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Detecting Non-Behavioral Changes in Java Projects
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(" for (final ArgumentProcessor processor :
processorRegistry.getProcessors()) {
final List<String> extraArgs =
extraArguments.get(processor.getClass());

+ if (extraArgs != null && processor.handleArg(extraArgs)) {
+ return;
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Fig.1 If-Condition Consolidation (not covered in previous studies).
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public class Sample {
public int bar = 10;
public int foo(int n) {
if (n > bar) n—;
else n++;
return n;
}
+

[¥] 2 Sample.java
Fig.2 Sample.java.

Compiled from "Sample.java"
public class sample {
public int bar;
public sample();
public int foo(int);

[XI3 javap Sample.java I~ FODOFETHEE
Fig.3 Resultof javap Sample.java.
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Compiled from "Sample.java"
public class sample {
public int bar;

public sample();

Code:
0: aload_0
1: invokespecial #1 // Method java/lang/Object."<init>":()V
4: aload_0
5: bipush 10
7: putfield #2 // Field bar:I
10: return

public int foo(int);
Code:

0: iload_1

1: aload_0

2: getfield #2 // Field bar:I
5: if_icmple 14

8: iinc 1, -1

11: goto 17

14: iinc i, i

17: iload_1
18: ireturn

X4 javap -p -c Sample.java I~ ¥ FOFLTiEE
Fig.4 Resultof javap -p -c Sample.java.
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Table 1 Target projects and target periods.

Julxrs Mh MEaIv M RERG O HART
kGenProg 808 2018-04-09 2019-11-04
Ant 323 2017-01-01 2019-05-22
Spring 851 2016-08-15 2020-01-24
Hibernate 1,253 2016-12-16  2020-01-31
Tomcat 1,800 2017-07-04 2020-01-15
POI 255 2018-01-26 2020-01-13

#2 RQl OFMEER
Table 2 Results of RQI.
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Java 7 7 A VD
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I3y FodHE)
kGenProg 808 157 (19.4%)
Ant 323 64 (19.8%)
Spring 851 191 (22.4%)
Hibernate 1,253 114 (9.1%)
Tomcat 1,800 278 (15.4%)
POIL 255 22 ( 8.6%)
Total 5,287 826 (15.6%)
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3 Jaccard $REL
Table 3 Jaccard index.

kGenProg Ant Spring Hibernate Tomcat POI

kGenProg 0.47 0.50 0.62 0.39 0.56
Ant 0.40 0.36 048 044
Spring 0.35 046 0.53
Hibernate 0.38 047
Tomcat 043
POI
1.0
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El N
» 0.6 '
= :
0.2
0.0 -
|
[ UES

5 Jaccard FRE DT OMNFH
Fig.5 Box plot of Jaccard index.
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Table 4 Patterns of Non- behawordl Changes.

IRDBENE R T VR Total  kGenProg Ant Spring  Hibernate Tomcat POI
Céa I X~ 457 (46.7%) 56 (34.1%) 42 (56.0%) 133 (55.1%) 61 (43.9%) 150 (46.3%) 15 (42.9%)
C6b 74—~ b 212(21.7%) 26 (15.9%) 15 (20.0%) 30 (12.4%) 40 (28.8%) 93 (28.7%) 8 (22.9%)
Cl %22 WEsR, HilzmloLHs 11(1.1%) 2(12%) 1(1.3%) 4 (1.7%) 3(09%)  1(2.9%)
C5 U— 71 VERA 22(22%) 10(6.1%) 1 (1.3%) 5(2.1%) 5(15%)  1(2.9%)
C3ARTX=¥%, 12(1.2%) 3(1.8%) 1(1.3%) 2(08%)  1(0.7%) 4(12%)  1(2.9%)
Céa this DIFEA, Tk 7(07%)  2(1.2%) 4 (1.7%) 1 (2.9%)
Céb A RT Y FEL RN
return 0 ( 0.0%)
Csc 5% L
Bar A7 5T L 0 (0.0%)
final &£fi-f- 22(2.2%) 19 (11.6%) 1(04%)  1(0.7%) 1(0.3%)
import 3 56 (5.7%) 18(11.0%) 5(6.7%) 14(58%) 9 (6.5%) 8(25%) 2(5.7%)
T/ T—var 100 (10.2%) 25 (15.2%)  5(6.7%) 31 (12.9%) 22(15.8%) 16 (4.9%) 1 (2.9%)
A7 =T 2—AHDAYV Y KD
public 15£iF DHIFR 3(0.3%) 1(0.6%) 2 (1.4%)
Fy¥ AL 1(0.1%)  1(0.6%)
AN ENOTIE: ) 1(0.1%) 1 (0.4%)
EE3' 5(0.5%) 1(0.6%) 1(04%)  1(0.7%) 1(03%)  1(2.9%)
FELVH Y OFEANZ L 2
FhoFE Mz 1 (0.1%) 1 (0.4%)
EET 11 (1.1%) 7 (2.9%) 3(0.9%)  1(2.9%)
Ty 11 (1.1%) 2 (1.4%) 8(25%) 1(2.9%)
if XOME 1(0.1%) 1(1.3%)
elseif L5 if L~NOTEEHLZ 1(0.1%) 1(0.4%)
else XD HIFx 1(0.1%) 1 (0.4%)
FARAL 8 (0.8%) 3 (4.0%) 3(1.2%) 2 (0.6%)
FAXELY FHET 4(0.4%) 1(1.3%) 3(0.9%)
BHIES 1(0.1%) 1(0.4%)
B8 DI O 2 2 (0.2%) 1(0.4%) 1(0.3%)
ZETH 1(0.1%) 1(0.3%)
static 1 = ¥ 7 A 4 1(0.1%) 1 (0.3%)
Tterator DfEH 25
PR for SLOEH~NDZH 1(0.1%) 1 (0.3%)
F=VNRTTTUT T ORI T19(1.9%) 19 (5.9%)
BHAD) 7TV 1(0.1%) 1(2.9%)
EE 1(0.1%) 1(0.3%)
Enum 7 7 A DS+ 3 (0.3%) 3(0.9%)
Enum EHFIZKED
t3iaoy 1 (0.1%) 1(2.9%)
int a = 1;
int b = 2;
+ int sum = a + b;
+ System.out.println("sum " + sum );
6 —EEEKDEA \
Fig.6 Local Variable Extractions.
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Fig.7 Venn diagram of the number of patterns.
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Table 5 Ratio of newly-detected non-behavioral changes.

Tuy s b BIBEEE AR To R

kGenProg 164 65 (39.6%)
Ant 75 15 (20.0%)
Spring 245 67 (27.3%)
Hibernate 139 37 (26.6%)
Tomcat 324 69 (21.3%)
POI 35 8 (22.9%)
Total 979 258 (26.4%)

+ @Override

+ @Deprecated

+ @Expose

+ @SuppressWarnings(*unused")

8 7/ 7r—varv
Fig.8 Annotation.

( public void store(Writer writer, String comments)
throws IOException {

for (String line : contents.split(EOL)) {
- if (!this.omitComments || !line.startsWith("#")) {
+ if (!(this.omitComments && line.startswWith("#"))) {

writer.write(line + EOL);
+
¥
¥

Mo N - ®NHrOFEMIC L2 H5MHROE SRR
Fig.9 De Morgan in Expressmns.

6. REIBVWEZEZALVESE

RETIE, REFETHIRILE S NR B
BZBRWEROREOPEBNT 5.

7/r—v3ar

T 7= a v, T U VIRECERD RS T
JT=arvkBELRWT T a YFEET 5.
RABNEEZ R VERB ST ) T7—Yaro—
e ke s, T2, MIRTAMC LIRS v
EERWTOY 2 MHEHOT ) 7= a Y TR
L7z

R ELH DR L BERHEADEEMEZ
FEOEEZK 9 TR, FHAKRRD Spring Frame-
work Core |2BWT, F - VA OFERNZHES 72 OR
LT 5 AND M FOHEXRRAPIRL BN EE R
HBWEHTH L L s .

if XDIFE

FEBOEFEE K 10 1R, FHFERRD Apache Ant
IZBWTif XOMEHIRDL FNE LR 2 WET Ll
SNz if XOPTTEI If Xridh T2 EA062
DOLM% AND HE T CTHA L—20 if LT T
BIERANOEFIIRL T NEE R T2\,

o R

WHBOMEZOMA, HIRZRLFEAEZEZ 2V

272

for (final ArgumentProcessor processor :
processorRegistry.getProcessors()) {
final List<String> extraArgs =
extraArguments.get(processor.getClass());
if (extraArgs != null) {
if (processor.handleArg(extraArgs)) {
return;
)
¥
+ if (extraArgs !'= null & processor.handleArg(extraArgs)) {
+ return;

+

10 if TOME
Fig. 10 If-Condition Consolidation.

} else {
- ArrayList cipherList = new ArrayList<String>(1);
+ ArraylList<String> cipherList = new ArrayList<>(1);
cipherList.add(sm.getString("managerServlet.notSs1Connector"));
result.put(connector.toString(), cipherList);

(a) MHRBO A

public Constructor<?> getConstructor() {

return (this.executable instanceof Constructor ?
- (Constructor) this.executable : null);
+ return (this.executable instanceof Constructor ?
+ (Constructor<?>) this.executable : null);

(b) BT T AL R I — KO A

(" protected <T> T loadClass(...) {

Class<?> clazz;
- T rv = (T) clazz.newInstance();
+ Object rv = clazz.newInstance();
if (!type.isInstance(rv)) {
throw new BuildException(
“Specified class (%s) %s", classname, msg);

- return rv;
+ return (T) rv;

(c) #MFELD S Object BIADAH

M1l # B A
Fig. 11  Generics.
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Object BINDEH X 11 (c) IR T
BEFF DI VE A
TA—=IRERESCAY v NESIZBIT 5154
FOLVER ZRDHNEER 2 VAT LR L7,
Spring Framework Core (2B W TR E /27 4 — )b
FEHES O final 1541 & static (BHiF OO 2 %
12(a) 127”9, F 72, Apache Tomcat {28\ TH
ENz A Yy FEEO public 54§+ & synchronized 15
i T O OFHEZ 2 X 12 (b) 12RT.

Iterator DEA D 5 Hi5R for XDERNDEE
FEBRDLETE # B 13 128§, JL5R for 3Cid J2SE 5.0
TEASNRBTHY), ILr a3 0ETOEE
27 78 AT 5720 CHWSN S, Tterator & 3 L
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AL Java THY 2 MIEENLIRD BN EER B WEL OB

( public class TypePath {

*/

public final static int ARRAY_ELEMENT = 0;
[+ public static final int ARRAY_ELEMENT = 0;

(a) 71— RESE SRHOERT-OULTEH R

* /
@Override
= synchronized public PooledObject<PoolableConnection> makeObject()
= throws Exception {
+ public synchronized PooledObject<PoolableConnection> makeObject ()
+ throws Exception
Connection conn = getConnectionFactory().createConnection();

(b) AV vy REEMOEMFORTH A

12 (B D AR
Fig. 12 Reorder Modifiers.

); iter.hasNext();) { ’

13 Iterator DA SILIR for LOEHNDEHE
Fig. 13 Iterator to Enhanced For-Block.

Set<String> keys = compositeType.keySet();
for (Iterator<String> iter = keys.iterator(
String key = iter.next();
+ for (String key : keys) {
Object value = data.get(key);

[ public static XMLInputFactory createDefensiveInputFactory() {

= eturn createDefensiveInputFactory(XMLInputFactory::newFactory);

+ return createDefensiveInputFactory(XMLInputFactory::newInstance);
¥

B 14 BRI 0 AV FEHICBIT 2 XY v FEOEE
Fig. 14 False Positive: a Change in Method Reference.
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