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Background

Computer aided modeling and simulation of complex

physical systems, using components from multiple Why 1S EOO Im portant?
domains, such as electrical, mechanical, and

hydraulic, have in recent years witnessed a

significant growth of interest. General- Acausal Modeling

purpose simulation tools, e.g., Simulink, Modeling is primarily based on equations,

using block diagrams and causal What is an EOO-L an guag Y, rather than statements.
connections have dominated the : Hybrid Modeling

area for years. However, in the . . .
last decade novel languages | | | Both continuous- and discrete-time
’ Equation-based Object-Oriented (EOO)-languages behavior of a system can be described.

(e.g., Modelica[1], gPROMS]|2], typically possess the following characteristics:

and VIIIDL_dAll\'/[S[?)]) .based on 0 The continuous-time behavior is described by

?)C{Efl;lsa H}Ol 2 Im%) us.mg using Diftferential Algebraic Equations (DAES).
1rferential Algebraic A Graphical modeling using well-defined

Multi-Domain
Can be used for modeling complex physical
systems in multiple domains, e.g., electrical,

Equations (DAEs), eraphical components mechanical, and hydraulic.
have evolved. We . ' .
1 these kind 0 Textual modeling of components using a
ca ese kin .
high-level language syntax.
Of languages . L L Ground G; Pin p, n;
, 0 Making use of OO-concepts, such as 20z [ [|n | Resistor RIR=s0): sellzze v
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Figure 3. Simple electrical circuit viewed both as graphical components and textual source code.

Validation
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Figure 2. Modelica model of a motor connected to a double
pendulum. Illustrates multi-domain usage, where an electrical
circuit is combined with mechanical components.

Correctness

0 Formal operational semantics including
type system.

Q Type soundness proofs.

Objectives and Approach

Figure 1. An ABB-robot that could be modeled and simulated by
an equation-based object-oriented (EOO)-language.

Relevance and Usefulness

Project Objectives ,
d Transform real Modelica models collected

Q Improve the theoretical foundation of EOO-

Th € PrO b I €mMs languages. d ggl?:)i‘?l’?lelitrg; ;tI(I)lle\flIfSLOn a prototype
Q Enable engineers to detect modeling errors . pe P YP
at an early stage implementation of MKL.

Large and Complex Languages
Q Currently available EOO-languages are large Our Approach

and Complexl which make them hard to Define a formally Sp@leled kernel language, References

called Modeling Kernel Language (MKL) that:

analyze and reason about. : 5 s4ds ( ) [1] Modelica Association. Modelica - A Unified Object-Oriented Language
ad To the best of our knowledge, no EOO- Q Describes the core COnC@PtS of EOO-laﬂguageS- for Physical Systems Modeling — Language Specification Version 2.2,

lan guage has a com Pl ote pre cise formal 1 Makes use of static type Checking. February 2005. Available from: http://www.modelica.org

semantics including formal type system. d Is minimal and expressive. 2] M. Oh and C. C. Pantelides. A Modelling and Simulation

3 ¢ d £ ot Language for Combined Lumped and Distributed Parameter

€Nnce, no type-soundness proois €x1s Systems. Computers and Chemical Engineering, 20(6-7):611-633, 1996.
for this kind of languages.
Sh [3] Ernst Christen and Kenneth Bakalar. VHDL-AMS - A Hardware
Description Language for Analog and Mixed-Signal Applications. [EEE
Earlv Error Detection - Transactions on Circuits and Systems 1I: Analog and Digital Signal Processing,
N cy mplete solution exists for: Modelica Moﬁelmg e HoUlD o7, 1.
O comp . olutio . ; odels anguage
0 Detecting and debugging under- or over- f (MKL)
: : T ti

constrained systems of equations at the neRmeon H CUG( "l‘====

Component and type SyStem leveL Figure 4. [llustrates our approach of developipg a precise formal kernel language to which s ’u’*‘"‘;
QO St a tl C Unl t Ch e Ckln g D etect an d automa tl C ally models constructed in for example the Modelica language can be transformed. Llﬂkﬂplﬂg UI‘IWEI'SIt}'

convert between physical units (e.g., newton,
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