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Abstract.  The Modelica modeling and simulation lan-
guage is widely used in academia and industry to model 
complex, coupled dynamic systems which can be de-
scribed by systems of ordinary differential equations 
(ODE) or differential algebraic equations (DAE). Recent 
work by the authors showed a way to enable partial 
differential equation (PDE) modeling with Modelica via 
functional mock-up interface (FMI) import of C++ com-
ponents based on the multi-purpose nite element li-
brary HiFlow3. The nite element method (FEM) is largely 
used in both research and industry as a reliable tech-
nique for solving PDE problems.  
In contrast to methods based on language extensions or 
automatic semidiscretizations in space, the approach 
with FMI import of HiFlow3 components into Modelica 
requires no change to the Modelica language, enables 
the use of specialized PDE solvers, and it allows for full 

exibility in the choice of geometry, model parameters, 
and space discretization between simulation runs with-
out recompilation. However, the computationally inten-
sive PDE solving part in this approach can form a bottle-
neck in the simulations. In this work, we enhance the 
PDE solver by using a distributed memory parallelization 
based on a domain decomposition. As an example appli-
cation, we consider a mechanical linear elasticity prob-
lem consisting of physical forces applied on a beam. 
Beams, plates and shells are common elements of solid 
structures with a sizable quantity of application in engi-
neering design, appearing in fuselage, ship hulls, con-

crete roof structure, etc. The derivation of elastic stress 
strain relations is a crucial point for mechanical analysis 
and validation, as the bending properties of the structure 
effects greatly the stability properties. In this work the 
actual beam is modeled and solved in parallel using a 
C++ HiFlow3 component whereas the physical force 
acting on the beam is modeled using Modelica. We use 
the OpenModelica development environment but the 
same approach can be adapted to other Modelica envi-
ronments. 

Introduction 
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1 Simulation Scenario 

Figure 1. Geometry and computational mesh for the 
concrete element. The xed front end is  
colored in blue, a force is acting on the red 
part. 

1.1 Linear elasticity model 
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1.3 Finite element discretization 

2 Coupled Implementation 
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2.1 The Modelica modeling and simulation 

language 

2.2 The OpenModelica environment 

2.3 The HiFlow3 Finite Element Library 

2.4 HiFlow3-based PDE component 

2.5 Modelica model 

hf Block.stateVar hf 

Block.derstateVar 

// −−−−−−−−−−−− 
// ElasticitySolver 
// FMI application with 
// HiFlow^3 block for PDE solving. // 
// Authors: 
// Chen Song, Martin Wlotzka, 
// Kristian Stavaker 
// 
// Main class 
model ElasticitySolver 
 // HiFlow^3 component 

ElasticitySolver_me_FMU hfBlock; 
// Source for signals that 
// should be constantly 0  
Modelica.Blocks.Sources. Constant 
  zeroSource(k=0.0); 
Real u_center ( start =0.0); 

 Real force ( start =10.0); 
equation 
connect(hfBlock. u_center , u_center ); 
connect( force ,hfBlock. force ); 
force = 10.0; 
connect(hfBlock. der_stateVar , 

zeroSource.y ); 
connect(hfBlock. stateVar , 

zeroSource.y );  
end ElasticitySolver ; 

Listing 1. Modelica model. 
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3 Parallelization Concept 

Figure 2. Patitioning of the mesh into 8 subdomains,  
indicated ba different color. 

3.1 Parallel execution of the model 

Figure 3. Replicated parallel execution of the Modelica 
compiled model code and distributed parallel 
computation in the HiFlow3 PDE component, 
sketched for 4 processes. 

4 Numerical Experiments 

Figure 4. Visualization of the displacement in vertical  
direction. 
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n 
run-time  
[sec] speedup   efficiency  

1 8.830 1.0 1.0 

2 4.736 1.864 0.932 

4 2.948 2.995 0.749 

8 1.968 4.487 0.561 

16 1.741 5.072 0.317 

Table 1. Run-times for the PDE component with varying 
number of MPI processes. 

5 Conclusions 

Acknowledgments 

References 



  Stavåker et al.     PDE Modeling with Modelica via FMI Import of HiFlow3 C++ Components 

   SNE 25(3-4) – 12/2015 197 

T N 



EUROS
For EU
develop
and hyb
tribution
Contribu
 
Congr
special 
Congres
 
Intelligent
Hybrid an
Data & Se
Neural Ne

Evolutio
Image, Sp
Systems 

Intellige
Autonomo
Energy an
Mining an
Forest Ind
Buildings 
Commun
Circuits, S
Security M
 
Congr
tal of No
in the ci
hiking o
 
Congre
FinSim 
Esko Juu
 
Info: e

SIM Congre
ROSIM 20

pments in t
brid modelli
n motivation
utions from 

ress Top
and poster 
ss topics of

t Systems and
nd Soft Compu
emantic Minin
etworks, Fuzz
onary Comput
peech & Signa
Intelligence a
ence Systems
ous Systems  
nd Power Sys
nd Metal Indus
dustry 
and Construc

ication System
Sensors and D
Modelling and

ress Venu
orthern Sca
ity centre. P

on the uniqu

ess Team: T
- Finnish S
uso EUROS

eurosim20

E
9th EUR

esses are th
16, we are
he following
ng, simulat

ns are expe
both techn

pics The E
sessions, e

f interest inc

d Applications 
uting  
ng 
zy Systems & 
tation  
al Processing 
nd  

s  

stems 
stry 

ction 
ms 
Devices 
d Simulation  

ue / Socia
andinavia. T
Pre and Pos
ue routes in 

The Congre
imulation F
IM President

016.autom

E U
ROSIM C

Ci

he most im
 soliciting o
g (and rela
ion, identific

ected: M&S
ical and no

EUROSIM 2
exhibition an
clude, but a

 

 

Bioinforma
and Bioe

Water and 
Sludge M
Productio

Condition m
and main

Automotive
e-Science 
Industry, B

Human F
Virtual Rea

Compute
Internet Mo

and Onto
Computatio
 

al Events
The main ve
st Congress
Oulanka N

ess is organ
orum, Finni
t, Erik Dahlqu

maatiose

R O
Congres
ity of Oul

 
mportant mo

original sub
ated) areas 
cation and 

S Methods a
n-technical 

2016 Congr
nd versatile

are not limite

atics, Medicine
engineering  
Wastewater T

Management a
on 
monitoring, Me
ntenance 
e applications
and e-System

Business, Man
Factors and S
ality, Visualiza
er Art and Gam
odelling, Sema
ologies  
onal Finance &

 The Congr
enue and th
s Tours incl

National Par

nised by SIM
ish Society 
uist SIMS Pre

eura.fi, off

O S I
ss on Mo
u, Finlan

odelling and
bmissions d

of interest
optimizatio

and Techno
areas are w

ess will incl
e technical a
ed to:  

e, Pharmacy 

Treatment, 
and Biogas 

echatronics  

ms  
agement, 
ocial Issues 

ation, 
mes  
antic Web  

& Economics 

ress will be 
e exhibition
ude Arctic C
k. 

MS - Scand
of Automat
esident, Kauk

fice@auto

M  
odelling a
d, Septem

d simulation
describing n
: Continuou
n approach
ologies and 
welcome.  

ude invited 
and social to

 

Simulation
Parallel an

Architec
Operations
Discrete Ev
Manufactu
Adaptive D

and Rein
Mobile/Ad h

networks
placeme

Control of I
Robotics, C

Engineer
Transport, L

and Marin
 

held in the 
n site is the 
Circle, Sant

inavian Sim
ion, and Un
ko Leiviskä E

omaatios

2 0
and Sim

mber 12 – 

 

n events in 
novel resea
us, discrete
hes. Two ba
 M&S Appl

 talks, para
ours. The 

n Methodologie
nd Distributed 
ctures and Sys
s Research  
vent  Systems  
uring and Wor
Dynamic Prog
nforcement Le
hoc wireless  
s, mobicast, sen
ent, target track
Intelligent Syste
Cybernetics, Co
ring, & Manufa
Logistics, Harb
ne Simulation  

City of Oul
Oulu City T
ta Claus vis

mulation Soc
niversity of O
EUROSIM 20

seura.fi 

1 6
mulation

16, 2016 

 

 

 
 

Europe. 
arch and 
e (event) 
asic con-
ications. 

allel, 

es and Tools 

stems  

kflows  
ramming 
earning  

nsor  
ing  
ems  
ontrol 
cturing  

bour, Shipping

u, Capi-
Theatre 
sits and 

ciety, 
Oulu. 
016 Chair 


