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Boric Acid Transportation Pump

Product parameters

Design standards : RCC-M
Flow : 16.6m3/h

Head : 85m

Temperature : ~80°C
Pressure : 1.6MPa

Used in 600MWe . 900MWe .

1000MWe PWR nuclear power plant boric acid transportation system.
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R =V*

R=R_[l+T-T.]

Where,
R = Conductor resistance at temperature "T"

R..= Conductor resi stance at reference temperature
T..., usually 20° C, but sometimes 0° C.

o = Temperature coefficient of resistance for the
conductor material.

refs

T = Conductor temperature in degrees Celcius.

T.;= Reference temperature that o is specified al
for the conductor material.
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* Newton's Three Laws of Motion:

Fundamental relationship between the acceleration of an object and the total forces acting

upon it.

* First Law states that in order for the motion of an object to change, a force must act upon
it, a concept generally called inertia.

« Second Law defines the relationship between acceleration, force, and mass.

 Third Law states that any time a force acts from one object to another, there is an equal
force acting back on the original object.

* Newton's Law of Gravity:

Explains the attractive force between a pair of masses. In the twentieth century, it became
clear that this is not the whole story, as Einstein's theory of general relativity has provided a
more comprehensive explanation for the phenomenon of gravity.

* Conservation of Mass-Energy:

The total energy in a closed or isolated system is constant, no matter what happens.

* Conservation of Momentum:

The total momentum in a closed or isolated system remains constant. An alternative of this
Is the law of conservation of angular momentum.

*



In non-relativistic physics, the principle of least action - or, more

accurately, the principle of stationary action - is a variational

principle that, when applied to the action of a mechanical system, can

be used to obtain the equations of motion for that system by stating a
system follows the path where the average difference between the
kinetic energy and potential energy is minimized or maximized over
any time period. It is called stable if minimized. In relativity, a different
average must be minimized or maximized. The principle can be used
to derive Newtonian, Lagrangian, and Hamiltonian equations of motion.



The starting point is the action, denoted § (calligraphic S), of a physical system. It
is defined as the integral of the Lagrangian L between two instants of time t; and

t> - technically a functional of the N generalized coordinates q = (g1, 92 ... gn)
which define the configuration of the system:

sla(t)]= [ La(t).a(0). 0

where the dot denotes the time derivative, and t is time.

Mathematically the principle ist11112113]
oS =10
where & (Greek lowercase delta) means a small change. In words this reads:[10]

The path taken by the system between times t; and t> is the one for which the
action is stationary (no change) to first order.
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From Jan Broenink's Introduction to physical systems modelling with bond graphs


http://www.uran.donetsk.ua/%7Emasters/2011/fknt/molodih/library/notmy3.pdf
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Domain-specific Bond-graph element Equations Block diagram

symbols expansion
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Domain-specific Bond-graph element Equations Block diagram
symbols expansion
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Unburned Flame Front Burned
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Constraint

Puw(t)= Pur(t)
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Figure 2. High Level Model Description (HLMD) example - hydrogen-oxygen combustion in a closed chamber.
Akira Ohata @ Toyota
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MoDELI'CA

Model exchange/re-use standard (Modelica Association)
Modelica Standard Library (MSL)

*Object-oriented, hierarchical;, semantics based on flattening
Computationally a-causal modelling; semantics based on DAEs
*QOriginated in Hilding Elmquist's 1978 PhD thesis @ Lund

*Early 1990's: Modelica Design Team (started in SIE)
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MoDELI'CA

*hybrid (discrete-time/discrete-event) constructs

(e.g., used to model network protocols based

on TrueTime http://www.control.lth.se/truetime/)

Limited support for Dynamic Structure models (i.e., no “agents”)
«Separate model from its (numerical) solution ...

*Generate Functional Mockup Interface (FMI) compliant simulation units

*Currently: many commercial and open (OpenModelica) tools

*Related: Mathworks Simscape, EcosimPro, NMF, gProms, ...


http://www.control.lth.se/truetime/
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model myRLChetwork
Modelica.Electrical .Analog.Basic.Resistor resistor (R

100) annotation(Placement (visible

= true, transformation(origin = {-40,60}, extent = {{-10,-10%,{10,10}}, rotation = 0)))};

Modelica.Electrical.Analog.Basic.Inductor inductor (L = 1le-008)
annotation (Placement (visible = true, transformation(origin = {0,660}, extent = {{-10,-10},
{10,101}, rotaticon = 0}));

Modelica.Electrical.Analog.Sources.SineVoltage sineInputVoltage (Vv = 10, fregHz = 50)
annotation (Placement (visible = true, transformation(origin = {-80,40}, extent =
{{-10,-10},4{10,10}}, rotation = -%0)));

Modelica.Electrical.Bnalog.Basic.Ground groundl anncotation(Placement (visible = true,

transformation (origin extent rotation
equation

connect (resistor.p,sineInputVoltage.p) anncotation(Line (points
{-79.B8913,49.4565},{-79.8913,49.4565}1)) -

connect (resistor.n,inductor.p) annotation(Line (points
{—-9.782e1,55.2391},{—-9.782061,55.2391})) -

connect (sineInputVoltage.n,inductor.n) anncotation (Line (points
{10.05432,259.8913y,410.0543,59.7826},{10.0543,55.782e}1))

connect (sineInputVoltage.n,groundl.p) annotation(Line (points = {{-80,303,{-80,%.78261%},
{-79.e1%c0000000001,9.78261},{-79.615960000000001,9.78261}1}))

annotation (Icon(coordinateSystem(extent {{-100,-100},{100,100}}, preservehAspectRatio

= {-B80,0}, = {{-10,-10},4{10,10}}, = 0)))»-

{{-50,60},{-75.85913,€0},

{{-30,e0},{-5.78Zel,c0},

{{-80,30},{-80,25.8913},

true, initialScale = 0.1, grid = {2,2})), Diagram(coordinateSystem(extent = {{-100,-100%},
{100,100%}}, preserveldspectRatio = true, initialScale = 0.1, grid = {2,2})));:
12 end myRLCnetwork;
%:-90.63  Y: 19.89 &t Modeling
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d OMEdit - OpenModelica Connection Editor

File Edit View Simulation FMI XML Tools Help
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Libraries Browser
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Libraries

@) Blocks

@ ComplexBlocks

E StateGraph

E % Electrical

=] E Analog

E Examples

=] E Basic

-+ Ground

[+ Resistor

|- &2 HeatingResistor
= Conductor
-+ Capacitor

=== Inductor

=== SaturatingInductor
- 2JC Transformer

F B2 M _Transformer
- I=L Gyrator

= EMF

—*‘ TranslationalEMF
I3 vov

- vec

- ccv

I CcC

= OpAmp

1 OpAmpDetailed
—'l';l' VariableResistor
—'I'L'l- VariableConductor
i VariableCapacitor
" L. Variablelnductor
4 Ideal

E Interfaces

E Lines

E Semiconductors

Lol

-

m

’E myRLCnetwark™ | E Meodelica, Electrical. Analog, Basic. Resistor
|-|-| ABEE ‘Writeable |Mode| |Modeﬁm'rext-.ﬁew ‘C:;‘DpenModeﬁml.Q.lBebZﬁa,fomﬁtxaryModeﬁm 3.2. 1/Electrical/Analog/Basic.mo Line: 1, Cal: 0 ‘ﬁ‘
1 model Resistor "Ideal linear electrical resistor™
2 parameter Modelica.SIunits.Resistance R(start = 1) "Resistance at temperaturs T ref”;
3 parameter Modelica.SIunits.Temperature T ref = 300.15 "Reference temperature”;
- parameter Mcodelica.STunits.LinearTemperatureCosefficient alpha = 0 "Temperature coefficient of resistance
(R_actual = R*(1 + alpha* (T_heatPort - T_ref))";
5 extends Modelica.Electrical _ Znalog.Interfaces.OnePort;
6 extends Modelica.Electrical.Analog.Interfaces.ConditionalHeatPort (T = T ref);
7 Modelica.SIunits.Resistance R_actual "ARctual resistance = R*(1 + alpha* (T heatPort - T ref))":
5 equation
S assert(l + alpha * (T_heatPort - T_ref) >= Modelica.Constants.eps, "Temperature outside scope of model!™);
10 R_actual = R * (1 + alpha * (T _heatPort - T_ref));
11 v =R actual * i;
12 LossPower = v * 1i;
13 annotation (Documentation(info = "<html>
14 <p>The linear resistor connects the branch woltage <i>v</1i> with the branch current <i>i</i> by <i>i*R = v</i>.

[ O T S T G T T o T 6 T 6 S Sy By B

=1 &y LN

=] & N d= M = O W o

28 end Resistor;

The Resistance <i>R</i> is allowed to be positive, zero, or negative.</p>
</html>", revisions = "<html>
<ull
<1li>»<i>» Rugust 07, 2009 </ix
by Anton Haumer<br> temperature dependency of resistance added<br>
</1ix

<1i»<i>» March 11, 2009 </ix
by Christoph Clauss<br> conditional heat port added<br>
</1ix
<li»<i> 1558 </ix
by Christoph Clauss<br> initially implemented<br>
</1li>
</ul>

</html>"), Icon(coordinateSystem(preservelAspectRatio = true, extent = {{-100,-100%,{100,100}}), graphics =
{Rectangle (extent = {{-70,303},{70,-30}}, lineCclor = {0,0,255}, fillcColor = {255,255,255}, fillPattern =
FillPattern.Solid),Line(points = {{-%0,0},{-70,0}}, color = {0,0,255}),Line(points = {{70,0},{%0,0}}, color =

{0,0,255}),Text (extent = {{-144,-40},{142,-72}}, lineColor = {0,0,0}, textString = "RE=%R"),Line(visible =
useHeatPort, points = {{0,-100},{0,-30}}, color = {127,0,0}, smooth = Smooth.None, pattern =
LinePattern.Dot), Text (extent = {{-152,87},{148,47}}, textString = "%$name", lineColor = {0,0,255%)1),

Diagram(coordinateSystem(preservehspectRatio = true, extent = {{-100,-100},{100,100}}), graphics =
{Rectangle (extent = {{-70,30},{70,-30}}, lineColor = {0,0,255}),Line(points = {{-%6,0},{-70,0}}, color =
{0,0,255}) ,Line (points = {{70,0},{%6,0}}, color = {0,0,255})})});
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Libraries

—EI VelurmeDensityOfCharge
—E‘ SurfaceDensityOfCharge
~[T] ElectricFieldstrength
—EI ElectricPotential

- @ Voltage

Libraries
@' YolumeDensityOfCharge
EI SurfaceDensityOfCharge
[T ElectricFieldstrength

E ElectricPotential

| b oA [E@ | writsable

Type

Modelica Text View

C:/Open.. nits.mo

Line; 1, Col: O

1 type Voltage

= ElectricPotential;

i AEE

Writeable | Type

Modelica Text View

C:fOpenModelical.9. 1Beta2libfomlibrary Modelica 3. 2. 1/5Iunits.mo

Line: 1, Col: 0

i

1 type ElectricPotential = Real({final quantity = "ElectricPotential™,

final unit = "V");



Libraries i |||-| AEH@ ‘Writeable ‘Model |ModehmText!ﬂew C:/OperModelica1.8. 1Beta2/libjomiibrary/Madelica 3.2. 1/Electricalfanalog/Interfaces. mo Line: 1, Col: 0 |ﬁ‘
i o B 1 bartial model OnePort "Component with two electrical pins p and n and current i from p to n"
- OpAmp ‘E 2 8I.Voltage v "Voltage drop between the two pins (= p.v — n.v)}";
# L~ OpAmpDetailed | 3 sI.current i "Current flowing from pin p to pin n";
—-FL'I- VariableResistor - PositivePin p "Positive pin (potentizl p.v > n.v for positive wvoltage drop v) ™
L 5 VariableConductar annctation (Placement (transformation(extent = {{-110,-10},4{-5%0,10}}, reotatien = 0})));:
——i—VariableCa i 5 NegativePin n "Negative pin" annotation(Placement (transformation(extent = {{110,-10},{%0,10}},
pacitor R _
1 rotation = 0))) 7
Variablelnductor ¢ equation

# 4 Tdeal TV =PV - on.v;

Eﬁlnterfaces 8 G = Pl + n.i;
_. Pin g i=p.i; . .

o 10 annotation (Documentation (info = "<html>
_. PositivePin 11 <p>»Superclass of elements which have <b>two</b> electrical pins: the positive pin connector
- [] Negativepin <i»p</i>», and the negative pin connector <i>»>n</i>». It is assumed that the current flowing into pin p
-+ * TwoPin is identical to the current flowing out of pin n. This current is provided explicitly as current
-+ = OnePort i.</p>
. . 12 </html>", revisions = "<html>
. . TwoPort 13 <ul>
= . CenditionalHeatPort 14 <li><i> 1998 </i
- B AbsoluteSensor 15 by Christoph Clauss<br> initially implemented<br>
-« RelativeSensor 1¢ </f1li>
L -5 VoltageS 17 </ul>
geSource o . . )
18 </html>"), Diagram(coordinateSystem(preservefspectRatio = true, extent = {{-100,-100},{100,100}%}),

@ CurrentSource graphics = {Line(points = {{-110,20},{-85,20}}, color = {160,160,164}),Polygon(points = {{-95,23},

E Lines {-85,20},4{-95,17},{-95,231}, lineColor = {160,160,164}, fillCeolor = {160,160,164}, fillPattern =

# H Semiconductors FillrPattern.Sclid),Line (points = {{%0,20},{115,20}}, color = {160,160,164}),Line(points = {{-125,0},
® B sensors {-115,0}}, coloxr = {160,160,1¢€4})},Line (points = {{-120,-5},{-120,5}}, color =

& ) Sources {i.I_GD,160,164}},'].3ext(extent = {{-110,25},4{-90,45}}, lineCoclor =.{160,160,164}, textString =

o "i") ,Polyvgon(points = {{105,23},{115,20},{105,17},{105,23}}, lineColor = {1le0,1e0,164}, fillcColor =
B L) Digital {160,160,164}, fillPattern = FillPattern.Solid),Line(points = {{115,0},{125,0}}, color =
I Machines {160,160,164}),Text (extent = {{90,45},{110,25}}, lineColor = {160,160,164}, textString = "i")}));
MultiPhase 1% end OnePort;
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-l Fin

- . PositivePin

o D MegativePin

* TwoPin

* OnePort

m

- - TwoPort
- . ConditionalHeatPort
- +P AbsoluteSensor

~ <P RelativeSensor

|- ==+ VoltageSource

= =~ CurrentSource

Lines
Semiconductors

Sensors

eSO

Sources

# [ | Digital
I Machines

‘II-I oﬁ E@ | Writeable ‘ Connector ‘ Modelica Text View | C:/OpenModelical.9. 1Beta2libjomlibrary Modelica 3. 2. 1/Electrical /Analog/Interfaces.mo

Line: 1, Col: 0 ‘ E

1

s

L

[1=%

1 ™y LN

= =t =

B =t = e e e e

konnector PositivePin "Positive pin of an electric component”™
Modelica.STunits.Voltage v "Potential at the pin" annotation (unassignedMessage
potential cannot be unigquely calculated.
The reason could be that
— a ground cbject is missing (Modelica.Electrical.fnalog.Basic.Ground)
to define the zero potential of the electrical circuit, or
- a connector of an electrical component is not connected.™);
flow Modelica.STunits.Current i "Current flowing into the pin"™ annotation (unassignedMessage
electrical current cannot be unigquely calculated.
The reason could be that
- a ground cbject is missing (Modelica.Electrical.fnalog.Basic.Ground)
to define the zero potential of the electrical circuit, or
— a connector of an electrical component i1s not connected.™);
annotation (defaultComponentName = "pin p", Documentation(info = "<html>
<p>»Connectors PositivePin and NegativePin are nearly identical. The conly difference is that the
icons are different in order to identify more easily the pins of a component. Usually, connector
PositivePin is used for the positive and connector NegativePin for the negative pin of an electrical
component.</p>

"An electrical

"An

</html>", rewvisions = "<html>
<ul>
<li><i> 1998 </ix

by Christoph Clauss<br> initially implemented<br>

</1lix
</ul>
</html>"), Icon(coordinateSystem(preservehspectRatio = true, extent = {{-100,-100},{100,100}}),
graphics = {Rectangle (extent = {{-100,100}%,{100,-100}}, lineColor = {0,0,255}, fillColor =
{0,0,255}, fillPattern = FillPattern.So0lid)}), Diagram(coordinateSystem(preservelhspectRatio = true,
extent = {{-100,-100},{100,100}}), graphics = {Rectangle(extent = {{-40,40},{40,-40}}, lineColor =
{0,0,255}, fillcolor = {0,0,255}, fillPattern = FillPattern.Solid),Text (extent = {{-160,110},
{40,50y}, lineColor = {0,0,255}, textString = "%name")}));

end PositivePin;
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oﬂ OMEdit - Check Model - myRLCnetwork

[::;E]| 57 ]‘ re

"Check of myRLCnetwork completed successfully,

Class myRLCnetwork has 24 equation(s) and 24 variable(s).
16 of these are frivial equation(s).

Lok ]

& {-
in

lta
orm

rou
-1

ot
{Li

not
J3; 5

- Ef M_Transfarmer

“LC connect (sineInputVoltage.n,groundl.p) annota

{-79.615%60000000001,9.782611}, {—79.6196000000040



class myRLCnetwork

Eeal resistor.v(guantity = "ElectricPotentizl”, unit = "V") "Voltage drop between the two pins (= p.v — n.v)";

Real resistor.i(guantity = "ElectricCurrent”, unit = "A") "Current flowing from pin p to pin n";

Real resistor.p.vi(guantity = "ElectricPotentizl™, unit = "V") "Potential at the pin";

Real resistor.p.i({quantity = "ElectricCurrent”™, unit = "A")} "Current flowing into the pin";

Real resistor.n.v(guantity = "ElectricPotential™, unit = "V") "Potentizl at the pin";

Real resistor.n.i(quantihy = "ElectricCurrent™, unit = "A") "Current flowing into the pin™;

parameter Boolean resistor.useHeatPort = false "=true, if HeatPort is enabled”;

Real resistor.LossPower (quantity = "Power™, unit = "W") "Loss power leaving component via HeatPort";

Real resistor.T_heatPort (gquantity = "ThermodynamicTemperature”, unit = "EK", displayUnit = "degC", min = 0.0, start = 288.15, nominal =
300.0) "Temperature of HeatPort";

parameter Real resistor.R(guantity = "Resistance”, unit = "Ohm", start = 1.0) = 100.0 "Resistance at temperature T ref"”;

parameter Real resistor.T ref(guantity = "ThermodynamicTemperature”, unit = "K", displayUnit = "degC”, min = 0.0, start = 288.15,
nominal = 300.0) = 300.15 "Reference temperaturs";

parameter Real resistor.alpha(quantity = "LinearTemperatureCoefficient”™, unit = "1/K") = 0.0 "Temperature coefficient of resistance
(R_actual = R*(1 + alpha* (T heatPort - T ref))";

Real resistor.R _actual (quantity = "Resistance™, unit = "Chm") "Actual resistance = R¥* (1l + alpha* (T heatPort - T ref))";

parameter Real resistor.T(guantity = "ThermodynamicTemperature”™, unit = "K', displayUnit = "degC”, min = 0.0, start = 288.15,
300.0) = resistor.T_ref "Fixed device temperature if useHeatPort = false";

Real inductor.wv{quantity = "ElectricPotentizal™, unit = "v") "Voltage drop between the two pins (= p.v — n.wv)";

Real inductor.i(guantity = "ElectricCurrent"”, unit = "A", start = 0.0) "Current flowing from pin p to pin n";

Eeal inductor.p.v(guantity = "ElectricPotential™, unit = "V") "Potentizal at the pin™;

Real inductor.p.i(guantity = "ElectricCurrent”, unit = "A") "Current flowing intoc the pin™;

Real inductor.n.wv(guantity = "ElectricPotentizl™, unit = "V") "Potential at the pin";

Real inductor.n.i(quantity = "ElectricCurrent”™, unit = "A")} "Current flowing into the pin";

parameter Real inductor.L{guantity

= "Inductance",

unit = "H", start = 1.0) le-006 "Inductance";

(= p.v — n.v)";

¥

Eeal sineInputVeoltage.v(guantity = "ElectricPotential™, unit = "V") "Voltage drop between the two pins
Real sineInputVoltage.i(guantity = "ElectricCurrent”, unit = "&A") "Current flowing from pin p to pin n"
Rezl sineInputVoltage.p.v(guantity = "ElectricPotential™, unit = "V") "Potentizl at the pin™:

Real sineInputvVoltage.p.i(quantity = "ElectricCurrent™, unit = "A") "Current flowing into the pin";
Real sineInputVoltage.n.v({guantity = "ElectricPotentizal”™, unit = "V") "Potentizal at the pin";

Eeal sinelInputVeoltage.n.l(guantity = "ElectricCurrent”, unit = "A") "Current flowing into the pin™;
parameter Real sinelInputVoltage.offset(guantity = "ElectricPotential”™, unit = "V") = 0.0 "Voltage offset";
parameter Rezl sinelInputVoltage.startTime (quantity = "Time"”, unit = "s") = 0.0 "Time offset"”;

parameter Real sineInputVoltage.V(guantity = "ElectricPotential”™, unit = "V", start = 1.0) =

parameter Real sineInputvVoltage.phase (quantity = "angle™, unit = "rad", displayUnit = "deg") = 0.0
parameter Real sineInputVoltage.fregHz (guantity = "Freguency”, unit = "Hz", start = 1.0) =

output Real sinelInputVoltage.signalSource.y "Connector of Real output signal™;

parameter Real sineInputVoltage.
parameter Real sineInputVoltage.

"Frequency of sine wave";

parameter Real sineInputVoltage.

"Phase of sine wave";

parameter Real sineInputVoltage.
parameter Real sineInputVoltage.

time < startTime";

protected constant Real sineInputVoltage.signalSource.pi
Eeal groundl.p.v(guantity = "ElectricPotential™, unit = "V")
"ElectricCurrent”,

Real groundl.p.i(guantity

signalSource.
signalSource.

signalSource

signalSource.
signalSource.

offset sineInputVoltage.offset "Offset of output signal”
startTime (quantity "Time", unit "s")

3.141592653589753;
"Potential at the pin™;

unit = "A") "Current flowing into the pin";

¥

10.0 "Amplitude of sine wave™;
"Phase of sine wawve";
50.0 "Freguency of sine wave";

nominal

sineInputVoltage. freqHz

amplitude = sineInputVoltage.V "Emplitude of sine wave";
fregHz (quantity = "Frequency”, unit = "Hz", start = 1.0) =
.phase (quantity = "Angle", unit = "rad", displayUnit = "deg") =

sineInputVoltage.startTime "Output

sineInputVoltage.

rhase

offset for



equation

assert (1.0 + resistor.alpha * (resistor.T heatPort - resistor.T ref) >= 1le-015,"Temperature outside scops of model!");

resistor.R_actual = resistor.R * (1.0 + resistor.alpha * (resistor.T _heatPort - resistor.T ref));

resistor.v = resistor.R_actual * resistor.i;

resistor.LossPower = resistor.v * resistor.i;

resistor.v = resistor.p.v - resistor.n.wv;

0.0 = resistor.p.1 + resistor.n.i;

resistor.i = resistor.p.i;

resistor.T_heatPort = resistor.T;

inductor.L * der (inductor.i) = inductor.wv;

inductor.v = inductor.p.v - inductor.n.wv;

0.0 = inductor.p.i + inductor.n.i;

inductor.i = inductor.p.i;

sinelInputVoltage.signalSource.y = sinelnputVoltage.signalSource.offset + (1f time <
sineInputVoltage.signalSource.startTime then 0.0 else sinelnputVoltage.signalSource.amplitude * sin(6.283185307179586 =
sineInputVoltage.signalSource. fregHz * (time - sineInputvVoltage.signalScource.startTime) +
sineInputVoltage.signalScurce.phase) ) ;

sineInputVoltage.v = sinelnputVoltage.signalSource.y;

sineInputVoltage.v = sinelnputVoltage.p.v — sinelnputVoltage.n.v;

0.0 = sineInputVoltage.p.i + sinelnputVoltage.n.i;

sineInputVoltage.i = sineInputVoltage.p.1i;

groundl.p.v = 0.0;

resistor.p.i 4+ sinelInputVeoltage.p.i = 0.0;

resistor.n.i 4 inductor.p.i = 0.0;

inductor.n.i 4+ sinelInputVoltage.n.li + groundl.p.i = 0.0;
resistor.p.v = sineInputVoltage.p.v;

inductor.p.v = resistor.n.v;

groundl.p.v = inductor.n.v;

groundl.p.v = sinelnputVoltage.n.v;

end myRLCnetwork;
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Output Compilation

"CovOpentodelical 3. 1BetaWV W HinEbin'\mingw3Z-make . exe” —-j4 -£ myRLCnetwork.makefile :
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork.o myRLCnetwork.c
goo —falign-functions -maseiZ -mifpmath=sse -I"C:/OpenModelical 9. 1BetaZ///include/ome/e™ —I. -DOPEMMODELICE ML FROM FILE AT RUNIIME -c -o
myRLCnetwork functioms.o myRLCnetwork functions.c
gco —falign-functions -msse?Z -mfpmath=sse —-I"C:/O0penModelical .9 _1Beta//include/omz/c" —-I. —-DOPENMCDELICA XML FROM FILE AT BUNTIME -c -o
myRLCnetwork records.oc myRLCnetwork records.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork Olexo.o myRLCnetwork Olexo.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork 0Znls.o myRLCnetwork O0Znls._c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork 03lsy.o myRLCnetwork 03lsy.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork O4set.o myRLCnetwork O4set.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork O5evt.o myRLCnetwork OSevt.c
geoco —falign-functions -msse? -mipmath=sse -I"C:/OpenModelical 9. 1Beta///include/ome/c™ —-I. -DOPEMMODELICE XML FROM FILE AT RUNTIME -c -o
myRLCnetwork 0&inz.o myRLCnetwork Ofinz.c
gec —falign-functiocns -mssei -mipmath=sse -I"C:/OpenModelical.S.1Betad/ include/omcy/c™ —I. -DOPENMCODELICA XML FROM FILE AT RUNIIME -c -o
myRLCnetwork 07dly.o myRLCnetwork 07dly.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o

myRLCnetwork 08bnd.o myRLCnetwork O08bnd.c
myRLCnetwork OSevt.c: In function 'myRLlnetwork zerolrossingDescription':
myRLCnetwork 0Sevt.c:5l: werning: assignment discerds gquelifiers from pointer target type

goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork 0%alg.oc myRLCnetwork OSalg.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork 10asr.o myRLCnetwork llasr.c
goeo —falign-functions -msseZ -mfpmath=sse -I"C:/OpenModelical 9. 1Betai///include/omc/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork llmix. o myRLCnetwork llmix.c
geoco —falign-functions -msse? -mipmath=sse -I"C:/O0penModelical .5.1Betal///include/ome/c™ —-I. -DOPEMMODELICE XML FROM FILE AT RUNTIIME -c -o
myRLCnetwork lZjac.o myRLCnetwork l2jac.c
goco —falign-functiocns -mssel -mipmath=s3e -I"C:z/O0penModelical .5 .1Betal//include/omcy/c™ —I. -DOPENMODELICE XML FROM FILE AT RUNTIME -c -o
myRLCnetwork l3copt.o myRLCnetwork l3opt.c
gcc —falign-functions -msseZ -mfpmath=sse -I"C:/0penModelical .5.1Betal//include/omey/c™ —I. —-DOPENMODELICA XML FROM FILE AT RUNTIME -c -o

myRLCnetwork 141nz.o myRLCnetwork l4lnz.c

goe —I. -o myRELCnetwork.exe myRLCnetwork.c myRLCnetwork functions.o myRLCnetwork records.o myRLCnetwork Olexco.o myRLCnetwork 0Znls.o

myRLCnetwork 03lsy.o myRLCnetwork Odset.o myRLCnetwork 0Sevt.o myRLCnetwork 0Ofinz.o myRLCnetwork 07dly.o myRLCnetwork 08bnd.oc myRLCnetwork 0%alg.o
myRLCnetwork 10asr.o myRLCnetwork llmix. o myRLCnetwork lZjac.o myRLCnetwork l3opt.o myRLCnetwork l4lnz.o -

I"C:/CpenModelical 9. 1Betai//include/omc/c™ —-I. -DOPENMODELICE XMI. FROM FILE AT RUNTIME —falign-functions -maseiZ -mipmath=sse -
L"C: /OpenModelical .5 .1BetaZ/ /lib/omc" -L"C: /OpenModelical . 53.1Betai/ /1lik" -W1l,--stack, OxZ2000000, -rpath, "C:/COpendModelical .9 . 1BetaZ//1lib/omc"™ -W1, -
rpath, "C: /OpendModelical .3 .1Betai/ 1libk" -lregex -lexpat -lgc -lpthread -fopenmp -loleaut3Z -l5imulationBuntimelC -lgc -lexpat —-lregex —-static-

likgeoe —luuid -leoleaut3Z2 -lole3Z -lwsZ 32 -lsundials kinscl -lsundials nvecserial -lipopt -—leooinmumps —lcoinmetis —-lpthread -1lm -lgfortranbegin -
lgfortran -lmingw3Z -lgcc_eh —lmoldname -lmingwex -lmsvert —luser3Z -lkernel3Z —ladvapi3Z2 -1lshell3Z -llapack-mingw -ltmglib-mingw -lblas-mingw -
1f2c —-linteractive —-lwsock3Z -1lis -lstdct+

m




Simulation - myRLCnetwork

General | Output | Simulation Flags |

Simulation Interval

Start Time: ||:|

Stop Time: |1

Integration

Method: [u:hrwe—etﬂer

Tolerance: | 186

Mumber of Processors:

Compiler Flags (Optional): |

sAuto = El Mote: Use 1 processor if you encounter problems during compilation.

[7] save simulation settings inside model I Simulate I [ Cancel




Cutput Compilation

C:/Usera/hv/Applata/Local /Temp/CpenModelica/O0MEdit/myRLCnetwork. exe —port=4350Z —-logFormat=xml -w -—-1lv=L0OGE_STATS
LOE STRTS | info | ##% STATISTICS f#£#

LOG_STRTS | info | timer

| (. (. 0.0150538s [ 45.9%] pre-initisli=zation
| (. | | 4.1813%e-0053 [ 0.1%] initislization

| (. | | Z.0%07e-005%s [ 0.1%] steps

| (| (| 0.01571158s [ 45.0%] creating ocutput-file
| |1 | | 0.000115558s [ 0.4%] ewvent-handling

| [ | | 0.00025%5738s [ 0.9%] overhead

| [ | 1 0.000824114s [ Z2.6%] simalation

| [ (. 0.0320837= [100.0%] total

LOE_STRTS | info | ewents

| [ (. 0 state events

| [ (. 0 time ewvents

LOE STRTS | info | solwver: DASSL

| (| | | 2431 steps taken

| |1 | 1 3Zgg calls of functionCDE

| |1 |1 185 evaluations of jacobian

| (| (| 73 error test failures

| |1 |1 0 convergence test failures

LOE _STATS | info | ##§ END STATISTICS £&#
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Libraries Browser g x| |3 Plat: 1 | Variables Browser g X
Libraries Pan  FitinView = Save  Print [T ogx [ Logy |Fi”d Varizbles
. Complex i ) [] case sensitive [Rﬁgular Expression v]
e ) W time W resistorv
7% Medelica ( Expand Al ] Collapse Al
n MaodelicaReference J =
f— i i ” ” ” ” ” ” " ” " " " " " " ” " " " " " " Variables Walue Unit Description
| ModelicaServices 4
=1 sy RLCnetwork
E] OpenModelica 4 ] MYREEnERwOr
dl
L [E] myRLCnetwork 1 sroun
5 inductor
i [=I resistor
4 I [] LossPower 9.56318e-12 w Loss power leaving component via HeatPort
e FICR 1000 Ohm Resistance at terperature T_ref
b F [] R_actual 100 Ohm Actual resistance = R*(1 + alpha*(T_heatPort - T_ref])
0 T 30015 degC  Fixed device temperature if useHeatPort = false
7 F [] T_heatPort 30015 degC  Temperature of HeatPort
1 F ] T_ref 30015 deglC  Reference temperature
1 F []alpha 0.0 17K Temperature coefficient of resistan.., R*(1 + alpha*(T_heatPort - T_ref))
5 | - i -3.09244e-07 A Current flowing from pin p to pin n
n
4 p
|
i |: ] useHeatPort 1] =true, if HeatPort is enabled
J " " " ” " " " " " " ” H H H H H H H ” H H v -3.09244e-05 v Viltage drop between the two pins (= p.v - nv)
-10 sinelnputVoltage
I L L A L L @ time 1
] 0.1 0.2 0.3 0.4 0.5
time




model mySimpleEqnSet "simple equation set"”
Eeal x(start=2, fixed=true):;
Real y(start=3, fixed=true);
equation
der(x) = 2¥%x%y—3%x;
der(y) = >%y—-T*x*y;
end mySimpleEqgnSet;






770

MoDELI'CA

Electrical Types

type Time = Real (final quantity="Time", final unit="s");
type ElectricPotential = Real (final quantity="ElectricPotential",
final unit="V");
type Voltage = ElectricPotential;
type ElectricCurrent = Real (final quantity="ElectricCurrent",
final unit="A");

type Current = ElectricCurrent;

Beware: variables are signhals (functions of time)!
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MoDELI'CA

Electrical Pin Interface

connector PositivePin "Positive pin of an electric component”
Voltage v "Potential at the pin";
flow Current i "Current flowing into the pin";

end PositivePin;
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MoDELI'CA

Electrical Port

partial model OnePort
"Component with two electrical pins p and n
and current i from p to n"
Voltage v "Voltage drop between the two pins (= p.v - n.v)";
Current i "Current flowing from pin p to pin n";
PositivePin p;
NegativePin n;
equation
V =p.V - Nn.V;
0 =p.1i+ n.i;
i=p.i;

end OnePort;
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MoDELI'CA

Object-oriented re-use and causality

_/\/\/\/\/_

Object "resistor"

1?

— 1

Vi V2
R
—1 .
A v2?
R

V1-V2=R"

I = (V1-V2)/R

V2=V1-R"

V1=V2 + R

Electrical Resistor

model Resistor "Ideal linear electrical resistor"
extends OnePort;
parameter Resistance R=1 "Resistance";
equation
Rxi = v;

end Resistor;
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MoDELI'CA

The circuit
model circuit
Resistor R1(R=10);
Capacitor C(C=0.01);
Resistor R2(R=100);
Inductor L(L=0.1); % @
VsourceAC AC; " = =
Ground o ég
equation m S & e
connect (AC.p, R1l.p); = é
connect(Rl.n, C.p); }.A #

connect(C.n, AC.n); i];
connect(R1.p, R2.p); E;
connect(R2.n, L.p);

connect(L.n, C.n);

connect (AC.n, G.p);

end circuit;

Meaning: set of Differential Algebraic Equations (DAES) obtained by

1. expanding inheritance/instantiation
2. flattening hierarchy, uniqgue names
3. expanding connect() into equations (across vs. flow)



Non-causal model
(e.g., from physical conservation laws)

z+y+2z = 0 Equationl

< r+324+u?* = 0 Equation 2
z—u—16 = 0 Equation 3
u—>5 = 0 Equation 4




Causality assignment:
bipartite graph, maximum cardinality matching

Equation 1 Equation2  Equation3 Equation 4

variable "x" variable "y" variable "z" variable "u"

Equation 3 Equation 4

variable "x"  variable "y" variable "z" variable "u"



Causality assignment: network flow

source

Equation 1 Equation 2

i

I
1
I
I
1
|
1
I
1
|
|
I

variable "y

variable "x

sink

Equation 3

- ~
S~ \
-~
-
‘\Q;

variable "z

Equation 4

variable "u"

+ weights for “bad inverses”



Causality assigned

< Yeres
z + 3z + u?
z—u—16

U — 95

o Qo O

Equation 1
Equation 2
Equation 3
Equation 4

re-write in causal form

(

I

[

IS
|

—&L — 2

—F—
u -+ 16
5}

u2



Set of Algebraic Eqns (no cyclic dependencies)

S 2

A
&3

b* + 3
sin(c X e)

vd—4.5
7 /2

u()

WRONG:
| & = P33=8
b = sin(cxe)=0
= +d—4.5=error
d = @2
e = u()
MATLAB
W ASIMULINK
1
I:iuzlr'usiz.aur'|:|_> N - 1 .._|_|
Fr‘ndmt lnit Z]]Elau Scope

1

Constantl

Gain



Sorting (no cyclic dependencies)
DFS, postorder numbering of dependency graph

5 4
O (&)




Dependency Cycle (aka Algebraic Loop)

r = y+16
S ¥y = —x—2
g2 = 3

Can never be sorted
due to a dependency cycle aka strong component
(every vertex in the component is reachable from every other)

xT— Yy —T



May be solved implicitly

Z2=395
r—y = —6
| r+y = —=z

Implicit set of n equations in n unknowns.

e non-linear — non-linear solver.

e linear — numerical or symbolic solution.



Linear: may be solved symbolically (Cramer)

6 —1 1 —6
= 1 —6 — 2 1 =z 6 — 2
T = = 3 y = =
1 -1 2 1 -1 2
1 1 1 1
i z2 = b
T — —62—2
! y — 6;2




Tarjan’s algorithm
for Cycle Detection

b* +3
sin(c x e)
vd—4.5
/2

a? + u()



Algebraic Loop (Cycle) Detection




Algebraic Loop (Cycle) Detection Result

= 7/2 I d = 7/2

= Vd-45 c = Vd—45

= sin(cxe) b —sin(cxe)

= b +3 { a —b -3
= a®+u() a? —e +u()




Modelica in Context

Domain/Problem-Specific

Laws of Physics

Power Flow

a-causal (Mathematical) < Modelica

Causal Block Diagrams

Numerical (Discrete) Approximations

Computer Numerical (Floating Point, Fixed Point)
As-Fast-As-Possible vs. Real-time

Hybrid (discrete-continuous) modelling/simulation

Hiding IP: Composition of Functional Mockup Units (FMI)




Operational vs. Denotational (Translational) semantics

NATO’s Sarajevo Waste Water Treatment Plant
www.nato.int/sfor/cimic/env-pro/waterpla.htm




DS(V)M Environment

'AWEST Experiment - cost
- File Edit View Experiment Tools Help
J |- Iﬁ|*‘\ e X @Q}ﬂﬂ éb Sian (@ Cantinne ,r—[ﬁ 100 % - E

m Infa  Parameters |Vﬁnab_}es_.| E

M@E%%%\v’lm 2
El ﬂ: plant [ |
1 Drag a column header here to group by that column ;I
Value |Unil |Desr_:r|pt||:|n =] |L|:|wer bound |Upper bound |Fi|e
- Fraction Of Biomass Converted T... |
_Pump 30000im3fd |Desired effluent flow rate 0| 1.79769313486232E308| []
b_H 041/d  Decay Coefficient For Heterotraph...| 0 25| 1 M
0.011d Decay Coefficient For Autotrophic .. 0 B [ =
[ oK ]_ ety | _Concel |
> A
in_1 CToF ombie 85U flow tler FtoC_efflu
= ammonia [0]
— nitrate [0]
——soluble COD [0

b o
sludge_loop Returnflow

Endtime

Starttime Current time

= oot 11 R
www.hemmis.com/products/west/




What does this WWTP model mean?

influent settler effluent
A%
’ r_influent 4 I_mixed - T_processed T_out

f_bacteria



... Its meaning (steady-state abstraction):
Causal Block Diagram (CBD)

-10.0

f_influent

influent (

settling_fraction

dump_fraction

f_bacteria




Meaning of the CBD ... semantic mapping onto algEgns

f influent =  C _influent
_ _ f bacteria = = C_bacteria
f mixed = f_influent + f _bacteria
aeration fraction =  C_aeration
f processed —  aeration fraction = f _mixed
— < settling fraction =  C_settling
negated =  —settling fraction
one = 1
dump_fraction =  one + negated
— = f dump = f_processed x dump_fraction
\ f out =  settling fraction = f_processed




Causal Block Diagrams (syntax)

1 I
Constant y 1
. ><+;/ <l -
Froduct Unit Delay Scope
1 _—

Constantl <|<7

Lain
MATLAB
W ASIMULINK




Operational Semantics

1:
2:
3:

4
5
6:
2
8

time_step <— 0O
while not end_condition do
schedule <+ LOOPDETECT(DEPGRAPH(cbd))
for gblock in schedule do
COMPUTE (gblock)
end for
time_step <— time_step + 1

- end while




Simulation Algorithm
Small Steps

Algorithm 4 The CBD simulator’'s “main loop".

1: time < 0

2: while not end_condition do

3:  schedule <~ LOOPDETECT (DEPGRAPH(cbd))
4:  for gblock in schedule do

. COMPUTE(gbock)
6: end for

7 time < time + 0+

8: end while




Causal Block Diagrams (semantics)




Formalism Transformation Graph (FTG)

(wwrP )
?&BD )
N
(_(DIff)AIgEqns )

L

( continuous-time signals )




Modelica in Context

Domain/Problem-Specific

Laws of Physics

Power Flow

a-causal (Mathematical) <~ Modelica
Causal Block Diagrams

Numerical (Discrete) Approximations

Computer Numerical (Floating Point, Fixed Point)
As-Fast-As-Possible vs. Real-time

Hybrid (discrete-continuous) modelling/simulation

Hiding IP: Composition of Functional Mockup Units (FMI)




Ven4l = UVpgn-t At ag [:1'-':“ Yns ﬂ
Tn + b vy,

L1

x(Euler)




Modelica in Context

Domain/Problem-Specific

Laws of Physics

Power Flow

a-causal (Mathematical) <~ Modelica
Causal Block Diagrams

Numerical (Discrete) Approximations

Computer Numerical (Floating Point, Fixed Point)

As-Fast-As-Possible vs. Real-time
Hybrid (discrete-continuous) modelling/simulation
Hiding IP: Composition of Functional Mockup Units (FMI)




Example Floating Point Format

AATL AA
-3 —1 —1 0 0 i 1 | 3
2 2_71 71 2 2
11 b =2 M = +1
8 8 s = 3 m 2

Smallest non-zero positive number = b™ x b* = 1/8

Largest non-zero positive number = bMx (1 - b®) = 7/4
Smallestgap = b™ x bs = 1/32

Largestgap = b" x bs=1/4

Number of representable numbers = 2x((M-m)+1)x(b-1)xb**+1 = 33
... fits into available bits? Optimal number of bits?

* Note: fill the gap around 0: de-normalized



Modelica in Context

Domain/Problem-Specific

Laws of Physics

Power Flow

a-causal (Mathematical) < Modelica

Causal Block Diagrams

Numerical (Discrete) Approximations

Computer Numerical (Floating Point, Fixed Point)

As-Fast-As-Possible vs. Real-time

Hybrid (discrete-continuous) modelling/simulation
Hiding IP: Composition of Functional Mockup Units (FMI)




Simulated Time (ST)

. analytical time .'§>1

Wallclock Time (WCT)

» ] &
* (as fast as possible . g ”
' ( p ) . .‘ . N | S= 1
.- o i . o '
. .t o (scaled) real-time:
e . ST=s*WCT
o S ®
° 'y °
. stop event
bd A .9 scale factor change | . - o®
' ] % _..-""8<1
® e .0 pause event e
0. e’ co-@mn @ e i
I resume event
1 2 3 4 5
-~ r o
PAUSE



A “Generic’ Simulator

= -
& > ; ; ;
Q °© 9, | oO——®
| | |
£ "big step" @ ¢ | |
= 3 O Q | | |
|
© g | | |
[ © O ® !
'It-u' > | | |
— "small step” o : | :
E g L ] (_\ & E | | |
"— - I | |
» . vl 08 23 =

Simulation Step (SSTEP) Simulated Time (ST)



A Simple Causal Block Diagram (CBD/SDF)

Ernesto Posse, Juan de Lara, and Hans Vangheluwe.

Processing causal block diagrams with graph-grammars in AToM3.
Applied Graph Transformation (AGT) at ETAPS, pp. 23 — 34, April 2002.



Simulation Algorithm

Top-level time-stepping

Algorithm 2 The CBD simulator's “main loop”.

1: time <0

2: while not end_condition do

3:  schedule <+ LOOPDETECT (DEPGRAPH (cbd))
4.  for gblock in schedule do
5 COMPUTE (gblock)

6: end for

7. time < time + 0

8: end while




Simulation Algorithm
Big Steps

Algorithm 3 The CBD simulator's “main loop”.

1: time + 0

2: while not end_condition do

3:  schedule <+~ LOOPDETECT(DEPGRAPH (cbd))
4. for gblock in schedule do
5 COMPUTE (gblock)

6: end for

7. time < time + 0;

8: end while




De/Reconstructing the Simulator

Extracting the Modal Part

F
F| M

SC

.- -I- -l- -_ SIMFmodal

| SIM: | - -

SIM<o
(a) A model M in éIIVI"“
formalism F and a Fimodal
simulation kernel SIMg

for F.

(b) De-/Re-constructing
the simulator.



Modelica in Context

Domain/Problem-Specific

Laws of Physics

Power Flow

a-causal (Mathematical) <~ Modelica

Causal Block Diagrams

Numerical (Discrete) Approximations

Computer Numerical (Floating Point, Fixed Point)
As-Fast-As-Possible vs. Real-time

Hybrid (discrete-continuous) modelling/simulation

Hiding IP: Composition of Functional Mockup Units (FMI)
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Modelica in Context

Domain/Problem-Specific

Laws of Physics

Power Flow

a-causal (Mathematical) <~ Modelica

Causal Block Diagrams

Numerical (Discrete) Approximations

Computer Numerical (Floating Point, Fixed Point)
As-Fast-As-Possible vs. Real-time

Hybrid (discrete-continuous) modelling/simulation

Hiding IP: Composition of Functional Mockup Units (FMI)




Functional Mockup Units (FMUs)

Engine Engine Control Transmission Transmission Vehicle, Cabin
Control

I w =
| 5 B h '
| | I I | | I

www.fmi-standard.org

Bart Pussig, Bert Van Acker, Claudio Gomes


http://www.fmi-standard.org/

Model-Solver Interface
Simulator-Environment Interface

SIMULATOR = solver + model

l MODEL
experimentation dynamics
nnnnnnnnnn t
(e.g., parameter _ SOLVER(s)
lisation) MODEL
or fe symbolic
information
mulator
"bus”
(e.g., HLA)
or <




‘ ' T il " . - r C T 4
f,.p.1nital values (a subset of {X,.X,.¥,.V,.m,})

Enclosing Model

t
m
P
u
v
X
y
z

time

discrete states (constant between events)
parameters of type Real, Integer, Boolean, String
inputs of type Real, Integer, Boolean, String

all exposed variables

continuous states (continuous between events)
outputs of type Real, Integer, Boolean, String
event indicators

External Model (FMU instance)




meaningful operational semantics
(Models of Computation)

4 N 4 N

Simulator Simulator

NN

N / N J

Traditional Explicit Computational
Simulator Semantics




Models of Computation
Model Explicitly!

Euler discretization

LRI B
=

Integrator :> y[k] = y[k-1] + h * y’[K]

-

Megator




A GRAPH TRANSFORMATION RULE

OYPmEFEnannigligV20O A > M1 B i logout

o - 1 3
4 L ...
g = . -] N &
|
|
et | . o |
|
N I
| \ | |
| \ I |
\ | |
\ | | Show Chat
\ send screenshare invitation
\ | i I:I: itat
|

|
1 |
l |
1 |
[ ]
| \ ! |
| edit LHS #4 edit__pstate #18 | edit __pState #19
1 |
— L]
Condition [result i gethttr ("eventlList™, "2").startswithigetkttzr ("ewvent™, "2") :';;] —plabel [_'5 4]| — plabel [1 ;I
| [ ok | [ cancel | turrent  |resuls = False J| urrent [result = T:r:uE_J
|
: (o] (emncd) | (5] (cancel)
edit __pState &5
edit __pInputFvents #20
_plabel o J
_ plabel [3 fé]
eurrent [rou.: = ool (GRTATET ("CUrrant'}) J
eventList [result = getAttri()[1l:] ]
(o | P

ok ] [cancel ] 105




RULE SCHEDULING

® Using the MoTif language, we can execute our “simulate” rule as an SRule

® SRule: Apply the rule recursively as long as possible

Find a match, rewrite the model, then re-match, rewrite the model, etc.

o = B = == == r.©® E=C ‘-MH“HM HM‘

edit sRule #1
maxIterations [1D|:|I:|
rule [FurmalismfFEh;‘siml ate/HE Simulate.model
name [S imilate
alias [
® bl

106



A Rule

-y

casedevs/FRULE_toFwd/LHS

(1)

Pre_Inport0fBlock

0

-

1

=

Integrator

1

Pre_OutportlfElock

0

H

—»

Fozt_Inport0fBlock
Product
3

1

Constant

B

* 1

e

fidd = fFozt_OutportOfBlock
Unit Delay 2

4

5

Joachim Denil's research



Transformation Schedule

OnSuccess
packetIn OnFailure F

OnSuccess
—M® packetIn OnFailure

start = OnMonApplicable F = OnMonApplicable f
FRULE _toCanonical FRULE _toFwd
OnSuccess Orn5uccess
— W packetInOnFailure ?'—|—P' packetIn OnFailure :LF

7 UnMonApplicable

-

7] UnMonApplicable

On5uccess
packetIn OnFailure
7] UnMonApplicable

SEULE_Product_Constant

SEULE_Constant_Sums

SEULE _Gain_Femowval




Result of Transformation

Integrator y[k-1]

T b
+:,.{ >+ —-—ILIE_1

: stepsize '
: Froduct

= _,,147
ALY

Megator

e Explicit semantics

e Basis for analysis

e Give meaning to multi-formalismm models

e Potential for global optimization

e Basis for complex Experimentation/Debugging environments






