FA3E HoM
2017 4F 9 H

H 3 b 2
ACTA AUTOMATICA SINICA

Vol. 43, No. 9
September, 2017

s +- B h =+ AN
[X HRg% R0 L 45 mh #8 < 3 /il B9 ZMIR 4544 434
7 ACHX \ y
H S| FFRERBES A
e

W OE XS R Y T — R E S AGH S S AR T TS T, BEE A OC N AR R, — BB PR A N ] 1R ST iR 15 5
LR, AR, DHEERT LR T AR A S BB O A i 2 AR S0, (EE, N RN LA A 56 FE B0 TR 4
#J (Intellectual structure), WUHFHIHER (Intellectual base) FIHFFRHINAT (Research front) WS/, B EBALHF R EA N4
M. A<3C#TRXT Web of Science $#& RS AR & SCRIEATHFE T, I8 &Rl2= Bt TH, ABCHEWRR T, T2
T XS5 LRE A O¢ AR AR 54, FE P A3E DAL 5 | 2B S A ST TR BE B AR DARE /55 SR 2007 AR 5 B 1] L 40y
SRR EIAT. X FHEE DB A by T AH 5¢ AR AR, DA R SR REREEFN EL AR A KA AR IR B —E NS
FHrH.

XHEIE RUUGE, HLRT, AURSEM, HURERE, BRTETHY, e, MA R, RS

SIAHEX FHeE. YRR LR A O £ RN S5 0 A SERET I Rl A il . A 3l i3, 2017, 43(9):
1509-1519

DOI  10.16383/j.aa5.2017.c160648
Analyzing Intellectual Structure of Related Topics to Blockchain and Bitcoin:
From Co-citation Clustering and Bibliographic Coupling Perspectives
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Abstract
more attention from diversified researchers for the past three years. Actually, the conceptual framework of blockchain and

As an emerging technology and an important digital currency, blockchain and bitcoin have attracted more and

bitcoin has increasingly diffused into other research and application areas. Therefore, to analyze the intellectual structure
of the related topics to bitcoin and blockchain sounds significant and valuable. However, the relevant research literature
based on the bibliometrics keeps the blank. In this paper, co-citation clustering and bibliographic coupling are utilized
to analyze and present the intellectual structure. The related result of analysis could be valuable for the next relevant
exploration.
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Table 1  The different experiments of literature retrieving

P HEtRA SCHRES SCERISEL ST
1 TS = (“blockchain*”) %&5| = SCI-EXPANDED, SSCI, CPCI-S, 30 LU 21
CPCI-SSH, CCR-EXPANDED, IC i}aj# R = 1986 ~ 2016 WS 2
2 TS = (“blockchain*”) NOT TS = (“bitcoin*” ) &j| = 4 SUESC: 2
SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH, Wresc: 2
CCR-EXPANDED, IC }[a]#%E = 1986 ~ 2016
3 TS = (“blockchain*” OR “bitcoin*” OR “proof of work” OR 264 S 3C: 158
“Ethereum*” OR “crypto-currenc*” OR “digital currenc*”) WFEsC: 70
#%5| = SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH,
CCR-EXPANDED, IC }[a]#%E = 1986 ~ 2016
4 TS = (“bitcoin*” OR “proof of work” OR “Ethereum™” 234 2B 137
OR “crypto-currenc*” OR “digital currenc*”) WFESC: 68
NOT TS = “blockchain*”
% 5] = SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH,
CCR-EXPANDED, IC H}i]#)E = 1986 ~ 2016
5 TS = (“blockchain*” OR ”bitcoin*” OR ”proof of work” 221 2B 168
OR “Ethereum*” OR ”crypto-currenc*” WFesc: 70

OR “digital currenc*” )

R Sckgedl: (PROCEEDINGS PAPER OR ARTICLE)

2%#| = SCI.EXPANDED, SSCI, CPCL-S, CPCI-SSH,

CCR-EXPANDED, IC H}[a]#E = 1986 ~ 2016

2 SCHRAHeRE D 5 MEIK (HIX)

Table 2 Top 5 countries or territories of the

literature proportion

=% W fit (%)
% 63 28.64
P 23 10.45
i 21 9.55
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Fig.1 The time series of the related literature to
blockchain and bitcoin (1999 ~ 2015)
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3 kS R ET 10 NMFHE (Category of WOS)

Table 3  Top 10 categories of WOS ordered by the proportion of literature
WOS wE-H &6 gkl (%) Syl
Computer science theory methods 113 51.36 BB
Computer science information systems 93 42.27 TR
Computer science interdisciplinary applications 39 17.73 THEHLRR2E
Engineering electrical electronic 29 13.18 THE (BR)
Computer science software engineering 28 12.73 TAE (BkAF)
Computer science hardware architecture 25 11.36 THANLR:
Economics 15 6.82 S

Computer science artificial intelligence 12 5.46 THEHLR

Telecommunications 12 5.46 WA

Business finance 11 5.00 G

Multidisciplinary sciences 9 4.09 Ziey

YAO ACC (1983)
RON D"(2013)
YAU D (2002)
s Dj{waRK C (1993) .
oavs o ROSENFELB~M~{2014)
it k15 A 1o
T onanessany | SSRARREY (159 .
- NAKAMOTO S (2009)
rmerese®  ~ LAMACCHIA B (2007)

ZHAO B (2001)rogermin, osn aoos)

STEWART J (2007)

.............

DOUCEUR JR (2002)

e AWORK C (2005)

BACK A (2002)

Kl 2 HT CiteSpace RILHITIM LK (LY SUZHER)

Fig.2 Co-citation networking based on CiteSpace
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TAEEUEBAILE] . 5260 R 55 SOk 045 ) 28 1 AR 55
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1 K-medoids &E ST AH RO iEhs, JLE
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Table 4  Top 10 clusters ordered by size in co-citation clustering

1D SCHk E R F/5 (Log-likelihood ration, LLR) 4 (TF-IDF i)

0 67 0.823 mining pool; bitcoin ecosystem; rational zero; bitcoins
bitcoin protocol

1 41 0.962 client puzzle; dos attack; denial; cryptography
computational power

2 37 1.000 set-up assumption; unified framework; a unified framework for concurrent
concurrent secure computation-both security: universal composability

from stand-alone non-malleability

3 34 0.999 transaction prefixe; the case for public work
human behaviour offer;
empirical inquiry

4 32 0.976 storage complexity; difficulty notions;
constructing peer-to-peer system; storage complexity
storage-enforcing commitment scheme

5 28 0.965 effective method; rejection notice; spam-combating system
compromising party

7 24 0.998 hidden internet service; silk road
silk road; online media

6 24 0.982 potential attack; several month; proof-of-work
advanced bot

9 23 0.957 transaction prefixe; fairnet - how to counter free riding
human behaviour offer; in peer-to-peer data structures
empirical inquiry

8 23 0.937 bread pudding protocol; application; work
security protocol;
untrusted computational device

10 22 1.000 business process; security intent; secure business process modelling;
business process expert SOA system

11 21 1.000 electronic payment system; multi-analyses electronic

broad classes;

encryption method

payment system

M (5), R ARLEIETE Ry [-1,1], IF
FUBGEEIT 1, R 5E B I I, SRR
F.UeAh, P2 SR ET LAY R R HET O 5
EER N TRMAER 2 A SO B SRS
& ARG M4 T PR R S 4, FEtR
HRFE M AT, — BN B O E R
TR TR A 2 00 2% 1 23 TR R R TR Bl vk
HAHEMEZMIEN, 1 PageRank HEF A DAES
G WRAZA 25 A I 45+ ) g o 7290,

3.3 XENFBARRESN

B RITR S5 T 52 R SCHR B T AR 2 —
ANTEAE U TR AL, PR DA ARG TR R, BF 5 i ¥

(Research front) @&— PN MISISHME. Filan, A
BB R SCHR R B I 285 R ) F 4 A B R v S
AR T RN I SCIR Y. (HR, — e 45T, Tt
HoJE — X7 SRS AT RE I ASTE W 2% 19 3= 45
BRI T Hh O R R ) T DL T AN A T AT
GEHFET RN AZ I, 45 A 32 80 5 B 1] 1 5 B 37
Z R ANSAER A KR, 20 T —FhFr w58 mivE 4R
75 3B,

TERE 3, B TRRLISAME T - LLR By 385
PO M v] DAE B — 285 X F o e, i an BT X
HE IR HE RS2 5 W DA B ] FEAE BRI A2 5 - 5 45
A A E BN 6 . B/ 3 AT AL
HI 10 B R B SCRk AN 7 Fi7s.
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Table 5  Top 10 articles with high frequency of co-citation in Fig. 2
s 9’8 LI/

1 Nakamoto S. Bitcoin: a peer-to-peer electronic cash system [Online], 62
available: https: //bitcoin.org/bitcoin.pdf, 2008.

2 Ron D. Shamir A. Quantitative Analysis of the Full Bitcoin Transaction Graph. 24
LNCS, 2013, vol.7859(3—4): 6—24.

3 Reid F, Harrigan M. An Analysis of Anonymity in the Bitcoin System. 23
IEEE Third International Conference on Privacy, 2013, vol.1, 1318—1326.

4 Barber S, Boyen X, Shi E,et al. Bitter to Better = How to Make Bitcoin a Better 23
Currency, LNCS, 2012, 7397: 399—414.

5 Meiklejohn S, Pomarole M, Jordan G, et al. A fistful of bitcoins: characterizing payments 22
among men with no names. Proceedings of the ACM Conference on Internet Measurement
Conference, 2013, vol.1, 127—140.

6 Ober M,Katzenbeisser S, Hamacher K. Structure and Anonymity of the Bitcoin 17
Transaction Graph. Future Internet, 2013, 5(2): 237—250.

7 Androulaki E, Karame G, Roeschlin M, et al. Evaluating User Privacy in Bitcoin. 16
LNCS, 2013, 7859: 34—51.

8 Moore T, Christin N. Beware the Middleman: Empirical Analysis of Bitcoin-Exchange 14
Risk. LNCS, 2013, 7859: 25—33.

9 Miers I, Garman C, Green M, Rubin AD. Zerocoin: Anonymous Distributed E-Cash 10
from Bitcoin. Security and Privacy, 2013: 397—411.

10 Christin N. Traveling the silk road: a measurement analysis of a large anonymous online 10

marketplace. International Conference on World Wide Web, 2012, 2(3): 293—304.

#10 using proof-of-work function

\ #12 bitcoin age

#5 virtual currencies

carbon emission
ity‘management P -
#6-autonomous scientific publishing agent

it ,p;?ﬁgﬁcmmtiparty computation

newable energy
g /—#9-spam-combating system

\#8 tradeoff cryptanalysis

K3 H:T CiteSpace HIAH KT & 2T
Fig.3 Bibliographic coupling analysis based on CiteSpace
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Table 6  Top 5 clusters of bibliographic coupling analysis
D SCHREC LEES F (Log-likelihood ration, LLR) F4 (TF-IDF Aili#%)
0 21 0.984 carbon emission; trading infrastructure model | bitcoins
cryptocurrency system;
using p2p network traffic
1 20 0.991 renewable energy; empirical analysis | bitcoin network
smart grid;
difficulty control
2 18 0.97 bitcoin-based transaction rating system; weird trick
peer-to-peer affine commitment;
algorithmic trading
3 17 0.935 bitcoin ecosystem; empirical analysis | bitcoins
conjoint analysis;
future online banking service
4 17 0.972 adaptive identity management; cloudlet-based multi-lateral resource
certified bitcoin; exchange framework | bitcoin
making puzzle
5 15 0.979 virtual currencies; denial
new phenomenon;
financial market
® T3 IR RUPUOE (Centrality of node) fmif 10 fw 3K
Table 7 Top 10 articles with high centrality in Fig.3
5 [19'8 AN
1 Donet JAD, P érez-Sol aC, Herrera-Joancomar J. The Bitcoin P2P Network. The Workshop 1.12
on Bitcoin Research, 2014, 8438: 87—102.
2 Wang LQ, Liu Y. Exploring Miner Evolution in Bitcoin Network. LNCS, 2015, 0.87
8995: 290—302.
3 Ron D, Shamir A. How Did Dread Pirate Roberts Acquire and Protect his Bitcoin 0.8
Wealth? LNCS, 2014, 8438: 3—15.
4 Dev JA. Bitcoin mining acceleration and performance quantification. IEEE 27th Canadian 0.6
Conference on Electrical and Computer Engineering (CCECE), 2014, vol.1, 1—6.
5 Bamert T,Decker C,Elsen L, et al. Have a Snack, Pay with Bitcoins. IEEE Thirteenth 0.51
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