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Exact Clones (“Type 1”)

_client = new HttpClient(); !// from System.Net.Http

_client.BaseAddress = new Uri(ApiUrl); !// just to make sure

_client.DefaultRequestHeaders.Authorization = new

        AuthenticationHeaderValue("Bearer", Token);

_client.DefaultRequestHeaders.Accept.Add(new

        MediaTypeWithQualityHeaderValue(@"application/json"));
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Hamid, Zaytsev, Detecting Refactorable Clones…, SATToSE 2014

_client = new HttpClient();

_client.BaseAddress = new Uri(ApiUrl);

_client.DefaultRequestHeaders.Authorization

= new AuthenticationHeaderValue("Bearer", Token);


_client.DefaultRequestHeaders.Accept.Add(

new MediaTypeWithQualityHeaderValue(@"application/json"));

https://www.utwente.nl/
http://grammarware.net/writes/#Refactorable2015


Parameterised Clones (“Type 2”)

for (String string : startProg) {

fileWriter.println(string);


}

for (String string : prog) {

fileWriter.println(string);


}

for (String string : endProg) {

fileWriter.println(string);


}
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Hamid, Zaytsev, Detecting Refactorable Clones…, SATToSE 2014
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Near Miss Clones (“Type 3”)

if (a.getClass().toString().contains("StringLiteral")) {

    message += (a.getText() + " “);

}

if (a.getClass().toString().contains("IntLiteral")) {

    number = Integer.parseInt(a.getText());

    itsNumber = true;

} else if (a.getClass().toString().contains("Identifier")) {

    !// …

}
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Hamid, Zaytsev, Detecting Refactorable Clones…, SATToSE 2014
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Semantic Clones (“Type 4”)

for x in values:

  print(x + ', ', end='')

print()


if values:

  print(', '.join(values) + ', ')


print(*values, sep=', ', end='')

print(', ')
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Structural Clones
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Kanwal, Basit, Maqbool, Structural Clones: An Evolution Perspective, 2018.

DefaultIntervalXYDataset

+addSeries()

+getItemCount()

+equals()

DefaultXYDataset

+addSeries()

+getItemCount()

+equals()

DefaultXYZDataset

+addSeries()

+getItemCount()

+equals()
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Artefact Clones

• File vs file


• Method vs method


• Library vs library


• Paragraph vs paragraph
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Roy, Cordy, Near-miss Function Clones in OSS, JSME, 2009.
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Model Clones
8

Deissenboeck et al, Clone Detection in Automotive MBD, ICSE 2008.
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Figure 1: Examples: Discrete saturated PI-controller and PID-controller

nals, lines to signals exchanged between blocks. The descrip-
tion techniques specifically addressing data-flow systems are
targeting the modelling of complex stereotypical repetitive
computations, with computation schemes largely indepen-
dent of the computed data and thus containing little or no
aspects of control flow. Typical applications of those models
are, e. g., signal processing algorithms.

Recently, tools for this domain – with Matlab/Simulink
[22] or ASCET-SD as prominent examples – are used for
the generation of embedded software from models of sys-
tems under development. To that end, these block diagrams
are interpreted as descriptions of time- (and value-)discrete
control algorithms. By using tools like TargetLink [7], these
descriptions are translated into the computational part of
a task description; by adding scheduling information, these
descriptions are then combined – often using a real-time op-
erating system – to implement an embedded application.

Figure 1 shows two examples of simple data-flow systems
using the Simulink notation. Both models transform a time-
and value-discrete input signal In into an output signal Out,
using di↵erent types of basic function blocks: gains (indi-
cated by triangles, e. g., P and I), adders (indicated by cir-
cles, with + and � signs stating the addition or subtrac-
tion of the corresponding signal value), one-unit delays (in-
dicated by boxes with 1

z , e. g., I-Delay), constants (indicated
by boxes with numerical values, e. g., Max), comparisons (in-
dicated by boxes with relations, e. g., Compare), and switches

(indicated by boxes with forks, e. g., Set).
Systems are constructed by using instances of these types

of basic blocks. When instantiating basic blocks, depending
on the block type di↵erent attributes are defined; e. g., con-
stants get assigned a value, or comparisons are assigned a
relation. For some blocks, even the possible input signals are
declared. For example, for an adder, the number of added
signals is defined, as well as the corresponding signs.

By connecting them via signal lines, (basic) blocks can be
combined to form more complex blocks, allowing the hierar-
chic decomposition of large systems into smaller subsystems.
Because of this simple mechanism of composition, block dia-
grams are ideally suited for a modular development process,
supporting the reuse of general-purpose control functions
as well as application-domain specific IP-blocks. However,
it also eases a copy-and-paste approach which – combined
with the evolution of product lines typically found with em-
bedded systems and large block libraries – potentially lead
to a substantial number of clones.

4. APPROACH
In this section we formalise the problem of clone detection

in graph-based models and describe an algorithmic approach
for solving it. Basically our approach consists of three steps.
First we preprocess and normalise the Simulink model, then
we extract clone pairs (i. e., parts of the model that are
equivalent), and finally we cluster those pairs to also find
substructures used more than twice in the model.

Since the functionality of data-flow models as used in
Simulink only depends on the link structure and the func-
tionality of the basic blocks, they can be seen as labelled
graphs from a functional point-of-view. Therefore our ap-
proach is described in a graph-based fashion.

4.1 Preprocessing and Normalisation
The preprocessing phase consists of reading the models,

flattening them (i. e., inlining all subsystems; the inverse
function of Create Subsystem), and removing unconnected
lines. This is followed by the normalisation which assigns
to each block and line a label consisting of those attributes
we consider relevant for di↵erentiating them. Two blocks or
lines are considered equivalent, if they have the same label.

Which information to include in the normalisation labels
depends on which kind of clones should be found. For blocks
usually at least the type of the block is included, while se-
mantically irrelevant information, such as the name, the
colour, or the layout position, are excluded. Additionally
some of the block attributes are taken into account, e. g.,

for the RelationalOperator block the value of the Operator

attribute is included, as this decides whether the block per-
forms a greater or less than comparison. For the lines we
store the indices of the source and destination ports in the
label, with some exceptions as, e. g., for a product block the
input ports do not have to be di↵erentiated.

The result of these steps is a labelled model graph G =
(V, E, L) with the set of vertices (or nodes) V corresponding
to the blocks, the directed edges E ⇢ V ⇥ V corresponding
to the lines, and a labelling function L : V [E ! N mapping
nodes and edges to normalisation labels from some set N . As
a Simulink block can have multiple ports, each of which can
be connected to a line, G is a multi-graph. The ports are not
modelled here but implicitly included in the normalisation
labels of the lines.

For the simple model shown in Figure 1 the model graph
would be the one in Figure 2. The nodes are labelled ac-
cording to our normalisation function and the grey portions
of the graph mark the part we would consider a clone.
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nals, lines to signals exchanged between blocks. The descrip-
tion techniques specifically addressing data-flow systems are
targeting the modelling of complex stereotypical repetitive
computations, with computation schemes largely indepen-
dent of the computed data and thus containing little or no
aspects of control flow. Typical applications of those models
are, e. g., signal processing algorithms.

Recently, tools for this domain – with Matlab/Simulink
[22] or ASCET-SD as prominent examples – are used for
the generation of embedded software from models of sys-
tems under development. To that end, these block diagrams
are interpreted as descriptions of time- (and value-)discrete
control algorithms. By using tools like TargetLink [7], these
descriptions are translated into the computational part of
a task description; by adding scheduling information, these
descriptions are then combined – often using a real-time op-
erating system – to implement an embedded application.

Figure 1 shows two examples of simple data-flow systems
using the Simulink notation. Both models transform a time-
and value-discrete input signal In into an output signal Out,
using di↵erent types of basic function blocks: gains (indi-
cated by triangles, e. g., P and I), adders (indicated by cir-
cles, with + and � signs stating the addition or subtrac-
tion of the corresponding signal value), one-unit delays (in-
dicated by boxes with 1

z , e. g., I-Delay), constants (indicated
by boxes with numerical values, e. g., Max), comparisons (in-
dicated by boxes with relations, e. g., Compare), and switches

(indicated by boxes with forks, e. g., Set).
Systems are constructed by using instances of these types

of basic blocks. When instantiating basic blocks, depending
on the block type di↵erent attributes are defined; e. g., con-
stants get assigned a value, or comparisons are assigned a
relation. For some blocks, even the possible input signals are
declared. For example, for an adder, the number of added
signals is defined, as well as the corresponding signs.

By connecting them via signal lines, (basic) blocks can be
combined to form more complex blocks, allowing the hierar-
chic decomposition of large systems into smaller subsystems.
Because of this simple mechanism of composition, block dia-
grams are ideally suited for a modular development process,
supporting the reuse of general-purpose control functions
as well as application-domain specific IP-blocks. However,
it also eases a copy-and-paste approach which – combined
with the evolution of product lines typically found with em-
bedded systems and large block libraries – potentially lead
to a substantial number of clones.

4. APPROACH
In this section we formalise the problem of clone detection

in graph-based models and describe an algorithmic approach
for solving it. Basically our approach consists of three steps.
First we preprocess and normalise the Simulink model, then
we extract clone pairs (i. e., parts of the model that are
equivalent), and finally we cluster those pairs to also find
substructures used more than twice in the model.

Since the functionality of data-flow models as used in
Simulink only depends on the link structure and the func-
tionality of the basic blocks, they can be seen as labelled
graphs from a functional point-of-view. Therefore our ap-
proach is described in a graph-based fashion.

4.1 Preprocessing and Normalisation
The preprocessing phase consists of reading the models,

flattening them (i. e., inlining all subsystems; the inverse
function of Create Subsystem), and removing unconnected
lines. This is followed by the normalisation which assigns
to each block and line a label consisting of those attributes
we consider relevant for di↵erentiating them. Two blocks or
lines are considered equivalent, if they have the same label.

Which information to include in the normalisation labels
depends on which kind of clones should be found. For blocks
usually at least the type of the block is included, while se-
mantically irrelevant information, such as the name, the
colour, or the layout position, are excluded. Additionally
some of the block attributes are taken into account, e. g.,

for the RelationalOperator block the value of the Operator

attribute is included, as this decides whether the block per-
forms a greater or less than comparison. For the lines we
store the indices of the source and destination ports in the
label, with some exceptions as, e. g., for a product block the
input ports do not have to be di↵erentiated.

The result of these steps is a labelled model graph G =
(V, E, L) with the set of vertices (or nodes) V corresponding
to the blocks, the directed edges E ⇢ V ⇥ V corresponding
to the lines, and a labelling function L : V [E ! N mapping
nodes and edges to normalisation labels from some set N . As
a Simulink block can have multiple ports, each of which can
be connected to a line, G is a multi-graph. The ports are not
modelled here but implicitly included in the normalisation
labels of the lines.

For the simple model shown in Figure 1 the model graph
would be the one in Figure 2. The nodes are labelled ac-
cording to our normalisation function and the grey portions
of the graph mark the part we would consider a clone.
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Contextual Clones
9

Martin, Cordy, Analyzing Web Service 
Similarity Using Contextual Clones, IWSC 2011
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�
	 � ��
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�� �
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����	�
��, ��	 ��	���
��������� �
� 	��# ��� �� ���
5�� ��� �
������.
?��
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�� �
�
��� ��������, �����# ������� �
�	 
� �	 �� ��
����	��#. D�	 �� ��#
����, ��������� �	 �� 
�� �
������
�� �
��� �����	 	�� �
��	 
�
����� ��DL. A��
, 
�� �
�� �� 	�� �����	# 	
 ����	��# �������
�������� ��� 
����	�
�� 	
 �� ���� 	
 	�� ��� ��	�� 	���
����
����	��#, �
	 ����������# 	
 ���� ����	���� 
����	�
��.
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	 �� ����
����� ����). ��� 1 �
����	� 
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Conclusion

• Types 1–4 are best known


• Types 2–3 are best researched


• Most tools aim at near miss / structural / artefact


• Q&A Sessions @ Canvas


• !=> v.zaytsev@utwente.nl 


• !=> https:!//discord.gg/n7VQAPNBPD 
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