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Abstract

When two or more code snippets are identical or sufficiently similar,
they form code clones. Such duplication can harm system main-
tainability as the software evolves. Code clone genealogy (CCG)
extraction involves analyzing successive versions of a software
system to identify code clones, their modifications, additions, and
removals. Visualizing clone genealogies helps developers manage
their clones, improving code comprehensibility and maintainability.
Despite their importance, to the best of our knowledge, no fully
functional, easily executable clone genealogy extractor exists. Fur-
thermore, all extractors proposed in the literature are specifically
designed to work with a particular set of clone detectors, result-
ing in strong coupling. To address these shortcomings, this paper
presents OmniCCG, a code clone genealogy extractor that is agnos-
tic to clone detectors. Given a Git repository and user settings, Om-
niCCG extracts code clone genealogies from the repository, along
with common genealogy metrics, such as clone density, k-volatile,
and others. Moreover, one may use OmniCCG in two different ways.
The first is via a modern and responsive user interface, in which
one can easily track the genealogies in their repository alongside a
dashboard of relevant metrics. The second is via a console appli-
cation that supports local execution. OmniCCG is available as an
web application [27] and console application [28].
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1 Introduction

When two or more code snippets are identical or sufficiently similar,
they form code clones [15, 23, 25, 33]. These snippets may represent
methods, classes, or generic source code fragments. Such duplica-
tion can harm system maintainability as the software evolves. Code
clones can force developers to repeat similar changes across several
parts of the codebase. If they are not updated consistently, a bugmay
be only partially fixed, or new bugs may be introduced [14, 19, 22].
Developers need to be aware of code clones in their system andman-
age their evolution over time. To investigate the potential harms
arising in the evolution of code clones in software systems, code
clone detectors were developed [1, 8, 12, 18, 21, 26].With these tools,
developers can identify code clones in their codebases, enabling
better management.

By leveraging clone detectors, one may conduct in-depth investi-
gations into the evolution of clones over time. Code Clone Geneal-
ogy (CCG) extraction consists in analyzing subsequent versions
of a software system to identify code clones, their modifications,
additions and removals [16, 17, 20, 24, 30, 34]. When analyzing two
consecutive versions of a code clone, one needs to observe and
identify the occurrence of Change patterns and Evolution patterns.
Change patterns are characterized by the number of modified code
snippets in a code clone. Evolution patterns are characterized by
the number of code snippets that were added or removed in a code
clone. By capturing all code clones from a system and analyzing
their respective Change patterns and Evolution patterns, a clone
genealogy is built.

In recent studies on code clone genealogy, authors tend to de-
velop their own genealogy extractor, rather than reusing existing
ones [4, 11, 13, 31]. Currently, most studies related to genealogy
extractors no longer have their replication package available [17,
20, 24, 29, 34]. For the existing replication packages, the code does
not work, requiring modifications to the available code, and pro-
viding little to no documentation [4, 11, 13, 30]. Furthermore, all
existing genealogy extractors are specifically designed to work with
a particular set of clone detectors, resulting in strong coupling and
creating a barrier to users with a preferred clone detector.

To address these shortcomings, this paper presents OmniCCG, a
code clone genealogy extractor that is agnostic to clone detectors.
Given a Git repository and user settings, OmniCCG extracts the
entire clone genealogy from the repository. The extraction involves
running a clone detector for each software version in the repos-
itory, then building a genealogy that references the change and
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evolution patterns between versions. OmniCCG is agnostic because
it is designed to be able to integrate with any clone detector. To
achieve this, the user needs to implement an API that encapsu-
lates the clone detector of their preference. OmniCCG also captures
common genealogy metrics, such as clone density, k-volatile, and
others [17, 24, 30].

The tool offers two ways to use it. The first is a modern and
responsive interface that enables tracking clone genealogies in
repositories and visualizing relevant metrics through a dashboard.
The second way of using OmniCCG is through a console application
that supports local execution and manipulation of the extracted
genealogy and metrics. In its current implementation, OmniCCG
provides built-in clone detection through Simian [1] and Nicad [8].
OmniCCG is available as an web application [27] and console ap-
plication [28].

2 Terminology

This section presents the terminology related to code clone geneal-
ogy as discussed in the literature [4, 16, 17, 20, 24, 30, 34].

Change pattern: describes how the content of code snippets
within clone group changes from one version of the system to the
next. Change patterns can be classified into three types. The Same
pattern occurs when the developer makes no modifications in code
snippets within clone group. The Consistent pattern occurs when all
code snippets within clone group receive equivalent modifications,
resulting in the code snippets remaining clones between each other.
The Inconsistent pattern occurs when only some code snippets
within a clone group receive equivalent modifications, resulting in
a new set of code snippets that are clones of each other, while the
remaining code snippets are no longer clones of the new set.

Evolution pattern: describes how the number of code snippets
within a clone group changes from one version of the system to the
next. Evolution patterns can be classified into three types. The Same
pattern occurs when the developer makes no additions or deletions
in code snippets within clone group. The Addition pattern occurs
when the number of code snippets within a clone group increases.
The Subtraction pattern occurs when the number of code snippets
within a clone group decreases.

Clone lineage: is the ordered set of all versions of one code
clone throughout a system’s history. In a clone lineage, a clone in
version 𝑛 of the system is connected with a clone in version 𝑛 − 1
by a Change pattern and a Evolution pattern.

Clone genealogy: is a set of clone lineages originating from the
same code clone. The change pattern and evolution pattern may
differ between lineages after they diverge from the common origin.

Figure 1 illustrates the terminology presented above, with an
example of the genealogy of code clones formed from two lineages.
Code snippets A and B represent a code clone in its first version
in the system. These code snippets constitute the origin of the ge-
nealogy. In the second version of the system, snippets A and B
remained the same and snippets C and D are added, representing a
Same change pattern and an Addition evolution pattern. In the third
version of the system, only snippets C and D are modified equiva-
lently, representing an Inconsistent change pattern. Moreover, no
snippets were added or removed, indicating a Same evolution pat-
tern. The Inconsistent pattern marks the moment when the lineages
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Figure 1: Example of a Code Clone Genealogy (CCG).

split, with a first lineage composed of snippets A and B, and a sec-
ond lineage composed of snippets C and D. In the fourth version of
the system, in the first lineage, snippets A and B are modified equiv-
alently, and snippet E is added, representing a Consistent change
pattern and an Addition evolution pattern. In the second lineage,
snippet D is removed without modification to the code in snippet
C, representing a Same change pattern and a Subtraction evolution
pattern. With this removal, snippet C ceases to be a clone with
other snippets, marking the death of a clone and its lineage.

3 OmniCCG

This section provides an overview of OmniCCG, describing the
user settings, its architecture, how to install and execute it.

3.1 User Settings

To execute OmniCCG, the user must initially provide a Git reposi-
tory and settings to extract the genealogy. Table 1 summarizes the
settings that can be specified in OmniCCG. These settings allow
the user to customize how the commit history should be navigated,
determining how the genealogy will be assembled. The user can
choose the commit from which the genealogy should be built. They
can select the first commit made in the repository to build the
genealogy, provide the hash of a specific commit, or use the first
commit made N days ago. In addition, the user can make other
customizations, such as selecting only commits that were merged
into the repository, or setting a fixed leap of N commits, selecting
one commit at every N leap to build the genealogy.

3.2 OmniCCG Architecture

Figure 2 presents the architecture of OmniCCG. Initially, OmniCCG
extracts a commit history using the GitPython1 library. For each
commit obtained, OmniCCG performs code clone detection on the
system, storing in memory the code clones obtained in each version.

To detect code clones, OmniCCG currently provides native in-
tegration with the Nicad [8] and Simian [1] clone detectors. Both
detectors are executed with fixed settings. For NiCad, we adopt
the settings used by Van et al. [30], whereas for Simian we use the
default settings. Both detectors are configured to work only with
Java code. If the user does not want to use one of these detectors,

1https://gitpython.readthedocs.io
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Table 1: OmniCCG Settings

Settings Description

Commit starting point

From the First
Commit

The genealogy is built from the repository’s first
commit.

From a Specific
Commit

The genealogy is built from the hash commit
provided by the user.

Days Prior The genealogy is built from the first commit made
within the last N days chosen by the user.

Customizations for commit extraction

Merge Commits The genealogy is built using only merge commits.
Fixed Leaps The genealogy is built with a fixed leap of N

commits, selecting one commit at every N leap.

Code Clone
GenealogyGit Repository

Extract commit history

Extract Code Clone
Genealogy and metrics

Computed
Metrics

User Settings

For each commit

OmniCCG

Requests
clone

detection

Native integration

Nicad Simian

Custom integration

User API

Figure 2: OmniCCG Architecture.

they can use the Custom integration. To do this, the user needs to
implement an API that has the target Git repository locally cloned,
providing and endpoint that accepts a commit hash in the query
string. OmniCCG makes an HTTP request using the requests2

library to the following route:

GET /<user-api>/clone-detection/?sha=<hash>

When the API receives an HTTP call to this endpoint, a git checkout
must be performed for the submitted commit. Next, clone detection
must be performed using the user’s preferred detector.

After the clone detector finishes, the developer’s API must return
the code clones following the predefined XML schema presented
in Figure 3. This XML structure is a simplified version of the XML
produced by NiCad.We use NiCad’s structure as a basis because it is
the most widely used clone detector in recent code clone genealogy
studies [4, 11, 30]. Different code clone detector output clones in
a different structure, which may be CSV, XML, JSON, YAML, or
others. Therefore, the user must implement a parser within the API
so that the obtained clones are returned in the correct structure. If
NiCad is used by the developer, parsing the results is unnecessary.

The clone genealogy and metrics were implemented based on the
code provided by van Bladel et al. [30], which, in turn, was based
on the works presented by Kim et al. [17] and Bakota et al. [5].

To build the code clone genealogy, it is necessary to track, chrono-
logically, how the same code clones appear across different versions

2https://pypi.org/project/requests

Figure 3: XML schema for clone detection API.

<clones>

<class>

<source file="/folder/ExampleOne.java"

startline="4" endline="25"></source>

<source file="/folder/ExampleTwo.java"

startline="70" endline="86"></source>

</class>

...

</clones>

of the repository. To identify that a specific code clone is present
in two distinct versions, we analyze the method name and its path.
When analyzing two subsequent versions of the system, we capture
the method name and path of each code snippet of a specific clone
in both versions. Next, we take all the clones from the second ver-
sion and compare the method name and path of each code snippet
of the clones from the first version. If the path and method name
match between versions, it indicates that code snippets remained
clones. If there was no match, it represents the clone appeared in
the second version.

For each version, we identified Change patterns and Evolution
patterns. To determine the Change Pattern, we capture the code
content of each code snippet and perform text normalization by
removing comments and whitespace. Using Python’s hashlib3
library, we create a hash for each code snippet. Thus, we compare
the hashes of the normalized code snippets in the two consecutive
versions. If all the hashes have changed, it indicates a Consistent
pattern. If some of the hashes have changed but not all, it indicates
an Inconsistent pattern. To determine the Evolution pattern, we
count the number of code snippets in two consecutive versions. If
the number of code snippets remains the same, it indicates a Same
pattern. If it increases, it indicates an Addition pattern. Finally, if
the number of code snippets decreases, it indicates a Subtraction
pattern.

After extracting the genealogy, OmniCCG captures common
genealogy metrics [17, 24, 30]. One example of a captured metric is
clone density, also referred to as clone percentage [6]. This metric is
defined as:

CloneDensity =
LOC𝑐
LOC𝑡𝑜𝑡

× 100 (1)

LOC𝑐 denotes the number of cloned lines of code and LOC𝑡𝑜𝑡 is the
total number of lines of code in the system. This metric is useful
for tracking the evolution of clones, enabling the visualization of
how duplication evolves throughout development, and facilitating
the investigation of anomalies on code clones.

OmniCCG captures others metrics, such as k-volatile and relative
ratio of the Evolution patterns and Change patterns. For a full refer-
ence of these metrics, we refer to their original publications [17, 30].

4 Installation and usage

OmniCCG can be used through its online web application [27]. The
first screen is a home page where the user must provide a the Git
repository. Next, the user is directed to a settings page where they
3https://docs.python.org/3/library/hashlib.html
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can specify from which commit the genealogy will be extracted and
choose the clone detector, selecting either NiCad or Simian. If the
user wants to use their preferred clone detector, they must provide
the endpoint of its API on the platform. They can also choose to
extract only merge commits and whether the history will be built
with leaps. Once configured on the platform, the genealogy will
be extracted and displayed. On this page, the user can analyze the
lineages, Change patterns, and Evolution patterns of code clones. It
is also possible to navigate to a metrics dashboard page, allowing
the user to have a holistic view of how the clones have evolved
across the repository’s history.

OmniCCG can also be used through a console application. For
this, one should download the tool source code from our replication
package [28], and install it using pip (pip install -e .). To
extract a genealogy, the user can run the command:

omniccg --git-repo <git-project-url> --from-first-commit
--merge-commit --clone-detector nicad

This command extracts the genealogy of <git-project-url>
from the first commit, using only merge commits and detecting
clones with Nicad. The replication package [28] provides more
details on configuring and executing OmniCCG.

5 Preliminary Evaluation

For this study, we performed a preliminary evaluation of OmniCCG
to showcase its main functionalities. We selected Java repositories
with more than 5,000 stars, more than 10,000 lines of code (LOC),
more than 30 contributors, and more than 500 pull requests. These
constraints help ensure that the selected repositories are popular
and substantially large. Using SEART GitHub search [9], we apply
these constraints and identify four Java projects: ai-alibaba [2],
pkl [3], BookLore [10], and PeerBanHelper [7].

For each project, OmniCCG was executed with the same settings,
extracting the genealogy from the first commit at 200 commit leaps,
using the NiCad detector. The shortest execution time was for
BookLore (32 seconds), which has 6 extracted commits, whereas
ai-alibaba had the longest execution time (152 seconds), with 15
extracted commits.

In our manual analysis, we examined whether all occurrences
of the Consistent, Inconsistent, Addition, and Subtraction patterns
indeed occurred in the clone genealogy of the projects. All pattern
identificationsmade byOmniCCGwere correct. Table 2 presents the
total number of Change patterns and Evolution patterns identified
by OmniCCG for each project.

Table 2: Number of Change Patterns and Evolution Patterns

identified by OmniCCG during evaluation.

Change Patterns Evolution Patterns

Project Commits Total Patterns Consistent Inconsistent Addition Subtraction

booklore 6 90 1 1 1 0
pkl 4 93 39 2 14 13
ai-alibaba 15 3379 18 9 8 4
PeerBanHelper 27 2390 53 14 7 6

Total 111 26 30 23

6 Related Work

This section discusses the most recent studies that provide geneal-
ogy extractors in their replication packages.

Hu et al. [13] use code clone genealogy to evaluate clone “harm-
fulness” by building genealogies from Git blob histories and de-
tecting clones with SAGA [18]. The replication package currently
contains only a README file.

van Bladel et al. [30] use clone genealogy to compare clone
evolution in production code and test code and to inform refactoring
and maintenance estimates. They build the clone genealogy using
NiCad [8] and iClones [12]. The pipeline’s code is available in the
replication package but it is not functional.

Ehsan et al. [11] train classifiers and regressors across multiple
systems to rank clones by estimated failure risk over time. Using
NiCad [8] and iClones [12], they rebuild genealogy to map changes
to failures and prioritize riskier clones. The replication package is
available, but the genealogy extractor is not functional.

Assi et al. [4] use code clone genealogy to analyze clone evo-
lution and code reuse across Deep Learning frameworks. They
apply NiCad [8] for intra-framework clone detection and Sourcer-
erCC [26] for inter-framework analysis. Although a replication
package is available, it provides only the results, not the genealogy
extractor source code.

In short, current clone genealogy studies still lack an easily
runnable and reproducible genealogy extractor. Most replication
packages lack a functional, well-documented, and executable ge-
nealogy extractor. OmniCCG simplifies clone genealogy extraction
and visualization through a modern web interface and a fully con-
tainerized Docker-based replication package that enhances repro-
ducibility.

7 Conclusion

This paper presented OmniCCG, a code clone genealogy extractor
that is agnostic to clone detectors. Given a Git repository and user
settings, OmniCCG extracts the entire clone genealogy from the
repository. The tool is agnostic because it can be integrated with
any clone detector.

Limitations: Currently, when using the built-in clone detectors,
the user is limited to using the fixed settings of Nicad and Simian.
Both detectors are configured to find Java clones. Furthermore, the
tool does not offer the possibility of extracting a genealogy using
multiple clone detectors at the same time.

Future work: In the future, beyond addressing known limitations,
we plan to extend OmniCCG’s scope. New metrics will be captured
to help recommend which code clones should be refactored [32].
Information about developers’ actions (additions, removals, and
modifications) during code cloning will also be collected, as this
topic has been little explored in the literature [33]. We also aim to
integrate the tool with continuous integration pipelines. In addition,
we plan to support the simultaneous analysis of clone genealogies
across multiple software repositories
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