 DX H i O ORI R R Ol
M T30 i o FEE Bl G EEy CRIPIRG S8 &5 A5 AN
Veili 5 53 AE B 2 A Gk DX B R B 496 B kS
TEEFREAE D . FEAEEER., H
y=50 % BIIHEOLT o 58] 25 % AW TED AT 38 i 3 F
0 R A Y X AL 36 E R R 1] Z W, AR B AR
Ty W REREAG . (HJE T 3.2 99 42 31 19 4 W 55 ) i
KA T o B LEFA. HTFAHKRS WAL, B
FAFZ IR A B A TT Bk b 25 260 AR

3) H i Ceclipse attack) S5 #& BH BT, X 2%
Yeili B9 MEBER s PR BE 28 04 St T T R

3 3k 43 ) LR T2 (AR o R BCE 1y
G T At S A R 3 TT DA P B S B 2 ik
CHn /A XUAE ) . 7 I 45 )2 T BEL U 4% 40 1% 3% B
I PR T B oxt LU R T X RS & T 4 o 7 v
RS RG AT & 018 K48 1R 40 fUR i
S S e 1 B B Y RTAA B 0k B . SR ALY
SEATHE ETAS A BBl e T p A H A ER 43 IR
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5.3 ETAHREHUARSW

HOR ULE B 25 B8 1T DLAE RSB R X A o b
FRL (F R 3 30 3390 1 000 7 B — Bk O ). AR
3.1 R THEA L B T YR A9 28 Sy L) DL IE B R B R
A LU X e 2 2540 83 %6 19 28 By it , RIVAH >4 3 5
By OB XA R R Z -T2 1,83 MB. Al ] 2.3 45
R J7 s 5 R RR A ZE B N At T 2 R/ Sy
479665 B, AT LAY TR 1Y IXCHURE 25 1N 2 0 A R
R A6 2% TH RRAS 1 28 55 ) By A\ A ARBR 7 S ff FH A
AR IHME U seriptSig, Jo¥k 1 2 =5 (6], DLAIE RS B
HRE Z 5 W] G b P R 5 T AR AR OR A TE
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IHRRAS (4928 5 v+ DR 3™ 2 B89 008 AN 4 i B ) Y
AR

6 it

e

AR SO FE R T 45 Y AR A AT R 4 4 AT 4
RER 2017 4EW A 16 %ML FHE 1h LB
TR R4 7 0 DA 55 RF B0 TA 9 38 5 D9 A7t R/ — B
it 110 MB. X4 925 09 43 B di o AS 2l A28 X i)
PR AT HE T 5 B X H R /NAS LB 3 4 MB, 75 0 25
Y T 2% AR RR T, T B EOR T A ) L 5
Gh BB RN R E 2 MB Al DLZE % 24 152 5
E SR ) [ .

XFFEE T E 0BT &I DU IR S 4R
FLA B R X B 25 B R 3 T 24 /i 58 5 B die ik
5 A A VR o DL B 7 AT LK X b 25 R 3 K 83 %4,
T S LR B R R AT DL P Y R Y AC S SE
Jo P 1) 0, DTG Ry DN i O 445 25 L F AR T AR 2 2
VA £ 55 FE T - %, — DR R D) 4% 4 A 5 B, 1T AR
VI X B F 4R 38 R L R T 2R G % 28 B ) Ak B
fil 1 90 38 ) I\ A5 e [).

FU AR T 4 25 1) R 114 G BREAE T4k KON S AT 9 45
LA EE . LRy T 28 R J0 vk 3 2 Y B A
ETFAL X B A G —. 8 LY 2507 2 Wtk (B2
B U A KU S 38 A VR S R O R B B
J5 % AR R AR T2 i (R LA L3S AR K
My A% EENE 2 M ENEAR EATIFAR
SR .

— b B e R R X e R AR 2
MBG] A WLIE BB J5 (1 X B 52 bR K/ R E 4 MB
LR 5 A 3.3 WMD) B 24 F 28 5 K i 4k 3R ]
R [R1SE L DL AIE B 5, T IR 350 38 TN R T 6% L 3 7 H
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