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{1 Utilities For arrays of elements [ Ukilities Far arraws of elements
public String showElements{ModelElement[] elements, String nomsg) { || public String showElementsi{ModelElement] elements, String nomsag) §

boolean found = fFalse; boolean found = False;
StringBuffer res = new StringBuffer(); StringBuffer res = new StringBuffer);
if (elements 1= nully § if (elements 1= null) §
Index.getInstanced), sebCurrentRenderer Index.getInstanced), setCurrentRenderer
FlatReferenceRenderer .getInstance!1); FlatReferencerenderer . 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.append{showElementLinkiel)), append{HTML.LINE_BREAK);
Found = true; Found = true;
' '
Index.getInstancel). resetCurrentRendererd); Index. getInstance(). resetCurrentRendererd);
h h
if {1Found &2 nomsg '= null &2 nomsa. lengthd) = 0% § if {1found &2 nomsa. length() = 0% §
res.append({HTML . italics{nomsg)); res. append{HTML. italics{nomsg));
return res,tostring(); return res.tosString();



{1 Utilities For arraws of elements
public String showElements{ModelElement[] elements, String nomsag) §
boolean found = fFalse;
StringBuffer res = new StringBufferd);
if (elements 1= nully §
Index.getInskance), sebCurrentRenderer
FlatReferenceRenderer . getInskance!));
For {int i = 0; i < elements.length; i++) §
ModelElement el = elements[i];
res.append! showElementLinkiel)), append{HTML.LINE_BREAK):
Found = true;

¥

Index.getInskance!) resetCurrentRenderer();

¥
if {!found & nomsg != null &2 nomsg.lengthl) = 07 §
res.append{HTML italics{nomsg));

return res,koskring();
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Wie funktioniert
Clone Detection?
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Normalisierung

String [readFileUtf8|

File file) {

FilelnputStream in = new FilelnputStreamlfile);

byte[] buffer = new bytelfile.length()];

in.read(buffer);

in.close();

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

}

String readFileUtf16(File file) {
FilelnputStream in = new FilelnputStreamlfile);

byte[] buffer = new bytelfile.length()];

in.read(buffer);

in.close();

return new String(buffer, ,UTF-167);

idOli

41(id2 id3) {

}

id0 id2 = new id0O(id4);

idO[] id1 = new id0[id2.id3()];
id0.id1(id2); id0.id3();

return new id0(id1, lit0);

id0id1(id2 id3) {

id0 id2 = new id0(id4);

idO[] id1 = new idO[id2.id3()];
id0.id1(id2); id0.id3();

return new id0(id1, lit0);



Normalisierung

String readFileUt8(File file) {
FilelnputStream in = new FilelnputStreamlfile);
byte[] buffer = new byte[file.length()];
in.read(buffer); in.close();
return new String(buffer, ,UTF-8);

}

—id0 id1(id2 id3) {
— id0 id2 = new id0O(id4);
idO[] id1 = new idO[id2.id3()];
id0.id1(id2); id0.id3();

return new id0(id1, lit0);

}

String readFileUtf16(File file) {
FilelnputStream in = new FilelnputStreamlfile);
byte[] buffer = new byte[file.length()];

- in.read(buffer); in.close();

return new String(buffer, ,UTF-167);

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

|| id0.id1(id2); id0.id3();
return new id0(id1, lit0);




essRuleTaskXMLConverter,java DefinitionsParser.java &3

model.setTargetNamespace (xtr.getAttributevalue(null, TARGET _NAMESPACE_ATTRIBUTE)); =

for (int 1 = @; 1 ¢ xtr.getNamespaceCount(); i++) {
String prefix = wtr.getNamespacePrefix(i);
if (StringUtils.isNotEmpty(prefix)) {
model.addNamespace(prefix, xtr.getNamespaceURI(i));
3
1

for (int 1 = @; 1 < xtr.getAttributeCount(); i++) {

ExtensionAttribute extensionAttribute = new ExtensionAt

extensionAttribute.setName(xtr.getAttributelocalName (1)

extensionAttribute. setValue(xtr.getAttributeValue(i));

if (StringUtils.isNotEmpty(xtr.getAttributeNamespace(i)
extensionAttribute. setNamespace (xtr.getAttributeNames

¥

if (StringUtils.isNotEmpty(xtr.getAttributePrefix(i)})
extensiondttribute.setNamespacePrefix(xtr.getAttribut

if (!Bpmn¥MLUtil.isBlacklisted(extensiconAttribute, defa
model. addDefinitionsAttribute (extensionAttribute);

k [Clone with 2 instances of length 10|

}

4

T

[2/ Problems @ Javadoc @ Declaration | Findings &3 EE Orphans View =] P

4 items

Description Group {
Clene with 2 instances of length 10 Code Duplica..,
Interface comrment missing Decumentati..,

Interface comrment missing

{
(
Documentati.,  ©
]

MName viclates naming convention: defaultAttributes, Should be Naming

jenkins/test/src/main/javalorg/jvnet/hudson/test/HudsonTestCase.java

AT \LN5S==NuLL && TMN5==MuLL) rewurn;
if (lhs==null) fail("lhs is null while rhs="+rhs);
if (rhs==null) fail("rhs is null while lhs="+1hs);

Constructor<?= 1c = findDataBoundConstructor(lhs.getClass());
Constructor<?= rc = findDataBoundConstructor(rhs.getClass());
assertEquals{"Data bound constructor mismatch. Different type?",lc,rc);

List<String> primitiveProperties = new ArrayList<String=();

String[] names = ClassDescriptor.loadParameterNames(lc);
Class<?=[] types = lc.getParameterTypes();
assertequals({names.length, types.length);

for (int i=0; i<types.length; i++) {

(revision 12d96a56...)

jenkins/test/src/main/javalorg/jvnet/hudson/test/JenkinsRule. java

AT \LN5==NuLL && TMN5==MnuLL]) rewurn;
if (lhs==null) fail("lhs is null while rhs="+rhs);
if (rhs==null) fail("rhs is null while lhs="+1hs);

Constructor<?> lc = findDataBoundConstructor(lhs.getClas
Constructor<?> rc = findDataBoundConstructor(rhs.getClas
assertThat("Data bound constructor mismatch. Different t

List<String= primitiveProperties = new ArrayList<String=

String[] names = ClassDescriptor.loadParameterNames(lc);
Class<?=[] types = lc.getParameterTypes();
assertThat(types.length, is(names.length));

for (int i=0; i<types.length; i++) {

Object lv = ReflectionUtils.getPublicProperty(lhs, names[i]);
Object rv = ReflectionUtils.getPublicProperty(rhs, names[i]);

if (Iterable.class.isAssignableFrom(types[i])) {
Iterable lcol = (Iterable) 1lv;
Iterable rcol = (Iterable) rv;
Iterator ltr,rtr;
for (ltr=lcol.iterator(), rtr=rcol.iterator(); ltr.hasNext() && rtr.hasNext();)
Object litem = ltr.next();
Object ritem = rtr.next();

if (findDataBoundConstructor(litem.getClass())!=null) {
assertEqualDataBoundBeans (litem, ritem);
} else {

Object 1v = ReflectionUtils.getPublicProperty(lhs, n
Object rv = ReflectionUtils.getPublicProperty(rhs, n

if (v != null & rv != null && Iterable.class.isAss
Iterable lcol = (Iterable) 1lv;
Iterable rcol = (Iterable) rv;
Iterator ltr,rtr;
for (ltr=lcol.iterator(), rtr=rcol.iterator(); 1
Object litem = ltr.next();
Object ritem = rtr.next();

if (findDataBoundConstructor(litem.getClass(
assertEqualDataBoundBeans (litem, ritem);
} else {

assertEquals(litem, ritem);

1
}
assertFalse("collection size mismatch between "+lhs+" and "+rhs, ltr.hasNext() *
} else

if (findDataBoundConstructor(types[i])!=null || (lv!=null && findDataBoundConstructo
// recurse into nested databound objects
assertEqualDataBoundBeans(1lv,rv);
} else {
primitiveProperties.add({names[1i]);
}
}

// compare shallow primitive properties
if (!'primitiveProperties.isEmpty())
assertEqualBeans(lhs,rhs,Util.join(primitiveProperties,”,"));

*
Makes sure that two collections are identical via {@link #assertEqualDataBoundBeans(Objec

/
blic void assertEqualDataBoundBeans({List<?> lhs, List<?> rhs) throws Exception {
asserteEquals(lhs.size(), rhs.size());

assertThat(ritem, is(litem));
1
}
assertThat("collection size mismatch between " +
is(false));
} else
if (findDataBoundConstructor(types[i])!=null || (Tlw!
// recurse into nested databound objects
asserteEqualDataBoundBeans(1lv,rv);
} else {
primitiveProperties.add(names[i]);
}
}

// compare shallow primitive properties
if (!primitiveProperties.isEmpty())
assertEqualBeans(lhs,rhs,Util.join(primitiveProperti

*

Makes sure that two collections are identical via {@link
/
blic void assertEqualDataBoundBeans(List<?> lhs, List<?> r
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{1 Utilities For arrays of elements [ Ukilities Far arraws of elements
public String showElements{ModelElement[] elements, String nomsg) { || public String showElementsi{ModelElement] elements, String nomsag) §

boolean found = fFalse; boolean found = False;
StringBuffer res = new StringBuffer(); StringBuffer res = new StringBuffer);
if (elements 1= nully § if (elements 1= null) §
Index.getInstanced), sebCurrentRenderer Index.getInstanced), setCurrentRenderer
FlatReferenceRenderer .getInstance!1); FlatReferencerenderer . 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.append{showElementLinkiel)), append{HTML.LINE_BREAK);
Found = true; Found = true;
' '
Index.getInstance!), resetCurrentRenderer(); Index.getInstance!), resetCurrentRenderer);
h h
if {1Found & nomsg '= null &2 nomsa. lengthd) = 0% § if {1found &2 nomsa. length() = 0% §
res. append{HTMEeEics nomsg)); res. append{HTML. italics{nomsg));
return res,tostring(); return res.tosString();



dﬁEEj Teamscale Q ‘!! ‘E’
% Dashboard \/,
¢ ashboar: ol O[,

jenkinsftest/src/mainsjavalorg/jvnet/hudson/test/HudsonTestCase. java (revision 12d96a56...) jenkinsftest/src/mainsjavalorg/jvnet/hudson/test/jenkinsRule.java L)
P Activity AT | LAS==NULL &te TIS==NULL) recturn; AT | LNS==NULL & [MS5==[uLL) return;
if (lhs==null) fail("lhs is null while rhs="+rhs); if (lhs==null) fail("lhs is null while rhs="+rhs);
A Findings if (rhs==null) fail("rhs is null while lhs="+1lhs); if (rhs==null) fail("rhs is null while lhs="+1hs);
% Metrics Constructor<?= lc = findDataBoundConstructor(lhs.getClass()); Constructor<?>= lc = findDataBoundConstructor(lhs.getClass());
Constructor<?> rc = findDataBoundConstructor(rhs.getClass(}); Constructor<?> rc = findDataBoundConstructor(rhs.getClass(});
@ Tests assertEquals("Data bound constructor mismatch. Different type?",lc,rc); assertThat("Data bound constructor mismatch. Different type?", (Constructor)rc, is{(Cons
SR List<String> primitiveProperties = new ArrayList<String>(); List<String> primitiveProperties = new ArrayList<String=();
= Tasks String[] names = ClassDescriptor.loadParameterNames(lc); String[] names = ClassDescriptor.loadParameterNames(lc);
B Class<?>[] types = lc.getParameterTypes(); Class<?>[] types = lc.getParameterTypes();
assertEquals(names.length, types.length); assertThat(types.length, is(names.length));
aaw Architecture for (int i=0; i<types.length; i++) { for (int i=0; i<types.length; i++) {
Object lv = ReflectionUtils.getPublicProperty(lhs, names[i]); Object 1v = ReflectionUtils.getPublicProperty(lhs, names[i]);
2 Delta Object rv = ReflectionUtils.getPublicProperty(rhs, names[i]); Object rv = ReflectionUtils.getPublicProperty(rhs, names[i]);
i2 Projects if (Iterable.class.isAssignableFrom(types[i])) { if (Llv != null & rv != null &8 Iterable.class.isAssignableFrom(types[i])) {
Iterable lcol = (Iterable) 1lv; Iterable lcol = (Iterable) 1lv;
E cystem Iterable rcol = (Iterable) rv; Iterable rcol = (Iterable) rv;
Iterator 1tr,rtr; Iterator ltr,rtr;
A e for (ltr=Vlcol.iterator(), rtr=rcol.iterator(); ltr.hasNext() && rtr.hasNext();) for (ltr=lcol.iterator(), rtr=rcol.iterator(); ltr.hasNext() && rtr.hasNext();)
Object litem = ltr.next(); Object litem = ltr.next();
Object ritem = rtr.next(); Object ritem = rtr.next();
if (findDataBoundConstructor(litem.getClass())!=null) { if (findDataBoundConstructor(litem.getClass())!=null) {
assertEqualDataBoundBeans(litem, ritem); assertEqualDataBoundBeans (litem, ritem);
} else { } else {
assertEquals(litem,ritem); assertThat(ritem, is(litem));
} }
+ 1
assertFalse("collection size mismatch between "+Llhs+" and "+rhs, ltr.hasNext() * assertThat("collection size mismatch between " + lhs + " and " + rhs, ltr.hasNex®
— } else is(false)); »
if (findDataBoundConstructor(types[i])!=null || (lv!=null && findDataBoundConstructo } else
// recurse into nested databound objects if (findDataBoundConstructor(types[i])!=null || (lv!=null && findDataBoundConstructo
assertEqualDataBoundBeans (lv,rv); // recurse into nested databound objects
} else { assertEqualDataBoundBeans(1lv,rv);
primitiveProperties.add(names[i]); } else {
1 primitiveProperties.add(names[i]);
} }
}
// compare shallow primitive properties
if (!primitiveProperties.isEmpty()) // compare shallow primitive properties
assertEqualBeans(lhs,rhs,Util. join(primitiveProperties,",")); if (!primitiveProperties.isEmpty())
assertEqualBeans(lhs,rhs,Util.join(primitiveProperties,”,"));
*
Makes sure that two collections are identical via {@link #assertEqualDataBoundBeans(0Objec *
! Makes sure that two collections are identical via {@link #assertEqualDataBoundBeans(0Objec
blic void assertEqualDataBoundBeans(List<?> lhs, List<?> rhs) throws Exception { /
assertequals(lhs.size(), rhs.size()}; blic void assertEqualDataBoundBeans(List<?> lhs, List<?> rhs) throws Exception {

« Collapse



}

/* Process the input string received prior to the
newline. */
do
{
/* Pass the string to FreeRTOS+CLI. */
xMoreDataToFollow = FreeRTOS_CLIProcessCommand( cInputString, <O

/* Send the output generated by the command's
implementation. */
sendto( xSocket, cOutputString, strlen( cOutputString ), @, ( S

} while( xMoreDataToFollow != pdFALSE ); /* Until the command does m

/* All the strings generated by the command processing
have been sent. Clear the input string ready to receive
the next command. */

cInputIndex = @;

memset( cInputString, @x@@, cmdMAX_INPUT_SIZE );

/* Transmit a spacer, just to make the command console
easier to read. */
sendto( xSocket, "\r\n", strlen( "\r\n" ), @, ( SOCKADDR * ) &xClie

else

{

if( cInChar == "\r' )
{

/* Ignore the character. Newlines are used to
detect the end of the input string. */

else if( cInChar == "\b" )

{
/* Backspace was pressed. Erase the last character
in the string - if any. */
if( cInputIndex > @ )
cInputIndex--;
cInputString[ cInputIndex ] = '\@';
}
}
else
{

/* Process the input string received prior to the
newline. */
do
{
/* Pass the string to FreeRTOS+CLI. */
xMoreDataToFollow = FreeRTOS_CLIProcessCommand( cInputString,

/* Send the output generated by the command's
implementation. */
sendto( xSocket, cOutputString, strlen( cOutputString ), @, |

} while( xMoreDataToFollow != pdFALSE ); /* Until the command doe:

/* All the strings generated by the command processing
have been sent. Clear the input string ready to receive
the next command. */

cInputIndex = @;

memset( cInputString, @x@@, cmdMAX_INPUT_SIZE );

/* Transmit a spacer, just to make the command console

easier to read. */

sendto( xSocket, "\r\n", strlen( "\r\n" ), @, ( SOCKADDR * ) &xC:
}

else

if( cInChar == '\r' )

{
/* Ignore the character. Newlines are used to
detect the end of the input string. */

@

}
else if( ( cInChar == "\b' ) || ( I

/* Backspace was pressed. Erase the last character
in the string - if any. */
if( cInputIndex > @ )

cInputIndex--;
cInputString[ cInputlindex ] = "\@';



if i_kart-life_waluoe < 0.

write '50' ko it_down-newbs,
i_kart-life_wvalue = i_kart-life_wvaloe * -1,
write i_kart-lfe_value to it_dovan-wrbkr
currency i_kost_ges-currency,
endil,
it_dawwn-xhinr = w_xhlnr,
it_down-zuonr = W_ZUonr,
it_down-sgkxk = w_sqgtuxk,

it_dowmn-koskl
it_down-zzvber
it_down-bukrs

kost_ges-fi_life_rcost_center,

1 1I:II
i_kost_ges-booking.

if it_down-bukrs ne '0001",
write 34 to it_down-blart,

clear it_down-zzvber,
endil,

replace all occurrences of ' in it_down-wrbtr with ",

append it_down,
endloop.

describe table it_down lines |_jt_down,

it_down-blkz = 'E'.

modify it_down index |_it_down transporting blkz.
endloop.

* *

--- Maon-Life Quarkal
loop at i_kost_ges where petiod_tvpe ='q' and
non_life_walue ne 0,
it and  Fehler ne ',
if i_kost_ges-fibu_type =",
d_fibu_kype = kext-k01,

if i_kart-non_life_walue < 0.
write 'S0 toit_down-newbs,
i_kark-non_life_wvalue = i_kart-non_life_wvaloe * -1,
write i_kart-non_life_value  boit_down-wrbtr
currency i_kost_ges-currency.

endif,
it_down-xhinr = w_xhblnr,
it_down-zuonr = w_ZU0nNr,
it_down-sgkxk = _sqgkxk,
it_down-kast] = i_kost_ges-fi_non_life_cost_center,
it_down-zzvber ="10"
it_down-bikrs =i_knst_ges-booking,
if it_down-bukys ne '0001°,
write 34 ko it_down-blart,
clear it_down-zzvber,
endif.

append it_down,

endloop.
describe table it_down lines |_jt_down,
it_down-blkz ="',

modify it_down index |_it_down transporting blkz,

endloop.

+
*--- Monatlich Health
loop at i_kost_ges where petiod_tvpe ='m' and

health_walue ne 0.
fehler  ne W',
if i_kost_ges-fibu_type =1,
d_fibu_kype = kext-kO1,



larger/source/.../PriceElementUtil.plsql

(revision default:1... )

223 AND NVL(t.valid from, Database SYS.Get First (
224 AND NVL(t.valid to, Database SYS.Get Last Cale
225

226  BEGIN

227 OPEN get price interval;

228 FETCH get price interval INTO valid from , valid w1
229 CLOSE get price interval;

230 IF valid_from_ > Site_ API.Get_Site_Date(contract_)
231 valid date := valid from ;

232 ELSE

233 valid date := LEAST(NVL(valid until , TRUNC(Sii
234 END IF;

235

236 -- only calculate unit base (False) but no metal si
237 templ :=0;

238

239 OPEN get pl currency_ code;

240 FETCH get pl currency code INTO pl currency code ;
241 CLOSE get pl currency code;

242

243 FOR rec_ IN get_all conn_unit_base false LOOP

larger/source/.../PriceElementUtil.plsq|

346 BEGIN

347 OPEN get price_interval;

348 FETCH get price interval INTO valid from , wvalid ur
349 CLOSE get price interval;

350 IF valid from > Site API.Get Site Date(contract )
351 valid date_ := wvalid from ;

352 ELSE

353 —-- Change for Ticket #1234 (START)

354 -—valid date := LEAST(NVL(valid until , TRUNC(¢
355 valid date_ := LEAST(NVL(valid_until , Site API,
356 -- Change for Ticket #1234 (FINISH)

357 END IF;

358

359 -- calculate only metal surchage without unit base
360 temp3_ :=0;

361

362 OPEN get pl currency_ code;

363 FETCH get pl currency code INTO pl currency code ;
364 CLOSE get_pl_ currency_code;

365

366 FOR rec_ IN get all metal surchage LOOP

(revision default:1...



LR N L R R R R N R N N - R
orCriteria.compare(TerrorismTargetTier_Ext#County, Equals, polLocation.County)
orCriteria.compare(TerrorismTargetTier_Ext#County, Equals, null)

1)

tierQuery.or{\orCriteria -» {
orCriteria.compare(TerrorismTargetTier_Ext#City, Equals, polLocation.City)
orCriteria.compare(TerrorismTargetTier_Ext#City, Equals, null)

13]

tierQuery.or(\orCriteria -» {
orCriteria.compare(TerrorismTargetTier_Ext#ZipCode, Equals, polLocation.PostalCode)
orCriteria.compare(TerrorismTargetTier Ext#7ipCode, Equals, null)

i3]

var results = tierQuery.select()
if(results.HasElements) {
var result = results.firstWhere( \ elt - elt.ZipCode == polLocation.PostalCode and
elt.County == polLocation.County and elt.City == polLocation.City)
var result2 = results.firstWhere( \ elt -= elt.County == polLocation.County and elt.City == |
var result3 = results.firstWhere( \ elt -= elt.County == polLocation.County)

if(result !'= null) {

orCriteria.comparelgnoreCase(TerrorismTargetTier_Ext#County, Equals, polLocation.County)
orCriteria.compare(TerrorismTargetTier_Ext#County, Equals, null)

n

tierQuery.or(\orCriteria -= {
orCriteria.compare(TerrorismTargetTier_Ext#City, Equals, polLocation.City)
orCriteria.compare(TerrorismTargetTier Ext#City, Equals, null)

3]

tierQuery.or(\orCriteria -= {
orCriteria.compare(TerrorismTargetTier_Ext#ZipCode, Equals, polLocation.PostalCode)
orCriteria.compare(TerrorismTargetTier_Ext#ZipCode, Equals, null)

»

var results = tierQuery.select()
if(results.HasElements) {
var result = results.firstWhere( Y elt -» elt.ZipCode == polLocation.PostalCode and
glt.County == polLocation.County and elt.City == polLocation.City)
var result2 = results.firstWhere( % elt -= elt.County == polLocation.County and elt.City ==
H.. - Defect 22. - Fix for defaulting target tier value irrespective of lower and upper
var result3 = results.firstWhere( \ elt -» elt.County.egualslgnoreCase(pollocation.County))

Affresult 1= n11Y 1
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Ad-Hoc Reuse in a Build-System

Build Definitions 81
Lines of Code 457.388
Clone Coverage 97.,5%

Blow-Up 929%
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jenkinsftest/src/mainsjavalorg/jvnet/hudson/test/HudsonTestCase. java (revision 12d96a56...) jenkinsftest/src/mainsjavalorg/jvnet/hudson/test/jenkinsRule.java (revision 3909f5ac.. )
P Activity AT | LAS==NULL &te TIS==NULL) recturn; AT | LNS==NULL & [MS5==[uLL) return;
if (lhs==null) fail("lhs is null while rhs="+rhs); if (lhs==null) fail("lhs is null while rhs="+rhs);
A Findings if (rhs==null) fail("rhs is null while lhs="+1lhs); if (rhs==null) fail("rhs is null while lhs="+1hs);
% Metrics Constructor<?= lc = findDataBoundConstructor(lhs.getClass()); Constructor<?>= lc = findDataBoundConstructor(lhs.getClass());
Constructor<?> rc = findDataBoundConstructor(rhs.getClass(}); Constructor<?> rc = findDataBoundConstructor(rhs.getClass(});
@ Tests assertEquals("Data bound constructor mismatch. Different type?",lc,rc); assertThat("Data bound constructor mismatch. Different type?", (Constructor)rc, is{(Cons
SR List<String> primitiveProperties = new ArrayList<String>(); List<String> primitiveProperties = new ArrayList<String=();
= Tasks String[] names = ClassDescriptor.loadParameterNames(lc); String[] names = ClassDescriptor.loadParameterNames(lc);
B Class<?>[] types = lc.getParameterTypes(); Class<?>[] types = lc.getParameterTypes();
assertEquals(names.length, types.length); assertThat(types.length, is(names.length));
aaw Architecture for (int i=0; i<types.length; i++) { for (int i=0; i<types.length; i++) {
Object lv = ReflectionUtils.getPublicProperty(lhs, names[i]); Object 1v = ReflectionUtils.getPublicProperty(lhs, names[i]);
2 Delta Object rv = ReflectionUtils.getPublicProperty(rhs, names[i]); Object rv = ReflectionUtils.getPublicProperty(rhs, names[i]);
i2 Projects if (Iterable.class.isAssignableFrom(types[i])) { if (Llv != null & rv != null &8 Iterable.class.isAssignableFrom(types[i])) {
Iterable lcol = (Iterable) 1lv; Iterable lcol = (Iterable) 1lv;
E cystem Iterable rcol = (Iterable) rv; Iterable rcol = (Iterable) rv;
Iterator 1tr,rtr; Iterator ltr,rtr;
A e for (ltr=Vlcol.iterator(), rtr=rcol.iterator(); ltr.hasNext() && rtr.hasNext();) for (ltr=lcol.iterator(), rtr=rcol.iterator(); ltr.hasNext() && rtr.hasNext();)
Object litem = ltr.next(); Object litem = ltr.next();
Object ritem = rtr.next(); Object ritem = rtr.next();
if (findDataBoundConstructor(litem.getClass())!=null) { if (findDataBoundConstructor(litem.getClass())!=null) {
assertEqualDataBoundBeans(litem, ritem); assertEqualDataBoundBeans (litem, ritem);
} else { } else {
assertEquals(litem,ritem); assertThat(ritem, is(litem));
} }
+ 1
assertFalse("collection size mismatch between "+Llhs+" and "+rhs, ltr.hasNext() * assertThat("collection size mismatch between " + lhs + " and " + rhs, ltr.hasNex®
— } else is(false)); »
if (findDataBoundConstructor(types[i])!=null || (lv!=null && findDataBoundConstructo } else
// recurse into nested databound objects if (findDataBoundConstructor(types[i])!=null || (lv!=null && findDataBoundConstructo
assertEqualDataBoundBeans (lv,rv); // recurse into nested databound objects
} else { assertEqualDataBoundBeans(1lv,rv);
primitiveProperties.add(names[i]); } else {
1 primitiveProperties.add(names[i]);
} }
}
// compare shallow primitive properties
if (!primitiveProperties.isEmpty()) // compare shallow primitive properties
assertEqualBeans(lhs,rhs,Util. join(primitiveProperties,",")); if (!primitiveProperties.isEmpty())
assertEqualBeans(lhs,rhs,Util.join(primitiveProperties,”,"));
*
Makes sure that two collections are identical via {@link #assertEqualDataBoundBeans(0Objec *
! Makes sure that two collections are identical via {@link #assertEqualDataBoundBeans(0Objec
blic void assertEqualDataBoundBeans(List<?> lhs, List<?> rhs) throws Exception { /
assertequals(lhs.size(), rhs.size()}; blic void assertEqualDataBoundBeans(List<?> lhs, List<?> rhs) throws Exception {

« Collapse



fixed: latest change is no longer lost when assigning entry to a keyword group while it is May 26 2005
being edited 15:58
by jzieren in revision eDca9a51b50c8b01575f4eef79028bffoc34028 (git)

I 01 alerts: I
Message Context I
I Found potential inconsistent clone change in RightClickMenu.java [Broken clone] [Old clone finding] [Code change]

h_____________________

removed findings:
Message Locatlon Finding Group
Clone with 2 instances of length 10 src/javalnet/sf/.../RightClickMenu. java:366-380 Code Duplication / Cloning

Clone with 2 instances of length 10 srcf/javalnet/sf/.../RightClickMenu. java:340-354 Code Duplication / Cloning



Software ist mehr als Code
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176 use cases in total, 150 contain cloning




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
T 42 7662 |[510% | 50 | 162 || 606% | 2,890

H || 60| 19827162 D 71| 360 [[(129.6% ) 11,083

X 158 19679 || 1T24% 21 45 8% 1,253

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

L (/\\ 13,807 || 19.6% 50 117 14.2% | A8

AB {3,100 274,489 || 12.1% 635 | 1818 8.7% |(_ 21,993 )

AC 81,410 5.4% 65 148 3.2% )

Avg 13.6% 13.5%

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

Juergens et al: Can Clone Detection Support QA of Requirement Specs2, ICSE 2010
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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 O 9 N &3 s <<, O
System F 1,400 kloC 135 q@\:@\o <& Q@\0({@\ Q&o\@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
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Was bringt Clone
Management lanfgristig?



{1 Utilities For arrays of elements [ Ukilities Far arraws of elements
public String showElements{ModelElement[] elements, String nomsg) { || public String showElementsi{ModelElement] elements, String nomsag) §

boolean found = fFalse; boolean found = False;
StringBuffer res = new StringBuffer(); StringBuffer res = new StringBuffer);
if (elements 1= nully § if (elements 1= null) §
Index.getInstanced), sebCurrentRenderer Index.getInstanced), setCurrentRenderer
FlatReferenceRenderer .getInstance!1); FlatReferencerenderer . 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.append{showElementLinkiel)), append{HTML.LINE_BREAK);
Found = true; Found = true;
' '
Index.getInstance!), resetCurrentRenderer(); Index.getInstance!), resetCurrentRenderer);
h h
if {1Found & nomsg '= null &2 nomsa. lengthd) = 0% § if {1found &2 nomsa. length() = 0% §
res. append{HTMEeEics nomsg)); res. append{HTML. italics{nomsg));
return res,tostring(); return res.tosString();
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Abstract

Code clowing is mr only asssmed 1o inflate smaiute-

Soueud in chosed eode but pot fived i6 alf clone ininces,
the sysica s Tikely 0 stll exhibin the incorrect bedanioe
To illustre ihis, Fag. | shows 30 example, where & miing
ull.check win rofiied

Comapnty the exficin of Aplicsd . clome
s, Kas been & very active ar of research i revesst

comsisieady, (2) if hese inconsgencies are introsuced in-

swars. Up b mow, bowever, no substantial

he consequences of code clowing ou program comeciness
s b currieat out. To remens his shortinming, 166 pa-
rer presesss she resalts of  large-scute case Sy Mt Wik

st faults. I s case study we analy2ed thece cominer-
clal sysems wiimen @ C2, coe witics in Cobol nd voe
open-source sysiess wrinen i Jiva. To condies the stasy
we desclapent # novel desection algoeithin (het casblcs us

soure

-mw'.-vmpmam.bn.hw..m
o s indced b s chages. The clon de-

iscusscd cach of e over T00 incomient clone grsgs
with the derriopers of e Rpective sysems W determine

the cuse
itho o she detection ofincuesisiens clomes. I aveilabie

Jon fushes imvesiégutions.

1. Clones & correctness

Research in solowe maimenince b shous Bet
many progeass costain 3 significas ssoust of duplicued
(chmed) coxte. Such chonad code & coasidesed harsstul foe

up o o, tere i 80 underzunting of the degree
of hanmfulacss of cole cloaing. 1a fact. e rescarchers

o the incosis ane s s if they sepeesent
Al Asgec, s TN NS e gl -
sewasers were manwlly perfommed in the coune of
case study m-p,unmwmmmw..
8t Bave Do camfcnsd By the sysiems” developers.

Research Probbesn Ahogh ik evious week agess

comsequences of code coaing on pegEn COmeISes, i
putical. P

Bow Iermad code chooes seally are. We comsates the ab-
sence of & thovoagh uaderstanding of code coaing feecar-
ous o saftware enginesring sescandh, education 4nd peac-
e

Gttt coimleen o e WAL

116}
To shed Kght oa the Stution, we svestigaind the of-
ficts of coe cloaiag on program conecencrs. | is ipur-
Lt 10 understund, thet chones do ot disecely cusse fauls
changes 0 closcs can load 10 sncxpecssd

progrues behavior. A perticulaely dungeroas type of chnge
10 clonsd code & e imonsitent bug fix. 1 & falt wis

s o s St g s
tcoely and that sach changes cun epeescee . Scsond.

oa of incomsisient coacs. 1n conteast t oler slgorabas
for e detection of scomsisient chmes, ous ol sue is
e avuilable fox cher rescachiers a6 opes sowse.

Figure 1. Missing

2. Terms and definitions

The lieransee peuvides & wide variery of diereat defl-
it of clones 0 clone selaist temus (19, 28], To svoid

diffesenes i comments or naming, which cas be leveiad
L

subsaring of tac cod thal appeses at least Twice in the nar-
malizedy code. This our definition of a clooe is parely sya-
Lsctical. e estches exscly the adea of copySpeste, hile

Fora thosmigh Biscission of the cosegueimsss of incun-
sisncin chmes, we define thal & filure is an Scoercet ousput
o salteate visible w the user and thet o & the cause.
o poteraal Gailure side (e cole. Defiects s e supes-
st of s st Tl

3. Related work
Aﬂmdmorwn‘\ﬂnm

ke cloning i rces yews. The desalled sureys
m[mals,nm(uql’mlmlﬂnw

of eloalng and detsetion of insansiaens dons,
e detel exting work is these e

Atract Syatax Tree Baster et [3] bish subtices o
Buckess

clation
plings and cade clones could, conmary 10 e1gectasions, o
b seuimically veratied. Lorano and Wemncliger [25] re-

The cifecs of choing on nuinsinsbilicy s coeecsocs
Funermore the sboe

T e —p—
ferablny of the seponsd fadings.

@ Lasicad of memual imspecsion of the scunl incomsas
cloncs i saluste otmqeaces fi mediesuioce id
comestness, dinset mesaies! are used [1,9, 12,33,
617

same bucket. Fang ctal [11] proposc the genceation of
abiens.

pusisun, they cmplay locality scasiive hashing for vecior
Clusacring, allowing for bencr scalablicy than 131, 1o (7]
e pallcsns that peovide strictseal absiction of subiices.
are gescned s identify closed code:

Program Depesdence Geaph  Kiske [21] proposcs
4 seandh algursh for simils sabgrgh Koo
oasindoor ant Hoeuit: [1A] propore slicsy 10 idertity
emorphic PDG ssbgrughs. Gabel, Jiang and 5o (8] use &

mmmﬂmmy

pprosties provaled vabble inspEsson
mwupnmmm-p.pa [reT—

o o 00 e of

svclution pasiers
testionsl idepeadeat evolution and sre Bus prone 10
miscliificaion.
» The snalyre systess e o sl 10 be fepreses.
s [17) or et analysis of sduiial soltware
12.9,17,22,261.
» The snalyses specificatly foets o0 fuults ssoduced
dusing sreation |12, 25] or evolution [2] of denes, is-
hiliting quantificatios of iscensisiences i gencal

# Tres [3.7,01] s gragh [8, 1.20] based appechis e
it ality of suit o

for AST or FDG constucsion. While fessible for mod-
em

peuanaes
vages sl reprcsconsa igaificam challcage [5.24).

o D 5 e inormtion loss by e sedic.
e o varable siae o Tiagancts o it s .
Bers o vecions the alis

42 Detectian slgorithm

The task of he deecsion algusithin & w fisd cloes o
e st of wnits provided by e noemalizer. Sl dif-
Serenily, we wist 1o il ConmmOR SuBSIFings i e seuenne.
Sonneslby all it of the sieam, whese comis ssbsiisgs.

Figure 2. Bt sy e
et is el B he appecssese srsg muiching

probless [13, 32], which is also invessigsned eviessively in

& Doeteotiug insans Bioinforssatics [30], The main differeie is thes we s S0k

This sccrion cxplains the spprosch wied for detesting is-
‘consisient closcs in larpe amouns of code. O spproach
s n the Token level, which usully s e for
ding opy e e uhlunmumﬂlmhhsdll
by comstructing 4 salli o of
wm-n-rumwmmm e

Our ciome detecioe i orgimized s 8 pipeline, uhich &
s are

e i the s5g. Dl Eutes e B0 10F af] Ssbeliss.

afpeonisseely cecuring moee s once in M ensie se-

quence

A sheteh of our detection algedshi is shown in Figs.

and 4. The alposithan is 8 e disiance buse uaversal of

4 Sl tiee of ou inpul segicsce. A UMy wes er &

qmnknmmdﬁmdd\,walmm
» s fournd by

1 1 o 1 et e comcaating the s the
‘Suck s sults mee can

N e by he well ks ol sigoeties by Ukko-

e 23], Using this suffis e, we: st  seanch fox elincs.

arevery e

Searching fue cones is perforscd by the provedare
seurch whisch pecussively invesses the sufli e, The fist

| Studie

puepacs, e e camplicand merge copleiy would
[ea-——y

i on el e 2 Do 24 G rmaing
hvnl--ﬂn‘r-d-nn!!ﬁln(m are showa in
Figure 3. The seilisgs se the same 25 G (Be main siudy
(s clane length of 10, max ed distance of 5). 1t is ca-
uable s handle the 5.6 MLOC of Exipc in abost 3 boses,
which s st enough w be exevused within a uighily build.

5. Study description

I oo 10 gis & salid isight it the cllects of cos-
s chusc, e U sy g vl 3ot 2od 3
resereh guesisoms tha gusle che &

51 Study nbjects

We chose 2 conpasics ssd | open swuice picject o

sultwase sysens. This sesulied in 3 anslyzed
frojects b, We chase systenn wrien in i Mesent L
puapes, by diesen o i iffesent companies ase with

Sysiphus The opea samsce sysiem Sysfpln’ b devcioped
a1 the Temische Univessitsl Minchen (TUM) bl none of

be exerally repheated®. This & not possible with the de-
il conidential cesults of the commereial systemns.

Table 1. Sum the analyzed systems
o B =
years | w0
x T | OE I
u fraireg b e
v Memich e | 4 i s
o won | ot vl m
Shoiphun o s o
£3. Rescarch questions

mumm. prlen e e sl e cloncs s

study resnls. These objecss included 3 sysems weines in
CF, 8 Java sysiemn 45 well a6 4 kong-Bvesd Cobel sysiem. AT
[
o

n ondes 1
eticn, e soter e Eoliowing 3 Mo detiie Tesesmen
questions.

®Q1 A

e

Mismiehs Re Growp The Musich Re Guoup is 0 of e
gt ae-incuunce compesies i the weoeld and

e thea 37,000 peuople in over 50 bocations. For heir ia-
deveiop o variery of individusl ssp-

siructuse alministiation. The sysient suppoe he.
[y

sysicans fo ssindrames and PCs. In this study, we snalyze
4 s e COBIFACY A TS SYNC WIEED
Cabiok (Systiem 1) emplige by sbout 150 usess.

o o Bk Barepa ke 13

chames appear o8 ol 3 real-word systens. This sol asly

comstisu & shgnificans part of the sl chones of & 3ysicss.

RSP —

QT e incorsistent clomes covited wniientionalfy ™

Having extiblisted et Sere aie scousisieal Gonss in seal

sl srarems”

o
[t

Kritisch

Nutzersichtbar

Munich Re
|+ Uber 100 Fehler in produktiver Software

52% dller ungewollten Unterschiede fehlerhaft

Nicht nutzersichtbar

e deveT T
Taput: Siving o = (... 5o . man ot dinamce

Commisct saffn trce T froes «
fereach i< (L...u) do
P
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efficicatly we look s mo ai e st 1000 stuerments of
the wond . As long i the word aa the sullx wes cdae
i et hi is e problems I e there s 4 clone of
e thun 1000 sticmats, we woekd find i s chusks of
1000, We cussiere this 1o be dlerabie Lo peactcal par-

o 3 relutive
w.n.(,.uﬂunﬁ‘mm&-umoﬂnn.

a conuia smouss. Maseover, we serpe cloae grosps which
shase & common coae. While this leuds 10 clore grosps.

chome 5 mot tratestive), foe peactical pueposes it is pectersed
0 kanow of these indieest relationsips, o,

.

poscs. As cach suffis - a will of

self maiches e 2
When runing the algorh i s, e sesslts e ofien
006 25 expected Becaiee the sesech wies 1o mulch as many
o possible. However, allowiag S edit opera-

To be able 10 experiment wih the dessction of incon-
stcst chocs, ot 304 il Bave b il
scased 15 pant of CloneDetcctive” [14] which is busesd oo
CooQAT [2]. The resut & & highly configueable sad e1-
e plattoen for clone detestion ca the syseacse level

Sutemees
Tioes 15gh at the beginmiag o a1 the end of & clone & e
belpll.

As ou closing pipe! jor porsos of the

Thus e e s
fow staemeats (how sy s parssscirized) 1o ssdch €x-
acsly, (This also spoeds up the seiech, a5 we can choose e

the roo of the sufls wee i p

et repocting u cloce.

Tackuding all of these optimizations, Be ulgorithes can
miss 4 chose eher due o the Beesholds (cither wo shor
or 100 many Incomeencics). o if & & covesed by other
clones. The lader cane is Muponaie, 45 each sabstsing of 4

. we consider such an open plafomn
exiential for furuee experiments, & & allows sescarders 10
fosus ca inSvidul pans of the pipeline. ClaeDestive
alio offee & froal-ead 1 visulize and awess e clooss
Sound, and thes sapports e rapid feview of & lirpe aus-
ber of oo group.

45, Scalability and performance

Do 1 the smy implemeatation desils, the wont case
camplexity is hand 80 mmalyze. Addeiceslly, fo peactical

wats
these to be seported.
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his implies that o least one of these clonss doss. not cos-
Hence.

S0 s por ELO = e e Tor e ot
e e e s of s

e
5.3 Study design
We maer e mseih quessons with the Tollowing

study design. 1 e sy e snshyze sets of clone groups
b Fg 6. The ucrmnd sk allclone g C

and mrummmnymmmw The
st o I

dessity
dviden qum lises of code of e incomstecis.
W refiais Erom testing the hypothesis stsisically becase
o the low nuber of ds poises as well 45 the luge snge
o typieal defet densites.
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i i determismed by adting developers of the spective
systcm, Thesr cxpent opancn cassifics B clones in Gaulty
‘and non-fauky. We usly aralyze usisicsonally mcosis-
Test cBones Gor Tlls. Qe faslry dncinesistent clone i

0 o mthnd s, s st risients dowed
et inconsisnent closes that cross method busndarics in

for incomisens chses.

sections i the procedursl division are the cousieman of

Jiva or €2 methods, cooe descetion for Cobol was limited
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For the £F sl Jina systes, the algorithim wias pusan-

sced 1o be equal. Do o the verbosity of Cobal [5], misi-

s 10, pspetively. Geperai cole a1 6k subject
.
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s - -

e then "
by e sseaicher in ceder b remove Tl Ve, §
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bt Balf of the loas (S2%) coatain inconsiasncis.
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exiuting ks thal seseh for exact swiches. Fom tese

Teetie menioned s Section 4.4, Which & abie 1 disglay
the comonlitiss sd Eessaces of the chase group i &
cleay amsnped way. s depicied i Figs. | 40d 7. The de-
velupers i whebes the clous: gy were creaal is-
Testonally o wnintenmoly was enesned
w e developers alow elissiied it s Tauky o6
ooy, For the Java, s CF sy, all incorisices
clone grosgs wen: aind by the developers. For the Cobul
Systm, g was Honiied 10 3 o saniple of 63 ot o
the 151 Sscomsistent close geospe, sinee e age ol the sys-
e e the Tt that he ceiginal desclopers were ot svail-
abie for esing imcreascd caing et Thus, e the Cobul
e, he sesuls for R 2 s B 3 wese: Baed
o this sassple. In cimes where inizationality or Tauioess
Could et be desermined, o g, ecaiie no: of the oeigisl
u

e a guastes (B} hiss bees areadused

ninmerntionally. Hence, RQ 2 can s be ssawercd pos-

vely: Tacousisicnt cloncs. see creacd umdsicascnally in

sy cases Oty sysdenn D s T lowes Bee. with caly 1%
S o With skt thies

s o icigional chisnies, B s s tt coning sedd
= secas

» ey
i i the g af 3.4-914 ks e LLOC. A g, cyatens
D s s Compared 1o egunod faal deritics fn he
cangeof 0.1 50 s and cossdring the fact that all -
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. Results

The quasinative ccsuls of oar staly arc susssesized in
Tabile 2. Except fos the Cobal sysiem D, the prevision val-

Sor several o st Dot
skumﬁa‘ee&hnmkmmmx
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7. Theeats to validity
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#Fehler durch inkonsistente Klone @ Munich Re

Daten aus Studie
= 3 Systeme von Munich Re analysiert
= 79 Fehler gefunden (Impact auf Funktionalitét, nicht nur Wartbarkeit o.4.)

= System waren produk’riv, einzelne Fehler schon durch Anwender als Tickets reportet
= 1 Produktionsfehler durch inkonsistente Klone / 17k SLOC

Bedeutung heute
= Betrachtetes Portfolio der Munich Re umfasst ca. 8,25 Millionen SLOC

= Konservative Annahme: Clone Management spart 1 Produktionsfehler pro 50k SLOC pro Jahr
= 8,25 Millionen SLOC / 50k = 165
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OFehlerfolgekosten von Fehlern in Produktion

Magliche Auswirkungen fehlerhafter
Software

= Nutzer bekommen falsche Ergebnisse
= Anwendung stirzt ab
= Daten gehen verloren

= Frustration bei Nutzern (Kunden und
Mitarbeiter)

e PT

Aufwand fir Reparatur

= Nutzer schreibt Ticket fir Fehler

= Debugging (Nachstellen, Diagnose, ...)
= Fixing

= Test

= Ggf. Deployment
e PT



OFehlerfolgekosten von Fehlern in Produktion

Magliche Auswirkungen fehlerhafter
Software

= Nutzer bekommen falsche Ergebnisse
= Anwendung stirzt ab
= Daten gehen verloren

= Frustration bei Nutzern (Kunden und
Mitarbeiter)

O PT: bewusste Unterschétzung

Aufwand fir Reparatur

= Nutzer schreibt Ticket fir Fehler

= Debugging (Nachstellen, Diagnose, ...)
= Fixing

= Test

= Ggf. Deployment
3 PT
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]65 Fehler % 3 PT

Jahr Fehler
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Jahr




500 =X

Jahr

Munich Re spart durch Einsatz von Clone Management jGhrlich
ca. 500 PT Aufwand fir Fehlerbehebung
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How Much is a Clone?
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AAufwand = %BlowUp X %CloneAffectedEffort



AAufwand = %BlowUp X %CloneAffectedEffort



Blow-Up: 0%

20 Lines

20 Lines



Blow-Up: 50%

20 Lines

20 Lines

20 Lines



AAufwand = %12 X 9%CloneAffectedEffort



AAufwand = %12 X 9% CloneAffectedEffort



%CloneAffectedEffort

Aktivitaten Aufwiéndiger durch Cloning
= Analysis -

= Location Location

= Design

= |Impact Analysis Impact Analysis

= |Implementation Implementation

= Quality Assurance Quality Assurance

= Other

Detaillierte Herleitung und Berechnung im Paper.

Wert fiir Berechnung: 50%.



AAufwand = %12 X %50



AAufwand = %12 X %50 = 6%



Die Munich Re setzt
Clone Detection seit ca.
10 Jahren ein.

Wie sahe es ohne aus?
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ppor alone is not sufficlent for successful quadity coserol
in practce. We have seen Bal most companies casnol creale
an mmpact on their code qualzy ddwough they employ wols
for qualicy be P w0 impl
new festures does not allow tme for quality swerance: ofies,
newly duced wols get oaly for a shon period of
time, asd are then forgotien. Based 00 our expericace, guality
coatrol regeises actions beyoad 100 sepport.

In this paper, we revise o view on geality comrol from (1)
and propose an eshasced quality control process. The enhanced

P Jc statsc analyses with a significamly
laeger smount of masual action thas previoedy ssamed 10 be
v Metrd the basis bat guality engineers

st ally interpres mewric resalts within el context and
turs them o actionable refactoriag ks for the developers.

ol is secesary dunag develop latey
system’s corent quality states and 1o cssere (hat the quality
meets the qualey goal (deflacd by the principal who d
loy or the develop iself).
R h tas proposed erics B0 assess softw We & the
quality, including d * ar code dupl and

has Jod 10 & mussive development of analysis wals [4]. Much of
cament research focuses on Dester metnics and bemer wols |1,
sad muare wols such as ConQAT [S] Teamscule |6], or Sonar®
have been avalladle for several yeass.

Is [1], we boeflty illustrated how tools should be combised
wih mangal 10 Lsspoove software quality S
see Figure 1@ We perceived quality comarol a5 a simple,
coatssous feadbuck 1oop s which metne resals and museal

and peacticability of our process
with 2 running case study with Musich RE which conalas 32
NET and 9 SAP sysiems.

11 Texms AND DEMINITIONS
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evalume the metrc. A critenonm caa be, ¢ g, 10 have »
clone coverage below 0% or 10 have at most 30% code
= long methods (e g methods with more Ban 40 LeC).

o (Quality) Findiegs result from & violshon of & metric
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& eepresentateve of tie guality comarol group — provides feadback
o the devedopers hased on the differeaces between e cusrent
sad the desired guality. Hi we und d the

of requised maseal action 10 crege an impact. Wihin five

years of experi a5 software quality ¢ dunts i &ifferem
d: ( Ce COmp 4 o, s, Of
) "3 panies), we frequently expericaced that tood

Thix work was partially Seaded by the Ganmnaa Fadoral Masiatry of Bdacatios
and Rossarch (BMBF), gram EwCon, 0ISI2004A. The seqoauibibey for
e ancle Bew wih e asthon

e g, i sioe, mahod lougth, er nodting depek
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@ueshold (e g, & loag method) o froms the result of &
satic code analyss (e 1., & code cloae).
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dy l= the avalladde histocy (Figure 4). The b
of findings, however, i wntil mid 2012 In 20012, the
project switchad from QG2 s QG3. After this chasge, the

ber of findings & and the clone covemge sestles
around &%, which s 4 seccess of the guality conmol. The
major i in the bes of findings in 2013 is only
due w 2o ed code s, g innodecing beaces th
led w threshold violations of few hundeed methods. Afier this
iscrease, the nusber of fiadings stan docremiieg apnim. showing
the manual effon of the developers w remove findings.

For System C (Figuee 51, the quality coatrod process shows
o significans impact after o years: Slace @e end of 2012,
when the project alio switched from QG2 to QG3, both the
clome covermpe and @e overall her of Gadings declase. In
the year before, @e project i d by develop
teams und hence. we caly wrote two reponts (Jely 2011 and
July 2012,

System D (Figuse 6) almost fultills QG4 s after | yeur
of developament, it has caly 21 Sadisgs s ol and o clooe
covenge of 2.5%. Techaically, under QGS, the system should
have ze10 findimgs. However, In paactice, exactly 2e20 fadings
is not feasible a5 there ase always somne findugs (e ¢ & loag
method 1o create Ul objects of cloaes in test code) that we
not a mujor theear 10 maintainabiday. Only & buman cos judze
based o al mspection of the fndings wheder o system
stdll fultlls QG If & does not have exactly 2ev0 findings. In
the case of Sy D, we der 21 findegs 10 be few and
misor enoegh 10 fultdl QG

To sammarize, our wends show that our pocess leads
10 acosal de quality Lange Those wends go
beyond anccdotal evidesce bt are noe sufficient w scientitically
proof our method. However, Munich RE decided caly secemly
1o extend our gualicy comtrol frome the NET ares 10 21 SAP

develog As Muaich RE develops mainly = the NET and
SAP area, most application develop 5 sow suppoeted by
quality conmrol. The decision 10 exiend the scope of qualiy
comprol contirus the Munich Re is d by the besetit
of quality contsol. Sisce the p Bas been ihilis hed
masnaability issues ke code clomiag are now s imegral

pant of disc among developers and

V. Concrusion

Quulity analyses st not be solely based o automaed
measurements, but need w0 be combined with a significant
of b I anad ion. Based on our
experence, we progosed a new guality coatrol process for
which we provided o runnisg case saady of 41 indusary projects.
With & qualicative lmgpact ssalysis 2 Munich RE we showed

measurshle, loag-term quality g Our
has led w0 bie quality impe aad an increased
i up w ¥l level s Munsch Re.
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Einsparung durch Clone Detection
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Menge an geklontem Code hat sich seit der Einfihrung von Clone Detection halbiert.
Ohne Clone Detection wdre der Clone Blow-Up daher vorr. doppelt so groB.




Ersparnis Aufwand = 6%

Munich Re spart durch Einsatz von Clone Detection jGhrlich 6% Aufwand durch
vermiedene Redundanz ein.
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Jahr

Munich Re spart durch Einsatz von Clone

Management jGhrlich ca. 500 PT Aufwand fir
Fehlerbehebung

Ersparnis Aufwand = 6%

Munich Re spart durch Einsatz von Clone
Detection jdhrlich 6% Aufwand durch
vermiedene Redundanz ein.



Wie ausprobieren?
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CQSE Workshop

Clone Management Wie zukunfissicher ist Ihr Softwaresystem?
Copy, Paste und dann ...2 Unser Vorgehen und Erfahrungen aus 10 Jahren Softwareaudits
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Kontakt — Freue mich auf Diskussionen ©

Dr. Elmar Jirgens - juergens@cgse.eu - +49 179 675 3863

CQSE GmbH
Lichtenbergstraf3e 8

85748 Garching bei Miinchen
WWW.cgse.eu




