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Thesis Motivation

Current state-of-the art EOO languages are supported
by tools that have fixed features and are hard to extend

The existing tools do not satisfy different user requirements
Management of models: creation, query, manipulation, composition.

Query of model equations for: optimization purposes, parallelization,
model checking, simulation with different solvers, etc.

Model configuration for simulation purposes

Simulation features: running a simulation and displaying a result,
running more simulations in parallel, possibility to handle simulation
failures and continue the simulation on a different path, possibility to
generate only specific data within a simulation, possibility to
manipulate simulation data for export to another tool.

Model transformation and refactoring: export to a different tool,
Improve the current model or library but retain the semantics, model
composition and invasive model composition.



Research Questions

Can we deliver a new language that allows people to build their own
solution to their problems without having to go via tool vendors?

What is expected from such a language?

What properties should the language have based on the requirements
for it? This includes language primitives, type system, semantics, etc.

Can such a language combined with a general tool be better than a
special-purpose tool?

What are the steps to design and develop such a language?

What methods and tools should support debugging of the new
language?

How can we construct advanced interactive development
environments that support such a language?
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Examples of Complex Systems

Robotics
Automotive
Aircrafts
Satellites
Biomechanics
Power plants

Hardware-in-the-
loop,

real-time
simulation
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Internal-combustion engines

Thermodynamic comparative cycle as shown in the p-V- und T-S diagrams
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fom T, to T, supplied by the heat
exchanger is coupled with a thermal
discharge (4 — 4'). If heat is completely
exchanged, the quantity of heat to be
added per unit of gas is reduced to

Gn=cp (Ts-T2)=¢p (Ta=T4)
and the quantity of heat to be removed is
qou=cp" (Te =T1)=¢p (T2=Th).

The maximum thermal efficiency for the
gas turbine with heat exchanger is:

Mn=1-Qo/Qn=1-(T2=T1 M(T5-Ts)

Z Z
Where palp; = ( T/Ty) -1 = (Ty/Tg) ¥
and Ty = T3 - (Ty/T2) thus

nn=1-(T/Ts)
Current gas-turbine powerplants achieve
thermal efficiencies of up to 35 %.
Advantages of the gas turbine: clean ex-
haust without supplementary emissions-
control devices; extremely smooth run-
ning; multifuel capability; good static tor-
que curve; extended maintenance
intervals.
Disadvantages: manufacturing costs still
high; poor transitional response; higher
fuel consumption; less suitable for low-
power applications.

12 11 109

Gas turbine 1 Filter and silencer, 2 Radial-flow compressor, 3 Bumer, 4 Heat exchanger,
5 Exhaust port, 6 Reduction gearset, 7 Power turbine, 8 Adjustable guide vanes, 9 Compressor
turbine, 10 Starter, 11 Auxiliary equipment drive, 12 Lubricating oil pump.

Stored Knowledge

Model knowledge is stored in books and human
minds which computers cannot access

“The change of motion is proportional

to the motive force impressed
— Newton
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The Form — Equations

Equations were used in the third millennium B.C.
Equality sign was introduced by Robert Recorde in 1557
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Newton still wrote text (Principia, vol. 1, 1686)
“The change of motion is proportional to the motive force impressed "

CSSL (1967) introduced a special form of “equation’:
variable = expression

v = INTEG(F)/m

Programming languages usually do not allow equations!



Declarative language

Equations and mathematical functions allow acausal modeling,
high level specification, increased correctness

Multi-domain modeling

Combine electrical, mechanical, thermodynamic, hydraulic,
biological, control, event, real-time, etc...

Everything is a class

Strongly typed object-oriented language with a general class
concept, Java & Matlab like syntax

Visual component programming
Hierarchical system architecture capabilities

Efficient, nonproprietary

Efficiency comparable to C; advanced equation compilation, e.g.
300 000 equations



Modelica Acausal Modeling

What is acausal modeling/design?

Why does It increase reuse?

The acausality makes Modelica library classes
more reusable than traditional classes
containing assignment statements where the
Input-output causality Is fixed.

Example: a resistor equation:
R*I = v,
can be used in three ways:
| .= V/R,;
vV .= R*I;
R = V/i;
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Modelica - Reusable Class Libraries
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Hierarchical Composition Diagram
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Srel = n*n" + (identity(3) - n*n")*cos(q) - skew(n)*sin(q);

wrela = n*qd;

zrela = n*qdd;

Sb = Sa*Srel”; )

rob = ro0a; [ L
vb = Srel*va; —
wb = Srel*(wa + wrela); inertial
ab Srel*aa;

zb Srel*(za + zrela + cross(wa, wrela));

Srel "*fb;

Srel"*tb:

fa
ta
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Multi-Domain Modelica Model - DCMotor

A DC motor can be thought of as an electrical circuit
which also contains an electromechanical component.

model DCMotor
Resistor R(R=100);
Inductor L(L=100);
VsourceDC DC(f=10);
Ground G;
ElectroMechanicalElement EM(k=10,J=10, b=2);
Inertia load;
equation
connect(DC.p,R.n);
connect(R.p,L.n);
connect(L.p, EM.n);
connect(EM.p, DC.n);
connect(DC.n,G.p);
connect(EM-flange,Ioad-flange);£ G

end DCMotor
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MetaModelica

Research Question

Can we deliver a new language that allows
users to build their own solutions to their
problems?

Our Idea - extend Modelica with support for
Meta-Modeling - represent models as data
Meta-Programming - transform or query models

The new language - MetaModelica

15



Meta-Modeling and Meta-Programming

Modelica
language
Meta-Modell Meta-Model?2 specification

The Modeling Space

Modelica

Modell Model?2 N \odelN models

Meta-programming:
transformation

g Physical system

16



MetaModelica - Context

Syntax - there are many efficient parser
generator tools

lex (flex), yacc (bison), ANTLR, Coco, etc.

Semantics:

there are no standard efficient and easy to use
compiler-compiler tools

17



MetaModelica - Motivation

Can we adapt the Modelica equation-based
style to define semantics of programming
languages?

Answer: Yes!

MetaModelica Language

executable language specification based on
a model (abstract syntax tree)

semantic functions over the model
elaboration and typechecking
translation, transformation, querying
etc.

18



MetaModelica - Idea

We started from

The Relational Meta-Language (RML)

A system for building executable natural semantics
specifications
Used to specify Java, Pascal-subset, C-subset, Mini-ML, etc.

The OpenModelica compiler for Modelica specified In
RML

ldea: integrate the RML meta-modeling and
meta-programming facilities within the Modelica
language. The notion of equation Is used as the
unifying feature

19



MetaModelica extensions to Modelica (1)

Modelica
classes, models, records, functions, packages
behavior is defined by equations or/and functions

equations
differential equations
algebraic equations
difference equations
conditional equations

MetaModelica extensions
local equations
pattern equations
match expressions

high-level data structures: lists, tuples, option and
uniontypes

20



MetaModelica extensions to Modelica (I1)

pattern equations

unbound variables get their value by unification
Env.BOOLVAL(X,y) = eval _something(env, e);

match expressions
pattern matching

case rules
pattern = match expression optional-local-declarations
case pattern-expression opt-local-declarations
optional-local-equations then value-expression;
case ...

else optional-local-declarations

optional-local-equations then value-expression;
end match;

21



MetaModelica — Example (1)

package ExpressionkEvaluator

// abstract syntax declarations

// semantic functions

end ExpressionkEvaluator;

22



MetaModelica — Example (11)

, PLUS
package ExpressionkEvaluator \\\\

// abstract syntax declarations RCONST MUL

uniontype EXp ’ ////\\\

record RCONST Real x1; end RCONST; 12 RCONST RCONST
record PLUS Exp x1; Exp x2; end PLUS; | |
record SUB Exp x1; Exp x2; end SUB; S 13
record MUL Exp x1; Exp x2; end MUL;

record DIV Exp x1; Exp x2; end D1V,

record NEG Exp Xx1; end NEG;
end EXp;
Expression: 12+5*13
Representation:
// semantic functions PLUS(
RCONST(12),
S MUL (
RCONST(5),
_ RCONST(13)
end ExpressionkEvaluator; )

) 23



MetaModelica — Example (111)

package ExpressionEvaluator
// abstract syntax declarations

// semantic functions
function eval
Input EXp 1In_exp;
output Real out real;
algorithm
out _real := match in_exp
local Real v1,v2,v3; Exp el,e2;
case RCONST(v1l) then vi;
case ADD(el,e2) equation
vl = eval(el); v2 = eval(e2); v3
case SUB(el,e2) equation
vl = eval(el); v2 = eval(e2); v3 =
case MUL(el,e2) equation
vl = eval(el); v2 = eval(e2); v3
case DIV(el,e2) equation
vl = eval(el); v2 = eval(e2); v3 =
case NEG(el) equation

vl = eval(el); v2 = -vl1; then v2;
end match;
end eval;

end ExpressionkEvaluator;

vl

vl

vl

vl

V2;
V2
V2

V2

then

then

then

then

v3;
v3;
v3;

v3;
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MetaModelica Compiler Prototype

Based on the RML compiler with a new
front-end

Can handle large specifications
Supports debugging, mutable arrays

Supports only a subset of MetaModelica

25



OpenModelica Bootstrapping

To support the full MetaModelica language

Integrate the meta-modeling and meta-
programming facilities in the OpenModelica
compiler

New features in OpenModelica targeting
the MetaModelica Language
Pattern matching

High-level data structures (list, option, union
types, tuples)

Exception handling
26
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Debugging EOO Languages

Static aspect

Overconstrained system: the number of variables is smaller than the
number of equations

Underconstrained system: the number of variables is larger than the
number of equations

Solved partially by Modelica 3.0 that requires models to be balanced

Dynamic (run-time) aspect

Handles errors due to:

model configuration: when parameters values for the model
simulation are incorrect.

model specification: when the equations that specify the model
behavior are incorrect.

algorithmic code: when the functions (either native or external)
called from equations return incorrect results.

28



Portable Debugging of EOO Meta-Programs

Why we need debugging
To debug large meta-programs

The OpenModelica Compiler Specification
4,65 MB of MetaModelica sources, ~140 000 LOC
52 Packages, 5422 Functions

Debugging strategy: Code Instrumentation

Early instrumentation
Debugging instrumentation at the AST level
Slow compilation and execution time

Late Iinstrumentation
Debugging instrumentation at the C code level
Acceptable compilation and execution time

29



Early Instrumentation — AST level

function bubbleSort function bubbleSort
input Real [:] unordElem; input Real [:] unordElem;
output Real [size(unordElem, 1)] ordElem; output Real [size(unordElem, 1)] ordElem;
protected protected
Real tempVal; Real tempVval;
Boolean i1sOver = false; Boolean i1sOver = false;
algorithm algorithm
ordElem := unordElem; r Debug.register in(‘"'unordElem',unordElem);
while not i1sOver loop Debug.step(...);
isOver := true; ordElem := unordElem;
for 1 in l:size(ordElem, 1)-1 loop | Debug.register out("'ordElem', ordElem);
if ordElem[i] > ordElem[i+1] Debug.register in(''isOver', i1sOver);
then \ Debug.step(...);
tempVal = ordElem[i]; whille not isOver loop
ordElem[i1] = ordElem[i+1]; isOver := true;
ordElem[i+1] := tempVal; Debug.register out(''isOver', isOver);
isOver := false; Debug.register in("'ordElem™,ordElem);
end if; Debug.step(...);
end for; for 1 in l:size(ordElem, 1)-1 loop
end while; Debug.register out(''t", 1);
end bubbleSort; Debug.register in(C'i", 1);
Debug.register in("ordElem[i]",
ordElem[i]):
Debug.register in("'ordElem[i+1]",
ordElem[i+1]);

Debug.step(...);

end bubbleSort; 30



Late Instrumentation — C level

function bubbleSort bubbleSort_rettype _bubbleSort(real_array unordtElem)
input Real [:] unordElem; {
output Real [size(unordElem, 1)] ordElem; size_t tmp2;
protected bubbleSort_rettype tmpl;
Real tempVal; real _array ordElem; /* [:] */
Boolean i1sOver = false; modelica_boolean isOver;
algorithm S
ordElem := unordElem; r Debug.register in(""'unordElem™,unordElem);
while not i1sOver loop Debug.step(...);
isOver := true; copy_real_array_data(&unordElem, &ordElem);
for 1 in l:size(ordElem, 1)-1 loop | Debug.register out(''ordElem™, ordElem);
if ordElem[i] > ordElem[i+1] Debug.register in('isOver', isOver);
then \ Debug.step(...);
tempVal = ordElem[i]; whille ...
ordElem[i1] = ordElem[i+1];
ordElem[i+1] := tempVal; }
isOver := false;
end i1f;
end for;
end while;

end bubbleSort;
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Debugging - Performance Evaluation (1)

The test case

Meta-Program: The OpenModelica Compiler

4.65 MB of MetaModelica sources, ~140 000 lines of code

52 Packages, 5422 Functions

Compilation times (seconds)

Generated C Code

Compilation time

No debugging 37 (MB) 269.86 (s)
Early instrumentation 130+ (MB) 850.35 ()
Late Iinstrumentation 103 (MB) 610.61 (s)
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Debugging - Performance Evaluation (I1)

The test case
RRLargeModel2.mo - model with 1659 equations/variables

Execution time for the OpenModelica Compiler while
checking RRLargeModel2.mo

No debugging 223.01 (s)
Early instrumentation 5395.47 (s)
Late instrumentation 864.36 (S)

33



Eclipse Debugging Environment

& Debug - OpenModelica/Compiler/Main.mo - Eclipse SDK

File Edit Mavigate Search Project Run Field Assist

Window Help
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SML.NET Debugger
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Easy to build large systems
Drag and Drop composition
Hierarchical Modeling

= Model behavior depends on
: _ data from various sources
(xml, databases, files, etc)

& | Models could be external
—— (Hardware in the loop, co-
simulation, etc)

Flip Horizontal (CerkH ) %2878 Vi66.89

You build your model by connecting components together
You simulate (hopefully there are no compilation errors)

The result you get back is wrong!
Why is the result wrong?
Where is the error?
How can | pin-point the error?
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Translation process
Modelica Specific A General
Modelica EQO

OpenModelica Qo EOO System
5|2
------------------------ [ [T B
S @
i Ro
Ogganod_ellca g - Simulation
imu gtlon =HE System
Runtime =5
2
=.
------------------------ R
Simulation Simulation

Result Result
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Existing Debugging Strategies Do Not Suffice

model Apollo
Modelica Specific eguation
IError gravity = ..; I

Modelica end Apollo;

OpenModelica Olg Where is the actual
_g o code that caused this
...................................... S, | S
@ = Q error?
S |2 How do we go back?
. >
OpenModelica 2o | R0 How can we automate
Simulation = the round trip?
Runtime 3 |8,
______________________________________ o 3
@ 5.
-]
Simulation How do we fix it?
|:i |es Where is the actual
code that caused this
error?




Debugging method

Error Discovered
What now?
Where is the equation or code that
generated this error?

S

Build graph

v

Interactive Dependency Graph
These equations contributed to the result

Mark the error

Build an interactive
graph containing the
evaluation

Walk the graph
Interactively to find
the error

Code viewer
Show which model or function
the equation node belongs to

Follow if error 7 Q Follow if error
is in a function is in an equation

39

Algorithmic Code Debugging Simulation Results
Normal execution point debugging of These are the intermediate simulation
functions ~ results that contributed to the result
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Debugging Strategy: Compiling With Debugging In Mind

Modelica Specific

Modelica

OpenModelica
Simulation
Runtime

Simulation
Files

60!3911_ 9 ﬁugbﬁnqaq
uone|nwis % uone|idwo)

model Apollo
equation

gravity = ..; I

end Apollo;

How do we fix it?
Where is the actual

code that caused this
error?

— {apelle.gravity) [&]

1.62F
S—
L3

a0 lo0 150 £00
1.581

1.56}

1,54
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Translation Phases with Debugging

Include
debugging
support
within the
translation
process

Debugging Translation
Process Additional Steps

Save element position

Save element origin
(model and position)

Save equation elements origin
(model and position)

Save the optimizer
transformations changes

Save all the available
origin information

Executable with all the
available origin information

Simulation with run-time
debugging functionality

Normal Translation Process

Modelica
Source Code

T Modelica model
{}4---- ---------

Translator
[ ] Flat Model
I [t
Analyzer
' Sorted equations
{}4 ------------- q
Optimizer
&<_______Qgt_i_m_ized sorted
equations
Code
Generator
T C Code
@4---- ---------
C Compiler
1 Executable
&4---- .........
Simulation
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Conclusions and Future Work
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Advanced Interactive Modelica compiler (OMC)

Supports most of the Modelica Language

Basic environments for creating models
OMShell - an interactive command handler
OMNotebook - a literate programming notebook
MDT - an advanced textual environment in Eclipse

MShell - OpenModelica Shell =lolx]

File Edit View Help

seB|8|2 0

OpenModelica 1.4.3
Copyright 2002-2006, PELAB, Linkoping University

To get help on using OMShell and OpenModelica, type "help()" and

press enter.

»> loadModel (Modelica)
true

»» loadFile("C:/CpenModelical.4.3/testmodel=s/BouncingBall.mo")

true

3> aimulate (BouncingBall, stopTime=3)
record

resultFile = "BouncingBall res.plt"
end record

true File Edit Special

. Plot by OpenModelica

|»

» plot (a) JRI=IEY

hm

T ——

Se Bt el oot [reen jirdow e

DrModelicaredsica edition

Copyright (c) Linkdping University, PELAB, 2003-2007, Wiley-TEEE Press,
Modelica Association.

Contact: OpenModelica@ida. iv.se; OpenModelica Project web site:
wwwida.bu.se g >

Book web page; (o & e i B o

aldi=l

rermEetl - an der Pol Model

DrModelica Autl
Sandelin, Peter
DrModelica Autl

Modelica® {200
examples and &
AMost of the rexr |

Detailed Copyi durin) = yr
dar (y) % = &+ Lusbda*(l = x*xieys
1 Getting Stan el mamcoly
IMPORTANT:| 1 Simulation of Van der Pol

If you end a con
returned i an ov
change the direc
the cd{) comumar

To Btrate the becbursior of the model. we give a command to sissite the Vi ey Pol

aimilate(YanCerfol, startZiseed, stopTisesds 3y

Peeform & parmneric plo

FlosParames

oscilatoe during 2% seccads

ead of c3ane with
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http://www.ida.liu.se/~adrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-ClassElementsCompletion.JPG
http://www.ida.liu.se/~adrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-CodeAssist-CTRL+SPACE.JPG

OpenModelica Context

Parse _ _
_ Client: Graphic
—>  Model Editor
Server: Main Program |« Corba —
Including Compiler, > —
Interpreter, etc. Client: OMShell
— Interactive
l I Session Handler
SCode [ — . .
— Interactive — Client: Eclipse
l T \ Untyped API Plugin
Inst
l T o system Typed Checked Command API
» plot
Ceval E
................................................................................... > etc.
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Modelica Development Tooling (MDT)

Supports textual editing of Modelica/MetaModelica
code

Was created to ease the development of the
OpenModelica development (~140 000 lines of
code) and to support advanced Modelica library
development

It has most of the functionality expected from a
Development Environment

code browsing, assistance, indentation, highlighting
error detection and debugging
automated build of Modelica/MetaModelica projects
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Eclipse Platform

Workbench IDE LI

\

Workspace-Based
Document Editors

Workbench
Teat Editor

Dutline and
Mo pa rEias Lo

Workbench Ul
(Editors, Views, Perspectives)

Platform Runtime
{based on OSGi)

The MDT Eclipse Environment (1)

Modelica Browser

Modelica Editor

Modelica Code Assistant

MetaModelica Debugging

Modelica Perspective
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The MDT Eclipse Environment (11)
.mo file \\\\\\\\\\\\\\\\\\\\\\$

NiE MMC
OUTIRLLED Compiler

Small Modelica Parser

MetaModelica
Builder
Modelica model

Editor

Modelica MetaModelica
Code Assistant Debugging

MetaModelica
Modelica Modelica Build console
Browser




The MDT Eclipse Environment (111)

. | MMmC
.mO flle " Comp”er

A 4

: Executable
MetaModelica 4+
Debugging Debugging

runtime

Modelica
Editor
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Creating Modelica projects (1)

& Modelica - Eclipse SDK

|Fi|E Edit Refactor Mavigate Search Project Run  Window Help € New Modelica Project

New Alt+Shift+N  * Create a Modelica project
Open File... Create a Modelica project in the workspace,
HH Modelica Packale
Zlmse (Zhr|+F4 S
: ndelica Class
Clase Al Chrl#Shift+F4 Project name: | demol
[_*] Folder
. Save CErlH-S % File
W e
i Createfa new Modelica project,
Wl Chrl4shift+s [ - Example..
Hevert = Other...
- Wizards:
[ave. ..
RERaE, .. 2 :
Fefresh S -2
Convert Line Delimiters Ta 3 :
ol Frint... Chr| P -2
Switch Workspace...
mwn Trnnrt

-[== Plug-in Development
= Simple
= Web

Creation of Modelica e e | o |l
projects using

q

= Bach I Mext = I Fimist Cancel |

wizards
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Creating Modelica projects (I1)

= Modelica - Eclipse SDK

File Edit Refactor Mawigate Search Project Run Window Help
| T3~ JFJ‘%*J@J@'“J;E;E;EJ ERNE

=9
- ez

----- [X] .project

=-m Standard Library

= B Modelica
= EE‘ Blocks

~f} Continuous
- Discrete
83 Interfaces
&8 Logical
- Hf Math
-} Monlinear
- Sources
- B8 Types
- H3 Constants
(= H# Electrical
=- EE Analog

-4 Basic

-} Examples

E-83 Ideal

- Modelica project
-f3 Semiconductors ”[E_ Problems 52

-3 Sensors . .
. EE Sources 0 errors, 0 warnings, 0 infos

ITI

Icons | Description

ITIIT|ITIIT|ITI

- E
- i
- B Mechanln:s
- E
- H

LIsersGuide 50



Creating Modelica packages

|Fi|E Edit Refactor MNavigate Search Project Run Window Help File Edit Refactor MNavigate Search Project Run

fes-Ciol s a8y |8

Cpen File, .. == —
B2 Modelica Package m\_ |
Close bl H-F4 :
: odelica Class El Tﬁ
Close &l (ZErIH-ShifE R -} MyPackage
R package.mo
.Save Zhrl+5 ----- ¥| .project
| R (- Standard Library
o Example. .. \ EIE Modelica
Wy e Al Chrl+-Shift 58 Blocks
Revert - X | [+ Continuous
& New Modelica Package |
Maoves.,
Modelica Package )
BEename, ..
Create a new Modelica package.
Refresh

Convert Line Delimiters To

ol Frint...

Source folder: | demao Browse. ..

Package: I Browse. /!
y 4
Mame: | MyPackage /

Description: | & Modelica Package|
[ is encapsulated padkage

Creation of Modelica

packages using
wizards

q

Finish I Cancel
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= Modelica - Eclipse SDK

Mavigate Search Project Run  Window Help

AENEAY-F-F-I Sy

File Edit Refactor

- |7

Creating Modelica classes

File Edit Refactor

=ar
Jl_n'

IR S

& Modelica - MyClass.mo - Eclipse SDK

Mavigate Search Project Rum  Window Help

18 |5 |88 |-

vJCDr

Modelica Frojec

=08

MyClass.mo &3

Creation of Modelica

classes, models, etc,
using wizards

[ iz partial dass
™ | have extermal body

E| EEl MyPackage 2
=l IEH: demo H =M MyClass.mo 3-model MyClass
E MyClass a
l EE ﬁ!l!!ﬂm :
] =<+ package.mo 5 egnation
...... e
E| E‘ﬁ EIE.,, Standard Library - end M .
- - vClass;
=-E ¥ Delete 'Ha' Modelica Package El-H3 Modelica
E| -H3 Blocks
b Bid Project (L Modelica Class - [+ Continuous
i -3 Discrete
Refresh |/ Folder Pl e
: £ New Modelica Class x|
Hpen Projeck % FHila
Close Frojeck Modelica Class —
Create a new Modelica dass. (., - a
. 150 Home -
¥ 50 Back
Source folder: IdemnﬂﬂyF‘ackagE Browse. .. |
= Go Into
E Package: I MyPackage Browse..,
Team 7
Mame: | MyClass
Restriction: Imu:udel = I
Maodifiers: [ indude initial equation blodk

Finish I

/

Cancel
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Code browsing

£ Modelica - VanDerPol.mo - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window Help
Jfﬁ" QJFJ%*J]J‘QJQQ;J&{#* 'JCnrrectIndenEﬁnn

3 Ty Bt
1 Modelica Pro... £3 = O My(Class.mo package.mo YanDerPol.mo XX = O

=12 demo - 1 |// Van der Pol model |
E-H MyPackage 3
E| MyClass.mo IZmodel VanDerPol "Van der Pol oscillator model”™
P MyClass - Real x(startc = 1);
o package.mo Eeal vy(starc = 1)
EI VanDerPal.ma !;na.ra.meter Real lambda = 0.3;

- : VanDerPal parameter Real & = Modelica.Constants.e;

...... o e ) _
______ o lambda Z egqoation
...... o x 2 | der(x) = y;
______ o vy C der(y) = - ®x + lambda*®* (1l - =x*x)¥*y;
..... |¥] .project =nd VanDerPol:
=B, Standard Library 12
=-E3 Modelica
- E Blocks

5 B e Code Browsing for
o easy navigation within
: 5 Modelica files.

21 problems 53 Automatic update on

&
=
]
=)
i

EEEEE
Cu
e
4

atan
0 errars, 0 warnings, 0 infos -
atan o
_____ bazelco I Description fl Ie Save -
H k=T
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Error detection (1)
RE

File Edit Refactor Mawvigate Search Project Run  Window Help

J i J P J Q - J = J &5 J £1 £ £ J *o o - - J Correct Indentation ﬁ| [ Modelica &5 Java

r@ Modelica Pro,.. &4 = 83 r MyClass.mo package.mo ( YanDerPol.mo &4 = 8
-1 demo = 1 |// Van der Pol model am
=8 MyPackage 2
E| MyClass.mo J=model VanDerPol "Van der Pol oscillator model™
o MyClass 2 Bezl xz(start = 1);
" package.mo 5 Eeal wvistart = 1)
El"' VanDerPal.mo E & arameter Real lamkda = 0.3; -
B . ".':I'IZEFF'D| 7 parameter Beal e = Modelica.Constants.e:
______ o x Z equnation
...... oy g der(x) = vy:
..... K| .project 10 der(y) = - ®x + lambda* (1l - x*x)*vy;
@ Standard Library 11 end VanDerPol;
=83 Modelica 12
- f Blocks
#-E3 Constants -
EE Electrical il _pl_l
-
8 v = o0
EE Matrices 1 error, 0 warnings, 0 infos
acos | Description | Resource | In Folder | Location |
aii: 3! unexpected token: lambda, parsing resumed at token ;' on line &, column 29 VanDerPol.me  demo line & :
+- [ atan

Parse error

detection on
file save 54




Error detection (I1)
o/

File Edit Refactor Mavigate Search Project Run  Window Help

Iese @l | v |30 @ ]5 |7 | comtimtematn | DT |05 - 2|

f@ Modelica Projects &3 =) Absyn.mao X = 8]
E1-G= Compiler alll &3 public alw
E, absyn_builder 70 mniontype Program "- I level construct =
E, doc 71 A program is simply definitions declared at top
E’ mu:u:lpar Tz lewvel in the source file, i with 2 within statement that
E’ omc_debug 73 indicates the hieractical position of the program.
; = omc_release 4"
(= report 75 record PROERAM
E? S Ta list<=Class>» classes "classes ; List of classea™ ;
E? rmi2sig @ 77 Withi within "within ; Within statement™ ;
E:- e _; end EROERRM; -
. [= scripts : LI LIJ
: [ test_codegen = -
E;- tools Problems | Error Log (E Console &3 % | EN: | = B -r%-20
: a=Rl <terminated > OMDev-MINGW-OpenModelicaBuilder [Program] c:\OMDev \toolsmsys'binimake. exe
(= winruntime cp -p ../8tetic.mo Static.mo ;I
Absyn.mo cp -p -./S8imCodegen.mo SimCodegen.mo
Algarithm.mo cp -p ../ /Values.mo Values.mo
Builtin.mo cp -p -./System.mo System.mo
Ceval.mo Se/OMDev/ ftools/ml /bin/rmle —v —We,—03 -c Absayn_mo
ClassInf.mo "fo/OMDev/ ftools/ ml S /bin/ rml™ -Eplain Absyn _mo
ClassLoader.mo Abayn.mo-77.5-77.53 Error: unbound type constructor Withi
Codegen.mo Error: StaticElesborationError
Connect.ma make[Z] : Leaving directory */c/biny !
Corba.mo make[l] : Leaving directory “Jc/binfc
DAE.Mo make[Z]: *** [Zbayn.h] Error 1 -
oseet Semantic error
DAELow.mo meke: *** [omc] Error 2 )
Debug.mo
[r1l_Merive.mn ;I *I I deteCtI On On

| Writable Insert

compilation



Code assistance (1)

& Modelica - VanDerPol.mo - Eclipse SDK
File Edit Refactor Mavigate Search Project Run  Window Help

Jfﬁ'@QJFJ%'JEJQJQQQJﬂB{P' 'JCnrrE::tIndenEﬁnn b

3 Ty
[+ Modelica Pro... 3 = O MyClass.mo package.mo anDerPol.mo X

=122 demo = 1 |ff Van der Pol model
|_=_|EE|l MyPackage 2
El MyClass.mo 3=model VanDerPol "Van der Pol oscillator model™
- MyClass 4 import Modelica.

L package.mo g Feal x(stcart = 1 H Blocks
[—] VanDerPol.mo 5 Real v(start = 1 @ constants
- VanDerPol T parameter Real 1 DI‘IS. )

...... o B Electrical

______ S b 3 parameter Eeal e 3 1cons

o 3 egqnation B math

oy 10 der(x) = y; 3 Mecharics
..... [¥]| .project = derly) = - =+ 1 £ stunits
=z, Standard Library 12 end VanDerPol: B UsersGuide

E|EE|l Modelica 13

- H3 Blocks

EE Constants ll

83 Electrical -

El- 8 Icons [2{ Problems 53

EIEE Math 0 errors, 0 warnings, 0 infos

EE Matrices | Description

Code Assistance on
Imports
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Code assistance (I1)

£ Modelica - VanDerPol.mo - Eclipse SDK - 0] x|

File Edit Refactor Mawigate Search Project Run  Window Help

J i~ E & J P J% g J = J & J{Eﬂ £1 £1 J’i‘{]:l = . J Correct Indentation | [ Modelica &4 Java

f@ Modelica Pro.., &3 = EW r MyClass.mo package.mo = Eﬂ
E|'[£, dema = 1 |/ Van der Pol model ;I_
=~ H3 MyPackage 2
E| MyClass.mo 3=¥model VanDerPol "Van der Pol oscillator model™
P MyClass 4 import Modelica.Math;
o package.mo Real x(start = 1)
El vanDerpal.ma Real yistart = 1):
B P anzerF‘DI 7 parameter Real lambda = 0.3;
8 parameter Eeal e = Modelica.Constants.
------ @ lambda _
______ o x % eqgqonation o
...... oy 10 der(x} = y: o DR
_____ [¥] .project 11 der(y) = - x + lambda* (1l - X¥*X)*vy: o g
=z, Standard Library 12 end VanDerPol; o
ElEE Modelica 13 © epsilon_0
-} Blocks o
EE‘ Constants 4] °qgn
-} Electrical -
--H3 Icons [/ Problems £3
E|EE Math 0 errors, 0 warnings, 0 infos
E EE Matrices | Cescription Fesource | In Folder | Location |
aC0s
[+]-- Asin

Code Assistance on

assignments
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Code assistance (111)

& Modelica - VanDerPol.mo - Eclipse SDK
File Edit Refactor Mavigate Search Project Run  Window Help

J Ci - E & J r J% = J = J 5 J:; £1 £ J’Ef,:' =N v J Correct Indentation ﬁ| [ Modelica &5 Java

‘ o T
[t Modelica Pro... &2 = 0 MyClass.mo package.mo “YanDerPol.mo X = 0

EIIﬁ demo = 1 |/ Van der Pol model =
El-#3 MyPackage e
E| MyClass.mo F=model VanDerPol "Van der Pol oscillator model™
P MyClass = import Modelica.Math;
o package.mo Real x(start = 1):
EI vanDerkol.ma Real vy(start = 1):

=% VanDerPal

parameter Beal lambda = 0.3:

o e
8 parameter Eeal e = Modelica.Constants.e:
@ lambda i _
o x 3 egoation
...... oy 1C der (x) = y: Real sin{5L.Angle u) |
_____ X .project 11 ¥ = Modelica.Math.=3in |
-, Standard Library 12 der(y) = - x + lambda®* (1l - X¥*x)*y:
=83 Modelica 13 'end VanDerPol; —
83 Blocks 14 =
-} Constants A 3
- £} Electrical - -
--H3 Icons [£{ Problems &2 = ~ = 0
ElEH Math Q errors, 0 warnings, 0 infos
. -3 Matrices | Description | 1n Folder | Location |
- - acos

Code Assistance on

function calls
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Code Indentation

& Modelica - VanDerPol.mo - Eclipse SDK =10l x|

File Edit Refactor Mavigate Search Project Run Window Help

J Ci - B & J P J% @ J =l J = JQ £1 £7 J’E]:l = = J Currectlndenmﬁnn| T | [ Modelica | 82 3ava

o o T
[M] Modelica Pro... &3 = 8 || [M MyClass.mo package.mo = O
-1 demo | 1 f/ Van der Pol model |
E-H3 MyPackage 2
E| MyClass.mo 3 der Pol oscillator model™
: MyClass a

package.mo
- [M] VanDerPol.mo
=+ VanDerPal

TLn

noa.
0.3;

L D
= = Modelica.Constants.
i@ lambda
L@ X
b oy = v
_____ | .project der(yv) = - x + lambda® (1 - X*X)*v;

=10l x|

Project Fun  Window Help

T J = J & JQ £1 £ J’E]:' =] - J Correct Indentation T | [ Modelica &5 Java

- '
B MyClass.mo package.mo |
= 1 |[// Van der Pol model ‘|

&

-

: -- MyClass.mo
b MyClass
package.mo

model VanDerPol "Van der Pol oscillator model™
import Modelica.Math;

5 Real =(=tart = 1)
EI VanDerPol.ma £ Real y(start = 1):
B P ".-:nzerF‘Dl parameter Real lambda = 0.3;
______ o lambda parameter Real e = Modelica.Constants.e;
______ o x gquation
...... oy 1 der(x) = ¥:
_____ X .project 11 der(y) = — ®x + lambda®(l - X*X)*y:
-z, Standard Library 12 lend VanDerPol;
=3 Modelica 13

- Blocks -
G-} Constants 4] 3



Code Outline and Hovering Info

& Modelica - OpenModelicaf/Compiler/Absyn.mo - Eclipse SDK

File Edit Mavigate Search Project Run  Field Assist  Window Help

CH o= | B, J W@ -9 - J &\| & J =) J @ J i) J - - - - JCnrrect Indentation B E@cice+ »
[t Modelica Projects &3 T | =] <,==='ll} = =0 Absyrn.mo E3 =8
; -G rmi2sig ;| case (MATRIH (matrix = expll)) ;l

local list<list<list<ComponentBelix»>» resl;

~(gy runtime _
(& scripts

; [ test_codegen

- tools

[y VCT

eguation
resl = Util.listListMaplexpll, getCrefFromExp);
resi = Ugil.liscFlatteniresl);
res = Ucil.listFlatteniresi);

then
El EE, Abeyn.mo 3116 2003-02-04 14:44 krsta res;
- Ha Absyrn 3116 2008-02-04 1444 krsta case (RENGEI (stzrt = el,step = SCMEI(e3),stcp = e2))
EE, Algarithm.mo 2992 2007-12-22 22:17 adrpo equation

11 = getCrefFromExp (el);

- [} Builtin.ma 3585 2008-05-22 07:03 adrpo

gy Ceval.mo 3805 2008-05-27 02:48 adrpo
“[6) ClassInfumo 3426 2003-04-23 11:52 krsts
EE, ClassLoader.mo 3193 2008-02-1505:17 adrpo res o T T =
gy Codegen.mao 3535 2008-05-22 07:03 adrpa then input Exp inZxp; ) ) —
output list<ComponentRef> ocutComponentReflst;
EE, Connect.mao 3534 2008-05-22 06:45 adrpo res; algorithm
IL—‘B Constants.ma 3011 2007-12-22 22:36 adrpo mEEe :Rfl-'_'H outComponentReflst :=matchcontinue inExp
IEE, Convert.mo 3496 2003-04-23 11:59 krsta - quatiol o4
<| I » 1= ComponentRel cr;
1z =

o= outline 53 s "= X ¥ 70

1i { . 120
-
T
E # Absyn i’ 1 d|

ADD .
o [L Problems &3 = Console} E],]] Bu:u:uk.rnarksw i Prog
ALG_FAILURE(Algorithm equ) @ The identifier at start and end are different
ALG_LABEL (String labelNa® < O d e O u t I I n e fO r «en ;' on line| rmldump.mao OpenModelica_.'_tools_.'_rml2mnd
«en 'y on line| rmltomod.mo | OpenModelicatoolsfrml2mod
ALG_TRY(list<AlgorithmItem > tryBody - -
«en '} on line| rmltomod.mo | OpenModelicatools frml2maod

ALG_ASSIGN{Exp assignComponent, Exp value)

ALG_FOR.(Forlterators iterators, list<AlgorithmItem> forBo @3 The identifier at start and end are different

ALG_NORETCALL (CompanentR= «en 'y’ on line modrefacto.,. | OpenModelica tools/rml2mod

HLI‘? -..'H_El'i .:I*FEXD 'h-El'IStlTlt .hst .RHI M O d e I i Ca fi I eS en "' anline! rmitomod.ma | OnenMaodelicaftonls frml 2mod | _)Ij

Identifier Info on
ALG_CATCH(ist <AlgorithmTtem > catchBody) DESEelll o =
ALG_GOTO(String labelName) 3 The identifier at start and end are different, pa
ALG_RETURM = = = = - -
e aSy n aVI g atl O n WI th I n cen ;' on line moddump.mo | OpenModelica/toals frml2mad
|| ehvorasam @ | {lZ @l Ctri Contrib (Bottom) g

i i . y
ALG_EQUALITY (Algorithm equ) El & Errors {100 of 113 items) i
ALG_IF(Exp ifExp, list<@garithmItem pa
ALG_THROW
«en ;' on line| rmitomod.mo | OpenModelica/tools frml 2mod




Go to definition

& Modelica - OpenModelicafCompiler /Absyn.mo - Eclipse SDK

File Edit Mavigate Search Project Run Field Assist  Window

| F-0-@- &y |99 |F |

Help

=
-

-

e B cfc++

- J Catrect Indentation

i« 'y T
[Fi% Modelica Projects E3 | =t <~}:D ¥ =0 absyr.mo &3 =8
i [&- rml2Zsig ;I case (MATRIX (matrix = expll)) ;I
EEH runtime _l loczl list<list<list<ComponentRefs>» resl;
i scrints equation
'gt F d resl = Util._listListMap{expll, getCrefFromExp);
esl_ronegen resZz = Util.listFlatteni{resl);
& 10015 res = Ugil.liscFlatcteniresz);
g VCT then
E||L_~E, Absyr.mo 3116 2008-02-04 14:44 krsta res;
'Hﬁ Absyn 3116 2003-02-04 14:44 krsta case (RANGE (stert = el,step = SOME (e3),stop = eZ))
Eﬂ, Algorithm.mo 2832 2007-12-22 22:17 adrpo equation
<[} Builtin,mo 3535 2008-05-22 07:03 adrpo =
-[ngh Ceval.mo 3605 2008-05-27 02:43 adrpo i‘
‘[ ClassInf.mo 3496 2008-04-23 11:59 krsta
‘[ Classloader mo 3193 2008-02-15 05:17 adrpo A i -
|1 Codegen.mo 3585 2008-05-2207:03 adrpo hen izlt:;‘flt‘ﬁ;:ifﬁ;nnenﬂe__} ot ComponentResles. ol
‘[ Connect.mo 3534 2008-05-22 06:45 adrpo res; —1;nr£tllw T Tt oTTTTTET T
IL—‘B Constants.mo 3011 2007-12-22 22:38 adrpo CEEe :1:.__-'“ outComponentReflst :=matchcontinue inExp
Eﬂ, Convert.mo 3436 2008-04-23 11:59 krsta equaticl 4
4 li‘ = ComponentRef cr;
» “ = -
gz Cutline . es = listippend(ll, 12); _ILI
= EE Absy g
: . a a . . a . El console &~ =0
A gs, 0 infos
A a a -
A
A (IC [ ) of 113 items) U D U
ALG_FAILURE(Algarithm equ) 5 e "'"::EF st startan
ALG_FOR(Forlterators iterators, list<AlgorithmItem = forBo o E! E'—'t! er at start an ' ) '
ALG_GOTO(String labelName) ot The identfier at start an
ALG_IF(Exp ifExp, list<AlgarithmItem> trueBranch, list<tup o The |dent|ﬁ;r akt startan
. . . | ted token: ;, par -
ALG_LABEL(String labelMame) UNEXpE T
ALG P-JORI:—FCALL’Compnnen'dlef functioncall, FunctionArgs & unexpected token: ;, parsing resumed at token ' on line rmitomod.mo | OpenMadelicaftools rml2mod
ALG_RI:‘I'URP-J : @ unexpected token: ;, parsing resumed at token '} on line modrefacto...  OpenMadelica/tools rml 2mod
ALG_THRO"-'-I @ unexpected token: ;, parsing resumed at token '}’ on line. moddump.mo | OpenModelica ftoolsfrml 2mad
ALG_TR'T'qist-’AIgDri'd-umItem:: trvBady) & unexpected token: ;, parsing resumed at token ' on line rmitomod.mo | OpenMadelicaftools rml2mod
- " ! L N .
AlE '\-'-a'ngr-l A(Exp whenstmt, list<AlgorithmItem > whenBo @ unexpected token: ;, parsing resumed at token '}’ on line rmitomod.mo | OpenModelica ftools frml 2mad
e __._IL T - _ILI I 3 Lnexnected token: : . narsina resumed at token ' on line | rmitamod.mn | OnenMadelica ftools ol 2mod I _ILI
3 4 3

T detorzm 18]

| 7 Bl 7




» ModelicaML - A UML/SysML profile for Modelica
Conclusions and Future Work

Thesis Contributions
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System Modeling Language (SysML™)

Graphical modeling language for Systems
Engineering constructed as a UML2 Profile

Designed to provide simple but powerful
constructs for modeling a wide range of systems
engineering problems

Effective In specifying requirements, structure,
behavior, allocations, and constraints on system
properties to support engineering analysis

Intended to support multiple processes and
methods such as structured, object-oriented, etc.
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ModelicaML - a UML profile for Modelica

Supports modeling with all Modelica constructs i.e. restricted
classes, equations, generics, discrete variables, etc.

Multiple aspects of a system being designed are supported

system development process phases such as requirements analysis,
design, implementation, verification, validation and integration.

Supports mathematical modeling with equations (to specify
system behavior). Algorithm sections are also supported.

Simulation diagrams are introduced to configure, model and
document simulation parameters and results in a consistent
and usable way.

The ModelicaML meta-model is consistent with SysML in
order to provide SysML-to-ModelicaML conversion and back.
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ModelicaML - Purpose

Targeted to Modelica and SysML users

Provide a SysML/UML view of Modelica for

Documentation purposes
Language understanding

To extend Modelica with additional design
capabilities (requirements modeling, inheritance
diagrams, etc)

To support translation between Modelica and
SysML models via XMI
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ModelicaML - Overview

ModelicaML Diagram

Eghﬂvinr Reguirement Structure Simulation :
diagram diagrarm Diagram . diagram '
bmssmsmm = d
Class Internal Class Fackage
diagram diagram diagram
S " Farametric
Activity Sequence  + EQuation | StateMachine  Use Case diagram
diagram diagram : diagram : diagram diagram
B d
LR ] )
i______E Mew diggram type Modified fram Syshil same as SyshL
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ModelicaML — Package Diagram

The Package Diagram groups logically connected user
defined elements into packages.

The primarily purpose of this diagram is to support the
specifics of the Modelica packages.

1 1
PowerTrain  |<—{MyPowerTrain
Modelica P — P
Sv)
GearBoxes
| | Ireplaceapie} <4 | GearBoxes
Blocks | Examples | Mechanics | « ModelicaMadel »
S% & SampleModel
. | ) Parameters
Continuous Interfaces Rotational « import » Vodelica Siunit
Slunits Length L=10 |-~~~ ~——~—~————————== odelica. siunits
Slunits Velocity V =1
GeneralStack
GeneralStack —‘
«ModelicaClass » « ModelicaRecord » , RealStack
Element Stack « ModelicaClass » replaceable Element GeneralStack
{replaceable } «ModelicaRecord» Stack redeclare type Element = Real
«ModelicaFunction» Push
« ModelicaFunction » 0‘l‘«‘lOdelicsFmeticm» « ModelicaFunction » «ModelicaFunctions Pop —||nteger8tack
Push op Top . . GeneralStack
« ModelicaFunction» Top
redeclare type Element =Integer
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ModelicaML — Class Diagram

ModelicaML provides MGSEECHSS qMﬂ;T;ZTm Mdsl.oik

extensions to SysML in order | e

to support the full set of T

Modelica constructs. Type! perameter! «ModelicaConnector» «ModelicaFuncion»
Class1 propert;(?}?:l p2 = 1000) Connectort Function{

ModelicaML defines unique Gl gyt

CIaSS deﬁnition typeS Class3 pruperpfj;e[r;]r]m «ModelicaRecord »

ModelicaClass, Variabes Record

ModelicaModel, et R popatyt - 100

ModelicaBlock, #flow Real properts

ModelicaConnector, _ |

MOdel icaFunCtion and ctMDgIE|ICﬂ1E:|ESS» « ModelicaClass »

ModelicaRecord that — cee!

correspond to class, o o

mOdel , bIOCk, Class2 l@p— | Class3 p1:Classd ——— p2-Class5

connector, functionand | |

record restricted Modelica
classes.

. i _ Class Diagram defines Modelica
Modelica specific restricted i i
classes are included because | classes and relationships between

a modeling tool needs to . ' i
impose their semantic classes, like generalizations,

restrictions (for example a association and dependencies
record cannot have equations,

etc). 68




ModelicaML - Internal Class Diagram

Internal Class Diagram shows the internal
structure of a class in terms of parts and
connections

ModelicaML Internal « Modelicallodel »
Class Diagram Circuit
r-.._

| o n n 'J] - H]E
model Circuit 469 AC : VSourceAC EF_H] R1 : Resistor H] ] R2: Resistor
PP

Resistor R1(R=10); BR=10 P R =100
Capacitor C(C=0.01);
Registor R2Z(R=100);

Inductor L(L=0.1);
VSourceAC AC; n
Ground 3; \_H] C:Capacitor #4&1 L : Inductor H],
AHE G : Ground n
p

equation — P
connect (AC.p, R1.p); P C =001 L=0.1
connect (Rl.n, C.pl;
connect (C.n, AC.n);
connect (Rl.n, R2.p); R2=100 L=01

connect (R2.n, L.p);
C=0.01

R1=10

connect (L.n, C.n); | L
connect (AC.n, G.p); Modelica Connection e |l
end Circuit; Diagram s —l—1 ¢
+ 1
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ModelicaML — Equation Diagram

behavior Is specified using Equation Diagrams

all Modelica equations have their specific diagram:
Initial, when, for, If equations

ed ProcessControl /
« Initial-Equation » « Equation»
model ProcessControl pre(zd) = 0; ProcessModel
parameter Eeal k=10,T=1: pre(u) = 0; der{z) =-z + u
parameter REeal T==0.001;
Eeal x (fixed=true,start=2): « When-Equation »
Eeal =xref:
discrete Real =x=d(fixed=true,start=0); DiscreteController
dizsorete Beal u(fixed=true,start=0):; when sample(0,Ts) then
equation zd = pre(zd) + Ts-T*(xref - =z):
deri(x) = =—x + u; // Process model n =k * (xd + zref - z);
f/ Discrete PI Controllerx gnid when
when =sammle (0,T=) then
xd=pre(xd)+I=s/T*(xref-x):
=k~ (xd + xref - x): .
end when: « ModelicalModel » - L —
initial equation ProcessControl P?aé‘éjsaélrfﬂry::lel « Initial-Equation »
pre(xd) = 0; pre(u) = 0; parameters pre(zd) = 0;
end FrocessControl; Real k=10 der(xz] =-x + u pre{u} = 0;
Real T =1
Real Ts = 0.001 « When-Equation »
variahles a DiscreteController
Eggl igg?e'd = frue, start = 2) when sample(0,Ts) then
discrete Real xd{fixed = true start = () ﬁd:kpie E§3)++X§2;’Tf (ilﬁf-xj g
discrete Real uifixed = true,start = 0) end when
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ModelicaML — Simulation Diagram

sd MoonLanding /

« ModelicalModel »
«Parameter » asimParameters WoonLanding
forcet = 37000 | -—————-———— Parameters
Real force1 = 36350
«Parameter asimParameters | Real force2 = 1308 « Tequirement »
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_ MeoonLandingGravity
«Parameter» « simParameter» Real thrustDecreaseTime = 43.2 Gravity should be gradually increased
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CelestialBody moon(name = "moon”, mass = 7.382e22 ) 7
.
{apollo.altitudeft], {t. 0. 208} } .~ apollo.gravity[t], {t, 0, 208} | S
asimResults Jé:’f asimResults r,f asatisfys
—{apallo.altitude) ] — ({apalla.grawity) [t] £

GOOooE j.-"

so000f 1-g2t / K

40000 f . . . N

50 100 150 Zoo

20000F 1_58

zoooop 1.58

loooof

1_54
=
50 100 150 Z00

Used to model, configure and document simulation
parameters and results

Simulation diagrams can be integrated with any Modelica
modeling and simulation environment (OpenModelica)
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Eclipse environment for ModelicaML
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Requirements Modeling
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Requirements Modeling in Eclipse
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» Conclusions and Future Work

Thesis Contributions
75



Conclusions

EOO languages can be successfully
generalized to also support software
modeling, thus addressing the whole
product modeling process.

Integrated environments that support such
a generalized EOO language can be created
and effectively used on real-sized
applications.
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Future Work

Conclude the OpenModelica bootstrapping

Further develop the EOO debugging
framework

Modularity and scalability of MetaModelica
language
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» Thesis Contributions
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Thesis Contributions

The design, implementation, and evaluation of

a new, general, executable mathematical modeling and semantics
meta-modeling language called MetaModelica. The MetaModelica
language extends the existing Modelica language with support for meta-
modeling, meta-programming, and exception handling

advanced portable debugging methods and frameworks for runtime
debugging of MetaModelica and semantic specifications

several integrated model-driven environments supporting creation,
development, refactoring, debugging, management, composition,
serialization, and graphical representation of models in EOO languages.
Addltlonally, an integrated model-driven product design and
development environment based on EOO languages is also contributed

Alternative representation of Modelica EOO models based on XML and
UML/SysML are investigated and evaluated

Transformation and invasive composition of EOO models has also been
Investigated
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Thank you!
Questions?

http://www._.OpenModelica.org
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http://www.ida.liu.se/labs/pelab/rmlhttp
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