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The Functional Mock-up Interface is a free standard that defines a container
and an interface to exchange dynamic simulation models using a
combination of XML files, binaries and C code, distributed as a ZIP file. It is
supported by 250+ tools and maintained as a Modelica Association Project.
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problem: full-system analysis
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problem: full-system analysis

(also when IP protected)
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problem: full-system analysis

(also when IP protected)
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problem: full-system analysis

(also when IP protected)

Overture

MATLAB "
SIMULINK

solution: co-simulation

Control
Simulator

Model Solver

Controller @

Env. il
Controller Ble“sor
v A
Body —
Body Simulator Env. Simulator
Model | Solver Model Solver
Body [» ‘\ <4 Env. [&

badminton playing robot



co-simulation: how? (when IP protected “black box” simulators)
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“master” algorithm: use a simulator/solver for Causal Block Diagrams (CBDs)

for CT-CBD: t_approx = i*At is “logical time”

x 0

- v_0 | \ -
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t_approx = 0 I » ID
g

if (not end_condition(i, ..)):

depGraph = buildDepGraph(CBD)
schedule = loopDetectAndTopSort(depGraph)
for gblock in schedule:
gblock.compute() // is now one simulation step in block
else:
exit()

i=1
t_approx += At

while (not end_condition(i, ..)):
depGraph = buildDepGraph(CBD)
schedule = loopDetectAndTopSort(depGraph)
for gblock in schedule:
gblock.compute() // is now one simulation step in block
i++
t_approx += At

exit()




“master” algorithm: use a simulator/solver for Causal Block Diagrams (CBDs)

for CT-CBD: t_approx = i*At is “logical time”

i=0 need “zero-delay feedthrough” information
t_approx = 0 (to find algebraic loops) (from FMI 2.0)

if (not end_condition(i, ..)): ‘//////////
depGraph = buildDepGraph(CBD)

schedule = loopDetectAndTopSort(depGraph)
for gblock in schedule:
gblock.compute() // is now one simulation step in block
else:
exit()

i=1
t_approx += At

while (not end_condition(i, ..)):
depGraph = buildDepGraph(CBD)
schedule = loopDetectAndTopSort(depGraph)
for gblock in schedule:
gblock.compute() // is now one simulation step in block
i++
t_approx += At

exit()



Deconstructing a Simulator: Functional Mockup Unit (FMU)
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meaningful operational semantics
(Models of Computation)

4 N 4 A

Simulator Simulator

trace discretized version
equivalent
DT-CBD solver

N / N /

Traditional Simulator Explicit Computational Semantics
“Inline integration”

discretizes and solves

CT-CBD (direct) solver

Francois E. Cellier.
Continuous system modeling. Springer 1991.



Interface: Simulator-Environment
Interface: Model-Solver

SIMULATOR = solver + model
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, information
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(.., HLA)
or

DSbIOCk Martin Otter and Hilding EImquist.

The DSblock interface for exchanging model components. Eurosim '95 Simulation Congress. pp. 505- 510. 1995.

MSL EXEC Henk Vanhooren, Jurgen Meirlaen, Youri Amerlinck, Filip Claeys, Hans Vangheluwe, and Peter A. Vanrolleghem.
- WEST: Modelling biological wastewater treatment. Journal of Hydroinformatics , 5(1):27--50, 2003.
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The leading standard to exchange dynamic
simulation models

The Functional Mock-up Interface is a free standard that defines a container
and an interface to exchange dynamic simulation models using a
combination of XML files, binaries and C code, distributed as a ZIP file. It is
supported by 180+ tools and maintained as a Modelica Association Project.
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Functional Mock-up Interface (FMI)

* XML + Binary Representation for Models
- Standard
- Modelling Tool Independent
- +/- Black box ... (zero-delay info)




MOCK-UP
e oy INTERFACE

. [ ] n n
fl I Il FUNCTIONAL Symb0||C iInformation: FMU - XML
<7xml version="1.0" encoding="1iso0-8835-1"7%>
<fmiModelDescription fmiversion="1.0"
modelName="BackEulerExmpl"
modelIldentifier="BackEulerExmpl"
guid="{7cdeBl0f-3da3-4a00-8276-176fa3c%£000}"
numberCfContinuousStates="1"
number0fEvent Indicators="0">
<ModelVariables>
<BcalarVariable
name="Delay" wvalueReference="0"=>
<Real start="0.0" fixed="true" />
</BcalarvVariable>
<BcalarVariable
name="stepSize" walueReference="1"=
<Real start="0.1" fixed="true" />
</ScalarvVariable>
<BcalarVariable
name="Product" wvalueReference="2":>
<Beal start="0.0" fixed="true" />
</ScalarVariable>
<BcalarVariable
name="Negator" wvalueReference="3">
<Real start="0.0" fixed="true" /p
</BcalarvVariable>
<BcalarVariable
name="Adder" wvalueReference="4":
<Real start="0.0" fixed="true" />
</ScalarvVariable>
</ModelVariables>
</fmiModelDescription>



fml ociup - Behaviour information: FMU - C

A— =mmy INTERFACE

fmi2Status fmi2DoStep(fmi2Component fc , fmiZReal currentCommPoint, fmiZReal commStepSize, fmi2Boolean

noPrevFMUState)

{
FMUInstances+ fi = (FMUInstance =)fc;
fmi25tatus simStatus = Tmi20K;
printf{"%s in fmiDoStep()\n",fi—>instanceName);
fi—=currentTime = currentCommPoint + commStepSize;
printf{"Motor_in: %f\n", fi-—=r[_motor_in]);
printf{"slave CBD_PARTZ now at time: %f\n", fi-=currentTime);
fi-=r[_position] = fi-=r[_position] + fi-=r[_velocity] * commStepSize;
fi-=r[_velocity] = fi-=r[_velocity] + fi-=r[_acceleration_after_friction] #* commStepSize;
fi-=r[_friction] = fi—->=r[_velocity] = 5.81;
fi-=r[_motor_acceleration] = fi->r[_motor_in] =+ 48;
fi-=r[_acceleration_after_friction] = fi-=r([_motor_acceleration] - fi-=r[_friction];
return simStatus;

}

fmi2Status fmi2GetReal(fmiZComponent fc, const fmi2ValueReference wvr[], size_t nvr, fmiZReal value[])

{

FMUInstancex comp = (FMUInstance =) fc;
int i:
for (i = 8; 1 < nvr; i++)
{
value[i] = comp-=r[({vr[i])];
}

return Tmi20K:
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Function

FMI 2.0 forCo-Simulation
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Functional Mock-up Interface (FMI)

* XML + Binary Representation for Models
- Standard
- Modelling Tool Independent
- +/- Black box ... (zero-delay info)

* Composed FMUs still need “orchestration”

automated chassis componen
cargo door roadway, ECU (e.g. ESF)

fun&t.iunﬁ.l-.muckup interface for model Ell..‘,-l:l.ﬂl.lge and tool coupling



co-simulation: how? (when IP protected “black box” simulators)
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co-simulation: how? (when IP protected “black box” simulators)

fmi2DoStep(..), .
* fmi2SetReal(..), ..

i
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I MOCK-UP
INTERFACE



Co-simulation: how?

Gu, B., & Asada, H. H. (2001). Co-simulation of algebraically coupled dynamic subsystems.

In American Control Conference, 2001. Proceedings of the 2001 (Vol. 3, pp. 2273-2278 vol.3).
http://doi.org/10.1109/ACC.2001.946089
Sensor&Control | Env. P
Simulator Simulator
7 Control
Body Simulator Simulator Body Simulator Env. Simulator

simulateUntil(t+H,..)

getOutput(..)

setInput(..)

€ Overall results DC/|
simulateUntil(t+H,..) e
Accelerator 600
2
] 500
getOutput(..) . "
0 5 10 15 0 5
-~ Car speed (km/h) 600
setInput(..) 20 P
102 200~
. . 0 5 10 15 0 5
simulateUntil(t+H,..) ,
Drive torque (reference, measured) 150
> 400 100
200 %\\-w_ 50
0 0
’ ° Electrica1l eone ’ 5
t P = t + H 6“04 Power :S:::rr:m 110
: AJ_/%:___\. 9%
0 %
0 5 10 15 5
Time
H and h are other common notations for At




MOCK-UP

f FUNCTIONAL calling sequence Master-Slave (modelled as state machine)
v mmmd |INTERFACE

fmi2Reset L ]
e —
("~ slaveSetableFMUstate | fmi2instantiate £NULL ™
¢~ slaveUnderEvaluation I v V N
F instantiated fmi2SetFMUstate
_ fmi2SetiNI transitions
fmi2SetupE xperiment fmi2EnterintialzationM ode J to the given
state
F =
fmi2SetiN Initialization
fmi2SetiNIE Mode
e frer e ——
(“slavelnitialized | - ) \
fmi2Getx fmi2DoStep = fmi2Pending
fmi2SetiN —= step
fmi2DoStep = fmi20OK Complete compuaion done
fmi2Terminate fmi2DoStep Status = fmi20K
I F = fmi2Discard V
fmi2GetX _—. I
: C step
&% computation done |lhProgress I'
fmi2Terminate status = fmi2Discard A
F step _I
fmi2Getx Canceled fmi2CancelStep w
L oy
N P
i — |
v instance returns fmi2Error
# 4 F
temminated fmi2Getx .
- fmi2Gets e _
~J comp ation
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' a function call for this or t_l?'!g,z?atus
any other instance of this  ~ | Ti<=mor
FMU returns fmi2F atal computation
done, status

| fmi2Freelnstance
O { fatal |< T aa




Simulation using a Functional Mockup Unit (FMU)

Simple example in OMEdit:

A block that outputs 2 x time

k=2
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Display U



Exporting an FMU from OpenModelica

El General

g Libraries

E Text Editor

Meodelica Editor
Meodelica Seript Editor
MetaModelica Editor
SSP Editor

CRML Editor

C/C++ Editor

& v editor

o
Q-'i Graphical Views
é Simulation
@ Messages
o MNotifications

\_>, Line Style

&7 Fill style

@ Plotting

B Figaro
CRML

@ Debugger

EML ps
OMSimulator/SSP

e Traceability

> 772 Modelica ‘ ‘

- twotime~
&% Open Class

Information

¥ New Modelica Class

OMEdit - Options oA X
B E Save
Export @ Save As
Save Total
Version
Copy Path Ctri=C
1.0 5
@® 20 B instantiate Model
@ Check Model
Type @) Check All Models
Model Exchange =» Simulate
Co-Simulation & simulate with Transformational Debugger
(®) Model Exchange and Co-Simulation # Simulate with Algorithmic Debugger
& Simulate with Animation
FMU Name: | default= = -
S| simulation Setup
Move FMU: |f’home!raksh\tfgitfmosmlzozSchdItutorlaI Browse... :
#ff Duplicate
Platforms ¥ unload Del L
Mote: The list of platforms is created by searching for programs in the PATH matching pattern "#-%-#-*cc", % Reload =
In order to run docker platforms add docker to PATH. [ o s ™ v
A source-code only FMU is generated if ne platform is selected. Lt —
te Elements : o ‘& XML b
[ Mative Convert to newer versions of used libraries
%86_64-linux-gnu docker run --pull=never multiarch/crossbuild d indi @ Figaro
) ’ i S b pport QWindow::rec
i686-linux-gnu docker run --pull=never multiarch/crossbuild
%86_64-wb4-mingw32 docker run --pull=never multiarch/crossbuild
i686-we4-mingw32 docker run —-pull=never multiarch/crossbuild
arm-linux-gnueabihf docker run --pull=never multiarch/crossbuild
marrhEA Lnow Aans dackae vim moll—nmcae maoltiserh feemneshaaild
adding: sources/external_ solvers/dgemm.c (deflated 75%)
adding: sources/external_solvers/s_copy.c (deflated 52%)
adding: sources/external_solvers/dgemv.c (deflated 71%)
adding: sources/external_solvers/clapack.h (deflated 91%)
adding: sources/external_solvers/dgetri.c (deflated 65%)
adding: sources/twotimer @6inz.c (deflated 69%)
adding: sources/twotimer_18spd.c (deflated 48%)
adding: modelDescription.xml (deflated 86%)
adding: binaries/ (stored @%)
adding: binaries/linuxb4/ (stored @%)
| adding: binaries/linux64/twotimer.so (deflated 61%)

The FMU 1is generated at: shome/rakshit/git/mosis/2825/cbhd/tutorizl/twotimer. fmu



twotimerfrmu — Ark

[ extract ~ [E] AddFiles Q. Find Preview Open in External Application Remove from Archive
Mame | Original Size Compressed Size Mode CRC checksum Method Date
»- B binaries 596.5 KiB drwxr-xr-x Store 10/12/25 4:46 PM
B resources 0B drw--—-- Store 10/12/25 4:46 PM
> B sources 3.1 MiB drwx-—-- Store 10/12/25 4:46 PM
/> modelDescription.xml 13.7 KiB 1.9 KiB -rw-r--r—-  D816F8D9 Deflate 10/12/25 4:46 PM

{5 I =Sy Ty N ]

|

k?xml version="1.0" encoding="UTF-8"7?>
<fmiModelDescription
fmiVersion="2.8"
modelName="twotimer"
guid="{c4eff564-7c09-40aa-b7e6-7718b4007b6T}"
description=""
version=""

generationTool="0OpenModelica Compiler OpenModelica 1.25.4"

generationDateAndTime="2825-10-12T16:46:49Z"
variableNamingConvention="structured"
number0fEventIndicators="1"»

twotimer.fmu

adding: sources/external_ solvers/dgemm.c (deflated 75%)
adding: sources/external_solvers/s_copy.c (deflated 52%)
adding: sources/external_solvers/dgemv.c (deflated 71%)
adding: sources/external_solvers/clapack.h (deflated 91%)
adding: sources/external_solvers/dgetri.c (deflated 65%)
adding: sources/twotimer_@6inz.c (deflated 69%)

: imer 18spd.c (deflated 48%)
adding: modelDescription.xml (deflated 86%)

adding: binaries/ (stored @%)
adding: binaries/linuxb64/ (stored %)
adding: binaries/linuxb4/twotimer.so (deflated 61%)
The FMU is generated at: /home/rakshit/git/mosis/2@25/chd/tutorial/twotimer. fmu



Source files for:

Model exchange

Co-simulation

adding:
adding:
adding:
adding:
adding:
adding:
adding: sources/twotimer 18spd.c (deflated 48%)

sources/external_solvers/dgemm.c (deflated 75%)
sources/external_solvers/s_copy.c (deflated 52%)
sources/external_solvers/dgemv.c (deflated 71%)

sources/external_solvers/clapack.h (deflated 91%)

sources/external_solvers/dgetri.c (deflated 65%)
sources/twotimer_@6inz.c (deflated 69%)

adding: medelDescription.xml (deflated 86%)

adding:
adding:
adding:
The FMU is generated at: /home/rakshit/git/mosis/2@25/chd/tutorial/twotimer.fmu

binaries/ (stored @%)
binaries/linux64/ (stored @%)
binaries/linux64/twotimer.so (deflated 61%)

<ModelExchange
modelIdentifier="twotimer"
needsExecutionTool="false"
completedIntegratorStepNotNeeded="false"
canBeInstantiatedOnlyOncePerProcess="false"
canNotUseMemoryManagementFunctions="false"
canGetAndSetFMUstate="false"
canSerializeFMUstate="false"
providesDirectionalDerivative="false">
<SourceFiles>
name="twotimer.c" /=
name="twotimer_functions.c" />
name="twotimer_records.c" /=
name="twotimer_01iexo.c" /=

<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File
<File

name="twotimer_02nls.c" />
name="twotimer_03lsy.c"” />
name="twotimer_04set.c" /=
name="twotimer_05evt.c" /=
name="twotimer_06inz.c" />
name="twotimer_07dly.c"” />
name="twotimer_08bnd.c" /=
name="twotimer_09%lg.c" /=
name="twotimer_i0asr.c" f#
name="twotimer_1imix.c" /=
name="twotimer_12jac.c" />
name="twotimer_13opt.c" /=
name="twotimer_1i4lnz.c" />
name="twotimer_15syn.c" />
name="twotimer_1i6dae.c" /=
name="twotimer_17inl.c" /=

name="twotimer_18spd.c" />
name="twotimer_init_fmu.c" /=
name="twotimer_FMU.c" /=

name=
name=
name=
name=
name=
name=
name=
name=
name=
name=
name=

name=".

./gc/memory_pool.c" /=
JJgc/omc_ge.c' f=
.Jutil/base_array.c" /=
SJutil/boolean_array.c" />
JJutil/context.c" /=
SJutilydivision.c” /=
LJutil/doubleEndedlist.c" /=
SJutil/generic_array.c" />
SJSutil/index_spec.c" /=
futil/integer_array.c" />
SJutil/list.e” /=

Juti}/mode}@ca_str@ng_lit.c" /=

<File name="ModelicaExternalC/Modelicalo.c” /=
<File name="ModelicaExternalC/ModelicaStandarc
<File name="ModelicaExternalC/snprintf.c" />
</SourceFiles>
</ModelExchange>
<CoSimulation

modelIdentifier="twotimer"
needsExecutionTool="false"
canHandleVariableCommunicationStepSize="true"
canInterpolatelnputs="true"
maxOutputDerivativedrder="1"
canRunAsynchronuously = "false"
canBeInstantiatedOnlyOncePerProcess="false"
canNotUseMemoryManagementFunctions="false"
canGetAndSetFMUstate="false"
canSerializeFMUstate="false"
providesDirectionalDerivative="false">

<SourceFiles>
<File name="twotimer.c" />
<File name="twotimer_functions.c" /=
<File name="twotimer_records.c" />
<File name="twotimer_0lexo.c" /=
<File name="twotimer_02nls.c" />
<File name="twotimer_031lsy.c" />
<File name="twotimer_0dset.c" /=
<File name="twotimer_05evt.c" />
<File name="twotimer_06inz.c" />
<File name="twotimer_07dly.c" />
<File name="twotimer_08bnd.c" /=
<File name="twotimer_0%alg.c" /=
<File name="twotimer_1@asr.c" /=
<File name="twotimer_1imix.c" />
<File name="twotimer_12jac.c" />
<File name="twotimer_13opt.c" />
<File name="twotimer_14lnz.c" />
<File name="twotimer_15syn.c" />
<File name="twotimer_16dae.c” /=
<File name="twotimer_17inl.c" />
<File name="twotimer_18spd.c"” />
<File name="twotimer_init_fmu.c" />
<File name="twotimer_FMU.c" /=
<File name="./gc/memory_pool.c" /=
<Fila name=" Jfar/fomc ne " />



<UnitDefinitions=
<Unit name="1">
<BaselUnit /=
</Unit>
<Unit name="s5">
<BaseUnit s="1" />
</Unit>
</UnitDefinitions=>

Unit definitions

<LogCategories>

<Category name="logEvents" />

<Category name="logSingularLinearSystems" />

<Category name="logNonlinearSystems" />

=Category name="logDynamicStateSelection" />

<Category name="logStatusWarning" />

<Category name="logStatusDiscard" />

=Category name="logStatusError" />

<Category name="logStatusFatal" />

<Category name="logStatusPending" />

<Category name="1logAll" /=

<Category name="logFmi2Call" />
</LogCategories>

Log levels

Default experiment parameters

<DefaultExperiment startTime="0.0" stopTime="1.08" tolerance="1e-6" stepSize="0.002"/>



<ModelVariables>
<!-- Index of variable = "1" --=>
=ScalarVariable
name="continuousClock.y"
valueReference="0"
description="Connector of Real output signal"”
-
<Real/>
</ScalarVariable>]
<!-- Index of variable
<ScalarVariable
name="y"
valueReference="1"
causality="output”
>
<Real/>
</ScalarVariable>
<!-- Index of variable
<ScalarVariable
name="continuousClock.offset"
valueReference="2"
description="0ffset of output signal y"
variability="fixed"
causality="parameter"
=
<Real start="0.0"/>
</ScalarVariable>
<!-- Index of variable = "4" -->
<ScalarVariable
name="continuousClock.startTime"
valueReference="3"

e s

"3e s

description="0utput y = offset for time &Lt; startTime"

variability="Tixed"
causality="parameter"

>

<Real start="0.0" unit="s"/>
</ScalarVariable>
<!-- Index of variable = "5" -->
<ScalarVariable

name="gain.k"
valueReference="4"
description="Gain value multiplied with input signal"
variability="fixed"
causality="parameter"
>
<Real start="2.0" unit="1"/>
</ScalarVariable>

T wen

Model variables and structure

</ModelVariables>
<ModelStructure>
<Outputs>
<Unknown index="2" dependencies="" dependenciesKind="" />
</0utputs=
<InitialUnknowns>
<Unknown index="2" dependencies="3 4 5" dependenciesKind="dependent dependent dependent" />
</InitialUnknowns>
</ModelStructure>
</fmiModelDescription>



Edit View SSP  Simulation Data Reconciliation  Sensitivity Optimization Debug

Importing an FMU in OpenModelica = o3 \om

| L Open Model/Library File(s) Ctrl+0

Open/Convert Modelica File(s) With Encoding
Load Library *x ‘ Writable

Block ‘ Diagram

Load Encrypted Library
Open Result File(s) Ctri+Shift+O

Open Transformations File
Unload All

Open Directory

B save Ctrl+S
B save As
Save Total
| 1mport > Hﬂ FMU
Export > FMU Model Description E
System Libraries > I& From OMNotebook
Manage Libraries > Rgspieelnetlizh C
e PR
- L] N\ :
- H oo x \"oHOTEH < O%9E SrIrved
Libraries ¢ X E twotimer_me_FMU*
= ¢ |l|-| A B 0 | x |Writable Model| | Text View |twotimer_me_FMU ‘lhcme!rakshit.’giUmosis!ZOZSJcdetutcriallcosimulation!(emp202510121?13401‘\7ftwotimer_me_FMU.mo
# [ Modelicaservices 1  model twotimer_me_FMU
> [ complex 2 constant String fmuWorkingDir = "/home/rakshit/git/mosis/2025/chd/tutorial/cosimulation/temp20251012171840117";
> 7% Medelica 3 parameter Integer loglLevel = 3 "log level used during the loading of FMU" annotation (Dialog(tab="FMI", group="Enable logging")});
- twotimer 4 parameter Boolean debuglogging = false "enables the FMU simulation logging" annotation (Dialog(tab="FMI", group="Enable logging"));

| | twotimer_me_rmu Real continuousClock_y "Connector of Real output signal”;

Modelica.Blocks.Interfaces.RealOutput y annotation(Placement(transformation(extent={{10@,660},6{120,80}})));

parameter Real continuousClock_offset = @.@ "Offset of output signal y";

8 parameter Real continuousClock_startTime = @.0 "Output y = offset for time < startTime";
parameter Real gain_k = 2.8 "Gain value multiplied with input signal";

10 Real gain_u "Input signal connector”;

11 Real gain_y "Output signal connector";

12 protected

13 FMI2ZModelExchange fmi2me = FMI2ModelExchange(loglLevel, fmuWorkingDir, "twotimer", debuglogging);

14 constant Integer numberOfContinuousStates = @;

15 Real fmi_x[numberOfContinucusStates] "States";

16 Real fmi_x_new[numberOfContinuousStates](each fixed=true) "New States";

17 constant Integer numberOfEventIndicators = 1;

18 Real fmi_z[numberOfEventIndicators] "Events Indicators";

19 Boolean fmi_z_positive[numberOfEventIndicators](each fixed=true);

20 parameter Real flowStartTime(fixed=false);

21 Real flowTime;

narameter Real flawFnterTnitializatinnifived=falce)-




25

20

15

10

time (s)

SiMmulaton 1ime unit

Enabled for twotimer_me_FMU_res.mat

O

“ > II Time:|0

| Speed: 1

v

|| continuousClock_offset
|| continuouscC...k_startTime
|| continuousClock_y

|| debugLogging

] gain_k

[ | gain_u

[] gainy

[ | logLevel

™y

Variables -~ Value

¥ MA1 twotimer_me_FMU

0.0
0.0
10
\false
2.0
10
20

20

Display U Description

Offset of output signal y

Output y = offset for time < startTime
Connector of Real output signal

enables the FMU simulation logging
Gain value multiplied with input signal
Input signal connector

Output signal connector

log level used during the loading of FMU



What if we have multiple connected FMUs?

Co-simulate!

@ (O ssp-standard.org

Ssp Tools Literature MNews History FAQ

SSP Layered Standard Traceability (SSP-LS-Traceability) v1.0.0 released =

Ssp System Structure

& Parameterization

System Structure and Parameterization (SSP) is a tool independent standard to define complete
systems consisting of one or more component models, including FMUs and their
parameterization that can be transferred between simulation tools.

B Complete Package 2.0 ~ W B Specification2.0 ~

https://ssp-standard.orq



https://ssp-standard.org/

Simple example in OMEdit: circle test, (flattened, optimized and) simulated
package coModelling

]“rnodeleadﬂeguaﬂon{hwacausalﬂwnnl

connector realvar T e e =

Real var; 2. specify theiconnection topologyiin Modelica
end realVar; 2. flatten and optimize the model with the Modelica compiler

3. compile and simulate

class derEquation

realVar x;

realVar vy;
equation

der(x.var) = y.var;
end derEquation;

class derMinEquation
realVar x;
realVar vy;
equation
der(y.var) = -x.var;
end derMinEquation;

model coModel

derkEquation firstEquation;
derMinEquation secondEquation;
initial equation
firstEquation.x.var = 1;

connect(firstEquation.x, secondEquation.x
connect(firstEquation.y, secondEquation.y
""" (= 1o I ]/ Fo o [

)51
H

end coModelling;

class coModelling.coModel
Real firstEquation.x.var;
Real firstEquation.y.var;
Real secondEquation.x.var;
Real secondEquation.y.var;
initial equation
firstEquation.x.var = 1.0;
secondEquation.y.var = 2.0;
equation
firstEquation.x.var = secondEquation.x.var;
firstEquation.y.var = secondEquation.y.var;
der(firstEquation.x.var) = firstEquation.y.var;
der(secondEquation.y.var) = -secondEquation.x.var;
end coModelling.coModel;



simulate as a single model (co-modelling, “white box”)

—— secondEquation.y.var —— firstEquation.x.var
3 4
] K> Il e
] Variables
2 v m (Active) coModel
T ~ firstEquation
] wx
1 der{var)
|
14 var
_ >y
] ~ secondEguation
] v
§ var
04 ~My
i der(var)
4 | var
-1 Libraries ¢ X
: > IE Open...lica
24 b Mode...ices
T > Complex
1 > 7% Modelica
g v IE coMo...ling

S T T T T T T T T T 1 . realVar

¢ ‘ ‘ ¢ [! der..ion
[! der..ion
M coModel

X Plot: 1 x @
:x: gi Grid e Log X Log¥

—— secondEquation.y.var vs firstEquation.x.var

]
|

%

Parametric Plot: 1

i

] ]

®

W
_l

Variables

Simulation Time Unit

RN [

Variables ‘

e E (Active) coModel
v firstEquation
VK
der{var)
¥ var
>y
~ secondEguation
VK
var
NETE
der{var)
¥ var



Simple example in OMEdit: circle test, (FMI/SSP) co-simulated

1. model each|equation (in causal* form)
2. export each_equation to_ an FMU,
2. specify thei connection topology:in SSP ’ ‘tegrator
3. co-simulate using OMSimulator ’ P/}
: k=1
i X_causal
i integrator
v}
] 4 \4
k=-1
y causal

*note: causal (block with input/output, but with equation section) # ordered statements (algorithm section in a function block)

AmE TN



Simple example in OMEdit: circle test, (FMI/SSP) co-simulated

Edit View SSP  Simulation Data Reconciliation Sensitivity Optimization Debug Tc

[D" New > ] Modelica Class Ctrl+N . .
L Open Model/Library File(s) Ctrl+O Modelica Script I
Open/Convert Modelica File(s) With Encoding [ sSSP Model l
Load Library '—rm“]'nm-l'magmm View . )
, 4[ OMEdit - Properties - y_causal
Load Encrypted Library

Properties - y_causal
| 3= e

MName: |}r_cau5.3||

K —
Information Parameters Inputs
derivativeT |CI.01

[ | [ derivative k |I
y_causal
T+ e x_init |1
Cs 2.8 o

u u y_init |2
¥_causal

Y D D D R D D —— - > [

1 y_causal 1

i < | i Cs 2.0

1 £5 2.0 :

i i

1 1

1 1

! i

: ¥_causal 1

1 > & 1

]
H ]



Simple example in OMEdit: circle test, (FMI/SSP) co-simulated

OMSimulator https://github.com/OpenModelica/OMSimulator

license fOSMC-PL codecov = 28%

The OpenModelica FMI & SSP-based co-simulation environment.

Branch Overview

« master : Development branch for active, unstable updates.
« maintenance/v2.1 : Stable branch for version 2.1 with patch updates (latest release: v2.1.3).
» maintenance/v2.0 : Stable branch for version 2.0 with patch updates (latest release: v2.0.1).

Overview

OMSimulator can be used as:

« Stand-alone application
« Clibrary for integration into custom applications

» Python package ( pip install OMSimulator )
« OMSimulatorGui -- a lightweight, standalone PySide6 GUI for editing and simulating SSP models, built
directly on the Python package with no omc dependency. See its own README or the User's Guide.

OMSimulator is also included with the OpenModelica installer, which includes OMEdit, a graphical editor.

$ OMSimulator --stopTime=10 --stepSize=08.081 --tolerance=1e-6 circle_test.ssp

(omsimulator-venv) rakshi
23 ' is not allowed for content model

warning: invalid "SystemStr ription" detected in file "circle_test.ssp" at line: 83 column: 23, element 'Connectors
ings?,Annotations?)’

warning: "SystemStructureDescription” does not conform to the S5FP standard schema

info: Result file: circle_test_res.mat (buffersize=18)

info: Alg. loop (size 2/4)
circle_test.Root.y_causal
circle_test.Root.x_causal

info: 2 warnings

info: @ errors

(omsimulator-venv) rakshit@debian-x



https://github.com/OpenModelica/OMSimulator

orchestrate multiple simulators (co-simulation, “black box”)

circle_test.Root.x_causal.y circle_test.Root.y_causal.x

Enabled for circle i

1 K> I

Variables

-1
4 M4 circle_test

~ circle_test

-3 I T T T T T T T T T T T T T T T T T T 1 ~ Root

circle_test.Root.x_causal.x vs circle_test.Root.x_causal.y Enabled for circle te:

0 2 4 B 8 10 ~ ¥%_causal 34
time (s) > der(ints |

e K>l

2 Variables

v m circle_test

~ circle_test
~ Root
~¥_causal
> der(integ
» integrato
¥ X
x_init
vy
~y_causal
> der(integ
» integrato
] %
- ¥
y_init




simulate as a single model (co-modelling, “white box")

3

secondEquation.y.var firstEquation.x.var

T T T
2 4

—— circle_test.Root.x_causal.x vs circle_test.Root.x_causaly

time (s)

Enabled for circle_te:

K>l

Variables

o m circle_test

~circle_test
~ Root
~ %_causal
> derfinteg
> integrato
¥ X
®_init
vy
~y_causal
> der(integ
» integrato
X

¥
y_init

10

K b II Time

Variables
v m (Active) coModel
~ firstEquation
VR
der{var)
v var
>y
~ secondEquation
v X
var
~y
der{var)
v var

identical
traces

orchestrate multiple simulators (co-simulation,

Pt

circle_test.Root.x_causal.y

Libraries o ox Z

s T | ¥
> [E Open...lica
b Mode...ices
> Complex 3 _
> %2 Modelica
v [E coMo...ling
. realVar

der..ion Py
der..ion 7
m coModel 1

Grid

Log X

% |@ Parametric Plot : 1

gy | X B S

—— secondEquation.y.var vs firstEquation.x.var

* || Variables

[Fiter variables

Simulation Time Unit

KD Il el

Variables
e m (Active) coModel

~ firstEquation
R
der{var)
v var
>y
v secondEquation
K
var
i
der{var)
~| var

circle_test.Root.y_causal.x

8 10

“black box")

Enabled for circle i

K>l

Wariables

¥ a1 circle_test

~ ircle_test

~ - Root
~-x_causal
> derfint:

U S —



Tradeoff between co-modelling and co-simulation

time vs. accuracy: for the same run-time, co-simulation is less accurate; for the same accuracy, co-simulation is slower.

(omsimulator-venv) rakshi bian-x git/mosis/2025/cbd/tutorial/cosimulation$ time OMSimulator --stopTime=18 --stepSize=0.81 --tolerance=1e-6 circle_test.ssp
warning: inwvalid "SystemStr x C iton" detected in file "circle_test.ssp" at iine: 83 column: 23, element 'Connectors' is not allowed for content model '(Connect
ings?,Annotations?)’
warning: "SystemStructureDescription" does not conform to the S55P standard schema
info: Result file: circle_test res.mat (bufferSize=108)
info: Alg. loop (size 2/4)

circle_test.Root ausal

le_test.Root.x_causal
2 warnings
0 errors

Om@.4083s
Om@.328s
Om@.072s

REAL TIME here means “wall clock” or “elapsed” time,
not a guaranteed 1-to-1 correspondence between simulated and wall clock time.

F th ircle test REAL TIME: USER TIME: SYS TIME:
or e circle test: simulate(): simulate(): simulate():
Mean: 0.0153s Mean: 0.0101s Mean: 0.0060s
N = 10 runs StdDev: ©.0013s StdDev: 0.0014s StdDev: ©.0017s
: — Min: 0.0140s in- hh
Step s|ze —_ 0_01 S Min: 0.0080s Min: 0.0040s
. Max: 0.0188s Max: 0.0120s Max: 0.0090s
stop time =10s _ _ _
cosimulate(): cosimulate(): cosimulate():
Mean: 0.1802s Mean: B.1334s Mean:  B.04665
fOI" the same tOIerance = 10-6 StdDev: 0.0120s StdDev: 0.0072s StdDev: 8.8108s
co-simulation is roughly 10x slower Min:  ©.1628s Min:  0.1228s Min:  ©.0248s

Max: 0.2020s Max: 0.1470s Max: B.0560s



Another example with a physical connection:

Coupled mass-spring-damper systems

spring

-—\fﬂ\/\—c

c=1 N/m

=
il
a3
m
o

dampex

oo

d=8.5 N.s/m
-

-
-
-
-
-
=
-
-
-
-
-
-
-
-

Connection topology
modelled in SSP

positionSensor

BLEE

-
v
speedSensor v

R

-
accsensor a

i

L

causal system_1 (exported as FMU)

c=1 N/m
-
massl
m=3 59
damp
.
d=2.5 N.s/m
-

spring

Tixedl

move

1
+p D o .
o forcesensor

+

-
m=1 kg

o Jo

mass

-
c=1 N/m

=\ o

spring

)

causal system_ 2 (exported as FMU)

fixed



simulate as a single model (co-modelling, “white box")

—— mass.s {m) —— massl1.s{m)

20
15

time (s)

orchestrate multiple simulators (co-simulation, “black box”)

coupled_spring_mass.Root.system2_causal.mass.s

coupled_spring_mass.Root.system1_causal.mass.s

-
o
|

("}

(=}

|
%]

-10

-
%]

D_IIIII|IIII|IIII|IIII|II

time (s)

100

Enabled for como

K >l

Variables

¥ a1 comodel

> damper
» fixed
> fixedl
~ Mass

Enabled for coupled_spring,

O BN | B

Variables AW

¥ fa couple...g_mass

~ coupled...ng_mass
~ Root

~system...causal
a
accSensor
damper
der{a...ensor
derdamper
der{...mper
der(mass
f
> fixed
> force

R U VeV

= Mass




Tradeoff between co-modelling and co-simulation

time vs. accuracy: for the same run-time, co-simulation is less accurate; for the same accuracy, co-simulation is slower.

For the coupled spring mass :

n =10 runs
step size = 0.01 s
stop time =10 s

for the same tolerance = 10°
co-simulation is roughly 100x slower

REAL TIME:

simulate():

Mean:
StdDev.
Min:
Max:

0.0350s
0.0064s
0.0280s
0.0450s

cosimulate():

Mean:
StdDev:
Min:
Max:

3.7715s
B.5358s
3.0850s
2.1550s

USER TIME:

simulate():

Mean:
StdDev:
Min:
Max :

B.0251s
0.0034s
B.0170s
B.0370s

cosimulate():

Mean:
StdDev:
Min:
Max:

3.2279s
0.44125
2.67405
4.3610s

SY5S TIME:

simulate():
Mean: 0.0091s
StdDev: D.0048s
Min: 0.0040s
Max: 0.0180s

cosimulate():
Mean: B.3036s
StdDev: B.0821s
Min: B0.3810s
Max: B.6800s



H a n d ‘C ra ft a ﬂ F M U (instead of generating from OMEdit)

... SO you can build your own FMU exporter/generator

Going back to the simple
example of the block that
outputs (time x 2)

m " Functional
f I Mock-up v [ 2timer

v [ src

Interface

Functional Mock-up Interface

The Functional Mock-up Interface (FMI) is a free standard that defines an interface to exchange dynamic
models using a combination of XML files, binaries and C code. It's supported by 280+ tools and maintained as a
Modelica Association Project.

Releases are available on the FMI website and the latest development version of the specification is available
here.

Repository Structure

= docs — sources of the specification document
« headers — header files of the C-API
e schema — XSD schema for the modelDescription.xml

« CONTRIBUTING.md — info on contributing to the project and building the specification document
* README.md — this document

https://github.com/modelica/fmi-standard

v [ headers
= fmi2Functions.h
= fmi2FunctionTypes.h
= fmi2TypesPlatform.h
~ [[Jschema
Y50 fmiZAnnotation.xsd
5D fmi2AttributeGroups.xsd
¥5D fmi2ModelDescription.xsd
¥SD fmi2ScalarVariable.xsd
5D fmi2Type.xsd
XS0 fmi2Unit.xsd
¥5D fmi2VariableDependency.xsd
= Z2timer.c

<[> modelDescription.xml


https://github.com/modelica/fmi-standard

~ [ 2timer

v [Osrc

« [ headers <?xml version="1.8" encoding="UTF-8"?>
= fmi2Functions.h
= fmi2FunctionTypes.h <fmiModelDescription fmiVersion="2.8"
= fmi2TypesPlatform.h modelName="2timer"

~ [ schema guid="1234567890"
150 fmi2 Annotation.xsd description="Timer FMU that outputs 2 times the current time"
X0 fmi2 AttributeGroups.xsd generationTool="manual">

%50 fmi2ModelDescription.xsd

150 fmi2ScalarVariable.xsd <CoSimulation modelldentifier="Timer"
130 fmi2Type.xsd canHandleVariableCommunicationStepSize="true">
150 fmi2Unit.xsd <SourceFiless
XS0 fmi2VariableDependency.xsd <File name="src/2timer.c"/>

= 2timer.c </SourceFiles>

I </>modelDescription.xml I & F Fi
. </cosimulation>
<UnitDefinitions>

<Unit name="s">
<BaseUnit s="1"/>
<fUnit>
</UnitDefinitions>

<DefaultExperiment startTime="8" stopTime="16" stepSize="8.1" />

<ModelVariables>
<ScalarVariable name="output"
valueReference="08"
initial="calculated"
causality="output"
variability="continuous">
<Real unit="s"/>
</ScalarVariable>
</ModelVariables>



~ [ 2timer

v [Osrc
v [ headers <?xml version="1.8" encoding="UTF-8"?>
= fmiZFunctions.h
= fmi2FunctionTypes.h <fmiModelDescription fmiVersion="2.8"
= fmi2TypesPlatform.h modelName="2timer"
~ [ schema Quid="1234567890"
150 fmi2ZAnnotation.xsd description="Timer FMU that outputs 2 times the current time"
X0 fmi2 AttributeGroups.xsd generationTool="manual">
%50 fmi2ModelDescription.xsd
K50 fmi2ScalarVariable.xsd <CoSimulation modelldentifier="Timer"
130 fmi2Type.xsd canHandleVariableCommunicationStepSize="true">
X80 fmi2Unit.xsd <SourceFiless
¥50 fmi2VariableDependency.xsd <File name:"srcfztimer‘.c“b
= </SourceFiles>
I </>modelDescription.xml I g </CoSimulations
<UnitDefinitions>

<Unit name="s">
<BaseUnit s="1"/>
<fUnit>
</UnitDefinitions>

<DefaultExperiment startTime="8" stopTime="16" stepSize="8.1" />

<ModelVariables>
<ScalarVariable name="output"
valueReference="08"
initial="calculated"
causality="output"
variability="continuous">
<Real unit="s"/>
</ScalarVariable>
</ModelVariables>



~ [ 2timer

v [Osrc

« [ headers <?xml version="1.8" encoding="UTF-8"?>
= fmi2Functions.h
= fmi2FunctionTypes.h <fmiModelDescription fmiVersion="2.8"
= fmi2TypesPlatform.h modelName="2timer"

~ [ schema guid="1234567890"
150 fmi2 Annotation.xsd description="Timer FMU that outputs 2 times the current time"
X0 fmi2 AttributeGroups.xsd generationTool="manual">

%50 fmi2ModelDescription.xsd

150 fmi2ScalarVariable.xsd <CoSimulation modelldentifier="Timer"
130 fmi2Type.xsd canHandleVariableCommunicationStepSize="true">
150 fmi2Unit.xsd <SourceFiless
XS0 fmi2VariableDependency.xsd <File name="src/2timer.c"/>

= 2timer.c </SourceFiles>

I </>modelDescription.xml I & F Fi
. </cosimulation>
<UnitDefinitions>

<Unit name="s">
<BaseUnit s="1"/>
<fUnit>
</UnitDefinitions>

<DefaultExperiment startTime="8" stopTime="16" stepSize="8.1" />

<ModelVariables>
<ScalarVariable name="output"
valueReference="08"
initial="calculated"
causality="output"
variability="continuous">
<Real unit="s"/>
</ScalarVariable>
</ModelVariables>



~ [ 2timer

v [Osrc

« [ headers <?xml version="1.8" encoding="UTF-8"?>
= fmi2Functions.h
= fmi2FunctionTypes.h <fmiModelDescription fmiVersion="2.8"
= fmi2TypesPlatform.h modelName="2timer"

~ [ schema guid="1234567890"
150 fmi2 Annotation.xsd description="Timer FMU that outputs 2 times the current time"
X0 fmi2 AttributeGroups.xsd generationTool="manual">

%50 fmi2ModelDescription.xsd

150 fmi2ScalarVariable.xsd <CoSimulation modelldentifier="Timer"
130 fmi2Type.xsd canHandleVariableCommunicationStepSize="true">
150 fmi2Unit.xsd <SourceFiless
XS0 fmi2VariableDependency.xsd <File name="src/2timer.c"/>

= 2timer.c </SourceFiles>

I </>modelDescription.xml I & F Fi
. </cosimulation>
<UnitDefinitions>

<Unit name="s">
<BaseUnit s="1"/>
<fUnit>
</UnitDefinitions>

<DefaultExperiment startTime="8" stopTime="16" stepSize="8.1" />

<ModelVariables>
<ScalarVariable name="output"
valueReference="08"
initial="calculated"
causality="output"
variability="continuous">
<Real unit="s"/>
</ScalarVariable>
</ModelVariables>



~ [ 2timer

v~ [Dsrc

« [ headers <?xml version="1.8" encoding="UTF-8"?>
= fmi2Functions.h
= fmi2FunctionTypes.h <fmiModelDescription fmiVersion="2.8"
= fmi2TypesPlatform.h modelName="2timer"

~ [ schema guid="1234567890"
150 fmi2 Annotation.xsd description="Timer FMU that outputs 2 times the current time"
150 fmi2AttributeGroups.xsd generationTool="manual">

%50 fmi2ModelDescription.xsd

150 fmi2ScalarVariable.xsd <CoSimulation modelldentifier="Timer"
130 fmi2Type.xsd canHandleVariableCommunicationStepSize="true">
150 fmi2Unit.xsd <SourceFiless
XS0 fmi2VariableDependency.xsd <File name="src/2timer.c"/>

= 2timer.c </SourceFiles>

I </>modelDescription.xml I & F Fi
. </cosimulation>
<UnitDefinitions>

<Unit name="s">
<BaseUnit s="1"/>
<fUnit>
</UnitDefinitions>

<DefaultExperiment startTime="8" stopTime="16" stepSize="8.1" />

<ModelVariables>
<ScalarVariable name="output"
valueReference="08"
initial="calculated"
causality="output"
variability="continuous">
<Real unit="s"/>
</ScalarVariable>
</ModelVariables>




v [ 2timer
v [Dsrc

v [ headers = Ztimer.c

fmi2Functions.h

fmi2FunctionTypes.h #include "headers/fmi2Functions.h"

#include <stdlib.h>

= fmi2TypesPlatform.h

v [ schema LR BT
¥50 fmi2 Annotation.xsd #include -:string =
XS0 fmi2 AttributeGroups.xsd
%50 fmi2ModelDescription.xsd H
X350 fmi2ScalarVariable.xsd t"p’l]EElE'F struct { The State Of the tl me r
X5 fmi2Type.xsd fmi2Real time;

Xs0 fmi2Unit.xsd fmi2Real output;

50 fmi2VariableDependency.xsd
| = 2timer.c | TimerState;

</>modelDescription.xml

fmi2Component fmi2Instantiate(fmi2String instanceName,
fmi2Type fmuType,
fmi25tring fmuGUID,
fmi25tring fmuResourcelocation,
const fmiZCallbackFunctions* functions,
fmi2Boolean visible,

fmi2Boolean logging0n) { Instantiate the state struct
(allocate memory)

TimerState* model = (TimerStatex)malloc( size: sizeof(TimerState));
if (!model) return NULL;

return (fmi2Component)model;



~ [ 2timer
v @Dsrc
~ [ headers
= fmi2Functions.h
= fmi2FunctionTypes.h
= fmi2TypesPlatform.h
~ [Dschema
XS0 fmi2Annotation.xsd
XS0 fmi2 AttributeGroups.xsd
%50 fmi2ModelDescription.xsd
N fmi2Status fmiZEnterInitializationMode(fmi2Component c) {

x50 fmi2Type.xsd TimerState* model = (TimerStatex)c;
XS0 fmi2Unit.xsd

50 fmi2VariableDependency.xsd
| = 2timer.c model->time = E.B:

</> modelDescription.xml mUﬂE-l_—}Dthlet = 0.0 :I

return fmi20K;

fmi2Status fmiZExitInitializationMode(fmi2Component c¢) {
return fmi20K;

Initialize



v [ 2timer
v [Dsrc
v [ headers
fmi2Functions.h

fmi2ZFunctionTypes.h

fmi2TypesPlatform.h

v [ schema
XS0 fmi2Annotation.xsd
XS0 fmi2 AttributeGroups.xsd
%50 fmi2ModelDescription.xsd
XsD fmi2ScalarVariable.xsd
50 fmi2Type.xsd
XS0 fmi2Unit.xsd

50 fmi2VariableDependency.xsd
| = 2timer.c

</>modelDescription.xml

fmi2Status fmi2SetupExperiment(fmi2Component c, fmi2Status fmi2DoStep(fmi2Component c,

fmiZBoolean toleranceDefined fmiZReal currentCommunicationPoint,

fmi2Real tolerance, fmi2Real communicationStepSize,
fmi2Real startTime, fmi2Boolean noSetFMUStatePriorToCurrentPoint) {
fmi2Boolean stopTimeDefined,
fmiZReal stopTime) { TimerState* model = (TimerStatex)c:
TimerStatex model = (TimerStatex)c; model->time = currentCommunicationPoint + communicationStepSize;

model->tine = startTime; model->output = 2.0 * model->time:

model-=output = 2.0 * startTime;

return Ffmi20K;
return fmi20K; f !

Setup experiment o
Do (communication) step



v [ 2timer

v [Osrc
© [headers fmi2Status fmi2GetReal(fmi2Component c,
= fmi2Functions.h
= fmi2FunctionTypes.h const fmi2ValueReference vr[],
= fmi2TypesPlatform.h SiZE_t nvr,
v [ schema

fmi2Real valuel]) {

¥50 fmi2Annotation.xsd

XS0 fmi2 AttributeGroups.xsd
L sl Bt s TimerState* model = (TimerStatex)c;
X350 fmi2ScalarVariable.xsd

50 fmi2Type.xsd

X0 fmi2Unit.xsd for (size_t i = 0; i < nvr; i++) {
50 fmi2VariableDependency.xsd if [vr‘[i] —— G] _[
| = 2timer.c )
</>modelDescription.xml value [l] = M_}GUtpUt:
} else {

void fmi2Freelnstance(fmi2Component c¢) {
if (c) {
free( ptr: ¢);

return fmi2Error;

return fmi20K;

Free up memory

fmi2Status fmi2SetReal(fmi2Component c,
const fmi2valueReference vr[],
size_t nvr,
const fmiZ2Real valuel[]) {
return fmiZError;

Get and set Reals (nothing to set!)



Build Binaries for a specific platform (e.qg., Linux 64 bit ELF shared objects (.s0))

mkdir -p binaries/linux64/
gcc -shared -fPIC -1 src/ -1 src/headers/ src/2timer.c -o binaries/linux64/Timer.so -1m
Zzip -r ../2timer.fmu modelDescription.xml src/ binaries/

(omsimulator-venv) rakshit@debian-x13:

(omsimulator-venv) raksh
{omsimulator-venv) rakshit@debian-x1 /1
d updating: modelDescription.xml (deflated
adding: src/ (stored 0%)
adding: src/headers/ (stored 0%)
adding: src/headers/fmi2FunctionTypes.h (deflated 76%)
adding: src/headers/fmi2TypesPlatform.h (deflated 62%
adding: src/headers/fmi2Functions.h (deflated 74%)
adding: src/schema/ (stored 0%)
¥ adding: src/schema/fmi2VariableDependency.xsd (deflated 62%)
adding: src/schema/ftTmi2ModelDescription.xsd (deflated 78%
adding: src/schema/Tmi2Type.xsd (deflated 6
adding: src/schema/fmi2Unit.xsd (deflated 71%
adding: src/schema/Tmi2AttributeGroups.xsd (deflated 64%)
adding: src/schema/ftTmi2Annotation.xsd (deflated 54%)
adding: src/schema/fmi25calarVariable.xsd (deflated 76%)
adding: src/2timer.c (deflated 82%)
adding: binaries/ (stored 0%)
adding: binaries/linux64/ (stored 0%)
adding: binaries/linux64/Timer.so (deflated 79%)

7 A L



What if we want to hide Intellectual Property (IP)?

Even though the Modelica model is not included in an FMU, the C code
may reveal too much information (i.e., can be reverse engineered).

1. Remove source files sections from modelDescription.xml

</> modelDescription.xml

<?xml version="1.80" encoding="UTF-8"?>

<fmiModelDescription fmiversion="2.0"
modelName="2timer"
guid="1234567890"
description="Timer FMU that outputs 2 times the current time"
generationTool="manual">

<ModelExchange modelldentifier="Timer">
</ModelExchange>

<CoSimulation modelIdentifier="Timer"
canHandleVariableCommunicationStepSize="true">
</CoSimulation>

<UnitDefinitions>
<Unit name="s"> <BaseUnit s="1"/><fUnit>
<fUnitDefinitions>

<DefaultExperiment startTime="0" stopTime="18" stepSize="0.1" />

<ModelVariables>
<ScalarVariable name="y"
valueReference="0"
initial="calculated"
cavsality="output"
variability="continuous">
<Real start="0.0"/>
<fScalarVariable>
</ModelVariables>

<ModelStructure>
<Outputs>
<Unknown index="1"/>
<f0utputs>
</ModelStructure>
</fmiModelDescription>



What if we want to hide Intellectual Property (IP)?

1. Remove source files sections from modelDescription.xml

2. Only compress modelDescription.xml and binaries folder
Do not include the source files ...

rakshit@debian-x13:~/git/mosis/2025/cbhd/tutorial/fmi/2timer$ zip -r ../2timer.fmu modelDescription.xml binaries/

updating: modelDescription.xml (deflated 59%)
updating: binaries/ (stored 0%)

updating: binaries/linux64/ (stored 8%)
updating: binaries/linux64/Timer.so (deflated 77%)
rakshit@debian-x13:~/git/mosis/2025/cbd/tutorial/fmi/2timer$ JJ




What if we want to hide Intellectual Property (IP)?

When generating an FMU from OMEdit:
un-check "Include Source Code" in Tools > Options > FMI (before exporting FMU)

|'-.'.' 1 10 TPl aLey 120 Wl O 1 |.' aviwr [ P I
i Debugger

EM_I FMI Solver for Co-Simulation: | Explicit Euler o
OMSimulator/SsP

Model Description Filters: | protected V|

*  Traceability

Include Modelica based resources via loadResource

Include Source Code tmodel description filter "blackBox" will override this, because black box FMUs do never contain their source code.)

Generate Debug Symbols
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