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5 90 } else {
5 91 1 lavallChars annendl(clil):
- 92 130 | }
;; 93 131 |l—’ ctrinall takencs = takeanS nsatl) enliti® "3
cE g 132 f”
= j; 1 171 for (int k = 8; k < tokens.length; k++) {
o ael 133 172 string token = tokens[k];
jd 135 173 if (abbreviateThatIsSingleLetter) {
] 136 174 Sstring[] dashes = token.split("-");
it 137, 175
_‘__'{ 138 176 token = Arrays.aslList(dashes).stream().map(BibtexNameFormatter::getFirstChar0fString)
'_‘:'f 139 177 .collect(Collectors.joining(".-")};
' 149 178 }
/ 179
180 // Output token
o 181 218 } else {
”d 18; 211 sb.append(d[j]);
' 183 212 }
e 184 213 }
“1 185 214 if (sb.length() = @) {
. laal 215 boolean noDisTie = false;
. 187 216 if ((sb.charAt(sb.length() - 1) == '~') &&
q_‘ 188 217 ((BibtexNameFormatter.number0fChars(sb.substring(groupStart, sb.length()), 4) >= 4) |[]
'75 189 218 ((sb.length() > 1) && (noDisTie = sb.charAt(sb.length({) - 2} == '="}))) {
IT»‘-'. 190 219 sb.deleteCharat(sb.length() - 1);
. 191 220 if ('noDisTie) {
Td 192 221 sb.append(' ');
. 193 222 }
s 194 223 }
;j 195 224 }
o 196 225 } else if (c[i] == '}') {
. 197 226 if (warn !'= null) {
d—l 198 227 warn.warn("Unmatched brace in format string: " + format);
- 199 228 }
:: 200 229 } else {
a:« 201 230 sb.append(c[i]); // verbatim
. 202 23 }
- 203 232 it
- 128 204 233
139 234 if ((braceLevel !'= 8) && (warn !'= null)) {
235 warn.warn("Unbalanced brace in format string for nameFormat: " + format);
236 }
238 return sb.toString();




<4 for (int j = 0; j < d.length; j++) {
e if (Character.isLetter(d[j]) && (bLevel == 1)) {
groupStart = sb.length();
if (!abbreviateThatIsSinglelLetter) {
| I+
}
if (((j + 1) < d.length) && (d[j + 1] == "{'}) {
StringBuilder interTokenSb = new StringBuilder();
j = BibtexNameFormatter.consumeToMatchingBrace(interTokenSb, d, j + 1);
interToken = interTokenSb.substring(l, interTokenSb.length() - 1);
}

for (int k = @; k < tokens.length; k++) {
String token = tokens[k];
if (abbreviateThatIsSinglelLetter) {
string[] dashes = token.split("-");

token = Arrays.asList(dashes).stream().map(BibtexNameFormatter::getFirstChar0fstring)
.collect(Collectors.joining(".-"));

}

// Output token
sb.append(token);

if (k < (tokens.length - 1)) {
// Output Intertoken String
if (interToken == null) {
if (abbreviateThatIsSingleLetter) {
| sb.append(’.");

}
// No clue what this means (What the hell are tokens anyway??? (:::)
// 1if (lex class[name sep char[cur token]] = sep char) then
I/ append ex buf char and check (name sep char[cur token])
if ({k == (tokens.length - 2}) || (BibtexNameFormatter.numberO0fChars(sb.substring(groupstart, sb.length(}), 3) < 3)) {
| sb.append('~');
} else {
| sb.append(® *);
}
} else {
| sb.append (interToken);
}
}

}

} else if (d[j] == '}') {
bLevel--;
if (bLevel = @) {

| sb.append('}');
}

} else if (d[j] == "{') {
bLevel++;
sb.append('{");

} else {

| sb.append(d[j]);
}

}
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¢ = finalResult.charAt(i);
String combody;
if (c = "{") {
String part = StringUtil.getPart(finalResult, i, false);
i += part.length();
combody = part;
} else {
combody = fipalResult.substring(i, 1 + 1};

}
String result = OOPreFormatter.CHARS.get(command + combody);

if (result != null) {
sb.append(result};
}

incommand = false;
escaped = false;

} else {

/7 Are we already at the end of the string?

if ((1i + 1) == finalResult.length(}) {
String command = currentCommand.toString(};
String result = OOPreFormatter.CHARS.get(command);
/* If found, then use translated version. If not,

* then keep
* the text of the parameter intact.
*-!

if (result == null) {
sb.append(command) ;

} else {
sb.append(result);
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¢ = field.charAt(i);
String commandBody;
if (c = "{") {
String part = StringUtil.getPart(field, i, false);
i += part.length();
commandBody = part;
} else {
commandBody = field.substring(i, 1 + 1};
}
String result = HTML _CHARS.get(command + commandBody);

if (result == null) {
sb.append(commandBody} ;
} else {
sb.append(result};
}

incommand = false;
escaped = false;

} else {

/7 Are we already at the end of the string?

if ((1i + 1) == field.length()) {
String command = currentCommand.toString();
String result = HTML CHARS.get(command);
/* If found, then use translated version. If not,

* then keep
* the text of the parameter intact.
*-!

if (result == null) {
sb.append(command) ;

} else {
sb.append(result);
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146 return serializeObjectToHttp(result, query);
147 1
148 return serializeObjectToHttp(entries, query);
149 } catch (ConQATException e} {
158 throw new InternalServiceException(e.getMessage(), e);
151 }
152 }
153
154 J**
155 * Adds method history entries for the given parameters. Will throw an exception
156 * if no method info could be found for the given data.
57 *
i;a Pr;“ate SDrtEdset'-’-USEFRESF‘1 wardMatb oAl e+ et e mal 1l astMatrbacdlds et meoCnt e se { S+ rdmm oma FaermDas+b
159 CommitDes
160 throws Ba
161 if (ArchitectureM
162 uniformPa
163 }
164 MethodInfo method
165 if (methodInfo ==
166 throw new
167 }
168 repositoryLogInde
169 branchesThatMight
170 SortedSet<UserRes
171 .
172 addMethodHistoryE
173 e
174 return entries;
175 }
176
177 J*¥
178 * Uses the given method
179 * until the method has s
100
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Und jetzt?






171-5.2 «In(avgHV) - 0.23 - avgCC(g") -

16.2 « In (avgLOC) + 50 « sin (sqrt(2.4 « perCM))
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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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{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();



Do Code Clones Matter?
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Abstract
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2. Terms and definitions
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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 -
e e ot ol dlcrd v B e e

e st 5 inbenlional 40 800- Gy,
. Results
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iom, the relaively larger smouses of caicgoey (23 and (3)
Tl coineide Wtk oot eupectations.

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 fiir 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 fiir Fehler

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

= Test

= Ggf. Deployment
3 PT
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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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Abstract

Fesbuwurld sewure sems coviain sl
st af clumed code While the mepstive impoct af
heming m soffeser misernce s been shoun s
principle, we carsently consot

incresef. sininance s Howerer, a3 fang a5 i

increuse comsed by conde clowing, The coit ssodel cun b
wsed m assers the rremomic npu of closieg b s
and o evadeste imeseents in chawe sminogement ol
supart To shonr it applicabiliny we repot o a case
study dlt instasisies she cost model for 11 incustrial
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. Introduction

Gk cosig shoands s word sl N
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de-
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i ot it o source o Receat stidies Tuve s
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equicincats specifications 12, 15] Choning dus has 1o

e t———
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lished the negative dmpact of chisiag on sffware: mainic-
nance acisvities in pencral (7). It oficn wnecessarily, is-

o B, or exisiog faulte can 1 10 be removed fiom the
sy A sy we pubahe (22 uosomcrsd vt 100
fuals i productive: softwase: theough ssalysis of ue

strutegies. Do expocted maslesane
the effisrt requised fos elon sessoval? How Luge e the

W neral o chise e sudel 10 answes these quesiioes.

Prublem  While the segive comseyuences of clonisy are
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bl thiough cone massgesers Gol support. The puges
preseals wodk ot ot shertcumnings s

i
ore cconoescally substassiied disctisaos of couing.

2 Terms & Delinitions

Clumes are segions of similie code. In the liezaure, -

e i piger, we .

o the peoblem o Anslysis is so smpacicd by code
chuming, since eode does s play & cramal part in |

Nocation (L) determines & et of change s poasts. &

etumcrides. o + mapping trom
i s b scmnialy sl e ek AUy A e A At Gttt s
i o o

re—
implemenissons e e to dange coupling
uhen e coscepe hungn, ol f 0

ysed L

loncs—aced o be chasged. e equise
freare symstically similee. e syutactic similar-

poinls. We s Bt e kocalion eflor i proportsonsl
e amount of code that gets inspeciesd
o

be -

Hence, we cmploy the lerm clone 10 denoas syatactically
similar

we
are ot e of bxs] suppoet o sllevisle B conmequnes.

[ pee— lane groags is & st of clopes
Clones in a sisgle group sne sefersesd o s siblings.

We e the Lo failure s denote s iscoerect ouge of
2 softwsee visible 10 the user. A foult s the camse of B po-
estial fuare i the soure code.

Lines of svle {LOC) denote the sam of the lises of sode
ol all source Sy, mclaling comments and bark Bocs.
Surce smtements (S5) e the manber of sl s code
Statemests. sl laking T T———.

RFSS) e the sssher of sousce sscsats, f cloned

simgce stemees e oy cousied v
i O e i I 8 st 8 ety .
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Design (D) uses he ssulis of amlyss and location s
well s the sollwae sysiess sl it documentussos 1o de-
sign the moifiation of the sysien. We assssse that disign
5 st nnpacsed by closisg. This is & comscrvative sssinp-

s i sl sticms of Desvily choned siess.

et Amalysis (IA)  uscs the cluange st pusiats fioan
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3. Maintenance Process

This cection stroduces e softume e

cess cm which the cast e s bascl 1 gualiasively de-

serfbes the impat of cloning for cach process wctiviey and
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describes the activiies carried oa sgle chings gucss
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.,up_m-.wn. The cost model thus expresses.
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wunmnm . The smesease i total
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4. Detailed Cost Madel

T st e 4 deicd ot el 1 g
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42 Activity Models
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pecied by closiag. Their chosing indsced clfort, ¢ *, is thas.
2z Their somal effons hence cqual teir inherers cllors,
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4.3, Maintenance Effort Increase Model

Basedd oo (he models for the indnidusl setiviics, we
el closing induced sssnnnce o« © for & sngle
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4.4, Foult Increase
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ughly, s e ot s etk
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AAufwand = %BlowUp X %CloneAffectedEffort
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Blow-Up: 0%

20 Lines

20 Lines



Blow-Up: 50%

20 Lines

20 Lines
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AAufwand = %12 X Y%CloneAffectedEffort



AAufwand = %12 X Y% 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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N L The formur uasdontadog of 3 gualty comtml proces

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 the p w0 impl
new festures does not allow tme for quality swerance: ofies,
newly introduced wals get caly 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 ow view on geality conrod from 1)
and propose an eshasced quality contrel peocess. The enhanced

f Jc statsc analyses with a significamly
laeger smount of masual action thas previoedy ssamed 10 be
necessary: Mewrics constitene the basis bat guality engineers
st musually interpeet meric resalts within el context and
turs them o actionable refactoriag ks for the developers.

quality, including 1 '
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

We & the and peacticability of our process
with 2 running case stndy with Musich RE ahich comaias 32
NET and 9 SAP sysiems.

11 Texms AND DEMINITIONS

o A guality eriferion comspeises & metric 2ad o theesdold ©
evalume the metrc. A critenonm caa be, ¢ g, 10 have »
clone coverage below 0% or 10 have at most 30% code
= long methods (& g methods with more tan 40 LeC).

o (Quality) Findiegs result from & violshon of & metric

reviews are wied 10 assess software quality. A quality cagl -
& eepresentateve of tie guality comarol group — provides feadback
o the devedopers hased on the differeaces between e cusrent
s the desired guadity. H we und dthe

of requised maseal action 10 crege an impact. Wihin five
years of experi a5 software quality ¢ dunts i &ifferem
d ( i . 5, o
we fi ly expericaced that tool

o - * - 7

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

Thap deaw scnasgebe reg’

@ueshold (e g, & loag method) o froms the result of &
satic code analyss (e 1., & code cloae).

o Qualizy goufs describe the ahstract goal of the process
and provide a sassegy how w deal wich new sad exasting
finfiags during furder development: The highess goal & w
Bave no fadings & oll, i ¢, oll fadings must be removed
edisely. Anodher goal Is 10 avold new findiegs, ie.,
existing findings ase wiericed but new findings must 2ot
be Juced. (1B willl peovade more Lol J

1L Tue Exnancen Quanity Coxtros Process
Owr qualay Iy s designed 10 he i
(ol smakeholders invelved agree on the goal asd comequences
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ddy = the avalladde history (Figure 4). The by
of findi b 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 1 22 ed code sedl g innodecing beaces tha
led w threshold violations of few hundesed methods. After 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 abo switched from QG2 to QG3, both the
clome covernpe and de overall her of Gadings declase. In
the year before, @e project i d b develog
teams und hence. we caly wrote two reponts (Jely 2011 and
July 2012,

Sysiem [ (Figuse 6) almost fultills QG4 as 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 findings. However, In peactice, exactly 2¢50 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
bared o al mspection of the fndings wheder a system
stdll fultlls QG If & does not have exactly 2ev0 findings. In
the case of Sy D, we consider 21 findegs 10 be few and
misor enoegh 10 fultdl QG
To sawmartze, our wends show the 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

develop As Muaich RE develops mainly = the NET and
SAP area, most application develog 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 l. Simce the p Bas been hilished
masnaability issues ke code clomiag are now s imegral
part of & among developers and

V. Concrusion
Quulity analyses st not be solely based o automaed
measurements, but need W be combined with a significant
of & 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

measursble, loag-serm quality snge Our
has led w0 bie quality impe amd an increased
A 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.



Best Practices



Probleme differenziert betrachten

Konservative Annahmen machen

&R

Kontext beriicksichtigen

Visualisierungen gezielt einsetzen

Experten involvieren

Schnelles Feedback minimiert Kosten
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