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COSIMULATION: OBJECTIVE
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[1] Case Study by Kristof Berx , Davy Maes, and Klaas Gadeyne, from Flanders Make
[2] http://www.blensor.org/
[3] http://overturetool.org/
[4] https://nl.mathworks.com/products/simulink.html E
[5] Kubler, R., and W. Schiehlen. 2000. “Two Methods of Simulator Coupling.” Mathematical and -
Computer Modelling of Dynamical Systerns 6 (2): 93-113. https://doi.org/10.1076/1387-
3954(200006)6:2;1-M:FT093.
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MASTER ALGORITHM
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Barriers in FMI adoption (ordered by importance):

- Lack of transparency in features supported by FMI tools.

- Insufficient documentation and a lack of examples, tutorials, etc.

- Itis difficult to implement FMUs.

- There is a lack of tools that sufficiently support FMI.

- Difficulties in practical aspects, like IT-prerequisites in cross-company collaboration.
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RELATED WORK: GOAL

Contribution

FMU Compliance Checker [1]
FMU-SDK [2]

Reference FMUs [3]

Battle et al. [4]

FMI Cross Check Repo [5]
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[1] - https://qgithub.com/modelica-tools/FMUComplianceChecker

[2] - https://qgithub.com/gtronic/fmusdk

[3] - Christian Bertsch, Awad Mukbil, and Andreas Junghanns,
“Improving Interoperability of FMI-Supporting Tools with Reference
FMUs,” 2017.

[4] - Nick Battle et al., “Towards a Static Check of FMUs in VDM-SL,” in
Formal Methods. FM 2019 International Workshops.

[5] - https://github.com/modelica/fmi-cross-check

[6] - https://msdl.uantwerpen.be/git/claudio/FMIMOBSTER
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APPROACH OVERVIEW

Model Based Testing (MBT):

the use of a model of the System-Under-Test (SUT) in order to quide test case generation.

e SetupExperiment
e_SetINI

' SetupExperiment

e_SetIN
e_SetINIE
e_GetINIT

itinitMode

e_Reset

e_SetINI

e_GetX
e_SetIN

e_Step

e Terminate

A

terminated

e_Free

e_Reset

M}

e_GetX
- yEd Graph Editor: https://www.yworks.com/products/yed

Language (GraphML), 2013.
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/ Our Tool \
l%, FMU GraphML FMIOps.scala

FMU Supplier |

Our contribution.

Reductions

Graph ML Syntax: Brandes, Ulrik, Markus Eiglsperger, Jurgen Lerner, and Christian Pich. Graph Markup
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Modbat Tool: Artho, Cyrille Valentin, Armin Biere, Masami Hagiyaq, Eric Platon, Martina Seidl, Yoshinori
Tanabe, and Mitsuharu Yamamoto. “Modbat: A Model-Based API Tester for Event-Driven Systems.” In
Hardware and Software: Verification and Testing, 8244:112-28. Cham: Springer International
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EDGE IMPLEMENTATIONS
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class FMIGraphModel extends ModBatGraphModel

Time

var instance: IFmiComponent

var t = 0
def e_TInstantiate() = {
instance = instantiate (fmu, getGuid(fmu))
e_SetIN }
e_SetINIE def e_SetINIE() =
e_GetINIT K ]

/Y i nce opera .
setVar (getRandomElement (INIE) )
}
def e_Terminate() = |

e_GetX 3 ) )
e_SetiN val st— 1nst;n?zs.zeimlng;§(]
B_Step assert (s mi atus. )
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terminated

def e_Step() =

e_Free /
var H = chooseH()

/ Exe
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e_GetX

instance.doStep(t,
Fmi2Status.OK)
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assert (res
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RELATED WORK: APPROACH
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4{ Results

Address FMI-Specific Challenges:

- Many edges between same src and trg states

e GetX
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/ Our Tool \

GraphML J ‘ FMIOps.scala

IS FMU

FMU Supplier

SYNTACTIC SUGAR

- Edges shared by many src states
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GraphML J ‘ FMIOps.scala

IS FMU

FMU Supplier

SYNTACTIC SUGAR

- Repeat operation a finite number of times
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SYNTACTIC SUGAR

- Decomposition: Edge and State merging
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EXPERIMENTS: OVERVIEW
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EXPERIMENTS: MODEL

Select variables at random.

o_Reset Set value to nom/1
. e_SetlN
Select variables at random. o Reset |e_SetINIE
e_SetIN| | e_GetINIT
Set value to nom/1 | &_GetTypesPlatform [2] | e_GetTypesPlatform [2]
| &_GetVersion [2] | e_GetVersion [2]
g Instantiate e_SetupExperiment ( N V/_ _\
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EXPERIMENTS: STATISTICS

Variable Value
FMUs passing all tests. /7
FMUs failing at least one test. 55
Total FMUs tested (sum above two). 169
Failures analyzed 102
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EXPERIMENTS: COMMON FAILURES

1. The FMU does not recognize the value reference for a variable declared in its model
description. Such a variable is set during initialization mode.

2. After an FMU is terminated, it fails when a variable belonging to the set X is queried.
3. The getRealStatus operation is not supported after an instance is terminated.

T inmmeoTiUTuuygLOyyiny

a function call for thi 15 * fmi2GetFMU state, fmiFreeFMU state

\/ instance retu ms fmi2Error te *fmi2SerielzedFMU state Size
« fmi2Seria lzeFMU state

|
v _
_: fmi2Getx frr'II2G otx an * fmi2DeSeriaizeFMUstate
i i " Sisoneof
CGITIFILI‘[H 1on

Status, ReaiStatus IntegerStatus,

| dune. status 3
fmi2Freelnstance ‘ afqnctmn_call for this or e — BoolkeanStatus, StringStatus
any other instance of this :
V . . Xisone of
V FMU returns fmi2F atal computation * Real, Integer, Boolean, String
done, status « RealOutputDerivatives :
(0= fatal |== ST VEE Qutp

Figure 11: Calling sequence of Co-Simulation C functions in for
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EXPERIMENTS: COMMON FAILURES

/v

4, During stepping mode, a tunable parameter (i.e., a scalar variable with

causality="parameter" and variability="tunable") is changed. The FMU then logs a message

that it cannot be changed, and returns an error.

( slavelnitialized

=

fmi2GetX

fmi2SetiN —=
fmi2DoStep = fmMi20K

fmi2Terminate

| 3\
fmi2DoStep = fmi2Pending
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Complete

computation done
fmi2DoStep Status = fmi20K
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e
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INI is one of
» Real, Integer, Boolean, String

for a variable with variabilty = "constant”

that has initial = "exact” or "approx*
» ReallnputDerv atives

INIE is Real Integer, Bookean, String

for & variable with variabity = "constant”

that has initial = "exact”

IN is one of
» Real, Integer, Boolean, String
for & variable that has either
(causality = "input®) or
(causalty = ‘parameter” and
variabity = "tunabie”)
* RealinputDerivatives
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EXPERIMENTS: COMMON FAILURES

5. URI has multiple possible formats for the absolute path of a file, and some FMUs only
support one. This causes a failure in the instantiation of the FMU.

6. The outputs are queried after a change in the inputs, without a doStep in-between,
causing the FMU to return an error.

7. The reset operation (mandatory in the standard) is not implemented.

8. Some FMUs do not isolate instances in the sense that one failed operation in an instance
of an FMU will affect the outcome of other operation calls in a different instance of the
same FMU.

9. A variable was set with a value that is outside the scope of an FMU (even when picked
respecting the boundaries set by the FMU).
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LIMITATIONS

- FMI Cross Check repository is a moving target.

- 1000 Tests per FMU cover 95% of all cases for that FMU (including possible variables set
and get.

- Most tests do not run co-simulations until the end (we have FMU Compliance Checker for
that).

- Choice of default values for parameters can cause tests to fail for correct FMUs. Seldom
happened (14 out of 14733 tests).

- Asynchronous operations not considered.
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LESSONS LEARNED

- FMUs mix numerical with model parameters
» Better documentation on what these do,
 Facilitate configuration of co-simulations

- FMUs do not disclose constraints on variables
« Co-simulations crash and it’s hard to know why.
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HintCO - Hint-Based Configuration of Co-Simulations

Cliudio Gomes'?, Bentley James Oakes'~, Mehrdad Moradi'?,

Alejandro Torres Gadmiz®, Juan Carlos Mendo®, Stefan Dutré*, Joachim Denil'?, Hans Vangheluwe'~
I E I E R E D ]Um'wr'u'r_\' of Aniwerp, Belgium 2 Flanders Make vow, Belgium

2 R . A e R
“Boeing Research & Technalogy Eurape, Madrid Siemens, Belginm
{olandio.gomes, mehrdad.moradi, bentlev.oakes, joachim.denil, hans.vangheluwe )@ vantwerpen.be,
{alefandrodorresgamiz, juan.c.mendo ] @ boeing.com, stefan.dutre @ siemens.com

- Different interpretations of feedthrough: the outputs are queried after a change in the
iInputs, without a doStep in-between, causing the FMU to return an error.

« Can be tested per FMU: get (setc(sc, ue,v1),Ye) # get (sete(se,Ue,v2),Ve)-

7 (out of 113) FMUs implement feedthrough.
EMU Some tools changed approach in between versions.

After discussions in FMI Steering committee,
FMUs (for FMI 2.0.1) should not support feedthrough.

. . Gomes, Cldaudio, Bentley James Oakes, Mehrdad Moradi, Alejandro Torres Gamiz, Juan Carlos
FeedthrOUQh |S ImpOFtO nt Mendo, Stefan Dutre, Joachim Denil, and Hans Vangheluwe. 2019. “HintCO - Hint-Based
. . Configuration of Co-Simulations.” In /nternational Conference on Simulation and Modeling
for p hyS ICd | cou p | N q S Methodologies, Technologies and Applications, 57-68. Prague, Czech Republic.
https://doi.org/10.5220/0007830000570068.
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SUMMARY

FMI Cross Check

Lessons learned

Most common
failures
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Modbat

https://msdl.uantwerpen.be
/qgit/claudio/FMIMOBSTER

e_SetupExperiment

e _SetN
| &_SetiNIE
| e_GetINIT
| e_GetTypesPlatiorm [2]
etVersion [2]
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