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Introduction

Emergence of Model-based Systems Engineering (MBSE)
MBSE to support the whole specification process of a system (conceptual design,
system requirements, design, analysis, verification or validation, etc.)
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Introduction

Emergence of Model-based Systems Engineering (MBSE)
MBSE to support the whole specification process of a system (conceptual design,
system requirements, design, analysis, verification or validation, etc.)

Necessity of reuse and understand models

To reuse the knowledge generated methodologies (MDE), such as MBSE, it is
necessary to understand the underlying concepts and relationships that allows us to
make a semantic interpretation of the models.
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Introduction

Emergence of Model-based Systems Engineering (MBSE)
MBSE to support the whole specification process of a system (conceptual design,
system requirements, design, analysis, verification or validation, etc.)

Necessity of reuse and understand models

To reuse the knowledge generated methodologies (MDE), such as MBSE, it is
necessary to understand the underlying concepts and relationships that allows us to
make a semantic interpretation of the models.

Solution: RSHP2SIMULINK

The solution makes use of an ontology-based approach for indexing and retrieving
information following a meta-model, Information Representation Model Based on
Relationships (RSHP), to reuse Simulink models
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Simulink

Connection

Simulink Connection

Design and implement a mapping

RetrievN between the Matlab Slmullnk. meta.-model
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Implementation represent and serialize analytical models

in a repository.
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Objectives

Siimufliiald
Connection

Retrieval Implementation

A retrieval process is implemented on top
of this repository to allow users to
perform text-based queries and look up
similar artifacts.

Retrieval

Evaluation )
limple mentati@lin
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DEfinien
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Retrieva) 38 Simulink models have been indexed
and 20 real user queries have been
designed to retrieve models
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State of Art

m SIMULINKMODEL REUSE RSHP APPLICATIONS

e An effective retrieval
approach of 3D CAD models
for macro process reuse [1]

e Towards an ontology-based
retrieval of UML class
diagramsPlaceholder text

[2]
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State of Art

m SIMULINKMODEL REUSE RSHP APPLICATIONS

e An effective retrieval e Structuring Simulink models

approach of 3D CAD models for verification and reuse [3]

Bl eipiocess reuse [1] e Submodel pattern extraction

e Towards an ontology-based for Simulink models [4]

retrieval of UML class
diagramsPlaceholder text

[2]
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State of Art

m SIMULINKMODEL REUSE RSHP APPLICATIONS

e An effective retrieval e Structuring Simulink models e Reuse of physical system
approach of 3D CAD models for verification and reuse [3] models by means of
formacro processreuse([l] g ool pattern extraction semantic knowledge

e Towards an ontology-based for Simulink models [4] representation: A case study
retrieval of UML class applied to Modelica [5]

diagramsPlaceholder text

[2]

e Towards effective SysML
model reuse [6]
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State of Art - Conclusions

—>Reuse based on specific features of the domain knowledge or text
comparison
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State of Art - Conclusions

—>Reuse based on specific features of the domain knowledge or text
comparison

—>The proposed solution aims to improve the reuse of the embedded
information in the Simulink models by providing:

1) A semantic representation of Simulink models using an existing meta-
model like RSHP

2) A retrieval process based on comparing the underlying graphs of a query
against a repository of Simulink models
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Approach

e Reuse semantic information needs to deal with a lot of factors that have to be
considered in reuse techniques.
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Approach

e Reuse semantic information needs to deal with a lot of factors that have to be
considered in reuse techniques.

* One of the main objectives is to identify, classify, organize and represent Simulink

models using semantics:

 This solution applies a domain ontology to model, such information and build a retrieval
information process based not only on calculating the similarity of the underlying graphs
between two artifacts
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Representation process
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Proposed solution

* An application developed in Visual Studio .Net 2019 with framework
4.8
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Proposed solution

* An application developed in Visual Studio .Net 2019 with framework
4.8

* The application allows to parse Simulink files using a Simulink
software library for Java and IKVM creating a semantic representation
of the Simulink models using the CAKE-RSHP model
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Proposed solution

* An application developed in Visual Studio .Net 2019 with framework
4.8

* The application allows to parse Simulink files using a Simulink
software library for Java and IKVM creating a semantic representation
of the Simulink models using the CAKE-RSHP model

* Using CAKE-RSHP framework, it is possible to use the built-in
mechanisms already available for indexing and retrieving information.
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Proposed solution - Architecture

Simulink2RSHP
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Proposed solution - Components

Simulink2RSHP

e Simulink2RSHP: This component groups Simulink Library and CAKE, Pernoeeoaeoos :

Simulink . Simulink

basically it allows us to semi-automatically apply the mappings between the Mg tibray
Simulink elements and the RSHP meta-model creating an underlying

semantic graph based on the domain ontology. et . J indexing
CAKE

N i Retrieval

Knowledge | Topogial |
Database
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Proposed solution - Components

Simulink2RSHP

e Simulink2RSHP: This component groups Simulink Library and CAKE, fersooonoens :

Simulink . Simulink

basically it allows us to semi-automatically apply the mappings between the Vg™ i Library

Simulink elements and the RSHP meta-model creating an underlying

semantic graph based on the domain ontology. S S | [ e
e Simulink Library: This component allows mapping the objects that are CAKE ‘
obtained from invoking the reading processes of the Simulink library. i — ' ] e
Once the information is obtained from the files, it is represented using the | S
CAKE API. Knowedge e |
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Proposed solution - Components

Simulink2RSHP

e Simulink2RSHP: This component groups Simulink Library and CAKE, fersooonoens .

Simulink . Simulink

basically it allows us to semi-automatically apply the mappings between the Vg™ 1 tibray |
Simulink elements and the RSHP meta-model creating an underlying

semantic graph based on the domain ontology. |+ [ ndering
e Simulink Library: This component allows mapping the objects that are e
obtained from invoking the reading processes of the Simulink library. S ' e
Once the information is obtained from the files, it is represented using the | —
CAKE API. Knowledge E__T_D_D_D_'??i_Cf’_'__i

Database

* CAKE. Once the information is represented in the RSHP language, it is
possible to use the built-in capabilities for information retrieval and
indexing. The CAKE API internally implements a pattern matching algorithm
between graphs that returns a value of similarity.
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Case Study - Motivation

Where is the Vertical channel located in an Aircraft dynamic model?

Model Example
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Case Study

Define a dataset of Define a dataset of Executethe

Simulink models queries experiment Analyze the results

General, automotive
models and
aerospace models
have been
downloaded to test
different domains.

This dataset
comprises 38
physical models that
have been indexed.
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Case Study

Define a dataset of Define a dataset of Executethe

Simulink models queries experiment Analyzetheresults

General, automotive Each query has
models and been designed with

aerospace models different common

have been components of
downloaded to test models to return a

different domains. set of Simulink
schemes

This dataset

comprises 38 These queries have

physical models that also been indexed.
have been indexed.
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Case Study

Define a dataset of
Simulink models

General, automotive
models and
aerospace models
have been
downloaded to test
different domains.

This dataset
comprises 38
physical models that
have been indexed.

Define a dataset of
queries

Each query has
been designed with
different common
components of
models to return a
set of Simulink
schemes

These queries have
also been indexed.

Executethe
experiment

For each query
defined in the
previous step,
analyze the models
retrieved by
Simulink2RSHP
taking into account
all the semantic
information
represented into the
dataset.
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Case Study

Define a dataset of Define a dataset of Executethe

Simulink models queries experiment Analyzetheresults

General, automotive Each query has For_ eaCh query
models and been designed with defined in the
aerospace models different common previous step,
have been components of ana_lyze the models
downloaded to test models to return a retrieved by

different domains. set of Simulink Simulink2ZRSHP 2) Recall
taking into account
schemes

This dataset all the semantic 3) F1 score

Extract measures of:

1) Precision

comprises 38 These queries have information

physical quels that also been indexed. represented into the
have been indexed. dataset.

Enabling System Artifacts Reuse Through The Semantic Representation of Engineering Models: a Case Study of Simulink Models



Analysis of results
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Analysis of results - Conclusions

= The global average of the metrics was excellent for
precision and good for recall, since they are above
60% and 70% respectively?.

* 10% of the queries obtained a value of precision
below acceptable and, in the case of recall, just
20% of the queries, because the queries had
components with incomplete semantic information.

Iconsideringthe schema proposedin: J. H. Hayes, A. Dekhtyar, and S. K. Sundaram, “Improving after-the-facttracing and mapping: Supporting
software quality predictions,” IEEEsoftware, vol. 22, no. 6, 2005, pp. 30-37.
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Paper Conclusions

e Authors have used a Simulink APl to propose a process of semantic interpretation
of models and have developed Simulink2RSHP which performs the mapping
between elements of Simulink models and CAKE components.

e Simulink2RSHPdetermines the similarity using a combination of semantic and
topological algorithms.

* The results obtained in the experimentation demonstrate the feasibility of the

approach. It is possible to build indexing and retrieval engines for physical models
using a semantic representation
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Future Work

* Improvements in the representation of system artifacts are planned, including
terminology, thesaurus and semantic clusters.

* Other types of models will be also included in the experimentation, such as those
supported in the Modelica language.

* |In terms of experimentation, this small setting is representative to demonstrate
the feasibility of the approach. However, larger settings including real user needs
are completely required to provide a more significant and realistic validation.
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