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Change impact analysis is a method to identify subprograms that are affected by the changes by the user, which
have been used on selecting test cases for regression testing. We consider that change impact analysis would
be useful for program understanding and maintenance activities as well as regression testing; however, since the
definition of the effect varies according to the user’s situation, its definition is not unique. Thus, it is difficult for
us to apply the existing methods to such activities. In this paper, we propose a change impact analysis method
for JAVA programs and implement it. Using our method, the user can easily define the semantics of the effect,
and we can compute the analysis results based on the defined analysis policy.
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public class Person {
private String name;

public Person(String name) {
_name = name;

public String toString() {
return _name;

}

}

public class Student extends Person {
private String _id;
private Collection Afriends;

public Student(String name, String id) {
_name = name;
id = id;
_friends = new Vector();

public void addFriend(Person person) {
_friends.add(person);

public int getFriendCount() {
return _friends.size();

}
public String toString() {
return _id;

}
}

public class StudentData {
private Map _data;
public StudentData() {
_data = new HashMap();

}
public void add(Student student) {

_data.put(student.toString(),
new Integer(student.getFriendCount()));

public void output() {
//output the list

}

public class Test {
public void test1() {
Student s = new Student(”Tim”);
System.out.println(s.toString());

public void test2() {
Student s = new Student(”Sam”, ”01”);
s.addFriend(new Person(” Tom”));
System.out.println(”Sam: ” + s.getFriendCount());

public void test3() {
Student s = new Student(”Sam”, ”701”);
StudentData data = new StudentData();
data.add(s);
data.output();

}

}
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public class Base {
public void m1(int x) {

Base

Cooa miams )
void m1(char)

Test
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//do something

public void m1(String x) {
//do something

public class Derived
extends Base {
public void m1(int X) {

class Test {
Depivbdiobjoid m2() {
obj = new Derived();
obj.m1(10);
} public void m3() {
obj = new Derived();

obj.m1(”ten”);

public void m4() {
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class Test {
boolean flag = false;
public void m5() {
Base obj = null;
if (flag) {
obj = new Base();
} else {
obj = new Derived();

Base

void m1(char)

obj.m1(10); YCadms)
} Derived
}
(a) 7751 (b) MAG

X 3: A Y AY Y ADEIDEE T X vl

i3, M2(a) 0775 L 6HEIND MAG ThH 5.

MAG &g (MAG Node) 1, MOG £i& & HEERIC,
2 AND A NS S “FHOHEI SN, MAG XYy
RS (MAG Method Node) , MAG 74 —JVREiS
(MAG Field Node) 5%, MAG Higid MOG Hi&
E—X—TxIET 5. ENRLTBLTa A5
FIEAVNTIHROD, A UNEEAKO T 7 & 2AF%R%
FoZehs, Ihbodb MAGHEIA L LTRD.

MAG 8 (MAG Edge) 1%, 22D MAG i g7
72 ABRER BRI TRBL b DTHY, XV v NIEY
HL%ZETMOG callsI (MOG call Node), 74 —)V
RSB E2FET MAG use il (MAG use Node) O _f&
NSRS,

B, BRERNNET A VA Y ADBI R T E an
ZXiITkY, TIZRAIND A UABFITRE 500
BND 5. TORRL, TOBREROBRIN SIRE L 722
TREIET B, A7 =F v 2FO>TRNTORA N
L CREFIL. BRI, 3 T, flag DEAERICHR
T H5RWEE, obj.m1(10) Ik > THVPHEINE XY v
Ni¥, void Base.mi(int), void Derived.mi(int) O
EHEETHLONERETER, ZDk®, MAG Hi&
void Test.m5() D STHEITH L T MAG call 2035030
W5,

MAG 1%, MOG X FfRDRITIC L 5 MAG Hi& 0
H, BEOXYVy RIEOCHELE, 74 =WV K77 E2ARD
FRATIC & 5 MAG . ZOMBIC L VREEE SN S,

3.4 MOG, MAG T & 32K R RIT

BEIC L > TS DPDOZELAYE L /- MOG fif, MAG
HarmE L, ToEE»S MOG 3, MAGIE-Y5
Z LT, B OB 21T, I 61T, BRIV IVE
EEAREL TLHZ LIk, 2—F o4 EINCHIGT
LT EMMTE5,

3.4.1 WRERHONE

RET 2B RIS & 0 S h 2 8B5S D O
BAE, Jar oL bETiEAY N, MOG, MAG ETi
i b, R@XTHE, Tho2ZThEThEHEAY
/N (Affected Member) , RSB S (Affected Node) &
S,

2P DOHMIIE U 7R BE X N0 217D 720
IKIX, 79 7BEROMR L 2 L8 EOENLETH 5.
BRMICIE, 7o UHEIRE, BEENLHELXTLD0,
BN R E LR T 5 DICHT, AiE L ERERET S
(Direct Affected Node), 1#%& % RIHERRIEM A (Indirect
Affected Node) &R,

[R5 82 J:00N

EEEEH S IIEEMTON L EICHE SO THE
ENLHDT, B1IKETL 5 ENDL. M4, B
FEAYThNI-HEN MS TH5 L X OEEHEETNED
Rl T 5,

MOG

) B o

® @
@D G

:
@ D AVYREA L TA—ILRE A CEEMA | B
- zc4 1) W EP-:E&LID — : MOG,MAGID

M 4. BEHEH RO (FR13)

L3582 00N

R B S L 1Y, AR OEE BTSN 50 %
TeXbZ e CHEGEMRRMEDZ LT, R2ICHTL 25
D5, H51%, MOG DEZEHER SN MT, MS,
MAG D EEHRES SN M6, M8 TH 5 & = DR
HEBHEOWE TN TIHRL T 5,

MOG
> @
- ® o®

@ AR § D4— LR | EEHE S A

g 54 Lf-0 m P E%LIZ —— @ MOG,MAGIZ

M 5 MESGCEEH RO (K2 3D

R R

3.4.2 #WRERS O

BEFHETI, A cESL LI ESSomE o
FEZHAEHLELZ 2L, 2—FDOEMICG UM
BB A U NOHHEREL 05, A EDL RIS E



® 1 HEBREEA

EEGREER S

D-E1: PR ORETOER | 707 T LWERHIS T iR Ge4k, MRLEHSD 2T 5).

(K4 ® MOG i {M8} BLU MAG » M8})
D-E2: QoFELOHE | Tar I LERICLYREL IDoKES. (M4 0 MOG #id {M7} BXU MAG fid& {M6, M8})
D-E3: WoRETORE |7l LMEEICLYREL LLoBRESE. (K4 0 MOG fig {M8} Bk MAG fi& {M3, M4})
D-E4: JDOWMKKOHE | T r T LEFICKVHELL SU0KRES. (K4 0 MOG & {M6} 3L MAG i {M7, M8})
D-E5: JIOWMATOHE | 7l I LAEFEICK VAL IDokEiE. (K4 o MOG i {M8)} BL U MAG fis& {M3, M4})

& 2: MBS

R R ’lﬂ%
L-E1: JES R OB LB RO H 5 Him

[EL
I-E2: ¥7J5 [m OHEB R LS8 R O B 5 i, EJ%?&%Z%E@#&W6%@5&@5&@%&:%“?%@"}?‘%%’1@.
(X5 o MOG fig {M10} B LT MAG #i& {M1, M3, M4})

£ 3. TERILV—1of)

BERANR & 20 5 B A
BERN — MOG MAG
Rl: 772 A LA > N ¢ {D-E1, D-E3, D-E5, I-E2}
R2: BAREL A v i {D-E1, D-E2, D-E3, D-E4, D-E5} | {D-E1, D-E2, D-E3, D-E4, D-E5}
R3: BT 72 A X 3 HIH é {D-E1, I-E1, I-E2}

T 5N, ZZTIEHAENL 3 DOEFRNV—IITONT  ABROZEACRET 2 A AL IRTHET S, T

BN, B, ENV—NVIHIGT LEHEBHEAOHAED VILERICLSL AU NHEOBROELEIEL, £F

TO—EBEEIITRT. XIS 5 RS EIEREFT 235 5 7-DICEMTH 5.
712, M8 WEFERA U NTHLESOHMHEMIZRT.

Rl: 77 ARE X/ \HH

FTEICEOREL - ETRE EICEET S
72T TS hOFEITRERICHE L RITT) 2l
T 5. BEOREWR KM FTELSTRE LTS, BIF
FANCOFHEZEZERLIZbDTHSL. 22DEDRTA
N RS ANERICHWSIEENE, 2 OBEE S OF T, X 7: R2: BARZ L X > N
RS A NTHIET 55 0T 2RI T L,

612, MSDEHE X U NTH LGEOMHH 2R,

R3: E7 A X /I

MOG
® 4.@ [ T A NI B & ORI 7 7 2 2T 5 ATHE
@ @ VOB 2% /S, BHRX Y ADEENS L OBBNC 7
D) ‘\. = D AT HAEDB D A N EFATHIT 5, AV v
RAMER 7 1+ =)V ROYEMER E 2 EE T 558, 77

@ Aok [ F | - .7_4 JURE A RS : B ABMRITEACITEENDY, Fh o 2T L A U NDELF
- : 34150 W P E&LID —— 1 MOG,MAGID %ﬂ:%& 8“f3§£'ftj—éjﬁb‘&ﬁ§§>é 7‘; , > 0)}1/*‘}1/‘: J:
6: R1: 77 & AFHE X v\l LB A U NDIEBVER L 705,

X812, M8 WVEEFE XA NTH LB DOMHF %2R,
R2: BIREAL A N\
T == 4 NEHROZAL, BLOZIEDI 7o/ &



X 8: R3: BT 7 A X NI

— MAG

lEE&EEENl
String toString()

I~ S

o R e

void addFriend(Person) _ <
int getFriendCount()

wuﬂ!:illliﬁ’
(sumgwsting) StudetDat «
G (Suteronag
(ot sddStuden) )
(vodommy )

Condresi )
=
=

M 9: T77vx34EX 2\ EREG
3.5 ERAA

Z 20, ERRCHEER Sy ot 2 8% VTR 5.
BARINCIE, 2.2 TEEF7-K 1 D Student D toString()
Ay ROBIMIXN LT, AIEICERLE 77 2254
AUNHHH ) OB ERAARS.

(1) EERID MOG, MAG Z{EKT 5.
(2) ZEFEHD MOG, MAG 2{EKT 5.

(3) BEERILEFH DO MOG, MAG 2 ZhZhlt#L,
BRI — WTH D PR S O 217 5.

(a) ZEERTED MOG ITIHTB@EH L7
(b) ZFERED MAG I {D-E1, D-E3, D-E5, -E2}
%38

ZHIT X V9 OMEEERIIE A N8 75, Test 7
FAREEHT DL, BIATVMELRDL RTA4NE22C
HIFT-b DL FE U Test.test1(), Test.test3() 7>
TEY, ELLHHINTHE Z 223005,

4  Java gZEK REREITY — IV
RENTIE, WEFHEORETH S Java 28U RIRNT
Y — VIO WTCEBRT 5,

4.1 Y —IVEERK

Y = URERRZ K 10 1R T, Y — VIZRATER (Java
BRI FA TSV) La—¥A ¥ 7=—2% (LA
B, UIEREBRY) TSN TS,

J57EEE

eyl 557
BXRATE [~

/ EERARS

EEEEER LEEHE
LEMTE |

V—2771)b
SB8E

X 10: Y —)VEERK

PRITER (Java KRBT ATSV)
TRATERIE Java CEORENTEY, RD 3 D DEHD
SRR EIhTn5,
IS IR Java 1125 LK LESURTB L OE
WRERAT 21T\, MOG, MAG ORESER4T .
TEEHE: UIRLV 526N T 05 LOEEER
£, MOG, MAG O&Hi& L O efT 2179,

IS 7EEE: BEHTABRERA UNERIV—IVE ULE
FOEBL, ZHITHEN MOG, MAG % HW-##
BRAUNOHEEITD.

A—-H¥A487x—R (UL

UTERIE Java CEod & B Y, Tioolies2 59 5.
¥/, BRI CUL DEEDR L 5 TWAED, GULICK
LHEEBITOTETHS.
TREDIEE: = — VT ERLENTEICER 5.
BRIV —IVDIERE: =— T DR BRIV — )V % fEATHD

K52 5.
RATEER OFRIR: TR & VEUS L 7 B5o X U N O,
WREPERRTS.

4.2 Y —ILDHkE
S ZTIRY —NVDET LR > I EICHIT 5.

REAVNOHY, TR BEINBERLV—-IVEEH
L, #R8EX RO B L OERREITY. B, V—
NTEHRINTNE L DL OBREN — V2 VERK, 8
e R -2

HHEEERDOT 4 V8 Y VT WROFHR — )V OMHED
BIT L BPIE A N AT B E, V- T
LICT4NVEZ Y T L TTHIEREROFZREIT.

772 RABBRORT: 2—IIYEE LA NCEL, 7
TJRASINLHEEDOH LAV, BLUET7P I A
THRHEMDOH B A NERRT L, HEART Y
VAT TRL, BERNRTY 72 20FRHITY, M
BART7 72 CEL L, TOESEIEETLS
EMTX 5,



5

FLHLSRORE

AWFFETIE, Java ZRREFEL L I8 RN 5
DRERIT- 1=, |EFHETIE, VI 7IESWHWTEED
BB L ORI OB LTI 2L ¢, 2—FDHP
W U bk 2 BT R 2 BT & 5. $7, REFHO
FIETH B Java BB RIRATY — VIO WTHREA L 7=,

SHEOFEL LU, BITREREHARENICHRRT 57
DD GUI 0FEE, Y — IVOERMEHE: &35 5.

ZENB

[1]

A. Krishnaswamy, “Program Slicing: An Appli-
cation of Object-Oriented Program Dependency
Graphs,” Technical Report TR94-108, Department
of Computer Science, Clemson University, 1994.

B. G. Ryder and F. Tip, “Change Impact Analy-
sis for Object-oriented Programs,” in Proceedings
of the Workshop on Program Analysis for Software
Tools and Engineering (PASTE 2001), pp.46-53,
Snowbird, USA, June, 2001.

Technical Report TR94-108, Department of Com-
puter Science, Clemson University, 1994.

D. Kung, J. Gao, P. Hsia, and F. Wen, “Change
Impact Identification in Object Oriented Software
Maintenance,” in Proceedings of the International
Conference on Software Maintenance, pp.202-211,
Victoria, Canada, September 1994.

G. Rothermel and M. J. Harrold, “Selecting Re-
gression Tests for Object-Oriented Software,” in
Proceedings of the International Conference on
Software Maintenance, pp.14-25, Victoria, Canada,
September 1994.

G. Rothermel and M. J. Harrold, “A Safe, Efficient
Regression Test Selection Technique,” ACM Trans-

actions on Software Engineering and Methodology,

Vol. 6, No. 2, pp.173-210, April 1997.

1]

J. Gosling, B. Joy, and G. Steele, #_E HZE [5R],
“The Java 5 BALAR

W, ) — 270 r5 hoZEE L RIENTICES
BAFCRVL OHBIEICBE T S H14E,” Jupiseus il R
KEFFRKZ EHREHFRIZeR B3R, 2000.

L. L1, and A. J. Offutt, “Algorithmic Analysis of the
Impact of Changes on Object-Oriented Software,”
International Conference on Software Maintenance
(ICSM ’96), pp.171-184, Monterey, USA,| November
1996.

[9]

[10]

[11]

[12]

[13]

[14]

M. Weiser, “Program slicing,” in Proceedings of the
5th International Conference on Software Engineer-
ing, pp.439-449, San Diego, USA, March 1981.

S. Eisenbach, and C. Sadler, “Changing Java Pro-
grams,” in Proceedings of the International Con-
ference on Software Maintenance (ICSM 2001),
pp.479-487, Florence, Italy, November 2001.

T. L. Graves, M. J. Harrold, J.-M. Kim, A. Porter,
and G. Rothermel, “An Empirical Study of Regres-
sion Test Selection Techniques,” in Proceedings of
the 20th International Conference on Software En-
gineering, pp.188-197, Kyoto, Japan, April 1998.

W. Hetzel, “The Complete Guide to Software Test-
ing,” QED Information Sciences, Wellsley, Mass.,
1984.

X. Chen, W. T. Tsai, and H. Huang, “Omega - an
Integrated Environment for C4++4 Program Main-
tenance,” in Proceedings of the International Con-

ference on Software Maintenance, pp.114-123, Mon-
terey, USA, November 1996.

Y. K. Jang, H. S. Chae, Y. R. Kwon, and D. H.
Bae, “Change Impact Analysis for A Class Hierar-
chy,” in Proceedings of the Asia Pacific Software
Engineering Conference (APSEC’98), pp.304-311,
Taipei, Taiwan, December 1998.



