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An Evolution Analysis Method Based on Fuzzy Concept Lattice and
Source Code Analysis

XU Jia-Qing PENG Xin ZHAO Wen-Yun
(School o f Computer Science s, Fudan University, Shanghai 200433)

Abstract  Evolution analysis of software systems is one of the important practice in program
analysis and comprehension. By evolution analysis, one can find out the trends of the requirement
and design evolutions, thus better understand the requirement and design decisions. This paper
introduces the authors’ previous work of program clustering based on fuzzy formal concept analy-
sis into evolution analysis, and presents an evolution analysis method based on fuzzy concept lat-
tice and source code analysis. The method first constructs a fuzzy concept lattices for each soft-
ware version, and then establishes concept mappings between different concept lattices by using a
relaxation tree matching algorithm based on concept similarity. Based on the fuzzy concept lat-
tices and concept mappings, the method can help identify various evolution types through struc-
tural difference analysis. Experimental results have shown that the method can effectively discov-
er high-level evolution information among different versions, thus help the developers better un-

derstand the evolution history and related design decisions.

Keywords program comprehension; software evolution; evolution analysis; code analysis;
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Input: HE&A% CLi5 CL, &AL S AR &HES Setl M EES Set2 MM S TH %A Setd
Output: MU EES Secl A MG LS Ser2 AR & T4 X 4 Ser3
Initialize: Low=1, Setl=C, Set2= &, Set3= <, Cepy=null, C*=null, CL.,=null
Step 1. if Lew /2 A SR E ML then Cow=C(0,A,0,0), CHAL T HIBEES
else Loy =L, +1
if Leyr > Loax then B3 4E
Step 2. C*=FindSimilarConcept(Cey» CL1+ CLy) //FIAUME &4 1 . Coor i J 45 10 i
if C*=null then Set2=Set2J Ceur» goto Step 3 / /7% i 2 g
else Setl=Set1 U {(Cers C*)}y CLeyy=CLeye U{(Ceirs C*)}, C*=null
if child(Cey) =null then goto Step 3 // 4145 s N M T 45 15
else push(Ceprs S)s Cewr =child(C.,,) » repeat Step 2
Step 3. while(zop(S)<>nulD
if B child(top(S)) K2 i) then Co=child(top(S)) . goto Step 2
else pop(S)
if CL.w<<>>null then Set3=Set3UCL s CLcw=null
goto Step 1
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Step 2. if Sim(C.CHZ=y. v HERBIHMUE B then goto Step 3
else goto Step 4
Step 3. a) if Sim(C. parent(C"))<<Sim(C,C") then HLF [ bR i B4 72
if Sim(C.child(C))<Sim(C.C") then JF I T 1) # 12
b) TEMEA LS S C, parent(C') ochild (C") P HT 19 25 1 Coen ff
Sim(C,Coew) =Max(Sim(C.C"), Sim(C, parent(C")), Sim(C,child(C"))
if Coow =C" then C*=C', 2 QI L 55 R
else if Coew = parent(C") then C'= parent(C") A5 88 1] b3 () 3% 1%
else if Chew=child(C") then C'=child(C") 5 B4 1 F 0 (%) % 12
repeat Step 3
Step 4. a) if (Sim(C, parent(C"))=<Sim(C,C") and Sim(C,child(C'))=<Sim(C,C"))
then C*=null, 2 if] J W, B3k 45 0]
b) TEME 25 B parent(C') ochild (C') W SEFEFT 45 55 Coen [
Sim(C,Chew) =Max(Sim(C, /)arent(C )) Sim(C.child(C"))
if Coew= parent(C’) then C'= parent(C") A5 58 ) b 4R (4 B 7%
else if Chew=child(C") then C'=child(C") 55 5] T £ (1) & 4%
©) if Sim(C,Cpew) =7 then goto Step3
else repeat Step 4
Note: if M CHUF ] E 4RI 4 5842 8034 45 4 then Sim(C, parent(C')) =0
if B C/RUSE ) T R Y % 42 8 %A LT 44 45 then Sim(C.child (C))=0

P8 Wik AR U A R

B9 S X T & C oz FAH A & A i f el itk AR Y A SRR A TR SR A
RPN - EI N AR By B A — B O BE 6 MR B — > M & A9 R A 1Y




1838 it =

¥ 1 2009 4f

-

B

Sim(C,B")

G —0.61

Sim(C,C")
=0.65

B9 XML& C iz ARG & A i) B ol ik 33 7
S AR 23 0T L — EL A A 2 2 8] 1 A i 22
BOR CHE 1o LT LA g 2 P3R4 4 1) T 4 46 o 22
B S A S 19 A AE 8 AN K AT BE B AR 1 A B
P AR Rt L 3R T AR AR T 3
SRR R AR ARE A i XU, FRATT i O i R T
BT 22 N B R AR 22 St 1047 S0 00 A0 BELAg L BT DL H A
B AT BE Ml A B B A AR 0L 2 A AR OR MR 2 AN
[ B AR 22 18] 114 15 7 P 22 S5l S BT 9 X ).

A 3 38 VA 5k AT AT LU R bt
A st DT I, 45 21 W 28 A 22 18] BT A7 A9 A DU AH 57
MR 25 5 L L ) ) P ABE 2 446 X
3.3 EEEH

FATHS B BE &A% b i B DS N R —
AT REFLTT » TRE IR B H R B B AS TR AR S R GE
D REAE TR, FEM DT C AT 45 21 19 A8 & R & 1 A% LS
I ZHLA b FATAIE AT LR B AN [ R A B 3 4% 2 1]
(1 45 Fay 2 S PUA 1 — B DL i AL 6 T b BE A
15 52 B 1) A0 KL B2 38 A S A R R B b i AL

LA ThRE BT OFr i M &), XL A1
PR Ji — RRAS L &A% Hh TGk 7 A — RRAS A
i 20T RO RS 9 E s L AT 10 TR

i B O Th BB B T (R IS . IR AL A AR
PR W A I — RRAS BE &A% Hp Gk A R — RS A
P B R S5 1) A 2L AT 10 TR

eI Th e BT O A2 BE ). [ — b AE
P AL A A v BT AT A o AELAE DA R R S I L A A T
25 11 R,

TRRE R ThREAR IR (A 2B T4, I
RECAS Xk IO AR 28 A T A 5 A M A LA B B 2 1]
Y 3G Z R AE % 5€ 42 DT I . M B i ARSI 0 AR A 0
Bl 12 .

FREMINERR A2 BS TR, P
FERAS o X IO P9 AR 28 T L 5 14— S 0 R 2 e AR

I RAEAE 22 5 R R B ey Ak,
i 13 Fros.

[} ®
1 1
2 ° 2 W °

; oy lag, ap, ash)

I Ty BE AL B

o)

o, 0}, {a,s ays ays ag, ag))
6

P10 BT 5 N B 2 AE ST R b [T 7R

° °
1 1
2 € 2 —Co)
° °
oy lag ap, agh) ; Hoyhy {ag, ag as})
[ [ ]
4 4
5 —Cu 5
[ ] [ ]
0,5 05 0,0, {ay, ay a;, ag, ag)) >\
6 6 Cey
oy 0, 050, lays ay ayy ag, agy agy))

B 11 B T RE S LB B R

Sl (o da),a,,a,,a,0,a,1,a,,))
<{U]}a{agsa‘paﬁ%ka.l.&za—l‘l‘}a/

13 AFE 1 I RERL B [ 7



ManageWholeSaleList. pas 04

91 VI U A — ol 55 T SO MR A s R A 2 T A 4 3 A 40 A T 1839
F*2 MAIWXBFEEMEZ BA MRS
IS
4 X I§ T R T R
book ay salelist as
FRATRE 2 0 T B — A~ B 13 0 8 B R S B C“Qf‘l‘ az order @
-~ mait as store as
R A 3 AR ) JRA RS SO B i e A A retail @ deal s
JUT 4 B A R 2R T VA AR B A MUAS £ 3 R A A wholesale a5 manage a1
wIax MO TN 3 1% % DT s 4 s
5 X A R S AT TE 5 3 1B .
RS ik e BREH o R
4.1 = I§ o 0-8/ai1+0.2/a+0.8/a5+0. 2/as o + 0
1
S . p = 0.2/ar »+0.8/a
it PR AT BT 1 1 T 1%, B SR AR BB AN [ i e “
. I (, 0. 9,/(11,1+O. 9,/1,l1+0. 3,/(15,2+ 0
ZI“E@*%*E]T%AL;\*%’#H 14(8.)*[] 14(b)}5ﬁﬂ<.ﬂﬁ | ? 0.7/as1+0.8/ay
JiAS B R AR 55 06 G 2 o] () B S B S B PR Cs  0.9/a1140.3/az+1/as+0. 3/ag +0. 9/as 0
N e NN . 0.3/ar-2+0.8/a,+0.9/as 1+
B 0 WA UK 2 505 991 T2 1~ %% 6 o, o e 0B 0. 0
c. 0.2/ay.2+0.3/as+1/a3+0. 8/asg 1+ 0
” 0.9/a7-14+0.9/a
. Cs  0.3/a12+0.3/a+0.8/as+1/asg1+1/a0 0
C; 0.3/a;+0.9/as 0.07
Cg 0. 9/a1 1+O. 3/Ll(; 2+0. 9/119 0. 05
2 Cy  0.9/a1-140.3/as+0.3/as2+0.9/ay 0.07
Cio  0.3/a 0.01
3 Cn 0.3/a12+0.9/as1+0.9/ax 0.08
Ci;  0.3/a1-240.3/as+0.9/as-1+1/ai 0. 04
({0,,0,,0, /41
Ciz 0.9/ay 0.05
4 C, : Cii 0.3/az+0.9/as 0.05
( A¥,<), M&;\a] hase Nt 1510} )
( (©) \(—Va C, ® 4 RAE2WIERDS XK E A BRE
02 a‘ *’a" Hoyhhla,_pa,, U Hoghhla, ya,, +
ab ’ax 1)) M a. a( l,al % 1“8 ) a,a, ,(11 D) . XA G
\(.y o b EidaCi DealMailOrder. pas 04
{0,1,4a) 1slyplanay goan gpagt)  (oshla, pag,agna sa; ,a0)) DealRetailSaleList. pas 0y
) JAS 1 M RO DealWholeSaleList. [‘)as 04
ManagelnstoreSaleList. pas 04
ManageMailOrder. pas 05
ManageWholeSaleList. pas 05
SecurityCheck. pas 07
x5 MA2HXBFEEMEZ B MS
T [ e R
book ay store as
: n, ) client as deal ag
("07>!<“|zsawa\\>)/41\-“<’“s> ) 4 a0 ysay)) mail as manage aio
4 - s 055055141 55y, retail n unionpay an
Ho0/40a, 15 Ko\ o178 l’u“‘>) wholesale as clerk ar
5 > o > salelist ag password as
<L<L(f,1(>/l’;~(til,u{;>a)2’ (<0;~,>’\\ZL1/1’;1)&\ (<(’:},<¢1172sa3= (<U’5>’\'al 2035 order a log au
é 6-2 Ay 55y C V_S,%?l’“l”)\ 1 a ],am})
> F 6 MRA2HEMSEINER
Hoypla,_pa,ag phaq ,aea,,))
1 oo W BUMBH o BUR 232
(b) A 2 My BURI L Ci 0.9/ar,10.2/az+0.8/as 10.3/ar2 10.8/as 0
K14 PIASRRA B BRI & o, 0-8/ari0.9/a;+0.3/a52+0.7/ay) + 0
. 0.7/as+1/an
&1 WA 1HRREBSI R E KB Cy 0.9/a11+0.3/as+1/as +0.3/as 2 +0.9/as 0
A4 RES Cy  0.3/a»+0.8/ai+0.9/ag1+0. 2/ag2+0.8/are 0
DealMailOrder. pas 01 Cs  0.3/ai»+0.3/az+1/as+0.9/as +0.9/ar 0
DealRetailSaleList. pas 0y Cs 0.3/a1-2+0.3/a;+0.8/as+1/as-1+1/a 0
DealWholeSaleList. pas 03 C: l/az+1/ais+1/au 0
ManagelnstoreSaleList. pas 04 Cs  0.9/a11+0.4/as»+0.9/as 0. 04
ManageMailOrder. pas 05 Cy  0.9/ay 0. 04




1840 it =

e IR 2009 4F

(8 2
W& B ZSH o W28 A
Cio 0.9/a1-1+0.3/az+0.4/as-2+0.9/ay 0.06
Ci 0.3/az+0.9/a; 0.07
Ciz  0.3/ax 0.01
Ci3  0.3/a2+0.9/a; 0. 05
Cyy 0.3/ar2+1/as14+0.9/ai 0. 08
Ci5  0.3/a12+0.3/az+1/as1+1/a 0.03

FRATTRE T A R AS B A ABE 3 o PR % st 44 DL
FCIE % AMEE G T « B 0. 5. WIE 5N 1 B I
0.5 ME I AR AL EE B {0 > B 0. 6. 75 3 T AR UAE &%
11X AR RS 4 A LA SCRE R & 4% 6 X & 15
ZE 17 R R AR P — SO X A
& LU B BIRE & 4% X

~~~~~ -

sy (ol la,_pa,,
)“5—1’“\»"‘11>,)'" Ayyy a0y} )

Bl15 P HEE S Z 18] 0 A AR & s 191

(\/02%{“17\’“1’“@—2’“5—wawsaH))
B 16 AN A RS 22 1] A AR S A 2 491

4.2 & IR

FRATHG S50 25 i 3. 3 9 (v AL AL R AT
RGIHERII TR 7 P AT 7 Pk 5 — L6
A AU 11 52450 ke HEAT 43 A A AT U At AT
R TG SRR T R I A i L & HEAT R RE i 44 1
TIRE - F A 2L £ 2 BRI O AT & ) Y A S RE SR

VA B A S BOR R IR A B 172 .

®7 PERFHBEULGSIHT

gl #
i i D RE AT
TIN5 F9 y BE B T
1& W i D fig 0T
R s 19 Ty REAE Bt
B E B D RE A

e

(SIS AN )

K 16 1 CL, R IHES C (los )y {aisaisass s
as1sassan ) Cr (Qogbs{an s anssaw ) 5L 2B 1)
Yiggsoci CLy & C oz bs{arsassasss
asysag ) LR B 0 2 RE BT, B S RRAS 2 [R] Y T
ERETHAUR T AT AT IIAT KT
BRI S A Cany 2 unionpay ™) {9 A 75 20 T IX 7E Hif
— WA R W S BT LLIZ A G 0 S AT T B A
B 7FEE.WIRAS I RN A R SAY
FH G AT 2R 708 2, 3k L 3% B IR A RS SO 0
HEAT AE B

[F3 CL, Mt & C; 5 CLy iy e A A & 1Y
AL E $4 A 541G 5 30 o W 48 A 4 4 5 il vT DL R B
07 SEAE JG — RRAS OB 51 B 56 T2 A th ik i IR AR
5 o T HG AT A 5 P B G BE T a, (M Clerkld”) Layy
(“ClerkPassword”) Pk & a1, (“TransactionLog”) i
PR A2 A A ST A v i) 7 e 44 A R BSCHR P R i fe
7B 44 B2 A Ik 55 22 R 01 Y By 1% 5 0 xf
5 oy AT H &l .

B 15 S AH U HE & s . o CLy i i &
Cio({01505505 506} 5 {ax D5 CL AL Cr, (o s
05505505 | » {ay 1) [ WL AR B B0 D) RE HA. 0T, 1T
CLHIMES Cs({os )y {ay 1 say sas sas 5 1a0 1) 5 CL,
FIOHES C (los s {larisassassasssao ) BB
TRBUMIIREAIT. EiR B IIRERITHE S T
P50 Bl 5515 S < BIVHE g 55 418 %k 55 5 % 7 45 AR
K WA % I NG B BE AT AR N P AT
PATEASTE N BN 2 77 B 16 00 S e REAE 1T B o &
By 7 X S 5. Mz S = i DL 2 B8 ] RE
ST SEIA Y Y 2 R

BL7 s g i R T — D RRE et 5
— AR E I REA B, CL, W A & T8 (Root -
Cu-C,-Co) 5 CL, B & T (Root -C, -C 5 -
CO)H A AL AL & 48 X s 302 — A F 8 1Y 2 e A
e AT AR AT 1 9 A B R AR 2Z2 18] 1Y) o 5K R 3
TR AR PE BT B R O ao ) BEE B R
LA 23 T B A5 OB ar ) TR X T IT 5 (6



9 1 VF AR A - — ol 6 T AS0R0 AT & AT 23 BT 00 1 38 Ak 20 A7 5 1841

BT o) AL BT AE DT HLAE B COCBE T a0 ) BEBR
RO IE G AR s R P B T 22 Y T R 5% A Ak B i
/D T A5 AR O A9 48 A 5 T e e B e 5 1D B 6
5 I W i A A R i A 118 X ) DU e 28 55 A il 5 7 22

S TRE B R AF 2E AT SR i A 3 i T BRI X
L TR S JRE A RN i A 1 SR AR A A A X T
T G A A B BT A

A

e - -~
. . 1

2

p
TN .
L Cy o
1)

oshlay sy
i Cpy

Vi
({U,’z,(’;}/\(hx;dﬁ-—zz‘_l_u \7 504,
4 \ Co .: / \ Clz .I’
2246-2:4g 05,0575 2

15 T

5055067518 _5y0g_ 15
g
s RPN ({0;,0, ’<a|'/z’az'f15 10
‘10 ] 7 t Cu
3Gy Qg 55

6

6

oyt la,_paas_pas saga;,))

17 PSR M D A A B REE 28 495 X s 49

CL, F & 745 (Cs~Co) 5 CL, h &+
1% (Cy ~ Co) o H AL & 1A% X 32 — AR
JE [ D) REASE T A FL 2 FT— X B A X X A T
CL i FHIMES Co (—A LT 45 s G 5 CL Ry R
& G M—1ILT4E R G IR AR S P L 45
A T AR RRAS 2Z2 18] 8 5 SR A BT A2 AL BR 10T
LA PSS B AN B A BT B R AR Z Ah L AT B AR
BT T A SR S A A 75 3 T () D T Ak B
R K 3 S0 W B AR A B T O
CYUEN PSR SR ES

A Ao AR ML e AT AR DL I T A 3 A 2
Tl 52 T LA B3 AT 1400 A % 00 R B A AP 14 A 22 57
PABEAT 8 AL 73 1
4.3 W &

HERFBIMEL N T o MINKEE AT B,
FANTAEA ST J5 15 v PR R S b B B 17 0.5 2
N T IR & T TE AN T 22 MR B T Y T A
WA E 2R TSR E . T8 B B
W& AT B AR F R AR — A B P R
A AZ LA B Ry )L RE ) ol U — S B A
AR A e P HL e W 9 X1 B 2 M RE A N TR
TRV EOUL A R B, BT AAE S 38 FATTrT LA T R
P N B T B AR AN E 5 56 [ o AV 3B

AEACLRE (B v AT DA R = 20 4 0. 7 % 0. 8 Y
7K R S BT 79 A BB e B e A AL 1 B L 5 2R
R, A Rl 22, RATEAE T — 21 TAE
RO HCHEAT RS L LGS A AT DR I ) B o A S
A TH A RRAS 25 R

TR ST 18 AH DL AE 8 2 0 A B 3 R AT AR e i
AT R T B B SEAE R 2 i 5 FRAE S A oL
e K W VG B AR 2 s SR 5 PRV A MR A 19 A 1 56 R I
MRS AT AR AU ME A& 1Y) 25 980, O LA A5 0R Y A AR
T2 PEOME S AE L EE 1) 8 s A A B P R B L R
A RO TS b A R 2 b SR d R AR AL
VEECARAT 7T g 43 2 B 1F 1 Je A ARL DG it TG 2 4k 2 i)
F, Rk B IE () 55 A BL DS fiE R B 2 78 W & A2 ik
RICE A MEEEE AT RANTFW L. X B
FEUCH 5 R 1 2 RATA N EAR B Sl T
MRS 1) S5 A8 A7 A5 A X 52 2% 1 R RE M B DA it
TR R AR T I o B L On] DK 32 e S A
TG 8 3 e A2 G L A i 2k

T AR 55 B T BT 2 R R R A A 2 X
IV G R SR IR T DL — J 1 3R S BRI AR A5 11 45
Bk 2 5 LA BN 55 5 SR W B S M) B X I BE
J1. FATA R B HE 1 BB 72 R KL P AR F A
ARG 8 o T DAFRATT TG 1% AR IR A ST B M T ik AT



1842 it =

Bl

e IR 2009 4F

AAE 5 KRR JEE A9 315 B0 28 0 10 Bl 55 5K ) Bk
SFOC AR AR NZE SE B AR BT REAS B 1 MU O R
2 KR Y SR IR A R IR HoA B Y 1hi ik
WA J8 D) Hb B B0 A i TR R — Se AR AR
X AE BRI P R R TR,

SCH R 9 38 A 2 A D 3k R T T AR A AR
AR R B AU B BE Ak o G AR DT TR R BE AT 225 S
. m T AE AR B A i Rk P O R X 0 g R TR
(T8 & IR U B 9 A S SCPF 4R S0 3
ok JEAT A PR ME— ) 2 B 08 5 A OC PR A A i
AR O S IR R TR S P RO B L AT
WL BATHT7 35 510 F oy JCie 2 i AR s
2 R B e P 1) %ok G ) e AR TR S T R A
Z YL T LU %05 15 R 2 A A 23

5 MHxXI*E

SCAS B ATF 5 2 2 T A5 AL & A 11t A 2 DA T
AR SCPE LB i vy S B 5 3 LA o T 24P T8 A
(1) o 3 —FhRE TARHS 1 23 0T 05 k. A S E D
I ARORE 9 R P V) AR SR A A ) #) AL
A o K5 A ) A 2 16 ) AR 4 MR 8 e A A A ik
ATV R o3 Ak SR 2 38 A e A I i O T AU
B i B 22 AR AL i V1R 2 . SCHRES T2
MG A0 A B T — R T R AW AT
T 22 S U A B30 325 R il BBOAS [ Rl A R A A 22 1] 114
ARA 35 FATT T A A DC PE B AR FE AL L T X
AE T 1 A S B T T 0 2 U S5 B S T A
A A T R R B A

i 2o e S U B e HEAT AL 20 A F AR
L5 HE T UML B A g 3 A 0 dr. Sk 1 Jrp 42
T — S e A0 B R HE T ) X G AR 1Y 2 R
B, DL RS 22 8] F) RPF B on R e A
T L DE P B8 8l B i 44 . DB AT Y TR R 2 1
A TR SR — 2 T TSR RE IR DL K
ARG A K IF Ba gy T
B AR AT AE SCA I g T — 2L
i, 5 SCRRET 1L, SOk [ 2 ] AR 2 LR 332 IR
ST o G AEUHG G A R AT SR AT X P 8 A iR A
(9 UML 55 BEAT 22 53 R0 DL & BT B el Az

BRI Z A1 o i A — 28 MRRAS 8 B A0 E B A5 R A
JE R A o B 5 ik SCRRE3 3R T —Fh e — 1k

PR R A A TR DL R G X 29 1 T L 99 SRR R L X
it 7 A AAR B b S RROAS 8 Ak B A I 3R
. SCHRCAJER 5 I8 8 SR R I R A 4
M BAPE AR B R L4 HF A 4 — A S BRBAF A
P B AR e i S BRIV N AR A7 B SO B
A5 o0 i B RRCAS 15 8 SCHRES Ui B 1 A BT 5 3
PRE b o T DU B AT 25 4 e 2 10 B 15 R 26 4B
A4 SCHR 11 DA O B 57 10 HE B3 A 5 A X 5 5 s 4
Z TSN G AR 1 B2 s o

AR SCIRRIT 5 34 61 A8 st 4 R DG P A TR - 488 1
TIE AR L. F5C b B DL LR AR 22 4 56 G
WA AR AR SCRRE2L e 5 4 A I
(14 752 R o A A 90 B AT PR O 5 1% 55 3 AT L5
o FH T R S 2R 5T . SCHR 18 ] P 42 i T — 4> VILSI
RAA) SR HEAT I ARL A AR DE TG 2% SR A R — T 2l 25 g A
LR IFAT LB B T T A R R AR R Y
ST Hm 25 R a9 40 hs R AT R S T R
S B B8y 8 5 18T SRR (22 F (8 AR DS I 19 07 35 ik
11 XML ST 9 £ SR 28 - i o 5 iy 5303k m] AR
[ 55 FH P 014 A 960 AR die o AT I A — 28 A 3R 45 2R SC
MRL23 T rbr o A 25 {6t T D TC ik 5 0 3 ) o A7 A0 o2
W TN 5 P I A A BB S 24 Al A9 AR L 7 36 1) T
i 4 B3 A B S A LA B 1 5 B

6 REERE

B AR LR AL D S oy B BE S AEAR AR 14
B FRATTXh 28 485 SR R8T bk SR 4 B 9K T 7 1 I
ARV Ao R v o L B I 8T SORY A A IS vk R
5% o PR 3 T AN T A i AR 2 i 19 9846 2 i A
T A B T B AR SCAE Y A B R
(19 5 TR s 1 R PP 0 T 7 I5 2R A B L 3R T
— ol B TR AR A 19 B0 T8 A 0 BT T 3 L T R
B F A R A R G A o A LR R B L AR
WL XM & 23 M BE 06 v 4 402 R 8 10 v T2 45 4 L 7
WS A S5 BA A T8 A 0 AT BB A8 A T 3t B B R B
1 SR B B Al 78 R R RO 5E AT L FRAT TR A2
PRAUETE IR CR A AT 3R F - ik — 2 3 i R e S5 o g
AEE ARG A 4R UG, AT A 4R 2 X R R G T
AH P9 T8 A SN SE BE AT TR B F 5 5 DA TG 2 H S A
AT D5 1. 93— 5 T AT IE A SR AE B A 3 A A
fi b — 2 S B e S 2 A 1 S R AR A



9 1

VR AF - — b e T RORI L A A AT 20 A B B3 A o0 A D vk

1843

(1]

(2]

(3]

[4]

(5]

(6]

(7]

[8]

(9]

[10]

[11]

2 % x W

Xing Zhenchang. Supporting object-oriented evolutionary de-
velopment by design evolution analysis [ Ph. D. dissertation].
Department of Computing Science, Edmonton, Alberta,
2008

Briand L C, Labiche Y, O'Sullivan L. Impact analysis and
change management of UML models//Proceedings of the
IEEE International Conference on Software Maintainance.
Amsterdam, The Netherlands, 2003: 256-265

Westfechtel B, Munch B P, Conradi R. A layered architec-
ture for uniform version management. IEEE Transactions on
Software Engineering, 2001, 27(12); 1111-1133

Chen Zhao-Qi, Zhong Lin-Hui., Zhang Lu., Xie Bing. Study
of software change management system. Journal of Chinese
Computer Systems, 2002, 23(1): 29-31(in Chinese)
CBRIEH, BhdfomE, sk, oK. B2 L8 B R ST 5. /b
RO RPLR S, 2002, 23(1) . 29-3D)

Herraiz I, Robles G, Gonzalez-Barahona ] M, Capiluppi A,
Ramil J F. Comparison between slocs and number of files as
size metrics for software evolution analysis//Proceedings of
the 10th European Conference on Software Maintenance and
Reengineering. Bari, Italy, 2006, 213

Gallagher K B, Lyle J R. Using program slicing in software
maintenance. IEEE Transactions on Software Engineering,
1991, 17(8): 751-761

Fluri B, Wursch M, Pinzger M, Gall H C. Change distilling
tree differencing for fine-grained source code change extrac-
tion. IEEE Transactions on Software Engineering, 2007, 33
(11). 725-743

Mei Hong, Chen Feng, Feng Yao-Dong., Yang Jie. ABC:
An architecture based, component oriented approach to soft-
ware development. Journal of Software, 2003, 14(4); 721-
732(in Chinese)

W, MRS, WA . MZs. ABC: JET 1k R 45 My | i 1 #y 1
BB TT K 07 . BPF2E i, 2008, 14(4) + 721-732)

Mei Hong, Shen Jun-Rong. Progress of research on software
architecture. Journal of Software, 2006, 17(6). 1257-1275
(in Chinese)

M, WHIRUE. BRI R R Z5 M B S 0 . SR 2 4. 2006,
17(6) . 1257-1275)

Zhong Lin-Hui, Xie Bing., Shao Wei-Zhong. Supporting
component-based software development by extending the
CDL with software configuration information. Journal of
Computer Research and Development, 2002, 39(10); 1361-
1365(in Chinese)

CERAROVE . oK, BR4ESE. §7 58 CDL SCHE8: T4 (R i R4 40
ReH5uk. AN S KR, 2002, 39(10): 1361-1365)
Xu Jia-Qing. Peng Xin, Zhao Wen-Yun. Program clustering

for comprehension based on fuzzy formal concept analysis.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Journal of Computer Research and Development, 2009, 46
(9) (in Chinese)

G, 28 BSOS, — Rl TROWIE U0 & 70 B i A2 )y
RATr k. WHHITE S &R, 2009, 46(9)

Quan T T, Hui SC, Cao T H. A fuzzy FCA-based approach
to conceptual clustering for automatic generation of concept
hierarchy on uncertainty data//Proceedings of the CLA,
2004, 1-12

Marcus A, Maletic J I. Recovering documentation-to-source-
code traceability links using latent semantic indexing//Pro-
ceedings of the 25th International Conference on Software
Engineering. Portland, Oregon USA, 2003. 125-135

van Deursen A, Kuipers T. Identifying objects using cluster
and concept analysis//Proceedings of the 21st IEEE Interna-
tional Conference on Software Engineering. Los Angeles,
CA, USA, 1999. 246-255

Lindig C, Snelting G. Assessing modular structure of legacy
code based on mathematical concept analysis//Proceedings of
the 19th IEEE International Conference on Software Engi-
neering. Boston, Massachusetts, USA, 1997. 349-369

Liu Tyng-Luh, Geiger D. Approximate tree matching and
shape similarity//Proceedings of the 7th IEEE International
Conference on Computer Vision. Corfu, Greece, 1999, 1.
456-462

Shasha D, Wang J T-L, Zhang Kaizhong, Shih F Y. Exact
and approximate algorithms for unordered tree matching.
IEEE Transactions on Systems, Man and Cybernetics, 1994,
24(4) . 668-678

Sastry R, Ranganathan N. A vlsi architecture for approxi-
mate tree matching.

1998, 47(3): 346-352

IEEE Transactions on Computers,
Laszlo Kovacs, Tibor Rpai, Erika Baksa-Varga. Approxi-
mate subtree search for labeled trees with small depth val-
ue//Proceedings of the 3rd Slova Kian-Hungarian Joint Sym-
posium on Applied Machine Intelligence. Herlang, Slovakia,
2005

Wang Zhong-Jie, Zhan De-Chen. A component retrieval
method based on feature matching. Internation Journal of In-
formation Technology, 2006, 2(8): 60-72

Chen Yangjun, Cooke D. Evaluation of twig pattern queries
based on ordered tree matching//Proceedings of the IEEE In-
ternational Conference on Signal Image Technology and In-
ternet Based Systems. Bali, Indonesia, 2008: 24-31

Ben Aouicha M, Boughanem M, Tmar M, Abid M. XML
information retrieval based on tree matching//Proceedings of
the 15th Annual IEEE International Conference and Work-
shop on Engineering of Computer Based Systems. Belfast,
Northern Ireland, 2008: 499-500

Baxter I D, Yahin A, Moura L, Sant’ Anna M, Bier L.
Clone detection using abstract syntax trees//Proceedings of
on Software

the International Conference Maintenance.

Bethesda, MD, USA, 1998. 368-377



1844 it =

¥ 1 2009 4f

XU Jia-Qing, born in 1984, M. S..
His main research interests include pro-
gram comprehension and reverse engi-

neering.

Background

This research is supported by the National Natural Sci-
ence Foundation of China under grant No. 60703092, the Na-
tional High Technology Research and Development Program
(863 Program) of China under grant No.2007AA01Z125,
and the Shanghai Leading Academic Discipline Project under
grant No. B114. The purpose of the research is to explore in-
cremental construction of software product line (SPL) plat-
forms through reverse engineering, refactoring and evolution
management., The research scopes cover reverse engineering
and reengineering, software product line, software mainte-
nance and evolution.

In the research of incremental SPL. development and evo-
lution, the key problems include how to analyze the evolution
history and evolution trend of software systems, especially
for variability evolutions, and how to analyze the commonali-
ty/variability among several similar software products
through reverse engineering. A straightforward approach for

reverse evolution analysis and commonality/variability analy-

sis is to abstract high-level requirement and design models

PENG Xin, born in 1979, Ph. D. , lecturer. His current
research interests include software product line, software
component and architecture, software maintenance and soft-
ware reengineering.

ZHAO Wen-Yun, born in 1964, professor, Ph. D. su-
pervisor. His main research interests include software reuse,

software component and architecture.
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To this end, this paper introduces the authors’ previous
work of program clustering based on fuzzy formal concept
analysis into evolution analysis, and presents an evolution
analysis method based on fuzzy concept lattice and source
code analysis. Program clustering in the proposed method is
used to abstract a concept lattice as the high-level require-
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matching algorithm, and then identifies various evolution
types through structural difference analysis. Currently, the
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