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Motivation
• One of the core processes in the architecture development lifecycle is to perform 

architecture evaluation 
• The main goal of this process is to select architecture for design and 

implementation
• In order to automate this complex process, it is necessary to develop a digital, 

unambiguous, and precise model-based environment
– MBSE is a backbone for automated trade study process 

• The worldwide systems engineering community has acknowledged and is currently 
using various trade study analysis processes 

• Most of the restrictions and constraints for a system solution space are specified 
with system requirement specifications.

• As the requirements define system constraints, they can be used as an adequate 
instrument for selecting evaluation criteria in trade study analysis. 
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Purpose
• The goal of this paper is to take the best practices from existing 

requirements verification approaches and propose an approach for an 
automated trade study analysis based on dynamic requirements verification 
in the model-based systems engineering environment, with a goal to 
support trade of analysis both in the system of systems and systems 
engineering domains. 

• It is part of the larger research of the automated UAF-based trade study 
analysis process. 
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MBSE approach
• UAF is the collection of best practices used in systems, systems of systems, 

and enterprise engineering for more than 30 years. Moreover, UAF is 
applicable to any domain. Additionally, it is still the best choice to build 
DoDAF, NAF, and MODAF architectures. 

– Common Vocabulary and graphical SysML-based notation
– Analysis and Simulation

• UAF has been designed to support trade studies at different levels: 
– trade-off operational scenarios against capability requirements,
– or trade-off solution architectures against operational needs

• As UAF is based on SysML the requirements verification approach is 
applicable to both UAF and SysML
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Work in the Area
• Industry demand for standardized approach for automated requirements 

verification without manipulating the real system 
• Work done in this area: 

– has very little prove of
its successful application 
on real-industry cases 

– is very specific to a 
small area of applications
Is dependent on specific tools 

– Model-based methods
requires a specific non 
standardized extensions 

• The work done is based on: 
An Approach: SysML-based Automated Requirements Verification published by IEEE ISSE 2015 
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Application to SE and SoSE
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Trade study analysis process based 
on requirement verification



Trade study analysis process
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Define trade study requirements
• Requirements describe the 

necessary functions and features 
of the system.

• Requirements can be used as a 
set of trade study selection 
criteria.

• In this step, a set of requirements 
should be established that will be 
used in a trade study analysis.
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Define plausible alternatives
• Plausible alternatives can potentially achieve the 

goals and objectives of the systems.

• Alternatives can be defined by selecting potential 
solutions that are already known or desirable.
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Formalize text-based requirements
• SysML introduces the ability to model 

text-based requirements.

• Refine relationship is used between 
requirements and constraint blocks.

• A requirement refined by a state means 
that the requirement constraint is valid 
only if a system is in a specific state.
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Define context of trade study analysis

• Analysis context prevents any direct 
impact or changes to the original 
system architecture.

• In this step, the context of the trade 
study analysis is defined and the 
constraints that will be used to 
analyze the system should be set.

www.incose.org/symp2021 17



Bind system properties to constraint 
parameters

• Constraint blocks should be 
defined to formalized complex 
logic.

• In this step, the variables of a 
constraint block should be bound 
with the value properties that are 
examined in the requirement 
verification.
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Build test case scenario

• Some variables change depends on 
the operation of the system.

• To verify such variables against the 
determined requirements, test case 
scenarios is created using activity or 
sequence diagrams.

www.incose.org/symp2021 19



Perform requirements verification

• The possible solutions of a trade study 
are judged by their overall satisfaction 
of the determined requirements.

• Requirements are verified on the basis 
of established requirements traceability 
relationships and formalized 
requirements.
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Capture verification results

• Once the requirement verification is completed, 
the results should be recorded to perform an 
analysis of the results.

• Each outcome of the alternative should be kept 
separate in order to examine requirements that 
were not satisfied.
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Select the preferred alternative

• Analysis is carried out based on 
the results of the requirement 
verification. 

• The goal of this step is to indicate 
the most suitable alternative that 
corresponds to all or most of the 
specified requirements.
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Case Study: 
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SysML-based Case Study: Vehicle Automatic 
Transmission
• System Requirements for Vehicle Automatic Transmission
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SysML-based Case Study: Vehicle Automatic 
Transmission Model Description
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SysML-based Case Study: Analysis and 
Verification of Vehicle Automatic Transmission
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SysML-based Case Study: Parametrization of 
Vehicle Automatic Transmission Requirements
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SysML-based Case Study: Test Case Definition
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SysML-based Case Study: System parameters 
variation definition and verification of them 
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Case Study:
System of Systems Engineering Domain



UAF-based Case Study: MSR
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UAF-based Case Study: MSR
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UAF-based Case Study: MSR
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UAF-based Case Study: MSR
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Conclusions
• Research described in this paper leads us to the following conclusions: 

– Automated dynamic requirements verification is a new field of study enabled by 
the MBSE environment. We have demonstrated the approach with SysML state 
machine models; however, there are also activity and interaction models that could 
also be taken into consideration in future research. 

– We extend the static requirements verification approach to support dynamic 
requirement verification by using SysML state machine models. We propose an 
extension that can be used to automatically verify system requirements and be 
used as evaluation criteria in automated trade-study analysis. 

– We demonstrate the versatility of SysML allowing us to define analysis approaches 
applicable to its extensions. In this particular case, UAFP allows us to apply 
SysML based approaches to the SoS engineering domain to verify, for example, 
capability requirements. 

– The whole approach is scalable and can be used for large sets of requirements or 
system variants. 
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