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Abstract—Cyber-physical systems are becoming more and 
more connected as it is the case for the railway domain. This 
introduces the need for smart monitoring and communication 
services besides the traditional control-command functions. As 
a consequence, more complex architectures are required to 
leverage connected technologies. This challenges traditional 
processes used to develop such systems. Model-based system 
engineering (MBSE) has been proposed to tackle this challenge 
by allowing virtual integration of the system in order to 
discover flaws earlier in the development process thus reducing 
rework costs. MBSE requires that several models of the system 
are conjointly used to assess architectures at different levels of 
abstraction starting from the overall system level down to 
specialty domains. However, there is currently a lack of 
approaches for using these models conjointly to perform 
virtual integration. In this paper, we present the PST approach 
allowing seamless integration between systems engineering and 
real-time specialty domain analyses to support virtual 
integration. The approach is illustrated with a system from the 
railway domain; the on-board equipment of the European 
Train Control System (ETCS). 

Keywords—Systems Engineering, Model-based Systems 
Engineering, SysML, AADL/ALISA, Cyber-Physical Systems, 
Embedded Systems, ETCS  

I. INTRODUCTION 

Embedded systems are becoming more and more 
connected as it is the case in the field of transportation. 
Besides the basic control-command functions, they now 
implement smart monitoring and communication services. 
As a consequence, new architectures are required in order to 
leverage these connected technologies. These architectures, 
which are more distributed than the former generation ones 
must evolve faster to ensure competitiveness of products. 
Hence, development processes of these systems must evolve 
as well to cope with this context.  

A key requirement for these processes is to efficiently 
leverage modeling analysis and simulations for assessment 
of designs before committing to actual realization, in order to 
reduce rework costs due to late defects discovery [1]. To this 
end, the methodologies must face three interdependent 
issues: i) Different architecture solutions must be analyzed 
against performance criteria coming from upper-level system 
requirements. ii) Views of the analyses of the different 
specialty domains must be made available at the upstream 
system levels: for instance, multidisciplinary tradeoff or 
virtual integration and verification. iii) Traceability must be 
ensured in both top-down and bottom-up directions: from 
high level system requirements down to implementation 

artifacts such as software and hardware components and 
conversely. 

Several research works on model-based development 
processes for embedded real-time systems can be found in 
the literature over the past 30 years. Modeling practices were 
strongly developed in the late 1990’s as reported in [2]. In 
the early 2000’s, the SAE Architecture Analysis and Design 
Language (AADL) [3] and shortly after, the Modeling and 
Analysis of Real-time and Embedded systems (MARTE) 
UML profile [4] were developed to take advantage of 
analyses based on digital computing and implying quantified 
properties specified in the models. Today, AADL is a mature 
language supported by several open source tools such as 
OSATE [5] and RAMSES [6] and we notice an emerging 
market for commercial tools such as AADL Inspector from 
Ellidiss Technologies [7]. 

Interesting approaches such as [8] and [9] attempt to 
integrate real-time analysis in the systems engineering field 
by combining languages for different domains and levels of 
abstraction such as SysML, AADL and FACE. Nonetheless, 
even if they aim at opening the methodologies toward larger 
systems, these studies are still mostly centered on the 
embedded systems domain. At the same time, other 
approaches in the mechatronic field such as [10] attempt to 
extend Model-Based Systems Engineering (MBSE) practices 
to better take into account multidisciplinary tradeoffs. 
However, this approach mainly focuses on multi-physics 
issues. 

To bridge this gap, we propose the PST approach, which 
is a seamless model-based development approach focusing 
on real-time analysis suitable for multidisciplinary tradeoffs 
as described in [10] and integrating analyses of the real-time 
embedded systems domain into systems engineering 
processes. The purpose of the approach, which was 
developed during the PST (Performance des Systèmes de 
Transport) project 1 , is to support virtual assessment of 
architectures by means of predictive performance studies and 
support continuity among studies throughout the different 
levels of design such as embedded system, software and 
hardware platforms. This entails the following objectives: 

• Make a clear distinction between the different system, 
software and embedded platform levels and address 
consistency within each level and across them.  

• Support the processes with the most relevant modeling 
languages regarding the different development activities 
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(requirements definition, architectural design and 
virtual integration). 

• Allow for integrating the development of embedded 
systems within the iterative upper-level systems 
engineering development cycles. 

• Provide means to share data between levels, teams and 
work environments and support cross-cutting 
traceability. 

In order to achieve these objectives, we combined a set of 
modeling languages with dedicated traceability links to 
support the requirements engineering, systems engineering, 
tradeoffs analyses and real-time embedded systems 
engineering of the PST process. One of our application case 
combines this set of languages to model and analyze a 
safety-critical system from the railway domain; the on-board 
equipment of the European Train Control System (ETCS) for 
the signaling and control of the European Rail Traffic 
Management System (ERTMS)2. The core component of the 
on-board equipment is the European Vital Computer (EVC), 
which is a safety-critical computing platform hosting train 
control functions such as the emergency breaking function.  

In this paper, we present the PST process that we 
developed using the ETCS system as an example. The next 
section II presents the PST approach. Section III illustrates 
the approach by applying it to the aforementioned ETCS 
system and presents evaluation results. Finally, section IV 
concludes the paper and discusses future work. 

II. THE PST APPROACH 

The proposed approach considers tow levels of 
abstraction integrated with dedicated traceability 
relationships: the system level supporting systems 
engineering processes and practices and the software and 
platform level based on principles borrowed from the 
Model-Driven Architecture (MDA) approach [18]. 

A. System Level 

1) Processes Involved 
The system level of the PST approach is based on the 

ISO/IEC 15288 standard [11] defining systems engineering 
processes and terminology considering requirements and 
constraints issuing from the full life cycle of systems. PST 
builds on a subset of the standard’s processes as depicted in 
Fig. 1. It starts with the Stakeholder requirements definition 
process and therefore the definition of the related operational 
data. This process aims at eliciting and recording the 
stakeholder view on what the system should provide to 
achieve its goals and missions. Then the System 
requirements definition process focuses on the external 
technical specification of the system seen from a “black box” 
point of view. System requirements and data are derived 
from stakeholder requirements and used as references to 
guide architectural design via system analysis and tradeoffs. 
The Architectural design process focuses on architecture 
choices and considers different possible alternatives to meet 
the system requirements. System requirements are then 
decomposed following the system decomposition into sub-
systems resulting from the selected architecture choices 
according to system analysis and tradeoffs. 

Regarding system-level analyses, the PST approach has 
two purposes. The first one is to demonstrate whether an 
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architecture solution can meet the input quantitative 
requirements. The second one is to determine the sub-system 
quantitative requirements from the sub-system property 
values obtained for an architecture solution.  

 
Fig. 1. A subset if the ISO/IEC 15288 system processes used for PST 

Besides, the PST approach considers a bi-directional top-
down and bottom-up analysis process. The objective of the 
top-down analyses is to assign values to sub-system 
properties compliant with the input system requirements. The 
objective of the bottom-up analyses is to check whether the 
top-level assumptions determined from the top-down process 
on the sub-system properties values are compliant with the 
input requirements.  

As illustrated in Fig. 2, the PST analysis process is 
collaborative across different specialty domain experts and 
includes the following main steps: 

• The system engineering team shares with the specialty 
domain experts the input data needed to carry out the 
analyses. Those data are: 

• Objectives and assumptions. 
• Input requirements that must be satisfied by the 

assessed architecture. 
• System Engineering (SE) properties to analyze. 
• Architecture views relevant for the given objectives 

and assumptions. 
• The specialty domain experts then perform the analyses 

based on computation methods specified as verification 
plans. These methods involve the given SE properties 
and additional Knowledge properties of the specialty 
models. 

• Finally, the results of the computations defined in the 
verification plans are transmitted to the top-level 
systems engineering team for assessment of the system 
architecture. 

 
Fig. 2. Involvement of specialty domains analyses for architecture 
assessment 



Therefore, the model-based implementation of the 
process involves not only system models but also specific 
models of the specialties concerned by the analysis (Fig. 3).  

The semantics of the relationships among requirements, 
properties and analyses supporting this bi-directional system-
level process is detailed in the next section. 

2) Implementation 
In the following we present our implementation of the 

systems engineering processes presented above. We first 
focus on languages and tools for requirements management 
and system-level modeling. Then, we address the analyses 
supporting architecture assessment and requirements 
derivation. Finally, we detail a work environment supporting 
continuity throughout the system level and the software and 
hardware levels deployed on the Eclipse Integrated 
Development Environment (IDE).  

a) Requirements 
PST makes use of state-of-the-art practices implemented 

in Application Life Cycle Management (ALM) tools for 
textual requirements management. In order to ensure 
interoperability with most of the requirements management 
tools, the PST requirements are first captured and processed 
using the Requirements Interchange Format (ReqIF) [13]. 
Quantitative requirements such as performance requirements 
are managed following a methodology based on the 
principles defined in [10] for the multi-physics domains. 

b) System Model  
In our approach, a system model provides different views 

of the system organized in control units where each unit 
brings together a set of data handled by one of the ISO/IEC 
15288 processes previously introduced. 

• The first unit, including at least one view per phase of 
the system lifecycle, focuses on the operational data 
related to the Stakeholder Requirements Definition. 

• The second one, also including at least one view per 
phase of the system lifecycle, focuses on the external 
specification data related to the System Requirements 
Definition. 

• The third unit focuses on the architectural design. The 
model provides at least one functional/logical view 
relevant to a set of different physical alternative 
solutions candidate to assessment. Such logical shared 
views are extended by views highlighting the specific 
characteristics of each alternative solution.   

c) Connection with Specialty Models 
System models also serve as headers to extract views 

shared with the specialty domains for specific 
communication needs. For example, in the case of real-time 
computing analysis backed by AADL models, such specific 
views are extracted from the SysML models as illustrated in 
Fig. 3. From the top level SysML model, an initial AADL 
model is generated where the SysML blocks representing 
the system in its environment are respectively represented as 
AADL system and abstract components. 

d) Traceability 
The PST approach supports cross-traceability between 

these model elements using a dedicated correspond 
relationship kind. The purpose of such links is to navigate 
between the different model elements and detect 

inconsistencies following changes of one of the traced 
models. 

 
Fig. 3. Real-time view created during architecture assessment 

3) Modeling Languages and Tools 
Our approach reuses a set of existing modeling languages 

and tools that were selected as a best fit for the covered 
levels of abstraction and domains. Many of these languages 
and tools are deployed in the Eclipse Integrated 
Development Environment (IDE) and use the Eclipse 
Modeling Framework for implementing the modeling 
languages. This naturally led to select Eclipse IDE as 
deployment platform for the PST toolchain.  

a) Requirements and Modeling 
Requirements are recorded using the ReqIF format and 

managed with the Requirements Management Framework 
(RMF) [14]. Besides providing a metamodel for ReqIF, RMF 
uses of the ProR tool to provide editors for ReqIF models. 

Regarding modeling of the system level, PST leverages 
the Systems Modeling Language (SysML) [12] by proposing 
a way of use that does not depend on any specific extension 
based on UML stereotypes or profiles. SysML models are 
specified and managed with the Papyrus tool [15], which is 
the main UML/SysML tool of the Eclipse foundation. 

The real-time embedded systems specialty domain that we 
use to illustrate the PST approach is captured with the AADL 
language and its Open Source AADL Tool Environment 
OSATE [5]. OSATE is the reference implementation of the 
AADL language developed by the Software Engineering 
Institute (SEI). 

b) Analyses 
We leverage the Architecture-Led Incremental System 

Assurance (ALISA) framework specifically developed for 
AADL-based computations [16]. ALISA is a set of notations 
integrated with OSATE to specify requirements, verification 
methods, verification plans and assurance cases for systems 
modeled with AADL. Verification plans can be executed 
incrementally against AADL design models throughout the 
system’s development cycle in order to produce assurance 
cases, which are required for safety-critical systems 
certification. The results of executing ALISA verification 
plans produce evidences on whether the requirements are 
verified or not. 

The objects shared between the systems engineering team 
and the real-time experts are modeled using ALISA and 
AADL. They consist of: 



• ALISA ReqSpec requirements, which directly 
correspond to the ReqIF requirements. ReqSpec 
requirements include predicates expressed in the 
Resolute language [21] and define constraints involving 
the quantified properties of the AADL models. 

• AADL property sets, which define property types and 
constants for the quantified properties that are expected 
to be determined by the analyses. 

Furthermore, we take advantage of the ALISA 
verification plans capability to specify computation methods 
involved in the verification of ReqSpec requirements.  

c) Traceability 
The combination of models employed to generate the 

required views is supported by a specific cross-cutting 
traceability model adapted from [10] and depicted in Fig. 4. 

 

Trace links are represented as dashed lines in the figure 
relating elements of models represented as boxes. 
References between models are represented as solid lines 
with cardinalities constraints like for class diagrams.  

Four different types of links are provided: 

• The correspond relation indicates that the linked 
model element are equivalent but represented in 
different modeling languages. 

• The derive relation specifies that a requirement is 
derived from another one often due to a design 
decision or system decomposition. This is similar 
to the derive relation of the requirements diagram 
of SysML but with the difference that it is applied 
to external ReqIF requirements.  

• The satisfy relation, also similar to the relation of 
the same name in the requirements diagram of 

SysML means that a design element is responsible 
for meeting the associated requirement(s).  

• The rationale relation indicates that the results 
computed along the verification plans serve as 
rationale for the related requirement(s). 

In order to support such traceability relationships 
between model elements of different languages in in our 
toolchain, we used Capra [17]. Capra is an open source 
traceability management tool released under the Eclipse IDE. 
It allows creating traces between arbitrary artifacts and 
provides editing and visualization capabilities of the traces 
including traceability matrices and graph visualizations. 
Navigation along the traces is partially supported by 
automatically opening the relevant model editors. Changes 
on traced model elements are automatically detected and 
users are notified to review the impacted model elements. 
Capra provides a generic traceability metamodel that can be 

replaced or extended to provide trace kinds specific to the 
artifacts used during development and to the way they are 
related. 

For the implemented toolchain, we had to extend the 
generic traceability metamodel of CAPRA in order to 
provide classes for the aforementioned kinds of links of Fig. 
4. We also proposed improvements of the navigation 
capability of Capra and developed the capability to handle 
models edited with the Xtext framework, which is used to 
implement all AADL and ALISA textual notations in 
OSATE. 

B. Software and Platform Level 

For the software and platform level, we define a process 
borrowing from the Model-Driven Architecture (MDA) [18]. 
MDA focuses on forward engineering, which consists of 
generating code from a set of abstract models. Separation of 
concerns is enforced by the use of different models for 
different concerns of the system, such as a Computation-
Independent Model (CIM), a Platform-Independent Model 

Fig. 4. Cross-cutting traceability of the PST process 



(PIM), a Platform-Specific Model (PSM) and a Platform 
Description Model (PDM).  

Those models are used along a so-called “Y” 
development cycle (Fig. 6) where the left-hand side branch 
relates to applicative software development independently of 
any technical consideration about the run-time platform. The 
right-hand side branch relates to the development of the run-
time platform and middleware. The base of the “Y” relates to 
the integration of the applicative software on the platform. 

1) Transition from System Level 
We consider two mechanisms illustrated in Fig. 5 to 

support transition from the system level to the software and 
platform level: 

• Implementation of requirements traceability: The 
sub-system requirements become stakeholder requirements 
for the software and platform level. 

• Implementation of shared views between upper-
level and lower-level models. 

 
Fig. 5. Transition between the system and software and hardware levels 

2) Left Branch of “Y” Cycle 
Focusing on the left branch containing the applicative 

software development, the PST approach presents some 
slight differences from the MDA approach. On one hand, 
due to the real-time context, we allow the use of modeling 
practices and programming languages that are not object 
oriented. On the other hand, at this stage of our work, we did 
not initiate actual MDA model transformations.   

However, the MDA maturity levels have proven to be 
suitable and we keep the MDA vocabulary. 

• The CIM corresponds to a modeling level that can be 
shared with users and that is independent of any 
programming language. Our approach uses this 
abstraction level to make a transition between SysML 
system models and lower-level software models. We 
implement the transition by sharing with the software 
teams the functional views of the system model related 
to the different software components, according to Fig. 
5.  

• The PIM relates to a software architecture view 
independent from any platform consideration. This 
level is suitable if further code generation is planned for 
various hardware platforms. We implement PIM 
models by enriching CIM models to describe high-level 
software architectures and record in PIM models the 
software UML operations or activities specifying the 
software functions for later development in various 
languages. 

• The PSM refers to models for code generation. In this 
case, we have turned away from a strict MDA object 

oriented approach to allow the use of modeling 
languages such as Scade or Simulink. The highest-level 
operators of PSM models correspond to operations or 
activities in PIM models. 

3) Right Branch of “Y” Cycle 
Regarding the right-hand side branch of the “Y” 

development cycle, the PDM describes the technical 
architecture. It focuses on the execution platform including 
middleware and hardware components. These are modeled 
with AADL so that to enable sizing analysis of the technical 
components (input/output processing rate of the middleware, 
computation speed of the processors, ….). In this case, the 
analysis process is the same as the system analysis process 
previously detailed. 

4) Integration 
The base of the “Y” development cycle is where virtual 

integration is performed. In order to support this activity, we 
introduce another PSM level as the actual projection level 
joining the two branches of the “Y”. In this case, our method 
deals with integrating properties such as worst case 
execution time of the applicative code generated from Scade 
or Simulink into the PDM AADL models. In this model, the 
software functions are represented in a thread model required 
to run scheduling analysis with AADL Inspector [7] and 
code generation with RAMSES [6].  

 
Fig. 6. The PST “Y” process implementation 

III. DEMONSTRATION CASE AND RESULTS 

A. Demonstration Case 

The demonstration case presented in this section had 
three main objectives: 

• Demonstrate the feasibility of the approach. 
• Study the needs regarding tooling to be addressed by 

commercial tool providers. 
• Explore designs of the selected TMA platform with two 

different middleware solutions focusing on the data 
processing throughput. 

The case relies on the ERA (European Union Agency for 
Railways) baseline 3 requirements for ETCS systems [20]. 
These systems format the signalization information for train 
drivers and ensure safety of trains by triggering emergency 
break when needed by the context. A close attention is paid 
to end-to-end reaction times in the case of emergency break 
triggering, from external event notification to completion of 
the expected breaking action. ETCS architectures encompass 
devices for communication with the track signaling 
equipment and the rolling stock: an odometer, a DMI and a 



vital computation platform, the European Vital Computer 
(EVC). 

In order to demonstrate the PST approach we modeled a 
simplified ETCS system based on a Triple Modular 
Redundancy (TMA) [19] vital core platform.  

1) System Level Modeling and Analysis 
At the system level, the objectives of the analyses are to 

define execution time requirements allocated to the platform 
functions considering a given Ethernet network solution. The 
worst-case transmission time analyses on the Ethernet 
network were carried out with the SEFA (Switched Ethernet 
Flow Analysis) tool [29] integrated into OSATE and the 
budget allocated to the device and platform functions were 
determined by the End-to-end Latency Analysis of OSATE. 

 Fig. 7 depicts the modeling languages and tools used to 
model the ETCS on board at the system level using the PST 
approach. SysML is used at the system level as illustrated by 
Fig. 8 showing a SysML block definition diagram for the 
context of operation of the ETCS system. This diagram 
describes the relationships of the ETCS system with other 
systems of its environment such as the rolling stock (train) 
and the Eurobalise sending information such as position of 
the train on the rail. 

Fig. 7. Overview of the tools and analyses system level for the ETCS board 
system 

 
Fig. 8. A SysML block definition diagram for the context of operation of 
the ETCS on board system 

2) Software and Platform Modeling and Analysis 
We also model this ETCS system on the software and 

platform level using AADL side for implementing a set of 
consistent analysis performed on an ETCS architecture based 

on a Triple Modular Redundancy (TMA) [19] vital core 
platform.  

Two different sets of AADL models are provided for first 
modeling the EVC, and then the overall ETCS system. In the 
first set of models, the EVC is represented as a system 
component providing details of all its internal composition 
including triplicated components for the 2oo3 architecture.  

An abstraction of these details is also provided by 
defining an AADL processor component as shown in , where 
a dedicated Implemented_As property links the processor 
component to the system classifier providing the 
implementation details of the 2oo3 architecture.  

 
Fig. 9. An excerpt of the EVC processor implemented as an AADL system 
providing the full details of the 2oo3 systems. 

At the ETCS level, the provided EVC processor classifier 
stored in an AADL library is instantiated as a subcomponent 
representing the EVC in the execution platform of the ETCS. 

For developing each set of these models, we use a 
modeling approach introduced in [29] where 5 views are 
provided for the concerns of: 

• System context of operation: The system is 
represented with its interaction with entities of the 
environment for every system operation mode.  

• System functions: The system functions are 
represented as abstract components without any 
information on whether they will be implemented as 
software or built-in hardware. 

• Software: The software components are specified in 
terms of data types, subprograms and their thread 
execution model. 

• Hardware execution platform: The hardware 
execution platform is specified in terms of hardware 
components. 

•  Deployment: The deployment of the software 
components over the aforementioned execution 
platform is specified using binding properties.  

Fig. 10 shows an AADL diagram for the context of 
operation (first view) of the ETCS. Similar to the SysML 
diagram of Fig. 8, the diagram shows the interaction of the 
ETCS system with entities of its environment for the normal 
context of operation of the ETCS system. 

Dedicated traceability links are established between 
AADL models and their SysML counterparts following the 
PST approach previously described. Fig. 11 shows an 
example trace for the central “etcs_board” system 
subcomponent of  viewed in the AADL textual notation 
(AADL has both graphical and textual notations)  
corresponding to the “ETCS_OnBoard” block of the SysML 
diagram of Fig. 8. This correspondence is captured with the 
“correspondsTo” trace link implemented in the Capra tool 
and showed in the traceability view at the bottom of Fig. 11. 



 
Fig. 10. An AADL diagram for the context of operation of the ETCS on 
board system 

 
Fig. 11. Trace link between the AADL ETCS system subcomponent and 
the SysML block visualized in the Capra traceability view 

Regarding the analyses, from the budget determined from 
the system level for the application execution time, the 
analyses focus on the aforementioned ETCS and its EVC 
middleware AADL models. They aimed at evaluating the 
performance of different middleware solutions compared to 
the required input processing rate of the EVC application 
(number of incoming messages per second) given its 

integration in the enclosing ETCS model. 

Mono and multicore solutions are assessed for the EVC 
depending on the result of scheduling analyses using AADL 
Inspector and end-to-end latency analyses using OSATE.  

In the end, the real 2oo3 middleware is implemented 
using code generated from the Krono-Safe / Asterios tool 
suite [29] and tests are performed on the real hardware 
platform.  summarizes the implementation of the approach 
for the software and platform level for the EVC. 

B. Results 

At the system level, the results of the real-time analyses 
allowed us to validate the integration of the application 
within the middleware and to select the best HW execution 
platform, as well as figuring out its cost.  

At the software and platform level, the analyses results 
were compared with the real EVC implemented as three 
Apalis iMX6 development boards connected via Ethernet 
with a switch. 

Our demonstration case allowed assessing the following:   

• Usage of AADL for the railway domain: 
Redundancy is often used in the railway domain to deal 

with safety, reliability and availability requirements. AADL 
proved to be well suited to model these architectures through 
the different views involved in our process, all the way down 
to precise software and hardware models ready for code-
generation and deployment. 

• Usage of ALISA for automated verification and 
assurance case modeling: 

ALISA has proven very valuable in: 

• Expressing design level requirements and providing 
continuity up to the system level requirements. 

• Acceptance of design alternatives through the 
verification of predicates derived from requirements 

Fig. 12. Overview of the software and platform level for the EVC system 



(schedulability, structural compliance with the TMR 
architecture, etc.). 

• Comparison of design alternatives through the 
computation of design KPIs, such as hardware cost, 
processor MIPS, response time, etc. 

• Relevance of a continuous integration toolchain: 
The ALISA environment also proved to be pluggable 

into a continuous integration server, allowing the verification 
of the platform level requirements every time changes in 
requirements, design or verification procedures were 
published by contributors. This is further detailed in [24]. 

Other benefits were: 

• Recording development history and milestones of the 
project with associated KPIs values per design 
alternative. 

• Modularity of the models decomposed into components 
that can be independently verified to some extent, much 
like software components can be unit-tested. 

IV. CONCLUSION 

We have proposed and evaluated the PST system 
development process including requirements and design 
models management across different levels supported by 
model-based real-time analyses meeting our research 
objectives.  

While the proposed PST approach focuses on the real-
time embedded systems specialty domain, it should allow for 
being integrated within upper-level systems engineering 
tradeoff processes among different disciplines like safety, 
mutliphysics, carbon emission, …. However, this integration 
would mean opening the OSATE Eclipse-based development 
environment to other non-Eclipse-based systems engineering 
workbench of the market, which is left as future work. 

Other future work consists of improving traceability 
management that is currently implemented with the Capra 
tool. In this case, both models from the system and the 
specialty domains are created completely manually and must 
be manually maintained as they are concurrently modified. In 
the ideal world, tools would be provided that can 
automatically generate out of a system model a first set of 
domain specialty models and maintain these models 
consistent as any of them models are modified during 
concurrent engineering. As further detailed in [25], despite 
huge efforts on developing tools for model synchronization 
over the past 20 years, this remains a difficult problem 
especially when industrial rich languages such as SysML and 
AADL are involved. 

Thanks to prior research in the frame of the PST project 
such as [21] and [22], we have found that proof assistants 
such as Isabelle [23] provide adequate expressivity to 
formalize sets of requirements and constraints, which is very 
promising in terms of requirements and traceability 
consistency and satisfiability analysis. We are planning to 
improve the next steps of the PST approach by integrating 
such capabilities to our toolchain. 
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