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Chapter 1

| ntroduction

Several studies have shown that about 7% to 23% of the coddailge software system
contains duplicated source code fragmernts! [44, 3]. Thede fragments are called code
clones and they are usually the result of copying and pasting.

There are a number of reasons why duplicating source codmimeon activity in software
development[[30]. If a programmer is evaluated by the nundfdines of code he or
she writes, code cloning would be an easy and fast way toaser¢he amount of code
produced[[B]. Inexperienced programmers may write mordicatpd code fragments than
veteran programmers and they have more problems managngab well[Z2B].

Code cloning may be a way to create variant modules. Whenxeomple a new driver is
needed for a new hardware device, a similar hardware fanaly atready have an existing
driver. It would be easier to make minor modifications to tkisting driver and use it than
building everything from scratch’[28]. Finally clones mag dreated due to the limitations
of the programming language or libraries used by develd3€lis

Code clones are generally assumed to be harniful [[17. 24.63%r@ Fowler[[18] ranked
them as ‘nol in the stink parade’ of bad smells for the follayvyproblems:

e Code cloning can potentially lead to code bloat, which uesearily decreases code
readability and maintainability.

e Code duplication is often an indication of bad software giedike missing inheri-
tance or missing abstractiois [17].

o If the original code fragment is bugged, then copying thégyfnent will only spread
bugs around the system. Chou etfall [14] have found that ingdessource file under
the Linux drivers/i2o directory, 34 out of 35 errors were theult of copy and paste
activities. One of the errors was copied in 10 places andttier in 24 respectively.

e Modification of one code clone fragment means that it is reargsto find all re-
lated code clone fragments in order to change them consistdéinclones in a code
clone group are changed inconsistently this may lead tatemited behaviour in the
unchanged clones.



1. INTRODUCTION

There are, however, a number of studies which seems to tediba contrary [[28,-31].
A study by Kapser and Godfre{/ [28] has identified eleven cigrpatterns and they have
found that cloning is an useful software development todleursome circumstances.
Currently, it is still uncertain which of these two opposivigions on the harmfulness of
cloning is the right one or whether it depends on the softwgstem analyzed]8].

1.1 Problem Statement

In order to study the effects of source code duplicatioris,niecessary to track these clones
across different version of a software system.

By mining a repository of a software system, it is possibleliserve how code clones are
changing and correlate the clone evolution with bugs or teaance problem§[31].
Software repository mining employs data mining technigtoesxtract useful information
from a large datasef [49]. Version control systems (VCS}aiara large amount of data on
the history of a software system and mining VCS would allowiauind interesting infor-
mation on the evolution of code clones in the source codesitepy. Well-known examples
of version control systems are CVS and Subversion. Anotbefiulisoftware package is the
issue tracking system (ITS) as it can be utilized for the pses of finding and tracking of
bugs and examples of ITS are Bugzilla, Jira and Tirat [40].ySwmining those two systems
we can see how code clones evolve and we can also see the itz on the underlying
software system in terms of bugs and other issues.

Kim et al. [3]] investigated the evolution of code clones anely found patterns of
clone evolution, which can be used to gain insight on thecefiea specific clone evolution
occurrence. Aversano et dll [2] expanded on the researchmobi(adding two new patterns
and this thesis is focused on one of Aversano’s clone ewlytattern which is shown in

ORIKSAIRS,
@] @) @

Inconsistent C1a & C2a are
change clones

Vi V2 Vi

Figure 1.1: The Late Propagation clone evolution pattern.



Problem Statement

In figure 1 we see two code fragments C1 and C2, both belongiriiget same clone
group. In the next version C1 is modified while C2 is not, whiokans that both clones are
now inconsistent. In version Vi the missing update has finahched code fragment C2
and both clones are now consistent again.

This clone evolution pattern is callecte Propagation(LPand is defined as follows:

“a change is propagated consistently across clones, hoviisigedoes not happen
immediately. In other words, while a clone is maintainedeatision k, others will be
maintained at revision k +

This kind of code clone occurrence can happen if a develapgefts one or more code
fragments in a clone group when updating and adds the mishangges at a later date. If the
update was intended to fix bugs then this type of inconsistesrige can be dangerous as the
unchanged clone instances will exhibit unintended behaviatil they are updated. Thus,
software problems can be avoided if software developers &esess to a clone management
tool [15,[16], which can track code clones and prevents Léta foccuring. In this thesis, a
clone management tool is made that will track LPs througbsipry mining and this leads
us to the following central research question:

Central Research Question: Can we study late propagations using software repository
mining?

In our previous literature study, where an evaluation oheldetection tools was con-
ducted, we have taken the first step in answering the cemfsabrch question by selecting
a suitable clone detection tool. The next problem is to findethed to map code clones
from one version i to version i+ 1.

This lead us to following sub-question:

SQ1: How do we track code clones in a software repository?

The ability to track code clones, however, is not sufficientwae have to distinguish
the late propagations from other code evolution patteriiss eans that we have to con-
sider the following issue$[22]: Firstly, if we take figure daan into account, in version 2
code fragment C1 is changed and obviously both code fragnuentot belong to the same
clone group anymore. For a clone tracker, it would seem ttiatdone group disappears
in version 2 and somehow a new clone group reappears in udrsighen the clone group
is larger, we run into a similar problem, a clone trackingl tsould see one or more code
fragments migrating to a new clone group.

This lead us to the next sub-question:

SQ2: How do we determine if a late propagation has occured?

To solve both subquestions, a tool is developed that can soimece code changes from
a software repository. It will analyze the modifications ma&d a code clone and calculate
the evolution pattern from those changes. With the abibtgetect late propagations, we
can then study them by answering the following subquestions
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e SQ3: Is there a connection between the package distance and dpagation time
of LPs?
If related clones are widely scattered across a code bageuit be difficult to track
them down and this has as an effect that developers are nketg 10 forget them.
As a result, it would take longer to update these clones.

e SQ4: To what extent does the commit activity influence the appeasaof LPs?
If a programmer is busy modifying several software comptsi@none revision, he
might overlook some code clones and this would lead to LPsrder find out if this
is the case, the change view visualisation technique bynZaidet al.[[4B] is used to
find out if there is a link between busy commits and late pragiags.

e SQ5: What are the effects of LPs?
As indicated earlier, LPs may cause bugs as related clomescarupdated consis-
tently. The commit logs of a software project is analyzed ¢tednine if a LP has
resulted into a software defect.

1.2 Outline

This thesis is structured as follows: In chapter 2 we willeghome background information
on code clones, clone detection and the relation betweanaodes and software evolution.
In chapter 3 we describe the design and implementation ofclmure tracker tool. The
experiments are performed in chapter 4 and finally in chdptamclusions are drawn.



Chapter 2

Background and Related Wor k

In this chapter we will give some background information ba subjects related to the
work done in this thesis. In section 2.1 we will give some balsfinitions related to code
clones, like clone groups, clone typology etc. The variachniques for clone detection
will be shown in section 2.2. Software evolution will be thedfi subject discussed in this
chapter.

2.1 CodeClones

While code cloning has been the subject of research in mdplications, there is, strangely
enough, currently no precise definition of a code clone thabimmonly agreed upon by
the code clone research community. As a result, there eaigbus definitions of code
duplications in literature, and, to make matters worse,esofrthese definitions are either
inconsistent or too vague.

Before we begin to “define” a code clone, it is useful to knowatvé code fragment (CF)
is. A fragment is a piece of source code that can be definedrgsea(file, beginline, end-
line). A CF is, thus, a sequence of source code lines with &ladthe file location where
it appears and having begin- and endline numbers. In thisha code fragment usually
refers to a function definition, begin-end block or a list taftements.

The definition of code clone that is adopted in this thesisappsed by Basit et al][5]:

“Code clones, or simply clones, are code fragments of coraditdelength and significant
similarity.”

The above definition states that code duplications are capnients of significant
length and similarity. We are going to define “significantdéi by stating the minimum
clone size used in this study. Here we run into a similar geblvith defining code clones,
as some studie5 [26,127] prefer to define minimum clone sizerins of tokens, while oth-
ers use lines of code (LOQ)I[7]. We follow the definition usgdBellon et al. [T] by using
6 lines of code as minimum. As for similarity, there are twodg of similarities: two code
fragments can be similar in their program text or they carifndar only in their semantics.

5
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Clones of the first kind are usually the result of copying aasdting of code and these are
exactly the kind of clones that we are looking for when we wartetect late propagations.

There exists three different types (Types 1-3) of textuailar clones|[¥]:

e Typel: Code fragments that are completely identical, except foatians in whites-
pace, comments and formatting. Type 1 clones are also knewrat clones.

e Type2: Syntactically identical fragments with possible changddéntifiers, literals,
and types. Sometimes the identifiers are systematicallpgathas these replicated
code fragments are adapted to their new environment. Lebnsider the following
code fragment:

public int gcd(int a, int b)

if (b==0)
{

return a;

}

return gcd(b, a % b);

Figure 2.1: Original code fragment.

A type 2 clone with changed identifiers would look like this:

public int getGCD(int x, int y)
{

if (y==0)

{

return x;

}

return getGCD(y,x % vVy);
}

Figure 2.2: A type 2 clone with changed identifiers.

e Type 3: Source code replications with further modifications; steets have been
added, modified or removed. Figure 2.3 shows an example.

Clones that are semantically similar are called type 4 done

e Type4: Code fragments that perform the same computation but witilesgyntactic
differences. Figure 2.4 shows a type 4 clone pair which caepibonacci numbers.
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1 for (double d : values) { 1 for (double d : values) {
2 sum += d; 2 if (d> threshold)X
3 } 3 sum += d;
4 return sum; 4 }
5| )
6 return sum;
Figure 2.3: Atype 3 clone pair.
1] int fib(int n) 1| int fib(int n)
2| { 2l {
3 if (n <= 2) return 1 3 int f[n+1];
4 else return fib(n-1) + 4 f[1] = f[2] = 1;
5 fib (n-2); 5 for (int i = 3; i <=n; i++)
6| } 6 fli] = f[i —1] + f[i —2];
7 return f[n];
8 }

Figure 2.4: Type 4 clones.

This type classification not only ranks clones in increasawgls of differences, but it
also offers an indication of how difficult it would be to detdese types of clones, with
type 1 being relatively easy to find and type 4 the hardest.

Using the above definitions, we define a clone pair as a tripkA\( CFB, type), where
CFA and CFB are similar code fragments and type is one of the ddferent types of
clones. Another relation between code fragments is callddree group, which is a collec-
tion of more than two similar code fragments.

In the end, the question of whether a code fragment is a clom®t) is very dependent

on the clone detection tool used. This is because of theliatt tlone detectors may de-
tect clones that are actually not source code duplicatifatise(positive) or they may fail to

detect a clone completely (false negative).

2.2 Clone Detection

As mentioned in the introduction, avoiding code duplicasias in many cases rather dif-
ficult to achieve as programmers are forced to copy source fardvarious reasons (e.g.
limitation of the programming language used); in other sasede cloning might actually
be an useful way to develop software. Once a code clone @&inted in the source code, it
can be forgotten or overlooked, which means that the cloa#dstively lost in the software
system.

Clone detection becomes, for this reason, a necessaryotownage code clones. It can be
used to find clones that can be refactored as well as makimgtisar all code fragments in

7



2. BACKGROUND AND RELATED WORK

a clone group are changed consistently.
There are many different techniques for detecting codeesloiThese approaches can
be classified into the following categoriés [7]:

e Text-based: A program text is divided into a sequence of strings, usuailgs. Two
code fragments are compared with each other to find sequencamilar strings/-
lines. If there is little or no normalization used on the peog text, then this tech-
nigue might have problems detecting clones when there sisieas in whitespace
or comments in the source codel[17].

e Token-based: Instead of comparing strings, a program is lexed into a teleguence
in this approach. This sequence is then scanned for dugdidaken subsequences
and any matched subsequences are returned as potentis.clarcomparison with
text-based clone detection techniques, this method slheuless likely to miss clones
due to formatting or comments in the source cadeé [26].

e Abstract syntax tree(AST)-based: In this technique an abstract syntax tree is gener-
ated from the source code. Subtrees in the AST are, then,areahpvith each other
with some tree-matching algorithm and similar subtreesettened as clones. Since
the entire syntactic structure of the source code is cagtwithin the AST, this ap-
proach is probably better in finding clones than the tectesgdescribe above. On
the other hand, it can be slower than either text- or tokesedaletection[ T34 6].

e Metric-based: This approach gathers different metrics for code fragmantéscom-
pare these metric vectors instead of using source codetlgir&é&xample of metrics
are the number of function calls, parameters and local bi@sain a code fragment.
If certain values of the metric vectors are similar in paicotle fragment, then they
can be considered as clonesl[33].

e Program dependency graph(PDG)-based: A PDG is a representation of the con-
trol and data flow dependencies inside a program. Clonesoaralfas isomorphic
subgraphs inside the program dependency graph. PDG’s alsescthe semantic
information of the source code and, hence, this approachldtie able to handle
the types of clones where other techniques would struggteréordered statements,
deleted or inserted code. This approach, however, doesalet ® large code bases

[85,[32].

Each of these techniques has their advantages and weaksaesk therefore, choosing
the best clone detection method depends for a large pareasptrcific task encountered.

In addition to finding code duplications to improve the quabf a software system,
there are several other applications for detecting clones:

e Aspect Mining: Code implementing a cross-cutting concern is usually cafgid
over the entire software system (e.g. code that is repen$ibllogging) and clone
detection tools can be used to track thén [10].
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e Plagiarism: Plagiarized source code are essentially some type of code cif the
original and, therefore, can be detected by code clone thesec

e Software evolution: Clone detectors have been used to study the impact of code

clones on software evolution by tracking their dynamic véha in multiple versions
of a software systeni[4].

2.3 Clones and Software Evolution

Software development is usually a cycle of bug fixing, changed improvements. The
laws of software evolution that were proposed by Lehmah {2if] give some insights on
this occurence. After the initial release, a software systeeds to be continually changed
to meet the demands of the customers and, as a result, thegtoad will increase the
complexity of the system. Studies have shown that softwaamtenance accounts for a
significant amount of the total cost of a software system.[S&lveral factors can influence
the maintenance cost and code clones are one of them. Asomeditbefore, the following
problems are associated with code cloning:

e Code cloning unnecessarily decreases code readability.
e Bugs can potentially be copied and pasted all over the softagstem.

e If change is not consistently propagated to all clones ithedd to defects.

This means that developers have to spend significant tirakitigaand inspecting code
clones. For example, updating a clone would require a progrer to find all related clones
and modify each of them consistently. Thus code cloning ead to additional code re-
views and inspection, which increases the workload of softvdevelopers and, as a result,
they can have a negative influence on software maintaibab8everal studies has investi-
gated code clones with regard to their impact on softwardugweo.

Geiger et al.[[20] have studied the relationship betweere @ones and change cou-
plings. While they found some evidence of such relationy tmuld not statistically verify
it. Kim et al. [3]] investigated the evolution of clone clasgclone genealogy) by build-
ing a tool that automatically extracts the history of codmel from a software repository.
They have found clone evolution patterns, which can be usstudy how a clone class is
affected by maintenance activities. They have proposedotlmving six clone evolution
patterns:

e Add: A code fragment of a clone class that was not present in versias appeared
in version i + 1.

e Subtract: A clone belonging to a given class that was present in velisiuas disap-
peared in version + 1.

e Same: All fragments of a clone group in version i was not changedioeri + 1.
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e Shift: At least one code fragment in a new clone group overlaps witthiheer code
fragment in another clone class.

e Consistent Change: All code fragments have consistently changed from verston i
version i + 1 and they have also changed their clone classdingty.

e Inconsistent Change: At least one code fragment underwent a change differently
from others from version i to version i + 1.

Kim concluded that, in most cases it is not practical, as aelmanagement policy,
to aggressively refactor code clones as many of these soodmduplications appear for
a relative short time in the software system. The same pmolso seems to apply to
long-living clones, which might be desirable to refactart &re hard to remove them due to
programming limitations or other issu¢s]31]. Aversand.dZhalso studied clone patterns
and they have found that majority of clone classes are alwhggaged consistently. The
results also show that developers tend to delay propagatioraintenance to clones if the
updates are not intended to fix problems. Aversano expanddldeopatterns proposed by
Kim by specializing the Inconsistent Change pattern in tulicgtegories:

e Independent Evolution: Two or more clones in a group are evolved independently
from version i to version i + 1. This means that they are chdrigeonsistently and
in subsequent versions they are developed differently.

e LatePropagation: A change is propagated consistently across clones. A clagigm
be changed in version i, while others will be changed in wersi k.

Figure 6 shows the different clone patterns in a Venn diagram

Late
Preopagation |
EON T

CHANGE
Subtract )

Independent
evolution

Consistent

Figure 2.5: The clone evolution patterns proposed by KimAretsano[[2].

Thummalapenta et al. [46] did a similar study and they haeel as automatic approach
to classify clone evolution patterns in four software syste They have also reached similar

10
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conclusions as Aversano as they have concluded that cloegs@pagated immediately if
needed. They have discovered that around 70% of the closeedaare either changed
consistently or underwent an independent evolution. A bpwtentage of cases, around
16%, was detected as late propagations. While they did nbafinmmediate cause-effect
of late propagations and software defects, they have nbtddit is possible to say that,
when such a clone evolution pattern occurs, the code is maepone than in other cases
and thus worthy of more attentianA further refinement of thé_ate Propagatiorpattern
was also discovered by Thummalapenta and this patternlé&idaleDelayed Propagation
pattern:

“A particular case of Late Propagation where changes betweaerclone fragments,
although not propagated within the same snapshot, are wateal within 24 hours”

This pattern occurs, when developers cannot commit all teg ithin the snapshot,
but they are able to do it within the same dayi[46].
Another interesting study was conducted by Bakota ef’hl. T4y try to find clones that
have a negative impact on software quality which they diagsio “smelly” clone classes.
Their Migrating clone instanceattern is very similar to théate propagationpattern of
Aversano. Bakota studied twelve versionshddzilla firefoxin which they found eleven
migration smells out of a total of sixty clone smells detdcté&inally, Krinke [36] came
to a different conclusion regarding late propagations thanstudies described above. He
carried out a study on five software systems to find consistedtinconsistent clones and
one of his results was that late propagations are a very cawence.

2.4 Software Repository Mining

Software repository mining (MSR) is an essential ingrediarthe study of software evo-
lution [21]]. Software repositories contains a large amadnibformation about the history
of software projects. By employing data mining techniquess possible to find useful
information about a software evolutionary characterisBoftware repositories are usually
mined to answer two classes of questidns [25]:

e Causality relationship between two or more events. For @@nif A occurs then
how many times X do B and C happen.

e Finding out the metrics of a certain occurence, like deteimgi how many functions
and which function are called in a system1[25].

Examples of sofware repositories are version control syst@/CS), bug repositories
and deployement logs. A VCS tracks all changes to the sowde together with meta-
data like commit comments, commit timestamp or the nameeofiétveloper responsible for
the change. Mining a version control system can be used fwosugoftware development
in various manners. For example, Gall et BLI[19] developéechnique which uncovers
hidden dependencies or logical couplings in the source wddeh can be used to identify
modules that should be modified. Chen etlall [13] presentedlaalled CVSSearch that

11
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describes what the responsibility of a particular coderfragt is by mining CVS comments.
Malik and Hassan[]41] examined the change propagation gsdoesoftware development
and proposed meta-heuristics to predict change propagaticaa software system.

The focus of this research is primeraly on version contretays, which are used to track
code clones in different versions of a software repositdriiere are several methods for
tracking code clones. The first method is to use a clone daetectall versions of a soft-
ware system and then use a matching algorithm to track clionesultiple versions of a
software repository. This approach gives a (nearly) cotapleew of clone evolution, but
suffers from several problems. First the matching algoriie quite complex as it has to
deal with extensive source code modifications in later vassiand as a result it might fail
to track some clones. Another problem is that this approaghires a lot of computational
resources[131.]4].

Another approach for tracking code clones is to extracteddnom a reference release and
map clone changes using change and log information obt#éioeda software repository.
This method is obviously faster and easier to to implemean tihe above method, but it
comes at cost of not being able to track newer clones in suks¢gersions []2]. Duala-
Ekoko and Robillard[[16] presented a clone tracking todecHCloneTrackerwhich can be
seen as variant of the above meth@loneTrackeris an eclipse plugin aimed to help soft-
ware developers to track code clones in multiple versionkeif software system. They use
aClone Region Descriptomvhich identifies clone regions at the granularity of codecké
based on file name, class nhame, method name and block deschigth some optional
parameters. Since their tracking method is based on a (e, it has problems tracking
clones if clone regions are not aligned to certain types déddocks.CloneTrackelis very
accurate in tracking clones as only 139 clone regions ouR@b3vere lost (around 4%) in
a study of five software systems.

12



Chapter 3

Detecting L ate Propagations

This chapter discusses our approach in detecting late gatipas. To find this clone evolu-
tion pattern it is necessary to track changes made to code<la a software system and to
distinguish it from other patterns. A tool is presented thdte able to mine the change his-
tory of a VCS and combine this information with a clone detectool output to discover
late propagations. Furthermore, the components of ourtégether with design decisions
and challenges are also described.

3.1 Tracking Code Clone Evolution

Several approaches to track the evolution of code clones begn proposed in literature.
For instance, Kim et al[I31] 4,89] map clone fragments betweersion i and version i
+ 1 by using a location overlapping function in combinatioithvunix diff, which is a file
comparison tool that shows the changes between two versioihe same file. To deter-
mine how much the source code of a code clone has changedyaltsinilarity function
is defined that measures the text similarities between agiesion and a previous version
of a software system. The approach proposed by Kim, howa&vsant capable of finding
late propagations as it does not distinguish late propawggfrom the independent evolution
pattern as it only traces inconsistent changes. It alsommesccount for reappearing clones
that might be a member of a certain clonegroup several omgsago, which is essential for
finding late propagations.

In order to find late propagations, several issues have tohsdered([4, 36, 39, 22]:

e If a clone is modified in a clonegroup consisting of two codeldations, then that
group will disappear. When finally the change has reachedehend clone, a new
clonegroup will appear. Our tool therefore has to compaveaiene pairs with older
or deleted clonegroups.

e Two consistent clones may evolve independently for a givemlyer of revisions
before they become consistent again. This means that wéalsoto track the inde-
pendent evolution pattern to look for such an occurence.
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3. DETECTING LATE PROPAGATIONS

e Forclonegroups larger than 2 clones, a (partial) clone atiigm to another clonegroup
should be observed. If a new clone is added to a clonegroepoti has to check
if the existing code duplications in the group were relaedhie new clone in any
previous revision.

e The granularity used to analyze the history of the softwsgistesn is also important.
Choosing a long interval means that a late propagation worddably be observed
as a consistent change. Therefore we choose to analyzerevisign in our selected
projects.

3.2 Toolchain Structure

This section describes the different components of thedaedpagation finder tool, which
is depicted in figure 3.1. The tool is written in Java and osranly on SVN repositories.
This is not a big restriction as the cvs2$wool can migrate CVS repositories to Subversion.
It can only analyze Java software systems as the modificattmdule needs a Java parser
to work and the reason for using a Java-based approach wilkplained in detail in the
following subsections.

As stated before in chapter 2, clones can be traced by comgjdevery relevant revision of
a VCS or by analyzing clones from a single snapshot. We hawserhthe former option
as it allow us to find more late propagations in a sofware aystean the second method,
since it does not consider newly added clones in subsequapisiots. Our method of
tracking code clones is somewhat similar to Kim’'s approdgti,[ although we are not
interested in constructing a clone genealogy of a softwgstem. This means that we will
only trace late propagations and filter out other irrelevadohe evolution patterns. Our
approach consists of the following steps. Firstly, durinigjalization phase we extract the
first revision or snapshot from a SVN repository and use aectiiection tool to find clones
in the downloaded codebase and our tool will build clonegspwhich are saved into a xml
database. Then for each subsequent snapshot:

e Determine if any changes are made to the code base, if so,|amivthe sources of
that revision.

Extract all change sets of that snapshot.

Analyze the change sets to see if there are any modificati@ue o clones in the
xml database.

Update the changes made to the code duplications into theals.

Find out if any late propagations have occured by analyziegchanged clones.

¢ Run the clone detector to detect new clones and update tabad®t accordingly.

The following subsections will explain some of the abovestia detail.

Lhttp://cvs2svn.tigris.org/
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: CCFinderX — E:Cﬂnderx Analyzer

SVN repository
Late Propagation Clonegroups
Detector Database
Change Sets Modification
Extractor ~® | analyzer(soif) J Repor

Figure 3.1: Overview of our late propagation detector

3.2.1 Initialization phase

In the first step, the first snapshot is downloaded from a Sslmrerepository and analyzed
by a clone detection tool. Based on a previous literaturdystun clone detectors and also
on existing comparison studiel§ [7,]11], we have selectedCtBEinderX [26] tool as the

clone detection tool used in this paper. CCFinderX is an gquemce clone detection tool
that can identify clones in Java, C, C++ and many other prograg languages. The clone
detection technique employed by this tool involves tramafog source code into tokens and
using a token-by-token comparison algorithm to find cloriése tool has been configured
to find clones of at least 30 tokens, which is a reasonablenmim clone size to limit false

positives according to other studiés][81[7, 39]. As memtibim chapter 2, a clone has a
minimum size of 6 source code lines and this means that amg dmaller than that limit
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3. DETECTING LATE PROPAGATIONS

will be filtered out.

CCFinderX is used to find clones in a given revision of a soférgystem and every clone
detected by this tool is reported as a clone pair. The CCEtdmalyzer module reads
the entire output of CCFinderX to construct clonegroups ataming similar clone pairs
with each other (e.g. clone pairs A-B and B-C are converteddionegroup containing A-
B-C). For each clone found by the clone detector, our toabnds the containing method,
statement order and the code fragment. A Java abstraciksyegaparser is used to analyze
each source file to extract the location of each clone found€6yinderX. Finally, the
clonegroups are saved in a xml database, which is later osethélysis.

3.2.2 Extraction and Analysisof Change Sets

This section describes how change sets are obtained fromSaavi@ then analyzed to de-
termine if any modifications are made to the code clones inlghiabase. Our tool uses the
SVNK:it library? to extract change sets from a Subversion repository. Fiestdg entries
are obtained from the VCS, which the Change Sets Extractdufeavill analyze. Each log
entry contains information about a commit like the authamaarevision number, times-
tamp, log message and also the added, deleted and modified Tilee extractor module
filters out any irrelevant change sets (e.g modification tperty files) and passes the log
entries it has fetched to the Modification Analyzer moduléisTmodification module is
responsible for determining if any changes are made to ttie clones that are stored in the
database.

There are three types of modifications that can occur in aedi@gment, which can make
it inconsistent with other code duplications in a clone figmi

e A statement is added to a clone fragment, that increaseszthefsthe code duplica-
tion.

e A section of the clone is deleted or the entire clone is délelie the former case the
size of the clone has decreased and in the latter, it meahshthaode duplication
was present in the previous revision but has disappeardzt iourrent one.

e One or more statements in the clone fragment have been ntbdiiig therefore the
clone size remains the same.

Additionally, two types of changes can happen outside tbee;lwhich does not affect its
clone relationship:

e A code fragment has been added above the clone and as a hestitbie has moved
downwards.

e One or more statements above the clone have been removekishdg as an effect
that the clone has moved upwards.

2http://svnkit.com/

16



Toolchain Structure

In order to determine what kind of changes have occured inthadeit is necessary to
compare the source file with the previous revision. Exisshglies [[36[-31/12] have used
the unix-diff tool to find out which part of a source file has ohad. Unix-Diff or Diff is
the standard tool for discovering the differences betwaenversions of a file, but it does
have several limitation$ [45,112].

Firstly, Diff has problems in distinguishing between codedifications and code addition-
s/deletions. It records a line change as a deletion of thdireédand an addition of a new
one. It also can not detect method renamings/movementassh the figure below.

‘ InGameInputHandler .java Bevizion 656

280
e 201
28z
283 *-@param-connection-The -connection-the -wessage - came -from. -
"-"284 i & d 1 Ee
285
o =1
287 Game ~game = -freeColl3erver.getGame [ ;-
288 ServerPlayer -player = -freeCol3erver.getPlayer (connection) 7+
288 -
w2 O

£ o lient -

Tl Lt Lt P L BT S Y T e
ot o 2

=202
w203
) O

InGameInputHandler .javra Revision 657

-}410 # -Handles a "moveToEurope"-message from a olient.

ed1l el

=}412 * @Bparasm connection The connection the -wessage cawme Lrom.

=}413 * [Aparam moveToEuropeE lement The element containing the reguest.

ed14 o

=}415 private Element -moveToEurope (Connection connection, Element -moveToEuropeEle
=}416 Game game = freseColierver .getGame [ ] 2

-}41? SerwverPlayer player = freeColi3erwver.getPlayer (connection) ;-

Sd15 -

-}419 Unit unit = (Unit) gawe.gecFreeColGamethject (moveToEuropeE leent . get it
420 =

=}421 Tile oldTile = unit.getTile() -

427 unit.moveToEurope (] -

-}423-

424 return null;-!

725 HEs

e dzh

S dz 7

e dzE dTEL )

Figure 3.2: Due to new methods added above the funatiove TOEuropeDiff has wrongly
detected a removal of the old method and addition of a new Dine only changes made to
this method was the deletion of some statements.

While there is a degree of subjectiveness in determiningtivelniea program text has
been replaced or changed, recently there are several ahppsaroposed that can identify
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3. DETECTING LATE PROPAGATIONS

edited lines with reasonable accuracyl [12,[45, 43]. We helected the Statement Diff or
SDiff tool [A5] to track the changes made to code clones inddt@base. The reason for
choosing SDiff is the fact that the other options are eithesed source[43] or are difficult
to use in our toolchain as they are implemented in anotheranoming languagé [12].
SDiff is an open source tool implemented in Java that usesedtiechnique as it com-
bines line-based (determining the edit distance betweedites) and structural (using the
structure of the source code) approaches in tracking sadtardifacts. It uses the abstract
syntax tree of a source file to break up the code into classaggitns, import statements,
field declarations and methods. Unlike Diff, which works oref of code, it operates on
Java statements and tries to match statements between tsiongof a file. SDiff has the
following advantaged[45]:

e SDiff ignores whitespace, comments and brackets.

e Statements that are broken across multiple lines are atstidth
e It can also find changes by characters or by token.

e Movement or renaming of methods is also detected.

Since SDiff only reports changes per statement, we have tifynthhe source code of
SDiff to make it suitable for our toolchain. Firstly, the nifigd SDiff reports changes per
method instead of statement, so it can report changes iasidethod as well as method
addition, removal and renamings. The next figure shows thgubwf the modified SDiff
for themoveToEuropéunction depicted in figure 3.2.

Code deleted in method private Elewent moveToEurope | Connection connection , El
295,295d

< Iterator enemyPlayerlterator = game . getPlayerlterator ()

296, 296d

« while | enemyPlayerlterator . haslext [ ] )

297,297d

i« FerverPlayer enemyPlayer = ( ZerverPlayer | enemyFlayerIterator . next | )
299,299

« 1f [ player . equals | enemyPlayer ) )

300,300d

< continue :

Figure 3.3: Modified SDiff only shows some statement ren®waadd does not report the
deletion ofmoveToEurope

Secondly, if SDiff is not certain that a statement has chdngeutputsPOSSIBLEor
INVALID leaving the user to decide whether a modification really lcasi@d and since we
need an automatic change analyzer, we have modified SDé#fjard these kind of changes
as a removal of the old statement and addition of a new one.

Finally, we have made several minor changes to SDiff like itdvandles inner classes and
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outputs. Choosing SDiff, however, means that our tool cdy analyze Java source files
as it depends on a Java parser. This is not a big disadvarsage have traded language
independence for better accuracy in detecting changes toaele clones. Secondly, it is
possible to use parser generators like JavhQyenerate parsers for other programming
languages. Finally, Java is often used in open source seftdevelopment and therefore
there are many software systems available to analyze. Aagygds made to the clone
fragments are passed to the Late Propagation Detector maddlfinally the clones in the
database are updated as well.

3.2.3 Detecting Late Propagations

The Late Propagation Detector module is responsible foirfgndlPs by analyzing the
change information from SDiff. If a clone fragment in a cldiaenily has been changed
to such an extent that its size is different (due to stateradditions or deletions) from
other code duplications in the same group, it is clear thatcarisistent change has hap-
pened. If, however, the size of the modified clone fragmettiégssame with some related
code duplications, it is necessary to compare them to dedidther a consistent or incon-
sistent change has occured.

The Late Propagation Detector module uses\bamalized Levenshtein edit dista(isé&D)
[38] as a metric to measure the similarity between two cloagrhents.

The Levenshtein distance(LD) between two strisdsands2 is defined as the minimum
number of insertions, deletions and substitutions requioetransformslinto s2 For ex-
ample, fors1l=‘gwerty’ ands2= ‘azerty’, the edit distance between both strings is 2 and
the higher the LD, the more different both strings are.

In order to conduct comparisons, thermalized Levenshtein edit distanseused, which
is ranged in the interval [0, 1], where 1 means that the strimgtch and O indicates that
the strings are strictly different. The NLD for two non-emgtring sl ands2is defined

as [12[46]:

LD(sL,<2)

NLD(sl,s2) =1—
(L, 2) max(sl,s2)

where LD(s1, s2) is theevensthein Distanandmaxsl, s2) is the length of the longest
string. We have used the threshold values of a previous $lifijyto determine if a clone
pair is consistent or inconsistent. A pair of clones is irgistent if the NLD is smaller or
equal to 0.87 and consistent if the NLD is greater or equal®@ @nd between those two
values the clone evolution is classified as unknown. Whikeitttlusion of an unknown
evolution pattern might be strange, Thummalapenta €t@].jdve shown through empiri-
cal analysis that these values lower the amount of falsdipesidetected.
By using the NLD we can determine if the program texts of twamek are similar to each
other and discover the clone evolution pattern. A consisteange is found if all clones in
a clone family have received similar updates and this isradeteed by computing the NLD
between each clone fragment. Similarly, an inconsisteangh is detected if one of the

Shttps://javacc.dev.java.net/

19



3. DETECTING LATE PROPAGATIONS

clone fragments has been modified differently from othenelgroup members, which is

also detected by the NLD.

A late propagation happens, as indicated earlier, whenreedtoa clone group is changed
inconsistently from the rest of the clone family. After a rivem of revisions the delayed

update is propagated to the other related clones and as la ttesse code duplications

are consistent again. This realignment of clones is datentéhe same way as consistent
changes are found. Finally, the detector generates a riépdete propagation is found.

3.2.4 Finding New Clones

CcCfinderX is also used to detect clones that appear aftemitial isnapshot. Instead of
processing the entire output of the clone detector, the Gd&#FK Analyzer module uses the
log entries to determine which file has actually changed ahdmrocess the clones that are
in the modified files. The module checks if any new clone igeel@o any code duplication
in existing clonegroups and if that is the case, then theecisadded to the clonegroup and
the clone family is updated in the database.
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Chapter 4

Experiment Results

This chapter describes the experiments conducted to fiedolaipagations(LP). We have
selected four software systems to analyze the evolutioadd clones.

4.1 Subject Systems

The subject systems chosen for our case study have to megtkequirements that are
based on our tool and for finding late propagations. Firghlg,software systems must be
written in Java and accessible from Subversion. The p®gubuld also differ in size and
come for different domains to avoid bias. Finally, they moistin a mature development
phase to have enough revisions from which we can observatid@iopagation pattern.

We have chosen the following four software systems as sisbjecour experiments:

e Subclipse. Subclipse is an Eclipse Team Provider plug-in providingpsupfor Sub-
version within the Eclipse IDE. It is the smallest VCS coesetl for our case study
with only 1946 revisions. The analysis of Subclipse startdune 2003 and a maxi-
mum of 223 KLOC of code has been processed by our tool.

e JEdit. JEditis a popular open source programmer’s text editor anldave examined
2418 revisions starting in September 2001.

e FreeCoal. FreeCol is a turn-based strategy game, which can be coadider open
source version of the old Colonization game. The projech@yeed starting in April
2005 and a total of 4935 have been extracted. It is the lapyegtct considered for
our case study.

e Seam. Seam is an application framewaork for building Web 2.0 alians. While
having over 3000 revisions, its code base is the smallesiediour ranging from 2 to
148 KLOC of code.

Table 4.1 provides an overview of the open source softwasgegis selected for our
case study. It shows the domain, the total number of snapstwtsidered in this case
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study, the number of authors and the minimum and maximum euitKLOC (thousands
lines of code) of each software project.

System | Purpose Snapshots Analyzed Authors | KLOC Start Date
Subclipse| Subversion plug-in 1946 15 42 - 223 | Jun, 2003
JEdit Text editor 2481 20 102 - 335| Sep, 2001
FreeCol | Game 4935 35 40 - 445 | Apr, 2004
Seam Application framework| 3005 29 2-148 Aug, 2005

Table 4.1: Overview of selected open source projects.

4.2 SystemsAnalysis

This section displays the results of our clone tracking.téolr each project, we try to find
the cause and effect of late propagations, where we also thakdistinction between short
term (described in chapter 2 as delayed propagations) (&idPlpng term LPs (LLP). Seam
is, however, not analyzed as we have found no LPs in thatgirojée following questions
are discussed:

e Isthere arelation between the propagation interval and the clone radius/pack-

age distance?.

Clone radius is defined by Ueda et al.1[47] &or a given clone class C, let F be a
set of files which include each code fragment of C. Define RAB§Ghe maximum
length of path from each file F to the lowest common ancestectdiry of all files in
F.

Since we are dealing with software systems written in Jdua,rheans that we are
actually looking at the package distance between clonesigh flackage distance
implies that the code duplications are scattered over ggskavhich has as a result,
that related clones are more difficult to find and update. Aelpair in the same
source file has a distance of zero and if the pair of clones simdye the same pack-
age, the distance becomes one. If they are in distinct pask#uge distance is defined
as by Ueda et al. and can range from two to the maximum packstgende.

Isthere a connection between commits and the appearances of L Ps?.

Ideally, each commit should be self-contaih¢d], which means that related source
artifacts should be changed together. If this is not the,d¢hsa it will result in incon-
sistent changes. If a commit contains a large number of sozmde modifications,
then a software developer might forget to change clonesstensly and this can po-
tentially lead to late propagations. We consider a comniietdusy if 6 change$§][1]
are made in the revision or around the revision in a timesp&0 oinutes([9].

1The KDE project prescribes the following in its SVN commitipg: ‘Please commit all related changes
in multiple files [. . . ] in the same commit’ and ‘Every bug-fieature, refactoring or reformatting should go
into an own commit’; see http://techbase.kde.org/Paicg/N.Commit Policy#Commitcompletechangesets
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The change history view, which is a sofware visualizaticchieque by Zaidman et
al. [48], is used to observe the commit data from a VCS. We diadktke minor modi-
fications to the change history view as its intended use isstalize the co-evolution
of production code and unit tests. The visualization of #mt files is removed in
favor of displaying late propagations.

e What are the effects of L Ps?. Late propagations have as a consequence, that a bug
fix is not properly propagated to all clones or that a few ckboméght miss an update,
which results in unintended behaviour in these code dugics. In order to detect
these occurences, we look at the commit comments in a VCSevwegwords like
‘fix’ or ‘issue’ indicate that a software defect was fixed. Wesaoalook into other
activities that may cause LPs by analyzing the source code.

4.2.1 Subclipse

if (!SVNWorkspaceRoot.getSVNFolderFor(destination.gatBnt())
.isManaged () ){
SVNTeamProvider provider = (SVNTeamProvider) RepmsmProvider
.getProvider(destination.getProject());
if (provider == null) //target is not SVN project
throw new SVNException(Policy.bind ("SVNMoveHook. moveFileExcdEpn”));
provider.addfew IResource[] { destination.getParent()},
IResource .DEPTHERO, new NullProgressMonitor());
ISVNLocalResource parent = SVNWorkspaceRoot.getSVNReseFor(destination.
getParent())
if (parent != null) parent.refreshStatus();

if (!SVNWorkspaceRoot.getSVNFolderFor(destination.gatBnt())
.isManaged () ){
SVNTeamProvider provider = (SVNTeamProvider) RepasiProvider
.getProvider(destination.getProject());
if (provider == null) {
throw new SVNException(Policy.bind ("SVNMoveHook. moveFolderEggtion”)) ;
}

provider.addifew IResource[] { destination.getParent ()},
IResource .DEPTHERO, new NullProgressMonitor());

Figure 4.1: An example of a late propagation in Subclipseodecfragment (in blue) added
to one clone instance, the other clone was updated after tardh®s (SVNMoveDelete-
Hook.java).

Our tool has discovered 7 late propagations in the Subclypsgct, where only one
can be classified as the long term type and the remaining LRs&aropagation time of
shorter than a day. Figure 4.1 shows an example of a late gatipa in Subclipse. An
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update was introduced in revision 2352 to a clone fragmetiiermethodmoveFilein the
classSVNMoveDeleteHook.jayvéut this change was not propagated to a related clone in
the methodmoveFolder(in the same class) until revision 2606 (about 2 months).hén t
commit log of revision 2606 the developer stat#3x a refactoring problem where it can
error out because it does not know that a folder has alreadsnbedded to Subversion!
which means that this particular case of LP has resultedongo Another software defect
was found that was due to a delayed bugfix, which we also coafirtinrough the commit
log, between two dialogs in Subclipse. The remaining LPseduminor inconsistencies to
the Ul subsystem as a result of delayed updates to the layout.
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Figure 4.2: Propagation Time and Package Distance

Figure 4.2 shows the propagation time and package distaned! f7 late propagations
(the numbers above the dots display the LPs which have the package distance and
propagation time). It does not seem to show any relation éetvboth metrics, the longest
propagation time was between a clone pair in the same sole@nfl they belong to meth-
ods that were in close proximity of each other (about 3 lineshe other LPs have a much
shorter propagation time, but larger package distances.

There is a group of 4 LPs in the same clone group in Subclipddigure 4.3 depicts their
package distances (two LPs have the same package distash@@eashown as 1 dot). It
shows that 3 LPs in the same package are updated in 1 revis®nemaining one, how-
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Figure 4.3: Propagation Time and Package Distance betwelema group of Late Propa-
gations.

ever, resides in another package and is updated with agtifferof 7 revisions. This might
be an indication that the developer forgot about this clostaince. While this is hardly a
conclusive evidence of a connection between propagatioa dnd package distance, it is
an interesting observation.

Next, the change history view of Subclipse is depicted inrBgu4. The green triangle
in the view reveals the file from which a late propagation inates and the revision in
which it appears and since this visualization only showsigba at file level. In the figure it
seems that 57% of the LPs (all short term) appeared arounydrévisions. For the group of
4 related LPs, however, we can see a lot of commit activitiesrad those revisions. If we
combine this with our observation of the package distanedgeacribed earlier, both factors
might have contributed to the delayed propagation of 7 ienss

422 FreeCol

A total of 18 late propagations have been detected by ouiridbe FreeCol project, where
ten LPs are of the long term category and 8 delayed propagati¢igure 4.7 shows a
harmless example of a late propagation in the cl&s&amelnputHandler.javawhere a
line of dead code has been removed from the metliwdedUnitDemandTributi revision
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Figure 4.4: Subclipse ChangeHistory View.

1859 and in revision 1864 the methodttack (in the same class) received an identical
modification. While there are more LPs found than in Subglige have not found any
strong evidence of late propagation related bugs. Most bRshies improvements which
did not cause any problems as they were due to activities asiclhde beautification, dead
code removal and movement of common code to a method (as shdiigure 4.5). We
did, however, see some delayed updates between revisiOsad@l 5200, which relate to
layout modifications of several Ul components and thus mag te minor inconsistencies.

In the figure 4.6 we see a dot plot of the propagation time ws.pttkage distance. It
is apparent that most LPs happened between clones with ageaclstance of 1 and they
also have the longest propagation time. This means for fle@@t the package distance
probably has no influence on the propagation time. The figoes gdhow that some of the
refactoring activities concerning LPs have a very long pggtion time, which might be an
indication of forgetfullness on the part of the developers.

The change view history of FreeCol is depicted in figure 4t&hbws that there is a
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if (unit.getOwner() != player){
throw new lllegalStateException (”"Not your unit!”);
}

Tile oldTile = unit.getTile ();
Tile newTile = game.getMap () .getNeighbourOrNullfdtction , unit.getTile());
if (newTile == null) {

throw new lIllegalArgumentException ("Could not find tile in direcoin " +
direction + ” from unit with ID ”
+ attackElement.getAttribute ("unit”));
}

Figure 4.5: An example of a LP in FreeCol: removal of dead cofl@Gameln-
putHandler.java)
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Figure 4.6: Propagation Time and Package Distance.

busy commit activity around 7 LPs in FreeCol, which amountaround 38% of all LP.
This means that for FreeCol, there is no clear indicationafink between commits and
LPs.
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Figure 4.7: FreeCol ChangeHistory View.
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Systems Analysis

4.2.3 JEdit

JEdit has the largest amount of LPs of all 4 projects with 3%inces of this clone evolution
pattern. However, JEdit also has a remarkable number ofrsabpie revisions, for example
between revisions 3907 and 5020 there are more than 30amesigith the comment such as
‘didn’t compile’ in the log. These revisions can not be prsse by our tool and this means
that some LPs will not be detected. However, we have foundcertttan enough LPs to
conduct an analysis and our tool has detected 31 long ternahdP4 delayed propogations.

public void goToNextFold(poolean select)
{
int line = caretlLine;
while (! buffer.isFoldStart(line))
{
if(line == 0)
{
getToolkit () .beep();
return;
¥
else
line ——;
}

public void goToPrevFold poolean select)

{

int line = caretLine;

while(! buffer .isFoldStart(line))
{
if(line == 0)
{
getToolkit () .beep();
return;
}
else
line——;

Figure 4.8: An example of a late propagation in JEdit: A cadgrnent (in red) deleted in
one clone instance, the other clone was updated after 78orsi(JEditTextArea.java).

Figure 4.8 shows an example of a long term LP. In revision 388%eep function call
was removed in thegoToNextFoldmethod due to a bugfix, but the developer somehow
forgot to modify an exact duplicate in the methagpbToPrevFoldin the same class. This
instance of a late propagation was fixed after 79 revisionsr@month) and it is interesting
to note that both functions are in the same class and theyeperated by 4 lines. The
commit log of revision 3939 states ‘Various JDK 1.4 bug fixast since it was the only
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modification made to the class, it seems very likely thatihabug. In similar fashion, we
have found 4 other bugs by inspecting the commit logs. For 8W® could not confirm if
they resulted in software defects as their commit logs daleatry link a bugfix with those
late propagations, but due to the nature of the modicatiosuspect that they have caused
a bug. In total we have found that around 8 LPs (5 confirmed aubpected) have resulted
in bugs and 27 are due refactoring activities like deletibnseless code, code movements
or code restyling. However, some LPs involved with refdaogpiseem to have a very long
propagation time, which is shown in the next figure.
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Figure 4.9: Propagation Time (in Revisions) and Packagabig.

In figure 4.9, we can see a refactoring LP with propagatioe tffB000 revisions. In the
class BufferlnsertedRequestode to close an inputStream has been replaced by a method
in the IOUtilities class in revision 5486 and after more than 6 months in ravi8&60 the
class PluginJar received a similar modification to its clone instance. Tharigseems to
show that there is no link between propogation time and mgekitstance as most LPs have
a distance of just 1.

The change history view of JEdit is shown in figure 4.10. Itritefesting to see a
dense population of blue dots (changed Java files) betwegsiors 3600 and 5500 and
the bulk of the late propagations detected by our tool comwa that interval. For 23 late
propagations, there seems to be a lot of commit activity tha@mund the revisions from
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which they have appeared. This amounts to 65% of the LPs foudEdit and this number

is not unsimilar to FreeCol.
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4.3 Discussion

Finally the results of each software system are summariagtié next table. The last
column ‘Busy LPs’ shows the percentages of LPs where we hbasereed busy commit
activities in connection.

Project Late propagations LLP | SLP | Bugs | Bugs(%) | Busy LP(%)
Subclipse| 7 1 6 2 28% 57%
FreeCol | 18 10 8 0 0% 38%

Jedit 35 31 |4 8 22% 65%

Seam 0 0 0 0 0% 0%

Table 4.2: Projects Summary.

As the table shows, we have detected a total 60 LPs of whictodd term and 19
delayed propagations and they have caused a total of 10 Bugs(and 3 SLP).
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Figure 4.11: Propagation Time (in Revisions) and Packagtabce (extreme values re-
moved for better overview).

In figure 4.11 we can see the dotplot of all 4 projects and itéarcthat LPs with a
package distance of 1 appear more frequently with the |ldrregpagation time in total.

32



Threats to Validity

Therefore, it seems that the package distance has no resdno# on the propagation time
and this is quite unexpected as the package distance is i@atiod of how widely clones
are scattered in the Java packages. It is interesting to\@&®s with long propagation
times and a package distance of zero (same source file) andweesben late propagations
and bugs occuring between methods in close proximity of edlchr. We have also seen
refactoring activities negatively affected by LPs as thayehcaused a long delay of updates
to related clones and this seems to point out that even ‘le@shLPs have a bad influence
on software maintenance.

Table 4.2 also seems to indicate a link between late projpmgaand commit activities of
developers for two software systems. The percentages ohff€sted by commits ranges
from 50% to 71% and if we combine this with our observation afkage distance, we can
state that clone management tools might be helpful for soéwievelopers.

4.4 Threatsto Validity
There are some factors that may limit the validity of the wookducted:

e Clone Detection Technique: We have used CCFinderX to detect clones in a code
base. As stated in chapter 2, it may find false negatives @tisgs) or false positives
(detect clones that are not code duplications).

e Clone Tracking Method: The SDiff tool is used to determine the changes made
to code clones found by CCFinderX. While it is an improvemenstandard unix
diff, it also has similar limitations as CCFinderX. It is gilsle that it may find false
positives(e.g. false statement changes) and as a ressittatihbe a threat to our clone
tracking approach.

e Language Support: The clone tracker tool can only track clones in Java, which
limits our findings to this programming language.

e AST-based Approach: Ourtool uses an AST-based approach, which needs a parsable
Java source file. We have encountered revisions where tledogevs have commited
uncompilable code (especially JEdit) that is rejected leyAST parser in the clone
tracker tool. As a result, some revisions are ignored argdnti@ans that there will be
late propagations in the sofware system that can not betddtbyg our tool.
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Chapter 5

Conclusions

5.1 Conclusions

The central research question of this thesis was ‘Can we $trel propagations using soft-
ware repository mining?’. To help us answer this questionhaee formulated five sub-
guestions:

e SQ1: How do we track code clones in a software repository?
We have used CCFinderX to find code clones in every revisiansafftware project
and they are tracked with SDiff. SDiff is an improvement tanstard unix diff as
it operates on Java statements instead source code lingedy iwtvery useful as we
have only analyzed sofware systems written in Java.

e SQ2: How do we determine if a late propagation has occured?
A late propagation occurs, if clones in a clone group reckidelayed modifica-
tions. This means that several clones in the clone familyrex@nsistent for a certain
amount of time until they are updated. We have used\tbemalized Levenshtein
Distanceas a metric to determine if two clones are consistent or isistent with
each other.

e SQ3: Is there a connection between the package distance and tpagation time
of LPs?
We have extracted late propagations from three softwatersygsand we have found
no connection between package distance and propagatien Buot we have discov-
ered that some cases of LPs have a very long propagationdimsede clones that are
either in the same file or the same package, which seems tmtadhat the developer
has forgotten about the clones.

e SQ4: To what extent does the commit activity influence the appeasaof LPs?
Using the change view history, we have analyzed the comntititées for the 3
software projects and we have observed that the number ofaffBsted by busy
commit activities ranges from 50% to 70%. It seems for thgstems there may be
a weak link between commit acitivity and LPs appearances.
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e SQ5: What are the effects of LPs?

We have observed LPs causing bugs or a long delay to refagtacitivities and these
late propagations have a negative influence of softwaretar@nce. Other LPs in-
volve changes that can be delayed as they introduce no pmskie the software
systems.

With subquestion 1 and 2, we discussed our approach in firdiegoropagations in
a software project. As stated earlier, ideally each comhoufl be self-contained and if
we combine this statement with our observations of LPs in ®@Q5, it would seem that
clone management tools may help software developers t@elrafated clones consistently.

5.2

Contributions

With our research, we have made the following contributions

e We have developed a tool that can extract late propagatmrsofware repositories.

5.3

We have used SDiff, which employs a different diff mechanisntomparison to
other related studie5 B, 2], to track changes made to dodex

We have used our tool on 4 software systems and we have exdradarge number
of late propagations from 3 projects, which we have studied.

Future wor k

Incremental Clone Detection based on CCFinder X: We have used CCFinderX to
detect clones on every revision that we want to study. Sif€Ei@erX does not re-
member its previous output in revision i, it will analyze gwysource code in a project
in revision i + 1. This is very wasteful as source files thatéhawet been modified
are analyze as well. Recently, the source code of CCFindasben releaséand
modifying CCFinderX to remember its previous results catuce redundant pro-
cessing of source files. Furthermore, the clone trackinfiyalshould be added to
CCFinderX, which removes the need for a seperate code clutgetor like SDiff.
By doing these kind of modifications, it is possible to tramsf a clone detection tool
to a clone evolution detector.

Analyze More Systems. We have analyzed 4 software systems and only found LPs

in 3 of them. It would be better to evaluate more systems todirido get more data
for SQ3 to SQ5.

Unparsable Snapshots. We have encountered unparsable revisions with our tool,

which means that some LPs might be missed. One solution sgotibblem, is to
build a late propagation detector that does not employ s&epéos tracking changes
to code clones.

Lhttp://mww.ccfinder.net/
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