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Quantitative Analysis of Method Call Changes
Related to Bug Fixing

Hipeakt Hata, ! Ryosuke Morir, ! Osamu Mizunot?
and ToHRU KIKUuNOT!

In developing software, developers use APIs to reuse existing programs but
APIs are said to be difficult to use properly because of insufficient documents or
code examples. Though there are several notions about the difficulty of APIs,
there are few studies conducting quantitative analysis of bug-related APIs. In
this paper, we conduct quantitative analysis of method calls related to bug fix-
ing. The main research questions in this paper are: Which method calls are

more frequently changed, are there common method calls frequently changed
over projects, and are there differences among periods in frequently changed
method calls? To answer these questions, bug-fix changes in software reposi-
tories that affect method calls are explored. To capture the effects of change
on method calls, analyzing only syntactic structure changes is not appropriate.
We conducted program dependency graph based analysis to capture data de-
pendency and control dependency. An empirical case study is conducted with
seven open source projects and project-specific method calls that are frequently
changed are obtained. Also, particular method calls are found to be changed
among several projects. In addition, it reveals that particular method calls are
frequently changed in a particular period.
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public class Cls {
public class Cls {
void mth; (int a) {
void mthi (int a) {

mey(a);
mea(a);
mez(a+1);
) }
void mths (int b) {
void mthy (int b) {
b++;
(b) b
me ;
: me3z (b);
int ¢ = b x 2;
int ¢c = b x 2;
meq(c);
mea(c);
) }
void mths (int d, int e) {
B void mths (int d, int e) {
' if (d > 0) d—;
if (e % 2 = 0) mes(d+e);
) if (e % 3 = 0) mes(d+e);
}

}
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Fig.1 Example of an original class and a modified class.
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Fig.2 Overview of change analysis.
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int mths (int x) {
int y = x x 10;
if (x < 0){ X X
return —y;

}else{

return y; y

true
)

0 N O Ot s W NN

(a) 0000 mth, 0000000
(a) Source code of a sample method mth,

(b) 0000 mth, 0000000 PDG
(b) PDG constructed from mth,

03 0000000000000 PDG OO
Fig.3 A PDG constructed from source code of a method.
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z = mca(x) + me (y++);
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Y = y++;

MCa = meqa(x);
MCpg = mey(Y);

z = MCsy + MCp;
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y = x+1;
mea(y ) ;
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if (obj = null) { }

else {
if (str != null) {
str = obj.toString (); }
}
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Fig.4 Data structure.

*1 http://sourceforge.net/projects/masu/
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end if
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end if
end for
end for
return MC
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Fig.5 Algorithm detecting method calls affected by changes.
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Table 1 Target projects.

oooooo DoooOooooooMBO ooooo-booo
BIRT 24.2 | 01/2005-10/2009
Datatools 9.2 | 09/2001-10/2009
Modeling 95.1 12/2006-10/2009
Technology 69.4 12/2002-10/2009
Tools 67.8 | 09/2001-10/2009
TPTP 17.3 | 12/2002-10/2009
‘Webtools 50.8 10-2003-10/2009
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02 0000000000000
Table 2 Detail information in each project.

ooooo ooooooo

OOO0O0D [ 20060 10 10 | 20090 1010 | 00000 | DoOoOO0OO
BIRT 2,223 3,396 27,987 15,465
Datatools 1,122 481 1,510 4,230
Modeling 4,549 10,127 23,688 71,668
Technology 688 6,941 18,633 39,977
Tools 6,099 6,400 42,481 44,041
TPTP 2,475 898 13,232 1,633
Webtools 6,905 5,271 16,321 58,496

03 D0000000000000000000000000000D0O0
Table 3 Changed method calls in target method calls.

oooooo oooooooooo 0Oooo0ooo0ooooooooooooooo
BIRT 5,972 1,702
Datatools 841 64
Modeling 7,567 327
Technology 1,021 186
Tools 6,871 1,508
TPTP 3,294 1,129
Webtools 9,160 447
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Fig.6 Histogram of the changed times of method calls in the BIRT project.
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Table 4 Top 5 changed method calls.

oo ooooooooo

gooooo (oooocoooo 0000 | 09%0000M0M %0
org.eclipse.birt.core.script.JavascriptEvalUtil.convert Javascript Value(java.lang.Object) 21.0 | 70.0 0O53.6-86.40
org.eclipse.birt.chart.model. Chart With Axes.setSampleData(org.eclipse.birt.chart.model.data.SampleData) 20.0 | 95.2 [88.8-1000
BIRT org.eclipse.birt.chart.model.attribute.impl.SizeImpl.create(double,double) 14.5 | 100 [090.2-1000
org.eclipse.birt.report.designer.util. DEUtil.get Expression(java.lang.Object) 13.0 | 100 092.6-1000
org.eclipse.birt.report.designer.internal.ui.util. ExceptionHandler.handle(java.lang.reflect.InvocationTarget Exception) 12.0 | 100 0O 77.9-1000
org.eclipse.swt.widgets. Text.setEnabled(boolean) 6.0 | 85.7 [59.8-1000
java.util.Vector.add(java.lang.String) 5.0 | 55.5 [23.1-88.00
Datatools | org.eclipse.datatools.sqltools.result.internal.utils.ILogger.error(java.lang.String,java.io.IOException) 4.0 | 100 0O47.3-1000
java.util. Map.remove(java.lang.String) 4.0 | 80.0 [1044.9-1000
org.eclipse.ui.dialogs.PropertyPage.set Valid (boolean) 4.0 | 57.1 [020.5-93.80
junit.framework. Assert.assert True(java.lang.String,boolean) 10.0 | 53.6 [0 40.5-66.60
org.eclipse.gmf.runtime.common.core.command.CompositeCommand.compose(org.eclipse.gmf.runtime. 0 O O commands.DuplicateViewsCommand) 6.0 | 85.7 059.8-1000
Modeling | org.eclipse.gmf.runtime.notation.Edge.setSource(org.eclipse.gmf.runtime.notation.Node) 5.0 | 71.4 0O 38.0-1000
org.eclipse.draw2d.Graphics.drawImage(org.eclipse.swt.graphics.Image,org.eclipse.draw2d.geometry.Point) 5.0 | 100 0O 54.9-1000
org.eclipse.emf.common.util. URI.createURI(java.lang.String,boolean) 5.0 | 62.5 0 38.8-86.200
org.eclipse.swt.graphics.GC.drawLine(int,int,int,int) 28.0 | 73.7 059.7-87.70
org.eclipse.jface.viewers.ISelectionChangedListener.selectionChanged (org.eclipse.jface.viewers.SelectionChanged Event) 11.0 | 100 0O76.2-1000
Technology | org.eclipse.emf.ecore.resource.Resource.save(java.util. Map) 10.0 | 83.3 [062.2-1000
java.lang.Object.extensibleElement2XML(org.eclipse.bpel.model.Activity,org.w3c.dom.Element) 9.0 | 75.0 050.5-99.50
org.eclipse.swt.widgets. Table.setLayoutData(org.eclipse.swt.layout.GridData) 9.0 | 69.2 [044.1-94.30
org.eclipse.ui.forms.widgets.FormToolkit.createComposite(org.eclipse.swt.widgets. Composite) 27.0 | 96.4 [089.6-1000
org.eclipse.ui.forms.widgets.FormToolkit.paint BordersFor(org.eclipse.swt.widgets. Composite) 24.0 | 96.0 0O 88.3-1000
Tools org.eclipse.swt.widgets. TableItem.set Text(int,java.lang.String) 18.0 | 85.7 0O70.7-1000
org.eclipse.swt.custom.Styled Text.setStyleRange(org.eclipse.swt.custom.StyleRange) 16.0 | 100 [O82.9-1000
org.eclipse.cdt.core.dom.ast.IASTFunctionCallExpression.setFunctionNameExpression(org.eclipse.cdt.core.dom.ast. IASTExpression) 14.5 | 85.3 [073.4-97.20
org.w3c.dom.Element.appendChild(org.w3c.dom.Text) 16.0 | 100 0O 82.9-1000
org.eclipse.osgi.util. NLS.bind (java.lang.String,java.lang.Object|]) 14.0 | 89.4 [180.5-98.20
TPTP org.eclipse.jface.dialogs.Dialog.applyDialogFont(org.eclipse.swt.widgets. Composite) 12.5 | 100 0O 88.7-1000
org.w3c.dom.Document.createTextNode(java.lang.String) 12.0 | 100 O77.9-1000
org.eclipse.emf.ecore.impl. EObjectImpl.eBasicRemoveFromContainer(org.eclipse.emf.common.notify.NotificationChain) 9.8 | 100 0O95.0-1000
org.eclipse.wst.common.componentcore.internal. ModuleStructuralModel.addProject ModulesIfNecessary (org.eclipse.emf.ecore.xmi. X MIResource) 8.0 | 66.7 [1040.0-93.30
org.eclipse.jface.viewers.CheckboxTreeViewer.set Grayed(java.lang.Object,boolean) 4.0 | 100 047.3-1000
Webtools | org.eclipse.jst.j2ee.internal.actions.OpenJ2EEResourceAction.selectionChanged (org.eclipse.jface.viewers.IStructuredSelection) 4.0 | 100 0O47.3-1000
org.eclipse.wst.html.core.internal.validate. HTMLAttributeValidator.getErrorSegment (org.eclipse.wst.xml.core.internal.provisional.document.IDOMNode,int) 4.0 | 57.1 [020.5-93.80
java.lang.Math.round(double) 4.0 | 66.7 028.9-1000
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Table 5 Top 5 method calls and packages that are frequently changed cross projects.

gooooooo oooooo
BIRT 2.0
Datatools 2.3
Modeling 0.1
org.eclipse.swt.widgets. Text.set Text(java.lang.String) Technology 7.5
Tools 1.1
TPTP 0.3
Webtools —
BIRT 3.5
Datatools —
Modeling —
java.lang.StringBuffer.deleteCharAt(int) Technology 8.0
Tools 0.6
TPTP 1.0
Webtools 0.8
BIRT 4.0
Datatools —
Modeling —
org.eclipse.jface.viewers.TreeViewer.setSelection Technology 4.3
(org.eclipse.jface.viewers.StructuredSelection,boolean) | Tools 0.7
TPTP 0.7
Webtools —
BIRT 2.0
Datatools —
Modeling —
java.lang.Boolean.toString(boolean) Technology —
Tools 1.7
TPTP 0.8
Webtools 0.6
BIRT —
Datatools —
Modeling 2.0

java.util.Map.get(org.eclipse.core.resources.IFile) Technology 0.5
Tools —
TPTP 4.0

‘Webtools 0.7

0000000 s00000000000000DOULOOOODOUDO %O 0O0OOO
gobooooooboobotoobobooobooo s —0obooooooooooooooo
gooocooobootobooono—oooooo
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Table 6 Top 5 changed method calls and packages in each period of the Modeling project.

oo gooooooo gooood ooooo oooooo
org.eclipse.emf.ecore.util. FeatureMap.add (org.eclipse.emf.ecore. EStructuralFeature,java.lang.Object) 1.0 org.eclipse.emf.ecore 12.0
org.w3c.dom.Document.createCDATASection(java.lang.String) 1.0 | org.w3c.dom 4.4

2004 | org.eclipse.emf.ecore.EFactory.convertToString(org.eclipse.emf.ecore.EDataType,java.lang.Object) 1.0 | java.util 4.4
org.eclipse.core.runtime.Platform.getFragments(org.osgi.framework.Bundle) 1.0 org.eclipse.xsd.impl 1.6
org.eclipse.xsd.XSDSchema.getCorrespondingComponent (org.w3c.dom.Node) 1.0 | java.io 1.0
org.eclipse.draw2d.Graphics.drawlmage(org.eclipse.swt.graphics.Image,org.eclipse.draw2d.geometry.Point) 5.0 org.eclipse.gmf.runtime 66.2
org.eclipse.gmf.runtime.common.core.command.CompositeCommand.compose(org.eclipse.gmf. 0 0 0 commands.DuplicateViewsCommand) 4.0 | org.eclipse.gmf.codegen 47.7

2005 org.eclipse.gmf.codegen.util. Generator.generateNodeLabelEditPart (org.eclipse.gmf.codegen.gmfgen. GenNodeLabel) 3.0 org.eclipse.emf.ecore 23.1
org.eclipse.emf.ecore.util.EcoreUtil.resolveAll(org.eclipse.emf.ecore.resource.Resource) 3.0 | java.util 22.2
org.eclipse.gmf.codegen.util. Generator.generateNodeltemSemanticEditPolicy (org.eclipse.gmf.codegen.gmfgen.GenNode) 2.0 | org.eclipse.emf.codegen 13.3
org.eclipse.gmf.runtime.diagram.ui.tools. TextDirectEdit Manager.show(char) 9.0 | org.eclipse.gmf.runtime 51.2
org.eclipse.gmf.runtime.notation.Edge.setSource(org.eclipse.gmf.runtime.notation.Node) 5.0 | java.util 14.6

2006 | org.eclipse.gmf.runtime.notation.Edge.setTarget(org.eclipse.gmf.runtime.notation.Node) 5.0 | org.eclipse.emf.ecore 8.3
org.eclipse.gmf.runtime.diagram.ui.requests. ArrangeRequest.setPartsToArrange(java.util. List) 3.0 | org.eclipse.uml2.uml 6.6
org.eclipse.gmf.examples.taipan.gmf.editor.part. TaiPanVisualIDRegistry.get VisualID (org.eclipse.gmf.runtime.notation. View) 3.0 org.eclipse.gmf.mappings 6.0
java.lang.Character.isLetterOrDigit(char) 3.0 | java.lang 7.1
org.eclipse.emf.ecore.impl.BasicEObjectImpl.eDynamicIsSet(int,org.eclipse.emf.ecore. EStructuralFeature) 2.0 | org.eclipse.emf.ecore 3.4

2007 | org.eclipse.xsd.impl.XSDSimpleTypeDefinitionImpl.equalValues(java.lang.Object,java.lang.Object) 1.0 | java.util 3.1
org.eclipse.emf.validation.internal.service.TraversalStrategyManager.Descriptor.initializeStrategy(org.eclipse. 0 O O IConfigurationElement) 1.0 | org.eclipse.xsd.impl 2.0
org.eclipse.xsd.impl.XSDSimpleTypeDefinitionImpl.compareValues(java.lang.Object,java.lang.Object) 1.0 | org.eclipse.swt.widgets 1.5
junit.framework. Assert.assertTrue(java.lang.String,boolean) 6.3 | java.util 7.6
org.eclipse.emf.edit.ui.provider. AdapterFactoryContentProvider.getChildren(java.lang.Object) 2.0 | junit.framework 7.5

2008 | java.util.Arrays.equals(byte[],bytel]) 2.0 | org.eclipse.emf.ecore 5.7
org.eclipse.core.resources.IFile.create(java.io.InputStream,boolean,org.eclipse.core.runtime.IProgressMonitor) 2.0 | org.eclipse.core.resources 5.7
org.eclipse.core.resources.IProject.getFile(org.eclipse.core.runtime.Path) 2.0 | org.eclipse.emf.edit 4.6
org.eclipse.emf.common.util. URI.createURI(java.lang.String,boolean) 5.0 | java.util 15.8
junit.framework.TestCase.assert NotNull(org.eclipse.emf.ecore. EObject) 3.0 | org.eclipse.emf.ecore 12.7

2009 | junit.framework.Assert.assertTrue(java.lang.String,boolean) 2.0 | org.eclipse.emf.common 8.0
org.eclipse.emf.ecore.util. EcoreUtil.get URI(org.eclipse.emf.ecore. EObject) 2.0 | org.eclipse.core.resources 6.1
org.eclipse.jface.text.IDocument.get LineOfOffset (int) 2.0 | junit.framework 6.0

boboobobobooebO0ObOOUOOOOOOOOOOOOODOODOOODOOOOO
gooooboooooooooobooooooboobooooooobobooooooooooboobo

oo
5.2 OOOOOOOOO

gooooo
goooooooooooooOoooooooobooOoboOooobooboooOoOooOooOooDOboOon
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Table 7 Top 5 packages containing frequently changed method calls in each period.

gooood 2006 2007 2008 2009
org.eclipse.birt.report org.eclipse.birt.report org.eclipse.birt.report org.eclipse.birt.report
org.eclipse.birt.chart org.eclipse.birt.chart org.eclipse.birt.chart org.eclipse.birt.chart

BIRT java.util java.util java.util java.util

java.lang org.eclipse.birt.core java.sql java.lang
org.eclipse.birt.data java.lang org.eclipse.birt.core org.eclipse.swt.widgets
java.util org.eclipse.swt.widgets org.eclipse.datatools.connectivity | org.eclipse.ui.dialogs
org.eclipse.datatools.sqltools java.util org.eclipse.swt.widgets java.util

Datatools org.eclipse.datatools.connectivity | java.io java.util java.lang
org.eclipse.jface.viewers java.sql java.lang java.sql
java.sql java.lang org.eclipse.core.runtime org.eclipse.swt.widgets
org.eclipse.gmf.runtime java.lang java.util java.util

Modeling java.util org.eclipse.emf.ecore junit.framework org.eclipse.emf.ecore
org.eclipse.emf.ecore java.util org.eclipse.emf.ecore org.eclipse.emf.common
org.eclipse.uml2.uml org.eclipse.xsd.impl org.eclipse.core.resources org.eclipse.core.resources
org.eclipse.gmf.mappings org.eclipse.swt.widgets org.eclipse.emf.edit junit.framework
org.eclipse.bpel.model org.eclipse.bpel.model org.eclipse.swt.graphics org.eclipse.swt.graphics
org.eclipse.swt.widgets java.lang org.eclipse.swt.widgets java.util

Technology | java.lang org.eclipse.swt.widgets | java.text org.eclipse.swt.widgets
java.util org.eclipse.jface.viewers java.lang org.eclipse.emf.ecore
org.eclipse.jface.viewers java.util org.eclipse.ui.plugin java.lang
java.util org.eclipse.cdt.core org.eclipse.cdt.core org.eclipse.cdt.core
org.eclipse.cdt.core java.util java.util org.eclipse.cdt.internal

Tools org.eclipse.cdt.internal org.eclipse.cdt.debug org.eclipse.cdt.internal java.util
org.eclipse.swt.custom org.eclipse.swt.widgets org.eclipse.swt.widgets org.eclipse.swt.widgets
org.eclipse.ajdt.internal org.eclipse.cdt.internal org.eclipse.ui.forms org.eclipse.ui.forms
org.eclipse.hyades.models org.eclipse.hyades.test org.eclipse.hyades.test org.eclipse.hyades.test
org.eclipse.hyades.test java.util org.eclipse.hyades.edit org.eclipse.hyades.models

TPTP java.util java.lang org.eclipse.swt.widgets java.util
org.eclipse.swt.widgets org.eclipse.tptp.platform java.util org.eclipse.tptp.platform
java.lang org.eclipse.jface.dialogs org.w3c.dom org.eclipse.swt.widgets
java.util org.eclipse.wst.common java.util junit.framework
org.eclipse.jst.j2ee java.util org.eclipse.jst.j2ee java.lang

‘Webtools org.eclipse.wst.common org.eclipse.jface.viewers org.eclipse.wst.common org.eclipse.wst.sse
org.eclipse.wst.web org.eclipse.wst.wsdl org.eclipse.wst.sse org.eclipse.emf.ecore
org.eclipse.wst.sse org.eclipse.jst.j2ee org.eclipse.jdt.core java.util

gobooooooobooooobooooooboobooobooooooo
pooboobooooooooOoooooooOooooooOOoboOoOooOoTPTPODOODO
gboooobooboooboobooo so0oboooboobooooOooooboboOoobobooDo
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000000000 00004000000000000 100%0 00000000000
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Table 8 Top 5 changed method calls and packages in the TPTP project.

() 00000000
(a) Bug-fix changes

oo oooooo
oo 00009%% oo
gooooooo oo 0000Mm %0 oo
100
. .dom.El t. dChild 16.
org.w3c.dom.Element.appendChi 6.0 082.9 — 1000 85,500
. Lo . 89.4
org.eclipse.osgi.util. NLS.bind 14.0 1,100
080.5 — 98.20
li jface.dial Dial lyDialogFont 12.5 100 486
org.eclipse.jface.dialogs.Dialog.a ialogFon .
g pse.) g g-apply g 088.7 — 1000
3c.dom.D t teTextNod 12.0 100 17,700
org.w3c.dom.Document.createTextNode .
g 077.9 — 1000 ’
. . . . 100
org.eclipse. 0 0 O EObjectImpl.eBasicRemoveFromContainer 9.8 279
095.0 — 1000

(b) 0000000000
(b) Not bug-fix changes

oo gooooo
oo 00o0o09%% oo
gooooooo 00 |0000mM %0 oo
26.3
org.eclipse.hyades. 0 0 0 datapool.IDatapoollterator.dplnitialize | 14.0 107
06.5 - 46.10
0
.eclipse.emf. .impl.EFactoryImpl. teF Stri 3.0 346
org.eclipse.emf.ecore.imp actorylmpl.createFromString 00 - 22.00
0
.eclipse.emf. .impl.EFactoryImpl. tToStri 3.0 1,010
org.eclipse.emf.ecore.imp 'actoryImpl.convert ToString 00 - 22.00
0
org.eclipse.hyades.loaders.util. XMLLoader.loadEvents 1.0 5
00 - 95.00
li ooo trol. AgentConfi tionEnt tVal 1.0 333 6
org.eclipse. control. AgentCon rationEntry.setValue .
g-echip & st y-sebvai 00 - 86.70
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O000ooooooooOoTPTPOOOOOOOOOOOOOOOOOOOO DOMO
00 XMLOOOOODOOOODODOOO ID163352*'0000000000000000
uboobooooobooooooboboooooobbobooobbooooobboboooooDbbooo
org.eclipse.tptp.monitoring.logui.internal.util.FilterTransformationHelper.
java0O0O0O0O0O0O0OO0OO0OCOODOODOOQO appendChild [0 createTextNode U 0[O
gobooooboooobooooooooobooooboooooo
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*1 https://bugs.eclipse.org/bugs/show_bug.cgi?id=163352
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