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Motivation

▪ Most safety standards require semi-formal 

or formal models for the architectural 

description of the system.
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IEC61508

ISO26262

To avoid systematic faults in the software architectural 

design and in the subsequent development activities, the 

description of the software architectural design shall address 

the following characteristics supported by notations for 

software architectural comprehensibility; consistency; 

simplicity; verifiability; modularity; abstraction;



Example of a complex safety system – StudentCar (Corona Lab@Home)

ewC 2021 DIGITAL | A showcase for model based code generation for multicore safety systems | Prof. Dr.-Ing. Peter Fromm | (c) H-DA, FBEIT
4



Trying to understand / maintain the architecture 

from code

Some metrics

▪ Files 318

▪ Functions 1.947

▪ Lines 239.369

▪ Code Lines 53.269

▪ Comment Lines 98.848

▪ Executable Statements 19.839

▪ Inactive Lines 52.064

▪ Preprocessor Lines 43.153
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Application is setting 

data

Data is mapped to 

different memory 

regions

Task access right

Runnable execution 

in task context



Alternative view
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What do we expect from a good model?

Static structure of the system

▪ What components are present in the system

▪ What are the responsibilities of the components

▪ What relations do I have between the components

Behaviour of the system

▪ Data flow between the components

▪ Execution events of the runnables

Some important technical details

▪ Execution context (core, task) of runnables

▪ Memory pools and memory protection

▪ Timing behaviour of the system
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UML SysML AUTOSAR

Understandability / Ease of use:

How about 

requirements? And 

Traceability?



How about an own modelling language?

Goal:

▪ Simple modelling of the structural and runtime behaviour

of single and multicore safety architectures.

Functional Requirements:

▪ Describe (safety) requirements

▪ Create high level conceptual (functional) models

▪ Model the hardware (block diagram)

▪ Develop a (hierarchical) software model focussing on 

structural elements, signal flows and activation triggers

▪ Create C/C++ code for different controllers and RTOS

▪ Support safety assessments (model check, documentation)

Non-Functional Requirements:

▪ Expressive models

▪ Well readable code

▪ Ease of use
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Re-inventing the 

wheel?



Our Use Case – Electronic Throttle Control
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Layer 1 - Requirements View – Safety Focus 
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Hazards and Risks

Safety Requirements

Safety Goals



Layer 2 – Functional View
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Sub-View



Layer 3 - Hardware View
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Often close to the logical view, but 

more specific on the interfaces



Layer 4 – Software Component View 
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Following the OOA/OOD 

philosophy. Hareware 

components are mapped to SWC.



Layer 5 – Software Runnable View
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Data and activation triggers 

visible in a single picture!



Layer 5 – Software Runnable View
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Error handling based on invalid 

data.



Layer 5 – Software Runnable View
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Code relevant details are added 

in a tree editor.



Layer 6 - Code

ewC 2021 DIGITAL | A showcase for model based code generation for multicore safety systems | Prof. Dr.-Ing. Peter Fromm | (c) H-DA, FBEIT
17

Signals with fixed API 

(local or global)

Software Runnables with references to the connected signals



Layer 6 - Code
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Runtime Environment

(Runnable Activation)

Linker Control File and

Task Configuration (MPU)



Layer 7 - Documentation
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Descriptive In-Code Documentation

Markup Language System Description



Behind the scenes
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EMF Metamodel

Sirius Graphical 

Notation

Acceleo for 

Code 

Generation



Supported Formats

ewC 2021 DIGITAL | A showcase for model based code generation for multicore safety systems | Prof. Dr.-Ing. Peter Fromm | (c) H-DA, FBEIT
21

Model

C++ Generator C Generator RTOS Abstraction Linker Abstraction

Aurix Multicore / 

PXROS / C++

PSOC/ AUTOSAR 

OS / C

Cortex F7 / 

FreeRTOS / C++



Summary

▪ Although we have created another modelling language, the “dialect” has proven to be rather 

intuitive also for engineers new the topic.

▪ All relevant information can be found directly in the model, less relevant details can be added 

in a tree editor structure.

▪ Engineering focus moves from coding to designing.

▪ Generated code is well readable and testable.

▪ Debugging efforts are significantly reduced.

▪ Is Eclipse EMF the right choice?
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There (stil) is no silver bullet, but we have come a 

bit closer.



Outlook – Moving Towards a 8 Layer Model

As we have full traceability in the model from requirements down to generated code, an 

additional Analytical Layer is planned:

(A)SILreq versus (A)SILach

▪ Compare the required (A)SIL with the reported (A)SIL

Check Freedom of Interferance of the SIL/QM functions

▪ Memory

▪ CPU

▪ Peripherals

Hardware/Software Validation

▪ Is (A)SIL code only executed on safe hardware (e.g. lockstep cores)
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Contact
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Prof. Dr.-Ing. Peter Fromm

M.Sc. Thomas Barth

Hochschule Darmstadt - University of Applied Sciences

FB Elektrotechnik und Informationstechnik (EIT) 

Birkenweg 8

64295 Darmstadt

Email: peter.fromm@h-da.de

thomas.barth@h-da.de

Web: www.eit.h-da.de
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