LUND UNIVERSITY

Omola, OmSim och K2 - en kort kurs

Nilsson, Bernt; Eborn, Jonas; Mattsson, Sven Erik

1995

Document Version:
Forlagets slutgiltiga version

Link to publication

Citation for published version (APA):
Nilsson, B., Eborn, J., & Mattsson, S. E. (1995). Omola, OmSim och K2 - en kort kurs. (Technical Reports TFRT-
7535). Department of Automatic Control, Lund Institute of Technology (LTH).

Total number of authors:
3

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://portal.research.lu.se/sv/publications/798462d8-0959-4673-9ff0-5b03843209f0

ISSN 0280-5316
ISRN LUTFD2/TFRT--7535--SE

Omola, OmSim och K2

— en kort kurs

Bernt Nilsson
Jonas Eborn
Sven Erik Mattsson

Department of Automatic Control
Lund Institute of Technology
June 1995



Document name

Department of Automatic Control TECHNICAL REPORT

Lund Institute of Technology Date of issue
P.O. Box 118 June 1995
S-221 00 Lund Sweden Document Number
ISRN LUTFD2/TFRT--7535--SE
Author(s) Supervisor

Bernt Nilsson, Jonas Eborn and Sven Erik Mattsson

Sponsoring organisation

Sydkraft AB and NUTEK, proj.nr. 9304688-2

Title and subtitle
Omola, OmSim och K2 — en kort kurs
(Omola, OmSim and K2 - a short course)

Abstract

This report contains a set of lecture notes of a short course in object-oriented modelling in general and Omola
in particular. The Omola simulation environment, OmSim, is presnted and computer exercises are included.
A presentation of the K2 model database for thermal power plant modelling is also included. The course was
give in october 1994 for industrial control engineers from Sydkraft Konsult AB.

Key words

Classification system and/or index terms (if any)

Supplementary bibliographical information

ISSN and key title ISBN
0280-5316

Language Number of pages Recipient’s notes
English 37

Security classification

The report may be ordered from the Department of Automatic Control or borrowed through the University Library 2, Box 1010,
S-221 03 Lund, Sweden, Fax 46 46 110019, Telex: 33248 lubbis lund.



Omola-kurs

lektion |
Objekt-orienterad modellering

och Omola

Innehall:

Bakgrund och grundlaggande begrepp.
Omola - gunder

Primitiva modeller

Sammansatta modeller

OmSim

g o=

Bakgrund

Simnon utvecklat under 70-talet av Hilding
Elmqvist. Bygger pa CSSL. Blev produkt
mha STU-lan.

Dymola ar Elmqvists avhandling. Introducerar
strukturerad modellering. Var "glomt”
under tio ar.

CACE var ett projekt under andra delen av
80-talet med Sven Erik Mattsson som
projektledare.

Omola definerades av Mats Andersson 1989.
Lagger till objektorienterade idéer till
strukturerad modellering.

OmSim implementeras under 90-91.

Dymola ateruppstar. Nu med objektorienter-
ade koncept. Blir produkt mha DLR.

Abstraction

M1 ISA Model; (interface) M2 ISA Model, fintestacal

[]ﬂ '"[] D.‘“ a ISh Parameter; am[]

Teomposite Intoriodl {primitive interior)

y ISA Variable;
y' + a*y = In;

_ E:‘SSTM& 0[] i&kve; 1 i
| {

Out = y;

A model object is described in two parts.

e Interface describes the interaction with
other models and model user.

o Interiour describes the model behaviour,
composite or primitive.

Reuse
M2a 1SA M2ic WITH  [™ | M2a1 ISA M2a WITH
y ISA Variable; a:=10;
* y' +a'y=In; END;
M2ic1SA Modet WITH |/ | B2 ).
/| In,OutISA ! END:

SimpleTerminal;
a ISA Parameter:
END;

"1 M2t 1SA M2ic WITH
| ISA Varlable;

| 'y + atyr2 =2%In;
; END;

M1 ISA Model WITH
/
Sm2 ISA M2a; (= M1b ISA M1WITH
Smz ISA M2b
END; END;

Inheritance facilitiates development.

e Reuse of models in composite models.

e Specialization of a predefined model into
a new one.

e Polymorphism for the reuse of struc-
tures.




Omola l

Basic Omola

{name} ISA {name of super class} WITH
{class body}
{with list of attributes}

END;

The list of attributes are a set of model
components:

e terminals and parameters for the
interface.

e submodels and connections for compos-
ite interiour,
e equations and variabels for primitive

interiour.

e events and actions for primitive discrete
interiour.

Omola Il

Predefined Classes
Class

Model Terminal Parameter Variable

RecordTerminal BasicTerminal

SimpleTerminal ZeroSumTerminal

e Model is the super class for all model
definitions.

e Terminal is the super class for a set of
interaction classes.

e Parameter is for time invariant variables
that the model user can change to adapt
the model behaviour.

e Variable is for internal states and time
variant properties.

There are additional classes for event dependent

descriptions.

Omola Il

Primitive Descriptions 1

o Parameters are used for adapt the model
behaviour and they can be changed by
the model user.

Density ISA Parameter;

e Variables are time-varing and describe the
states of the model.

mass ISA Variable;

Omola IV

Primitive Descriptions 2

e Equations are used to describe the
internal behaviour of a model.

mass’ = Density*(In - Out);
mass = Density*Area*level;

e Assignments describe a given computa-
tional causality.

Density*(In - Out);

mass/(Density*Area) ;

mass’
level

This is similar to Simnon descriptions.




Omola V

Primitive Descriptions 3

A simple tank example:

Tank ISA Model WITH
%% A simple tank model.
parameters:
Density ISA Parameter;
Area, Pipe, g, In ISA Parameter;
g := 9.81;
variables:
mass ISA Variable;
Out, level ARE Variable;
equations:
% mass balance

Omola VI

Submodel Interaction

Two terminals are defined as follows

T1,T2 ISA RecordTerminal WITH
x ISA SimpleTermial;
y ISA ZeroSumTerminal;

END;

A connections is defined as T1 AT T2 and is
interpreted as follows

mass’ = Density*(In - Out); - -
mass = Density*Areaxlevel; = .
Out = Pipe*SQRT(2*g*level); Tly+T2y= 0
END;
Comments can be added by the use of %. The
comment parameters: are called tag and is
optional.
Omola VilII
Graphics

Omola VII

Composite models

TankSeries ISA Model WITH
terminals:
In ISA SimpleInFlow;
Out ISA SimpleOutFlow;
submodels:
Tankl, Tank2 ISA TankModel;
connections:
In AT Tankl.In;
Tankl.0ut AT Tank2.In;
Tank2.0ut AT Out;
END;

Layout ISA Class WITH
% position in owner class
x_pos TYPE Real;
y_pos TYPE Real;

% size of internal description
x_size TYPE Real;
y_size TYPE Real;

% visible icon (terminals)
invisible TYPE Integer := 0;

% bitmap definition (optional)
bitmap TYPE String := "valve";
END;

Layout is the super class to the automatically created
Graphic attribute of teminals, submodels and

models,




OmSim |

Composite model example

OmSim ||
Modellutveckling

e Nya bibliotek gors med text-editor,
Emacs, utanfor OmSim.

o Editering av primara modeller gérs med
text-editor, Emacs, inuti OmSim.

e Skapande av nya modeller och editering
av sammansatta modeller gors i MED
(verktyg i OmSim).

o lkoner gors i bitmap-editor, bitmap eller
xv, utanfor OmSim i separata filer.

o Dymograph ersatter MED och bitmap
i en snar framtid. Till en borjan som
separat program utanfor OmSim.

OmSim Il

Simulering

Numeriska losare

e explicit ODE, z = f(¢,x)
e implicit ODE, Bz = f(t,z) (B konstant)
e DAE, g(t,z,2) =0

Modellmanipulering

¢ koll av ofullstandigheter

e underlatta numerik:

o sortera
reducera DAE
eliminera alg. var.
transformera till ODE.

o O O

OmSim IV
OCL - OmSim Command Language

Exempel pd vad OCL kan:

e Skapa simulator, plot- och variabel-
fonster.

Simulator s(Tank);
Plot p(Tank);

e Knytas variabler till plottar.
P.y(height);

e Satta parametrar.
Tank.Area := 5;

e Gora simuleringar.

s.start;




Omola-kurs

lektion Il
Avancerad Omola 1 och 2

Simulering

Innehall:

1. Modellkomponenter
2. Arvning

3. Bibliotek
4

. Simulering

Avancerad Omola 1:

Modellkomponenter

och dess egenskaper

TYPE-begreppet

Variabler kan defineras som olika typer.

x TYPE Real;

i TYPE Integer;

s TYPE String := "water";

b TYPE Symbol := ’0mSim;

e TYPE (Gas, Water, Steam) := ’Gas;
r TYPE row(2) := [1, 2];
o
m
d

TYPE column(3) := [1; 2; 3];
TYPE matrix(2,2) := [1, 2; 3, 4];
TYPE DISCRETE Real;

Varde—semantik

En viktig egenskap hos variabler, parametrar
och enkla terminaler ar varde-semantik.
Dessa klasser har ett value-attribut (och ett

default).

Variable

ISA Class WITH

value TYPE Real;
default TYPE Real;

END;

Om man refererar till en variabel sa ar det
underforstatt att man refererar till dess value-

attribut.

p ISA Parameter;
v ISA Variable;

v = 2%p;

Betyder egentligen v.value = 2*p.value;




Vektorer och Matriser

Variabel- och parameterklasser med nya typer
skapas genom att gora om typ-deklarationen
pa value och default.

MatrixParameter ISA Parameter WITH
value TYPE matrix(2,2);
default TYPE matrix(2,2):=zeros(2,2);
END;

Genom att addera en parameter kan dessa
generaliseras:

ColumnVariable ISA Variable WITH

m TYPE Integer;

value TYPE matrix(m,1);

default TYPE matrix(m,1):=zeros(m,1);
END;

Pa liknande satt erhalls parametrar och
variabler av andra typer.

Enkla terminaler

BasicTerminal ISA Terminal WITH
value TYPE Real;
default TYPE STATIC Real;
quantity TYPE STATIC String:="number";
unit TYPE STATIC String:="1";
variability TYPE STATIC
(TimeVarying,Parameter) :=’TimeVarying;
END;

SimpleTerminal ISA BasicTerminal WITH
causality TYPE STATIC
(Undefined, input,output) :=’Undefined;
END;

ZeroSumTerminal ISA BasicTerminal WITH
direction TYPE STATIC (in,out):=’in;
END;

Enkla terminaler motsvarar interaktionsvariab-
ler.

Vardesemantik

Sammansatta terminaler

Komplex interaktion beskrivs med ett knippe
enkla terminaler

RecordTerminal ISA Terminal;

Terminalhierarki-exempel:

TwoPhasePipe ISA RecordTerminal WITH
SteamPhase ISA RecordTerminal WITH
q ISA ZeroSumTerminal;
T, p ISA SimpleTerminal;
END;
WaterPhase ISA RecordTerminal WITH
q ISA ZeroSumTerminal;
T, p ISA SimpleTerminal;
END;
END;

Punktnotation och Parameterisering

Punktnotation utnyttjas for att n3 komponen-
ter i strukturhierarkin.

TankSystem ISA Model WITH
terminals:

u, y ISA SimpleTerminal;
submodels:

Tankl, Tank2 ISA TankModel;
parameter_assignment:

Tank2.Area := 2%Tankl.Area;
connections:

Tankl.In.q := u;

y := Tank2.0ut.q;
END;




Avancerad Omola 2:

Omola och Arvning

Klass-begreppet

En modell som ar subklass till en annan
modell arver alla dess attribut.

Mi ISA Model WITH

mass ISA Variable;
enthalpy ISA Variable;
END;

M2 ISA M1 WITH
pressure ISA Parameter;
END;

M3 ISA Model WITH
Area ISA Parameter
MyM2 ISA M2 WITH
Area ISA Parameter
END;
END;

M2 har tre attribut, 2 variabler som ar arvda
och 1 parameter som ar lokalt deklarerad.

M3 har tva attribut medan MyM2 har fyra
attribut.

Overskrivning

Ett arvt attribute kan omdefineras, skrivas
over.

M1 ISA Model WITH
mass ISA Parameter;
END;

M2 ISA M1 WITH
mass ISA Variable;
END;

e attribut med namn kan skrivas over, inte
ekvationer och kopplingar.

e arvda attribut kan inte tas bort.

Klasshierarki och ateranvandning

Klassrelationerna bildar ett trad och kan
utnyttjas pa flera satt.

e Direkt ateranvandning, submodell
i en struktur ar en subklass till en
biblioteksmodell.

e Specialisering, tillagg i en modell som ar
en subklass till annan.

e Polymorfism, modeller med identiska
interface kan bytas ut oberoende av
omgivning 1 strukturer.

e Organisation, klassrelationen strukturerar
modellbibliotek.




Bibliotek och databaser

Biblioteksfiler: innehiller Omolaklasser.

LIBRARY <name of library>;
USES <1ib1l>, <1ib2>, ... ;

{model definitions}

Bibliotekskataloger: ett "directory” med filer
som ar Omolaklasser. Flera bibliotekskataloger
bildar modelldatabas.

e Bibliotek har lokal namngivning.

e For att nd ett annat bibliotek defineras
det i USES listan.

e For att nd en speciell klass skrivs bib-
lioteksnamnet fore klassnamnet enligt:
Libl: :Modell.

Scope rules |
Sokregler efter referens i uttryck:

1. lokalt definerat attribut,
2. arvt attribut,

3. attribut i agarklassen.

Sokregler efter superklass:

1. lokat definerad i bibliotek,
2. definition i USES-listan.

Scope rules ||

For att styra sokreglerna finns vissa enkla
prefix:

this:: soker efter superklass i strukturhierarkin
med borjan i denna klass.

outer:: det samma som this men borjar en
niva upp i strukturhierarkin.

super:: soker en nivd upp i klasshierarkin.

Globala variabler kan nis med dubbelkolonn-

prefix, ex. ::Pi

Simulering

med OmSim

OH-bilder fran Sven Erik.
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Structural Analysis

e to detect structural singularities

e to decompose the problem into a
sequence of problems

47

“Causality Assignment”

Associate each equation with a variable;
Construct an output set.

Consider A(a,b,c,d,e, f) = 0.

Structure Jacobian
a b ¢ d e f

B, ot
By *

hy * ot

he * . \
hs 5
he ¥ .

Permute the equations to get a non-zero
diagonal.

There are simple, efficient algorithms.

48



Is the Problem Singular?

e h(v) = 0 is structurally singular if there
iS no output set.

e F(t,x,x%) = 0is structurally singular if
F(t,z,z) = 0 has no output set.

49

Deduce Computational Order

Algebraic loops imply equations systems to
solve.

Simple, efficient algorithm by Tarjan
gives minimum sized subequation systems.

a blc|d e f
\NH * *
\N\N * *
\N\Mw * * *
\N\&u * * * *
\Nm * *
\Nm * * *

Block Lower Triangular partition.

50



Transformation to ODE

x

g(t,p,x,x,v) =0— ﬁ % = G(t,p,x)

v

1. Assume t, p and x known.

2. Make a causality assignment.
3. Sort in computational order.

4. Solve the subequation systems.

If the causality assignment fails we need to
differentiate equations.

51

Example: Rotating Masses

Qn Qr1 Qi Qr2

Jio; = Qn + @r1
Jows = Qiz + Qo
Qr = —Qup2
Qr1 = d(w2 — 1)

where @;; and Q,o are known time func-
tions and Jq, Jo and d are parameters.

Can solve for @,1, @,2, w1 and ws.

Straightforward to solve numerically.

52



Rigidly Connected Masses

Qn Qr1 Q2 Qro

1 ANH : H nNm @2

Jiw1 = Qn + Qr1
Jos = Q2 + Qr2
mwl = |@Nw

D1 = W9

Well-posed if J1 + J9 # 0; one mass.

Solver must differentiate vy = w»
to get for the reaction torques @,1 and Q3.

Application: two gear-wheels, n1@w; = nowq

53

DAE Index

Minimum number of times that all or part of
F(¢,x,x) = 0 must be differentiated to solve
for x as a continuous function of ¢ and x.

Examples
The ODE, x = f(t,x) is index 0.

The semi-explicit problem

x = f(tx)
0=g(txy)

is index 1 if g /0y is nonsingular.

If it is possible to solve for highest appear-
ing derivative of each variable

e the index is O or 1
e and no need for differentiations

54



Numerical Solution
of High Index Problems

Today’s numerical DAE solvers fail in most
cases if they have to differentiate.

They are designed to integrate,
l.e. calculate x from dx/dt
but not to differentiate
l.e. calculate dx/dt from x.

Integration and differentiation require
different step length and error controls.

55

Modeling and the DAE Index

High index implies algebraic relations
between dynamic variables.

Examples

e Complex models constructed by
combining library models

e Network models
e Discretized PDE models
e Inverse problems

Note: The index is not a problem invariant.

56



Index Reduction

Use Pantelides’s algorithm to find the
differentiated index 1 problem.

Use the differentiated equations
o numerical drift-off may show up
o methods for stabilization

Symbolic differentiation and elimination
o not always possible

Dummy derivatives.
o keep the original equations
o use differentiated equations to
implicitly define certain derivatives
algebraically

57

1.

Manipulation of DAE Systems

Check for structural defects.
Sort in computational order.

Calculate constants and perform nu-
meric calculations to reduce expres-
sions

Derive and sort the differentiated index
one problem. For each subsystem

(a) reduce index

(b) manipulate to simplify
Decompose into dynamic and output
part.

Transform to first order.

Output a result suitable for simulation.
e common subexpressions
o efficient routines for Jacobians

63
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LIBRARY TankLib;

%

%% A Omola library for a tank example

%% found in Simnon tutorials and in

%% the CCS book by Astrom and Wittenmark.

TankModel ISA Model WITH
v, aout, h ISA SimpleTerminal;
qgmax ISA Parameter WITH default:=1; END;
area ISA Parameter WITH default:=10; END;
g ISA Parameter WITH default:=9%.81; END;
valve, gin, gout ISA Variable;

valve = IF v<0 THEN O ELSE IF v>1 THEN 1 ELSE v;
gin = gmax*valve;
gout = aout*SQRT(2*g*MAX(h,0));
g = (gin - gout)/area;
END;

DpiModel ISA Model WITH
v, yref, u ISA SimpleTerminal;

k ISA Parameter WITH default:=1; END;
ti ISA Parameter WITH default:=1000; END;
h TISA Parameter WITH default:=1; END;

inte, e, v TYPE DISCRETE REAL;

Init, Sample ISAN Event;

ONEVENT Init OR Sample DO
new(e) := yref - y;

new(inte) := inte + k*e*h/ti;
new(v) := k*new(e) + inte;
SCHEDULE { Sample, h) ;

END;

u = v;

END;

RegTank ISA Model WITH
al ISA Parameter WITH default:=0.01; END;
a2 ISA Parameter WITH default:=0.05; END;
href ISA Parameter WITH default:=2; END;
Tank ISA TankModel;
Reg ISA DpiModel;
Tank.aout = IF Base::Time<100 THEN al ELSE a2;
Reg.yref := href;
Reg.y AT Tank.h;
Reg.u AT Tank.v;

END;

o
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LIBRARY TankLib2;
%% TankModel3 ISA Model WITH
%$% A Omola library for a tank example v, aout, h ISA SimpleTerminal;
%% found in Simnon tutorials and in qmax, Tv ISA Parameter WITH default:=1; END;
%% the CCS book by Astrdm and Wittenmark. area ISA Parameter WITH default:=10; END;
g ISA Parameter WITH default:=9.81; END;
TankModel ISA Model WITH valve, valvepos, qin, gout ISA Variable;
v, aout, h ISA SimpleTerminal; valvepos = IF v<0 THEN 0 ELSE IF v>1 THEN 1 ELSE v;
qmax ISA Parameter WITH default:=1; END; valve’ = 1/Tv*(valvepos - valve);
area ISA Parameter WITH default:=10; END; gin = gmax*valve;
g ISA Parameter WITH default:=9.81; END; qout = aout*SQRT(2*g*MAX(h,0));
valve, gin, gout ISA Variable; h = (gin - gout)/area;
valve = IF v<0 THEN 0 ELSE IF v>1 THEN 1 ELSE v; END;
gin = gmax*valve;
gout = aout*SQRT(2*g*MAX(h,0)); RegTank3 ISA RegTank2 WITH
h = (gin - gout)/area; Tank ISA TankModel3;
END; END;
DpiModel ISA Model WITH %
vy, yref, u ISA SimpleTerminal;
k ISA Parameter WITH default:=1; END; TankModeld ISA Model WITH
ti ISA Parameter WITH default:=1000; END; v, aout, h ISA SimpleTerminal;
h ISA Parameter WITH default:=1; END; gmax ISA Parameter WITH default:=1; END;
inte, e, v TYPE DISCRETE REAL; Tv ISA Parameter WITH default:=0; END;
Init, Sample ISAN Event; area ISA Parameter WITH default:=10; END;
ONEVENT Init OR Sample DO g ISA Parameter WITH default:=9.81; END;
new(e) := yref - y; valve, valvepos, gin, gout ISA Variable;
new(inte) := inte + k*e*h/ti; valvepos = IF v<0 THEN 0 ELSE IF v>1 THEN 1 ELSE v;
new{v) := k*new(e) + inte; Tv*valve’ = (valvepos - wvalve);
SCHEDULE (Sample, h) ; gin = gmax*valve;
END; gout = aout*SQRT(2*g*MAX(h,0));
u = v; h’ = (gin - gout)/area;
END; END;
RegTank ISA Model WITH RegTank4 ISA RegTank2 WITH
al ISA Parameter WITH default:=0.01; END; Tank ISA TankModeld;
a2 ISA Parameter WITH default:=0.05; END; END;
href ISA Parameter WITH default:=2; END;
Tank ISA TankModel; % e
Reg ISA DpiModel;
Tank.aout = IF Base::Time<l00 THEN al ELSE a2; TankModel5 ISA Model WITH
Reg.yref := href; v, aout, h, h2 ISA SimpleTerminal;
Reg.y AT Tank.h; gmax ISA Parameter WITH default:=1; END;
Reg.u AT Tank.v; Tv ISA Parameter WITH default:=0; END;
END; area, area2 ISA Parameter WITH default:=10; END;
fed ISA Parameter WITH default:=9.81; END;
% - valve, valvepos, gin, gout, gtank ISA Variable;
valvepos = IF v<0 THEN 0 ELSE IF v>1 THEN 1 ELSE v;
PiModel ISA Model WITH Tv*valve’ = (valvepos - valve);
vy, yref, u ISA SimpleTerminal; gin = gmax*valve;
k ISA Parameter WITH default:=1; END; gout = aout*SQRT(2*g*MAX(h,0));
ti ISA Parameter WITH default:=1000; END; h’ = (gin - gout - gtank)/area;
inte, e TYPE REAL; area2*h2’ = gtank;
e = yref - y; h = h2;
inte’ = e*k/ti; END;
u = k*e + inte;
END; RegTank5 ISA RegTank2 WITH
Tank ISA TankModel5;
RegTank2 ISA RegTank WITH END;
Reg ISA PiModel;
END;
W ——

[ 1994-10-1211:26 tanklib2.om 1]




LIBRARY TankLibGr;

%%

%% A Omola library for a tank example

%% found in Simnon tutorials and in

%% the CCS book by Astrom and Wittenmark.

TankModel ISA Model WITH
icon:
Graphic ISA super::Graphic WITH bitmap TYPE String := "icontank"; END;
terminals:
v ISA SimpleTerminal WITH
Graphic ISA super::Graphic WITH
x_pos := 0.0;
y_pos := 150.0;
END;
END;
aout ISA SimpleTerminal WITH
Graphic ISA super::Graphic WITH
x_pos := 200.0;
y_pos := 300.0;
END;
END;
h ISA SimpleTerminal WITH
Graphic ISA super::Graphic WITH
x_pos := 400.0;
y_pos := 150.0;
END;
END;
parameters:
gmax ISA Parameter WITH default :
area ISA Parameter WITH default :
g ISA Parameter WITH default := 9.8
variables:
valve ISA Variable;
gin ISA Variable;
qout ISA Variable;
equations:
valve = (if v < 0 then 0 else (if v > 1 then 1 else v));
gin = gmax*valve;
gout = aout*sgrt(2*g*max(h, 0));
h’ = (gin - gout)/area;
END;

DpiModel ISA Model WITH
icon:
Graphic ISA super::Graphic WITH bitmap TYPE String := "iconpireg"; END;
terminals:
vy ISA SimpleTerminal WITH
Graphic ISA super::Graphic WITH

x_pos := 0.0;

y_pos := 100.0;

invisible := 1;
END;

END;
yref ISA SimpleTerminal WITH
Graphic ISA super::Graphic WITH

y_pos :=
invisible
END;
END;
parameters:
k ISA Parameter WITH default := 1;
ti ISA Parameter WITH default := 1000; END;
h ISA Parameter WITH default := 1;
variables:
inte TYPE DISCRETE Real;
e TYPE DISCRETE Real;
v TYPE DISCRETE Real;
events:
Init ISA Event;
Sample ISA Event;
discrete_behaviour:
ONEVENT Init or Sample DO
new(e) := yref - y;
new(inte) := inte + k*e*h/ti;
new(v) := k*new(e) + inte;
schedule (Sample, h);
END
u :
END;

Vi

RegTank ISA Model WITH
icon:
Graphic ISA super::Graphic;
parameters:
al ISA Parameter WITH default :
a2 ISA Parameter WITH default :
href ISA Parameter WITH default :
submodels:
Tank ISA TankModel WITH
Graphic ISA super::Graphic WITH
x_pos := 300.0;
y_pos := 150.0;
END;
END;
Reg ISA DpiModel WITH
Graphic ISA super::Graphic WITH

x_pos := 125.0;
y_pos := 150.0;
END;
END;
assignment:

Reg.yref := href;
Tank.aout = IF Base::Time<100 THEN al ELSE a2;
connections:
Cl ISA Base::Connection WITH
Tank.h AT Reg.y;
bpoints TYPE STATIC Matrix[6, 2] :=
[349.0, 149.0; 377.0, 149.0; 377.0, 82.0;
47.0, 82.0; 47.0, 137.0; 75.0, 137.0];
END;

x_pos := 0.0; C2 ISA Base::Connection WITH
y_pos := 225.0; Reg.u AT Tank.v;
invisible := 1; bpoints TYPE STATIC Matrix([2, 2] := [137.0, 150.0; 275.0, 150.0];
END; END;
END; END;
u ISA SimpleTerminal WITH
Graphic ISA super::Graphic WITH T ——
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