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Disclaimer 

The information in this document is provided “as is”, and no guarantee or warranty is given 
that the information is fit for any particular purpose. The content of this document reflects 
only the author’s view – the Joint Undertaking is not responsible for any use that may be 
made of the information it contains. The users use the information at their sole risk and 
liability.
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Executive Summary 

This deliverable summarizes the TCMS Functional Distribution Framework (FDF) design of 
Safe4RAIL project in conceptual and structural view and aims to provide a feasibility report to 
bridge the FDF concept design and the FDF proof-of-concept implementation.  

This document provides a detailed report of three design instantiations (AUTOSAR Adaptive 
Platform (in this text denoted by AUTOSAR), PikeOS and INTEGRITY), based on the TCMS 
FDF concept design in D2.3 and based on the safety and security concepts described in 
Chapters 3 and 4, respectively of this deliverable. This report describes the design 
instantiation in AUTOSAR of the FDF design concept, in order to check the feasibility of 
mapping the defined elements and components to the building blocks of AUTOSAR. The 
documentation also characterizes the design instantiation in mixed-criticality PikeOS 
hypervisor as well as in RTOS INTEGRITY. In these two design instantiations, the 
conceptual elements of the FDF design are mapped to the paradigms in PikeOS and 
INTEGRITY. The services of the structural design are also analyzed to cope with the APIs 
provided by PikeOS and INTEGRITY.  

Finally, the deliverable defines the unique set of APIs for the hosted applications of the 
framework to ensure the portability of the applications which will standardize interfaces of the 
next generation TCMS framework, in line with Shift2Rail objectives.These three approaches 
are viable to provide a basis for next generation TCMSs. PikeOS and INTEGRITY are well 
proven and tested in lots of ECUs in various safety-related applications. AUTOSAR, on the 
other hand, is still in development and aims specifically at the automotive domain, omitting 
some railway-relevant features and leaving open questions when it comes to certification, as 
both domains take different approaches and railway applications usually require a higher 
safety level. 
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Chapter 1 Introduction  

1.1 About this document  

The main task of WP2 of Safe4RAIL is to provide the “Functional Distribution” architecture 
concept for a mixed criticality embedded platform, offering an execution environment for 
multiple Train Control and Monitoring System (TCMS) application functions with a virtual bus 
inside the end-system. 

This document aims at providing a detailed report of three design instantiations (AUTOSAR, 
PikeOS and INTEGRITY), based on the TCMS framework concept design in D2.3. This 
report describes the design instantiation in AUTOSAR of the “TCMS framework” design 
concept and characterizes the design instantiation in mixed-criticality PikeOS hypervisor as 
well as in RTOS INTEGRITY. This instantiation report covers both the FDF conceptual 
design and the structural design, meanwhile taking the defined safety and security concepts 
into account described in D2.3, Chapters 3 and 4, respectively. 

According to the comparative analysis of ARINC 653 in D2.2, the execution environment 
defined by ARINC 653 targets at static system configuration, which deviates from the 
dynamic system configuration requirement for next generation TCMS. Therefore, this report 
does not cover the instantiation of the TCMS framework concept based on ARINC 653.   

This deliverable will be organized in this way: Chapter 1 summarizes the Functional 
Distribution Framework (FDF) design in D2.3. The Functional Distribution Services (FDS) 
design for the FDF will be characterized in Chapter 2. Chapter 3 describes the FDF design 
instantiation in AUTOSAR, taking the FDS defined in D2.3 into account. Chapter 4 and 
Chapter 5 provide the design instantiation based on INTEGRITY and PikeOS. In Chapter 6, 
the summary and conclusion are provided. 

 

1.2 Functional Distribution Framework design  

The Functional Distribution Framework (FDF), the application framework concept for modular 
integration of TCMS applications, aims to host distributed safety-critical and non-critical 
application side-by-side on the same hardware platform in distributed next-generation TCMS 
systems. The goal of this mixed-criticality application is to provide solutions to fulfil functional 
safety-critical and non-critical requirements and non-functional requirements (including 
security) that support functional distribution, interoperability, reconfiguration, deterministic 
inter-partition communication, hardware and communication abstraction and virtual coupling 
of services. For more information, please consult Safe4RAIL deliverable “D2.3 – Report on 
‘TCMS framework concept’ design, security concepts, and assessment” [2]. 

 

1.2.1 Conceptual view 

The Functional Distribution Framework uses a set of physical and logic elements that interact 
with each other. The physical ones are mainly: 

Partition: Execution environment with an isolated memory address space and limited 
execution time. With it we achieve temporal separation. 
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Figure 1 - Functional Distribution Framework 

 

1.3 Functional Distribution Framework design instantiation  

The FDF design instantiation report consists of three parts. The first candidate is the 
AUTOSAR that aims to create and establish a standardized software architecture for 
automotive electronic control units. The design instantiation on AUTOSAR provides a detail 
report, how the conceptual and structural design of the FDF could be mapped to the 
elements and components in AUTOSAR, meanwhile take the safety and security concepts 
into account. The other two options are based on the RTOS INTEGRITY and the hypervisor 
PikeOS. For these design instantiations, since INTEGRITY and PikeOS are both operating 
systems running under the FDF, the major point in these design instantiations will be how to 
map the designed components in the FDF to the paradigms of both operating systems. 

According to the D2.3, the safety and security concepts for the FDF are proposed and the 
corresponding countermeasures are specified for the FDF components, hence, this report 
concentrates on the instantiation of the FDF design concept. 
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Chapter 2 Functional Distribution Services 
Design 

Since the functional distribution services are defined to make use of the hardware access 
services and the operating system services to provide the defined functionalities, these 
services are portable across different platforms and operating systems. There are three 
proof-of-concept instantiations (INTEGRITY, PikeOS and Adaptive AUTOSAR) where the 
functional distribution services may be applied. In this instantiation report, a unique set of 
FDF APIs is defined, so that the applications hosted by the FDF will have the same view of 
the FDS  

2.1 FrameworkManager 

The FrameworkManager can be considered the brain of the Functional Distribution 
Framework. This component offers a complete set of functions to setup the different services 
of each instance with its only interface, IFrameworkManager. It commands the 
ConfigurationManager to load the configuration and initializes all the services, which means 
that once the configuration is read, all the required logic elements are created, logic and 
drivers are loaded and instances created. With register() and a set of getter calls it allows 
applications to be registered to be executed by it and the ability to access variables in the 
shared memories, respectively. Apart from the standard variables it may also provide the 
possibility to access and go through concrete complex structures with a given semantic such 
as the topology. 

 

Figure 2 – FrameworkManager 

 

Function Description Possible callers 

Configure() 
This function is used to command the ConfigurationManager to load the 
configuration file. 

Applications 

Execute() This function starts the cyclic execution of the FDF. Applications 

Get_log() An application can retrieve all the information of a log object. Applications 

Get_topology() 
An application calls this function to get the topology-related information. It 
receives a reference to the topology object. 

Applications. 

Get_variable() 
An application calls this function to access variables. It receives a 
reference to the Variable object. 

Applications 

Initialize() It calls the initialize() function of all other managers. It creates 
instantiations of the different components. It loads the drivers; it creates 

Applications 
















































































































