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Uber Mich

Forschung

= Clone Detection m
= Architekturanalyse

Beratung

= Mitgrinder CQSE
= Qualitats-Bewertung & Qualitdts-Controlling

Enfwick|ung

= Continuous Quality Assessment Toolkit ConQAT sm— 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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! 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();



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();

i
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Normalisierung

String |reao|Fi|eUtF8( File file) {

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

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

}

String readFileUtf14(File file) {

FileInputStream in = new FilelnputStream(file);

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 idO[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);



Normalisierung

String readFileUtf8(File file) {
FileInputStream in = new FilelnputStream(file);
byte[] buffer = new byte[file.length()];
in.read(buffer); in.close();
return new String(buffer, ,UTF-8);

}

—id0 id1(id2 id3) {
— Id0 id2 = new id0(id4);
idO[] id1 = new idO[id2.id3()];
id0.id1(id2); id0.id3();

return new idO(id1, litO);

}

String readFileUtf16(File file) {

FileInputStream in = new FilelnputStream(file);

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

—id0 id1(id2 id3) {
- IdO id2 = new idO(id4);
idO[] id1 = new idO[id2.id3()];

- 1d0.id1(id2); id0.id3();
return new id0(id1, lit0);




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
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0.105
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0.140 | SeE——
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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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Juergens: Why and How to Control Cloning in Software Artifacts, Dissertation 2011
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176 use cases in total, 150 contain cloning




Juergens et al: Can Clone Detection Support QA of Requirement Specs?, ICSE 2010

Spec || Pages Words Clone | Clone | Clones || Blow-up | Blow-up
~ groups relative | words

A 517 41,4821 35.0% [) 259 914 32.6% | 10,191

B 1,013 130,968 || 8.9% 265 639 5.3% 6,639

C 133 18,447 || 18.5% 37 88 11.5% 1,907

D 241 37,969 || 8.1% 105 479 6.9% 2,463

E 37,056 (| 0.9% 6 12 0.4% 161

F( 42|) 7862 51.1% 50| 162] 80.6% | 2,89
e o — “_/:

H 160 | 196320 71.6% D 71| 360 (@W

X 158 19679 || 12.4% 21 45 8% 1,253

Y 235 49,425 || 21.9% 181 553 18.2% 7,593

Z 13,807 || 19.6% 50 117 14.2% | _A=A18

AB (\3,]00 274,489 || 12.1% 635 1818 8.7% |(_ 21,993 )

AC 81,410 5.4% 65 148 3.2% )

Avg 13.6% 13.5%

by 8,667 | 1,242,765 2,631 | 7,669 100,178



For function class DynamicArray, the messages are defined as follows:

OPType Parameter
Set Tag, PosY, Data
Get Tag, PosY
SetGet Tag, PosY, Data
Increment Tag, PosY, NSteps
Decrement Tag, PosY, NSteps
Getinterface
Status Tag, PosY, Dat
Interface Refer to section| For the function class Map, the messages are defined as follows:
I
Error ErrorCode, Erro
OPType Parameter
Tag Unsigned Word Set Tag, PosY, Data
Get Tag, PosY
SetGet Tag, PosY, Data
PosY Unsigned Byte Increment Tag, PosY, NSteps
Decrement Tag, PosY, NSteps

Getlnterface

Status Tag, PosY, {Data}
Ihe '|t'ag tl;elc_}pgs :;\thtne data ﬁtetlc Interface Refer to section 2.2.4.2.2 on page 80
daenotes the 1ag. With respect 19 e, ;- ErrorCode, Errorinfo
in a DynamicArray indicates the
included within the NMax counte

Tag Unsigned Word = 0x0000 all lines

<> 0x0000 one special line
PosY Unsigned Byte <> 0x00 one special column (only if Tag <= 0x0000)

= 0x01 not allowed, no access to Tag

The Tag belongs to the data field and is returned at the start of every line. PosY = 0x01 denotes the
Tag. With respect to consistency, accesses to a column are not reasonable. As with PosX, the valu
0x0000 for Tag is reserved to indicate the whole Array. Because of the unordered nature of th
function class Map, no last line with a Tag value of OxFFFF needs to be stored. However, OxFFFF i
used to indicate the end of the transmission of the whole Array.
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Munich RE =

Test Suite 100%
System under .
Test 80%
# Tests
60%
System A 330 kLoC 266
System B 580kioC 1,059 40%
System C 150 kLoC 72  20%
System D 430 kLoC 180 0
System E 760 kLoC 1,804 NORRS N &3 s <<, O
System F 1,400 kLoC 135 q@\:@\o o Q@\0({@\ Q@@Q &
System G 160 kLoC 605

m Cloned Parts = Unique Parts

Hauptmann, Juergens et al: Can Clone Detection Support Test Comprehension?2, ICPC 2012
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Hauptmann, Juergens et al: Can Clone Detection Support Test Comprehension?2, ICPC 2012




Testfallbeschreibung

Hierarchie

Gemeinsamer Klon
zwischen zwei
Testfallbeschreibungen

Hauptmann, Juergens et al: Can Clone Detection Support Test Comprehension?2, ICPC 2012
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Hauptmann, Juergens et al: Can Clone Detection Support Test Comprehension2, ICPC 2012
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Splitting with java.lang.String.split()

String [] adresses2 = addresses.split(Pattern.
quote( String .valueOf( separator))):

Splitting with java.util.StringTokenizer

ArrayList<String> validEmails = new ArrayList<
String >():
StringTokenizer st = new StringTokenizer (
addresses , Character. toString(separator));
while (st.hasMoreTokens()) {
String tmp = st.nextToken():
validEmails . add (tmp) ;

}

Splitting with custom algorithm 1

List<String> result = new ArrayList<String >();
int z = 0;
for (int i=0; i<addresses.length(): i++) {
if (i==addresses.length()—1) {
result.add(addresses.substring(z, i+1));

if (addresses.charAt(i)==separator) {
result.add(addresses.substring(z, i));
Z=i+1;

}

Juergens et al: Code Similarities Beyond Copy & Paste, CSMR 2010

Splitting with custom algorithm 2
List<String> curAddrs = new ArrayList<String >():

LR

String buffer = :
for(int i=0; i<addresses.length(): i++) {

if (addresses.charAt(i) != separator) {
buffer += addresses.charAt(i);:

} else {
curAddrs.add(buffer);
buffer = 77,

}

curAddrs . add( buffer);

Splitting with custom algorithm 3

List<String> emailListe= new ArrayList<String >();
int trenneralt = 0;
while (addresses.indexOf(separator ,trenneralt) !=
—1) {
int trennerneu = addresses.indexOf(separator ,
trenneralt):
emailListe .add(addresses. substring (trenneralt ,
trennerneuw))
trenneralt = trennerneu + 1:

}






Fazit

Klone sind ein Problem fir die Weiterentwicklung. In allen

Softwareartefakten.
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