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A Hybrid Approach for Ripple Effect Analysis of Software Evolution Activities
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Abstract Ripple effect is defined as the process of determining potential effects to a subject system
resulting from a proposed software evolving activity. Since software engineers perform different
evolving activities to respond to different kinds of requirements, ripple effect analysis has been
globally recognized as a key factor of affecting the success of software evolution projects. The
precision of most existing ripple effect analysis methods is not as good as expectation and lots of
methods have their inherent limitations. This paper proposes a hybrid analysis method which
combines the dynamic and information retrieval based techniques to support ripple effect analysis in
source code. This combination is able to keep the feature of high recall rate of dynamic method and
reduce the adverse effects of noise and analysis scope by the domain knowledge which is derived from
source code by information retrieval technique. In order to verify the effectiveness of the proposed
approach, we have performed the ripple effect analysis and compared the analysis results produced by
dynamic, static, text, historical evolving knowledge based methods with the proposed method on one
open source software named jEdit. The results show that the hybrid ripple effect analysis method,
across several cut points, provides statistically significant improvements in both precision and recall

rate over these techniques used independently.

Key words ripple effect analysis; dynamic ripple effect analysis; domain knowledge based noise

reduction; minimal complete set of evolution activities; association rule mining
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7 T A T S T T R MR S R ) i R PR 22 R i K
VA TR 20 3 G VA i i o N = - S o
(traceability analysis) i LA Al 1T Cevolving cost
estimation) | I M ¢ v 45 J (ripple effects manage-
ment) 45 BF 55 (9 3L Rk D% K R L A M AT AE B
1o v AR I R ME L AR e TR AR A TR B AR &
Birh 50 20 ~75 Y0 I LA FH T AR A Ak 4 AR AL L
— 2= DL b T I S A5 R R R A i SCRR[ 7]
8 i XF JEdit, ArgoUML 45 rh 85 JUASE 1% B 1 7 42 ik
705 BN 43 BT A5 HERRAE 500 ~ 180, 3 i b 3k A
B ERA LT 4 8D 5 RGN TR IO &
EICRS I TR R GETT kN B AR B IR 5 R AN
B BT 1 U5 1) 2) 1% 52 189 18 K 300 43 B 2 AR 3K 3
RV 15 2 St v Ak T 3h ey B AR AU R 2 Ry S
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WAL R 2 5 HAB A SRR R G 58 8V — A
BB 2R AR A R G TR I AR M X i AL R 8 Y
WS HEAT IR R 43 80T BT B e B

Fe 5% AL B 04 S8 05 U i SR 43 B K
AT Lh gy Sy A4 2 R A I KON 4y B 5 ¥ (statice
ripple effect analysis) . 2l & B¢ S % B 43t I ¥
(dynamic ripple effect analysis) . & T 3CZ i 3% &
RO B 7 1% (text based ripple effect analysis) #ll
BTy s v Ak TR 8 i K 0 43 Bt U5 2% Chistorical
evolution knowledge based ripple effect analysis).
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1 RXTTE

P 1 R AT T S AR S T AR Sl A
X I R FRAT T8 3 IR T SCAS G A T ik - S B R AT
P M 5 i R b RO A RS B ) 35 % 6 R M 3
We KON P L 52 B AR 231

(" (D Execution Trace Collection h
Use Case | Check Point i E"Tec‘“m
Design il Setup il race

Collection
g J
(" ®Domain Knowledge Based Execution Trace Noise Reduction h
A
. Build Term .
Build Source Code | _[Intersection|
Corpus [ Frepeogess ] Fr;g:terril;y | 1dentification Operation
\ Y J
4 ®Ripple Effect Analysis )
\
Effect Extent | Effect Scope | Build Ripple
Analysis Analysis Effect Map
N J

Fig. 1 Overview of hybrid ripple effect analysis method.
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PATIIC % T AT i A7 ok B v B i AR
G, ST R E BT B R G 04T 8 .

EX 1. ARAEFFI) p=<ur sy s su, ) E X
H— AR IR TR R G H L TT w8 B TH
BAL BT ).

R L B /N B TT AT 43R = IR 55 AR AR 26
T5 ¥k RO 55

EX 2. ARAEZES Ser={prsp2ssput N
PATH B U B> A 0 AT 38 Horb py S 3E R 45
| Ser | =m , WIFR Sers& m JCATIE.

X3, AT KR See= U p 72 XN
HHATI Ser XA G HAd | Ser | =m.

AT I ) R IAL & 3 DT

D) g5 5 A 1 ShAE OC i F . 91 0 g 6% 12
ey A0 5 TR 010 40 2R 9 T RE A I B LS T L RS A

2) TEVRACHS J ik B A 5 (check point) F DA
WL SRR Y 1847 I B 0 A% 32 2ok 7 O 15 A A A A
(R AR A HEAT 4 PR IE AT AT SO

3) AT FI B UL I Wi £E 5 F AR OC B R AT 3.

1 AT R B ]

Table 1 Execution Traces Slice Sample of Thread main

#1372 main BHHAITIE R B R G

Call Stack  Method
Class Name with Full Path
Depth Name
rocess-
I P . org. mozilla. javascript. tools. shell. Main
Options
1 init org. mozilla. javascript. tools. shell. Global
1 call org. mozilla. javascript. ContextFactory
1 init org. mozilla. javascript. ScriptableObject
il clinit org. mozilla. javascript. Context

AL G BN 2550 W 7 i B[R] — i 22 ok
EPAT I AT N T LX) 52 B M A () AR D7 ik AL
BT — WA T I BRI B AR 1. 2 S B
KRR T PAT B R B IF 4 L S s 1 B A e
SOREHIUN SRR oy iy
1.2 BT O iR B $ 1T ik B I

TRACHS 9 A2 2 27 L PRRA 2R (50 #4 L APT o
P GEBF IS T R R RO GRS N AR
WHTE

Dy AR e S RS b A — 28 CR D
HESE — D SCAR SO L 4 B AU v 2 S SRR
KA N TL A BT AT SRS I 1 SCAS S R i
.

20 1A 6 A SCAR SO AR T R R
. Herp g — A7 AR — > 5 YRS X 10 F) SCAS SO

Table 2 Corpus Sample
x2 ERETRH

File Name File Content
codel this, table,document, word, document
code2 one, tableOpen, document, table, file, edit
code3 insert,insert,file,inserting, edit
coded circle, line, circle
codeb picture, file,draw, xml
codeb draw,line,draw,the, graphic,about

2) PALEL. TERHE P AEAEAR 2 5 SRR AN A
KB H A RAE B w5 SN BRIk 2 B Y B Y. TAk 3
A5 22 B 45 iF) (stop words) L 431 L i8] T 38 i 3 35
I3 2% B A TRLRE N B 55 sl R R A DG 9 3] L 451 4 R
2 1114 this, one, the, about 4 i8] ; 73 ) $5 VE ¥t % 4
) A5 5 91 4 B — 2 0 B 00 4% 43 A 1 B3] L 5] 4n
P2 2 Y tableOpen 543 %4 table #il open P4~
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Bal 5 3 3 O B SCAH A 9 [R) P ) A [R] — A SR Y
AFEIE S FEATIHI B UK 3% 2 Y inserting i Ji
%N insert.

30 A SRV P K 25 T A B TEORL G
TRDAUREL I« 2% 1) A7 2 s AR TR TR B Y
i) B SR — S v SC B IR T B FE R OC R 1 R
ARG AR AR B R 3
TR 2 R0 A TR R

Table 3 Term Frequency Matrix Sample
F3 ASRERETRG

Key words  codel code2 code3  code4  code5 codeb

table 1 2 0 0 0 0
word 1 0 0 0 0 0

keywords
1 0 0 0 0

document
open 0 1 0 0 0 0
insert 0 0 3 0 0 0
file 0 1 1 0 1 0
edit 0 1 1 0 0 0
line 0 0 0 1 0 1
circle 0 0 0 2 0 0
picture 0 0 0 0 1 0
draw 0 0 0 0 1 2
xml 0 0 0 0 1 0
graphic 0 0 0 0 0 1

4) AR A TG B F s A B B e A TR
2y FH A 19 SC 7 e A1 3 e A Ay ) A Ry i AL A T T
e 18 X &R 5] (latent semantic indexing, LSI) X i)
WURE e R AT R 5 HE . B AL RS B R, LR T B
F18y i) ek T XoF 2 ) 2K 2 T A 1% Bl A6 %8 i A AR
£45.

EX 4 B 0= (qiqz o q) AL S i iR
XF LT o 8., = (Lyy oty s oee )T 705 TR)ATURE 4 1)
55 7 F a0 ) i AR LR 2 SR s Sim(Qt.) =

ﬁ.ﬁnﬁ C SRR || F5 R,

fian IF K N G4 A2 0 3 AR B B Rk
“Crash when inserts a word into a document”. {152
3 R % B R X 1 Y ) i Q= (0,1,1, 1,0,
0.0,0,0,0,0,0.0", i@ IHH Q 5% 3 Al B
e AHALRE A LR &5 2R
Sim (Q,codel) > Sim (Q,coded) ;
Sim (Q,code2) > Sim (Q,codeb) ;
Sim (Q,code3) > Sim (Q,codeb).

1% G5 35 T SCAR 10 e B0 43 A A 28 56 A
LB BIE «=0. 007 5. {H2E F A2 256 vh ke B S 5048
PR K o 25 B0 AL BE B {H «=0. 007 5 LRI A
FRAR DRt FRATT A Sk [ 23 J4f 7 19 7 ik RO fB)
R 10 %~ 15 % AR AR R 51 4%

5) RAZIEF B AT X R A RS EE A Sec 5
AR A AR T Sh A 6 R AR 4 A R AE 4R
FUEARTE B3R 2 B4 v ] ih S B0 00 26 38R O S I
5 W B A AE B PRAT I S PR A L A
5 A BN HE DG, W75 280 K BRI T I B s
O M B ORI M 2 TR 1.3 Dk KRR Ay
GNP €/

1.3 ERMESDH

AR AT B 28 3 A W Ak B PROAT S AR S AR R A
WRIRIMAT 3 A58, F U8 Ak 1% 3l 1) ke B %00 647 i
537 -

D PN K KR

2) 4 3 W B BOnE 5

3) U KA A A T
13,1 P ROCRR

PR 5] 1 B O 28 20 1) T A — > RS ) 5
— B SE ERL

EX S5 ABRES Rs={ci>c; e, €CHRYE
FEREG HP CHEESG o> B KWK
R MR RRRWFAFc; FRAWPE XA G
. % e, Uc, | =n WIFR R n ool Fe 56 5.

2N R Dk B O FR R U BRI A TE AR AR R
DL X THT ) 6 G A BRUA T VA 3% Bl % 42 TR AR AR
J ORI V7 AH RS B OC R 3 0T DU I B 6 &R ROR.
e M, BHKHIOC R RN T o0 KA AT M
B o, kAR R, X2 e ST AR T
BT IRAEAEIE IR FR ¢~ 26 oo Ml e, [A] Y OB
R FR T — PR IR I O G R L B A LA DG R (1 28
c; Flc; [BJAH B A7 AR OC & R UL, U Ak 06 Bl & AR
B s DMRFFAE 2 DRI C R e, IR R
Zl T — R SRR R AR R A o M
o MIFFAEZ AL R H o BB HRE o — B2
Xf e BEATIE IR B o5 WZEAL . D SR A7 7R I
KKFR e, LK R BT K R AR R T
G54 R T DM B IR Z R 1 1E LK R,
Beli, 5%, MAFAESEIE R 0 i, AT 1B o SR
SR o BEATARRN BB, I Z IR BRI A
Hoi, F2 e, MAESLBER AN KR~
c; Fle =i, TEGSH AL B ZR e v, oR 0] 3 i 38
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KALIMERITH D e, B eR%k 7 W% /. B2
fi BB RE [ BRI KRR~
fifi KRR RB BT ERY f L WAAE
WRKR fi>f KRG LR T B Bk s
Bl A A SR B AT 1 06 R B AT DL U B K R
1]

KW K, o0 B G R I A A A 0. AT ) X 52
MRG0 535 AFAE R SO &R 2 HAX
MR A EEAETE R C R LB« MRS
RIS 55 ¢ DRSS AN,
PIAKEAAELZ IR ICHN by =1, W &y =0.
e B I Z G 7 b e AT RB o s AT R IR 2k,
INAGEI. IR 4 55 14755 6 18 1, KR o
5 oo ZFEE LR H co—>c.

Table 4 Ripple Effect Relationship Matrix of Some Software
x4 ERGHHERXREEE

Classification cl 2 3 1 s 6
1 1 0 0 0 1 0
C 0 1 0 1 0 0
c3 0 0 1 1 1 0
Cy 0 1 0 1 0 0
s 1 0 0 1 1 1
C 0 1 0 0 0 1
1.3.2 P R A% AL i

e K R P S e B0 Ak 43 AT 1) FE R HE A
P 3 3 FRALFE 2 A 05 1 - 320 4R A R Rk R A ]
3

D AU

W RAANE N EAGHERCREARY. B
B LR T O R A R R

BE 1 P ROy B 4R A U

BN A B o R K SCHEE Sup port F
BEAFEE Conf;

B P R AN A E.

@O TR K R R A K

@ T XFEE Support X K+ b 17 4 B A 4R
1248 5

© HTBAFE Conf XA ERE P LR
HEAT U A W B st i A E.

Wik 1 hfrOKT =KV SK'V - VK" & XN
KR R K s A, K K=KVK .

B 1 AT QO R SR K 56 R 4B kYL 5

A BB T Je O 2 U AR R Bk R A
TE S

EX 6. AR K 47 i A 1 1T
RUMMESR ko= {ka ko k8 XS K
AL 5. AIRAES S T="{ki ko ooe ok, 2
RGN SRS,

BB k= b sky sk, P AR T XE A2
Jita 38 A T K T Bk, B A T B SRR R AT AR
B3R5 BT 53R 4 XTI AR ALK M T LA
AR AT 55 ko P X o S Y AR TS SR S 3K
Crscy ey ey oo WRT B HEFT I AL,

Table 5 The Transitive Closure of Table 4
K5 RAMNEMEZEASER

id cl ) c3 (& ¢ C
ki 1 1 0 1 1 1
k2 0 1 0 1 0 0
k3 1 1 1 1 1 1
ki 0 1 0 1 0 0
k 1 1 0 1 1 1
ke 0 1 0 1 0 1

EX 7. 2 o BYSCHFIHEL ¢own E ST AL F 55
B T=" by vky ook, ) PAELE S ¢ MBI 55 B dt

5 PHTE o BFF kky F ks FTELE
W AR cloum = 3.

EX 8. B T= (ki ky»esk, b AL 55 45
B KW R KR o> BHFEERE LN
(i U ¢ m

A

X9, W T="{kyskysok, b N AL 555
B KW KR o> WBEGEEEXN
Support (¢c; U ¢y)

Sup port (¢1)

HW ERE W RKR >, WL E LN
£ (e Uey) WAL 30 55 7E B A AL of 55 S5 P i
Tyt EAR R Z T A S RS B A o
oo, B N FTA A o MESIE S . SR E
S B0 /N 58 P M e R 5 % 1 9K AP iR BB B R
Vb T I U B O AR b SR PR R EAE E R TR o
KA LT 26 o) 0 TT B HEAT IR 09 S5 AR p
Coj e+ B4R RE BROMH M iy 130 W 32 il K% O 2 i ) 1 1]
R K 2 B B

REX 10, —DIERERIFE R T Support

Support =

Conf =
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RH M EE. TR — DB e I RES N
R-ARBEIAE LN F.

Y Support==60%,Con f=60% I, 5% 5 &l HE
2 LA R AR T RS

Fi={(e)sCc)s ()} s Fy={(crses) 5 (erc6) s
Cepseg) s Fs={Ccyverses) b s I RN ENES E=
{Co>Cu s Cl>Ca s Cq > Ca s Co > C s C4—>Ca 5 Cy =>Cy 5 C5 >
Cepver)sei=>(cynce) scr=>(cysce) | MR E
555 R {1.0,0.67,1.0,0.67,1.0,1.0,1.0,
0.67,0.67}.

2) e K RO Ve

E X 1L, U KFE Gre= (VL E L) & — il
A mEL T EE V="_{v v € UF, b Hr F,
S RSB E R 1 A5 bR R B L
e;>Conf;,Conf; & LHPMKF ci>c; MELFE,
e, €F.

B 2 4T 535 XA I K sk 1

| |
(ca,c4,06)

(cq,c6)

(c2)

Fig. 2 Ripple effect graph of Table 5.
K2 35 XNy b RO 8]

A 1 B AT Bl B TS I R A L A
TR 4 Z05 sh0 L 3 U KO B AR SR A 4
AL Sh R E -

BN 12, B/ Gre = (V. E, L) il KA.

D ¥ v& VB add (Gie » v) FRAE Gre PR
o LA KA o AFFEPE O R T FROAEIN o 1635

2) & ve Vi del(Gre »v) 32 M Gre N 22
v LR v FRAEE SR FR B3 BRI R o 16 3l 5

3) W vEV.Y @V, i8R sub(Gresv »v) Fm H
OB Gre T v, I E MRS o TR R
LIS o FELE I B O R BR R o T A

4) & ve Vil mig(Grg.v) BramBEHR T v 17
T B 5 22 B I ) R B A RO 78 o 15 3.

&l 3~6 43 54 T XF & 2 S5 A 3 0 T A o
ﬂﬁj&%]ﬁ/'ﬁ(t‘z s Cy ?CG)\JEHTﬁ4|\J_:_( U/%ﬁ]ﬁ){—i(é‘z s CysC)
ﬂ]ﬁﬁgﬁi)ﬁ(cz s Cy »(s)fﬁi’ﬂﬁfﬁfﬁ

./(02,0-4.,66)

v
(c2,c6) (c4,c6)

(c2,¢4)

1.0
(c2)
Fig. 3 Add vertex v to Fig. 2.
B3 XFE 2 BT o

(c3,¢6) (cs,¢6)

(cg,c4)

(c2)

Fig. 4 Delete vertex (cz ¢y 5¢5) from Fig., 2.

B4 X 2 BRI (oo nenneg)

(ca)

Fig. 5 Substitute vertex (¢, ¢ 5¢5) with @ for Fig. 2.
5 XtE 2 FHT A o BT A (o venves)



TR — BB A Bl S ROV IR M T i

509

(ca,c4,06)

(cq,c6)
(c2,¢6)

(ca,c4)

(c2)

Fig. 6 Migrate vertex (¢; ¢, 5¢5) for Fig. 2.
Bl 6 XTE 2FEBT L (cheisc)
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) TR BIEIEH sub(Gre >0 »v) Fl mig (Gre »0) fE
B add (G s v) Fl del (Grg »0) T, 2) M add
(G »0) B del (Gre »0) AT — 5 31 5 sub (Gge s 0 s
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1) R sub(Gre, o' »0) & LA]HI, & 0 15 5h 7]
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v =0 EW T sub(Gre »v o) [ — AN, I, mig
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15 Bl 1 8 2 4.
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AR A X add (G s ) Fl del (Gye » o) WAL 313 K
R 43 HT
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. KW =uv,0 0 B Gee TR ER [ Y
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(Gre» ) AN T Gre b B9 MH B 386 £0 355 3. 00 A B
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38 35 U S B e SCAT DA B e — A A i 5
Jit %) T A T B i 5 e 1) 9 91 ]
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(Gre » 0 F aea(Gye s 0" 43 ) S %545 05 o St M B
VR T8 Ak 7 20 0 5 W8 L. #7 0 € dea (Gre s 0') 5L
H v€aea(Gre v W v X o' €V il AR E X H

ImpactDegree (v) =

\
max(id, |id, = [[ Conf, )i € [1.n],
i=1

Horprid, 2o 8o W5 | AIAE A% 0 A
(3R L o m 2 o B o i3 B R

e PR i I — MR8 M 8 M A T R
it o St 14 AT SR SO o R 2B R T T
Bl 1 R KRR 8. U B e U Y I8 M0 kA 1 R R
K. Qi 2 B 7R TR Coo) X T00 5 Cey v ey ) B 3 0 2
JE R 0.67X1.0=0. 67.

X T KB B G T 5 % 2 AR A5 S5 it 78 fk
15 B AN 77 Az e B0 ) 25 A 2 i AR 7 D K A0 1
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FE 3. % G = (VL E, L) Rk &k &, %t
v € VS E AR IS B AN 7 AR B SOON; > HAY v 2
Gre P IRAT 1.

IE . A T o SRR A v A M 52
B W) o A5 HABZE O s B0 BA ¥R ER.
T BRI o AN 23 B2 e HAB 2K OO 25 LR B0 2 R4
AN FEAE W PR

M BR AN IS AN o AN 52 HAB 2 OOF 6L B850 1Y
PAT W EIH v 5HAR 2 O gk BRED LI R KR,
B o 5HAMZE COF gk L BREO Z 8] AN 77 1 38 45, ) o
FE PR A i B,

W 2 FroR s 8 (e ey s o) B IRST A X% 05
ST it 76 3 2 X6 JH A SAS 23 7 A i SR

i

[

M T ARSI R S 3l BT B VBT SORN R
T3 ok A R R RN B O Y U8 T
BI9K BN 89 T7 3% » v LR FH G0 — 1 46 b A 5 PR RE. 12
S ER o> HEAT 7€ i xF L. A B K RO a3 B O

Table 7 Fault

PR AR B 1, AR SO AR T 26

WA S 38 T 0 o A T 1 S AR SO ik AT T E TR L

Xt i A X L L SRR 2 A TR A 5 A0 A
WFFE IR AR 1. 55 At J5 3k 347 X3 HE W A 307

WA .

WFSE IR 2. S5 B A A5 B 2 B0 AR 3005 vk

Wi K AR FALEE.

IS4
w

ib)

2.1 LIGiEE
2.1.1 SLxtg

PR AIE 52 5 25 R % WML SR T R AR 1
JEitY fE Sy 9280 % 42, HAR 2 0L a3k 6 77w -
Table 6 Brief Introduction of jEdit
* 6 jEdit BN

N Versi Lines of Class Keywords
ame erston Code Number Number
jEdit 4.3 103 896 531 4372

2.1.2 SRl fe

AT AL 5 R

D) AR N TEdit GBS B R 2 bl I
B I 3 AL S R A5 B IR 7 R L id SR

Use Cases Description

®7 OWERGI#IA

Serial Number id Usecase Description

Evolution Result

org. gjt. sp. jedit. buffer. BufferAdapter. java; org. gjt. sp. jedit. buffer.

1 950961 Folding handling newlines at the BufferChangeListener. Adapter. java; org. gjt. sp. jedit. buffer.
start of closed folds JeditBuffer. java;org. gjt. sp. jedit. textarea. BufferHandler. java;org. gjt.
sp. jedit. textarea. RangeMap. java
2 1292706 D7 of file open/save dialogs org. git. sp. jedit. GUTUtilities. java
incorrect on dual displays
org. gjt. sp. jedit. GUIUtilities. java; org. gjt. sp. jedit. Plugin]J AR. java;
org. gjt. sp. jedit. View. java; org. gjt. sp. jedit. gui. ErrorListDialog.
3 1538702 PluginManager Dependency ActionHandler. java; org. gjt. sp. jedit. gui. FloatingWindowContainer.
plugins are not activated java; org. gjt. sp. jedit. jEdit. java; org. gjt. sp. jedit. pluginmgr.
ManagePanel. java; org. gjt. sp. jedit. pluginmgr. PluginManager. java;
org. gjt. sp. jedit. pluginmgr. Roster. Remove. java
org. gjt. sp. jedit. PerspectiveManager. java; org. gjt. sp. jedit. Buffer.
. . javajorg. gjt. sp. jedit. gui. BufferOptions. java; org. gjt. sp. jedit. jEdit.
_ Provide a way of reloading changed . Lo . . . .
4 1578785 . . java; org. gjt. sp. jedit. options. BufferOptionPane. java; org. gjt. sp.
buffers without prompting o . . . . . L
jedit. options. BufferOptionPane. ActionHandler. java; org. gjt. sp. jedit.
options
org. gjt. sp. jedit. GUIUetilities. java; org. gjt. sp. jedit. View. java; org.
gjt. sp. jedit. browser. BrowserView. java ; org. gjt. sp. jedit. gui.
5 1638 642 jEdit could use JSplitPane OptionsDialog. java ;org. gjt. sp. jedit. gui. RegisterViewer. java;org. gjt.

continuous layout

; org. gjt. sp. jedit. options.

AppearanceOptionPane. java; org. gjt. sp. jedit. pluginmgr. InstallPanel.

sp. jedit. help. HelpViewer. java

java

@ http://www. jedit. org/
@ http:/[sourceforge. net/p/jedit/bugs/search/
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Continued (Table 7)

Serial Number id Usecase Description Evolution Result
6 1658952 C mode incorrect bracket matching  org. gjt. sp. jedit. syntax. ParserRule. java; org. gjt. sp. jedit. syntax.
58 25
in multi-line defines TokenMarker. java;org. gjt. sp. jedit. syntax. XmodeHandler. java
enabled  jEdit treats every org. gjt. sp. jedit. TextUltilities. java ; org. gjt. sp. jedit. options.
7 1676 041 CamelHump part of a word as a EditingOptionPane. java ; org. gjt. sp. jedit. textarea. TextArea. java ;
word itself when moving the caret  org. gjt. sp. jedit. textarea. TextAreaMouseHandler. java
HistoryTextField: array out of . Lo . .
8 1913979 v . v org. gjt. sp. jedit. search. SearchDialog. java
bounds when no history
. L org. gjt. sp. jedit. EditPane. java; org. gjt. sp. jedit. options.
Text Block Selection via Gutter . . . X Lo . . .
9 2696564 Right-Click GutterOptionPane. java;org. gjt. sp. jedit. textarea. Gutter. java;org. gjt.
ight-Clic
g sp. jedit. textarea. Gutter. MouseHandler. java
org. gjt. sp. jedit. search. HyperSearchResults. java; org. gjt. sp. jedit.
. . search. HyperSearchResults. MouseHandler. java; org. gjt. sp. jedit.
Plain text copy from HyperSearch . o . . .
10 2896 464 search. HyperSearchResults. CopyToClipboardAction. java; org. gjt. sp.

results

jedit. search. HyperSearchResults. ToStringNodes. java; org. gjt. sp.
jedit. search. HyperSearchResults. ResultTreeTransferHandler. java

FHAGI A B B 3B ¢ 28 08 v 4 W — s 3R R 451 4 8 U2 )
BB SCF A A A5 R0 R T8 Ak T
LU

2) ARIINATIE. R Flat3™ R4 5 I % 13z 1
AT AT I A7 TPAD® M 2. & ) X 1z
PATIEMELL IR 8 FTon

SN

ikt

Table 8 Execution Trace Description

xS BT

Class Number in

Serial Number id Execution Trace
1 950961 126
2 1292706 110
3 1538702 171
4 1578785 164
5 1638642 187
6 1658252 132
7 1676041 164
8 1913979 148
9 2696 564 165

10 2896464 179

3) AT IR RN fd ] TMGY %t JEdit J5 £ 6 2
57 TE-IDF 84, an 3 9 fr . B 4 — A FH 6 AH X
{18y FH 81 4 348 Sk A5 60 45 44 . R A LST i+ 5 TE-IDF
R S A A E AL R S Soe. SRIUAT I 28
B G Sec 5 USRS B G Spe 3SR L SE LR
A7 300 R M.

@ http://www. cs. wm. edu/semeru/flat3/index. html
@ http://docs. oracle. com/javase/7/docs/technotes/guides/jpda/jpd
@ http:/[scgroup20. ceid. upatras. gr:8000/tmg/

@ http://staruml. sourceforge. net/en/

4) MR B e AR OB 2k R AL B A AR RS S A
starUMLY Az iR & A24if O xml b 20808 4b #1i%
xml B4l 7 AR I R OC R KL T3 K 4% 338 4
BIR Bk 3 & AR

5) A BT SCAS Py s i Ak R Y i ARk

IOL 73 M7 J7 VR R AT A i HE X 5 2 D S RO o3 A T

N

HEAT R 1 X

Table 9 TF-IDF Matrix
X9 TF-IDF 4 [E

%

Matrix Dimension

Serial Number id (Keywords Number X
Class Number)
1 950961 5210126
2 1292706 4863X 110
3 1538702 5843 X171
4 1578785 5954 X164
5 1638642 6174 X187
6 1658252 5449 X132
7 1676041 5804 X164
8 1913979 5681 X148
9 2696564 5854 X165
10 2896 464 5974 X179

2.2 MR
T I RO A3 T O 9 O A IR R T v Ak
T RS R Y BB 5 42 30 T S B e 3 B e DUAR A Y

T 22 TR bR AE A BT 2 L IR i o

B/
2

a. html
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TE AR 25 1 46 b v A 1 SR [ 302 il T B ) 1 2 A
FEAR O o, AR S W T IR0 5 M R 2 B
SR L9 — 0P 4 [0 30 R e 17 00 R e 9 R 7
S BRSE R FE R HR AY o EE. e A M R R R R R S AR
B T8 Ok B 7 T8 AL TG B B9 B ST R A TR
IR L 8 o B 0 9 1 ) D T R B4 2 R A 6.
EX 17, AR LS SivSe 733 R 45
L B80S 3 i 7 15 A6t A B 5 R 552 s 15 A 35 30 BT 32
M {4 AR . A VR A [ Rl E AT
_ISinse|

X 100%,

'S/ 0

szxloo%'
| Sc |

BEXSASCAR 75 % 5 Sy 45 X T 3 K S0 ]
(BT A T 4R 5 00 I 4 SE PR i SV Bl il 3R 7 e
(A E S

RE X8, BL Py » Row 700 278 il AR SCOT 5 ik
e B B0 53 M 14 A5 E R A A ol R, Py, Ry R fil
PSS FE T SO B T Py sl 3 A0 R PR A 35 e 2
0L 53 BT 14 A 3R ] R A R £ A ] R £
I3 3 E AR

PGain _ Pour _Ph >< 100%,
Py

RUain _ Rour _Rh X IOO%.
R,

B WER I 25 Poa, A3 R 25 R,

Z T T AR SC A LA T vk ) R 1

E X 19. & P.R 5351 FR A R4 R, )
PRPCEEECF 2 U

RXP

P +R

BT AR A ] R A HOOCR, TOE IR
e Ko BNE 43 T O 1k 0 25 A MR RE L AR S A R AT
YIH F(F-measure) & & I 80N 0 M1 5k 28 &
PERE.
2.3 LWHER
2.3. 1 HBhEs SR PG s AR R BT O

2 Support=0.05 Bf, & kAW R WME 7
IR AR SO BB A ME R N 28, 52 %0 . Bh AT O vk
SIS ER N 4. 2500 I T SCARM M 7 iR A
HESRR 5. 6300 . T Iy s Ak HR 20 M7y vk 17 1
AUERN 25. 61 %0, AR SCH A R S A RISCA 2
D7 RS TR R 3 T AR R YR A
WE R BT AR SO 325 o ) & id =1 538 702 A 45 iR
i), 345 T 71, 43 % A .

B

F=2x X 100%.
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id
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Fig. 7 Precession comparison graph.

K7 AR

X Support=0.05 B, £ 77 7% A B R A& 8
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id
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Fig. 8 Recall comparison graph.
8 X L

BUWE R I 35 Pou M1 A3 Bl R 1 25 Roa, L X 45
HANE 9 ME 11 fiR. 78 Support=0.05 fEH T,
AT EMBE T ITE EERN SN
760. 02 % s AHER T SCA 7 i, SR W Y 1 25 o0
482,07 Yo 5 AHEE T 3 F I7 s A S8 0y i A MR 1Y)
S35 R 10,19 %6, Xt b Bh 3 v A3 [l R P Ky 4
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25 A — 35, 67 %0, X HL SCAR T B A 0] RO 24 48 25k
—33 %, XF He 6 T P s g AR R ik A ] RS 24 4
25 219. 88%.

20

950961 1538702 1638642 1676 041 2696 564
id

—a— Recall Gain Compared with Dynamic Method

—e— Recall Gain Compared with Historical

Information Based Method
—4— Recall Gain Compared with Text Based Method

Fig. 9 Precession gain graph.
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950961 1538702 1638642 1676 041 2696 564
id
—=— Recall Gain Compared with Dynamic Method
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Fig. 10 Recall gain graph.
CRUREE T T

RS SR G R AP I (1 3 I W R 1/ N ¢
Support=0.05 fHH T . 4 Fp Iy 7 1 98 FF 1 4L
4351k 36.34%,8.04%,10.46 % ,20. 31%.

2.3.2 H¥EITEZEXT T

H T A B ) B A B A B R S 5
JURIIES STRE SN IR C P SZF v -4 [EZ Nk S3a diat
0 R FH AR 7 30k A7 I R 3800 43 . T 7 2 U B 3K
743 BT 7 R AR 3K Bl 1Y) 43 BT O 1% s T AR i A T
163 3l B AR AT B 1T 48 T A B 3EAT I S 800 43 B
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—a— F-measure of Proposed Method
—e— F-measure of Dynamic Method
—A— F-measure of Text Based Method
—v— F-measure of Historical Information Method

Fig. 11 F-measure graph.
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Fig. 12 Ripple effect graph of failure use case 950 961.
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Table 10 Quantitive Ripple Effect Analysis for Each Error Use Cases

x 10 WE—HRAGNES KRB
id The Most Trustwrothy Ripple Effect Confidence

950961 jedit. org. gjt. sp. jedit. textarea. BufferHandler. java—jedit. org. gjt. sp. jedit. textarea. DisplayManager. java 0. 85
1292706 jedit. org. gjt. sp. jedit. browser. VESFileNameField. java—jedit. org. gjt. sp. jedit. browser. VFSBrowser. java 0. 94
1538702 jedit. org. gjt. sp. jedit. gui. DockableWindowFactory. java—jedit. org. gjt. sp. jedit. jEdit. java 0.94
1578785 jedit. org. gjt. sp. jedit. bufferset. BufferSetManager. java—jedit. org. gjt. sp. jedit. View. java 0.94
1638642 jedit. org. gjt. sp. jedit. ServiceManager. java—jedit. org. gjt. sp. jedit. jEdit. java 0. 87
1658252 jedit. org. gjt. sp. jedit. bsh. BSHCastExpression. java—jedit. org. gjt. sp. jedit. syntax. TokenMarker. java 0. 87
1676041 jedit. org. gjt. sp. jedit. textarea. FirstLine. java—jedit. org. gjt. sp. jedit. syntax. TokenMarker. java 0.74
1913979  jedit. org. gjt. sp. jedit. options. BrowserOptionPane. java—jedit. org. gjt. sp. jedit. indent. RegexpIndentRule. java 0.91
2696564 jedit. org. gjt. sp. jedit. bufferset. BufferSetAdapter. java—jedit. org. gjt. sp. jedit. syntax. TokenMarker. java 0.71
2896 464 jedit. org. gjt. sp. jedit. pluginmgr. MirrorList. java—jedit. org. gjt. sp. util. IntegerArray. java 0.72

2.3.4 AR VEFESEME N

N T RIESCHFE EAR X AR SO AR R L e I AU A R, S B R AR

M 1L AT LU L 24 SCRF B2 0. 05 JF 8RR FE
SRR AL A I R

B g F 5] 950 961 #4703k, 78 BT A #4244 7]
FORTHR T o 43T Bl 34 B R0 8 AR B 9 JEU(E X A o
ENENCE DY B ST N6 qiih A LT S
g 11,58 12 R,

TRAFA AL 24 Support = 0. 02 I, £ #E R N =
13.33 00, A a1 A [R] Asf 1 0 28 40 06 5 Bifi % S 55 3 4k
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e 2K 5 100 0. 38 i S 56 T, Sup port =0. 02 &
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Table 11 Relationship Between Support Precision and Recall
Rl BEX BOXRSIHENENXER
id Sup port P R
0.0500 0.2000 0.2000
0.0400 0.1250 0.2000
0.0300 0.0909 0.2000
950961
0.0200 0.1333 0.4000
0.0150 0.1053 0. 4000
0.0100 0.0713 1.0000

Table 12 Relationship Between the Amount of Ripple
Effect Relationship and Confidence

X112 BERXZRPFEMEFENENXER
id Belief Number of
Association Relation
0.9 0
0.8 1
0.7 6
0.6 13
950961 0.5 19
0.4 27
0.3 39
0.2 53
0.1 61
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