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Impact Analysis Method for Changes
on Object-Oriented Programs
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Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka,
Osaka 560-8531, Japan
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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 dificult 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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1 FALE

V7MY 2 THRSFIBIZBWNT, YulS AEREIT
V7RO =TRIFLEL DERRITOIN, OB, 8-oT
KMEEEVIAATUE D BERITZ50%2 5 80% ICb RAET
L Hetzel ICX WV RENTWA [12]. ZOERHE LT, VY
TR T IEREMAE E L, EELTHARVES
B L THAerDFEENRRSFREENRS D Z LT
bhd. 7z, BEOY 7 b =T OXRBEEAL, B
VS, Y7 R THRSFICET S X MLERLTEY,
V7 Ny =T OBFEER X OMRFHEOR LI RFEESO
B RERDREZ L 6T

EREOEELZT 580 (HEBHS (Affected Part)
LIESR) BT 2700 FREL LT, FEREREN
(Change Impact Analysis) BWEBEI N TW5. B
REFOBERASBOREH L LT, EEEDOY 7 F U=
THRAEREBY CEBET A ERERTADORERBT X b
(Regression Testing) [11) ~OFRARETONS. BIFT
A FTIE, BEBEEBITICESWTT X MAREREL,
FTA N —RAEBBERNBRICHZA DI EBTED.

Fxld, ur 7 BR, KTV, KYIEVE
FTOFEBRRBITOFAEEZZTWER, PEBOERIT
Z—FREET BRI L > THEL T, —BICEEIH0
T3k, BEFEZZOEENATHZ LIXTE RV,
T, HEOYV 7 by =THRBRREIBWTEFIHEN
EAT Pz MMERASEICIE, 7 TR, MK, BIROERE,
RUENT 4 X LREOMBBMENFETD. £DOD
INLEEE LT FENSEENS.

ABFRTIE, Javal6] ZERREFE L LI RBR LT
EOREERITY. BREFETIE, HEEHSOBREL—V
FEINFTRRIC T A Z & T, =—FOHMICR UTH 4 22fiF
WRERBEETE S, i, BREFEHIZESHTHRBRPT
H D Java B RENTY —VIZOWTHIRRS.

DA, 2. TIIBBR RFEHTICOWVTHEAT L, 3. TIXIRE
4% MOG, MAG 2% LI-FEREROEREBIVZD
ETEFIEIIOWTHRIAT 3. 4. THREBESTTH S Java
BB MR —MC OV RS, KBS, 5. T
B ESBOBEIZONTIHERD.

2 ATy MMERMTOTTLITHT BEE]
R HT
AETIE, BEBIEREBITICOWVWTHRAL, BEFED
BEEAICOVWTEETD. 2B, AMETIIF 7 V=7 b
BRI 7 A EXRELTHS.

2.1 BRI

BEE AT BEIE, Tu ST WEEIC L BEEL
SOFMHTHSE. ZNETKAT V=7 MERT v T 5 A
(TR B R RENT FIEDS W ODMEE (1, 4, 8, 13, 14]
ENTED. 2T, BRFEFERFITORETREL 3
DT ETB.
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D5 ABN: 7T A RRBHSOBME TS [13]. HE
JIARBBLELIIRKAEY 7 by =T IZBWN
THIZENTHY, MITLELETHS.

AURB(L: JFRADAAN (AV YR, T4—F) %
PR DBAL LTS [8, 4. A7 V=7 bOH
RERTHDAVAREFHERE Y, BERRAICHE
L3,

XEA: XA ERS OB LTS (1, 4]. TRTIT L
AT 4 X (Program Slice) [9)1ZFESNTEY, XH
DbHDER R T A REE (Slicing Criterion) & L
Ta—YPREDBI LT, AT RAEBIIEELR
E9X Ny Y IT—RXI4 X (Backward Slice) )
BIW, RS AEENREELZRIETX (747 —
RXZ 4R (Forward Slice)) BHIHTE 5. Ful
AT Ny RO T 4 — )V MIBRER CICFIAE
na.

75 ABNOENT T, 7T ANDED A L _HREE
IHEBEZIT TV ANERETET, BEOFRL LU
ZHEANTE ., SCEAL O TIX, RIBMRERR, F—&&K
TR, =4V T7TRABRRE, EOBNEIRERY,
fEMTa R MR bD LB,

AR TIZ, Ay RoBM, Bk, kv r=F%
DOERZEICHTHHBER s OMHEHNHE LTEY,
AU NBEALTOMYTICER T 5.

2.2 BRI O

ATV MERT v T LTHE, EROFHEEES
arT A, BEEHFUMCEREZ RIET RO RE
ERHELIEFEZOND. REBEOBE, 7ul/JAFR0b
BED2—IVDBEBEDR, hOED2— NV TATEREX
FTCLEIZEBHAB. [3,10] TiX, A7 V=2 MEM
Ful T AT BEERR, Ay ROF—N—F4 F
(Override) , 74—/ FOB#E (Hide) Lot 7 V=
7 FREAFHEOBSICL VR REEN RSN S
ZEBBBRLNTNS,

1oy orIrru S AIBWT, 75 A Student
IZAY v N tostring() (MHE) ZEBMFT 5%
£ % %. Student !X Person AL TWB 1D,
Student.toString() IZPerson.toString() &4 —/3—
FARTBHZLIZAY, Student 7 FRADF T V=
PIZX LT toString() ZFEFRH L TWAHA XA VYR
StudentData.add(), Test.test1() IXETHEERIEIL
¥ 5. £/, StudentData.add() ZFFEUHLTVWBE AV v
K Test.test3() b, HBMICETERIETS.

PR RN ORERE L THHTARE LD, o—
FORMICL > THRA THY., ETHERPERT IO,
F——F 4 FERPENT A L0 ERBEZLND. &
ZTE, TR0 B 2 oDREHIEETS.
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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 4d;
private Collection _friends;

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

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

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

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() {
Person s = new Person(”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();

}

B 1 AYy ROBIMNZLDEE (THREE . HEER Y v )

ERTAMZEITEZTFANETANRNORER

ERT X b, 7rd T AOBBEO—BERETIEE
DOTFANHEY 2= (TA M RZ AN (Test Driver)
LIESR) OBRUCE SN TIToN [5], BB KAITIC X
5, BETZETDITANRIANOHIBARD N S.
Tip bBRRBELEFE2 L 2L, BEETHALERT
A b RIANDRFIFTRDOE D225,
(a) EREITHBRSNZAY Y RETFTARMTBRIAAN
(b) A== 4 FEHREOELIZA Y v ROV

LBRBETARTBERIAN

27 T X Test DK A Y v KIL, Person, Student ADT
A BRRIANRERSTND, SEIOERIIA Y v ROBEM
THH7=®, Student.toString() DBIMZ XL Y A ——
Z 4 FEROZE(L LT- Person. toString () ~DEUH L
ETARNTBRIANEBBRTSD. LoT, R EL
C CTHIH T R&E X N, Test.test1(), Test.test3()
k5.

ERICHHIET 5O OEEREMORFE
ERICIZROHLEOELIE, 2 Yy FA—
NR—=F A4 FOERIZEDZbDTHD. EEICLLT,
Person.toString() BA——F A F&h, £hiT X
D Student 7 FADA T V=2 MIxtT B toString()

WWEBREOH LERERT D L WVoERIX, BEETT
BILTE2—FILE-oTHEATHD. £z, BREITIE
FAEEETHIHBEIE, TNODA Yy FEEERTHL
TAHDEZHRET A EBNETHB. LoT, BT
FERE LU THET & A NX, Person.toString(),
StudentData.add(Student), Test.testi() &7z 5.

2.3 BBEFEOMER

A7 V=7 MERAT TS T ATIX, HEROFHERS
FBICHFET 2E V2 VOO LBIRIZINZ, #k
BEtR, F, FRICL DA —N—F 1 FERR EBREE
THD, TulT AERRICIISL REERNECES.
F07D, EREOHEE» 2 —FRIERTIZ LiT#LL,
INGEZER LUIRER RN 2, 4] BALELRS.

(7, BHEOFEIERT R F~OFHAEZEHE LT
Wakd, BEOERLEFNERHEE Loz TWn
5. L»L, BT R T TRRL, ul T A8,
REF & Vo Tz X VRV FEFE TO R BT ORI %S
Z1-85A, PEBOBH I —FILL e THY, —EIZ
WETRELDTIER. ZO7H, 2—FOBRMTIGT
TR EBE RN EENS.
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public class Base {
public void m1(int x) {
//do something

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

and Conmuni cati on Engi neers

public class Derived
extends Base {
public

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

public void m3() {
obj = new Derived();
obj.m1(”ten”);

public void m4() {
this.m2();

Base

(ot il
void mi(char)

Derived
Cooamig)

(b) MAG

Test

Base

void mi(char)

//do
}

i ) |
Codmag )

Derived
void mi(int)

(a) 7u s Z A

(c) MAG

B 2: AANF—=N=F 4 FTFT7 (MOG) L AV AT IERFTTF7 (MAG)

3 MOG, MAG IZ &L 2285 REBHT

AETIE, 77 ADAVAFOBFRERRT 520

77 7 EBFH U B RN FIEORRERIT). REF
BIZEY, Xy FOF—R—F 4 R, 74—V OB
EERLUEEBERETORE, B2~V OEeE
HIZH IS FIRE R B O EREZTT O Z LR TE A,

3.1 At

HEY, A——T4 FOROH L CREMBET
TeRAAPERAL, ROHUBKICHEWEET A H0
TH5. EIFT X MNMIHA ST TE ZBEFEORER &R
riZ, BRUHUBRKEZWII-ES, 2F 0 —EOROH L
FERICPRE LI RBR R IR BB R TN & B7g 32 &8
TE 5 [2].

B id, KV —MREORPEW RN, BRENTIE, e
REBORAEABRBEERNAFY -V 2o byEHATE
DR ERETERD, ST TR T I e —FhEL
Tz, 72 7%BNTAH—_—F 4 FEHRE L OO LE
FREBRRBECTENIT, BBORELS 7 70ELLT, BE0
BRIZT T 7RRBT, TRENBEEBABZLNTE S,

AHFRTIE, D EEHRTHDOIZ, A NF—/N—
Z4 RIS T (Member Override Graph, MOG) BX O
AVNTFT ORI ST (Member Access Graph, MAG)
R L FERRET .

MOG &iF, AV ABOF——F 4 REER (Override
Relation) %75 7 TRALZLDOTH S, Thix, #x
WX VPFEBRERD I FTADA UV AABICFEET S, &
EHIZIX, AV Y RA— =T 4 F, fiRA Y v FOERE
(Implement) , 74—/ RORBikE o= BEREFNIC
ZYETB.

MAG &%, AU FEO7 9t X% (Access Relation)

7S T7CRBELELOTHD. ZhiL, 753ADALNR
BICHFEL, BEMIZE, A Yy ROETRHEL (Cdl) ,
74— RDBE (Use) &V olBERFNICEE YT 5.

3.2 AUNF—N—F4 K557 (MOG)

ZIZTIE, MOG DHERERTHD MOG HiIAB LW
MOG WD EFE, MOG OEEFEIZ >V TIRRS,.
2(b) 1%, 2a) DT T Z APLEHEIND MOG T
HB.

MOG #im (MOG Node) 1%, &7 FADEHE A LT
s L7z MOG A Y v RS (MOG Method Node) &,
BIITADETZ 4 — N REIELEZ MOG 7 4 —)L R
M (MOG Field Node) O _F&EENDORRD. MOG &i&iZ
#Hik§ 5 MAG B8 & —%— T3 d 5.

MOG I (MOG Edge) i%, 220D MOG i&En4—
NI FEBREFAMETRELELDOTHY, AV R
A——F A F&FE T MOG override I (MOG over-
ride Node) , R X YV v FOREZRHE TS5 MOG im-
plement I (MOG implement Node) , 74—V FORR
#HERBE TS MOG hide L (MOG hide Node) D=
BENOKD. £TIX, A—"—=F4 FTBAR"PH
Fe=R=F 4 RENDB AL NZEI B, K 2b) T,
MOG A Y v Fif void Derived.mi(int) 7>5, void
Base.m1(int) I MOG override @233 [N T 5.

MOGIZ, 7T ADAY v R, 74—/ REE O
W& D MOG HiRnHt, 8L TR DMK BEROMRE
izl 3 MOGZOHMEIC LV BEEINS.

3.3 AUNTUEXTST (MAG)
T I Tk, MAG OBRERTHD MAG HimB LV
MAG IIDESE, MAG DEEFIEIZ OV THERS. & 2(c)
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class Test {
boolean flag = false;
public void m5() {
Base obj = null;

Base
(void migint) )
void mi(char)

Derived

(a) 775 A

3 AV RE VU ADBINPEFE TE 22

(b) MAG

i, B 2a) D7BS T ANLBRSND MAG Th5.

MAG 88 (MAG Node) X, MOG #i& & Rz,

7 IARNDA L NIZHIGT 5 EEOHR, MAG A Y >
REi&E (MAG Method Node) , MAG 74— REA
(MAG Field Node) MBE5. MAG 841X MOG #is
E—x—TxIST 5. BB TRBI®a A TS
I AV ANTIZRVD, AUNEEEOT 7 v 2E%E
oz &b, Thbb MAGHIRE LTHD.

MAG 3 (MAG Edge) 1%, 22D MAG &&EEDO7T
I ABBERRLTCREALZLDOTHY, XYy NIEY
HL#Z#FT MOG call @ (MOG call Node) , 7 4=V
FOBHEE2ET MAG useid (MAG use Node) D _F&E
EHIOHERD.

7B, BREBBETA VAY VAOBRIPEETE 2N
TEIZEY, TIZERENDAVAR—ERRE LRV
ERHD. TOBITE, EOSREROBMPLIRE LY
FREFELET D, A= 7 =F % E2FOITITORA L NZ
L TZESIL. I, B3 TiE, flag DENSEEITHR
ELHRVEE, obj. . m1(1) IZE > THRUGHEINE A Y Yy
FiZ, void Base.mi(int), void Derived.mi{int) @
ELLTHDLIOPERETER. 207, MAGHA
void Test.m5() L EHEICK L TMAG call i385
T3,

MAG IZ, MOG & REROfENTIZ L B MAG B8 0OH
H, BEOAY Yy RIRECHELE, 74—V KT 72820
FRATIC L D5 MAG BORIBIZ X VR IN 3.

3.4 MOG, MAG [z & 2REREBIT

EHEZX > TS DELIE U MOG #i&, MAG
HiEEZRIHL, 208825 MOGH, MAGZ%.2EES
T, HHEHSOMBEEITY. &b, BREA—LE
EEARELTIZLIL D, a—F o2 BRI T
LT ENTEB.
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3.4.1 WEEHMH,ONE

BRETHHEBWERMBATIC L Vi S h 2 EHS O
B, a7 AETEAVN, MOG, MAG J:'C
WMAERD. ARILTIE, ThozZEhETNHEEEA
N (Affected Member) , #RBH R (Affected Node) 2:
FE5.

a—F O BN U B L SO ETT D 729
Wik, 73 7BROMBLERDIBRAOGENLETHS.
B&mIIE, 77 78in%, BEENREELZITHH0,
MHENREELZIT 20 OIHT, MiErEESEETA
(Direct Affected Node) , %% % BHIEHTBE R (Indirect
Affected Node) LIS,

E R B R

EEEER XL BTN I E SN THRE
ENBLOT, RIKFTHA5BERHS. M4ixk, &
EATOR-E AN M8 Thb & DEERTEHAD
BlERLTWD.

@ : AYURETA DA WREE U ERRBEA
- F4Ltc) EP kL) —— : MOG,MAGID

EEFEZEGIOR (E13R)
BEmEESR

M REH S LT, MROBEEREEHA»OLY
BT LTCREEREROZ LT, R2IXHETB 28
BEAHD. B51%, MOG DREEGHREEE AN M7, MS,
MAG DEEE B AN M6, M8 Th 3 & & O
BEEHROFEZTNETRARLTNS.

MOG
® ® o
@D
@D =l

PR ERESE A

® L AUYRERR : PA—ILFEEE EEEpens

vl ; 2os 1o WP KL —— : MOG,MAG:D

B 5 WEPEBEHEROF (K258

3.4.2 WEERHOHEH

BREFETIE, ITEHCER LS ERESH SOMEBD
FEERASGEDEDZE LY, 2—F OB U
BEA UANOFHRTAEEE RS, HEAAEDbEIEIEELEF
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1 HERREES

[EREZ5 52 0T W
D-El: ¥2ORATOEE | 70/ 7 AEERICHET A (BE, HEALEHAL ZHICKET D).
(K 4 » MOG Hi& (M8} BX U MAG ® Ms})
D-E2: BORAELOES |FelFABEFICL YV HELLDOKRES. (K40 MOG 4 (M7} 8L MAG g {Ms, M8})
D-E3: UORETOHE | TnlF2EFICLVRELZDOKBES. (K40 MOG &A {M8} BLU MAG & {M3, M4}
D-E4: AOHEELEDOHE | 7urFABFICLVEELLEDORER. (K4 D MOG #i4 {M6} BLO MAG #i& {M7, M8}
D-E5: LOWMLTOH A |Tus/I BRI XV EEL LEEOMKES. (K4 0 MOG s {M8} BXU MAG #&i& {M3, M4})

# 2. MEEEEH S

MR R e
I-E1: JBESF QOB LREEBERO S D HA | EEEEET A0 OF MRV EEFRERHR.
(5 » MAG 4 {M9, M1o, F1, F22})
I-E2: #5HOHEBRREEEROH 3 HA | EEGYEEHRY D H LR & TR WEE A e 2 HR.
(B 5 » MOG #is {M10} 8 XU MAG #ia {M1, M3, M4})

= 3 BRL—LOH]

BRERT G & p DERHBEH R
BHEA—N MOG MAG
Ril: 772 AE{LA 3 é {D-E1, D-E3, D-E5, I-E2}
R2: BAGRE R 34 {D-E1, D-E2, D-E3, D-E4, D-E5} | {D-E1, D-E2, D-E3, D-E4, D-E5}
R3: BET 7R A L HhH é {D-E1, I-E1, I-E2}

TEF B, T TIHRENR 3 DORIA—MONT  ABROBBRET 5 A > A& T<THHHT 5. 7o

BB, BB, EL—MCHIST BEREGAORAAD 77 MEER LD AL SHOBROZ LR EEL, EH

FO—HER 3RS R B & EEER AR B DS TH S,
B7 1T, M8 BEEA LA Th B A DMEHIER T

Rl: 7O ERAEEA D /N\HH

BEIZLOBELUH-RETRE LCEETS (B
e Fal S ADOEITRRBICEEL RIET) ozt
T5. BEOREBERMBITFENRRTRE LTS, EIF
FAFTOHMAEEELIZLOTHS. 220X T R
b RTANBRICAWVDHEE, ZOREZEHRAOPT, & 7 R2: BMGRZAL A o HhH
RS A N5 T 20 D7 2RIRTiE L.

X6z, M8AERE AL ATHIHESOMHMERT.

R3: BE7 7 X A /i H

MOG
CD.@§> = BT A LT E G L OB T 7 & 2B A
@ ® & PED BB AL, EEA L SREHENS L ORI T
5 & 7R ATHAREDD B A AN ETXTHMT S, AV y
> | € RAGKRT 4= KOGSER L2 BET 554, T/t
Ol oA—LEEA 0 xEmA P BEBEA ABRICEITEND, ENOEERT LA VADET
TR SRR, T e BRR ERET BTRES S B0, TOA—MCE

B 6: R1: 77 B AFRAER /Gl BUHEBA L NOWBRIEDERD.

B 8ic, M8 BEEA L\ ChBHEOMILFIZRT.
R2: BAFREIL A 2\
F—=_—=F A4 FEKOEL, BIOEhIIHESI T 7
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— MAG

StudentData

L]
H
'-_ ( studentData()
N
void add(Student). .

X 9: 7 278REA ] #EHAF
3.5 BEAH

T, RETHEEER Sy Ot 28] & AV TR 5.
wﬁim i, 2.2 TEIF7K 1 © Student ~® toString()
Ay RoBMcxt LT, RificEFE Lz rTﬁ'IZX’Zé:ﬂZ
AU OBAERAS.

(1) EE#IO MOG, MAG %2ERT 5.
(2) EE#D MOG, MAG Z{ERT 5.

(3) BEERi L ERH%KD MOG, MAG ’E%ﬂ%“hthﬁib,
BREA—NVICES L SR EH R OB 21T

(a) ZFEHIHE O MOG I b B L2
(b) EERHi#D MAG I {D-E1, D-E3, D-E5, I-E2}
%38

ZHICE V9 OREHERH A N B. Test 7
TACERTDL, BEONLELRD RTA132.2 T
HEIF7-bDLF U Test.test1(), Test.test3() &7 o
TEY, ELL<HBER TR B35,

4 Java FZEREREFTY—IL

AE T, BEFIEORETHS Java BB RN
Y — VT DOWTHBAT 5.

4.1 Y—ILER

Y — VR R R 10 1ZRT. Y — TRENTE (Java B
BERRFTATT7Y) ba—F A FT7x—28 (8L
K, UIEB&EES) THERIh T3
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Y=2774 b

X 10:
BRITES (Java RERRBFTS A TS Y)

v — VSRR

FRATERIL Java TR EN TR Y,
LRI TS,

55 7EEE: Java T F S AT UHESTETE L OVE
BRARAT 21TV, MOG, MAG OREE 1T 5.

EEEHE: ULV E2 N0l 5 A0 EESR
L, MOG, MAG O&#im L ostinftid 2475

75 JEEE: WHTAIHEEBA L AERV—LE UL
FOEEL, FNITHWV MOG, MAG 2 B4
R NOHMEETTS.

LD 3 D>DELS B>

aA—HA4 o8 Tr—X (UD
UTERIE Java TSN TRY, TiooEELZE TS,

E77, BEIZXCUIOREORLR-TWED, GUIICE
BERIELITHO>TFETHS.
EEORE: 2—VFIMTOIOERLMTHICEZS.

ﬂﬁ»—»@hi nwﬁwﬁﬁbt%ﬁwwwéﬁﬁ%
52 5.

FRATHER DFRIR: FEATER & 0 S L 7o B A LDl
REFTRTD.

4.2 V—ILOHEE
*wuy-»oﬁ#b%%%%%:%%#b

WEAUNORHE, BR: BESIEZERRNV-VEER
L, #EA ROHERB L UORREITH. BB, V—
N TEREINTND L DOUSNDERA—NVEER, B
ATaZsbTES.

%m%%®74»&017 B ORI — L DDA
WWEBHEEA OB EITOHRE, +—1 T
&& TANEY) T U THIHBEROEREZITS.
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