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Abstract  Software updates and evolves continuously over time, software repositories accumulate
massive data. How to effectively collect, organize, and make use of these data has become a key
problem in software engineering. Mining Software Repositories (MSR) aim to mine useful knowledge
contained in complex and diversified data to improve the quality and productivity of software.
Although some studies have elaborately summarized the background, history, and prospects about
MSR, existing studies do not present systematically the most influential author, institution, and
country as well as the major research topics and their transitions over time. Therefore, this study
combines the existing classical publication analysis frameworks and algorithms to analyze the
relationships among publications related to MSR, and presents some important domain knowledge for
researchers in detail. To effectively tackle this task, we construct a framework named MSR
Publication Analysis Framework (MSR-PAF). MSR-PAF consists of three components which can be
used to create a dataset for the study, conduct a bibliography analysis, and implement a collaboration
pattern analysis, respectively. The results of the bibliography analysis show that the most productive
author, institution, and country are Ahmed E. Hassan, University of Victoria, and USA,
respectively. The most frequent keyword is software maintenance and the most influential author is
Abram Hindle. In addition, the results of the collaboration pattern analysis show that Abram Hindle
is the most active author, and open source project and software maintenance are the most popular

research topics.

Key words publication analysis; collaboration pattern analysis; data mining; mining software repositories;
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Fig. 2 The MSR publication analysis framework.
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B 25 FH 30 3AH ) 4 A0F 5 2% M. A 38— A i) 1 0 o
A GNBEEXEE RE . B KPP IEEEA
& FH 3T A [R] A BIF 9 % BB

EBX 3. HE—NTKREAMYE N={A,AK, T},
Hrp A RSMES IEEESGAK Z2IUMES.
B—NICEK ak, FoRMEH a. AHERH a, (4 [
(IR s T Rn A AL & B R 2 ARl A
EES AT d=R

VE# SRl L 2 43 BT WFIZ N 46 524 T w(AD
PAE AR B Q M {E A K.

2.3.5  RFRML PR

KR M2 43T £ 2R B GN R X W 4%
TR R BRSO I 2% 1 T R A BN [ L AR
17 3R 3 A4S OC & W 48 0 1 A B I N 4% A5 52 1

GN REF A HEN T 3 M. ik, Xu
A NUE T — A A & B 1 Cedge value) .
HAB % F il A B0 DAALE. GN B3k 3 1 A W7
FSURERSHNIBIRE = X489 8= SN TN TR W
FH GN B R K LU 76 X B A5 VA I 75 224
F|—Fh 55 . BISE 5 5 B Ay (average degree)!'®,
TN FRATTTE LA R R

I R R A S g T A ST R I
R (PS40 DUAE 5 6 35 W4 S ], SF- 35 75 4
R AE BT B SRR BB — T M4 N' =
{A"\B"\W'},A", B', WA, B, Wy F4. 4 .
B’
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Ad: (5)

3 ERXEOWER

AR T A 4 MSR SCHk 2> B BoiE 4 9E A 2
AT T B a4 AT RIS ) ) 4 BT R S 3l Sk 43
B4k
3.1 HiEE

FoATH A 42 1 Bl ok UR F 2004 4F & 2016 4R
WMSR WS 9 T A 18 3C. 0 7 818 MSR Sk 2> Bt
BHRAE TR AT B e WMSR - il B8 SC A 55 7E K
JUECHE L AR )5 38 o 2% I dL T BN DBLP, ACM,
IEEE Xplore, Google Scholar Hp il BUfE & 4 4 . Hl
LT 5 b X G B ) A D K 5 | OB i
ST 529 RSO 961 (AR X EEEF R A 35
ANEFEMIX . HE T 254 NARBYLG. K 3 Box
T WMSR HR4F 0% 1938 SC 0, L 3 Hoal LU
AL TE 2012 4R CF) Z 01 B 4E WMSR I 5 11 3¢
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Fig. 3 The number of publications per year in WMSR.
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3.2 FESWER

A BRI AT A AL BV e e A
BLAG | 52 ) b X D R e 5 1) G A ).
3.2.1 fE&ESH

FATHEE A P T A I SCRIEE 24
R T O e R AR T AR AR B T AL 3

HAE TR RS AEE e
“Yann-Gaél Guéhéneuc”#1“ Yann-Gael Gueheneuc”
PR [ — D AEE L RATH Ja HRE R A
K EEMEE RS EH KR MIE SCHUE.

TAT B A 529 R e 30, RZH0E X
VRS By 1~6 i il D BUE T S a7 4,
Ve E R Ty 3. 29 . He ¥ K 961 KN A 9 1
HoHA 674 MEFMNART 1R R BRT
I e 77 B 10 AR DA B A AT] & 3R e SO, AR
Tl LA HE2 % 1 B9 /E & & Ahmed E.
Hassan, 7 WMSR L3k 3% T 23 Fie S0 HEAESS 2
i F1 58 3 i B9 & Abram Hindle 1 Daniel M.
German, /£ WMSR ¥ &£ T 22 it 3 HAp 7
FiAEH1E WMSR | & 1918 SCECR AR i 10 45

Table 1 The Information of the Most Productive Authors
x1 BFrEEER

Ranking Author Paper Number
1 Ahmed E. Hassan 23
2 Abram Hindle 22
3 Daniel M. German 22
4 Bram Adams 18
5 Gregorio Robles 17
6 Jesus M. Gonzalez-Barahona 16
7 Christian Bird 15
8 Georgios Gousios 12
9 Michele Lanza 11
10 Thomas Zimmermann 11

3.2.2 MMzt

S T R R B LA, FRAT] TR EE X LA R B
HEAT T AL 2

D fEBIRE S R SO B — D EE B XS
N — B IR TE 22 AR R A T [F— L.
BRI ] — i Sc b el — HLA AL GE 3 — K.

2) FEARFERE S i TR %L 7
BH G AR B[R] [ — HLAL 7T BB A AN TR B 44 Bk I
ML FHREN TG —H I ZFR, i Ecole Polytechnique
de Montréal 1 Polytechnique de Montréal 52 [ I
FR A — L.

3) o KA & Z A 0K i e K 2
(University of California) £ 10 >0 8 , 1% 26 43
M [E) A A ST B S S 400 58 iR Rt 5 X )

4) — 860w B Al B B S LI 2 2 5 R
WEFE 33X L BF 55 WL AY T RE 43 A 76 A [6) 79 1= 52 [ 4 X
{B I =W 5E B . L1, IBM Watson Research Lab
F1 IBM Haifa Research Lab 43 % T 3% E f1 L) &
F. R s FATTAS DX 43 ax SE LA, B & — fd HT 2L
AR

WL DL E 4 BRI R BAA 254 D ANTE]
() LA, Hoh 135 DAL R T 1 530,
F2HH T HT 10 AL I 24 FR R SR B8 SCE
PLRCEAT IS B B K X, R 2 ] DUE S HE
FAHT 3 B KA JE N & K% University of Victoria,
Queen’s University, University of Waterloo, 43 5|
KT 32,31,29 Riig3C, HoAl 7 Fr R2E P kK R 18
SCHR R 10 G FERT 10 KA 5 i R T
INEER L 5340 5 B KA 43 A T fif 2% 56 1] PG BE2F
Fig 1 AR L n] WL SRR & R Y B S ALAE X MSR
U K AT — 7E B TTRK.

Table 2 The Information of the Most Productive Institutions

®2 BrUMER

Paper

Ranking Institution Number Countries

1 University of Victoria 32 Canada

2 Queen’s University 31 Canada

3 University of Waterloo 29 Canada

4 Delft University of Technology 25  The Netherlands
5 University of California at Davis 21 USA

6 Universidad Rey Juan Carlos 19 Spain

7 University of Alberta 19 Canada

8 Ecole Polytechnique de Montréal 18 Canada

9 University of Zurich 16 Switzerland
10 Saarland University 15 Germany
3.2.3 HWHRMMXgit

R T VR R e B R R M X AT o K Al
i B AR B AT oAb B

D D BEESCh BARR AL T WL 5 5. . SR Tk
K SR L PG FRATT 75 BEAT A A G X SE ML BT
[ % M X

2) — 8w A /Y B 5T HLAE FT BE AL T A [
(1 R L B A R AT] i 2 X 03X 2 [ 5 M X



2776

ENFR S &R 2016, 53(12)

4 IBM Watson Research Lab fiI IBM Haifa
Research Lab 43 54 T 7F 32 [E #1 UL 651 , H 0 5% A
RN X 5358 [ AL @5,

Wk FIR AL IR 2 AR RATGE I R
P Al 35 MERMIX L HP A 9 A E K b X
IR T 1 RS0, ¥ B R 3 118 SCEUE X i 26 =]
I IEATHE R . B 4 5o 3 2 [ 51 X &k R
SCHECRAR B N 4 o] DU L e 77 /9 10 A
PSS PSS | b N T N E [ NI
B R PG B N ] 5 3 AN 5 R i) kR
1174 R 146 F e S0, SHUM ST SRR B SR A
set R E S X e O R EA E EZRILIE 2
57 MSR S5 o 10 7E N2 KA JLT R 2E 2
5 MSR U WEFE. 55 b W5 A B 5 [ A 2 K &
R SCHCE  BBCE —R LB 5 MSR W
HeykE hEEESS T I3 REBCIRE A
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Q
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Fig. 4 The publication numbers of different countries.

B4 &k RR MSR i 3C8 =

3.2.4 REIRGIT

Ry T VR R A B O B R L TR AT R B a2
rh R SC B R B R AT AL B

1) [RlRE G 1) v 2 A B3] m] B 2 &2 Kt i) g
2 AR DRI AT 52 M0 B R (B R &G R
hy s HN les” 1Y 1) B Al by JEURL.

2) FEORER ] A A — S X OGS R G 1 22 T B
X 1], 4 software engineering, mining software
repositories,data mining 4%, 317 I £ X L& ¢ 4 )
IEHCAAS IR B 252 8R 5 1 8% B i 6 G g i)

3) A EMEF A A RS 1E ARk 07
b AT 25 15 FHAS [7) 7y S Bt 1) > 28 7 A [R] /Yy 32 /880, LE
bug,defect,fault 5. P, FATTHE 7 T — A4~ [A] A
FUH B OR TR A 1) 5 4y TA] — 3 Gk defect A
fault Z#: 4 bug.

Wt PL b3 AR RATSE T A B A A /Y
SRR I B A O R | AR AR A AT Y R
HERF .2 3 o 1T 10 it 0 SC R 3R 3
"l LIFE Y, “software maintenance” J& fx J 2 1 OC i
il 109 45 18 SO 2k 12 5C B m] L 3 356 BH 78 B 1F 6
248 U B G4 R e T O 1] R R
PR PEFZ A I v B 380 4 508 IR 20 U5 T 3 A 4 4 By
BGHETESE 2 F15E 3 B JE “Open source project” F
“Software configuration management and version
control system”, $1 & 43 7/ 87 Y HI 58 K. &% 2 4>
R Bl ) AR A 3¢ v HE 4 1 i R DA O R R A
IR Ty s KA WA 38 4k 2 o S g F 90 230 H Al
F A B Y O B R) AU 4 “ Software post development
issue”, “Java”, “Documentation”, * Software
quality”,“Human factor”, “Performance”, “Public

domain software”.

Table 3 The Information of the Most Frequent Keywords
x3 BEENXERANER

Ranking Keyword Frequency
1 Software Maintenance 109
2 Open Source Project 87

3 Software Configuration Management 53
. R 5
and Version Control System

4 Software Post Development Issue 52
5 Java 41
6 Documentation 39
7 Software Quality 37
8 Human Factor 33
9 Performance 32
10 Public Domain Software 32

3.3 ElmAhar

ZNRTES A DA T E SN e A ok (A ]
F3153 B A SCRE R 3 43 M 2 A5 T
3.3.1 AMEHEZ W10 Hr

MSR SCHR 70 #r B 2 W 5 7 BT e SC i 1
A FRATARE 51 RO+ B A E# 1) H K7,
SRJE AR H A X EE AT HEF 3R 4 05 T 10
PAEEBIME B R 4 hal LLE L HEA T 3 EH
J& Ahmed E. Hassan, Daniel M. German, Abram
Hindle, H B335 2 14,14, 11, {112 5% A fn &
R BT AE AR A2 7= LA 5 oAt 7 2R & 252k A
PG RV B Ay 2= 45 g 7 B 5 n] L ok v
KM X AEE A BB R .
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Table 4 The Information of 10 Authors with the Highest H Factor
x4 HEFERSHE 10 ZEENER

Ranking Author H Factor Institution

1 Ahmed E. Hassan 14 Queen’s University

2 Daniel M. German 14 University of Victoria

3 Abram Hindle 11 University of Alberta

4 Gregorio Robles 11 Universidad Rey Juan Carlos
5 Bram Adams 10 Ecole Polytechnique de Montreal
6 Christian Bird 10 Microsoft Research

7 Jesus M. Gonzalez-Barahona 10 Universidad Rey Juan Carlos
8 Thomas Zimmermann 9 Microsoft Research

9 Georgios Gousios 8 Radboud University Nijmegen
10 Michael W. Godfrey 8 University of Waterloo

3.3.2 WICEEM S5

AT TR s RS RS 2T
51 R B = 1 10 R SRR 8 5| IR B AE &
R AR5 B N 5 HrT LA 5 R B =
XK Z kR T 2004 4F & 2007 4F AUAT 2 58
SCA3 R R F T 2009 AEFT 2010 AF. AL, 5| FHR AR
RREMNAERK R, HEAFT 3 0918 305 51 9%
SIH T 489,442,253 Y, HiAth 7 F e 3Cmy 5| IR AL
B 100 kDL b X 2w 51 e SCE# R Z 80k A
L E AL R R, & ER S5 MSR W
LR BT R RIS SCHI R B A SR .

AT B A S0 NCIT 8 %0, 2% 5 8 35
NCII $5Eouh e SCE AT HE 44 . 32 6 23 1T NCII 4541
i e B HT 10 J5 38 SChs AL 51 Ik £k NCIT 45 4k, 1R
HVEFZAAEMNE R HEAE 10 Wigsch AR T
2013 4F R0 2014 4B AT 2 J . HoAlb % 3R T 2005 4F,
2006 4 ,2007 4 .2009 4-.2010 4F.2012 &A1 5.
NCII #8500 5% & B9 3 5518 3¢5 3l & “When do changes
induce fixes?”, “Mining email social networks”,
“The promises and perils of mining GitHub”, 2 &
¥k 40, SEBR b NCIT 48 %0 & 1938 30 When do
changes induce fixes?” L 5 & & & B9 51 H K %K.

Table 5 The Information of the 10 Most Cited Publications
x5 ES5IH10FEXNER

Ranking Title Citation Author Country  Year

1 When do changes induce fixes? 489 Jacek Sliwerski, Thomas Zimmermann, Andreas Zeller ~ Germany 2005

L . . Christian Bird, Alex Gourley, Premkumar T. Devanbu,
2 Mining email social networks 442 . . . . USA 2006
Michael Gertz, Anand Swaminathan

Preprocessing CVS Data for Fine-Grained
processing e e Thomas Zimmermann, Peter Weiligerber Germany 2004

Analysis

. . . Cathrin Weiss, Rahul Premraj, Thomas )
4 How Long Will It Take to Fix This Bug? 243 Germany 2007

Zimmermann, Andreas Zeller

An extensive comparison of bug prediction

5 198 Marco D’Ambros, Michele Lanza, Romain Robbes Switzerland 2010
approaches
6 The perils and pitfalls of mining SourceForge 194 James Howison., Kevin Crowston USA 2004
MAPO: mining API usages { . . .
7 mining usages from open 173 Tao Xie, Jian Pei USA 2006

source repositories

. . o . Christian Bird, Peter C. Rigby., Earl T. Barr, .
8 The promises and perils of mining git 162 . . . ) USA 2009
David J. Hamilton, Daniel M. German, Prem Devanbu

Understanding source code evolution usin
8 . € Tulian Neamtiu, Jeffrey S. Foster, Michael Hicks USA 2005
abstract syntax tree matching

Applying Social Network Analysis to _ Luis Lopez-Fernandez, Gregorio Robles, L.
10 . . T 151 ) . ) Spain 2004
the Information in CVS Repositories Jestis M. Gonzdlez-Barahona




2778 TR S5 kE 2016, 53(12)
Table 6 The Information of 10 Publications with the Highest NCII
&6 NCIHEHZESHI0FEIHNER
Ranking Title Citation NCII Author Country  Year
. . _ Jacek Sliwerski, Thomas Zimmermann, .
1 When do changes induce fixes? 489 44,45 B Germany 2005
Andreas Zeller
Christian Bird, Alex Gourley, Premkumar T.
Mining email social ne s 44 14,
2 ining email social networks 1z t.2 Devanbu, Michael Gertz, Anand Swaminathan USA 2006
Eirini Kalliamvakou, Georgios Gousios,
3 The promises and perils of mining GitHub 85 42.5 Kelly Blincoe, Leif Singer, Daniel M. German, Canada 2014
Daniela Damian
4 The GHTorent dataset and tool suite 111 37 Georgios Gousios Netherlands 2013

An extensive comparison of bug

prediction approaches

6 How Long Will It Take to Fix This Bug? 243 27

The impact of code review coverage and
code review participation on software
quality: a case study of the qt. VTK,
and ITK projects

App store mining and analysis:

8 97 24.25
MSR for app stores 7

9 The impact of tangled code changes 72 24

10 The promises and perils of mining git 162 23.14

Marco D’Ambros, Michele Lanza,
Romain Robbes

Cathrin Weil, Rahul Premraj,

Switzerland 2010

G a 2007
Thomas Zimmermann, Andreas Zeller ermany
Shane McIntosh, Yasutaka Kamei, Canad 2014
Bram Adams. Ahmed E. Hassan -anada
Mark Harman, Yue Jia, Yuanyuan Zhang UK 2012
Kim Herzig, Andreas Zeller UK 2013
Christian Bird, Peter C. Rigby. Earl T. Barr,
David J. Hamilton, Daniel M. German, USA 2009

Premkumar T. Devanbu

Gy AN XL SCHAE A S AR ok B P E L 2 L
R 22 B H A g KL A L
E 38 S0 & BRI 2 J. 92PR b NCII 48 44
ST SO S IR B R R OC R L RIS Sk
2 1) B[] e B AR R SO 52 0 T gl B ey L AR —
SE TR FE I 5 T VA M S B 8 SC I S
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Fig. 5 The largest connected subgraph.
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52 I BB R Ry 0. 649, 1Y 4R
H® 6,903, W&l 6 Fros. 55 2 A% AR #E 0 F
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Abram Hindle, 35 %] 60 K. 52 MSR 4k = 5 &
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M. German F1 Katsuro Inoue, & 5 &4E B IR B 57 5l 15
2] 50 AN 28 K ; 55 4F, Jesus M. Gonzalez-Barahona
WA E B Z G VEREL
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@ Katsuro Inoue
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Daniel M.German

Fig. 6 The second largest connected subgraph.
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Fig. 7 The keyword co-occurrence network.
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%,k Ahmed E. Hassan f1 Abram Hindle & F
5, 4145 Daniel M. German, Bram Adams, Israel
Herraiz Z4E#  S2br L 7E XA R /EH KR 25
AR AR 3R B O TR A G AR A R
b AR HE #7555 [h].

2. XAEWAERZWIES, EELL Andy
Zaidman #1 Arie van Deursen b 5. FE L HEK
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3. XAHEEA - ERHENIES, TEL
Christian Bird, Denys Poshyvanyk, Premkumar
Devanbu > 3 5. H 3= 2R 0F 58 J7 1) A2 JF U T % A
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AR FEE T AE R MSR SCHR 43t b 5%, 43 0 Ak
Bl SCHR 20 BT AG AR BE 0 B, 1 e 280 5 A3 T
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PAF. MSR SCHRAF BT HEZE i 3 A 2H A4 2H A

D 55 1A 20 18 FH ok O d B i 4. ATl gk
WMSR | i JIr A SCHR AR & AE O oo 84l » AN TEEE
Xplore Fl ACM 45 FE v @ WA 5 L HLAG | [ 22/
DX OCHE ] 2555 B SR 5 N DBLP A € AR &
M4 i N Google Scholar Hi € HitiE SCHY 51
UOB Fe 20 8 MISR SCHR 70 #5080 4.

2) 55 2 A A PAT B SCHR 4 BT FRATTAE 4L
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3) 5 3 MM A A B, FATAH 3
S FATE ORI (CEEeE U NS S5 sriBa W TN
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ZiHB] Ahmed E. Hassan 2 &% = 7= B {E &, open
source project il software maintenance & #% i 17 i
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MSR SCik o 24 & 9 K.
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