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Overview

* Compliance checker for FMUs
* FMU Cross-checking process



Background

— Different tool implementors interpreted FMI 1.0 in different ways

— Poor user experience when exporting/importing/combining FMUs
from different tools

— Industrial pressure to improve cross compliance of tools
— Modelica Association issued a RFQ in 2012 to develop a
compliance checker

— Provide an open source tool to support tool vendors developing FMU
exporting tools

— Modelon was assigned task of developing the FMU checker
— Achieve consistency and compliance of tools supporting FMI
— Afreely available tool to promote tool interoperability



Key features

— Check a given FMU's compliance with the FMI standard
— FMI for Model Exchange 1.0
— FMI for Co-simulation 1.0
— FMI 2.0RC1

— Automatic unzipping into a temporary directory
— Checking of all DLL functions
— Checking of XML model description

— for syntax errors
— for correct order of elements and correct cardinality or relations
— for correct cross-references

— Simulation
— Explicit Euler for Model Exchange FMUs
— Stepping for Co-simulation FMUs
— Simulation results written to file in CSV format
— CMake build system
— Builds om win32, win64, linux32, linux64 and Mac OS X
— Relies on FMI Library for FMU interaction
— Open source (BSD) C package for FMU integration (http://www.fmi-library.org)



http://www.fmi-library.org/

The FMU Checker executable

>fmuCheck.win32.exe -e FMU_log.txt -f -1 4 -h 0.01 -s 10.0 -o FMU_out.csv SpringDamper.fmu

Available Options:

-C <separator>
-e <filename>

-f

-h <stepSize>

- <infile>

-l <log level>

-m

-n <num_steps>
-0 <filename>

-s <stopTime>

-t <tmp-dir>
-X

-z <unzip-dir>

Separator character to be used in CSV output. Default is ;.

Error log file name. Default is to use standard error.

Print all variables to the output file. Default is to only print outputs.

Step size to use in forward Euler. Default is to use step size based on the number of output points.
Name of the CSV file name with input data.

Log level: O - no logging, 1 - fatal errors only, 2 - errors, 3 - warnings, 4 - info, 5 - verbose, 6 - debug.
Mangle variable names to avoid quoting (needed for some CSV importing applications).

Maximum number of output points. Zero means output in every step. Default is 500.

Simulation result output CSV file name. Default is to use standard output.

Simulation stop time, default is to use information from 'DefaultExperiment’ as specified in the
model description XML.

Temporary dir to use for unpacking the FMU. Default is to use system-wide directory, e.g., C:\Temp.
Check XML and stop, default is to load the DLL and simulate after this.

Do not create and remove temp directory but use the specified one for unpacking the FMU.
The option takes precendence over -t.



Error reports

Administrator ChWindows!\System32\cmd.exe

Microsoft Windows [Uersion 6.1.76811
Copyright <c?» 2009 Microsoft Corporation. Alle Rechte vorhehalten.

c:»FMUComplianceCheck~Example *fmuCheck.win3d2.exe -1 3 —x —0o out.csv CoupledClutches . fmu
[WARNINGII[FMI2XML]1 Attribute noMamespacel3chemalocation='fmiModellescription.xsd’ is ignored. Using standard
[WARMINGIIFHMI2XHL]1 FHI API function fmiGetPartialDerivatives is removed from the zpecification. Attribute m
[WARNIHNGII[FHMI2XHL]1 FHMHI API function fmiGetPartialDerivatives is removed from the specification. Attribute m
[WARMINGIL[FHMI2XHL] FHMI API function fmiGetPartialDerivatives is removed from the zpecification. Attribute m
[WARNINGII[FHMI2XHL]1 FHI API function fmiGetPartialDerivatives is removed from the specification. Attribute m
[LERRORILFMIZ2EML] Attribute ‘providezDirectionallerivatives’' has been renamed to ‘provideszDirectionallerivat:
[ERRORIIFMI2XEML] Unknown attribute ‘canHandleEventz=true’ in XML
[ERRORIILFHIZ2EML] Unknown attribute 'canfSignalEvents=true’ in HHL
[WARMINGIL[FHMI2XHL] FHI API function fmiGetPartialDerivatives is removed from the szpecification. Attribute m
[WARNINGII[FHMI2XHL]1 FHI API function fmiGetPartialDerivatives is removed from the specification. Attribute m
[WARMINGIL[FHMI2XHL] FHMI API function fmiGetPartialDerivatives iz removed from the zpecification. Attribute m
[WARMINGII[FHMI2XHL]1 FHI API function fmiGetPartialDerivatives is removed from the szpecification. Attribute m
[ERRORILFHIZ2EML] [Line:=16821 Unknown element *'Derivative’ in HHML. skipping
[ERRORILFHIZ2EML] [Line:-16861 Unknown element *'Derivative’ in XML, szkipping
[ERRORIILFHIZ2EML] [Line:16981 Unknown element *'Derivative’ in HML,. skipping
[ERRORILFHIZ2EML] [Line:=-1694] Unknown element *'Derivative’ in XML, szkipping
[ERRORILFHIZ2EML] [Line:-16981 Unknown element *'Derivative’ in XML, szkipping
[ERRORI[FMIZ2EML] [Line:17821 Unknown element ‘Derivative’ in HML. skipping
[ERRORIIFHIZ2EML] [Line:17861 Unknown element *'Derivative’ in XML, szkipping
[ERRORIILFHIZ2EML] [Line:17181 Unknown element *'Derivative’ in HML,. skipping
[LERRORILFHIZ2EML] Model identifiers for ModelExchange and CofSimulation must be different
FHU check summary:
FMU reported:

A wvarningts) and errordisd
Checker reported:

? Warning<sl

12 Errorisl

c :»FMUComplianceCheck~Example >




Cross checking protocol

» First step: pass compliance checker

» Designed to work with little resources from Modelica
Association

» Cross-checking provides additional tests

* Provides public documentation of verified cross-tool
compatbility

« Public table of results: documented who actually
puts in effort into standards compliance
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https://fmi-standard.org/tools

Cross checking protocol

CrossCheck Results for FMI_1.0

Variant: [EELE =R

Platform:

Generated on 2014-03-03 16:49 UTC

Legend FMI Support:
B—o 3 FMUs imported successfully 1 FMU rejected E" 2 FMUs failed test

FMI_1.0 Exporters = CATIA ControlBuild Dymola FMI Toolbox for JModelica.org LMS MapleSim OPTIMICA Silver SimulationX
ModelExchange MATLAB Virtual.Lab Studio
win32 Motion
+Importers V6R2013x 2013-2a 2014 2013_FDO1 2014_FDO1 1.5 1.6 1.9.1 1.10 Rev11SL2 6.1 1.2a4 2.6.0.312_alphal2 3.5.707
ANSYS 1500 Bl o BHolo| Heo Hoo HEeclo] BHolo/ Bolo Bolo
Simplorer 2014-01-15 2014-01-15 2014-01-15 2014-01-15  2014-01-15 2014-01-15 2014-01-16 2014-01-15
ControlBuild ~ 2013-2a B Holo Bl o
2014-01-16  2014-01-15 2014-01-15
Dymola 2014 Hoo Belocl oo Bolbo Hoo Helo oo
2013-08-28 2013-08-28 2013-08-28 2013-08-28 2013-08-28 2013-08-28 2013-08-28
FMI Library 2.0a2 Boo Holo BHoo Hoo Helo) Holo [«
2013-06-05 2013-06-05 2013-06-05 2013-08-05 2013-06-05 2013-06-05 2013-06-05
FMI Toolbox for 1.5-MEX BHol o Holo oo (28 1 | [«
MATLAB 2013-05-19 2013-06-18 2013-05-19 2013-05-19 2013-05-19
1.5-Simulink Hoo Holo Hoo (2 1] [«
2013-05-19 2013-05-18 2013-05-19 2013-05-19 2013-05-18
JModelica.org  1.9.1 o8 BHolo Bolo ool olo] Eelo B
2013-05-20 2013-05-20 2013-06-20 2013-05-20 2013-05-20  2013-05-20 2013-05-20
110 Hoo Belo Boc Hoo Eolo/ BHoo HEolol HHolo oo
2013-07-11 2013-07-11 2013-07-11 2013-07-11 2013-07-11 2013-07-11  2013-07-11  2013-07-11 2013-07-11
OPTIMICA 1.2a4 a-a Helo Hoo ool Heolo Bolo
Studio 2013-05-20 2013-05-20 2013-05-20 2013-05-20 2013-05-20 2013-05-20
PyFMI 1.3.1 (s I Holo Bolcl Belo EHeoo Heoo Helel Holo (4 I
2013-07-11 2013-07-11 2013-07-11 2013-07-11 2013-07-11  2013-07-11 2013-07-11 2013-07-11 2013-07-11
121 a-g Holo [ olofl Helo) BHolo Beolo
2013-05-15 2013-05-20 2013-05-20 2013-05-15 2013-05-20  2013-05-15 2013-05-15
Silver 2.6.0.312_alpha12 Bolo B8 a-g Hoo Helo] Holo Helo
2013-06-18 2013-06-08 2013-06-09 2013-06-09 2013-06-03  2013-06-18 2013-06-08

SimulationX ~ 3.5.707 oo BHelcl Beoo Heo Helo Boo Heco BHolo

2013-08-20 2013-09-20 2013-08-20 2013-08-20 2013-03-20 2013-08-20 2013-08-20  2013-09-20



Future extensions

Advanced FMI 2.0 features

Jacobian checking

Save-state functionality

Reset in Co-simulation slaves
Correctness of input derivatives

Buffer overrun check
Memory violation check
Connection of FMUs



Summary

— Freely avaliable under open source (BSD) license

— Excellent tool for developers creating FMUs or creating FMU export
functionality in their tool

— [Easy to access command line tool to help finding problems in FMUs
— Basis for the FMI cross check protocol
— For more information see: http://www.fmi-standard.org

Take away for FMI implementors:

- Use the Compliance Checker!

- Take advantage of the cross checking infrastructure
and publish your results!


http://www.fmi-standard.org/

