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ModelicaML Tutorial 20.03.2011

ModelicaML: Technology

@System Modeling with ModelicaML
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T 12 Real h(start = 0.0, unit = "w'); //Tauk level
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ey 1 7 TwoTanksSystemExample.DesignModels.Tank tank? (tank_length = 1):

St - . | @dm.tankz.h ©  TwoTanksSystewExample,DesignHodels.PIcontinuousController piContinuousl(ref = 0.25);
ﬂ‘:—?- e { 0.6 ] TwoTanksSystenExample. DesignModels. PIcontinuousController piContinuousz (ref = 0.4):
Fraer ] | ’ 18
B e | 11 equation
et | Or001_tank1.viclated 12 connect (source.qout, tanki.qln]:

sz 13 connect (piContinucusl.eln, tankl.tSensor):

v 14 connect (piContinuousi.cOut, tenkl.tictustor]:

g h—T———————— 15 connect (tankl.qOut, tankZ.qIn);
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@ System Simulation with Modelica Tools
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ModelicaML: Technology

Papyrus UML
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General Description of the
UML-Based Graphical Notation

EADS



ModelicaML Tutorial

ModelicaML: Graphical Notation

amodels

(T TanksSystemExample.: DesignModsls:: Models Libran)

20.03.2011

BaseController

= evariables
= wvariables
= wvariables
=} svatiables
=} evariables

K: MuodelicaReal

T: ModelicaReal
ref. ModelicaReal
errar. ModelicaReal

«modely
TanksConnectedP|

=} evariables 1 ModelicaReal
= evariables powered: ModelicaBoolean

«camponerts
source

«Reguirements

id =001

text = The level of liguid in a tank shall never
exceed 80% of the tank-height

recuiremernts
Max level of liquid in a tank

| & avaniables maxLevel: ModelicaReal
=} «variables tank_height: ModelicaReal

outtctr: MadelicaReal 0ut ‘WT:E”I;”" "mT:I”]”:Z"” specifiasType = [Tank] 5} evatiables level: ModelicaReal
gln qOul gln qOut
«ExtendsRelations
- typeMudification = tensor tActuator ISensnr mmualnr
-— a areguirements
«Requirement» Volume of the tank1
madels id =002
TwoTankalSystemExample: Dealgnifodels) = = 5 5
{ PICi“ﬁ"uuusc.imm"j ) <camponers oo text = The v_olum_e of the tank1 shall be 0.8m3. &1 «variables tank_valume: ModelicaReal
piContinuoust piContinuous? specifiesObject = [TanksConnectedPl.tank1] £ evariables design_value: ModelicaReal
cin cout cout
r‘/ smodelicaStatetachine
R6-1: Requirement violation monitor
i amodelicaStateMachine:
Tank states
gronditionalAlgorthm(Diagram ) —L - -
limit value algorithm | Maonitoring signal reception |
| Unset violated /entry |
[h=0.001] [caution_sighal_teceived]
EHL (W =000T] partiallyyilled | Waiting for alarm activation |
=
Y [p = phiai] k [p = pMin] | Set evaluted /entry |
pLim = pMax: I «ife I pLim = pMin; [h = tank_heigk
\ / [elze] \ [AFTERI(D.5) and {notalarm_is_activated) ]
- else -
[h = tank_height] [notcaution_signal_recdived]
-
) Violated
pLim = p:
| ! ! Set violated /entry
e
b
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ModelicaML: Class Diagram

smodels
[ hwo FanksSystermExample: Designllodels: - WModels Librany
BaseController

= ¢variabler K ModelicaReal

2 evariables T ModelicaReal

= ¢variabler ref ModelicaReal
= ¢variabler error; ModelicaReal
= «variables outCtr ModelicaReal

A ¢ExtendsFelations
7 typeModification = [K=2, T = 10]

smodels
{ TwoTanksSystemExample - Designllodels)
PlcontinuousController

= evariables x: ModelicaFeal
= evariables powered: ModelicaBoaolean

(Two-Tanks System Example)
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ModelicaML: Connection Diagram

smodels
{ TwoTankaSystemExample:: Designlfode/s)
TanksConnectedPl

FCOMmponerts: fCOMmponent: < gcomponents
sSource tank1 tank2
fout qin giout ] r qln fout
tSensor tactuator tSensor tAactuator
FCOMmponent: gCOmponent:
piContinuousi piCoentinuous2

4[; cn cOutI:;li cln cOutI:;lf

(Two-Tanks System Example)
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ModelicaML: State Machine Diagram

20.03.2011

gmodelicaStateMachineg:
player modes

w [ changedhimi.on) and (poseered ar batterylLevel = 0.017 ]
‘ off [ chiangedhimi.off) ar{not powered and hatteryLevel = 0.01)] "u,l.'"
= -
| Set discharge rate /do on

Set discharge rate /do

W

[ changedhimi.play)]

M

[chanoe(hmistop)]

play

(Two-Tanks System Example)
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20.03.2011

ModelicaML: Conditional Eq./Alg. Diagram

-

-~

gconditionalEquations{Diagram)s
Calculate battery status

«StateDependencys
islnState = [unplugged, on)
logicalOperator = and

¢>tatellependencys
islnState = [plugged]

.
\Ls «stateDE}s,gndenm

L hattery is used {discharging)

T
| ) [ batterLevel == 0]

astateI}’ependenm (_
batteryLevel <= 1] k

hattery is not used (charging) ]

-

s

L hattery status doesn’t change W

e

assignments

(Player Example)
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Hands-on Modeling Tutorial
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Example: Two Tanks System

*From “source” liquid flows into the “tank1”

*Controller “piContinuous1” controls the level of liquid in “tank1”, based on a
predefined reference value, by opening and closing the tank outflow valve.

Liquid flows from “tank1” into “tank2”

«Controller “piContinuous2” controls the level of liquid in “tank2”

TanksConnectedPl1
source gln qOut gln qQOut
tank1 tank2
tSensor tActuator tSensor tActuator

[ ]piContinuous yContinuous
cln } I#COU’[ G|I’1>¢h cQut

Source: Peter Fritzson. Principles of Object-Oriented Modeling and Simulation with Modelica 2.1. Wiley-IEEE Press, 2004. page 391.
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ModelicaML Papyrus MDT GUI Overview

& Papyrus - modelicaml.example.twotankssystem/model. di - Eclipse

20.03.2011

File Edit Diagram “Window Help

no_ o £t g } g A = - 1
é.nvgr.-v@v*}:v(-;v td . B A % — v | Bi- of hﬂag%ﬁtﬂagﬂaaﬁ@@v »
N B Model Explor 2 [ Project Expl = O 7D *model.di 52 = 0
& -
o B g Q%S A0 % Palette [
b =] TwoTanksExample %
=03 Design sm: Tank States )
- Mod
[ TanksConnectedpl s
E3 Library (%) Region
=-E3 Compaonents o State
fia] tiquidsource levelOfLiquid = 0.01 o mnitia
Empky Partially filled
[l Tank (H) shallowHistary
Eﬁ Controller Inheritance 5[ Fork
BT Interfaces levvelOfLiquid = 0.01
B3 Simulations lewvplOfLiquid = height » ¢ Choice
t_ profilespplication (11) v @ EntryPoint
levelOfLiguid < height , @ Finalstate
Overflow [=-Edges 40
=% Transition
p
b
< E
EE Controller Inheritance CompositeDiagram T.ﬂ sm: Tank States &3
El properties &7 . [E) ModelicaML validation | @] Error Lag | B Cansale = ¥ =0
B Class Components Tree 23 = H <<model>> <Class> PlcontinuousController
= | A
|<}=i| = @ LML Mame: |PIcUntinuUu5CUntrU\Ier |
= Q ‘PIcontinuousController’ components ModelicaML - - - -
o cnit) - + Modelica Specific Properties: Restricted Class
Profile
I;! Ok (1) —— Partial: Oitrue (®Ffalse
Error
B K=2 Replaceable: Otrue @ false
G oukCtr Final: Otrue @ False
f
g :_e_ 10 Encapsulated: Oitrue (®Ffalse
[ x
p—
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ModelicaML Papyrus MDT GUI Overview

@Model Browser: Shows model elements

@Properties View: Shows the properties of selected element
@Diagram Editors (different UML-based diagrams)
OPalette (different for each diagram)

@ ModelicaML code generation and validation buttons

@Component tree: Shows the components hierarchy of the
selected class

Page 1 EADS
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ModelicaML Tutorial

Create ModelicaML Project

*Open Eclipse

*Change the Perspective to Papyrus Perspective

Page 15

& Open Perspective

- B

::- Acceleo

) Accelen

O At

IHCDO Explarer

%CVS Repository Explaring
*?Debug

PEcore

%JJava {default)

5_JJava Browsing

'E:JJava Twpe Hierarchy
= 1

i

T Flanning

=“J=Plug-in Development
|.—[§‘_‘|Resource

éDTeam Synchronizing

l [ Cancel

©LE

20.03.2011
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Create ModelicaML Project

& Papyrus - Eclipse
Edit  ‘Window Help

Al-+5hiftHM

<9 Papyrus Model | & New Papyrus Project
(% Folder Papyrus Project —
[=<J> Example. N Create a Mew Papyrus Project B
7 Other, Chrl4+h 2

Project name: | modelicaml.example. bwotankssystem |
| Use default location

| Erowse...
‘Working sets
] add project o warking sets
Seleck. ..
Go to File -> Create ...
@ = Back Mext = l Finish l ’ Cancel l

Page 16 E -
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Create ModelicaML Project

& New Papyrus Project

Initialization information

Select language of the diagram

Diagram Language:

Prafile
ay) #

® < Back H Mext = Il Einish ][

20.03.2011

& New Papyrus Project
Initialization information —
Select name and kind of the diagram B

Diagram Mame:

MewDiagram |

Select a Diagram Kind:

‘fou can load a template;
{ModelicatL template incl, Requirements, Desing and Simulation Packages (madel.uml} |

[Jremember current selection

@ Mt = I Finish IH Cancel ]

Page 17
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godelicaML Tutorial

Papyrus Project Files

File Edit Diagram ‘Window Help

& Papyrus - modelicaml.example. twotankssystem/model.di - Eclipse

Di L BB % s nE-[
lagram Tile B Model Explorer | [ Project Explorer 53 = O 7% model.di 2
—

(can only be edited using Papyrus MDT)\‘\;_\ I
=l =R modelicaml, example, bwokankssyskem
(Jrodel.di

|=| model.nokation

4 g madeluml

-
-

Model file .-~
(can be edited using any UML2 tool)

EADS
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Configure Model Explorer

Page 19

£ Papyrus - modelicaml.example.twotankssystem/model.di - Eclipse

Diagram  ‘Window  Help

Fil=  Edit

Ty

~ 3 *model.di 52

= EI rnodel

=-E3 Design

= «Models Model
F-B3 Simulations

#- b profileapplication (11)

& Load Customizations

Available Customizations

| bype filker bext

----- ﬁ SysMLDefaultExplorerCustomization

£ | ] ] i.

=

W

ed Custamizations

MaodelicaMLCuskomization I
UMLPapywrusDefaulkBrowserCuskomiz

il ] >

Load referenced facets

é ok [ corcel |

20.03.2011
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Change and Customize the Perspective

& Open Perspective |:|® m

\,_i,f’- Arccelen —
I\ Accelen , |%|
Can
[HCDO Explorer
%C'-.-‘S Fepository Exploring . . .
ﬁgebug Select and customize the ModelicaML perspective —
&!ave disable all features that are not used
W Java Browsing
AT, w
[ Modelica —
ME Modelica Inkeractive Sirmulation Session R - AR i R - Hles & i E Lock the Toolbars =Ly
M8 Modelica Mon-Interactive Simulation :I 'rSpEEti""'E"'
i ) . iact =8

Typical ModelicaML customized perspective:

& ModelicaMl. Modeling - modelicaml.example.twotankssystem, v02/model. di - Eclipse Platform |Z||E|E|
File Edit Diagram Search ‘Window Help

B 7| A P T - [en]x e a-w-o-c-rm-  m-
- Madel Explorer 532 r[\“_jPrnject Explorer = 087D model.di 2 =4

@ (SR = <'1=’=f> = || % Palette [
= B TwoTanksExample ! TanksConnectedPl ! L@ &

Page 20 EA@S
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ModelicaML Tutorial

Create Model Structure

Create Packages and Classes using ModelicaML menus

B Model Explarer 53

STl TwoTank:

Page 22

|.—[}_‘| Project Explarer}

=8

A =

<9 model di 23

TanksConne

B3 Requirements
B3 _valueBinding:
-E3 Design
+-F3 Simulations
= profileapplicati

X
J

Import profile From registered profile
Import package From File

Import package Fram registered library
Create Query

MadelicalL: Mew Diagram

@ ModelicaML: Yalidation and Code Generation

gln

qouk
Foancne

3 Package(s)
EE Class Diagram

Mew Child
Mew Diagran
Delete

Walidation

Delete

v wl|lwv -

-

@ Requirement(s)

ﬁ Syskem Model(s)

E Inkerface Defintionis)
E Calculation Model{s)
@ Simulation Model(s)

Modelica Classes 4

20.03.2011

B Model Explarer 22 . [ Project Exploreq

=8

S

4 B TwoTanksExample
[ '?.‘;;, <Package Import> ModelicaMLPredefinedTypes
a B3 Design

[ ﬁ TanksConnectedPI

a !

b BaseController
b limitValue
4 03 Compenents

P ﬁ LiquidSource
ffl PleentinuousController

[»
5 [@ PIDcontinuousController
b [ Tank

By Controller Inheritance
Interfaces

ActSignalln
ActSignalOut
LiquidFlowCOut
LiquidFlowIn
ReadSignalln
ReadSignalOut

» 1 profilefpplication (14)

a3
[
[
[
[
I
I

Bl Rl EIRD

EADS
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Hint: Setting type of components

< | B Model Explore 53 |.—[\:|Pr0ject Explo = 8|79 model.di 2
= RN
5 B B2 model
=-E3 Design
ﬁ TanksConnectedPI
=-E3 Library
= @ BaseController
=t ¢ ()
O cout N
& limityalue AN
=-F3 Components AN
ﬁ LiquidSource \\
@ PIcontinuousController \\
ﬁ Tank P
=-E3 Interfaces S
E AckSignal ~ —
&l LiguidFiow E propertion 32 [Bl ModslicaML Yalidation =B
2 readsignal S T
=BT Simulations
ﬁ TanksSystemSimulation
t profileapplication (113

N
o < <connectiogPort>> <Port>> cIn : ReadSignal

LML Mame: | cIn |

ModelicaML
Tvpe: E <zconneckor > = <Class> ReadSignal

IModifications

=5 iy S + Modelica Specific Properties: Component

S Frafile
|§| = 'i'-_’:' = Advanced Final: Otrue @False

= Q ‘BaseController' components Replaceable: Otrue (3 false

8 cln Causality: O zUnset> Oinput O output
O cout

B Class Compaonents Tree &3

o* O 1items selected

EADS
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Hint: Setting type of components

&= Select Type:

Select the reference you wank for Type:
—Looltipe Thi informosbion is derived from the return result For this Operation. The type of £

| modelicareal

Makching items:

£ <Primitive Type> ModelicaReal

E Eiiii“ii ﬁ i EFL ModelicaML '-.-'aliu:latiu:unw @ Errar Lu:nﬂ E Cu:unsu:ule} RN <. = ¥ = C

= < <wvariable>> <Property> flowLevel : ModelicaReal S~o
LIrML Marme: | FlonlLesel AN N |
ModelicaML T
Madifications Tvpe: | <Primitive Type= ModelicaReal ‘ EE
Declaration + Modelica Specific Properties: Component
<P Cond, Expression
Array Subscripts Wariability: | continuous 1||
@ Prafile Causality: () enset=  &input O oukput

1 i J L RS TR TRET) | I




ModelicaML Tutorial

Hint: Setting of the component properties
(Declaration, Causality, Variability, etc.)

B Model Explor 54 H’j Project Expl

SR R
= B2 TwaoTanksExample
=-E3 Design
ﬁ TanksConnectedPl
B3 Library
=-E3 Components
ﬁ LiquidSource
ﬁ PIcontinuousConkroller
= ﬁ Tank,
=¥, components {10
LSensor
LAckuatar

hieight
levelDfLiquid

L B B R I =

g gonnm

Page 25

T Properties &4 E’-l- ModelicalL Yalidation @ Error Log &l conscle

& < <wariable>> <Property> flowGain : ModelicaReal

20.03.2011

L Mame:! | “lowizain
ModelicaML
Madifications Type: <Primitive Tyvpe> ModelicaReal

begaalon + Modelica Specific Properties: Component

Cond, Expression

Array Subscripks - wariability: | parameter
Profile - - 7':EILISEI|it':.-': O =Unset> Oinput ) output
'ﬁ'dva'j':lad —acn - Flows Flag: O =Unset> Oflow O stream
B 2 ':, -7 Scope: (O =Unset> Oinner 2 outer

Final: Oitrue (%) False
Replaceable: Citrue (%) False

LML =003

ModelicarL

Modifications

H Declaration I

Zond. Expression

Array Subscripks
Profile

Advanced




ModelicaML Tutorial

Create Class Components

4 |[F7 Interfaces =-E3 Library
4 [g] ActSignalln ERMY BaseContraler
> B input Real act =%, components (7)
4 [E] ActSignalOut =@ cn
» B2 output Real act = Ly type (1)
4 & LiquidFlowOut [l Readsignal
= cout

> & output Real flow

fEl LiquidFlowln

=]
= Ly type (1)

4
> B input Real Iflow & ﬁagnal
4 2] ReadSignalln o 2 L, type (1)
» Ba input Real val ModelicaReal
4 [g] ReadSignalOut O=1
> B2 output Real val = L, type (1}

Page 26

MaodelicaR.eal
errar

L type (13
ModelicaR.eal
oukCky

L type (1)
ModelicaReal
ref

Ly type (1)
ModelicaR.eal

i il
o€l o

()
-l

= ﬁ LiquidSource = ﬁ
=1, components (2) =
=& qout
= L type (1)
el Ligui
nlﬁl FlomsLerel
= L type (1)
ModelicaR.eal

TeontinuousZontraller
=1, components (1)
[Ed

= L type (1)
ModelicaReal

® => Set variability to “parameter”
@ => Set causality to “input”

B2 => Set declaration

20.03.2011

nik.
components (10)

R &

O tSensor
=L bype (1)
E ReadSignal
& tActuator
=L typeil)
E AckSignal
=@ gln
=Ly bype (1)
E LiquidFlow
O gout
=L typeil)
E LiquidFlowe
@Iﬁl Flovizain
= L, type (1) GOSN
ModelicaReal
I'@'El riiny
=L type (1)
'
’QI@ riaxy
=L typeil)
MaodelicaR eal
Qlﬁl area
= Ly type (1)

'
o o
=L type (1)
ModelicaReal
[=-Egl  levelDfLiquid
=L typeil)
ModelicaReal
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Create Function Arguments

=R [imniktalue
=Y, Function Arguments (4)
O & prin
= L type (1)
ModelicaReal
O & pMax
= Ly type (1)
ModelicaReal
i JC
= L type (1)
MaodelicaReal
© ' pLim
= Ly type (1)
ModelicaReal

® => Set causality to “input”

® => Set causality to “output”

page 21 EADS
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Create Class Diagram

& Papyrus - modelicaml.example.twotankssystem/model. di - Eclipse

File Edit Diagram ‘Window Help

=]
afa 7

- B o

Sa
@
E- Madel Explar 232 rﬁ_ﬁPrDject Expl = O | ~® *madel di 2

O= ﬁi";\laz E%v

= B2 madel
=-E3 Design

@ TanksZonnectedrPl

=-E3 Library

= ﬁ BaseConkroller
t. components (7
=¥, behavior {1}
@ Equations(Code)

@ limithalue

=B

Liquidsc Import profile From registered profile

= ﬁ PIconkic
t exte
L, finhe
t. comg
t. behe
ﬁ Tank
EE Controlle
£ Interfaces
=B sirmulations
ﬁ TanksSyskel
Y profileapplication

Page 29

Import package From File
Import package from reqgistered library
Create Query

Execute Query
Mew Child
¥ Delete Delete
J validation
Q‘_& MadelicalML: Code Generation | Sirmulakian
) ModelicaML: New Element
P Madelicall: Mew Diagram

Mew Diagram

355

Diagrarmn

20.03.2011
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General: Working with diagrams

Creating edges:
0 Select the palette tool

QCIick on the edge source element
and hold the mouse button

9 Move the mouse to the target
element and release the mouse
button

Page 30

<3 *model.di 2

emodelz
BaseZantroller

i
i
i
i
il e
emodelz

PIcontinuousConkroller

20.03.2011
=0
o Palette [
% I\'i'& I\f&
= Classes 4
E3 Package
Q Class
» @ Model

[E] Enumeration
@ Calculation Model
g Fequirement

{7} Assert
(Conskraint)

[-=- Relations 40
A Extends Relation
" Dependency

[-— Annokakion Eee
= Annakation
=1 Comment

EADS
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General: Working with diagrams

Deletion of elements:
 Right click on a diagram element

smodels
BaseContraller

 (preferred) Select the option “Delete Selected
Element” in order to delete it from the model. This is -
recommended in order to keep the model and the ?,ndme
diagram consistent

Navigate L
F'Iconlzi::lTol:LI File '
. . y - Edit 4
- Select the option “Hide Selected Element” in order to [+ Delete Selected Eement__ CiDelete
remove the element from the diagram. The element M Seected Elenent  Dekte
will still exist in the model and can be shown on the Fornt [
diagram by dragé&drop. g Controller Toht = Format ,
I Properties 22 7P Fikers '
A < <extend 7P View P
LML ] shaw Properties Yiew
Modifications
Praofile ' ORe
Appearance

[CTAwoid abstructions
Advanced
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Configure Diagram Palette

Page 32

1

1
iy
g

1

I

1
r+7
£

1

Papyrusl ML lassDiagram Standard Paletke
v org.openmodelica. modelicaml, profile

== Palette
[}S # =

Layaut L4
Use Large Icons

Cuskomize, ..
Settings...

J Pinned

ﬁ}}
= O

[
@ right click here...

Ty

n Maodel

g Requirement

{7} Assert

(Zonskraint)

[-=- Relations

el

v~ Extends Relation

" Dependency

[-=- Annokation

el

= Annakation

=1 Comment
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Create Extends Relation

*Drag & drop BaseController and

i . File Edit Di window  Hel
PlcontinuousController onto diagram Fie Edit Diagram Window Help

o3~ W b« - o — | Bl
B Model Explarer 4 rﬁ_ﬁF‘rDject Explorer = B |7 model.di 2
. & )
*Use the palette tool “Extends Relation”  _ HABRESR "
5= | B B2 model emodel
=-E3 Design BaseController
ﬁ TanksConnectedrl
=-E3 Library
= ﬁ BaseCantroller
t. components (7 /\

=1, behavior {1}
@ Equations(Code)

& limitvalue xbendgRelation:
=-E3 Components

il Liquidsource Naadet?

=[] PlcontinuousController PleontinuousController

t extends (1)
L, finherited elements (&)
t. components {13
t. behavior {13

i@ eq: caclulake
Tank,

Controller Inheritance

ol Bl
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Hint: Element Appearance: Show stereotype name

& Papyrus - modelicaml.example. twotankssystem/model. di - Eclipse E]
File Edit Diagram Window Help

g - H- oo

Tahama 8

i
o

Iy — -

&

e HERTEELRFlshBHEER &R

B Model i r\-DProiecq = 079 model.di 32

=0
:_ BEEQART b Palette b
o = TwoTanksExample ool m@{ S}
BaseController (= Classes 2
[ Package
E Class

v @ Madel

[E] Enumeration

xtendsRelations: EehEalauationmhtods!
(= Relations £]
«modeks

PleontinuousController

v A Extends Relation

" Dependency

(= Annotation 0
=y Annotation
=y Comment
EE Cantroller Inheritance 53 CompasiteDiagram | T,. sm: Tank States |
= Properties &3 @., ModelicaML \u'alidatianw @ Errar Log} = Console} = ¥ =0
H < <model=> <Class> BaseController

|

ML Transparency IZI

5 Class Components T 243 [(odeicai

o Dol Shereotype Display: Text Alignement:

] ;

L Appearance [ Applisd stereotypes:

B & BaseController’ companen e
B ocIn (i)

B ocOuk (1)

£ Model  (from ModelicalL: (ModelicaClassConstructs)

Gualified Mame Depth:

Element icon : [

shadow : [

<
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Hint: Element Appearance: Compartments

& Papyrus - modelicaml.example.twotankssystem/model. di - Eclipse

File  Edit

Diagram Window Help

§|Tah0ma Vlﬁ V|B I

=
O—

o=

Page 35

A~ &~ F- —- | Bi-ol-

B Model 22 P{:‘Projecq =08
EEY BN

B2 TwaTanksExample

<9 model.di &3

-
«maodels
BaseController

|:| E OperationCompartment
&[] H MestedClassifierCompartment

«mode
Plcontinuous

1) add Mote

Mavigate

File:

[ Select all ”_Qeselect all ]

L [0 ”_ Cancel ]

Edit
¥ Delete Selected Element
/+ Hide Selected Element

Chrl+Delete

Delete

Farmat
~3 Format

ers

EE Controller Inherit

P view

Ctr+F5

£ Properties 53 J

B «<<model=

] Show Properties Yiew
Properties

3 Remove from Conbest

Chrl4+-ale+-Shifk+Dowvn

4‘ [ R P
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2~ ModelicaML Tutorial 20.03.2011

Hint: Editing Modelica Code

*Syntax highlighting and code completion is supported in code editors
Hit Ctrl + Space for code completion when editing Modelica code

=] Froperties &3 EFL ModelicaML Yalidation
8 - < equationsCode-> <0Opaque Behavior: Equations({Code)1

@ error = ref - cln.|
&l wal

LML

Modelicatil
Equations

Profile

Advanced
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Create Behavior

= ﬁ BaseController = Properties 3 @,« ModelicarL validation
Y. components (73
=1, behavior {13

#@ < < equationsCode > > <0Opaque Bel
8 Equations(Code)

error = ref - cIn.val;
e couk, act = outChr;|
Modelicarl
Equations
=B Library T Properties 53 [t ModelicaML validation
ﬁ BaseContraller

@@ imikyalue @' < < function: > <Function Behavior:= lir

LML pLim := if p=pMax then pMax
else if p=pMin then pMin
ModelicatL else p;
Algorithm
Profile
Advanced

Page 38
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Create Behavior

=-E3 Components
= ﬁ Liquid3ource
t. components (2)
=¥, behavior (1)
@ eq: set outgoing Flow level

= ﬁ PIcontinuousConkroller
t. components (1)
=1, behavior (1)
8 eq: caculate

Page 39

20.03.2011

] Properties &2 E-'—J, ModelicalL Yalidation @ Error Log

@ < < equationsCode > > < Opaque Behavior > eq: set outgoing flow level

LML Lot Flow = if time = 150 then ¥flowLevel else fowLevel;

MaodelicabL
Equations
Prafile

advanced

= Properties &2 @., ModelicatL v alidation

i < < equationsCode>> < 0Opaque Behavior> eq: caclulate

der{x) = error)T;

L oubCer = K¥errar + x;

Modelicarl

Equations
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Create Behavior

= Properties &3 [t ModelicatL Yalidakion

= ﬁ Tank
t, components (10 #@ < < equationsCode=> < Opaque Behavior> eq: ballance equation
=1, behavir (1) LML der{levelOfLiguid) = {qln.Flow - qOut. Flow)jarea; [ Mass balance eguation
- 8 eq: balance equation qCut, Flovw = model, Design, Library limitvaloe(miny, maxy, -flowGain*tackoakor, ack);
ModelicatL
Equations tSensar.val = levelOfLiquid;|
Fle~Fil-

EADS
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Create State Machine

& Papyrus - modelicaml.example.twotankssystem/model. di - Eclipse

File Edit Diagram Window Help
o . r+1 . we
B2 W~ Hi o -2 W~ B 7| A - B 98-
BI- Model Explar 53 |.—|>_‘|Pr0ject Expl = B ||7? *model.di 2

o= B ARBEE Y
= B2 model
=-E3 Design
ﬁ TanksZonneckedPT
=-B3 Library
= ﬁ BaseContraller
t. components (7)
=¥, behavior (1)
& Equations{Code)
@ limitvalue wrendsRelation:
=-B3 Components
ﬁ LiquidSource «modelz
ﬁ PIcontinuousController PlcontinuousContraller
= i W
t, [ Import profile From registered profile
t. Import package from file
Eé Caon Import package From registered library 1
B3 Interfa Create Query
=-E3 simulations Execute Query
il Tamkss  pew chid v
t_ profileapplic 3¢ Delete

models
BaseController

Delete
J Walidation
Q& ModelicaML; Code Generation | Simulation

) ModelicalL: New Element

.4
.4
.4
L3
4

Connection Diagram

Mew Diagrarm

1] Rename h Conditional Equations Diagram
h Conditional Algorithm Diagram

of Cut I
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Configure Diagram Palette

0 VQ-'TQ-EL@#E&ET ?—'.vq&jvi>v P
' Tank States B

> 0,01
——={  Patidllyfiled )

id < 0,01 J

PapyrusIMLSkateMachineDiagram Standard Palette
v org, openmodelica, modelicaml, profile

20.03.2011

+ >
b = =1
=

F.9 o
| 5# Palette

NEEE!

Layouk k

>
@ right click here...

IUse Large Icons I

Cuskomize, ..
Settings. ..

levElOFLiquid = height

elfLiquid = height
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m History
Pinned

TT

v 4:}1 Choice

v ) EntryPoint
+ @ FinalState

=~ Edges 40
=3, Transition
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General: Working with diagrams

State Transitions:

sm; Tank States

0 Select the palette tool

levelOfLiquid = 0,01

N 3 Partially Filled

L .
/J lewelOFLiquid < 0.01 k

@ Click on the transition source state
(click on label) and hold the mouse

IEVIEIOFLiquiI:I = height

button 3 [::flett_e b
Move the mouse to the target state f&gjﬂies_ %
. egion
(to its label) and release the mouse e
button ® Initial
(H) ShallowHistary
s ->|:|: Fork,

b é’l Choice
v () EnkryPaoint
(@ Finalstate
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Create State Machine

Page 44

& Papyrus - modelicaml.example.twotankssystem/model. di - Eclipse

File Edit Diagram Window Help

B Model Explor 52

. FQABBEE
5" | B B3 madel
=-E3 Design
ﬁ TanksConnectedPI
=-E3 Library
= ﬁ BaseController
t. components (7)
=, behavior (1)
@ Equations(Code)
@ limityalue
=-E3 Components
ﬁ LiquidSource
ﬁ PIcontinuousController
= ﬁ Tank
t. components (10}
=, behavior (2)
@@ eq: balance equation
=+ sm: Tank States
t_ region (1)
Y sm: Tank States
EE Controller Inheritance
B3 Interfaces
=BT Simulations
ﬁ TanksSystemSimulation
t_ profileapplication {113
¥ Class Components Tree 22 =
B=1C
=] Q 'Tank' components
B2 area
B FlowaGain
&2 height
B levelOfLiquid
B maxy

i ge

|.—[\j Project Expl =0

-

| >

<P model.di 2

ERTETBRTesRhEEE® &R

sm: Tank States

Emply

levelOfLiquid = 0.01

Partially Filled

levelOfLiquid < 0,01
levElOFLiquid = height

levelOfLiquid < height

Overflow

<

EE Controller Inhetitance EE Contraller Inheritance | Y sm: Tank States 5%

] Properties &3

@‘f ModelicaML Yalidation

@ =Transition> levelOfLiquid > 0.01

LML
ModelicaML
Guard Code
Priority
Profile:
Appearance

Advanced

|

-

|

2 Palette

= MNodes
(%) Region
&0 State

@ Initial

® ShallowHistory

+ [} Fark
3 él Choice
+ () EntryPoint
+ @ Finalstate
[=-Edges
=% Transition

= 7

20.03.2011

»

=0

levelofLiquid = 0,01
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Create Connection Diagram

*Create a ModelicaML Connection Diagram under the
TanksConnectedPI class

*Use components tool from the palette to create components

Inside the class on the diagram  palette p
-Define the types of components L
*Use Model Explorer to find the ports 2 Componert

o Part
*Drag&Prop ports into respective components > Cormction
*Arrange the components -t

*Use the “Connection” tool from the palette for connecting
ports
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Model System Architecture

& Papyrus - modelicaml.example. tiwotankssystem/model. di - Eclipse

File Edit Diagram ‘Window Help

Mg G- B o v B - Bivege| > ERIBRTeBBRREm &8 »
B Madel Explar 532 [ Project Expl = 079 model.di 2 =0
=
o SR S = | 57 Palette >
" 2 B model =madel= NEEE!
&-B3 Design TanksConnectedP]
= ﬁ TanksConnectedPT (= Components <
t. components (5) #COMponents Component
: source
connections (8) - gln ecompanents o Part
B3 Library GOt tarik1 & Connection
FI Components

B3 Interfaces
=-B3 simulations

ﬁ Tanks3ystem3imulation
t profileapplication (11)

= Comment
“Cormponenks:

tankz

tZensor  EAckuakar

gk

tSensar  EACkuatal

controller 1

controller2

<
EE(Zontroller Inheritance | |[Bg CompositeDiagram 52
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Create Connection Diagram

Page 48

& Papyrus - modelicaml.example. twotankssystem/model.di - Eclipse

File:

Edit Diagram ‘Window Help

E

§|Tahoma vls V|BI A B Fv = Bl o 5 [100% v EBRSEREa T eeshBEE®E @k
B Model Explor 52 E“\_‘,Project Explw = O ~9 modeldi 2 =8
= & | ) T
on |§|@ Q& " A 23 Palette
=le EI TwoTanksExample ’E@ =)
=-E3 Design TanksConnectedPl S EEEE -
Elﬁ TanksConnectedPl P
EIT_, components {5 | Camponent
EI-- source «con;garn;nt» -g-—-—-—-—-—=====" o Port
- L, bype (1) e
= ﬁ LiquidSource
gl Flowleve
1. behavior (1)
#-E tankl
FH-E kankz
- controllerl
F-E controllerz
-, connections (6}
CompositeDiagram
-3 Library 4 :
®-F3 cComponents controllerl controller
#-B3 Interfaces
B3 simulations
#-t_ profileapplication (11)
£ 1]
EE Controller Inheritance CompositeDiagram 52 ]T.. sm: Tank States|
E Properties 52 @, ModelicaML Validation} @ Error Log} = Console} =7 =0
= =5
'] (I ES o — B <<component <Property> source : LiquidSource
Blee@”
=2 E "LiquidSource’ components ik Mame: | source |
B flowLevel = 0,02 ModelicaML
H gout (1) Modifications Type: | E <<model>> <Class> LiquidSource
(e, Bfaessm « Modelica Specﬁc Properties: Component
Array Subscripts
Profile Final: Otrue @ False
Appearance Replaceable: Otrue @ False
Advanced
D<>
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Hint: Hide the name of all connectors

Click on the compartment of the class
*Right-click -> “Select” -> “All Connectors”

*Right-click on one of the selected connectors -> “Filters” -> “Show/Hide connector
Labels” -> “No connector Labels”

L2 Palette

TanksConneckedPl e NEEED
= Components
X @] Companent
tankl Mavigate 3 =l
i 3
File i1 Add Note & Connection
. » tadbuatar i
Ft ! Mavigate » =) Commenkt
File 4
introller 1
Edit 4
U 3¢ Delete Selected Element Crr4-Delete
Hide Selected Element Delete
o9 arrange Al &l Shapes —
Filters Al Connectars Format 4
il — i Al Connector Labels Show/Hide Connector Labels 4

~J Farmat ", Mo Connector Labels
o T,
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Hint: Element Appearance: Hide the name of the
connection stereotype

& Papyrus - modelicaml.example. twotankssystem/model.

File Edit Diagram ‘Window Help
HE »
i | Tahoma 8 B 7 |A- &~ F- -~ |%Hi~-08- { || 100% GRLYTB=Te=sRBEEE @ E
o (Bl Model 22 r[\hprojecq = O~ *model.di 22 =8
= .
v d = A =
= @ =i lz = <.=:’=> «components | Lk Palette [
~ | B B2 TwoTanksExample source heaa
=-F3 Design & ; -
@ TanksConnectedrP] ; ; OmpOnEnts
. «components «companents Component
3 Library tanki tarks gl Comp:
=-E3 Camponents o Part
LiguidSource qout aln qout o
1, components (2) & Connection
-E gout
i =1 Comment
‘B flowLevel tackuatar FSensor
Ls type (1)
-t behavior (13
[ PIcontinuousControlle:
@ Tark
HE Controller Inheritance controlerl
B3 Interfaces
#-E3 Simulations
#- ¥ profileapplication {113
<
HE Controller Inheritance ComposikeDiagram &3 JT,. s Tank States|
= Properties (2 @, ModelicalL Validationw @ Errar Log] = Console} = ¥ =0
# << connection>> <Connector> Connection3
= - @none Orall @ semi-Circle () 5quare ~
=] oL )
£ Class Components T E ; Smoothness: Oeelow O above O chamferad
|§| o @ 7 | el @none O Wormal
1 | OlLess O More [reverse jump links
Appearance
Advanced
Stereotype Display: Text Alignement: Display Place:
Applied sterentypes:
-
@ Conneckion |
v
. ma
)
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Define Component Modifications

& modification editor,

F- Model Explar 22 [ Project Expl =08
BAREs T
= B2 TwaoTanksExample
=-F3 Design
= ﬁ TanksConnectedPl
=%, components (5

[El source
[El tankl

E tankz
r=IR controllerl
=

-

contrallerz

a[ Ok ] [ Cancel
=l Propetties 52 @., MaodelicarL validation @

= << component>> <Property> controllerl : PIcontinuousController

LML modification:

ModelicarL ref = 0,25 @] [iy w
I Modifications I 9
Cond. Expression

Array Subscripks
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Define Component Modifications

=l Properties &2 E-'-l- ModelicalL Yalidation @ Error Log

O < <component>> <Property> source : LiquidSource

LML modification:

MaodelicaML FlawlLevel = 0,02

Modifications

= ﬁ arul::::i:n:nnne.:tEu:IF'I £ Properties &2 EFL ModelicaML Validation @ Error Log
= ks (5
%mpnnen 5(5) = < <component>> <Property> tankl : Tank
sOUrCE
&= tanki LML radification:
kankz .
= cnntrnN Mnde"'faML _ area=1
& controller? Modifications

Modifications
Page 53

E Properties 52 @,, ModelicatL Yalidation @ Error Log

= <<component>> <Property:> tank2 : Tank

LML rnodification:

ModelicatL area=1.3

Modifications

£ Properties 53 @,.- MadelicaML Yalidation @ Errar Log

= << component>: <Property: controller2 : PIcontinuousController
LML rnodification:

ModelicaML vef = 0.4
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Validate Model

& ModelicaML Modeling - modelicaml.example. twotankssystem_v02/model. di - Eclipse Platform

File Edit Diagram Search ‘Window Help

o0 4 a Fy 1 >
fgh T 5""{?'3{>'H' A

— | B o : BPCR

Bl Model Explarer £2 [ Project Explorer = 07D *model.di &2 =8

O = = A S5 palette >

= BI TwoTanksExample V. TanksConnectedPI

£ Requirements

B3 _walueBindings

=-E3 Design
ﬁ TanksConnectedPl
ﬁ TanksConnectedPID
Library
Components

LiquidSource
ﬁ PIcontinuousContraller
FIDcontinuousController
Tark
ReadSignal tSensor
AckSignal bactuakor
LiquidFlow gIn
LiquidFlow gout
parameter Real FlowiEain = 0,05 ¢ I3
pararneter Real miny =0
parameter Real maxy = 10
parameter Real area = 1 = Propetties @, ModelicaML Yalidation & E console eﬂ Errar Lag & Problems | g Progress =08
parammeter Real height = 2
Real volumne = area * height
Real levelOfLiquid
eq: balance equation
[ sm: Tank States

source
(= Components 4]

Compaonent

o Port

& Connection

[ BB

m-m-E-m- [

e B e R e R s el = e ] =S

=) Comment

v

T,ﬂ Testk case: Change... E’é Requirement kexk ... EE Requirerent text ... E’é Requirement kext ... EE Tank System Sirul... Tank System Archi... 22 | %%

1 ikemns
Descripkion Location

g EHEEEHE oo

iy ModelicaML validation: No errors were detected For ‘TwaTanksExample', TwoTanksExampls

| £

B Class Components Tree &2 <===;'> 5 ® ¥ =0

= Q ‘TanksSystemsSimulation 1 components

=1 designtodel (5)

=l _inputs ()

= req_volume_of_a_tank_1 (4}

= req_wolume_of _a_tank_2 (4)

=1 req_input_Flow_limits_1 (=)

= req_level_control_bounds_1 (%)

= req_max_level_of_liquid_in_tank_1 {4}
= req_max_level_of_liquid_in_tank_2 (4)
=1 _reqTestResults (4)

ik : :
Page - S

[ R 2 R = 3|
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Launch Modelica Code Generation

& ModelicaMl. Modeling - modelicaml.example. twotankssystem, v02/model.di - Eclipse Platform

File Edit Diagram Search ‘Window Help

7 8 - | Bi. od . . P R pEAa L [ - . - el o
B ! - 'g*\:' oo e :@@a Cogi 3 e ?3_? t> = i

B Model Explorer 53 |.—[§‘_'| Project Explarer = O |~ *model.di 52
Y Y 2
-~
= B2 TwaTanksExample ~ om: Tank States
=-E3 Requirements (= Maod
@ Wolume of a tank oees
= i limits () Region
B2 input Real inputFlowleyelTankl @ State

lewelOfLiquid = 0.01

B constant Real min =0 Empty Partially filled @ Initial

B2 rconstant Real max = 0.05

B& output Boolean violated = inputFlowlevelTankl < min orin
B2 output Boolean evaluated = true levelOfLiquid < 0.01

t. Comments (1)

Requirement text and measurable properties

» +{] Fark

lev v él Chuoice

|ofLiquid = height

20.03.2011

@ ShallowHistory

| @ 1 items selected

@ Mz level of liquid in tank levelOfLiquid < heifiht v+ () EnkryPoint
@ Settling time and bounds after a change of input Flow , @ Finalstate
B3 _walueBindings Overflow
=-E3 Design (= Edges &
ﬁ TanksConnectedPID
B3 Library
=-E3 Components 3
ﬁ LiquidSource 3 =N
ﬁ PlcontinuousContraller = —
) Requirement text ... Requirement text ... Tank Systern Simul, .. Controller Inheri... sm: Tank States 52 | %
ﬁ PIDcontinuousController
éﬁé Tark i N I Properties 52 E’—l MaodelicaML validation B Consale @ Error Log [z_\ Problems | S Progress () | =] |:,"=:=> ¥ =0
Contraller Inheritance —
£ Interfaces v H < <requirement:> <Class> Input flow limits
= = - T = -~
B Class Components Tree &2 g B2 @ = UML Marme: |Input Flow limits | —
= Q 'Tanks3ystemSimulation 1' components Modelicarl
B designtodel (5) Frofie Is Abstract: Citrue &) false Is Active: Otrue (& False
Bl _inputs (2) b Is Leaf: Oitrue (&) False
= req_volume_of _a_tank_1 (4)
=1 req_volume_of _a_tank_z (4) isibilty: |public v|
= req_input_flow_limits_1 (5) =
=1 req_level_control_bounds_1 (2]
=1 req_max_level_of_liquid_in_tank_1 (<) Use Case! B
=1 req_max_level_of_liquid_in_tank_2 ()
=l _reqTestResults (4) “
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Generated Modelica Code

& ModelicaMl Modeling - modelicaml.example.twotankssystem_v02/model.di - Eclipse Platform

20.03.2011

File Edit Diagram Search Window Help
B — Eg:bivo%v Ei.z. E..-.@.f.>v<_>- - =
B Model Explargr | [ Project Explarer 22 = |<f;>| o 7 7 O 7D *model.di 2 =0
= 2 modelicalf; # | 53 Palette b
== code-gen L.\,
== TwaTanksExample smi Tank States
= _ValueBindings (== Nodes 0
== Design (%) Region
== Components
LiguidSource.mo levelOfLiquid = 0,01 — & State
package.ma Ernply Partially filled @ Initial
PloontinuousContraller.mo @ ShallowHistary
PIDcontinuousCantroller.mo .
levelOFLiquid < 0.01
Tank.mo ! levRIOFLiquid = heigh oo
(= Interfaces EvplOfLiquid > height v 4 Choice
(= Library i
package.mo levelOfLiquid < height » © EntryPoint
TanksConnectedPI.mo fl + @ Finaltate
TanksConnectedPID, mo Oueillow (= Edges P
== Requirements "
Input_Flow_limits,mo D‘% Transition
Max_level_of _liquid_in_tank.mo
package.ma B
Settling_time_and_bounds_after_a_change_of _input_flow v
Yolume_of _a_tank.mo < |>
(= simulations E’g Requirement kext ... E'g Requirement kext ... E’g Tank System Simul. .. E’g Controller Inheri... T.ﬂ sm: Tank States 52 | *%
package.mo E——
(= wvalidation-gen ] Properties £ @, MadelicaML Yalidation | & Consale @ Error Log [3_\ Problems | 53 Progress s i}
- .
_’ di model.di - modelicaml.example.twotankssystem_v02
= madel.notation 2
&) model,uml Resource Property Value b
= Info
< b3
= = derived false
B Class Components Tree &2 <4:=='g> = 7 ¥ =0 editable krug
= O Tankssystemsimulation 1 ; 2 last: modified 16, Marz 2011 15:07:01
ﬁand lys emdlrrua ion 1' components ~ linked False
& f35|gnMo el (5] location Di\_ PROJECTSYZ008_PhDikools\eclipse_3_6_modelingiruntime-Mew_config, .
B _nputs 2) narne rnoded. di
= req_volume_of_a_tank_1 (4) path fmodelicaml example. bwotankssystern_v02 model. di
= reg_volume_of _a_tank_2 (4} = size 2.971 bytes B
= req_input_Flow_limits_1 (5 w
= req_level_control_bounds_1 () v < | > .
:¢ < model,di - modeficarl, exarmple, bwotankssystem_voz
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