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Copy & Paste & Bug?

Die Gberraschende Wahrheit iber Klone in Software-Artefakten
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Uber Mich

Forschung

=  Clone Detection m
= Architekturanalyse

Beratung

= Mitgrinder CQSE
= Qualitats-Bewertung & Qualitdits-Controlling

Enfwick|ung

= Continuous Quality Assessment Toolkit ConQAT —~— Q A'I'
= >300 kLOC, Apache Lizenz, >20.000 Downloads co n




! Ukilikies For arrays of elements 1 Ukilities For arrays of elements
public String showElements{ModelElement[] elements, String nomsg) { || public String showElementsi{ModelElement(] elements, String nomsg) §

boolean found = False; boolean found = False;
StringBuffer res = new StringBuffer(); StringBuffer res = new StringBuffer);
if (elements 1= nully § if (elements 1= nully §
Index.getInstanced), sebCurrentRenderer Index.getInstanced), sebCurrentRenderert
FlatReferenceRenderer . getInstance!); FlatReferenceRrenderer . getInstance!));
For {int i =0; i < elements.length; i++) 4 For {int i = 0; i < elements.length; i++) 4
ModelElement el = elements[i]; ModelElement el = elements[i];
res, append{showElementLinkie)), append{HTML.LINE_BREAK); res. appendshowElementLinkiel)), append{HTML.LINE_BREAK);
Found = true; Found = true;
h h
Index.getInstanced) resetCurrentRenderer(); Index.getInstance!), resetCurrentRenderer();
h h
if (1Found &8 nomsg '= null &2 nomsa. lengthd) = 0% § if {1found &2 nomsa. length() = 0% §
res. append! HTMEEEics nomsg)); res.append{HTML. italics{nomsg));
return res tostring(); reburn res.tosString();
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public String showElements{ModelElement[] elements, String nomsg) { || public String showElementsi{ModelElement(] elements, String nomsg) §

boolean found = False; boolean found = False;
StringBuffer res = new StringBuffer(); StringBuffer res = new StringBuffer);
if (elements 1= nully § if (elements 1= nully §
Index.getInstanced), sebCurrentRenderer Index.getInstanced), sebCurrentRenderert
FlatReferenceRenderer . getInstance!); FlatReferenceRrenderer . getInstance!));
For {int i =0; i < elements.length; i++) 4 For {int i = 0; i < elements.length; i++) 4
ModelElement el = elements[i]; ModelElement el = elements[i];
res, append{showElementLinkie)), append{HTML.LINE_BREAK); res. appendshowElementLinkiel)), append{HTML.LINE_BREAK);
Found = true; Found = true;
h h
Index.getInstanced) resetCurrentRenderer(); Index.getInstance!), resetCurrentRenderer();
h h
if (1Found &8 nomsg '= null &2 nomsa. lengthd) = 0% § if {1found &2 nomsa. length() = 0% §
res. append! HTMEEEics nomsg)); res.append{HTML. italics{nomsg));
return res tostring(); reburn res.tosString();



I Utilikies Faor arrays of elements
public 5tring showElements{ModelElement[] elements, String nomsg) §
boolean found = false;
StringBEuffer res = new StringBufferd);
if (elements 1= null) §
Inde:x.getInstanced ). setCurrentRenderer
FlatReferenceRenderer . getInskance!));
for {int i=0; i < elements.length; i++) 4

ModelElement el = elements[i];
res, append!showElementLinkiel)), append{HTML.LINE_EREAK);

Found = true;

y

Index.getInstancel ). resebCurrentRenderer();

h
if {!found &2& nomsg '= null &2 nomsg.length() = 07 {
res, append{HTML. ikalics{nomsg));

return res.koSkring();
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extract
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Normalisierung
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String |reoo|Fi|eUtF8( File file) {

FilelnputStream in = new FilelnputStreamlfile);
byte[] buffer = new bytelfile.length()];
in.read(buffer); in.close();

return new String(buffer, ,UTF-8);

}

String readFileUtf14(File file) {

FilelnputStream in = new FilelnputStreamlfile);

byte[] buffer = new bytelfile length()];
in.read(buffer); in.close();
return new String(buffer, ,UTF-167);

|
ido|id1(d2 id3) {

Id0 id2 = new id0(id4);
idO[] id1 = new id0[id2.id3()];
id0.id1(id2); id0.id3();
return new idO(id1, litO);
}

id0 id1(id2 id3) {
id0 id2 = new idO(id4);
idO[] id1 = new idO[id2.id3()];
1d0.id1(id2); id0.id3();
return new id0(id1, lit0);
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Normalisierung
String readFileUt8(File file) { —id0 id1(id2 id3) {
FilelnputStream in = new FilelnputStreamlfile); —  id0 id2 = new id0(id4);
byte[] buffer = new byte[file.length()]; idO[] id1 = new idO[id2.id3()];
| in.read(buffer); in.close(); 1 id0.id1(id2); id0.id3();
return new String(buffer, ,UTF-8); return new idO(id1, lit0);
} }
String readFileUtf16(File file) { —id0 id1(id2 id3) {
FilelnputStream in = new FilelnputStreamlfile); —  id0 id2 = new idO(id4);
byte[] buffer = new byte[file.length()]; idO[] id1 = new idO[id2.id3()];
- in.read(buffer); in.close(); | id0.id1(id2); id0.id3();
return new String(buffer, ,UTF-167); return new id0(id1, lit0);
} }
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abRef/java/net/sf/jabref/Util java

abRef/java/net/sf/jabref/external/RegExpFileSearch java

if (fileParts.length > 1) {

for (int 1 =8; 1 <

fileParts.length - 1; i++) {

if (fileParts.length > 1) {

dleParts[i];

for (int i = @; 1 < fileParts.length - 1; i++) {
ndBrackets(dirToProcess, entry,
("~.:%")) { // Windows Drive Le

(dirToProcess + "/");

=1
"."}) { // Stay in current dire

PROG_Y...

PROG_Y... |PROG_Y...

RK
S| (directory

0.145 1

0.135 1
0.130 ¢
0.125
0.120
0.115
0.110
0.105
0.100

0.140 | SeE——

F;'L»J ‘L._.'

FEEA Sibling 3: FloatAssertTest, javal13-30)
assertEquals (Doubl
faili(): Focus on CloneClass: 12

} catch (AssertionFail
¥

Select this clone instance: DoublePrecisionAssert Test, javal13-300

conQAT
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Best Practice: Diskriminierung (von Code)

Art der Wartung

= Manuell
=  Generator
= Uberhaupt nicht (Wegwerf-Prototyp)

Aufgabe im Projekt
= Teil der Anwendung
= Test

= Hilfswerkzeug

Mit manuell gewartetem Applikationscode beginnen




labRef/java/net/sf/jabref/Util.java

UabRef/java/net/sf/jabref/external /RegExpFileSearch.java

if (fileParts.length > 1) {
for (int 1 = @; 1 < fileParts.length - 1; i++) {
String dirToProcess = fileParts[i];

dirToProcess = expandBrackets(dirToProcess, entry, databas

if (dirToProcess.matches{"~.:3"}) { // Windows Drive Lette
directory = new File(dirToProcess + "/");
continue;

;

if (dirToProcess.equals{"."}) { // Stay in current directo

continue;

b

if (dirToProcess.equals{"..")}) {
directory = new File(directory.getParent());
continue;

¥
if (dirToProcess.equals{"*"}} { // Do for all direct subdi
File[] subDirs = directory.listFiles();
if (subDirs == null)
return null; // Mo permissicn?

String restOfFileString = join(fileParts, /", i + 1,

for (int sub = @; sub < subDirs.length; sub++) {

if (subDirs[sub].isDirectory(}) {

if (fileParts.length > 1) {
for (int 1 = @; 1 ¢« fileParts.length - 1; i++) {

String dirToProcess = fileParts[i];
dirToProcess = Util.expandBrackets({dirToProcess, entry,

if (dirToProcess.matches("~.:%"})) { // Windows Drive Le
directory = new File(dirToProcess + "/");
continue;

1

if (dirToProcess.equals("."}} { // Stay in current dire

continue;

1

if (dirToProcess.equals("..")}) {
directory = new File(directory.getParent());
continue;

b

if (dirToProcess.equals("*"}) { // Do for all direct su

File[] subDirs = directory.listFiles()};
if (subDirs = null) §
String restOfFilestring = Util.join(fileParts,
for (int sub = B; sub < subDirs.length; sub++)
if (subDirs[sub].isDirectory()) {
res,addAll(findFile(entry, database, su
restOfFilestring, extensicnRegExp))
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Anforderungs-

Analyse
. 4 Ry
e SP?ZiﬁkG' J = Design
. tionen
4 Ry
2 Modelle J » Im!:)|emen-
. fierung
. 4 Ry
Quelltext J = Test




| e | e | i | i | — T e | [— |

=;HH—H===E=E:::

— ] I | | m— e ) I | —— |
— =uuu H!ﬁﬁ -
] = | :: E = = =
= || -
== EE%E

==
=— =

176 use cases in total, 150 contain cloning
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Fazit

Klone sind ein Problem fir die Weiterentwicklung. In allen

Softwareartefakten.
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Kontakt

Dr. Elmar Juergens - juergens@cqse.eu - +49 179 675 3863

Ich bin heute und morgen hier und freue mich auf Diskussionen ©

Ich spreche morgen um 17:00 in 303 Uber Peer-Reviews

CQSE GmbH
Lichtenbergstraf3e 8
85748 Garching bei Miinchen

~ CQSE

Continuous Quality in Software





