Implementation of

Modelisar Functional

Mock-up Interfaces

in SimulationX

Christian Noll, Torsten Blochwitz, Thomas Neidhogl@hristian Kehrer
ITI GmbH
Webergasse 1, 01067 Dresden, Germany
noll@iti.de, blochwitz@iti.de neidhold@iti.dekehrer@iti.de

Abstract

FMI for Model Exchange

This document describes the implementation of th
Modelisar Functional Moclup Interfaces (FMI) in
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change and G8&imulation as well as the import of

FMI for Co-Simulation

an FMU into SimulationX.
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1 Introduction

21

FMI s t a Rudctional Mockup“Interfacé [1]
and was specified in thEEA2 Modelisar project
[2]. The intention is that dynamigystem models of

Figure 1: FMI specifications

FMU Code Export

Using SimulationX Code Expqgrthe functimality of

a complete simulatiomodel can be transfed into

different software systems can be used together fgt =nu (Functional Mockup Uni). An FMU is
software/model/hardwafi@-the-loop simulation and istributed in the form of a zip Filg.fmu) and co-

for embedded systemdJsing SimulationX Code
Export, the functioality of a complete simulation
model can be transformedto an FMU (Functional
Mockup Unif), which implements the FMIFunc-
tional Mockup Interfacé. A so created FMU can be
instantiated bySimulationX or another simulation
tool and accessed via the FMI functiodsr FMU
may eitherbe selfintegrating Co-Simulatior) or
require the simulator to perforrie numerical ine-
gration Model Exchange

2 FMU Support in SimulationX

There are two different FMI specificatio(seeFig-
ure 1: FMI specification$, FMI for Model Exchange
and FMI for Co-Simulation Both are supported by
SimulationX.

sists basically of the following components:

Exported Model #nterface

The exported model functionality is accdssi
through standardized-foinctions (FMI). By $-
ing theprogramming language Kigh portabl
ity is guaranteed. This component can be- pr
sent @ pure source code or as a binddyl().
The FMEInterface includes:

9 Fundions for instantiation, initialization,
termination and destruction.

Support of Real, Integer, Boolean and
String inputs, outputs and parameters.
Setand Get functions for each type, e.qg.
fmiSetReal(...)

Functions for exchange of simulatioa-d
ta, e.gfmiGetDerivatives(...)
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There is no explicit function call fahecomp- representing a model which may then be easily-int
tation of the model algorithm.The FMU dk- grated iio another simulation environment.

cides on its owndepending on which data haveThe following illustration(seeFigure 2: FMI Code
been set and the dateing sought, which ta Export for Model Exchang® shows the schematic
culation is initiated. For efficiency it is m-  workflow for transfering a SimulationX model into
portant thatvariables are not newly computedanFMU for Model Exchange

if they have been computedeady at an earlier after all desired inputs, outputs and parameters have
step Instead they shall be reused. This featuli§een defined by the user in the Code Export Wizard,
is cabtbhdnfy of vemuel abphe@sde expoft prdcdiEstass.
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Steps:

*  (C-code generation (model equations)
*  Compilationand binding

*  Generationofmodeldescription

* Packagingoffiles

Figure 2: FMI Code Export for Model Exchange

2. Model Description Scheme During the codexgort the following step are eg-
This scheme is peesented by an XML file that cuted. At first a special symbolic analysis will tsan
contains the escription of the required data for fer the modeinto ordinary differential equatien
the infamation flow between the FMU and the Based on this equations and the defined inteyface
simulation tool. Through the description of the the Gcodethat includes the model functionality and
model within an XML file, the pviderof sim-  the specific FMI interface functionis, generated.
ulation tools are not forced usea specific re-  Furthermore the XML model description file isrge
resendtion of data structures. erated At the end of this process a fite (*.fmu),

3. Data and Documentation (optional) with all necessary filess createdo distribute the
Additional data and documentation of thedno FMU.
el can bencluded

2.1.2 FMI for Co-Simulation

2.1.1  FMI for Model Exchange The FMI for Co-Simulation is an interface standard
The intentionof FMI for Model Exchanges to d- for the solution of time dependent coupled systems
low any modeling tool to generate C code or binariegonsisting of subsystems that are continuous in time



(model compones that are described lo§fferential  simulation environment, is praled In particular,

equations) or timaiscrete (model components thathis includes a set of cability flags to characterize
are described bdifference equations like, e.dis- the ability of the slave to support advanced master

cretecontrollers) algorithms One of these flagss canHandleVam-

The FMI for Co-Simulation defines interface wo bleCommunicationStepSizthat specifies whether
tines for the communication between a master afige slave can handle variable communication step

the individual simulation toolsslave$ in the co Size. Another flag iscanRejectStepméit_ ir|1di_cates
capabi | imy

simulation environmentThe data excinge ise- t he sl ave’s _
stricted to discrete communication poiitdimeand Munication step. This will be supported in a future

the subsystems are solved independently betwe&HmulationX release.
thesecommunication points.

FMU for Co-Simulation
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Steps:

« C-codegeneration (model & solver)
*  Compilationand Binding
*  Generationof model description

» Packagingoffiles
Figure 3: FMI Code Export for Cesimulation

After all desired inputs, outputs and parametease 2.2 FMU Import
beendefinedby the usein the Code ExportVizard

t o

The flagcaninterpolatelnputglefines that the slave

The following illustration(seeFigure 3: FMI Code IS able to interpolateontinuousinputs. In thiscase
Export for CeSimulatiol shows the schematic calling of fmiSetReallnputDerivatives(..hjas an £

workflow to transfer a SimulationX model into anfect for the slaveAt the end of theexportprocess a
zip-file (*.fmu) is created to distribute the FMU

the code export process starts. During the Code EThe SimuldéionX FMU import consists of unzipping

port the following steps are executéd first a sg- the *.fmu file and the generatn of Modelicacode

cial symbolic analysis will transfer the model intancluding the calls of FMI functions based on the

ordinary differential equations. Based on this aqu XML model descriptionA re-export viacode export

tions and the defined interfacine Ccode thatin- is supprted

cludes the model functionality, the specific FMti The main idea of embedding a FMU into a Modelica
terface functions and a Solver (CVODE), is getreramodel is to construct an external object and some
ed.The Sundials CVODE solvé4] uses a BDF va  external functions tonteract with that model.

iant and iswell suited for stiff models.

Furthermore the XML model description file isge themend nser t / Functi onal

eraked, whereadll information about the slaves, whichThereupon the following dialoseeFigure4: FMU

is relevant for the communication in the -colmport Dialog for importing a FMU appears.

The automaticimport process is started by selecting

Mo c k L



Functional Mockup Unit Import Lﬁ 2.3 Tool COUp“ng

Settings The current version 1.0 of the FMI for Co
Simulation standard not only allows the coupling of
Expose Internal Variables specially prepared software modules (FMU), but can

[] use Modelica Pins for Inputs and Cutputs also be used for direct coupling of CAE tools.

Therto the particular application witits proprie-
tary interfa@s is made available via a special pwra
per (seeFigure5: Tool coupling via wrapper DLL
that implements the standardized Functiovialck-

up Interfaceand provides it for other applicatian
From the outside, the particular application behaves
[¥] open Element Type in TypeDesigner like a Functional MOC-ka Unit.

W i . . . .
[insert Element as Component in Model For SimulationX such a wrapper will be available.

The implementation is based on the existing COM
[ ok | | Ccancel interface of SimulationXFor integraing a Modelica
model in such @o-simulationan adequate prear
- : tion is necessary. Especially the inputs, outputs and
Figure 4: FMU Import Dialog paraneters of the model have to be defined. All this
information is stored as a "real FMU" in a zip a
chive. The model itself or a link to this model in the
During the import process the DLL and Lib files (if local file system or on the network must also be
any exist) are copied the External Function foldr.  stored in this file.

Executable Executable

" Tool (Master) " Tool (Slave)

Model Solver Model Solver

;j 1—» —O—e ot O »
- )

Figure 5: Tool coupling via wrapper DLL
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To link an FMU with a Modelica model Simas 3  Implementation Difficulties

tionX uses arExternal Object The fmilnstantiae-

Model (é)/ f mi | nand &miFteé- a Dweirfy thaimptemendation of the FMU import into
Model Il nstance(e)/ ffuric-F Signeldtiondas a Matsli¢amolatce d féwifficul-
tions are called as construcemddestructoyrespe- tieshad to be overcome

tively. All other functions are called as external

functions with an external object as first parameteThe first problem is related to a type mismateh b
Because thé mi | n i t funatibn haseq féyard tween fmiBoolean and Modklica Boolean which
function pointers for several purpos#igs function leads to a type cast for scafaniBooleanvariables
is redirected through a special baiitfunction. and the necessity of restorirfgniBoolean arrays.



Further, hereis an issueoncerning thémilnstant-
ateModel function, because the

this interface is measured by how the tool vendors
argumentwill integrate FMI into their productdn addition to

fmiCallbackFunctiongs astructthat holds function reliability and numerical stability the ease of use will

pointers.In Modelica there is no posdlity to gen-
erate such a record.

Also, it is not easy to implement thtte function

determine this success.

fmilnitialize is called only once, becausaccording References

to Modelica language specificatiche body of a
when initial() clause may be traversed several times[1]
during initialization.

Changing of discrete variables is only allowed in
Modelica at event steps, not during continuous-int [2]
gration, but thefmiSetXxxfunctions returnsfmiS-
tatusasa Mocklica integer variable, which isdis-  [3]
cretevariable Hence a Modelica compiler magll

such functions only at event time instances. But the
fmiSetXxxunctions have to be called during conti

uous integration too.

The functiors fmiCompletedintegratorStep  [4]
fmiEventUpdate and fmiTerminateare impure and

thus may nobe treated likeconstant functionsBut,

there is no possibility in Modelica to mark a function

as impure.

There are two difficulties related to the FMI calling [5]
sequence. First, there is no possibility in Modelica to
be informed about the reason for a model comput
tion. But, it isrelevant to distinguish between calling

for instancefmiEventUpdateor fmiCompletedirg- [6]
grationStep Secontly, Modelica does not provide
the functionality to trigger an event step and call
fmiEventUpdate

Modelica has no functionality to provideent ind-

cators évi directly. According to FMI specification
FMUs have to ad& small hysteresis to thevi. A
Modelica tool may do the same withk internal root
functions. Hence théysteresiss added twice and
events caused by the FMU are locatdittie bit in-  [8]
accurately

We solved these problems by using some internal
Modelica extensions in SimulationX, which \aéso
proposed to the Modelica Language Design Group
and accordingly to the FMI standard committee.

[7]

4 Conclusions

With the Modelisar FMIstandardexists a vendor
neutral interface that allows tlexchangeof simula-

tion models between different tools and platforms.
The chances to establish FMI as a standard are pretty
good, because software vendors and users were i
volved right from the st&rAt the end, the success of
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