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Objektové orientované modelovani

« Zapouzdreni
eDeédicnost

e Polymorfismus
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Objektové orientované modelovani

« Zapouzdreni (encapsulation)
*VVlastnosti, operace, rovnice
jsou definované v ramci objektu
(tridy, modelu)
* Mohu omezit viditelnost
vlastnosti mimo objekt
(protected)
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Objektové orientované modelovani

« Zapouzdreni (encapsulation)

connector HydraulicPort
flow Real g
Real pj;

end HydraulicPort;
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Objektové orientované modelovani

e Zapouzdreni (encapsulation)
 protected (viditelné jen v tride)

model HydraulicConductor
parameter Real Gj
HydraulicPort gin;
HydraulicPort gout;
protected

Feal dp;

equation
dp = gin.p-gout.p;
gin.g = -gout.qg;
gin.g = G * dp;

g:d HydraulicConductor;
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Objektové orientované modelovani
e Zapouzdreni (encapsulation)

model HydraulicElastance
Real V;
parameter Real VO0;
parameter Real p0;
parameter Real Cj;
HydraulicPort gin;

equation
// eq.(5)
gin.p—-p0 = if (V<V0) then 0 else (V-VO0)/C;
der (V) = gin.q; // eq. (6)

end HydraulicElastance;
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Objektové orientované modelovani
e Zapouzdreni (encapsulation)

model arteriesveins
HydraulicConductor RS
HydraulicElastance A&
HydraulicElastance V "w
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equation
connect (A.gin, RS.gin);
connect (RS.gout, V.gin);
end arteriesveins;
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Objektové orientované modelovani
e Zapouzdreni (encapsulation)

model arteriesveins
HydraulicConductor RS
HydraulicElastance A&
HydraulicElastance V "w
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equation
connect (A.gin, RS.gin);
connect (RS.gout, V.gin);
end arteriesveins;

Nebo v diagramu

()
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Objektové orientované modelovani
e Zapouzdreni (encapsulation)

*vede ke skladani komponent
(composition)
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Objektové orientované modelovani

*Dedicnost (Inheritance) —
dovoli dedit vlastnosti, rovnice

*\VV Modelice klicové slovo-
extends



Objektové orientované modelovani
e Dedicnost (inheritance) - motivace

model HydraulicResistor
parameter Real R "resistance";
HydraulicPort gin;
HydraulicPort gout;
protected

FEeal dp;

equation
dp = gin.p—gout.p;
gin.g = —gout.dq;
gin.g = dp / P;

end HydraulicEesistor;
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Objektové orientované modelovani
e Dedicnost (inheritance) - motivace

model HydraulicResistor model HydraulicConductor
parameter Real R "resistance"; parameter Real Gj;
HydraulicPort gin; HydraulicPort gin;
HydraulicPort gout; HydraulicPort gout;
protected protected

Real dp; Real dp;

eguation equation
dp = gin.p-gout.p; dp = gin.p—gout.p;
gin.g = —gout.q; gin.qg = -gout.q;
gin.q = dp / R; qin.g = G * dp;

end HydraulicResistor; ;:d HydraulicConductor;
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Objektové orientované modelovani
e Dedicnost (inheritance) - motivace

model HydraulicResistor model HydraulicConduesfor
parameter Real R "resistance"; parameter ReglGj;
HydraulicPort gin; HydraulicPort qgin;
HydraulicPort gout; HydradlicPort gout;
protected rrotected

Real dp; Real dp;

eguation equation
dp = gin.p-gout.p; ’f = gin.p-gout.p;
gin.q = —-qout.q; q%n.- = ‘qﬂu?-QI
gin.q = dp / R; qin.g = G *.dp;

end HydraulicResistor; end HydraulicConductor;

Neopakovat se — zdroj chyb a problém( s Gdrzbou
Don't Repeat Yourself — DRY principle
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Objektové orientované modelovani
eDedicnost (Inheritance)

model HydraulicResistor model HydraulicConductor

extends HydraulicConductor (final G = 1/R);

parameter Real Gj;

HydraulicPort gin;

parameter Real R "resistance";

end HydraulicResistor; HydraulicPort gout;

protected
Real dp;

equation
dp = gin.p—gout.p;
gin.g = —gout.q;
gin.g = G * dp;

end HydraulicConductor;

Neopakovat se — zdroj chyb a problém0 s Gdrzbou
Don't Repeat Yourself — DRY principle
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Objektové orientované modelovani
eDedicnost (Inheritance)

class A

parameter Eeal a, b; UkOI:
end &;
class E _
extends Zi(kb=2); A-a - ’)
end E; Bb =7
class C Ca="7?
extends E{a=1);
end C; Cb =7
class CZ C2bC0mpb =7

B bcomp{b=3);
end C2;
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Objektové orientované modelovani
eDedicnost (Inheritance)

class A

parameter Feal a, b; Ukok
e & Aa="7?
class E _
extends 2 (b=Z); Bb — 2
end B Ca=1
class C Cb — 2
extends E{a=1);
end C; C2bC0mpb =3
class C2
B bcomp{b=3);

end C2;
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Objektové orientované modelovani
eDedicnost (Inheritance)

Base Class
Derived Class package | operator | function | operator | type | record | connector | block | model
function /! class
package yes
operator YES
function yes
operator function yes Yes
type yes
record yes
connector yes yes ves
block yes yes
model / class yes yes yes
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Objektové orientované modelovani
eDedicnost (Inheritance)

Base Class record RecordA
Derived Class package | operator | function | operator | type | record | connector | block | model B
function / class end Fecordh;

package yes
operator yes package FPackagel
function yes .
operator function yes yes end FPackagel;
type yes
record yes package PackageB
connector yes | yes yes extends FPackaged;
block yes yes end FackageB;
model / class yes yes yes

model Modelh

extends Recordi;

end Modell;
Ukol, je povolena dédicnost? model ModelB
PaCkageB f) extends FPackaged;

end ModelE;

ModelA ?
ModelB ?
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Objektové orientované modelovani
eDedicnost (Inheritance)

Base Class record RecordA
Derived Class package | operator | function | operator | type | record | connector | block | model B
function / class end Fecordh;

package yes
operator yes package FPackagel
function yes .
operator function yes yes end FPackagel;
type yes
record yes package PackageB
connector yes | yes yes extends FPackaged;
block yes yes end FackageB;
model / class yes yes yes

model Modelh

extends Recordi;

end Modell;
Ukol, je povolena dédicnost? model ModelB
PaCkageB OK extends FPackaged;

end ModelE;

ModelA OK
ModelB error, inheritance not allowed
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Objektové orientované modelovani
« Dedicnost (inheritance) a modifikace

class C1

parameter Eeal a; UkOI, promenne C4
end Cl;
class CZ

parameter Eeal b,c; Xl = 7
end CZ2; _
class C3 X2 - ’)

parameter FReal xl; !/ Mo default walue X3_a — ’)

parameter Real =2 = 2; // Default value 2

parameter Cl x3; !/ Wo default walue for x3.a X4b = f)

parameter CZ2 x4 (b=4); !/ xd.b has default value 4 X4 C= o)

parameter C1 x5 (a=5); /{ ®5.a has default wvalue 5 . .

extends C1; // Mo default value for inherited element a X5_a = 7

extends C2 (b=6,c=77); // Inherited b has default walue @& — "
end C3; a=:
class C4 b="7?

extends C3({x2=22, x3{a=33), xd{c=44), x5=x3, a=55, b=6g); — "
end C4; C=:
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Objektové orientované modelovani
« Dedicnost (inheritance) a modifikace

class C1

parameter Eeal a; UkOI, promenne C4

end Cl;

class CZ
parameter Eeal b,c; Xl = 7

end CZ2; _

class C3 X2 - 22
parameter FReal xl; !/ Mo default walue X3_a — 33
parameter Real =2 = 2; // Default value 2
parameter Cl x3; !/ Wo default walue for x3.a X4b = 4
parameter CZ2 x4 (b=4); !/ xd.b has default value 4 X4 C= 44
parameter C1 x5 (a=5); /{ ®5.a has default wvalue 5 .
extends C1; {// NWo default wvalue for inherited element a X5_a = X3_a
extends C2 (b=6,c=77); // Inherited b has default walue @& a= 55

end C3; -

class C4 b=66

extends C3({x2=22, x3{a=33), xd{c=44), x5=x3, a=55, b=6g); _
end C4; c~= 77
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Objektové orientované modelovani
« Dédicnost (inheritance) - pouziti

model arteriesveins

HydraulicConductor RS "systemic resistance";
HydraulicElastance A "arteries";
HydraulicElastance V "wveins";

equation
connect (A.gin, RS.gin);
connect (RS.gout, V.gin);
end arteriesveins;

model arteriesveinshuman model arteriesveinsmouse
extends brteriesveins{ extends arteriesveins |
RS.G =1, RS.G =0.2,
A(C=1,V(start=0.5)), A(C=1,V(start=0.03)),
V(C=2,V(start=2)) V(C=2,V(start=0.2))

)i )i

end arteriesveinshuman; end arteriesveinsmouse;
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Objektové orientované modelovani

e Deédicnost (inheritance)
« Kopiruje parametry, promeénné, pristup k
protected
« Kopiruje rovnice
 Vicenasobna dedicnost povolena
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Objektové orientované modelovani

e Polymorfismus — tvarnost,
moznost menit vnitfni vlastnosti
pfi zachovani vnejsi struktury

*VV Modelice kliCové slova-

replaceable - dovoli menit
redeclare — zmeni
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Objektové orientované modelovani

e Polymorfismus — motivace
* Doplnit nové vlastnost do
existujici komponenty
* Pocitani, zobrazeni v riznych
jednotkach Sl a non-SI



Objektové orientované modelovani
* Polymorfismus

T

class A
parameter Eeal x;
end &;

class E
parameter Real x=2.14, v; // B is a subtype of A
end BE;

class C
replaceable B aix=1);
end C;

class [
extends C(redeclare E a(v=2));
end LC;
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Objektové orientované modelovani
* Polymorfismus

class A UkOI:
parameter Eeal x; D.a.X — f)

end &;
D.ay="7?

class E
parameter Real x=2.14, v; // B is a subtype of A
end BE;

class C
replaceable B aix=1);
end C;

class [
extends C(redeclare E a(v=2));
end LC;
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Objektové orientované modelovani
* Polymorfismus

class A UkOI:
parameter Eeal x; D.a.X — 1

end &;
D.ay=2

class E
parameter Real x=2.14, v; // B is a subtype of A
end BE;

class C
replaceable B aix=1);
end C;

class [
extends C(redeclare E a(v=2));
end LC;
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Objektové orientované modelovani
* Polymorfismus - priklad

model arteriesveinsR
replaceable HydraulicConductor RS "systemic resistance";
replaceable HydraulicElastance A "arteries";
replaceable HydraulicElastance V "veins";
equation
connect (A.gin, ES.gin);
connect (RS.gout, V.gin);
end arteriesveinsRk;
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Objektové orientované modelovani
* Polymorfismus - priklad

model arteriesveinsR
replaceable HydraulicConductor RS "systemic resistance";
replaceable HydraulicElastance A "arteries";
replaceable HydraulicElastance V "veins";
equation
connect (A.gin, ES.gin);
connect (RS.gout, V.gin);
end arteriesveinsRk;

model arteriesveinshumanRZ
extends arteriesveinsR/|
RS.G = 1,
A(Cc =1, Vi(start = 0.3)),
v(C = Z, Vistart = 2))
)7

end arteriesveinshumanRZ;
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Objektové orientované modelovani
* Polymorfismus - priklad

model arterieswveinsR
replaceable HydraulicConductor RS "systemic resistance";
replaceable HydraulicElastance A "arteries";
replaceable HydraulicElastance V "veins";

equation model HydraulicElastanceMU

extends MOSZ201500M.HydraulicElastance;
Feal p_mmHg;
equation

connect (A.gin, ES.gin);
connect (RS.gout, V.gin);
end arteriesveinsRk;

[+J
)
il

p.mmHg = gin.p / 133.32 ; //lmmHg = 133.3
model arteriesveinshumanRZ2 end HydraulicElastanceMu;
extends arteriesveinsR/|
RS.G = 1,
A(Cc =1, Vi(start = 0.3)),
v(C = Z, Vistart = 2))

)7

end arteriesveinshumanRZ;
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Objektové orientované modelovani
* Polymorfismus - priklad

model arterieswveinsR
replaceable HydraulicConductor RS "systemic resistance";
replaceable HydraulicElastance A "arteries";
replaceable HydraulicElastance V "veins";

equation model HydraulicElastanceMU

extends MOSZ201500M.HydraulicElastance;
Feal p_mmHg;
equation

connect (A.gin, ES.gin);
connect (RS.gout, V.gin);
end arteriesveinsRk;

[+J
)
il

p_mmHg = gin.p / 133.32 ; //1lmmHg = 133.3

model arteriesveinshumanRZ end HydraulicElastanceMu;

extends arteriesveinsR/|

RS.G = 1,
A(C = 1, V(start = 0.53)), model arteriesveinshumanMU
V(C = 2, Vi(start = 2)) extends arteriesveinshumanRZ (
) 3 redeclare HydraulicElastanceMU A,
end arteriesveinshumanRZ2; redeclare HydraulicElastanceMU V

) ;

end arteriesvelinshumanMU;
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 Priklad Physiolibrary.Hydraulic.Examples.MeursModel2011

j
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Objektové orientované modelovani

 Priklad Physiolibrary.Hydraulic.Examples.MeursModel2011

Leftventricle.q_in.pressure [Pa] Eitha.g_in.pressure [Pa]

Al A\ A\

Z
B —
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Objektové orientované modelovani

 Priklad Physiolibrary.Hydraulic.Examples.MeursModel2011

*
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RightVentricle
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Objektové orientované modelovani

 Priklad Physiolibrary.Hydraulic.Examples.MeursModel2011

| GG

\ 4 A\ y \ 4
Rethv v% Rswven \\\"‘:‘/% Rsart
Eethy Est

model ElasticVesselElastanceMU

L
N Sl B == ==
—7 X Q==
o Epv

extends Physioclibrary.Hydraulic.Components.ElasticVesselElastance;
Feal p_mmHg;

egquation
p_mmHg = q_in.pressure|f 133.32 ; //1lmmHg = 133.32 Pa

end ElasticVesselElastanceMU;
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Objektové orientované modelovani

 Priklad Physiolibrary.Hydraulic.Examples.MeursModel2011

Haarthate b HE k ”F‘t
? HR trial elastanc
Varntrioslal dastance
it

rial elastance

M i

RightVentricle

model ElasticVesselElastanceMU
£

———% %é extends Physiolibrary.Hydraulic.Components.ElasticVesselElastance;

Eithv Feal p_mmHg;
equation

Il
I
L)
(WY}
Lad
2
m
[N1]

p_mmHg = q_in.pressure|f 133.32 ; //1lmmHg
end ElasticVesselElastanceMU;

model HemodynamicsMeursMU
extends MOSZ201500M.HemodynamicsMeursR (
redeclare ElasticVesselElastanceMU LeftVentricle,
redeclare ElasticVesselElastanceMU Eitha
)i

end HemodynamicsMeursMU;
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« Pfiklad Physiolibr =~ ‘ervenidermmtio — eihapmmtio

>y
Varntrioslal dastance
stance
=

Heartiate
HR

g:ial e [A A\ l[.f\\ IA

c =S v
210 A B G G N AN
e I R

model Elastic
37 .
e ié extends Phy |

Eith Real p_mmHg *]
equation - / \ \ [ \ / \

p_mmHg = q_ ,
end ElasticvVe ] } \ \ } \ } k
model Hemodyﬂzo_

extends MOS :/_J | J_J

redeclars 0‘ |

redeclare
)i

end Hemodynam%°
0




Objektové orientované modelovani

» Priklad Cardiovascular

—< ) 2~

pulmonaryCirculation

>—
(r—

Phy=siolib:

—e

Component
Cardiovas

~<E )

systemicCirculation

model System

replaceable Interfaces
replaceakle Interf

Heart heart;

ystemic systemicCirculation;
replaceable Interfaces.Pulmonary pulmonaryCirculation:
connect (systemicCirculaticon.g out, heart.rightHeartInflow);
connect (systemicCirculaticon.g_in, heart.leftHeartOutflow);
connect (heart.leftHeartInflow, pulmonaryCirculation.g out):;
connect (heart.rightHeartCutflow, pulmonaryCirculation.g_in);
end System;
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Objektové orientované modelovani

» Priklad Cardiovascular

1 L
_é ‘Q % model System

i B replaceable Interfaces.H=art heart;
pU|I'I‘IOI'IEll’}"C|I'CU|aTIOﬂ replaceable Interfaces.S5ystemic systemicCirculation;
replaceable Interfaces.Pulmonary pulmonaryCirculation:

connect (systemicCirculaticon.g out, heart.rightHeartInflow);
connect (systemicCirculaticon.g_in, heart.leftHeartOutflow);

connect (heart.leftHeartInflow, pulmonaryCirculation.g out):;
connect (heart.rightHeartCutflow, pulmonaryCirculation.g_in);

r— end System;
(r—

Phy=siolib:

—e

Component
Cardiovas

~<E )

systemicCirculation

Moznost zaménovat modely plicni cirkulace,
systemove cirkulace a cirkulace v srdci.
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Objektové orientované modelovani

» Priklad Cardiovascular

I
_é ‘a % model System

. i replaceakle Inter
pulmonaryCirculation replaceable Inter
replaceable Inter

heart;
ic systemicCirculation;
nary pulmonaryCirculation;

connect (systemicCirculaticon.g out, heart.rightHeartInflow);
connect (systemicCirculaticon.g_in, heart.leftHeartOutflow);

connect (heart.leftHeartInflow, pulmonaryCirculation.g out):;
connect (heart.rightHeartCutflow, pulmonaryCirculation.g_in);

r— end System;

—e

wysiolis mpdel HemodynamicsMeurs
extends Cardiovascular.System|

Component T - N ) . )
Cardiovas redeclare Parts.Pulmonary pulmonaryCirculation,
redeclare Parts.Heart heart,
redeclare Parts.Systemic systemicCirculation);

end HemodynamicsMeurs;

~<E )

systemicCirculation



Objektové orientované modelovani

model arteriesveins

HydraulicConductor RS "systemic resistance'";
HydraulicElastance A "arteries'";
HydraulicElastance V "vel "

equation

connect (A.gin, RS.gin);

A4 Vd ’
. connect (RS.gout, V.gin);
apO u 2 r‘ ! I l I end arteriesveins;

model arterieswveinshuman
extends brteriesveins{
RS.G =1,
L(C=1,V(start=0.5})),
V(C=2,V({start=2))

AV 4 LA V4
. );
I end arteriesveinshuman;

mode]l arteriesveinshumanMU
extends arteriesveinshumanEZ (

redeclare HydraulicElastanceMU A,

o POIymorfismUS - redeclare HydraulicElastanceMU V

end arteriesveinshumanMiU;
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