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MODPROD Center Associated Project:
— OPENPROD — Large 3-year ITEA2 EU Project

28 partners from 5 countries: 11 large industries,
7 SMEs, 5 research institutes, and 5 universities.
Project size: > 90 person years,

o
Budget: About 11 Mill. €, Duration June 2009 - Aug 2012. ™
Coordlnatlon by Sune Horkeby, Peter Frltzson XRG
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OPENPROD System Structure

2D/3D Graphic Browser Modelica Requirement N
Model Spec &Debugger UML Integr modeling :\E/IOd_el nDr:]Igre]F \I;)Vepvzelopment
nviro ,
Compiler Compiler Aspect Uncertainty Model Compiler
frontend Middleend orientation Sensitivity WP3
Parallel Code Real-time Hybrid . .
Multi-core Code Gen QSS Simul CodeGen & Simulation
I WP4
Co-simulation Ext Format Ontology Interop WP5
On-line 3D Graphical Graphical Presentation
analysis animation Presentation WP2

Vs
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OPENPROD Vision of Integrated

-~ Model-Based Product Development

o e e e e Feedback ___ __
v v v System
et - SN Simulation
usiness : ModelDriven ompilaton
Requirements
Process gaptu re Design & Code Gen
Control (PIM) (PSM)

Software &
Syst Product

Process Requirements Product Platform
models models models models
| Unified Modeling: Meta-modelinﬁ& Modelica& UML & OWL '

OPENPROD Vision of unified modeling framework for model-driven
product development from platform independent models (PIM)
to platform specific models (PSM)

Current work based on Eclipse, UML/SysML, OpenModelica
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Business Process Models

 |In OPENPROD WP2:

Business

Process  VTT develops business processing
Control

tool using Simantics and

OpenModelica, based on System

Process I
o Dynamics.

 Industrial applications by partners:
Nokia, Metso, Pyoru
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Modeling Business Processes (VTT)

* Problem Articulation

®* Problem, variables, time scale, interfaces...
®* (Model only aspects relevant to the problem)

* Formulation of Dynamic

Froblem

Hypothesis Astieaton
. Hypothesis,_causal relations_ _ /
* Formulation of a Simulation
Folicy Design and Formulation of
M O d e I Ej:raluatliil Drymatrnic H;pothesis
e Structure, submodels, parameter estimation, \

* Teéting

Formmuilation of a

o C_omparison to_historical data, sensitivity... Testing Sirmlation Model
* Policy Design and D
Evaluation

® Scenarios, new policies, strategies, "what if"-
simulation, sensitivity in different situations
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Capturing and Transformations of Requirements

 Approach 1: SysMLText boxes

Requirement

Capture * Approach 2: ModelicaML —

requirements in text and slightly
Requirement
models

formalized

* Approach 3: Use the behavior
engineering approach on capturing
and formalizing requirements

7 © Peter Fritzson MoDELI CA



Approach 1: SysML Requirement diagrams
(= text boxes) in ModelicaML-2007

ModelicaML Diagram

Behavior Fequirement Structure Simulation
diagram diagrarm Diagram diagram
Class Class Internal Packange
diagram diagram diagram
Farametric
Activity Sequence Equation State Machine lUse Case diagram
diagram diagram diagram diagram diagram
Mew diagram type Modified from Syshl Same as Syshil
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Approach 1 &2: Requirements Modeling in Eclipse
using ModelicaML-2007.

Ml Resource - test/default?.mci - GMF Base Platform
File  Edit

F e 0 R

Diagram Mavigate Search  Project

iR

= | [D Resource |

[d] defaultz.me 53

Fe

Master Cylinder Efficacy
= & master cylinder shal have a reservair =
EE compartrent for each service brake

auheysterm serviced by the master cylinder.
Loss of fluid from one compartment
L]
< 55.4.1

=0
<+ incomplete

< <deriveReqts:

LossOfFluid

=l

=l
&l 2|
<4 55.4.1a
1
< started

Prevvent complete loss of fluid

=

Also use equations

Run ModelicaMlL ‘Window Help

' = 100% v

A ~Palette : 3

[ﬂ.\s Seleck

| ®, Zoom

[=4 Nate -
:[Eb Modes »*
. Q.(l:las:s

@ Madel

[E] Black

EE] Function

E Connectar

@ Record

E Type

<+ Rationale

<+ Rationale Mode

BrakeSystem
Parameters

= <satisfy = = Parts

Yariables
[Eg fbeFrontBrake
= zderiveReqts» [E4 rb:RearBrake

Connections
Resaryair = Requirements *
Mested . (£ Requirement
—] <4 Satisfies

<t SatisfiedBy
£ Hierarchy

Separate reservair cornpartment

=
Ll LA
< 55.4.1b
w1
< draft

Equations

= Parts »
e Class park

Connectar park

o | | = Links
3 ) .E};Nested
g ¥ 9 B




sm: evaluating the requirement

Approach 1 & 2: ModelicaML-2009
Example: Representation of System Requirements

1
| [level = maxLevel * tank_height]

1
1
monitoring the level, no violati |
violated

[level = maxLevel * tank_height]

[level = maxLeval *tank_height]

Textual Requirement Formalized Requirement
’I
1
1
1
1
1
¢Requirements & wreguirsmerts
idq= o Max level of |i(|l|i(| in a tank ‘ violated ones or several times, continue monitoring
texdt ;DT.;E l.e;el of “ELI,I]Id- ”;a LElils Sl G ~| 5 evariables maxLevel: ModelicaReal
FxCee " OTD L e_taTn -k8|g I ] svariablex tank_height: ModelicaReal -
specifiesType = [Tank] = ¢variables level: ModelicaReal L7
el - . =
- sm: evaluate the velume requirement
«Requirement: & srequiremerts
il =002 Volume of the tanki
text = The vplume of the tank1 shall be 0.8m3. | 5] avariables tank volume: ModelicaReal
specifiesObject = [TanksConnectedPl.tank1] =] evatiables desig_n value: ModelicaReal
" monitoering
\\
\
\
\ . .
\ [tank_volume = design_value| or tank_volume = design_value]
‘\
\
\
\
\
\
\

10 © Peter Fritzson



ModelicaML-2009:
Simulation and Requirements Evaluation

gmodels
{Two TankaSystemExampls:: SyatemSimulations)
TankSystemSimulation

# Plot Window M =3
File Edit Insert Tools Help

= «companents dm: TanksConnectedP|
= grequirementinstances 01 _tank1: Max level of liquid in a tank

ENequirementinstances 001 _tank?: Max level of liguid in a tank | Open Save  Print Select | Zoom | Pan | Grid | Hold | Prefersnces | Active | Image
= wgrmentlnstances 02 tank1: %olume of the tank

Plot by OpenModelica

A

0.8

Req. 001 is instantiated 2 times (there are 2 tanks in
the system)

@ dm.kankl b

N\ @ dm.tankz.h

N ]
J/ \/—/ Q001 _tank] violated

0.z \’ M @001 _tankz,vinlated

50 100 150 200 250 300 350

\/ tirne

[ tank-height is 0.6m

—

Req. 001 for the tank2 is violated

Req. 001 for the tank1 is not violated
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Approach 3 — Use Behavior Engineering for More
Formal Requirements Capture and Analysis

Developed by Prof. Geoff Dromey, Griffith Univ, Brisbane

5 Large-scale industry projects

* In Defence, Transportation, Banking and Finance
* Between 800-1250 requirements

« All previously reviewed with respective organisations
Internal review processes

o Defect detection rate approximately 2 to 3 times that of
traditional ad-hoc, checklist-based, and scenario-based
reading techniques reported in Porter, 1998.

Requirements Evaluation Using Behavior Trees
Findings from Industry

Daniel Powell
http://aswec07.cs.latrobe.edu.au/5.zip
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http://aswec07.cs.latrobe.edu.au/5.zip�

Formalization - Requirements Translation

Behavior Tree
Functional Requirement

When a car is arrives,

GATE
if the gate is open the car proceeds,

? Closed ?

otherwise if the gate is closed, when .
the driver presses the button

it causes the gate to open

CAR 1 DRIVER
[ Proceeds ] ?7[[Presses]Button]??

BUTTON

1 [Pressed]
Formalization
— clarification and preservation of intent -
—strict use of original vocabulary P o

—removes ambiguity, aliases, etc

— aids stakeholder validation, understanding
— approaches repeatability

13 © Peter Fritzson
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A Brief Introduction to Behavior Engineering (BE)

 Behavior Engineering (BE) acronyms ...

Behavior Modeling Process
(BMP)

Behavior Modeling Language (BML)

Behavior Trees (BT)

Composition Trees (CT)

Requirements Translation

Requirement Behavior Trees
(RBTSs)

Requirement Composition Tree
(RCT)

Requirements Integration

Integrated Behavior Tree
(IBT)

Integrated Composition Tree
(ICT)

System Specification

Model Behavior Tree
(MBT)

Model Composition Tree
(MCT)

System Design

Design Behavior Tree
(DBT)

Design Composition Tree
(DCT)

14 © Peter Fritzson
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A Brief Introduction to Behavior Engineering
Summary of Behavior Tree Notation

Basic Nodes Branching

Component : . -
tag [Behavior] (a) State Realisation
Component . = -
tag 7 Condition ? (b) Selection | [stateA] b | [stat=B] b
m m k) Parallel Branchin
S u ary tag Component (C) Event ( ) g

77 Event 1?7

Of th e tag Component (d) Guard -

177 Condition 777

Behavior @ Input’ o .

> Message <

Tre e tag Component (f) Output”

(I) Alternate Branching

< Message >
N Otatl O n Composition
Nodes with Thread Control T =
(g) Reference
N
(h) Branch-Kill (m) Sequential Composition
(i) Reversion IMEM
() Synchronisation (n) Atomic Composition

15 © Peter Fritzson MoDELI CA



Translation from a Requirement in English

to a Requirement Behavior Tree (RBT)

How to translate from a Requirement in Natural
Language to an RBT

R6. If a caution signal is returned to the ATP controller then the al@rm

decreasing then the ATP controller activates the train’s foraking
system.

TheTag traces these Behiavior Tree nodes 6ack to
Reguirement 6.

A+ and a yellow color denote the Gehiavior is implied
Gy the requirements

Red color denoteg Gehavior is missing in the requirements

N

ATP_Controller
> Value <

A

ATP_Controller

?Value = 1 :: CAUTION ?

ALARM
[ Enabled ]

Driver's_Cab

W

ATP_CONTROLLER
? NOT(Observed) ?

TRAIN
[ Speed[Decreasing ]]

!

R6

ATP_CONTROLLER
[ Activates ]

what

BRAKING_SYSTEM

\what
(of)

TRAIN

|

BRAKING_SYSTEM
[ Activated ]

Flow

of
Control

16 © Peter Fritzson
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Case Study: An Automated Train Protection
System

BE Model of the ATP System

(yellow: implied from requirements, red: missing)

R3

Sensor
[Detect Signal]

i

Sensor
>> defect(value1) <<

R7

ATP
?value=07?

1

I

Sensor
>> defect(value2) <<

R7

Alarm
[Enabled]

1

I

Sensor
>> detect(value3) <<

Brakes
[Activated]

i

Sensor
[Calculate Majority(/)]

value, value2, value3

L

R4

Sensor
< SENSOR(value) >

L

R3

Sensor
[Detect Signal]

R2 ATP
@ [Operating]
o ATP ot R6 Speedometer
>SENSOR(value)< - | >> newSpeedValue <<
R6 Speedometer
R6 ATP RS ATP - | [IprevSpeed:=speed]
@ ?value=17? © ?ELSE ?
vale R6 Speedometer
! J - |>> getSpeed(speed) <<
" Alarm RS ATP \L
[Enabled] - >SENSOR(value)< -
RE Speedometer
>> newSpeedValue <<
R6 Speedometer R8 Speedometer
+ | ? prevSpeed <= speed ? o ? prevSpeed > speed ?
R8 Brakes R7 ATP
[Activated] + | > SENSOR(value) <
R8 ATP R7 ATP R7 ATP R7 ATP
>> reset << - ?value=0? ?value=2? @ ?ELSE ?
B Alarm R7 Brakes > R7 Speedometer " Alarm R7 ATP *
[Disabled] - [Activated] - 7°0?7? [Disabled] + | >SENSOR(value)<
\b ! prevSpeed <= spesd
Inkt.A
Ro Brakes R7 ATP
[Deactivated] - >SENSOR(value)<
R8 ATP
@ >SENSOR(value)<

Speedometer
22

prevSpeed <= speed

y

Brakes
[Activated]

17
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Case Study:
An Automated Train Protection System

Modelica Model of the ATP System (graphical view)

signalPosition,
. signalValue .
Signal Sensors ~ TrainTracks
signalPosition, signalValue

sensor values

speed

Train Driver
position, speed desiredSpeed, reset
apply brake
SZ X7 l
V— V13
ATP System reset

(BE Model)

18 © Peter Fritzson MoDELI CA



Modeldriven Design

e Graphical modeling of software and
systems using UML and SysML

» software models, system overview models

ModeiDriven
Design
(PIM)

« Graphical modeling using Modelica
* Models of physical systems and embedded system
‘ Ianr(()Jdd;gt I software as well as system architecture

e Textual modeling using Modelica
 OpenModelica MDT Eclipse plugin

VLl

19 © Peter Fritzson MoDELlCA



Modelica Graphic Connection Diagram and
ModelicaML/UML Class Internal Diagram

« ModelicaModel »
Circuit

Ob= s
00 1=z

5§ ~ versus

n
—#IAC:VSOWCEAC ﬂe_ej RT - Resistor [
PP

R=10

n
[lj R2 : Resistor H],

P

LWro=2

e
L0

R=100

n

k3 \_H] C-Capaistor H]7 & L - Inductor E]

= G : Ground

= % p n
P c=0M

L=0.1

p

e Modelica Connection

e Class Internal diagram

diagram + Nested models
* Better visual comprehension * Top-model parameters and
« Predefined connector variables
locations e Flow direction

e Other ModelicaML elements

20 © Peter Fritzson
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Example: ModelicaML

Representation of System Behavior

/State Machine of the

sm

) Controller

—

on
[ not povwered ] $
off [clnwval = 0.1]
[powered] monitoring the level __,- controlling the level
. vl =011 State Machine of
the Tank
Conditional Algorithm
sm =
(Activity Diagram)
weonditional Algar thmi Disgram)s
limit value algorithm [h>0001]
empty partially filled
[h=0001]
- ~ [ h =tank_height]
B [p > pMtax] . [pepMin]__ [
pLim := pMax; | «ifs | pLim := pMin;
\ [else] - [ h = tank_hgight ]
. M overflow
| pLim := p: |
\ /

21 © Peter Fritzson



The OpenModelica MDT Eclipse
Environment for Textual Modeling (I)

Eclipse Platform

Workbench IDE UI

Work=pace-Ba=zed Worl=pace /
Crocument Editors Resources

Workbench
Text Editor

*
JFace Text = nmcplit.,l-lk?i Ellr-l.:d s

b

Workbench UI
(Editors, iews, Perspectives)

Flatform Runtime
{based on OS5Gi)

22 © Peter Fritzson

Modelica Browser

Modelica Editor

Modelica Code Assistant

MetaModelica Debugging

Modelica Perspective

V44
MUU/ELI‘EA
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MDT: Code Browsing

£ Modelica - VanDerPol.mo - Eclipse SDK

File Edit Refactor

Nmit

Mawvigate Search Project Run  Window Help

S r Q-8 |5 [808 |-

™ J Correct Indentation

23

=
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E
[t Modelica Pro... &2

package.mo
EI VanDerPal.mo
/| VanDerFal ~

project

El-g, Standard Library 12
=88 Modelica

- B8 Blocks
F-E3 Constants
&--E3 Electrical

Ty g
= O MyClass.mo

package.mo

YanDerPol.mo X

|
para.meter BEeal

end VanDerPol:

Eeal wv(start = 1):
lambhda = 0.3;
parameter Real e = HModelica.Constants.e;
Z lequation
3 der (x)
der (¥)

=12} demo | 1 // Van der Pol model
El-Ef MyPackage 2
E| MyClass.mo 3-model VanDerPol "Van der Pol oscillator
o MyClass - Real x(start = 1);

= — X + lambda*®* (1l - X¥*X)*V;

Code Browsing for
easy navigation within
Modelica files.

file save.

EE‘ Icons
-8 Math
G- Hf Matrices
- [ acos i
.. i 7
a:: [L Problems &3
+- [~ atan
atan? 0 errars, 0 warnings, 0 infos
- baselco | Description

Automatic update on




F

|

MDT: Parse Error detection

ile Edit Refactor

=
-

Mavigate Search

NN ¥

-

Project Run  Window Help

=10l x|

|# | 888 |nmo-

™ J zorrech Indentation

7 | [ Modelica 33.133”3

-

[t Modelica Pro... 3

-2 demo

=-E MyPackage
= [M] MyClass.mo
- MyClass
L package.mo
- [ VanDerPol.mo
=[] VanDerPol

----- |X] .project
==, Standard Library
=3 Modelica
13 Blocks

- Electrical

-4 Icons
~H Math

acos
asin
atan

o
= 0 MyClass.mo

package.mo

-} Constants

-H3 Matrices

Fs

Y O R T L )

(=)

i T ¥ B &

" Van der Pol model

“model VanDerPol
Eezl xi(=startc =
Real vyi(=start =

arameter Real lambda = 0.3:
parameter Real e

equation
der(x) = ¥:
der (¥)

end VanDerPol:

"Wan der

( VanDerPol.mo &3

Pol oscillator model™

= Modelica.Constants.e;

- X 4+ lambda* ({1l - =x*x)*y:

o

K7

e

1 error, 0 warnings, 0 infos

.

-
=+l = =
—*l E

| Description

| Resource | In Folder

| Location |

3} unexpected token: lambda, parsing resumed at token '} on line 6, column 29

YanDerPol.ma demo

Parse error

detection on

24 © Peter Fritzson

line &

file save
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MDT: Semantic Error Detection
R=IE

- File Edit Refactor Mavigate Search Project Run Window Help -

|c9- L & | 2 |3 -0 Q- |5 | 9 | comectindentation | £33 80 |+ & - 0 - [ | [ Modelica »
K@ Modelica Projects &3 = 0| Absyn.mao X = 0|
1= Compiler Al e punlic aw
E, absyn_builder 70 mniontype Program "- Programs, the top level construct =
: = doc 71 L program is simply & list of class definitions declared at top
(2= modpar T2 level in the source file, combined with & within statement that
[Z= omc_debug T3 indicates the hieractical position of the program.
= omc_release 74"
H (= report :E, rec?r\d EROGRAM . _
& rmizmmo & list<Class» classes "classes ; List of classes™ ;
: ) Q77 Withi within "within ; Within statement"
H-(=> rml2sig 72 | end DROGREM;
= runtime 7g =
=% scripts : LI LI—I
= test_codegen = S
i-(Z= tools Problems | Error Log (E Console &3 Sﬁ | ENN: | =B -r5-°=20
H-[= VT <terminated = OMDev-MINGW-OpenModelicaBuilder [Program] c:\OMDev\tools\msyshinimake .. exe

Ceval.mo

fe/OMDev/ ftools/mml fbin/rmle —v —We, 03 -c Abayn._mo

DAELow.mo
Debug.mao
Nerive.mo

DEEEEEEEEEEEEEY

4l

ClassInf.ma "So/OMDev S ftools/rml S fhin/rml™ -Eplein RAbsyn . mo
ClassLoader.mo Absvn . mo:77.5-77.3 Error: unbound type constructor Withi
Codegen.mo Error: StaticElsborationError
Connect.ma make[Z]: Leaving directory ~/c/bin
Corba.ma make[l] : Leaving directory "Jo/bin/c
DAE.ma nmeke[Z]: *** [Absyn.h] Error 1 S o
meke[l]l: *** [omc_release] Error 2 emantlc error
DAEEXT.mo make: *** [omc] Error 2

| detection on

25 © Peter Fritzson

= compilation

winrurtime cp -p ../S5tatic.mo Static.mo ﬂ
Absyn.mo cp -p -./5imCodegen.mo SimCodegen.mo

Algorithm.mo cp —p --/Values.mo Values.mo

Builtin. mao cp -p --/System.mo System.mo




MDT: Code Assistance — on import Statements

& Modelica - VanDerPol.mo - Eclipse SDK

— File Edit Refactor Mavigate Search Project Run  Window Help
I-Baelr|@-8 |4 888 |x=E - 0+ | corectindentation B

i e
M’ Madelica Pra... — O MyClass.mo package.mo #anDerPal.mo X
[t Modelica Pro... &3

=122 demo = 1 // Van der Pol model
I_—__IEE MyPackage

- M MyClass.mo

- MyClass

“model VanDerPol "Van der Pol oscillator model™

e D R3O

import Modelica.

...... package.mo 5 Real x(start = 1 migade
[—] VanDerPol.mo & Real vy(start = 1
B~ YanDerPal - 8 Constants
L e parameter Real 1 mpe pricy
...... o lambda i P nover Real € Hhons
...... o x 2 egonation B Math
...... oy 10 der(x) = v B Mechanics
..... |¥| .project - derly) = - x =4 B Stunits
£1-m Standard Library 12 end VanDerPol: B UsersGuide
=83 Modelica 3
-3 Blocks
EE‘ Constants ll
= Electrical =
B8 Icons (£ Problems &2
EIEE Math 0 errors, 0 warnings, 0 infos
: EE Matrices I Description

Code Assistance on

Imports

26 © Peter Fritzson




MDT: Code Assistance on Function Calls
JRI=IE

File Edit Refactor Mavigate Search Project Run Window Help

J [ = [‘E‘] = J F J% T J j J & J?; :; :; Jﬂ:‘ =l - J Correct Indentation ﬁ| T Modelica giJJava

F@ Modelica Pro... &3 = EP {- MyClass.mo package.mao = EP
-1 demo = 1 |// Van der Pol model -
El-Hf MyPackage 2
E| MyClass.mo Z-model VanDerPol "Van der Pol oscillator model™
P MyClass 2 import Modelica.Math;
o package.mo 5 Eeal x(start = 1);
[—]—-- VanDerPol.mo Real y(start = 1);
B - 'l.-':nzerPnI parameter Eeal lambda = 0.3;
...... o lambda 8 parameter Eeal & = Modelica.Constants.e;
______ o x 9 legmation
...... oy 10 der(x) = ¥: Real sin{SL.Angle u) |
_____ %] .project 11 ¥ = Modelica.Math.sin |
=g, Standard Library 12 der(y) = - X + lambda* (1l - =X®X)*y;
E|EH Modelica 13 end VanDerPol;
E} Blocks 14
EE Constants ]
-3 Electrical -
-H3 Icons [/ Problems &3
E|EE|l Math 0 errars, 0 warnings, 0 infos
E EE Martrices | Description
[+~ @cos

Code Assistance on
function calls

27 © Peter Fritzson




MDT: Code Indentation

& Modelica - VanDerPolmo - Eclipse SDK -0l x|

File Edit Refactor Mavigate Search Project Runm Window Help

"

J - B & J r J‘% - J = J 5 J{;l £1 £ J’E:‘,:I =l - J CurrectIndenEtiun| 5 | [ Modelica | &5 Java
. = O

=i

Kl'rﬁ Modelica Pro... &3 = 5| K MyClass.mo package.mo

B2 demo | 1 |// Van der Pol model
= f3 MyPackage

= [ MyClass.mo

. MyClass
package.mao

=[] vanDerPal.mo

L Ba |

der Pol oscillator model™

i

=10l x|

L - J = J 5 J;ﬂ ;ﬂ ;ﬂ J”fﬂj =l - J Correctlndenmﬁon| By | B Modelica E:;qi',JJava
= | KM MyClass.mo package.mo = 0

- 1 |// Van der Pol model :I_

<

-

MyPackage
MyClass.mo
b MyClass

package.mo
El- [ VanDerPol.mo

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

1 &y n

: = 1}):
By ﬁ.f;nDerF‘nl lambda = 0.3:
______ o Eaml:uda 8 e = Modelica.Constants.
...... o ¥ ”
...... [=] '!Ill -
_____ X| .project 11 der(y) = — ® + lambda® (1l - X*X)¥*y:
(- Standard Library 12 end VanDerPol:
= £ Modelica 13

28  © Pel - Blocks v
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MDT: Code Outline and Hovering Info

& Modelica - OpenModelica/Compiler fAbsyn.mo - Eclipse SDK

Help

File Edit MNavigate Search Project Run  Field Assist  Window

| e

| & |3-0-@- | 2|+ | |@ |5 |- - .

=101

i B cic++

- J Correck Indentation

[ Modelica Projects &3 | = Q;b | absyr.mo &4 = O
[& rml2sig ;I czse (MATRIXK (metrixz = expll)) ;I
Eﬁ runtime _l lccr—_t.list{list{list<2::'r.p:nent.3e:‘>b—> resl;
'&’ seripts e‘PjZSJN: Util.listListMap{expll, getlrefFromExp);
Eﬁ test_codegen resZ = Util.listFlatteniresl) : .
Eﬁ tools res = Ugil.listFlatcteniresz);
EES Vo7 then
EEE, Absyn.mo 3116 2005-02-04 14:44 krsta res;
Ea ,:._t.sxf-n 3116 2008-02-04 1444 krsta czse (HRMNEE (stert = el step = SCME (e3) , stocp = e2))
Eﬂ, Algorithm.mo 2992 2007-12-22 22:17 adrpo eguation
B[] Builtin.mo 3585 2008-05-22 07:03 adrpo 11 = getCreffzonizpel);
@ Ceval.mo 3605 20058-05-27 02:48 adrpo i‘_= function getCrefFromExp “f
B[] ClassInfimo 3436 2008-04-23 11:5% krsta 1:’i
Eﬂ, ClassLoader.mo 3193 2008-02-150%:17 adrpo P -
- [igy Codegen.mo 3585 2008-05-2207:03 adrpo then Input SXp InEEP i -~ i —
: output list<ComponentRef> cutComponentReflst;
Eﬂ Connect.mo 3534 2008-05-22 06:45 adrpo T22 | orithm
IEE' Constants.mao 3011 2007-12-22 22:38 adrpo case (RN cutComponentReflst :=matchcontinue inExp
B[] Convert.mo 3438 2008-04-23 11:52 krsts - equatiol 4 o4
4 | - | _PI—I ii‘ i ComponentRef cr;
z =
gE Outline 57 laz LY {‘R s x - = 0O res = listkppend(ll, 12); -
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OpenModelica Eclipse MDT Debugging
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Compilation and Code Generation

 Compilation to C code.

 OpenModelica Text template
language for transformation to
different platform languages.

Platform
del :
L_ImO = « Generation to parallel platforms

(Intel multi-core, Nvidia multi-core)

Compilation
& Code Gen
(PSM)
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The OpenModelica OMC Compiler — From Modelica
to C Code

Implemented mainly in MetaModelica and C/C++
The compiler has 91 packages
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Template Definition Example
OpenModelica Text Template Language

Used to easily produce differenent code generators, to C, C#, Java, etc.

A text template is a text with holes in it

hello(String person) :[:= <<
Hello <person>!
>>

whileStmt(String cond, list<String> statements) :©:=
<<
while(<cond>) {

<statements \n>

}

>>

VLl
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Integrating Parallelism and Mathematical Models
Three Approaches

 Automatic Parallelization of Mathematical Models (ModPar)
« Parallelism over the numeric solver method.
« Parallelism over time.
« Parallelism over the model equation system
... with fine-grained task scheduling

 Coarse-Grained Explicit Parallelization Using Components

» The programmer partitions the application into computational components
using strongly-typed communication interfaces.

e Co-Simulation, Transmission-Line Modeling (TLM)

« Explicit Parallel Programming

 Providing general, easy-to-use explicit parallel programming constructs
within the algorithmic part of the modeling language.

* NestStepModelica
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Generating Parallel Code from Modelica
Task Graphs and Parallelized Application

Speedup
3r

« # Proc
16

Clustered Task Graph Thermofluid Pipe Application
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Task Merging vs New Approach with
Pipelining/Inlining
= = Use a graph Bl
ml | rewritir?g i Bing Try to keep

m| |2 M| sustem to s communication
2| |s| |< rr?er sk 5| ascloseas
2 |&| |&| Mmergelasks - possible
o > =) into larger —
[l QJ [

N HEEES o
5| || |5 M-y communicate in
P= banawidth. S one direction

" — S iInside a time
Some tasks = step.
S are duplicated
— to avoid —= Solver Inlining —
T communication distribute the
m Ju m within a step S solver across all
= S| |e S| the processors
D =. Q P
= o =
@) - o
- — S —10
—~t 8 —~t
slinl’ B
0 leter n | @ S MO UE”L?I?EA




Recent Speedup Measurements on NVIDIA (nov 2009)

Modelica Model, Generated Code, Function of Problem Size
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Conclusions

Businesss process modeling on the way based on
System Dynamics

Several ways of capturing and formalizing requirements
In ModelicaML and Behavior
Engineering+OpenModelica

Graphic Modeling (ModelicaML, etc.) and tool support for
advanced textual modeling (MDT Eclipse plugin)

Code generation from OpenModelica, now also using a
text template language.

Parallelization and code generation to parallel platforms
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