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Abstract 

Technical systems can be characterized very often as being very complex and heterogeneous. 
Many simulators exist for the analysis of continuous, discrete, and hybrid systems. However, 
the first modeling steps in physical domains are not yet sufficiently assisted by CAD tools. 
Multi-ports and generalized KIRCHHOFFian networks proved to be powerful concepts in a 
physically oriented modeling methodology. If the physical system is described by partial dif-
ferential equations, discretization algorithms are applied to construct models described by 
ordinary differential equations or equivalent lumped network models. Their parametrization 
can be supported by various algorithms for numerical order reduction in frequency and time 
domain, symbolic and semi-symbolic analysis, approximation, and optimization which are 
comprised in a tool box. Modeling languages as VHDL-AMS, Verilog-AMS, SystemC-AMS, 
and Modelica will support the practical application of these approaches. 

Keywords: Model generation, Order reduction, Symbolic analysis, Modeling languages, 
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1 Introduction 
Many technical systems like integrated circuits, mi-
cro-electro-mechanical systems (MEMS), mecha-
tronic systems or distributed automation plants are 
very often complex and heterogeneous systems. They 
show some of the following characteristics: 

• mixed-domain or “multi-physics”: mechanical, 
electrical, thermal, fluidic, ... phenomena, 

• partially close coupling between these domains, 
side effects, cross coupling, 

• distributed and lumped (concentrated) elements, 

• discrete and continuous signals and systems (in 
electronics: analog and digital), 

• very large and stiff systems of differential equa-
tions to describe the continuous subsystems. 

We will focus on continuous systems, described by 
partial differential equations (PDE) or ordinary differ-
ential equations (in the special forms of ODE and 
differential-algebraic systems, DAE). A lot of algo-
rithms and computer programs are available for the 
numerical solution of such differential equations. 
However, there is a demand for more and better assis-
tance in finding the equations which model the whole 
complex system. A powerful interdisciplinary model-
ing methodology is necessary to analyze real-world 
problems [1], [2], [3], [4], [5]. 

2 Partitioning of complex systems 
Each complex system consists of subsystems and 
components with different functionalities. This “func-
tional partition” is the first approach to define a com-
plex model structure. 

Fig. 1a shows the block structure of an electro-
mechanical system and its corresponding model struc-
ture. If the models of the subsystems are very abstract, 
the simulation of the whole system with one simulator 
is possible. In many applications, more detailed mod-
els must be used and, therefore, the coupling of differ-
ent simulators is necessary (Fig 1b). 

A similar situation also exists in micro-structures. The 

cross-section of an electronic component, a transistor, 
is shown in Fig 2a in a very simplified form. Devices 
with such geometry can be simulated with FEM simu-
lators. But, if hundreds or thousands of elements have 
to be considered together, model simplification is 
necessary. In Fig. 2b, the partitioning of the device 
(with the result of meshing in the FEM modeling) is 
shown. Fig. 2c shows the more abstract model com-
posed of multi-pole elements with linear or nonlinear 
behavior. Unfortunately, there are no algorithms to 
construct such partitioned models automatically. 

Models have to be developed for all these subsystems. 
From the system simulation point-of-view, these mod-
els should be “as small as possible” to achieve a rea-
sonable simulation time with sufficient accuracy. 
Detailed model description exist very often for these 
subsystems (e.g., transistor net lists for electronic 
circuits and partial differential equations for microme-
chanical structures) but these models are too detailed 
(and, therefore, too time-consuming) to be applied in 
system simulation. Models with reduced complexity 
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Fig. 2 Partitioning in electronic device simulation 
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and size have to be constructed. We will use the term 
reduced order models with this general meaning and 
will have a look also on special mathematical methods 
for numerical model order reduction (MOR).  

Another problem is the description of a mathematical 
model in such a way that it can be simulated within a 
simulator which allows embedding of user-defined 
behavioral models. Fig. 3 shows some “modeling 
languages” which can be used in the simulation of 
complex systems (powerful simulators support these 
languages!). 

3 Different modeling methods 
Various approaches exist for modeling complex sys-
tems. A possible taxonomy is shown in Fig. 4. The 
methods are divided into two main approaches: physi-
cally and mathematically oriented. The first way 
which is standard in many technical disciplines [6], 
[7], [8], [9], [10] shall be summarized only very short 
and the second one will be discussed more detailed in 

the next section.  

The basic approach in physically oriented modeling is: 

• hierarchical partitioning of the system into subsys-
tems and further refinement into components, 

• modeling the components behavior (if such com-
ponent models are not available as simulator 
primitives), 

• all component models are connected together to 
build-up the model of the complete system.  

Electrical circuits are often modeled as networks. 
However, the network concept is not restricted to the 
electrical domain. It is well-known for a long time that 
this concept may be generalized to other physical 
domains like mechanics or fluidics. There are some 
basic requirements which have to be fulfilled by the 
systems to be modeled as networks: 

• Networks consist of elements (components) and 
ideal links between them. 

Modelica

VHDL-AMS

Verilog-AMS

Matlab/Simulink

SystemC-AMS

UML

Mixed 
descriptions

analog – digital
electrical – non-electrical
conservative

– nonconservative

Structural descriptions
(net-lists, block diagrams, ...)

Behavioral models
(textual, statecharts, …)

Conservative systems
(Kirchhoffian networks):
electrical, mechanical, …

Discrete/digital systems:
time-discrete / value-discrete.
Automata, queuing models, software models

Non-conservative systems, 
signal flow graphs

Modelica

VHDL-AMS

Verilog-AMS

Matlab/Simulink

SystemC-AMS

UML

Mixed 
descriptions

analog – digital
electrical – non-electrical
conservative

– nonconservative

Structural descriptions
(net-lists, block diagrams, ...)

Behavioral models
(textual, statecharts, …)

Conservative systems
(Kirchhoffian networks):
electrical, mechanical, …

Discrete/digital systems:
time-discrete / value-discrete.
Automata, queuing models, software models

Non-conservative systems, 
signal flow graphs

 
Fig. 3 Modeling languages for complex systems 
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Fig.4 Modeling methods 
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• There are two kinds of quantities (variables) in 
various physical domains:  
flow (or through) quantities, e.g., electrical  
currents or mechanical forces;  
difference (or across) quantities, e.g., electrical     
voltages or fluidic pressures. 

• The elements are usually described as two-poles 
and multi-poles. 

• The flow and difference quantities fulfill two con-
servation laws:  
the sum of all difference quantities between nodes 
along each closed cycle is zero;  
the sum of all flow quantities into each node is 
zero. 

The relation between flow and difference quantities is 
mostly given as implicit (or explicit) equations or 
differential equations, solely depending on the termi-
nal quantities and, possibly, internal states. The con-
servation laws are known in the electrical domain as 
KIRCHHOFF’s voltage and current law. Therefore, the 
general (electrical as well as non-electrical) networks 
are sometimes named “generalized KIRCHHOFFian 
networks” [5]. 

This approach is illustrated in Fig. 5. A micro-
mechanical acceleration sensor [11] is modeled by the 
interconnection of very small cantilever elements for 
which a behavioral model exists: a linear six-
dimensional, second-order ODE system for transla-
tional and rotational quantities in all of the three direc-
tions in space.  

A more mathematically oriented modeling method 
starts with the differential equations describing the 

system (or the subsystem / component) to be modeled. 
In our context we will focus on ordinary differential 
equations. Therefore, handling of partial differential 
equations (discretization in space, geometrical mesh-
ing of 2D or 3D problems) has to be carried out with 
other tools. Fortunately, many FEM simulators allow 
the export of the internally generated ODEs which can 
be processed in the next modeling steps. 

4. Mathematical Order Reduction 
Three approaches to the reduction of the order (= the 
state space dimension) of the equations describing the 
system have been under investigation for several years 
now: 

a) Linear systems of differential equations (of first or 
second order) were numerically reduced by projection 
methods, especially with KRYLOV subspace algo-
rithms [12], [13], [14], [15]. The systems of equations 
have to be externally available, which can not be 
guaranteed if commercial simulators are used. 

b) Based on the result of FEM simulation in the time 
or frequency domain, order reduction is possible with 
methods which have their origins in model identifica-
tion for control system design [12], [13].  

c) Symbolic analysis methods calculate analytical 
formulas instead of numbers to describe the system 
behavior [16], [17], [18]. For the analysis of large 
systems the analysis algorithms are always combined 
with simplification algorithms (otherwise the resulting 
equations would be so large that they could not be 
handled). This is a very special way of “model reduc-
tion” which can be combined with other approaches. 

4.1 Projection methods based on moment matching 

In many cases, very large systems of differential equa-
tions (the dimension may be 104 or 105 or larger!) 
result from FEM or FDM modeling and discretization 
in space of the PDE. Furthermore, the analysis of 
electrical interconnect systems [19], [20], [21] or 
modeling of micro-mechanical systems [22], [23] with 

By courtesy of Robert Bosch GmbH, Germany

Fig. 5 Network modeling of a mechanical sensor 
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Fig. 6 Typical structure of systems of differential 

equations for order reduction 
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KIRCHHOFFian networks may result in extremely large 
systems of equations, too. In Fig. 6, two widely used 
structures of differential equations  are summarized as 
examples for electrical RC systems (C and G corre-
spond to electrical capacitances and resistances, re-
spectively; M, D and K are related to mechanical 
masses, damping effects, and stiffness). But the same 
structures occur in modeling thermal systems and 
electrical RLC circuits, respectively. 

The reduction of the dimensions, also w.r.t to the 
output vector y, which corresponds to the interface 
signal to the environment of the modeled subsystem, 
is illustrated in Fig. 7.  

Based on the passivity preserving ENOR (Efficient 
Nodal Order Reduction) algorithm for linear second- 
order systems [21], a modified variant has been devel-
oped and proven in many applications [23]. This algo-
rithm has been further improved with special attention 
to proper deflation of basis vectors and numerical 
stability through selective re-orthogonalization [24]. 
By choosing certain expansion points, the approxima-
tion of the original transfer function can be improved 
in desired regions of the frequency domain. For multi-
ple-input, multiple-output (MIMO) systems, the algo-
rithm allows to simultaneously match a desired 
amount of block moments corresponding to different 
expansion points. 

This method has been applied to the system simulation 
of an electronically controlled yaw rate sensor [22], 
[25] (Fig.8). The mechanical subsystem has been 
modeled with about 45000 variables in the original 
FEM model. To design the electronic subsystems, a 
reduced order model with 40 variables was generated. 

4.2 Simulation-based order reduction 

Simulation-based order reduction has some specific 
advantages. It is not necessary to export the system 
matrices (this export feature is not supported by all 
FEM simulators!). Additionally, the system to be 
modeled can consist of different subsystems (which 
are, e.g., modeled with transcendental functions which 
arise in the context of electrical transmission lines). In 
the simplest case it is only necessary to determine the 
impulse response of the system.  

We restrict us to linear time-discrete systems which 
are described at equidistant time-points tk by   

1k k k

k k k

x Ax Bu
y Cx Du
+ = +
= +

 

kx is the N-dimensional state vector, ku is the m-
dimensional input vector, and ky is the q-dimensional 
output vector. The matrix A is N N× , B is N m× , C is 
q N×  , and D is q m× . These matrices and the order 
N are assumed to be not explicitly known.  

The Hankel matrix  
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can be constructed from the impulse responses of this 
system calculated at the first 2p time-points. Any full-
rank decomposition of pH  in a pq N× % Matrix p

%O  and 

a N pm×% Matrix p
%R  with N p≤%  is qualified to de-

termine the observability and the controllability matri-
ces of a system ( , , , )A B C D% %% %  of order N%  which ap-
proximates the given system ( , , , )A B C D of or-

der N N> % . A reliable and numerically stable method 
of full-rank decomposition is the Singular Value De-
composition (SVD). A procedure using these relations 
is a simplified version of the well-known class of 
N4SID algorithms (Numerical Subspace-based State-

Fig. 7 Reduction of order by multiplication with pro-
jection matrices 
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Fig. 8 Yaw rate sensor and its signal-processing electronic circuitry 
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Space System Identification) [26], [27], [28]. To guar-
antee a high accuracy of the approximated system 
matrices, the system ( , , , )A B C D% %% % should be calculated 

in a first step with a "high" dimension, e.g. N% =102 … 
103. In a second step, these “medium sized” matrices 
can be reduced by matrix-based order reduction, e.g. 
by the above mentioned projection method, to achieve 
a system of low order N N<%% %  [29].  

All the described methods have been implemented in 
form of a tool-suite (Fig. 9) with interfaces to widely-
used FEM simulators (and to Analog Insydes, see Sec. 
4.4). The most important modeling languages are 
supported. The system is open to include new or im-
proved MOR algorithms. 

4.3 An outlook to nonlinear MOR 

Many systems can not be considered as linear. Obvi-
ously, model generation, simplification, and order 
reduction is much more complicated in the nonlinear 
case. First research results are encouraging but many 
problems remain to be solved [12], [31], [32], [33]. 
An approach to reducing nonlinear systems is the 
Trajectory Piecewise Linear (TPWL) method [34], 
[35]. Given a simulated trajectory called training tra-
jectory, we choose some linearization points (Fig. 10). 
Now, the nonlinear behavior of the system can be 
approximated in a neighborhood of the training trajec-
tory by a weighted combination of multiple linear 

models. These linear models are obtained by Proper 
Orthogonal Decomposition (POD) [12]. In a certain 
sense, POD is an extension of Singular Value Decom-
position to integral equations by utilizing system iden-
tification methods.  

In some special applications, nonlinear MOR can be 
realized by smart partitioning of a complicated nonlin-
ear system into coupled subsystems which can be 
modeled with different methods. This may be useful 
not only at system level but also at component level to 
handle strongly coupled effects. The following exam-
ple [36] illustrates the problem and a solution ap-
proach. A micromechanical device consisting of a 
cantilever is stimulated by electrostatic forces which 
result from the applied electrical voltage. The me-
chanical and the electrical subsystems are character-
ized by different mathematical formalisms. The parti-
tioning approach is:  

• decoupling into a mechanical cantilever model 
which can be linear (due to the very small dimen-
sions of the device), and the electro-static field 
model, 

• the nonlinear electro-static subsystem has been 
manually discretized and is modeled by n nonlin-
ear transducer elements (force sources and capaci-
tances),  

• both parts are modeled as multi-poles and their 
coupling is realized by connecting their terminals. 

The whole system is highly nonlinear (e.g., with hys-
teresis), but the partial models are relatively simple: a 
mechanical subsystem generated automatically via 
order reduction and a physically oriented modeled 
electrostatic subsystem containing transducers with 
nonlinear behavior. The capacitances are nonlinear 
functions of the distances xi between a piece of the 
cantilever and the substrate. In Fig. 11 this approach is 
illustrated. 
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Fig. 9 Tool-suite for the generation of reduced-order models 

 
Fig. 10 Nonlinear order reduction with linearization 
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Another field of current research is parametric model 
order reduction, also called symbolic or multidimen-
sional MOR. Consider a linear time invariant system 
with system matrices dependent on certain parameters: 

( ) ( )
T

C x G x Bu
y B x Du

λ λ+ =

= +

&
 

with 1( , , ) k
kλ λ λ= ∈K R . 

The aim is to find a reduced system with matrices still 
depending on these parameters. Using a multidimen-
sional TAYLOR series expansion of C and G, one can 
extend existing projection schemes to parametric sys-
tems [19], [20]. Unfortunately, it is not always possi-
ble to obtain such a parametric systems in explicit 
form, e.g. when using black-box tools. A heuristic 
approach would be to generate several snapshots of 
the system matrices by varying parameters around 
some nominal values. These snapshots are combined 
with a multidimensional regression method, which 
leads to the desired linear system with parameterized 
system matrices. 

4.4 Symbolic Analysis 

Symbolic analysis is applied in the context of com-
puter-aided model generation [17], [18], [37], [38] and 
can be used for MOR, too. The commercial tool Ana-
log Insydes [39] is mainly used in modeling analog 
electronic circuits. But the internal algorithms handle 
the simplification of systems of nonlinear differential 
equations in general and not only for electronics. This 
simplification is coupled with simulation-based error 
control and, therefore, the generated models are very 
reliable. For the application in multi-physics model-
ing, a library of basic mechanical elements has been 
developed [40]. Fig. 12 shows its application to a 
micromechanical sensor (similar to the system shown 
in Fig. 5). 

5 Summary and Conclusion 
Many modeling methods have been developed in the 
last decades to handle multi-physics systems. The 
most promising approaches are: 

• modeling with (generalized) KIRCHHOFFian net-
works  

• model order reduction of very large systems of 
linear ordinary differential equations 

• symbolic analysis (combined with simplification) 
of linear and nonlinear ordinary differential equa-
tions 

• application of optimization programs [41] for 
model parameterization and of approximation pro-
grams to fit model characteristics to measured or 
simulated data (e.g. in piecewise-linear or table-
based models) 

Progress in the development of modeling languages 
(Modelica, VHDL-AMS, etc.) and their support by 
powerful system simulators is another basis of suc-
cessful modeling. These languages support in a nearly 
perfect way 

• hierarchical partitioning of complex systems into 
simpler subsystems, 
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• formulation of different models with appropriate 
mathematical formalisms (e.g., linear and nonlin-
ear DAE as well as state-space descriptions, dis-
crete-time models and difference equations, auto-
mata, discrete event-queue organized models) and 
its common computation in one model, 

• clear distinction between the interface of the sub-
system (or component) and its internal description 
as behavioral and/or structural models, 

• mechanisms for the exchange various internal 
model descriptions (but with the same interface), 

• signal exchange with other models only via the 
terminals. 

Therefore, the combination of different modeling 
approaches is supported by these languages.  

Tool-boxes, consisting of  

• various model generation algorithms, 

• optimization and approximation algorithms for 
model parameterization, 

• multi-physics model libraries,  

• interface modules to widely-used FEM simulators,  

• translation modules to transform mathematical 
model descriptions into all widely-used modeling 
languages, 

can support the modeling of very large and complex 
systems. These systems have to be manually parti-
tioned in an appropriate manner to apply the available 
algorithms to the subsystems.  

Due to the intensive research activities, further pro-
gress in nonlinear order reduction and coupling with 
other methods (e.g., symbolic analysis) can be ex-
pected. But in certain situations, current state-of-the-
art tools are already powerful enough for the analysis 
of complex heterogeneous systems. 

References 
[1] B.F. Romanowicz. Methodology for the Modeling 

and Simulation of Microsystems. Kluwer, 
Dordrecht, 1998.  

[2] S.D. Senturia. Microsystem Design. Kluwer, 
Dordrecht, 2000. 

[3] P. Schwarz. Physically oriented modeling of 
heterogeneous systems. 3. IMACS Symp. 
MATHMOD, Wien, 2000, pp. 309-318 

[4] P. Schwarz, P. Schneider. Model Library and 
Tool Support for MEMS Simulation. SPIE’s 
Conf. Microelectronic and MEMS Technology, 
Edinburgh, 2001. 

[5] G. Wachutka. Tailored modeling: a way to the 
‘virtual micro transducer fab‘ ?  Sensor and Ac-
tuators A 46-47 (1995), pp. 603-612. 

[6] H.E. Koenig, W.A. Blackwell. Electromechanical 
System Theory. McGraw-Hill, New York 1961. 

[7] P.E. Wellstead. Introduction to Physical System 
Modelling. Academic Press, London 1979. 

[8] E. Tonti. The reason for analogies between physi-
cal theories. Appl. Math. Modelling 1(1976), 37-
50. 

[9] P. Voigt, G. Wachutka. Electro-fluidic microsys-
tem modeling based on Kirchhoffian network the-
ory.  Sensor and Actuators A 66 (1998)1-3, 6-14. 

[10] G.K. Fedder, Q. Jing. A hierarchical circuit-level 
design methodology for micromechanical sys-
tems. IEEE Trans. CAS-II, 46(1999)10), pp. 
1309-1315. 

[11] R. Neul et al. A modeling approach to include 
mechanical microsystem components into system 
simulation. Proc. Design, Automation & Test 
Conf. (DATE’98), Paris, 1998, pp. 510-517. 

[12] A.C. Antoulas et al. A survey of model reduction 
methods for large-scale systems. Contemporary 
Mathematics, 280 (2001), pp. 193-219. 

[13]C. Antoulas, D.C. Sorensen. Approximation of 
large-scale dynamical systems: An overview. In-
ternational J. of Applied Mathematics and Com-
putational Science 11 (2001), pp. 1093-1121. 

[14] R.W. Freund. Model Reduction Methods Based 
on Krylov Subspaces. Numerical Analysis Manu-
script No. 03-4-01, Bell Laboratories, 2003. 

[15] R.-C. Li, Z. Bai. Structure-preserving model re-
duction using a Krylov subspace projection for-
mation. Comm. Math. Sciences, 3(2005) pp. 179-
199. 

[16] G. Gielen, W. Sansen. Symbolic Analysis for 
Automated Design of Analog Integrated Circuits, 
Kluwer Academic Publishers, Boston (USA), 
1991 

[17] E. Hennig, J.M. Tweer, R. Sommer. Enhanced 
symbolic matrix approximation techniques. Proc. 
SMACD’98, Kaiserslautern (Germany), Oct. 
1998, pp. 199–206 

[18] T. Wichmann, Symbolische Reduktionsverfahren 
für nichtlineare DAE-Systeme. Ph.D. dissertation, 
Shaker Verlag, Aachen, 2004.  

[19] P. Gunupudi, M. Nakhla. Multi-Dimensional 
Model Reduction of VLSI Interconnects. Proc. 
CICC 2000, pp. 499-502. 

[20] X. Li, P. Li, L.T. Pileggi. Parameterized intercon-
nect order reduction with explicit-and-implicit 
multi-parameter moment matching for inter/intra-
die variations. Proc. ICCAD 2005, pp. 806-812. 

Proc. EUROSIM 2007 (B. Zupančič, R. Karba, S. Blažič) 9-13 Sept. 2007, Ljubljana, Slovenia

ISBN 978-3-901608-32-2 8 Copyright © 2007 EUROSIM / SLOSIM



[21] B.N. Sheehan. ENOR: Model order reduction of 
RLC circuits using nodal equations for efficient 
factorization. Proc. 36th Design Automation Con-
ference, 1999. 

[22] S. Reitz, J. Bastian, J. Haase, P. Schneider, P. 
Schwarz. System level modeling of microsystems 
using order reduction methods. Symp. Proc. De-
sign, Test, Integration and Packaging of 
MEMS/MOEMS (DTIP), Cannes, France 2002, 
365-373. 

[23] J. Bastian, J. Haase. Order reduction for second 
order systems. 4th MATHMOD, Vienna, 2003, 
pp. 418-424. 

[24] A. Köhler. Modellreduktion von linearen De-
skriptorsystemen erster und zweiter Ordnung mit 
Hilfe von Block-Krylov-Unterraumverfahren. Di-
ploma thesis, TU Bergakademie Freiberg, 2006. 

[25]S. Reitz et al. System Level Modeling of the 
Relevant Physical Effects of Inertial Sensors us-
ing Order Reduction Methods. Proc. DTIP 2004, 
Montreux (Switzerland), 2004, pp. 383-387. 

[26] P. van Overschee, B. de Moor. Subspace algo-
rithms for the identification of combined determi-
nistic-stochastic systems. Automatica 30(1994)1, 
pp. 75-93. 

[27] P. van Overschee, B. de Moor. A unifying theo-
rem for three subspace system identification algo-
rithms. Automatica 31(1995)12, pp. 1853-1864. 

[28] M. Viberg. Subspace-based methods for the 
Iidentifikation of linear time-invariant systems. 
Automatica 31(1995)12, pp.1835-1851 

[29] G. Otte, S. Reitz, J. Haase. Generation of linear 
models using simulation results. 4. IMACS-
Symp. MATHMOD, Vienna, 2003, pp. 436-443. 

[31] S. Senturia, N.R. Aluru, J. White. Simulating the 
behavior of MEMS devices: computational meth-
ods and needs. IEEE Trans. Computational Sci-
ence & Engineering, January 1997, pp. 30-54. 

[32] L.D. Gabbay et al. Computer-aided generation of 
nonlinear reduced-order dynamic macromodels. J. 
Micromechanical Systems 9(2000)2, pp. 262-278. 

[33] J.R. Phillips. Projection-based approaches for 
model reduction of weakly nonlinear, time-
varying systems. IEEE Trans. CAD 22(2003)2, 
pp. 171-187. 

[34] M.J. Rewieński. A Trajectory Piecewise-Linear 
Approach to Model Order Reduction of Nonlinear 
Dynamical Systems. PhD Thesis, Massachusetts 
Institute of Technology, 2003. 

[35] A. Rewienski, J. White. Trajectory piecewise-
linear approach to model order reduction and fast 
simulation of nonlinear circuits and micro-
machined devices. IEEE Trans. CAD 22(2003)2, 
pp. 155-170. 

[36] J. Haase, S. Reitz, P. Schwarz. Ermittlung mehr-
deutiger Kennlinien elektrisch-mechanischer Sys-
teme mit VHDL-AMS-Simulatoren. Workshop 
"Multi-Nature-Systems 2001", Hamburg, 
21.02.01, S.25-32. 

[37] R. Sommer, J. Broz, T. Halfmann. Automated 
behavioral modeling and analytical model-order 
reduction by application of symbolic circuit 
analysis for multi-physical systems. This Confer-
ence. 

[38] T. Halfmann, T. Wichmann. Symbolic Methods 
in Industrial Analog Circuit Design, Scientific 
Computing in Electrical Engineering, Springer, 
2006. 

[39] J. Broz et al. Analog Insydes 2.1 Manual, Fraun-
hofer ITWM, Kaiserslautern, 2005. 

[40] J. Broz et al. Automated symbolic modelling 
approach for the design of mechatronical systems. 
IEEE Int. Conf. Computer Aided Control Systems 
Design, Munic, 2006. 

[41] P. Schneider et al. A modular approach for simu-
lation based optimization of micro systems. In-
tern. Symp. Microelectronics and Assembly, Sin-
gapore, 2000, pp. 71-82. 

Proc. EUROSIM 2007 (B. Zupančič, R. Karba, S. Blažič) 9-13 Sept. 2007, Ljubljana, Slovenia

ISBN 978-3-901608-32-2 9 Copyright © 2007 EUROSIM / SLOSIM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


