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Motivation for Initialization

—— foxes —— rabbits

ordinary differential equations R
* initial value problem 1

high-level description of parameters SN

high-level descripton of discrete variables -
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Modelica and Initialization

model InitSampleModel > L] L]
Resistor R1(R=270); i )

Resistor R2(R=470);
Capacitor C(C=1le-6);
Inductor L(L=1e-3); a T
Vsource A(U(fixed=false, start=1));
Ground g;

initial equation ulA _I_ L1

der(L.il) = 0;
der(C.v) = 0;
Rl.v = 2;

equation
connect(A.p, Rl.p);
connect(A.p, R2.p);
connect(A.n, C.n); ]
connect(A.n, L.n); GD
connect(A.n, g.p);
connect(Rl.n, C.p);
connect(R2.p, L.p);

end InitSampleModel;
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Modelica and Initialization

model InitSampleModel ,
Resistor R1(R=270);
Resistor R2(R=470);

initial equation

Capacitor C(C=le-6); ¢ 1initial algorithm
Inductor L(L=1le-3);
Vsource A(U(fixed=false, start=1)); ® initial()
Ground g;
initial equation * homotopy(..)
der(L.il) = 0;
Ei'fﬁc;vi; % * variable-attributes
equation .
connect(A.p, R1.p); * fixed
connect(A.p, R2.p); e <tart
connect(A.n, C.n);
connect(A.n, L.n); * nominal
connect(A.n, g.p);
connect(R1l.n, C.p); * min/max

connect(R2.p, L.p);
end InitSampleModel;
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Mathematical Representation

name |description ______________ 0 = Fx(0), 1(1), y(0), (), &P (£, p, )

t vector of all states

vector of all derived states

vector of all algebraic variables z(t) = f(x(1),d(t),dP™(t,), p, t)
_ _ s z(t) = f(a), d(t), p/xed, t)
vector of all discrete variables

vector of all parameters

simulation time
0 = res = H(x(to), x(to), ¥y (to), d(to), dP™ (o), p, to)

initialization time o 0 ~ res 1= H(a) 2(ty), d(ty), pflxed ¢ )

p = (pfixed pfree)T
w = (x(t)) pITee dPTe(tp)’
@) ye)'
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Mathematical Representation

Non-linear System of Equations Non-linear Optimization

0 L (FGxCEo) #to). (ko) o) 7 (o) o) min. f(o,2(60), d(tg), 4P (60), /%%, t)
H(x(to), x(to), y(to), d(ty), dP"¢(t), p, to) w,z(to)

s.t.
g(w, z(to), d(ty), dP™ (to), p/**%, t,) = 0
wmm < W < wmax
me < 7 < Zmax

p = ( pfree)T
w = (x(tp) p/7e dPT(t))"
z(t) = (

x(t) y@®)'
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Mathematical Representation

Non-linear System of Equations Non-linear Optimization

O;I:I\ 2(ts), d(ty), fixed’t _ . . 2
(w,z(to), d(to), p 0) min {Z Hi(w,2(to), d(to), p ™%, to) } -0
l

with i _
z(ty) = f(w; d(ty), p/t*ed, to) s.t.

z(to) = f(w,d(ty), p7™%, tp)
wmin <w< wMax

p = ( pfree)T
w = (x(ty) pITe dPT(¢)"
z(t) = (

x(t) y@®)'
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Numerical Method

Example [-iim=numeric -iom=nelder_mead_ex]

model forest -
Real foxes; 1
Real rabbits; “
Real population; 2007
Real value; N .

[.]

initial equation ]
der(foxes) = 20; 210
value = 11000;

equation 160
der(rabbits) = rabbits*g r - rabbits*foxes*d rf; o
der(foxes) = -foxes*d f + rabbits*foxes*d rf*g fr;
population = foxes+rabbits; "
value = priceFox*foxes + priceRabbit*rabbits; ‘0-
end forest; 5

04/02/2013 Initialization within OpenModelica



Numerical Method

—— foxes —— rabbits
1200

Wl Hopulation = 847.078

Example [-iim=numeric -iom=nelder_mead_ex]

model forest
Real foxes;
Real rabbits;

Real population(start=350); ]
Real value; o —_
[..]

initial equation ]
der(foxes) = 20; il population =~ 308.522
value = 11000; 1

equation
der(rabbits) = rabbits*g r - rabbits*foxes*d rf;
der(foxes) = -foxes*d f + rabbits*foxes*d rf*g fr;
population = foxes+rabbits;
value = priceFox*foxes + priceRabbit*rabbits;
end forest; 5
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Numerical Method

—o—rabbits —#—foxes -4 population

Global Homotopy
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Global Homotopy

——— Real population(start=350);

Numerical Method

——— Real population(start=850);
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Symbolic Method

model forest ‘ der(rabbits) J ‘ f1 J
Real foxes;
Real rabbits; - . r .
Real population; der(foxes) £2
Real value; ) g \ J
[...] - \ p .
population f3
initial equation h / \ J
der(foxes) = 20; p | p .
value = 11000; value fa

equation
f1 der(rabbits)

rabbits*g r - rabbits*foxes*d_rf;

2 der(foxes) -foxes*d f + rabbits*foxes*d rf*g fr;

f3 population foxes+rabbits;

4 value = priceFox*foxes + priceRabbit*rabbits;
end forest;
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Symbolic Method

model forest ‘ der(rabbits) ) f1 )
Real foxes;
Real rabbits; r ) «
Real population; der(foxes) f2
Real value; ) ’ // ’
[..] . \ . \
population f3
initial equation ) ’ ) ’
il der(foxes) = 20; - | - .
i2  value = 11000; value f4
equation p N p N
f1 der(rabbits) = rabbits*g r - rabbits*foxes*d rf; foxes il
f2 der(foxes) = -foxes*d_f + rabbits*foxes*d_rf*g fr; b g - g
f3 population = foxes+rabbits; ) . r .
f4 value = priceFox*foxes + priceRabbit*rabbits; rabbits i2
end forest; - / \ J
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Symbolic Method

model forest ‘ der(rabbits) ) f1 )
Real foxes;
Real rabbits; r ) «
Real population; der(foxes) f2
Real value; ) ’ // ’
[..] . \ . \
population f3
initial equation ) ’ ) ’
il der(foxes) = 20; - | - .
i2  value = 11000; value f4
equation p N p N
f1 der(rabbits) = rabbits*g r - rabbits*foxes*d rf; foxes il
f2 der(foxes) = -foxes*d_f + rabbits*foxes*d_rf*g fr; b g - g
f3 population = foxes+rabbits; ) . r .
f4 value = priceFox*foxes + priceRabbit*rabbits; rabbits i2
end forest; - / \ J
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Symbolic Method

model forest
Real foxes;
Real rabbits;

Real population; [ value | i2 ]—P[ rabbits | f4 der(rabbits) | fl]
Real value;
1 l T

initial equation [der(foxes) | il ]—b[ foxes | f2 population | f3]

il der(foxes) = 20;
i2 value = 11000;

equation
f1 der(rabbits)

rabbits*g r - rabbits*foxes*d_rf;

2 der(foxes) -foxes*d f + rabbits*foxes*d rf*g fr;

f3 population foxes+rabbits;

4 value = priceFox*foxes + priceRabbit*rabbits;
end forest;
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Symbolic Method

Example 2

model InitWhenModel

Real lastTime;

Real interval(start=0);

Boolean condition(start=false, fixed=true);
Integer counter(start=0);

equation

condition = time - pre(lastTime) >= interval;
when condition then

lastTime = time;

counter = pre(counter) + 1;

interval = pre(interval) + counter;
end when;

end InitWhenModel;
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Symbolic Method

Example 2 Discrete Initialization

pre(condition) = false; // start-expression

model InitWhenModel - -
lastTime = pre(lastTime);
Real lastTime;

Real interval(start=0);

Boolean condition(start=false, fixed=true);
Integer counter(start=0);

counter = pre(counter)

interval = pre(interval)

equation

condition = time - pre(lastTime) >= interval;
when condition then .
lastTime = time;

counter = pre(counter) + 1; =
interval = pre(interval) + counter;
end when; _

end InitWhenModel;
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Symbolic Method

Example 2 Initial System - under-determined

pre(condition) = false; // start-expression

model InitWhenModel . )
lastTime = pre(lastTime);
Real lastTime;

Real interval(start=0);

Boolean condition(start=false, fixed=true);
Integer counter(start=0);

counter = pre(counter)
interval = pre(interval)
equation condition = time - pre(lastTime) >= interval; // true

condition = time - pre(lastTime) >= interval;
when condition then

lastTime = time;

counter = pre(counter) + 1;

interval = pre(interval) + counter;
end when;

end InitWhenModel;
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Symbolic Method

Example 2 Initial System - under-determined

pre(condition) = false; // start-expression

model InitWhenModel . )
lastTime = pre(lastTime);

Real lastTime;

Real interval(start=0); counter = pre(counter)
Boolean condition(start=false, fixed=true);
Integer counter(start=0); interval = pre(interval)
equation condition = time - pre(lastTime) >= interval; // true

condition = time - pre(lastTime) >= interval;

when condition then o .
lastTime = time; Additional Information needed
counter = pre(counter) + 1;

interval = pre(interval) + counter;
end when;

lastTime(fixed=true)

end InitWhenModel; counter(fixed=true)

Interval(fixed=true)
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bolic Method

Sym

Example 2 RINEINYA

model InitWhenModel

Real lastTime(fixed=true);

Real interval(start=0, fixed=true);
Boolean condition(start=false, fixed=true);
Integer counter(start=0, fixed=true);

equation

condition = time - pre(lastTime) >= interval;
when condition then

lastTime = time;

counter = pre(counter) + 1;

interval = pre(interval) + counter;
end when;

end InitWhenModel;

04/02/2013

pre(lastTime) = 0.0; // start-expression

pre(interval) = 0.9; // start-expression
pre(condition) = false; // start-expression

pre(counter) = 0; // start-expression

condition = time - pre(lastTime) >= interval; // true
lastTime = pre(lastTime);
counter = pre(counter)

interval = pre(interval)
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Symbolic Method

Example 2 Initial System

pre(condition) = false; // start-expression

model InitWhenModel oo ) ) .
condition = time - pre(lastTime) >= interval; // true

Real lastTime;

Real interval(start=0); lastTime = time;

Boolean condition(start=false, fixed=true);

Integer counter(start=e); counter = pre(counter) + 1;
equation interval = pre(interval) + counter;

condition = time - pre(lastTime) >= interval;

when {initial(), condition} then w .
lastTime = time; Additional Information needed
counter = pre(counter) + 1;

interval = pre(interval) + counter;
end when;

lastTime(fixed=true)

end InitWhenModel; counter(fixed=true)

Interval(fixed=true)
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Conclusion and Outlook




Initialization within OpenModelica

Conclusion

* numeric method is not useable for

discrete system-parts

* global-homotopy is quite user-intuitive

* symbolic method is very fast and

accurate
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Initialization within OpenModelica

* humeric method is not useable for * introduce the global-homotopy-benefit
discrete system-parts within the symbolic method

* global-homotopy is quite user-intuitive * introduce handling for over-determined

* symbolic method is very fast and systems into the symbolic method

accurate

04/02/2013 Initialization within OpenModelica



Questions?
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