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Abstract.  The System Entity Structure (SES) is a high 
level approach for variability modeling, particularly in 
simulation engineering, which is under continuous de-
velopment. In this context, an enhanced framework is 
introduced that supports dynamic variability evolution 
using the SES approach. However, the main focus is to 
start a discussion about a set of design patterns, which 
were developed to analyze the tree design and compu-
ting aspects of System Entity Structures. As development 
of our MATLAB-based SES toolbox for construction and 
pruning of SES trees proceeded, the necessity to have 
some generalized examples for testing and verification 
came more and more into awareness. We propose a set 
of design patterns that, if completely representable and 
computable by a certain tool, support all aspects of SES 
theory. In addition, the patterns give users substantial 
support for developing SES models for other applica-
tions. 

Introduction
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1.3 Extended SES/MB Infrastructure 

Execution 
Unit Experiment Control

Figure 1: Extended SES/MB-based infrastructure. 
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1.4 Software Tools for the Extended SES/MB 
Infrastructure 

The SES 
Toolbox for Matlab/Simulink

2 Basic Design Patterns 

2.1 Mandatory Tree Sections 

has-a

Design Pattern #1 - Aspect Node



Deatcu  et al.     How to Define SES Trees for Variability Modeling 

SNE 29(3) – 9/2019 121

T N 

Figure 2: First design pattern for mandatory sections. 
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Figure 3: Design pattern for mandatory sections with a 
multi-aspect node. 
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Design Pattern #3 - Specialization Siblings
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Figure 4: Design pattern for specialization siblings. 
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2.2 Alternative Tree Sections 

is-a

Design Pattern #4 - Specialization Node
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Design Pattern #5 - Aspect Siblings

Figure 5: A simple specialization node. 
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Design Pattern #6 – Multi-Aspect Siblings
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Figure 6: Aspect siblings result in an alternative  
selection. 

Design Pattern #7 - Aspect and Multi-Aspect 
Siblings

Figure 7: Multi-aspect siblings behave like  
aspect siblings. 
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2.3 Optional Tree Sections - Design  

Pattern #8  

a b

Figure 8: Optional sections expressed by specialization 
nodes with the NONE element. 

2.4 OR Tree Sections - Design Pattern #9  
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3 Combined Design Patterns 

Figure 9: OR expressed by aspect nodes followed by 
specializations with NONE elements. 

3.1 Design Pattern #10 - Two Specialization 
Nodes in One Path 

Figure 10: Inheritance of attributes at two  
specialization nodes in one path. 
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Figure 11: A specialization with a succeeding aspect. 
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3.2 Design Pattern #11 – Specialization with 
Succeeding Aspect 

a b c
b d e

3.3 Design Pattern #12 - Specialization and 
Aspect Siblings 

Figure 12: Aspects can become siblings by resolving a 
specialization. 
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3.4 Design Pattern # 13 - Several Multi-
Aspects in a Path 
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Figure 13: Successive multi-aspects with variable num-
ber of replications. 

3.5 Design Pattern #14 – Selection 
Constraints 

require
exclude
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Figure 14: Variant restriction with selection constraints 
and semantic conditions. 

4 Conclusion and Future Work 
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