
FMU4cpp: A C++ Framework for Creating 

FMI-Compliant Functional Mock-up Units

Lars Ivar Hatledal, PhD
Associate Professor
Department of ICT and Natural Sciences

Faculty of Information Technology and Electrical 

Engineering



2

Problem formulation
• A large number* of modelling tools supports exporting their 

models as FMUs.

– This is great! But what if we need custom logic?

• Several frameworks enabling programming languages to be 

directly used also exists.
– Compared to specialized models exported from simulation tools, such FMUs can do 

pretty much anything.

• I.e., Custom logic, Networking, Computer vision, AI, etc.

* https://fmi-standard.org/tools/

https://fmi-standard.org/tools/
https://fmi-standard.org/tools/
https://fmi-standard.org/tools/
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Problem formulation cont.
• Non-native (interpreted or managed) programming frameworks 

available:

– JavaFMI, FMI4j, PythonFMU and more.

– Benefit: High-level languages that can do a lot.

– Downside: Typically slower, requires a runtime, might expose IP.

• Native frameworks available:

– Modelica Reference-FMUs, CPPFMU & fmicpp and more.

– Benefit: High performance, hides IP, no runtime required.

– Downside: Building native FMUs is still to involved.

• This is what FMU4cpp tries to resolve.



4

Value proposition
• FMU4cpp brings the benefits of native FMUs, while:

– Being very easy and intuitive to setup/use.

– Solves cross-compilation issues.

– Provides integrated compliance checks.

In a limited test-case, a fmucpp system of 4 connected FMUs 

simulated ~10x quicker than the same PythonFMU setup.
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What is fmu4cpp?
And why we want it

• Fmu4cpp is a combination of:

– A C++ library for creating FMUs.

– A CMake utility function for packaging the content of an FMU.

– A Continuous Integration (CI) pipeline for validating and cross-compiling 

authored FMUs.

• Supports FMI2 and FMI3 for Co-simulation.

– Any number of FMUs can be built and packaged during the same build 

step.

– When linking against shared-libraries, these are automatically packaged 

with the FMU.

– Generates the modelDescription.xml.
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Workflow
Standalone project

1. Clone the repository using the "Use this template" button.

2. Browse the example models from the examples branch.

3. Implement your own model by inheriting from the 

provided fmu_base abstract class.

4. Create an FMU target by using the 

provided generate_fmu CMake function.

5. Build! Models for your platform are by default located in 

a /models folder within the build folder.

6. Push your changes to GitHub to trigger cross-compilation.

7. Download cross-compiled FMUs from the Actions tab.
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Alternate workflow
Existing project integration

1. Use CMake FetchContent to get access to fmu4cpp in an 

existing CMake project.

2. Implement your own model by inheriting from the 

provided fmu_base abstract class.

3. Create an FMU target by using the 

provided generate_fmu CMake function.
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Example code: BouncingBall
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Generated modelDescription

FMI2FMI3
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Future work
• Source code FMUs.

– Soon.

• Wider feature compliance.

– FMI3 binary and dynamic arrays

• Built-in state handling (for rollbacks)

• More examples.

• Compile Source code FMUs?
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Closing remarks
• Neither the FMI 3.0 nor the FMI 2.0 specs are fully implemented.

– But good enough for common use-cases.

• Only 64-bit Windows and Linux  are officially supported.

• The source code is Open-source and licensed under a 

permissive MIT license.

https://github.com/Ecos-platform/fmu4cpp

https://github.com/Ecos-platform/fmu4cpp
https://github.com/Ecos-platform/fmu4cpp
https://github.com/Ecos-platform/fmu4cpp
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Thank you!
Contact: laht@ntnu.no
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