201547 A

%78 | R Vol.43 No.7
ACTA ELECTRONICA SINICA Jul. 2015

JE A0 B A2 B R 57 vp 70 R FH 258 0

P EN S R 0, X &
(LI REAE B LR B LM 22512752 B AU RS BT HUE BT HOR [ R EE R 28 2, VLIRS AT 2100235
3RB RS R S TR, VLR A 21118954 Fitl K= HAHLRL A S5 HOR 2B, V195 REE 226019)

B E: RS2 IR X G RS TS AR P it B SR SR R — 2
AR R REE G+ LA B A& 0 B B ARSI AR U, R 2 P A7 ) 45 TG 3 Fp A 21 1 T 82 1 0
FH TG ) A SCNFAFAES 1) B, QAP BRA% B B2 o 23 e TR | 9 a5 I3 25 5 TS 45 T M 2000 ~ 2013
AR A& 7 AT X S UK DT . X SE BT TS BRI 3 27 i 2 T — P R A TG SIEZR A TR 38 , e S
S TS T R AT e SR A e S e

XERE: BRSSO
FESES: TP XERFRIREG: A XEHS:  0372-2112 (2015)07-1399-08

B F=3R URL: http://www. ejournal . org. cn DOI: 10.3969/j.1issn.0372-2112.2015.07.023

A Survey of Using Formal Concept Analysis for Software Maintenance

SUN Xiao—bing1 2 11 Yun', LI Bi-xin®, WEN Wan-zhi*
(1. School of Information Engineering , Yangzhou University , Yangzhou , Jiangsu 225127, China ;
2. State Key Laboratory for Novel Software Technology , Nanjing University , Nanjing , Jiangsu 210023, China ;
3. School of Computer Science and Engineering , Southeast University , Nanjing , Jiangsu 211189, China ;
4. School of Computer Science and Technology , Nantong University , Nantong , Jiangsu 226019, China )

Abstract:

clustering technique providing a formal framework to explore the binary relationship among the entities and recognize groups of enti-

Formal concept analysis(FCA )is an approach to identify conceptual structures among data sets. It is a very useful

ties that exhibit common properties. This paper tries to survey the studies of the FCA applications in software maintenance field from
2000 to 2013. These research results are categorized according to a simple framework of software maintenance activities, such as

software comprehension, change impact analysis, refactoring, debugging and testing. Finally, the potential research directions in the

related field are discussed.
Key words:

1 5|5

JE A MEE 3 7 (Formal Concept Analysis) LAEL 2% 16 11
ME AN 2 0 AATTHR AR — Fof 17 P 0 B8 ke b 2
PR Frp ot 4 5 @ kR T e A el L RLTE 1940
4. Birkhoff 5t B A 12 7 1 48 B AT 10 B0 B S 2
ZJ5 , Ganter 55 N K HAE Sy — A BEUF 9 80808 43 7 5 %
AL SE R BRI, PR B AT R 3 45 A B S
g'j[l] )

A& a1 — A a1 )2 ik OF 20 it
LT B REE R BIAR L A L F (B =0) B Y

WA H 4 :2014-01-10; 4 18] H 3 : 2014-06-22; 74T it - 25 B 4%

formal concept analysis( FCA) ; software maintenance

—HOBROXMRM A A I, B R R i 2 =
FRLE R TS RE A , 75 N B BAE TR )
degrih sh by, BAT TR A T7 T B B BT, i AT
B ) PSR AR BN S35 55 — T i, 1B Ao g AE X
JEPEIX R — 0 R A H AR IS 3 xR~
SR ZR A BT ik A ST 2 20 BT B AR A P
I AS B e Jig T8 SRS A BOR BERE AT R X B A
AR RSO AT A A0 AT, A i — A RO AL B, 42
1 A AR SR il R 2 U, AT i B A P 2 4 A
IR GO C A AU SRS Y B L R, FRTE A
OIBITAE A TR Hp i 45 Fop RS ) 19 I T = B A 1

FAETH  EH K B RPIEIE 4 (No.61402396) s VLI E E BT A SR EF 43 4x (No. 13KIB520027 ) 5 V19548 7= 2A MR B A A8 9% 4 (AT REPEBR G 9% ) 30
H (No. BY2013063-10) ; 7 5% K243 S WLAR A8 H A B 5 B 45 S 56 28 P 0 4 (No. KFKT2014B13) 5 3 MM K24 B B 3 B 5 34 (No. 2013CXJ025) 5

HMIEFE L A TR H



1400 H +

EE ' 2015 4F

Ky ryiE 2, AR W TR AR T AR
2=034) R AT T 2000 ~ 2013 4 H 307E 5 pE TR
AH IS BRI A T8 =M 25 43 A 52 AR A 45 Fh A 14k 4
g S N A 1% A 32 s PR R SCHE S o A AE K
ks R S DI S R E 5 NS = S E 5 NS < o a1 B
TR RO AR N TIT T AR S R X X SeffF 78 T AR it
Tha.

2 BEARESR

T A& pr e it —Fh K B A L RIE X Y
TR0k, i AR TE 8 5, i b2 B )y
(JZUO) KRR A SO X I A& P g X 4
JE 5 A o G LA K T M, 98 =X & 20 A b i) X
RERAIEARS G, s AR AL 208 . — LA 5 E X
Forin Y,

EX1 EXAETs #EEEXh—1=54(0,
AR)  Hb 0 RIEAXNRES A RIEAREES, R
S0 A ZIA ZJCRR, W2 RCOxA.

TEAXME & 2 B b 53 A — A B 22 B A 8 02 I8 Uk
BAEREANERE R, RH R —E AT 1S
FNZIL A 5 BB A, L .

EX2 XS B EERREALEEA
JRYERIE X R RES € X el (X, Y), I
Hl X R KR

t(A)=XNo(0) =Y, Hr:

(A)=1{0€0IYa€Y:(0,a)ER}

6(0)=1{a€CAIYoEX:(0,a)ER}

X B AT X ME 25 A SNE (Extent) 5 110 Y FR A B XA
I PN (Intent) .

WM& Z A W AR — R R I (7 ) L&,
FATEF KX FZ IR R E S S F RS C
.S E L

EXI FHE —MHE (X, Y)ES D
& G (X, M THE(C < C), W2 : € < G X,
cXeY,cl,.

TR YOG R A 3 WE A SR AL T —F B AR 1
J¥ 5 Z . Birkhoff L7 1940 4F 8L itk I 33 A fr) A A 2 —
Fhoe etk 2 L F

EX 4 HEZM (Concept Lattice) 0 L(C):
L(C)=1{(0,A)€2°x2"10=XNA=Y}.

FR X SE B AS 3 S, v] DA A 2B 2HE & o B 1) —
SERPAE, R AR 4 X BB R AR R AT 55 B N T 3X S8 R AR A
i O AWM S T HALFRIE 81— 4K
AR Z G OSSR T —FIB X R L
FIE @M B2 0 28 O SAs b iy A% 5 748
K F 0] LA B — S Jag 1 S il 5 P 0 A (] S 451

3 — A EEREARGSEIPEIIESS

Qe ARy @ LT R u v A NI W QL
W FRTE RGN B 2 5 0 R G HEAT I G k. S AR
(2 2 47 3o T 7 A T R LA I 302 5 08 R SR
K 1 B, 065 T 0 3T , 065 80 St (4% T A
FABBAERE AT ) A8 BUS 2 55 (9 I3 5 0380 e 1
2 2 3703 3 9 — A R SRR SR A T
AR B 3 A A SR o, 1 2 P 4R R B
R s ARG AR A, B B AR S I B R M
LR AR N 5T LA 10 A3 SR I ik — 45 B 5 5%
VR AB AT SR AR S 2 2 45 A I 2 55 1 3 45 41 2 i
RIS F s T 5 W0 A7 16 A 0 43 T , 388 38 58 0 4
BT 5 A% TPl 4 35k 16 T 4 K £ 5% 050 BT, A
I P52 S 75402 o U A7 o L 5 B2, M A M s
I B 5 e T 4 LA 16 P G AT s 24 58
BRI 5, F EH IS MU 09 R 56, B AR B
TR S — Bk, L R AE B A 25 R G FL A R
RIVE FE . A% S 38 205 (1) — 6 35 T T 20 ME A2 40 B 10 107 ) 2
T 1 AR T SIS R eI T LR R
T MR 8 43 D7 512 2 B 35 226 ) o ) — e A R 5
TAE.

ATCER X 1 A
I HE 2 v (1 D ol 2 4 B
W BN 43 WS AT A s B
i MEBOE AT T A
ik & 2 45 #2000 ~ 2013
ELL KT M A T AL B
et U A 7 T 4y A G
T A b R] e T 2 A
SR B AR A B 2 3 o g
JH S B P LA X
T2 DR A A W A 2 — o i) %, AT B
A B 5 FER, A AR — 4 A A T4 I 3
SR M A e — T 2 U A 1 6 BB 85 A 0 1 3
— ST B AR T 7 06 BB I AT B 3
TEG P 2 PO BT 5 T AR 6 A T2 25 B B, 3t S I R A A
TR R ST e RIS 7 1)

4 Ao ERGL4ER F RN A

VRIS T e S 4R P A 2
5 RS I P, G I P ek R B R A, f A =
EME B A 5 mtE— A TOn R R R, i E L X

A2

HARG
Bl KA IESIESR

X GIE A E L L P Z A ) 0% & 5 AR5 A

* http: //ise. seu. edu. cn/people/XiaobingSun/FCA . zip



s 07 M IV T M DT LA R4 vh 4 B I £ 1401
FH WL 5 R K AU HE B S5 LG A 4t 5 B R TE COBOL 1 & F2 7

19%,\,,, - / 11%

sy o~
L AR AR
62%

B2 AT TREEFEFRTTRTEI A E

AR Mt B3 2 U s 5 R AR M A
FHIE, 5 BB IS & A SO 4 T8 & B
ARAERAF B AB R0 0 A AL RS I 4 AR
PEAES IS S5 TS
4.1 FXBS N A TR ER

BT R GUAE S AE SRR, e3P N D1 E S B0 4
(I HEAT 00 B AR LA R Aoy X 2R B8 HEAT 1B . K
PFRRgR B A 3 5 v A A P i B 2T B, o AR
MERITE B2 — , BTG T X SO AR P P Oe R
AR 2 1 B

16
14
12
10
8
6
4
2
0

AR
S N
S M

B3 AT T REEREMES B AR ST

H A, UM & 0 B 7 01 3L A v ) o P 3 24
7 TT TS Sl Web MRk 55 1248 S HRIE /3 A Al B
FHEE A BT 282 11 5 282 0GR RRAE E 7 75 2K A3 AT
BAL T 18 3 25 Y i SR o T B S 7 4
TS S GETHEE R, DO AR, Y FE & 20 b
TERFIERE 2 0 5 T CAE e 22, Ho U AR R AE 1Y
PRI 2347 5 1T E T Web HR 55 B0t BLAS LB, B =X
BRI M TE Web IR 554298 77 T 1) TAE IR

Web JIR 55 11504 — T th 30 AY RESE7E 1T 4E R 15
S PR T ML &S BT 7E Web JIR 5542 418 J7 T8 0 A7
— LR, TR Web IR 55 B2 3 . Aversano 55 A
MR S A 1 R 55 7 i A 3 R v e A A8 A R 55 DA S
BAT LI 4577 Jiang 25 N\ $5 1) FH 3% F 465 A i
S Web it 55 5 10 4 AL A% B AL, Sk A7 20 4
LIRSS, Web I 55 1 356 £ | 1 A0 F0 41 & 32 AL g 5C
%[8]_

T AR 3 A 7E ARG REAE 53 A 5 T8 A8 AR A5 B4R
Z N K. Cole 1 Dekel %5 A F) FHABE & 4% 4 A1 — Fil
CSEMURLE, EaE A% BRI, 18 S 4E AN
BURTIZ A7 25T i 26 T 25 BRAR VR ACAS 10 Kuipers

P51 Men FI Arévalo 25 A FH I 20 HE 22 40 BT
FAZH0 BRI AU By O R B G RE XU Al B
A4 N B BRA S AE HE2T Lienhard 25 A M2
JE R SR IR E AT SR PR AR Y | Plaliz 46 AW TR 5B
TPGI AT 23 B, I AR AR A 1 )2 R OC R 5 1R 72
FEIB AT h A TC R AT G RS R

A — S T AR T AR R A 20 4 w8 25 42 101 iy e
FEE DASE 78 BC2F 4 3 b A v ml 3 Gk 26 2 {2 B 2
1. Tonella 55 A3 1 MR AR rb $2 B s 1145 =X 2 B i
P10 T 2 P A S A S 50 T 7R AR Y R AR AR Y
M2 EE IR AR B B ok L ds SRR P R — 2P i
A6 1M Viljamaa 55 A IS 2CHEE 43 BT 1A 22 v 2
T E PR 11 L2 AR A7) 5 b, Zhang 25 A H5
TE AR5 P AR P V) 7 H AR 20 45 A O AT 1) Xof 52 7
JFACHD g i ] B PR A

T AR P e 28 4 1 5 2 U U Jy T o A — 2
SR AR R 22 ORI 284 1R A B T 4840 A
Al 25 PR AR B4 Avévalo 25 N\ E 1 F U HE &
ST ARG 2R X 43 A I )2 R BT, IR 2 Rk
THRA RO IE 8 W 2R BT, X HE AT 34 S 4E 40 A Bt
FHRAH A 22 ). 5541, Sutton %5 N3 52 1 5 HE
A HT A SRS UML B2 R B 258 2 | Dekel 45
DU FIRE A X Java JEACH th 207 2 Z TR) Y OC
Z s IR 2 1 12,

T MR 23 A 7 20 1 JHLAE v B FH 4% 22 b 4 v e
R85 7 T FRAE 8 67 FH 5 B AR5 5 T8 X 18 2o
SR B 2 AR A 2 VR A A6 A, R 0 IR e AR A 52 B oK
MR Dy e (5 3k D AE ) H5E) . Poshyvanyk #515 EUK
E RSP | bty a el e Ve S o W i (| = VAN o A R B
SEREAE A O 1 28 B O s, OF AR Y 5 19 9 4 5R [a]
YR N DL, DT 5 M A AP N BT 0k AT R AR
B0 53 41, Xue 25 A0 38 113 16 2K HE 22 23 B M3 1 AR 7
AR A (6] 7 i 4 728 O e 2 4 s e [R) A9 RRAE 3
FEA T AU AE e AR 3012 . b i B0 A
P TAEA T XM 2 b T IR R 7 i i S o0 A, (]
XFFRHUBAR Y, A SR AR P 28 0 A A TR )7 3L
FEAENRE B E A S, EACH B K . 1 s 2 434 il A7 2L B A%
FHUAETE T 1) B fi7 X 2 . Eisenbarth B4 18 2 HE & 40 #r i
FF S Wb A T4 < o 24

T TR 1826 A L A 308 3 2 %o R AR I QRS 1) LA
T A0 3L 30 A 956 % SCRY R A7 PR . T Sk A& 2 B HE
AR Z RN T 3K 5 B 7 T A — 2L H . Ivkovie 58 A
FIFAME S REFT R IZRN A MR RITER, #8 RAE
TR TR 0 R A A OA N AE R O R 12 5 4,
Niu 55 N 3 T8 2UME A& 70 B oA AR ) B B 1k 7= ot 4R 1Y



1402 H, T

2 2015 4F:

I A T R L 3 1 100l R R
T Shiri 5 AT S8 2 B 0 T 01 L 4 e K
TR U M 09 76 % ™ Bojic (AT UM
SHEXE UML PR PR 09 R B o TG 26 3417403
RIS A SPUI R [7J2 YL 78 € 1 0 22 0 B B 5
520 Loesch 6 AU FELABE st 72 24 o 25 M
SRAEAT 4028, SR G e A7 P 2 TR P

i[m] )

e, T A A& 20 M 7 B0 B v 39 B A AL
FERT AT 2% T0 FR AOBOE 28 10 B, 30 6, 458 B v A i
FE AL AT . Xu 558 3% ) —Fh 3 TR0 E M
AT F RS AP A — o T AR ARG AL
TR AR U A i R R A 2o e v ) — e 52k HL
VEARFE 2 50 A, U 0 oA vl 50 s AR A S B
K53 A g SR B A L i 43 R I I ZE
m et — AN E R T .

4.2 AR SHITEATELZmMIH

YR HEAT B O, 5 RE 22 X P ) HAt R
e A NI 2 € C U NS S O /G G
SRR M T e FH RSP P A R0 P b 35 e i
R Ve i

Tonella K& 70 7 15 70 il U1 &5 4 2 ok, $2 H —
Pl U0 A R A O M 107 TR R T L A
PR e 3 ) sl A B A i 3 A

PNINERSE NAER T TE A28 0 A7 e BEAT 4B A i
ST T B A T R i AR 2 R 1L
B T A N T T 16 1) % 53 5 A 1 8 W 4 AT
O BT B8 2 JE R B A T 9k 22 [ 10 5% 2R, 4 3] — Bl
PRI TET [ X G 19 () 278, 265 D7 IR OG FA% L 7E
ks BT R WA AT LU By S B, HLAE R —Fh
JEURACRYZE 2R, n] B M i 5 4R A D3 HE R 02 18 2L
JIrats R R
4.3 HAMSHITEATENY

FRITAR 5 AT SO & 20 I P T 1 18 ek 52 it =
S P A U R AT AE A SO B A T RERY
BUHR T, Gt 8] e e AR PN ¥ 495 A i 5 2 F Jo & 1
PERE , B AR P A B SR 2R S 1 B, 2 o A
fy P JR e A AT 0T S A TR 1 SR A
NP — A2 R AL P, 30 D YU R ) o
JERE RARAT T b i Ak, H BT E UM 2 20 A 1
Y AR R IR A T, BEEREE G, IR IRIE " 15
TR E G, b AR = O 5 BT 1) & 2 i i 5
TWHEATE RS A 4 25 KR A& 0 B i TR A4
G BIIEOARGE, IR a] DL g b 28 7 () F A4 3 2l #8
A2~ 3 PHARSSF.

ERGHE- Sl cPRER VPPN INY SRR Sa I E v
WSHEATE Y . Moha 55 A d i JE XM & 0 A RUA 19 7 vk
FAUHIRE T i “ SRR " BT T Avévalo %6 A
e B 2 7 20 A B AR 2 T2 IR IX 03 O B 1 J2 IR B
T IRBYZ KB LA IE B2 B, ke Al B

AT ZED N BT 25 BT G 2R 2 A BB R 2
AEFER“ TRV ™20 Joshi T4 1 — 7l P9 SR A 19 R
A ] T8 LR N GO BB LE R AT SR I, 56 7%
MRS T30k , LA B R e 1) T A W Bk 5 A P 3
IR

4
3
2
| 1 1
0 . . : .
S D D A D
%*3‘9 % ,ﬁf%'f @g{*f %@/
& 48 &
%’25 4

B4 FAMSHTNATEMEMEIHEARGE T

TiFh A — 2 R B ME & 0 i K42 R
BRE AR r 16 77 10 44 B R 45104 i e — b
)2 UE 5 RS ) = 2 UGS & BT A . Tourwe F1
Tonella 55 A8 ixt WE G 5 I L2 43 HICAE A [R) 28 b Bl A )
DR 12 55 04 J VR F2 0 s ok, A Sy T 1) O TG R
J 7 T T 44%) . Del Grosso #1 Chen 28 A FATE X
W& A3 B B AR X Dy e R0 414 26 47 43 A, 1R300t AT EE
F19 I 45 157 FH 76 TR 1 55 Fy e Ao ey 4047

TE M 23 B ik v] T E A ZS)Z UK . Snelting 55 A
PR AR TR B R E MM I =, &t
TS 282 O A #5541, Bhati 258 A58 13 X 8]
] G2 0 3 R R R AT 40 A, AR R ARG o
(R JE RS A7 T

B S st AR mE N — S, e A
— B 5% F FH B 2CME & 53 A X0 A2 P 1E A7 A5 B EE A
Tonella 7£ 3CHK[ 50 ] H #2 H BB XHE & M ik F C
BEERBSE M Al-Ekram 28\ BHE S0 BC 2
FEUI R DL RE S & 0 W 45 A e SR b AT A At ]
L JE RYURE B A S, B R RN v 5, DL K
A3 A S ] . Kim 85 AU B2 H — e IfT ) X052 04 A
AT AT AR e AL S T ) X G A A
IRBRORRAL 58 08 AME A 43 A vk 1 — 22 AL 5050, B
AL 3E AL REURL B ) X O RS, PRI RS A TR
B AR A
4.4 WXBEHWEATF RS

SR G, T B MO A R R A DL
PRAB UG B B B AT —obE 2 A 003k 3] o e i



w7 M

VIR SE KBS M B PR h i 257k 1403

it R AT B % 5E A, B E AR 1) 6 3 B0 A B
PR PN | Fea A e U E W N i DE 53
ARG

o = N w »
T T T

Wik ' Tk
Es5 BRSNS ERARES AL T

BRPF IR T BT — 22 9030k 5 (07 55452 , Cellier
25 ) OB SN 5 T8 A 20 B AR 45 A i R i 7
152 A A, 03 A B AT T A A A
I T 003 o ) AR () 5 F S B 15 A 13 Am-
mons 25 A 2 4 — i I M & 200 1 TR TE 2 Ak
I SR 07 3R AT B 7 v — i R R A R L
IO 1/3 BERT 4 M7 AR S5 IR IR . PN
TEAE NS T — i B A, B AR A A
FH = PR ms A 7 i o 15

A BTSN GO I A o W R B T
BRI, T O s T A9 A 2R S ) R 2
50 i 0 B A 1, Khor 3-8 1% 5 1 R 2 A
O EOR G A k, B 78 A B — N1 2 oy SO SR bR
HE I 12 155 53 4, Tallam 25 K TE 2048 2 40 BT
ARG G001 45 A R R AT I35 P 491 4 1) 24 05O
S22 5 2 W 7 R ) 0 3 7 SR 7 35 RE 7 0 T 4
AT 7 S TE R A3 B B B A B B T
A HLAS R /N 1 0 35 P 49 4 . P /N 2 N 223K R R TR
SR 2 W A 180 01300 5 PR 490 2 AR, 32 A 7 R £
FITE ML 34T, 45 181 0 00 358 A ob 9 B g 3%, 3 461
PeE HEF LA 294 B e A R ik 4517

5 MRERERE

T AL T AE B 2 3 88 4 B2 A A3 T LA
PG RAEI J 8, RV It , FAT A Qs — 28775 1
DO E AT FE N Ah o e

(1) R AU TR A XM & 7 BORAE 7 e 1
figp AN 7 1T 2 UG RS A AT T R, i B S & )
B AEAE B i 23 B 1 LR T T A9 F 5 A B
RUIEAL T2 B B, 4 2 A8 B 20 1 2R G2 30 ik 07 1 i
BEA HREIA S 58 SR, DR T XA 2 20 B BR AE X
BET7 W I BT TR A THRA

(2) B HZ W 8] i AT BR AL . BARAT 8 0 BIE AN
BURHIE S 0 M B 7 R 2 R Bt 2 0 (H
AR U FATE A& 20 B i 482 B SR i o
ANV, (H X S 3 2 6] DAL 1 1) J3E T R A7 AE —

o n] BRERE L H RIS B AR O 9 T R 2 8 Bt
JER VA SHLZY 2 IR Z 18] B BR ER PR BT 5

Q)N AT R S A S iR e
— TS (H 88 T H 32 208 2 TS R 1A
M, X8 T B A BRI U s A — 2R
TN T B O R T T 1 1 TR H AT A
Lk, P AT A0 3 A B AR SUOE OB & 20 1)
TR LE.

() IE A o3 M SCRFER AT 4P 9 2 — AL 2 U
STl T A R 4R S R A i R
AT B BV LA, OF 5T o] A HTZ SR G2 — B
HESP YA I 3l MABTR (P ) BE AR BIME 2052t 18k
JE R LA R 5 e 1 R SR E , X BRI B TR 2 R R
.

6 %5

TR & AT EARA B G5 L4519 K A5
¥, OO BA BRI UL e SR R A ok
AR UTAE AR 12 BT BV L4 2 B s,
TR BRAG , AR 7B, A8 2t , 1S L R
EIL MG A RS A )z i RS R
(EHCAE N A BUSR AL T H SO 55 7 T 5 AT IR A
BIFIT .

S 3k

[1] Ganter B, Wille R. Formal Concept Analysis: Mathematical
Foundations[ M] . Berlin: Springer- Verlag, 1996.

[2] Birkhoff G. Lattice Theory[M] . USA: American Mathematical
Society, 1940.

[3] Tilley T, Cole R, Becker P, et al. A survey of formal concept
analysis support for software engineering activities[ A]. LNCS
3626: Formal Concept Analysis| C] . Berlin: Springer, 2005 . 250
-271.

[4] Tonella P. Formal concept analysis in software engineering
[A] . Proceedings of International Conference on Software En-
gineering[ C] . Edinburgh, Scotland : IEEE, 2004 . 743 — 744

[5] Poshyvanyk D, Gethers M, Marcus A. Concept location using
formal concept analysis and information retrieval [ J]. ACM
Transactions on Software Engineering and Methodnology,
2012,21(4):23.

[6] Dit B, Revelle M, Gethers M, Poshyvanyk D. Feature location
in source code: a taxonomy and survey[J]. Journal of Soft-
ware : Evolution and Process,2013,25(1) :53 - 95.

[7] Aversano L, Bruno M, Di Penta M, Falanga A, Scognamiglio
R. Visualizing the evolution of web services using formal con-
cept analysis[ A] . Proceedings of the International Workshop on
Principles of Software Evolution[ C] . Lisbon, Portugal: IEEE,



1404 H +

EE ' 2015 4F

2005.57 - 60.

(8] U, JE R He T MR Y Web S RAZHRLT] . it
2£41,2010,21(10) :2432 - 2444,

Jiang F, Fan YS. Web relationship mining based on extended
concept lattice[ J] . Journal of Software,2010,21(10):2432 —
2444 . (in Chinese)

[9] Cole R, Becker P. Navigation spaces for the conceptual analysis
of software structure| A ] . Proceedings of the International Con-
ference on Formal Concept Analysis [ C]. Lens, France:
Springer,2005. 113 — 128.

[10] Dekel U, Gil Y.Revealing class structure with concept lattices
[ A].Proceedings of the 10th Working Conference on Reverse
Engineering[ C] . Victoria, Canada: IEEE, 2003 . 353 - 365.

[11] Kuipers T,Moonen L. Types and concept analysis for legacy
systems [ A ]. Proceedings of the International Workshop on
Program Comprehension[ C] . Limerick, Ireland: IEEE, 2000.
221 -230.

[12] Mens K, Tourwé T. Delving source code with formal concept
analysis [ J]. Journal of Computer Languages, Systems and
Structures,2005,31(3 —4) : 183 — 198.

[13] Arévalo G,Buchli F, Nierstrasz O. Detecting implicit collabo-
ration patterns| A] . Proceedings of the Working Conference on
Reverse Engineering[ C] . Delft, Netherlands: IEEE, 2004 . 122
- 131.

[14] Lienhard A, Ducasse S, Arévalo G. Identifying traits with for-
mal concept analysis[ A] . Proceedings of the 20th IEEE/ACM
International Conference on Automated Software Engineering
[C].Long Beach, CA,USA: ACM,2005.66 - 75.

[15] Pfaltz JL. Using concept lattices to uncover visual dependen-
cies in software[ A]. Proceedings of International Conference
on Formal Concept Analysis [ C ]. Dresden, Germany:
Springer,2006.233 — 247.

[16] Tonella P, Antoniol G. Inference of object oriented design pat-
terns[ J]. Journal of Software Maintenance and Evolution,
2001,13(5) :309 - 330.

[17] Viljamaa J. Reverse engineering framework reuse interfaces

(I

[A].Proceedings of Symposium on the Foundations of Soft-
ware Engineering[ C] . Newport Beach, CA: ACM, 2003. 217
-226.
[18] Zhang Z, Yang H,Chu WC. Extracting reusable object-orient-
ed legacy code segments with combined formal concept analy-
sis and slicing techniques for service integration[ A] . Proceed-
ings of International Conference on Quality Software[ C ] . Bei-
jing, China: IEEE, 2006.385 — 392.
Snelting G, Tip F. Understanding class hierarchies using con-

—
—_
\O

—

cept analysis[J]. ACM Transactions on Programming Lan-
guages and Systems,2000,22(3):540 — 582.
[20] Arévalo G, Ducasse S, Gordillo S, Nierstrasz O. Generating a

catalog of unanticipated schemas in class hierarchies using for-

mal concept analysis[ J] . Information and Software Technolo-
2y,2010,52(11):1167 - 1187.

[21] Sutton P, Maletic I P. Recovering UML class models from
C+ + :A detailed explanation[ J] . Information and Software
Technology ,2007,49(3) :212 — 229.

[22] Dekel U, Gil J. Visualizing class interfaces with formal con-
cept analysis[ A]. Proceedings of the Conference on Object-
Oriented Programming, Systems, Languages, and Applications
[C]. Anaheim, CA, USA: ACM,2003.288 — 289.

[23] Xue YX,Xing ZC, Jarzabek S. Feature location in a collection
of product variants[ A]. Proceedings of the Working Confer-
ence on Reverse Engineering [ C]. Kingston, ON, Canada:
IEEE,2012. 145 - 154.

[24] Eisenbarth T, Koschke R, Simon D. Locating features in
source code[ J].IEEE Transactions on Software Engineering,
2003,29(3) : 195 - 209.

[25] Eisenbarth T, Koschke R, Simon D. Aiding program compre-
hension by static and dynamic feature analysis[ A ]. Proceed-
ings of the International Conference on Software Maintenance
[ C].Florence, Italy : IEEE, 2001 .602 — 611.

[26] Ivkovic I, Kontogiannis K. Towards automatic establishment of
model dependencies using formal concept analysis[ J] . Interna-
tional Journal of Software Engineering and Knowledge Engi-
neering,2006,16(4) :499 — 522.

[27] Niu N, Easterbrook SM. Concept analysis for product line re-
quirements[A] . Proceedings of the International Conference
on Aspect-Oriented Software Development [ C ]. Virginia,
USA:IEEE,2009. 137 — 148.

[28] Shiri M, Hassine J, Rilling J. Feature interaction analysis: a
maintenance perspective [ A ]. Proceedings of International
Conference on Automated Software Engineering[ C] . Atlanta,
Georgia, USA: ACM, 2007 .437 — 440.

[29] Bojic D, Velasevic D. Reverse engineering of use case realiza-
tions in UML[ A ]. Proceedings of the ACM Symposium on
Applied Computing [ C]. Villa Olmo, Como, Italy: ACM,
2000.741 - 747.

[30] Loesch F, Ploedereder E. Restructuring variability in software

product lines using concept analysis of product configurations

[A].Proceedings of Buropean Conference on Software Main-

tenance and Reengineering [ C ]. Amsterdam, Netherlands:

IEEE, 2007 . 159 - 170.

VIR, 22 8 , X SCha . — PP B TROBIE 2 & 20 Fr i 2

P RAETE LT R 5 A JE 2009, 46(9) : 1556 —

1566.

Xu JQ, Peng X,Zhao WY . Program clustering for comprehen-

[31

[

sion based on fuzzy formal concept analysis[J]. Journal of
Computer Research and Development, 2009, 46 (9) : 1556 —
1566. (in Chinese)

[32] Glorie M, Zaidman A, Hofland L, Deursen A. Splitting a large



VIR SE KBS M B PR h i 257k 1405

software archive for easing future software evolution-an indus-
trial experience report using formal concept analysis[ A] . Pro-
ceedings of European Conference on Software Maintenance
and Reengineering [ C]. Athens, Greece: IEEE, 2008. 153 —
162.

[33] Glrba T, Ducasse S, Kuhn A, et al. Using concept analysis to
detect co-change patterns [ A ]. International Workshop on
Principles of Software Evolution [ C]. Dubrovnik, Croatia:
1EEE,2007.83 - 89.

[34] Li B, Sun XB, Leung H, Zhang S. A survey of code-based
change impact analysis techniques [ J]. Journal of Software
Testing, Verification and Reliabiblity,2013,23(8) :613 — 646.

[35] Tonella P. Using a concept lattice of decomposition slices for
program understanding and impact analysis| J] . IEEE Transac-
tions on Software Engineering,2003,29(6) :495 — 509.

[36] #hINE 22005, B {577 . 5T LoCMD 1 3K 4 1& 2043 BT
HARLI] . HF24412,2012,23(6) : 1368 - 1381.

Sun XB, Li BX, Tao CQ. Using formal concept analysis to
support change analysis[ J] . Journal of Software,2012,23(6) :
1368 — 1381. (in Chinese)

[37] Sun XB,Li BX,Zhang S, Tao CQ. Using lattice of class and
method dependence for change impact analysis of object ori-
ented programs[ A ] . Proceedings of the Symposium on Ap-
plied Computing[ C ] . TaiChung, Taiwan: ACM, 2011 . 1439 —
1444.

[38] Li BX,Sun XB, Leung H. Combining concept lattice with call
graph for impact analysis[ J] . Advances in Engineering Soft-
ware,2012,53(11) :1 - 13.

[39] Li BX, Sun XB, Keung J. FCA-CIA: An approach of using
FCA to support cross-level change impact analysis for object
oriented Java programs[ J] . Information & Software Technolo-
gy,2013,55(8) : 1437 — 1449.

[40] Mens T, Tourw Tom. A survey of software refactoring[ J].
IEEE Transactions on Software Engineering,2004,30(2) : 126
- 139.

[41] Moha N, Hacene AR, Valtchev P, Guéhéneuc YG. Refactor-
ings of design defects using relational concept analysis[ A].
Proceedings of International Conference on Formal Concept
Analysis[ C] . Montreal , Canada : Springer, 2008 . 289 — 304

[42] Moha N, Rezgui J, Guéhéneuc Y, Valtchev P, El-Boussaidi G.
Using FCA to suggest refactorings to correct design defects
[ A].International Conference Concept Lattices and Their Ap-
plications[ C] . Tunis, Tunisia: IEEE, 2006.269 — 275

[43] Joshi P, Joshi RK. Concept analysis for class cohesion[ A].
Proceedings of the 2009 European Conference on Software
Maintenance and Reengineering [ C]. Bombay Powai, Mum-
bai: IEEE, 2009.237 - 240.

[44] Tonella P, Ceccato M. Aspect mining through the formal con-

cept analysis of execution traces [ A ]. Proceedings of the

Working Conference on Reverse Engineering [ C ]. Delft,
Netherlands: IEEE, 2004 . 112 - 121.

[45] Al-Ekram R, Kontogiannis K. Source code modularization us-
ing lattice of concept slices| A ]. Proceedings of the European
Conference on Software Maintenance and Reengineering[ C] .
Tampere, Finland: IEEE, 2004 . 195 — 203.

[46] Del Grosso C,Massimiliano, Di Penta I. An approach for min-
ing services in database oriented applications[ A ] . Proceedings
of the European Conference on Software Maintenance and
Reengineering[ C ] . Amsterdam, Netherlands: IEEE, 2007 . 287
—-296.

[47] Chen F, Zhang ZP,Li JZ,Kang J, Yang HJ. Service identifi-
cation via ontology mapping[ A ]. Proceedings of the Interna-
tional Computer Software and Applications Conference[ C].
Washington, USA: IEEE, 2009.486 — 491.

[48] Snelting G, Tip F. Reengineering class hierarchies using con-
cept analysis [ J]. ACM Transactions on Programming Lan-
guages and Systems,2000,22(3) :540 — 582.

[49] Bhatti MU, Ducasse S, Huchard M. Reconsidering classes in
procedural object-oriented code[ A ] . Proceedings of the Work-
ing Conference on Reverse Engineering[ C]. Antwerp, Belgiu:
IEEE, 2008 .257 - 266.

[50] Tonella P. Concept analysis for module restructuring[ J] . IEEE
Transactions on Software Engineering, 2001, 27 (4): 351 —
363.

[51] Kim HH, Bae DH. Object-oriented concept analysis for soft-

ware modularization [ J]. IET Software, 2008, 2 (2): 134 —

148.

Cellier P, Ducasse M, Ferre S, et al. Formal concept analysis

enhances fault localization in software[ A ]. LNCS 4933: Pro-

ceedings of International Conference on Formal Concept Anal-

ysis[ C] . Berlin: Springer, 2008 .273 — 288.

[53] Ammons G, Mandelin D, Bodik R, et al. Debugging temporal
specifications with concept analysis[ A ]. Proceedings of the

[52

[}

Conference on Programming Language Design and Implemen-
tation[ C] . San Diego, CA: ACM,2003.182 — 195.

[54] Sun XB,Li BX, Wen WZ. CLPS-MFL: Using concept lattice
of program spectrum for effective multi-fault localization[ A ] .
Proceedings of the 13th International Conference on Quality
Software[ C] . USA: IEEE,2013.204 - 207.

[55] Khor S, Grogono P. Using a genetic algorithm and formal con-
cept analysis to generate branch coverage test data automati-
cally[ A]. Proceedings of the IEEE International Conference
on Automated Software Engineering[ C] . Linz, Austria: IEEE,
2004.346 — 349.

[56] Tallam S, Gupta N. A concept analysis inspired greedy algo-
rithm for test suite minimization [ A ]. Proceedings of the
Workshop on Program Analysis for Software Tools and Engi-
neering[ C] . Lisbon, Portugal : IEEE, 2005 .35 — 42.



1406 H +

S

2015 4

[57] Sun XB, Li BX, Tao CQ, Zhang QD. Using FCA-based
change impact analysis for regression testing[ A ] . Proceedings
of International Conference on Software Engineering and
Knowledge Engineering[ C]. Redwood City, San Francisco
Bay, USA: KSI,2012.452 - 457.

EEE T

FVINEE 55,1985 ik VITRFEME N A
g2 TN A SR 3 N S 2 DT B Sk K B4 £ TS
L.

E= = F,1965 hAd, BEARNA A
Sz, BB IT AU R B T 4 S A LR

#2.

[58] Cellier P, Ducassé M, Ferré S, Ridoux O.Multiple fault local-
ization with data mining [ A ]. International Conference on
Software Engineering and Knowledge Engineering[ C] . Miami
Beach, USA: KSI,2011.238 — 243.

EWE B,1969 A, THEUSTT L
O T A T, 32 BRI S 40 R e
S3Hr R S R E

-’
- b
b
' XAE B,1982 A, R, A,
T I AR A A A 5 L A S
., - yﬁ
Ve





