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Abstract: Many studies have been conducted on the evolution of code clones. However, after a decade of active research,
there has been a lack of progress in understanding the evolution of near-miss software clones, where code statements have
been added, deleted, or modified in the copied fragments in a program. Given that there are a significant amount of nearmiss clones in the software systems, we believe that without studying the evolution of near-miss clones, one cannot have a
complete picture of the clone evolution. In this paper, we have advance the art in the evolution of clone research in the
context of both exact and near-miss software clones. Software clones are considered harmful in software maintenance and
evolution. In this paper, we advance the art in clone detection and analysis in several ways. First, we use clone detection
methods, called Solid SDD and CloneDR that can detect clones. Solid SDD is a text-based approach and CloneDR is a tree
based approach. We compare these two clone detection tools on the basis of duplicates found, execution time and clone sets
etc.
and constants. Copying a code fragment and reusing it
by pasting with or without minor modifications is a
common practice in software development, and as a
result software systems often have sections of code that
are similar, called software clones or code clones.
Drawbacks of code duplication:i) Increased probability of bug propagation
ii) Increased probability of introducing a new bug
iii) Increased probability of bad design
iv) Increased difficulty in system improvement
v) Increased maintenance cost
vi) Increase resource requirement
Importance of clone Detection:i) Helps in program understanding
ii) Helps aspect mining research
iii) Find usage patterns
iv) Detects malicious software
v) Detects plagiarism and copyright infringement
vi) Helps software evolution research
vii) Helps in code compaction

1. INTRODUCTION
A clone is a program fragment that identical to another
fragment. A near miss clone is a fragment, which is
nearly identical to another. Clones usually occurs when
an idiom is copied and optionally edited, producing
exact or near-miss clones. Copying and pasting source
code results in multiple, identical code fragments (code
clones) throughout a system, which may then be
individually modified to fit their specific tasks. Though
the contents of these clones may vary, some amount of
similarity must be maintained between them; otherwise
the programmer would not have made an exact duplicate
as a base to work from. The correspondence between a
pair of clones can be a useful piece of information when
programmers modify or debug source code [1]. This can
be helpful especially when programmers are working
with someone else source code or if it has been a while
since they have worked on their own. Maintaining the
cloning relationship is thus a very important
consequence of copying and pasting, and a responsibility
left to the software maintainer. Without tracking clones
over time, identifying and consistently changing clones
can be problematic [2, 3]. Due to the increase in source
code maintenance as a result of cloning, there has been a
variety of research with the aim to manage clones. One
large area of clone management research focuses on
clone detection and removal [4, 5]. In cases where it may
not be easy or possible to remove clones, other research
proposes ways make consistent changes between clones
[6,7]. A variety of research looks into the topic of clonerelated bugs and inconsistent changes to clones [2, 8, 9,
10, 11, and 12]. Still other research recognizes that a
common type of clone is a parameterized one [13, 14],
where the programmer intends to make only small
changes to the pasted code, like to the identifier names

2. Why Do Clones Occur?
Software clones appear for a variety of reasons:
i) Code reuse by copying pre-existing idioms
ii) Coding styles
iii) Instantiations of definitional computations
iv) Failure to identify/use abstract data types
v) Performance enhancement
vi) Accidents
Reusing code fragments by copying and pasting with or
without minor adaptation is a common activity in
software development. As a result software systems
often contain sections of code that are very similar,
called code clones. Previous research shows that a
significant fraction (between 7% and 23%) of the code in
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a typical software system has been cloned [1, 2]. While
(independent of their text). The ﬁrst kind of clone is
such cloning is often intentional [8] and can be useful in
often the result of copying a code fragment and pasting
many ways [3, 4], it can be also be harmful in software
into another location. In the following we provide the
maintenance and evolution [5,10]. For example, if a bug
types of clones based on both the textual (Types 1 to 3)
is detected in a code fragment, all fragments similar to it
[17] and functional (Type 4) [15] similarities:
should be checked for the same bug [6]. Duplicated
Type 1: Identical code fragments except for variations in
fragments can also significantly increase the work to be
whitespace, layout and comments.
done when enhancing or adapting code [7,9]. Many other
Type 2: Syntactically identical fragments except for
software engineering tasks, such as program
variations in identiﬁers, literals, types, whitespace,
understanding (clones may carry domain knowledge),
layout and comments.
code quality analysis (fewer clones may mean better
Type 3: Copied fragments with further modiﬁcations
quality code), aspect mining(clones may indicate the
such as changed, added or removed statements, in
presence of an aspect), plagiarism detection, copyright
addition to variations in identiﬁers, literals, types,
infringement investigation, software evolution analysis,
whitespace, layout and comments.
code compaction (for example, in mobile devices), virus
Type 4: Two or more code fragments that perform the
detection, and bug detection may require the extraction
same computation but are implemented by different
of syntactically or semantically similar code fragments,
syntactic variants.
making clone detection an important and valuable part of
software analysis [11].

3. CLONE TERMINOLOGY
Clone detection tools normally report clones in the form
of Clone Pairs (CP) or Clone Classes (CC) or both. Both
these terms are based on a similarity relation between
two or more cloned fragments. The similarity relation
between the cloned fragments is an equivalence relation
(i.e., a reﬂexive, transitive, and symmetric relation) [11].
A clone relation holds between two code fragments if
(and only if) they are the same sequences, where
sequences may refer to the original character text strings,
strings without whitespace, sequences of tokens,
transformed or normalized sequences of tokens, and so
on. In the following, clone pair and clone class are
defined in terms of the clone relation.
Figure 3.1: Clone pair and clone class
Deﬁnition 1: Code Fragment. A code fragment (CF) is
any sequence of code lines (with or without comments).
It can be of any granularity, e.g., function deﬁnition,
beginend block, or sequence of statements. A CF is
identiﬁed by its ﬁle name and begin-end line numbers in
the original code base and is denoted as a triple
(CF.FileName, CF.BeginLine,CF.EndLine).

Deﬁnition 4: Clone Pair: A pair of code fragments is
called a clone pair if there exists a clone relation between
them, i.e., a clone pair is a pair of code fragments which
are identical or similar to each other. For instance, the
ﬁrst code segment (a) in fragment 1 of Figure 3.1
together with segment (a) in fragment 2 form a clone
pair. Clones may subsume each other and we are
typically interested only in the maximally long clones.
For instance, segment (a) could be joined with the
subsequent segment (b) in fragment 1 of Figure 1 to
form a larger clone together with the joined segments (a)
and (b) in fragment 2. A maximally long clone pair is
one whose two fragments can be extended neither to the
left nor to the right to form a larger clone. For the three
code fragments, Fragment 1 (F1), Fragment 2 (F2) and
Fragment 3 (F3) of Figure 3.1, we have the following
maximally long clone pairs: <F1(a + b), F2(a + b)>,
<F2(b + c), F3(a + b)> and <F1(b), F3(a)>. We note that
the clone relation deﬁned by maximally long clone pairs

Deﬁnition 2: Code Clone. A code fragment CF2 is a
clone of another code fragment CF1 if they are similar
by some given deﬁnition of similarity, that is, f(CF1) =
f(CF2) where f is the similarity function (see clone types
below). Two fragments that are similar to each other
form a clone pair (CF1,CF2), and when many fragments
are similar, they form a clone class or clone group.
Deﬁnition 3: Clone Types. There are two main kinds of
similarity between code fragments. Fragments can be
similar based on the similarity of their program text, or
they can be similar based on their functionality
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is not transitive. For instance, if we have the following
semantic. In this section we summarize the state of the
string modelling code fragments adbdadb, we observe
art in automated clone detection by introducing and
that d occurs three times in this string. The second and
clustering available clone-detection tools and techniques
third d form a maximally long clone pair, but the ﬁrst
by category. The techniques can be distinguished
and last d do not form a maximally long clone pair
primarily by the type of information their analysis is
because they can be extended neither to the left nor to
based on and the kinds of analysis techniques that they
the right to form the subsuming clone pair of the two
use.
abc. Only if we do not insist on maximal length, clone
pairs may be summarized to equivalence classes, also
i. Textual Approaches
known as clone classes.
Textual approaches (or text-based techniques) use little
or no transformation / normalization on the source code
Deﬁnition 5: Clone Class: A clone class [16] is the
before the actual comparison, and in most cases raw
equivalence class formed by the (non-maximal) clone
source code is used directly in the clone detection
relation, that is, it is the maximal set of code fragments
process. Johnson pioneered text-based clone detection.
in which any two of the code fragments is a clone pair.
His approach [17] uses “fingerprints” on substrings of
For the three code fragments of Figure 3.1, we get the
the source code. First, code fragments of a fixed number
clone class <F1(b), F2(b), F3(a)> where the three code
of lines (the window) are hashed. A sliding window
fragments F1(b), F2(b) and F3(a) each form clone pairs
technique in combination with an incremental hash
with the others, that is, there are three clone pairs,
function is used to identify sequences of lines having the
<F1(b), F2(b)>, <F2(b), F3(a)> and <F1(b), F3(a)>. A
same hash value as clones. To find clones of different
clone class is therefore simply the union of all clone
lengths, the sliding window technique is applied
pairs that have code fragments in common [7]. Clone
repeatedly with various lengths. This information
classes may be further summarized into clone class
retrieval approach limits its comparison to comments
families if they occur in the same context.
and identifiers, returning two code fragments as potential
clones or a cluster of potential clones when there is a
Deﬁnition 6: Clone Class Family: The group of all
high level of similarity between their sets of identifiers
clone classes that have the same domain is called a clone
and comments [17].
class family [11] or super clone. The domain of a clone
class is the set of source entities from which its source
ii. Lexical Approaches
fragments stem. The particular source entities to be
Lexical approaches (or token-based techniques) begin by
considered as domains depend on the particular
transforming the source code into a sequence of lexical
programming language or scope of interest, but common
“tokens” using compiler-style lexical analysis. The
examples are ﬁles, functions, classes, or packages.
sequence is then scanned for duplicated subsequences of
Previous research has shown that a signiﬁcant fractions
tokens and the corresponding original code is returned as
of the code in software systems is cloned, depending on
clones. Lexical approaches are generally more robust
the domain and origin of the software system. Baker [7]
over minor code changes such as formatting, spacing,
found that in large systems between 13% - 20% of
and renaming than textual techniques. Efficient tokensource code can be cloned code, Lague et al. [16] have
based clone detection was pioneered by Brenda Baker
reported that between 6.4% and 7.5% of functions were
[17]. The technique allows one to detect Type-1 and
cloned in ¨ the systems they studied, and Baxter et al.
Type-2 clones, and Type-3 clones can be found by
[11] found that 12.7% of code in a large software system
concatenating Type-1 or Type-2 clones if they are
was cloned. Mayrand et al. [15] estimated that industrial
lexically not farther than a user-defined threshold away
source code contains 5% – 20% duplicated code, and
from each other. An island grammar is used to identify
Kapser and Godfrey [16] have reported that as much as
and extract all structural fragments of cloning interest,
10%–15% of source code of a large system was cloned.
using pretty-printing to eliminate formatting and isolate
In one object-oriented COBOL system, the rate of
differences between clones to as few lines as possible.
duplicated code was found to be even higher, at 50%.
Extracted fragments are then compared to each other
line-by-line using the Unix diff algorithm to assess
similarity. Because syntax is not taken into account,
4. OVERVIEW OF CLONE
clones found by token-based techniques may overlap
DETECTION TECHNIQUES AND
different syntactic units [17].

TOOLS

Many clone detection approaches have been proposed in
the literature. Based on the level of analysis applied to
the source code, the techniques can roughly be classified
into four main categories: textual, lexical, syntactic, and

iii. Syntactic Approaches
Syntactic approaches use a parser to convert source
programs into parse trees or abstract syntax trees (ASTs)
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which can then be processed using either tree-matching
5. ALGORITHM
or structural metrics to find clones. Tree-matching
Step 1: Build projects in High Level languages like C#,
Approaches: Tree-matching approaches (or tree-based
Java or C++ etc.
techniques) find clones by finding similar subtrees.
Step 2: Load this projects in clone detector tools (Text
Variable names, literal values and other leaves (tokens)
based or Tree based).
in the source may be abstracted in the tree
Step 3: Set the parameters like Project Name, Source
representation, allowing for more sophisticated detection
Folder, Output Folder, language, clone size, gap decay
of clones. One of the pioneering tree-matching clone
etc.
detection techniques is Baxter et al.’s CloneDr [17]. A
Step 4: Convert the project into Datasets.
compiler generator is used to generate a constructor for
Step 5: Find clones.
annotated parse trees. Subtrees are then hashed into
Step 6: Generate report on cloning files and generate
buckets. Only within the same bucket, subtrees are
clone overview diagrammatically.
compared to each other by a tolerant tree matching. The
Step 7: Compare and analyze these results.
hashing is optional but reduces the number of necessary
tree comparisons drastically. To avoid the complexity of
6. IMPLEMENTATION AND
full subtree comparison, recent approaches use
RESULTS
alternative tree representations A novel approach for
Table
6.1
to 6.5 shows the comparative analysis of Solid
detecting similar trees has been presented by Jiang et al.
SDD
and
CloneDR tools. It shows File Count, Total
[17] in theirtool Deckard. In their approach, certain
Source
Lines
of Code (SLOC), Estimated SLOC before
characteristic vectors are computed to approximate the
preprocessing,
Estimated SLOC before preprocessing,
structure of ASTs in a Euclidean space. Locality
Total
CloneSets,
Total CloneSets, Near-miss CloneSets,
sensitive hashing (LSH) is then used to cluster similar
Near-miss
CloneSets,
SLOC in clones % etc.
vectors using the Euclidean distance metric (and thus can
Table
6.1
CloneDR Statistics
also be classified as a metrics based techniques) and thus
finds corresponding clones.
Clone Detection Statistics (CloneDR)
Metrics-based Approaches: Metrics-based techniques
gather a number of metrics for code fragments and then
compare metrics vectors rather than code or ASTs
Statistic
Value
directly. One popular technique involves fingerprinting
functions, metrics calculated for syntactic units such as a
File Count
42
class, function, method and statement that yield values
Total Source Lines of Code (SLOC)
2509
that can be compared to find clones of these units [17].
iv. Semantic Approaches
Semantics-aware approaches have also been proposed,
using static program analysis to provide more precise
information than simply syntactic similarity. In some
approaches, the program is represented as a program
dependency graph (PDG). The nodes of this graph
represent expressions and statements, while the edges
represent control and data dependencies. This
representation abstracts from the lexical order in which
expressions and statements occur to the extent that they
are semantically independent.

Estimated SLOC before preprocessing

2548

Expanded SLOC after preprocessing

2548

Total CloneSets

18

Exact-match CloneSets

6

Near-miss CloneSets

12

Number of cloned SLOC

973

SLOC in clones %

38.2%

v. Hybrids
In addition to the above, there are also clone detection
techniques that use a combination of syntactic and
semantic characteristics. Leitao [17] provides a hybrid
approach that combines syntactic techniques based on
AST metrics and semantic techniques (using call graphs)
in combination with specialized comparison functions.

Estimated removable SLOC

707

Possible SLOC reduction %

27.7%

Possible SLOC reduction in expanded file % 27.7%
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(Solid SDD) and other is Token Based (Clone DR). Both
Table 6.2 Result of banking portal
techniques work very efficiently. Here, we first develop
a project and then apply both techniques on it. The
Potential gain of code duplication removal:
simulated results are shown. Then we focus on three
423 statements
projects, one is open-source project (jdk-7) and the other
two are real-life based project (banking and social
9.89 % of total code
networking website). In all these projects, Solid SDD
Potential gain of removing the first
shows good results as shown in tables.
5% duplication instances:
We hope that the results of this study may assist new
156 statements
potential users of clone detection techniques in
36.88 % of potential gain
understanding the range of available methods and
3.65 % of total code
selecting those most appropriate for their needs. We
hope it may also assist in identifying remaining open
Table 6.3 Result of friend’s world project
research questions, avenues for future research, and
Potential gain of
interesting combinations of techniques. The evaluation
code duplication removal:
results of this thesis are based on estimating the
performance of techniques using the most lenient values
418 statements
of all tunable parameters, and thus our findings differ
21.18 % of total code
from the results of empirical studies. In future, we can
Potential gain of removing
compare more clone detection techniques to get good
the first 5% duplication instances:
results.
72 statements
17.22 % of potential gain
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