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Identifying Extract Clz‘lss‘Refactoring Patterns from Code Changes

SUN Mei-Rong, YANG Chun-Hua
(School of Information, Qilu University of Technology (Shandong Academy of Sciences), Jinan 250353, China)

Abstract: Refactoring is a common way of improving software maintainability and software quality in modern software
development and maintenance. In daily revision, refactoring patterns usually mix with code changes accomplishing other
tasks such as bug fixing and feature addition, which makes the change understanding very complicated. It facilitates
changes understanding to identify refactoring patterns that can isolate refactoring from other types of code changes. As far
as [ am concerned, there is no method and tool which have been proposed to identify code refactoting by code change
types and similarity comparison. We proposed An identifying algorithm for refactoring patterﬁs, based on fine-grained
changes type and text similarity. The algorithm is used for refactoring patterﬁs of exfract class. The algorithm has been
tested on 4 open source projects, with an average 82.6% accuragy. -
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XA (Apache, Squid, PostgreSQL, SVN LA Coreutils
) RGN KRR G HEATRERIAS I, RIL 77% MRS
SRR W DL RIS W, T 57% HEE R I HEAT
Al
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ARSI A R 19708 B AR 17 44 25,
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1 HUJTiE
1.1 HEZARR R G

FEE (Extract Class) " E AR, — B T Ab 72
HREE —AERWROE T 2 M Thae KB, 255
EAEE TR, A TiIREENEAR, KRG, e
W — LA E R BN T TR R 7 — A,
KA KRS, wE 12— HEEE R R

Hy 2 IR 1. 2K Person it £ (1)@ Pk oficeAreaCode

F1 officeNumber A K Jj Re A getTelephoneNumber()
PEHEE] T — AN 2 TelephoneNumber 1, HEF2 7))
ARA 70 3788 DU v 51 P

Vi V2
(" Peson | [ Person ?elepnon Number)
offic er;:?gCode name 1 officeAreaCode
officeNumber officeNumber
getTelephone getTelephone getTelephone
\__ Number() /| \__ Number() ) \__ Number()

(SR VeSS W N ]

1.2 RAFEE
FR 4R _E IR B 5 7, AR B, il E S
AE BAAWN 3 AR

@ AF 5 SO P AR S SR 1 R T VR A

@ ST A 0 SR A AN R B B L e 2

@) 1 J5 S B AR B A7 B A X 4 7% 30 7 VA I
51 H.

Hrh, QG H e 75 B T A H AR By 15 7%
5 BT IR B, N FRAIfE FH T ChangeDistiller' T. 5
PAF— AL SO T AR AR T, 40 7S B R A
ADDITIONAL OBJECT_STATE. #f N\ if4):
STATEMENT_INSERT. #¥if): STATEMENT DELETE,
# B REMOVED_OBJECT STATE. & &
BeatFluri 2§ AN W"45 )4~ Tree differ 573%, 45425
Eﬁ@ﬁﬁh%ﬁiﬁﬁiﬁi&ﬁﬁtt, SRSy AR T B n] PAX
) G5 R VTR A5 A B S 4 OB A

TMRFE@ A 58 77 2238 T ORI AR AR T IR 5.
RAVER) T Levevshtein® &%, B 2 A ALl P ) b .
Levevshtein A& —FiH 59 /N 2445 B 0] 22 5 F2 B 2457
o & (string metric) 5%, B — /N BRI AR B o — AN
TSR /D A R MR Al MHIBR . BRI
). AP F-4F B AR RS B

Similarity = (Max(x, y) - Levenshtein)/Max(x, y)
Horp, x Ay U5 R E AR R IR, AR ST x FE A R )
FRABE A, y FELEB IO F A ARRGAT . R ARSI
()2 AR A, AR AR AR LU, BT DA%
S AT B \ N

U P R RERT ¥y i/ S

1) I} GhangeDistiller 7L 148 3 A 057 47
AT RGNS E: AR, BN, B
I T R (I R

2) MR A 5% 7 B P JB XS S AR 3R AT 43 4, K AH )
RS ARy B — AN, 55BN 2H P9 1 B i B 1
ARG 0 E A 44T 5 AT HE R, Hrp AT 58
W B HCCAAT IR,

3) Rk 4m AR R AR 2) B3 o, A5
Levevshtein FyE3EAT AL VC S (M B V8 F) FiHT 386 SC
PEERADAT), EFRAHRI TG, BRI RS
1.3 HEEIRIIR A

2 SR TEEVERESE, BARmRR a0 R 3L,

1) ARS AR 5 HY

B3 ChangeDistiller FEEAT A FIARIZAE T, A5

'https://bitbucket.org/sealuzh/tools-changedistiller/src/
*https://en.wikipedia.org/wiki/Levenshtein_di stance.

Software TechniquesAlgorithm #1F4 AR« 5%: 189

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20184F 55274 9

X R . MIBRAES) . R R E ), —
ARG AR il A2 KA (ChangeType) 25 LAk
(ChangeEntiy) F14E I XUSE S (ParentEntity) 145X

2) AR AR B 4320

I RO 1), 8 E ARG S u A AR
& C={<type, enity, content,parenten-tity >| type =28
R, enity /& T SEAR, content &L HWNE, UL TR
R SEAR parententity} . %5 55 AAS A8 BE ML His B J& WK
KRBT H CG, KN EHH cg=<
parententity, CS>, CS 8 B A MR XCE AL LS

3) ARRG Pt HCH 2 AP IR,

Ketrdl CS 7 NPTER I, R MIEREE DN Lyerere A1
HHER TN Lggs B CS=cg. lgeteret €€ -Laga-

@ # AR INRRERKELR F AT T og.lygy 2

75 K9 S B P R S, R U, TG cg
Lot F2 75 19 TS 1 R

@ ERKIANRRITEB T | cg.l g o T NBTHK
SR, 2R, TN cg. Ly 575 M%7 RN
J7 VAR,

D. @ BRI H 7 SCAHO T A
Levevshtein XA N 7o R 3T A€, 75 CA_ LB R AT, N
FR DR — A4 B R g

TR 8 WTSCHF o BRI E, 1) B4
T foew AR AR IR %M revision id 5 F K
revision_id—1 HE4F HLE TR, 75 revision_id-1 H[{ISCAF
AL SR £ RN £ AH I SLE fe: 2) 38
iob Java 19 52 5B SEHT 84K SO R VE fon field s
TE frew-methods 254 frew-class.

-
Code change set:C
/ﬁ type entity:content parententity
Person
name Person’ ADDITIONAL_OBJECT STATE FIELD: Person.officeTelephone : TelephoneNumber Person
. STATEMENT_INSERT RETURN_STATEMENT: officeTelephone.getTelephoneNumber(); getTelephoneNumber()
"T‘“A‘e"c“’de name C}‘l"l‘;ge"‘ REMOVED OBJECT STATE FIELD: Person.officeNumber : String Person
ot e REMOVED_OBJECT_STATE FIELD: Person.officeAreaCode : String Person
- 5 L getTelept \)/ STATEMENT DELETE RETURN_STATEMENT: ((("(" + officeAreaCode) + ") ") + offi ber);  getTelephoneNuml ber()
get Number(
group Code change group:CG
No) type entity:content parententity
TelephoneNumber 1 | ADDITIONAL OBJECT STATE  FIELD: Person.officeTelephone : TelephoneNumber Person
officeAreaCode REMOVED_OBJECT_STATE FIELD: Person.officeNumber : String Person
officeNumber REMOVED_OBJECT_STATE FIELD: Person.officeAreaCode : String Person
STATEMENT _INSERT RETURN_STATEMENT: officeTelephone.getTelephoneNumber(); getTelephoneNumber()
g getTelephoneNumber()/ 2 | STATEMENT DELETE RETURN_STATEMENT: ((("(" + officeAreaCode) + ") ") + off ber);  getTelephoneNuml ber()

\/ \
Levevshtein
identification

2 ik y !

ZEEEDIES ¥00: SnL SN Gz

B2 e

12 if cgCCGgeq
13 for each cgCCGq
14 3RHL CGe1q-CS T HTH HIFMETEAD cg. CS.lpag

1N —IRIEACHIRA S revision_id
2 i ERELEES P

15 3RAL CGio.CS FATA IMIBR TE ] cg. CSlgerete
16 if cg. CS.1,yq.entity="FIELD”

3 3KEX revision_id H BT A MARAS L4 F

4 for each f€ F do

5 3RHR SR HTAHSBRRA foa

6 Wdhi foq A1 f; SR AR S C

7 XS C AT HARES CG

8 M A IR ZEHE R CGraaCCG

9 KT ITEMAEEHIES CGrenedSCG
10 for each cgCCG do

11 for each f,,, €EF do

18 if cg. CS.1yeiere. entity="FIELD”

19 NLevevshtein (cg. CS.lyeeie- CONtEN t, froy field)
20 end if

21 end if

22 end for

23 else if cgCCG emod

24 for each cgCCG o dO

25 3KML CGpetnoa-CS T T KB ES] cg. CS.Lgq

17 NLevevshtein (cg. CS.l,qq. parententity, f; .., class)

26 PRI CGernoa-CS A KIMERE 1 cg. CSlyerere
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27 if cg. CS.I,qq.entity="RERURN_STATEMENT"”
28 NLevevshtein (cg. CS.1 4. parententity, fe., method)
29 if cg. CS.l4eiee entity="RERURN_STATEMENT”
30 NLevevshtein (cg. CS.lyeere- cONtent, frew)

31 end if

32 end if

33 end for

34 end if

35end if

36 IR — MR p

37 end for

38 end for

39 end for

40 P=PU {p}

Sk Oy ARG R

4 4T85 A F It AT E SO

f: %5 5 47i8id ChangeDistiller ] %1 f /2 75 A48 5 SO

9 8 TIPS CG IR A 5 9 AT HHT I
%4 CG R T LS4 16~19 JRTE & TR ALN
“FIELD™ {11 50, 40 Wik 22 75 75 2 8 £, ., o5
27~30 $57EAE 5 RN “RERURN_STATEMENT 1%,
T B 080 77 35 e T VR AR T B B B S
Srew Ho FLAEMBR AR 0 6 B X207 ¥ 00 51 A s 28
36 474 LA B BN EL, U R — AR
4 40 TIE I AT S oG R B A

3 SKERSSIE
3.1 éﬂz?&if

AT minigit® T HRECT P4 A JF ¥ 5 H
jEdit*, eclipse JDT Core’, Apache maven®, and google-
guice’, 753 B 18] (1748 58 77 5, 12 1 BR8] B
P KA AE B (RIS SESCHIRA . AR Y
H&L PSS il T MySQL Hudfs .

PATHY I N T AR 5 Elﬁ%ﬂﬁﬁ‘ﬁ%i‘%%
HIFE T Lo A7 AE A SRR A WiH 115 B BT
) 78 ) B A B W 1.

R 1 JFEIH RS B3R

TiH 44k i 1A B TEAE TSRS
jEdit 1998-09-27~2012-08-08 6486 24
maven 2003-09-01~2014-01-29 9723 69
goole_guice  2006-08-22~2013-12-11 1198 22
eclipse 2001-06-05~2013-10-16 19 321 6

? hitps://github.com/SoftwarelntrospectionLab/MininGit
* https:/github.com/linzhp/jEdit-Clone

* https://github.com/eclipse/eclipse.jdt.core

® https://github.com/apache/maven/

7 https://github.com/google/guice/

LN A 4 AN TR H |, $RAT il B E A A
AMECH 7050 08: jEdit HEA 24 DNHRR, maven HF
B 69 M, goole guice FEH 22 MEA, eclipse H
TAH 6 R

LR 5

3. 4 2B EH T H maven it A 68ca923
DefaultMetadataResolutionReques.java(left.java) Fll
DefaultRepositoryRequest.java(right.java) 134> 48 55
7" ,\Eijﬁﬁ%%TﬂﬂlJF’%ﬁﬁ%ﬁ NG s AR AT
) S % B 0 I 75 LI 0 15 R A 1 \EP
ChangeDistillqr FRECEBINT % FIELD. MR/, LL &
AT R AT 5

sk ue et 1 B HEAT SR,
MGV L4521, Wk 2.

UM I EY i)

41 - private ArtifactRepository localRepository ;

42 -

43 - private List <ArtifactRepository > remoteRepositories ;

44

45 - private RepositoryCache cache ;

46

47 41 private boolean resolveManagedVersions ;

48 42

49 - private boolean offline }
43 | + private RepositoryReqest repositoryRequest ;

50 44

51 45 public DefaultMetadataResolutionRequest ()

52 46

53 - {//does nothing
47 | + repositoryRequest =new DefaultRepositoryRequest () ;

54 48 }

55 49

56 - public DefaultR itoryRequest ( itoryRequest request )
50 | + public DefaultRepositoryRequest ( RepositoryRequest repositoryRequest )

57 51 {

58 - setLocalR ( request.getLocalReposi 0):

59 - set itories ( request.getR Repositories () )

60 - setCache ( repositoryRequest .getCache () );

61 - setOffline ( repositoryRequest .isOffline () );
52 | + this.repositoryRequest =new DefaultRepositoryRequest (repositoryRequest );
53 }

5 .
; K3 leftjava
38 : ine:
private boolean offline;
39 private ArtifactRepository localRepository;
40 private List<ArtifactRepository> remoteRepositories;
4114 private RepositoryCache cache;
42 *
43 * Creates an empty repository request.
44 w
45 public DefaultRepositoryRequest()
46
3; // enables no-arg constructor

[k

* Creates a shallow copy of the specified repository request.
x

* @param repositoryRequest The repository request to copy from, must not be {@code null}.
*

public DefaultR itoryRequest( Request repositoryRequest )

setLocalRepository( reposlloryRequesl getLocalRepository() );
setRemoteRepositories( rej Ty .getRemoteRepositories() );
setOffline( repnslmryRequest lsOfﬂme() ):

setCache( repositoryRequest.getCache() );

IS
&
A

Kl 4 rightjava

2 2 T B, R 7 LB
5, HT A2 82.6%, HEHHARTE 77.3%~91.6% 2.
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(A1 A B0 HEBR AR A A E 100% F 5L 5 15 1 Y
AR AR LA PR SR A o0 IR AR SCAS 2 B A A A
ARG SCAR, BT LA SR A AR HR I A2 ] B0 1 S A
WG, FE 7 G AEBEAT A EA I, O 1 5w AXH it A T
BRE . AT4ESEAT AT AL, R I AR AT
AL TT R W RERE B e, WO T S L R A
B, HEANREIFA SRR IEE. B, A3
S R A AR 2GR ) F ARG B B R 2 A 22 5.

revision_id: 41825

FIELD: DefaultMetad lutionRequest. itoryRequest : itoryRequest
Key = 41, Value = private ArtifactRepository localRepository;

Key =43, Value = private List<ArtifactRepository> remoteRepositories;

Key = 45, Value = private RepositoryCache cache;

Key = 58, Value = setl i
Key = 59, Value = setRemoteRepositories( request.getRemoteRepositories() );
Key = 60, Value = setCache( request.getCache() );

Key = 61, Value = setOffline( request.isOffline() );

commit_id file_id & EHI L fF: Default] d luti java
41825 42923

commit_id file_id ARG L f: DefaultRepositoryRequest.java

41825 42925

( request.getLocal itory() );

3

5 spihgs g
5

W
R2 sk

i H ANTAS TR A  sEan i HERR (%)

jEdit 24 22 91.6
maven 69 54 78.2
goole guice 22 17 71.3
eclipse 6 5 83.3

4 ARG

TATFR T — i A0 B SR SCASRE BL I B A
0 = R B R il 7, O BTE R S BT b B R
(Bxtract Class) # 0 1R A1 it SE46 36, 1% 7 vk ] LA
LA iR A1 Extract Class 5.

B T Extract Class #3X, 125VA0E ] T H e £4C
4 F% 2h i) B AR X, 0 Extraet Superelass, Move Interface

*
5
*
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