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Motivation

How to predict the weather?
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ShouldI takemy
umbrellatoday?

ShallI go surfing 
this weekend?

Howmuchenegy
will be generated?

Wherewill the stratospheric
balloonland? 



Motivation

How to ensure the  designed 
controller (software) works 
correctly?
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Controller, Plant, and Environment

ÁTypicalsystemcontrol loop

ÁChallenge: validatethe designof the controller

o On-site testingandcalibrationcanbe

ÅExpensive(time + cost)

ÅDangerous

o Instead: run simulation

ÅMust modelphysicalpropertiesof plant & environment
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Physical systems

ÁModels up to this point:

oα/ƻƴǘǊƻƭƭŀōƭŜέ ǎȅǎǘŜƳΣ ƳƻŘŜƭ

o System under design

o Modeling goal: facilitate design process, (formal) 
analysis and verification of internal behaviour

ÁPhysical systems:

o Laws of physics can not be changed

o Existing system

o Modeling goal: assure designed system interacts well 
with environment
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Discrete vs continuous models
Discrete Continuous

Reactive, state-basedmodels Differentialequationsystems

Changesdescribedby assignments Behaviourdescribedby mathematicalequations

Simulation- logicalclocks Simulationςnumericallysolvingequationsystems

ÁReality: Practically all real systems are hybrid

o Reactive components mixed with continuous changes
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Platform-based systems design

Functional
model

Platform 
model

Architecture
model

Config. model
Component

behav. model

Sourcecode Config. file

Binarycode

Compiler
Linker

HW/SW 
allocation

codegenerationcodegeneration

HW library

Requirements

Fault tolerance
& safety



Platform-based systems design



Learning Objectives

Modeling physical parameters and constraints

ωDescribecontinuousbehaviourof physicalsystems
ωIncluderulesconstrainingphysicalproperties
ωCapture propertiesand constraintsusing the SysMLlanguage
ωUsethe Modelicalanguageto describephysicalsystems

Simulationof discreteand continuousmodels

ωWorkwith systemsof discreteand continuousstates

ωCaptureboth continuous-time and discretetime properties

ωPerformdiscreteeventand continuoustime simulation

ωUnderstandchallengesof simulationin industrialsettings



Outline

Modelingphysicalsystems

Simulationbasics

Simulationof discreteand continuoussystems

Motivating examplesand casestudies



Modeling physical systems
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Physical models
Softwaremodels Physicalmodels

Usuallydiscrete Usuallycontinuous

Dissectedςsystemis built by integrationof 
components

In manycaseseverythinghas an impacton
everything(e.g. weatherςtemperature)

Understandable, maintainable, usable αGodŘƻŜǎƴΩǘbuild in straightlinesέ

Anyengineercancreatethe model Goodmodelrequiresdomain expertise

Edward A. Lee: Modeling in Engineering and Science
https://dl.acm.org/citation.cfm?doid=3301004.3231590

https://dl.acm.org/citation.cfm?doid=3301004.3231590


Example: modeling a simple pendulum

ÁSimple pendulum

ÁBehavior of the pendulum as a function of time:
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Assignments and equations

ÁCausalconnection ºassignment in programming 
language

y := x + 3

o Right-hand-side value determines left-hands-side variable

o Typical use: to implement controller

ÁAcausalconnection ºmathematical equation

y = x + 3 Ú y - 3 ï x = 0

o Always holds; if any of the variables has a new value, it 
enforces that the other variables change accordingly

o Typical use: to model behaviourof plant / environment
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Requirements

ÁModel can be simulated ĄModeling tools

o Neither over- nor underdetermined equation system 
(theoretical requirement) 

o Modeling tools have additional constraints

ÁRepresentativemodel

o Obeys physical laws Ą formulate in model

o Accurate representation of real-world systems

Ą compare simulation with real measurements

ÁGeneral usability

o Maintainable, reusable, etc. Ą block-based modeling
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How to create a model
1. Decompose the system
2. Customize existing components

o Better to use components provided by tools
Ą (Just like programming languages)
o Assign parameter bindings

3. Adjust connections
4. Check model accuracy

ÁAccurate modeling is difficult
o Models are created by domain experts
o There are complete books on modeling

ÁSimulation can be used for verification 
o (non-exhaustive, just like testing)
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Checking physical model accuracy

Real system Model

Measurement
data

Simulation
results

Modeling

Check

Virtual
experiment

Experiment/
measurement

Å Analyze
Å αDebugέ
Å Refine
Å Χ



Modeling physical systems
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Constraint blocks

ÁConstraint: equationswith parametersbound to
the propertiesof the system

ÁConstraintblock: supportsthe definition and the
reuseof constraints. It holds

o a setof parametersand

o anequationconstrainingthe parameters
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