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ABSTRACT

The use of Digital Mock-Up (DMU) has become mainstream to support the engineering activities all along
the Product Development Process. Over the years, companies generate large databases containing digital
models and documents related to their products. Considering complex products, the DMU can be
composed of several hundred thousand parts assembled together in assembly trees containing tens of
sub-assemblies, and representing several terabytes of data. The ability to retrieve existing models is
crucial for the competitiveness of companies, as it can help to leverage existing solutions, results and
knowledge associated with previous products. To speed up the access to this large amount of reusable
information, CAD models search approaches have been proposed, including the so-called content-based
search techniques which do not rely on metadata and data organization but exploit the implicit
knowledge embedded in the models. As part of a system for the retrieval of CAD assembly models, this
paper introduces a set of four measures to evaluate assembly similarities according to multiple criteria.
These measures are combined to assess three different levels of similarity (local, partial and global). The
local measure only considers the contribution of the parts that are similar in the compared assemblies,
while partial and global measures take also into account the number of similar parts compared to the
total number of parts in the query and in the target model. Moreover, an ad-hoc visualization interface
has been designed to clearly highlight the different similarities and to allow a fast identification of the
target models. The validation of the proposed method is discussed, the dataset used to this aim is
provided with the specification of the adopted ground truth and some examples of the obtained results
are shown.

1. Introduction

brought from concept to delivery) but also to reduce stopping
conditions of products/systems and to better design new ones

Today, being able to efficiently retrieve CAD assembly models
from large databases has become an important issue. Indeed, over
the years, companies accumulate a huge amount of Digital Mock-
Up (DMU) of their products. For complex products, the size of the
DMU can reach several hundred thousand parts assembled
together in assembly trees containing tens of subassembly levels,
and requiring several terabytes for the storing.

This large amount of 3D digitalized data represents a
paramount source of knowledge and data which can be exploited
to be more competitive on the market. This is particularly
important also in the context of Industry 4.0, which aims to
improve the digital value chain (i.e. how products or solutions are
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Informatiche “Enrico Magenes”, CNR Via De Marini 6, 16149 Genova, Italy.
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through the concept of the digital twin combining digital data with
those acquired from real-world working products [1]. Thus,
analyzing the behavior of specific products and systems can
provide good hints to foresee the behavior of similar ones allowing
to take the correct countermeasures to guarantee longer and more
efficient working conditions. To track and control data related to a
product during the Product Development Process (PDP), modern
CAD systems are integrated with Product Data Management (PDM)
and Product Lifecycle Management (PLM) systems. These systems
manage search based on textual efficiently, while they offer limited
capabilities for the search according to some specific geometric
characteristics [2]. To overcome these limitations, content-based
algorithms represent a solution that can be integrated in these
systems to filter and retrieve relevant models according to criteria
that usually are not stored in text files. Thus, new tools have to be
developed, such as tools for the comparison and retrieval of CAD
models. Indeed, the retrieval of similar models from company and



supplier databases provides a way to access to knowledge gained
from previous designed solutions [3]. This is interesting not only
when considering the design of new products, but in all the cases
when it is useful to consider previous advances and results instead
of starting from scratch. For example, to speed up the definition of
the assembly process planning of a certain product, it would be
valuable to have access to existing assembly instructions of similar
models. The similarity evaluation provides benefits in other
engineering activities, such as for the identification of inter-
changeable parts among different projects to reduce management
and manufacturing costs [4] or in the standardization of industrial
components. The ability to evaluate the similarity between two
assembly models plays a central role in the development of a
retrieval approach. However, it is not an easy task as it involves
several issues for which traditional text-based and shape-based
object retrieval methods are not sufficient.

A first issue concerns the plurality of the similarity criteria
according to which two models can be considered similar. This
strongly relies on user's purpose. Deshmukh et al. [5] describe
different application scenarios and present the most suitable
similarity criteria to be satisfied for each application. For instance,
if a designer wants to reuse a digital model, he/she can start with a
rough query (i.e. a simple CAD model with few details) to retrieve a
more detailed similar one, which can then be adapted and
modified according to the new requirements. In this scenario, the
overall shape could be one of the salient characteristics to evaluate
the similarity. Another scenario requires the retrieval of similar
models to get access to existing product information (e.g.
simulation results, assembling strategies or failure reports). In
this case, only considering the shape to evaluate the similarity of
the products could be limiting, while evaluating the similarity
according to the part arrangement (e.g. positions and joint types)
point of view could be more meaningful. For instance, such a
consideration might be discriminatory when considering the
selection of bearings components. Indeed, according to the load
they must support, bearings are made of several occurrences of
balls or rollers (of cylindrical or conical shape) arranged in different
ways. Here, not only it is important to consider the shape of the
constitutive elements, but also the way they are organized and
linked to each other to support specific load conditions. In addition,
other useful characteristics exist and can be used to evaluate the
similarity (e.g. products functions, dimensions, required
manufacturing processes or materials, design intent). Thus, a

Globally

good similarity assessment technique should be able to consider
multiple similarity criteria.

A second issue concerns the availability of the information
necessary to compare models according to these criteria. Actually,
the requested information is not always directly available as it is
not coded into the CAD models, and not even in associated systems,
as in PDM or in PLM systems. In this case, the similarity assessment
technique should embed specific reasoning mechanisms to extract
information implicitly encoded in the CAD models. This is not an
easy task considering that the CAD models may integrate
simplified representations (e.g. balls of a bearing not represented
or simplified by a torus shape) and contain inconsistencies (e.g.
non physically possible configurations where solids are intersect-
ing) possibly resulting in misleading interpretations.

A third issue concerns the plurality of the similarity levels
according to which the similarity can be assessed. Indeed, retrieval
methods have to deal with global and partial similarities, where the
partial similarity can be achieved as part-in-whole (i.e. the query
model is contained in the retrieved object) and whole-to-whole
partial matching (i.e. a subpart of the input object is similar to a
subpart of a retrieved object) [6,7]. This is particularly important
considering that a product, and consequently its associated CAD
models, can be decomposed in a set of elementary functions (e.g.
speed reduction, specific movement transformation mechanisms,
sealing solutions), realized by a subset of CAD models, whose
identification and exploitation can be of high interest when
considering scenarios involving products with similar functions.
An example of the different similarity levels is depicted in Fig. 1.
The CAD assembly model M, is globally similar to the model M,
since they have analogous parts. The model M; (resp. M) is
considered partially similar (i.e. part-in-whole) to M3 (resp. M),
since it is completely included in the second one. Finally, models
Ms and M, are locally similar (i.e. whole-to-whole by partial
similarity), since they share similar parts. Ideally, content-based
retrieval methods should be able to tackle those three similarity
levels to cover most of the similarity assessment scenarios.

A fourth issue originates from the two previous ones. Due to the
multiple criteria and levels characterizing the similarity between
two CAD assembly models, it is not straightforward to properly
present to the user the ranked results of a given query according to
specific criteria. Thus, ad-hoc visualization interfaces must be
devised to clearly highlight the different similarities and to allow a
fast identification of the target models, i.e. models which are the

M,

Fig. 1. Example of possible similarity levels for the retrieval of CAD assembly models (local, partial and global).



most similar to a query model with respect to similarity criteria
and levels.

From this analysis, it follows that the current search
methodologies are not sufficient to support designers in the
different stages of the PDP. Actually, existing techniques need to
be enhanced and integrated with systems that are able to evaluate
digital models according to their content and associated implicit
information. The contents to be evaluated must be adjusted
according to the search scenarios adopted by the designers, and
according to multiple criteria able to cover the search needs all
along the PDP. Finally, a multi-criteria retrieval system should be
able to detect also partial similarities and to extract the required
information automatically to fully support users and avoid
manual integration of annotations.

To address most of these issues, a system for the retrieval of
globally or partially similar assembly models has been developed
to analyze the similarities according to different search criteria
that can be convenient for designers. The work described in this
paper completes and extends the research presented in [8] which
introduces the overall architecture of the retrieval system. The
novel contribution of this paper is manifold: (i) illustration of how
the criteria, according to which two assemblies may be considered
similar, are handled to drive the mapping process; (ii) manage-
ment of refined measures to quantify at which extent two
assembly models are similar according to different similarity
levels (local, partial and global) with respect to the query similarity
criteria; (iii) set up and publication of a dataset of CAD assembly
models for the validation and comparison of retrieval methods;
(iv) a sound validation of the proposed system using an ad-hoc
visualization interface and the computation of its precision and
recall. The rest of the paper is organized as follows. Section 2
reviews the most pertinent related works. Section 3 reports some
details on the adopted framework for the comparison of assembly
models, while Section 4 focuses on the creation of the adopted
assembly descriptor. Sections 5 and 6 detail the similarity criteria
and the proposed measures for their evaluation. Finally, Section 7
presents the used dataset and discusses some results obtained
using our prototype software. Section 8 ends the paper providing
conclusions and future steps. Some additional details and
definitions are provided in the appendixes.

2. Related works

The similarity assessment of 3D objects has seen a copious
definition and development of content-based 3D model retrieval
methods [6,9-11].

To evaluate the similarity among the models and thus to allow
the retrieval of similar ones, these methods usually make use of
pre-computed shape descriptors (e.g. shape-based methods [11-
17]) or signatures that characterize distinctive elements of the
models (e.g. feature-based methods [18,19] and topology-based
methods [20-23]). Some of them can also detect partial similari-
ties, i.e. models that are similar only for a subset of their shape [24-
28].

Considering CAD assembly models, there exists retrieval
methods that describe assemblies just through the shape
descriptors of their parts. One of the most popular and adopted
shape descriptor is the shape distribution proposed by Osada et al.
[13], which has been used by Renu and Mocko [29], Wang et al. [30]
and Zhang et al. [31]. These approaches strongly rely on the shape
information and do not use any assembly relationships (e.g.
geometric constraints, kinematic links or parts arrangement).
Thus, these methods generally do not fit assembly retrieval
purposes completely, such as when a user tries to recall assemblies
from the manufacturing point of view. In this case, the mating
relationships among the parts of the assembly are crucial for the

definition of the similarity and shape-based as well as part-based
methods neglect this aspect.

The relationships between the parts of an assembly model are
usually represented by using graph-based descriptors. For
instance, Miura and Kanai [32] represent models by attributed
graphs, which encode structural information and other data (e.g.
contacts, interferences and geometric constraints). Tao and Huang
[33] use component attributed relational graphs, where arcs
represent the adjacency relationships between two components
encoding the types of the involved surfaces (e.g. planar or
cylindrical surfaces) and the connection relations (e.g. screw
connection, pin joint, key joint, rivet joint). Deshmukh et al. [5]
propose a flexible retrieval system exploiting the data present in
CAD models represented by mating graphs. Despite the fact that
these methods describe assembly models at a local level, their
matching approaches allow recognizing just global similarities
among assembly models. Moreover, if some pieces of information
are missing, they must be made explicit by the user.

A more complete system able to detect also partial similarities
has been proposed by Chen et al. [34]. Their assembly descriptor
considers different information levels including the topological
structure, the relationships between the components, as well as
the geometric information. Anyhow, it assesses partial similarities
by exploiting the organization of the product in sub-assemblies. As
observed by the authors, this practice impacts the ability of their
method to detect identical models presenting differences in the
organization of their assembly structure.

Recently, Han et al. [35] proposed a retrieval system using a
semantic representation of assembly models that allows capturing
both the shape and the design intent of an assembly model. In this
method, the assembly model is described semantically using an
ontology created while analyzing the shape of the parts, the
assembly constraints and the function. Despite the fact that this
method presents an interesting novelty on the proposed repre-
sentation, the adopted matching procedure allows evaluating only
the global similarity.

Beside traditional analysis of object similarities, there is room
for deep learning techniques [28,36-38], which are capable to
detect similarities despite small geometry variation in the shape of
the models or in their positioning. Anyhow, working on CAD
assembly models, the main limitation of these methods regards
the assembly data considered during the training. Indeed, current
approaches focus on characteristics that can be extracted from
mesh representations with the results that they are suitable in the
evaluation of the shape similarity but weak in other design
characteristics. For instance, Qi et al. [28] segment 3D digital
objects obtaining a decomposition that can be very far from the
one designed by the user in the CAD models. Then, such
decomposition can be used to detect local shape similarity but
it is not suitable to evaluate the models according to the design
intent point of view. As a consequence, this type of approach is not
yet ready to satisfy the needs arising from the previously
introduced search scenarios.

Summarizing, even if content-based 3D model retrieval is an
active topic, most of the existing works focus on single parts, and
the methods that consider assembly models can hardly manage a
variety of similarity criteria together with the possibility to assess
the similarity at different levels, i.e. partial, local and global
similarities. To overcome these limits, this paper aims at
introducing measures to evaluate the various assembly similarity
levels according to multiple criteria.

3. Assembly retrieval framework

The proposed retrieval process is a two-step procedure: a
proper CAD assembly descriptor, called Enriched Assembly Model



(EAM) [8], is first created and then used for the models comparison
and similarity assessment. The general framework of our system is
illustrated in Fig. 2. To be independent of the information stored in
property CAD formats, CAD models are assumed to be represented
in the standard format STEP AP 203/214. Theoretically, STEP AP 214
standard supports the representation and exchange of the
kinematic relationships between components of an assembly
model and its constraints. However, most of CAD systems do not
contain the latter ones and generate files that do not incorporate
kinematic relationships and constraints. For this reason, the
developed framework allows as input both the formats but rely just
on the information of the STEP AP 203. The EAM descriptor is
computed both for the query model, i.e. the model according to
which the similarity has to be assessed, and for all the CAD
assembly models of the inquired dataset. After the user selects a
folder including the EAMs of the target models he/she desires to
compare, the EAM of the query is compared with all the selected
EAMs. The results are stored and provided to the user who can rank
the compared CAD models according to the level of similarity he/
she is interested in.

The framework includes both real-time and batch processes.
The batch process computes the complete EAM descriptors for all
the CAD assembly models in the dataset. Once the data have been
computed, the EAMs are stored in JavaScript Object Notation
(JSON) format. This format is completely language independent
and is based on two universal data structures: a collection of name/
value pairs and an ordered list of values. These properties make
JSON an ideal data-interchange language. Thus, the EAM is
translated in a list of nodes with several attributes specified by
a key-value and a list of arcs defined by their source and target
nodes with their attributes. The real-time processes compute
partial EAM descriptors for the query including only the data that
are pertinent to the user-specified similarity criteria, and then
perform the comparison.

The creation of the EAM relies on both explicit information
directly available in the CAD models, and implicit information
extracted through dedicated procedures. The extracted data
provide four types of information: structure, statistic, interface
and shape. Differently from [8], in this work the EAM has been
enriched to manage also configurations affected by errors on the
interfaces between components, as it will be described in
Section 3.3. The EAM is implemented as an attributed multi-
graph structure, i.e. a graph structure that allows multiple arcs
between a pair of nodes and attributes for nodes and arcs. Using
this structure, a sub-graph isomorphism is applied to detect the
local similarity among the models. Exact approaches to solve this
problem are well known to be NP-hard, then a heuristic procedure
is adopted to solve it.

The entire framework has been developed as plug-in for the
commercial CAD system SolidWorks®. The procedures are

developed using Microsoft Visual C# 2015 and the set of
Application Programming Interface (API) of SolidWorks® is
used to manage the information present in the CAD assembly
models. The framework can be integrated in any CAD system
providing the functionalities for accessing the B-rep informa-
tion, for the computation of the parts volume and bounding box,
face area, and of the non-regularized intersection among parts
[39].

Sections 3.1-3.4 provide details on the stored information,
which is used to drive the similarity assessment process according
to the multiple criteria and similarity measures as described in
Sections 5 and 6. Formalization of the domain range of the
attributes related to nodes and arcs is provided in Appendix A.
Section 3.5 explains how that information is encoded in an
attributed multi-graph representation, and Appendix B details the
attribute functions. Section 3.6 formalizes the matching procedure.

3.1. Structure information

The structure information characterizes the hierarchical
structure of an assembly, i.e. how the parts are gathered into
sub-assemblies. This information is available in CAD models and
preserved also when the models are stored in STEP format. It is
represented in the EAM by nodes and directed arcs. The root node
corresponds to the entire assembly model, intermediate nodes
indicate sub-assemblies and the leaves represent the parts
constituting the assembly. Directed arcs between nodes represent
the relation “made-of” between the components of the assembly.
Two attributes characterize nodes representing parts defining the
type of component (CompType), e.g. nut, screw or bearing, and the
arrangement in the 3D space (PatternType) of a set of repeated
parts. Lastly, an attribute indicating all the patterns in the model
can be associated with the root node (PatternList). The complete
attributes’ domain values are listed in Appendix A.

3.2. Statistic information

The statistic information has been designed to ease the filtering
of large datasets and reduce the number of models to be compared.
Statistics for single parts include: (1) percentage of the overall
model area covered by surfaces of a specific type (i.e. planar,
cylindrical, spherical, toroidal and free-form); (2) number of
maximal faces (i.e. adjacent faces sharing the same underlying
surface correspond to a maximal face) of a specific type of surface.
The use of such information allows discarding directly some parts,
thus reducing the number of candidates for the matching process.
Thus, the generic statistic attribute for parts has values in the set
PartStat, which gathers together five pairs of values in the range
([0,1] x N), one pair for each type of surface (i.e. planar, cylindrical,
spherical, toroidal and free-form). Statistics for assemblies are
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Fig. 2. Assembly retrieval framework.



represented by an attribute taking value in AssemblyStat, which
includes the number of patterns of each of the four pattern types.

3.3. Interface information

The interface information describes the relationships between
parts of an assembly model regardless its structure. These
relationships are expressed by contact information and joint
information. In most configurations, contacts between two parts
can be of type Surface, Curve or Point (Fig. 3a). However,
sometimes, unrealistic configurations may be present where
two parts share a volume, i.e. they intersect each other (Fig. 3b-
d). These unrealistic arrangements are generally due to the
inaccurate positioning of assembly components, or to numerical
issues in importing files, or made on purpose by designers (as the
intersection among thread screws and nuts, or flexible parts, as
springs, seals and insulating parts or designing parts that will be
assembled by shrink-fitting). Thus, some of these configurations
can be interpreted as an imprecise design that will be solved during
the analysis of the tolerances, while others as a deliberate artifact
to reflect some conventional meaning.

In the EAM, contact information is represented by an attributed
arc that specifies the type of contact (ContactType) and the degree
of freedom (DOF). Details on the reasoning process to get this
information are reported in Section 4.2.1. The DOF is computed
identifying the set of allowed translations (Tra) and rotations (Rot)
between the parts in contact. Here, both sets are expressed by
normalized vectors characterizing either a translation direction or
a rotation axis according to the global reference frame. In the
current version of the system, DOF is indicated only for contacts of
surface type and it is computed by considering the surface normal
information of the faces in contact. Details on this reasoning are
reported in Section 4.2.1.

Joint information describes the motion resulting from all the
contacts between two parts. Its characterization involves attrib-
utes that define the type of joint (JointType), i.e. the type of contacts
involved in the joint, and the degree of freedom (DOF) resulting
from all the constraints imposed by the contacts. Differently from
the type of contact, the type of joint can be also mixed. The so-
called Mixed type is used to characterize a joint derived from
contacts of different types.

The type of contact, the type of joint and the degree of freedom
are not explicitly encoded in the CAD models and are computed
analyzing the results provided by the interference evaluation
functionality provided by the adopted B-Rep modeling kernel, as
described in [40]. Additional details are reported in Section 4.2.2.

3.4. Shape information

The shape information gathers two attributes used to
characterize the shape and size of the parts. The first attribute
characterizes the shape (Shape) using 3D spherical harmonics
defined by a histogram of 544 bins [41]. While the second attribute

characterizes the size (Size) and it gathers the volume and the
surface area of a part.

3.5. Graph representation

Nodes, arcs and attributes described in the previous subsec-
tions, whose values are reported in A, contribute to the creation of
an attributed multi-graph that represents an EAM descriptor. Let
G(N,A, Dy, Dy) be an attributed multi-graph representation of an
EAM descriptor, where N is the set of nodes, A is the set of arcs, and
&y and P, are respectively the node and arc attribute functions.
Different types of nodes and arcs are defined according to the
different types of information they represent. In particular, N =
NpUN, and A = As UAc UAj, where Np and N, are the sets of nodes
associated respectively with parts and sub-assemblies, while Ag, Ac
and A are the sets of arcs representing respectively the assembly
hierarchical structure, the contacts between parts and the joints
between parts. The node attribute function is defined as:

Np UNA g TNPUTNA

_ [ Dy, (n)ifneN 1
n = qDN(n)f{(I)ZA(n)ifneNz W

(I)N:

where the parts and sub-assemblies functions (i.e. ®y,(n) and
@y, (n)) are shown in Appendix B.

The structure arcs in As have no attribute. As a consequence, and
similarly to what has been defined for nodes, the arc attribute
function sets up the attributes of the elements of Ac and A; as
follows:

Ac UA] — TAC @] TA]
P, - D4.(n) ifacAc 2)

a = ‘DA(”):{%(n) if a e A

where the definition of contact and joint arc functions (i.e. @, (n)
and CI)A, (n)) are shown in Appendix B.

Fig. 4 illustrates an example of the EAM graph structure created
from a CAD model and enriched with semantic information
extracted by the geometric reasoning algorithms. For readability
purposes, only a subset of the attributes is shown. The double-line
nodes correspond to parts belonging to regular patterns, while
single line-circled nodes are associated with the other parts. The
labels of the nodes represent the type of component. The straight
arcs connect two parts that are in contact, and the associated label
indicates the DOF. If the label is not present, then the contact is of
type UnSolved. The wavy arcs indicate a line contact, thus there is
no label specifying the corresponding degree of freedom.

3.6. The matching procedure

Using attributed graphs as assembly descriptors, the problem of
searching the local similarity between two models is equivalent to
finding the Maximum Common Sub-graph (MCS) between the two
graphs, namely G4 and Gy, representing respectively the query and

Fig. 3. Possible contacts between parts of a CAD assembly model: (a) contacts of type Surface, Curve and Point, (b) UnSolved contact type, (c) volumetric interference solved as

Surface contact type, (d) volumetric interference solved as Curve contact type.
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Fig. 4. Example of a partial EAM descriptor, associated with the CAD model of a flange [8].

target models. Among the different techniques to solve the MCS
problem [42], in this framework, the MCS problem is transformed
into a Maximum Clique (MC) problem [43]. Therefore, a clique (i.e.
a complete subgraph where each pair of nodes is connected) has to
be detected in a suitable association graph derived from G, and Gy.
In an association graph, nodes represent pairs of similar nodes
between G4 and Gy, whereas arcs identify similar relationships. Here,
cyand ¢, respectively refer to the node and arc similarity criteria and
are described in Section 5. The association graph is not unique and
its definition depends on the similarity criteria. Thus, once cyand c,
are specified, there exist a unique association graph Gg ., c,- The
maximum cliques in G, , represent the common sub-graphs
between G, and Gy according to the criteria cy and c4. The generic
" clique in the graph Gy jcn.cq 1S €xpressed as (Cypcyc,)r S Gaiencas
the set of all the cliques for the association graph Gy, is
denoted as Dgx = {(Cqkeyci)rll <7< Ng}, where Ny is the
number of maximum cliques in the association graph Gy ¢, c,-
Since the MC problem is NP-hard, the proposed framework
exploits a heuristic method based on the simulated annealing
process to detect the maximum cliques in an association graph
[27]. The method, exploits a property of the cliques that link the
number of their nodes (k) to the number of their arcs (h) by the

relationh = @ Then, a subgraph S represents a clique if and only
ifh — @ = 0. In this way, the MC problem is equivalent to solve

an optimization problem, where f(S) = h — @ is the function to
be minimized. The use of this technique requires high attention on
tuning the simulated annealing parameters, which affect the
efficacy as well as the efficiency of the system.

Then, the simulated annealing process represents the core of
the proposed matching procedure (shown in Algorithm 1). It
creates the attributed multi-graph (G;) of the query model
(described in Algorithm 2). Then, for each JSON file representing
an EAM in the folder chosen by the user, its attributed graph (Gy) is
read and the corresponding association graph Gy i, , is generated
according to the selected similarity criteria ¢y and cs. A lower
(IBound) and an upper bound (uBound) are specified representing
the minimum and the maximum number of nodes of the desired
clique. Since the nodes in the clique represent the similar parts
among the two graphs G; and G, the upper bound cannot be
greater than Ng and Ny, where Ny, N represent the number of nodes

of G4 and Gy respectively. A subgraph S of G, ¢, is initialized by
taking the first IBound nodes in G, , ordered by their degree.
Then a clique is determined by the simulated annealing process
and its function f is computed. Finally, the similarity measures (see
Section 6) are computed.

Algorithm 1. Matching procedure based on simulated annealing

1: procedure MarcHinG(QueryModel, cy, ¢4, Folder)
2: G = CreateAttributetedGraph(QueryModel)

3:

4: for each file in Folder

5: Gy = GetAttributedGraph(file)

6: Gy key.c, = CreateAssociationGraph (G, Gy, cn, Ca)
7: IBound =3

8: uBound =min(Ng, Ni)

9: S =Initialize(Gg ¢, ,, IBound)

10: cliqueLenght = NumberOfNodesOf{(S)

11: Clique = null

12: F=0

13: while cliqueLenght < uBound &F == 0do
14: Clique = SimulatedAnnealing(Gg ., c,» S)
15: F=1(S)

16: if F==0 then

17: Clique=S

18: end if

19: S=AddNodeToClique(Gg k cy.c,» S)

20: cliqueLenght = NumberOfNodesOf(S)

21: end while

22: Measures «— ComputeMeasures(Clique)
23: end for

24: Return Measures

25: 