Problems with model re-use: set vs. sequence

DAE-set !'= DAE-sequence
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McGill, 20 November, 2000 hv@cs.mcgill.ca CS 308-767B Modelling and Simulation 1/26

Dependency Graph

+ +
oo ©

* 1

D W

—
O Q0O TOw

WNOO QO

McGill, 20 November, 2000 hv@cs.mcgill.ca CS 308-767B Modelling and Simulation 2/26



Problems with model re-use: sorting
post-order traversal depth-first search

1. find_root(s)
2. DFS(root)
DFS(node)
{
if (not_visited(node)) ‘
{
mark_visited(node)
foreach child_node of node

{
DFS(child_node)

)
) |d_||Ec|a b

print(node)
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Dependency Cycle (aka Algebraic Loop)

X = y+16
y = —X—-Z2
= 5

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

X—Y— X
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May be solved implicitly

| z=5
X—y = —6
X+y = =z

Implicit set of n equations in N unknowns.
e non-linear — non-linear residual solver.

e linear — numeric or symbolic solution.
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May be solved symbolically
(if linear and not too large)

-6 -1 1 -6
-z 1] _6-z 1 —z| 6-2
1 -1 2 1 -1 2
1 1 1 1

z = 5

x = =52

y = %%
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Simple Loop Detection

1. Build dependency matrix D
2. Calculate transitive closure D*
3. If Trueon diagonal of D*, a loop exists

Even with Warshall's algorithm, still O(n®) and don’t know immediately which
nodes involved in the loop(s).
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Tarjan’s O(n+ m) Loop Detection (1972)

1. Complete Depth First Search (DFS) on G
(possibly multiple DFS trees), postorder numbering

FOREACH v IN V
dfsNr[v] <- 0

FOREACH v IN V
| F df sNr[v] ==
DFS(v)

2. Reverse edges in the annotated G — Ggr

3. DFS on Gg starting with highest numbered v
set of vertices in each DFS tree = strong component
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Set of Algebraic Egns, no Loops

a = b’+3
b = sin(cxe)
¢ = Jd—-45
d = m/2
L e = u()
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Sorting, no Loops
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Sorting Result

d = 12
e = u()
c = d-45
b = sin(cxe)
a = b’+3
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Algebraic Loop (Cycle) Detection

a = b’+3
b = sin(cxe)
¢ = +/d—45
d = /2
e = a+u()
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Algebraic Loop (Cycle) Detection
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Algebraic Loop (Cycle) Detection Result

d = 12 d = 12
c = +d—45 c = d—45
b = sin(cxe b —sin(cxe) =
a = b*+3 a —b? -3 =
| le = a+u() S —e +u() =
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Continuous System Simulation Languages (CSSLs)

e Dblock oriented vs. equation based
e the CSi 1968 CSSL standard

e CSSL-IV, ACSL, Simulink, ADSIM/RT, ...

McGill, 20 November, 2000 hv@cs.mcgill.ca CS 308-767B Modelling and Simulation

CSSL Requirements

e Easy Model Description (equation based, block oriented)

e Integrator control:
— select integrator
— (initial) step size
— error control
— variable initialisation

— parameter setting
e Documentation of model and experiments

e Structured: model vs. experiments (re-use)
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Model Description

DX = I NTEQ F- B*X- A*DX, DX0)

X = | NTEG(DX, X0)
DX = F-B*X-A*DX
X = DX
at t =0
X = X0
DX = DX0
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“CSSL study” structure

Study (simulation experiment) Entry Point

A

Study Termination
Initial Region >

A

Dynamic Region

A\ 4

Terminal Region
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“CSSL initial region” structure

Call

3

31

Interpreter

Initial Subregion

L 1

Study Termination

—b

I

Call

3
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Integration
Initialisation
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“CSSL dynamic region” structure

—

Region
Termination
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v
Input/Output
Subregion System I/O
J
Solver —‘
Integration (integrator) |
Subregion l— Derivative
Section
I J
Solver —‘
(integrator)  —
P — Derivative
—I Section
|
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General, state-based simulation kernel
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Model-solver Architecture

experimentation
environment
(e.., parameter
input,
visulisation)

or
simulator
"hus"

(e.g., HLA)

or

SIMULATOR = solver + model

SOLVER(s)

I MODEL
dynamics

MODEL
symbolic
information
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McGill, 20 November, 2000

MSL-EXEC Model Representation

hv@cs.mcgill.ca

#include <math. h>
#include <assert.h>
#include "MSLE. h"
#include "MSLExternal.h"
#include "MsLU. h"
#include "Grcle. h"

#define _t_ IndepVarVal ues[ 0]
#define _x_out_ Qutput Var Val ues[ 0]
#define _y_out_ QutputVarVal ues[ 1]
#define _x_ DerStateVar Val ues[0]
#define _y_ DerStateVarVal ues[ 1]
#define _D x_ Derivatives[0]
#define _D_y_ Derivatives[1]

Crcledass ::

{
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CircleC ass(StringType nane_arg)
set _nane(nane_arg);
set_description("Crcle test.");

set _class_nanme("Gircled ass");

set _no_i ndep_vars(1);

set_indep_var (0, new MSLEI ndepVarC ass("t", "s"));

set _no_out put _vars(2);
set _out put _var (0, new MSLEQut put Var O ass("x_out",
set _out put _var(1, new MSLEQut put VarQ ass("y_out",

set _no_der _state_vars(2);
set_der_state_var(0, new MSLEDer StateVard ass("

X",
set _der _state_var(1, new MSLEDer StateVarC ass("y",

hv@cs.mcgill.ca
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"L0);
"L0);

"",0.1));
"t,0.1));
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set _no_i ndep_var _val ues(1);
Get | ndepVar (0) - >Li nkVal ue(t his, MSLE_I NDEP_VAR 0);

set _no_out put _var _val ues(2);
Get Qut put Var (0) - >Li nkVal ue(t his, MSLE_OUTPUT_VAR 0);
Get Qut put Var (1) - >Li nkVal ue(t hi s, MSLE_OUTPUT_VAR 1);

set_no_der_state_var_val ues(2);

Get Der St at eVar (0) - >Li nkVal ue(t his, MSLE_DER STATE VAR 0);
Get Der St at eVar (1) - >Li nkVal ue(t his, MSLE_DER STATE VAR 1);
Get Der St at eVar (0) - >Li nkl ni tial Val ue(this, 0);
Get Der StateVar (1)->Linklnitial Value(this, 1);
Get Der St at eVar (0) - >Li nkDeri vative(this, 0);
Get Der St at eVar (1) - >Li nkDerivative(this, 1);
Reset ();
}
McGill, 20 November, 2000 hv@cs.mcgill.ca

void Grcledass :: ConputeQutput(void)
{

_X_out_ = _x_;

_y_out_

}

1l
|

<
L.

void GircleCass :: Conputelnitial(void)
{
}

void Gircledass :: ConputeState(void)
{

_Dx_=_y;

Dy =-x5
}

void CircleCass :: ConputeTerm nal (void)
{
}

#undef _t
#undef _x_out _
#undef _y_out _
#undef _x
#undef _y_
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