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Multimode (aka. hybrid) systems

o Natural models for physical
phenomena

e mechanics (engagement/release of
links)

e thermodynamics (phase
(dis)appearance)

e hydraulics (opening/closing of a valve)

e electronics (switching diode/transistor)

e Fault modeling (component break)

e Reconfigurable systems ((dis)appearance

of components)



A sketch of Modelica and its semantics [Fritzson]

e Modelica = DAE + Objects
e Class = container for equations

model SimpleDrive
..Rotational.Inertia Inertial (J=0.002);
..Rotational.IdealGear IdealGearl(ratio=100)
Resistorl (R=0.2)

IdealGearl.flange_a);

6nnect (Resistorl.n, Inductoxl.p);

!

type Voltage =
Real(quantity="voltage",
unit ="v");

model Resistor
package SIunits = Modelica.SIunits;
parameter SIunits.Resistance R = 1;
SIunits.Voltage v;
..Interfaces. P; \L
..Interfaces.NegativePin nj
equation

connector\ PositivePin

0 = p.i +n.i; package SIunits = Modelica.SIunits;
. SIunits vi

vV = p.v - n.v;
v = R*p.i;
end Resistor;

flow SIunits.Current i; 2
end PositivePin;




A sketch of Modelica and its semantics [Fritzson]

e Modelica Reference v3.3:
“The semantics of the Modelica language is specified by means of a set
of rules for translating any class described in the Modelica language to a
flat Modelica structure”

e Pros:

e Semantics of continuous-time 1-mode Modelica models: Cauchy problem on the
DAE resulting from the inlining of all components

e DAE = modularity & reusability

e interconnecting components = algebraic constraints (# ODE)

model SC2
class M M m1(S=le-6,C=1le-5);
parameter Real S; M m2(S=2e-5,C=3e-5);
pammetgr Real C; equation
Real u,i; .
equation ml'l,J = mz'l,J’
C*der(u) + S*u = i; ml.i + m2.1i = 0; 3

end M; end SC2Z;



A sketch of Modelica and its semantics [Fritzson]

e Modelica supports multimode systems

X*X + y*y = 1;

der(x) + u = 0;

u = if x >= 0 then x+y else y;
when x <= 0 do reinit(x,1); end;

when y <= 0 do reinit(y,x); end;

e Cons:

e What about the semantics of multimode systems?
e Concept of solution incompletely defined

e and, unsurprisingly: Questionable simulations
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Objectives and challenges

e Handling variable structure: Take into account the mode dependency of equations
and variables in multimode DAE (mDAE) systems

e [Vodel representation: Represent structural information of multimode system in a
concise way (i.e., no mode enumeration)

e Implicit structural analysis and block-triangular decomposition: Adapt existing
algorithms so that they handle "all modes at once” (i.e., modes are not

enumerated)

To our knowledge, no similar works in the literature.
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Analysis of a multimode DAE

jlkder(wl) = -klxwl + f1;

e "Solution” 1: “forget” about the j2xder(w2) = -k2sw2 + 2;
mode dependencies (approximate @ = if g then wl-w2 else f1;
structural analysis) fl+ f2 = 0;

e ...possibly pivoting variables that “

vanish in some modes

Singular inconsistent scalar sys-
tem for f1 = ((if g then wl-w2
else 0.0)) / (-(if g then 0.0 else
1.0)) = -0.502621/-0
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Analysis of a multimode DAE

e "Solution” 1: “forget” about the
mode dependencies (approximate
structural analysis)

e ...possibly pivoting variables that
vanish in some modes

e Solution 2: enumerate all modes
(separate structural analyses)

e Patience is a virtue: 2 modes per
component = 10> modes for a
50-component system

class TrainN
import Railcar;
parameter Integer n = 50;
Railcar railcarl[nl];
Modelica.electrical.analog.Interfaces.PositivePin pin_p;
Modelica.electrical.analog.Interfaces.NegativePin pin_n;
Real vIn];
Modelica.Blocks.Interfaces.RealOutput u;
equation
connect(pin_n, railcar[n].pin_n);
for i in 1:n-1 loop
connect(railcar[i+1].pin_p,railcar[il.pin_n);
end for;
for i in 1:n loop
connect(railcar[il.v,v[il);
end for;
connect(pin_p, railcar[1].pin_p);
nxu + sum(v) = 0;

end TrainN;



Analysis of a multimode DAE

e "Solution” 1: “forget” about the
mode dependencies (approximate
structural analysis)

e ...possibly pivoting variables that
vanish in some modes

e Solution 2: enumerate all modes
(separate structural analyses)
e Patience is a virtue: 2 modes per
component = 10%® modes for a
50-component system

e Solution 3: structural analysis at
run-time



Analysis of a multimode DAE

e "Solution” 1: “forget” about the
mode dependencies (approximate
structural analysis)

O ceepoElolly (PAVOHT VETTElDles Hid e JIT compilation : index reduction,

vanish in some modes .
Dulmage-Mendelsohn decomposition

e Solution 2: enumerate all modes

and automatic differentiation
(separate structural analyses)

. . _ performed at run-time
e Patience is a virtue: 2 modes per

component = 10 modes for a e Modelyze [Broman|, Modia

50-component system [Elmquist]

e Solution 3: structural analysis at
run-time
e No diagnosis at run-time, except
basic type-checking



Analysis of a multimode DAE

Our idea:

e Symbolic structural analysis =
represent the structure of a mDAE
as functions M — N/B of the modes



Structural Analysis of DAE
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General form: F(x,x',x",...;t)=0
o x = (x1,X2,...,Xp) with x; = x;(t);
o F={f,f,..., f} set of n functions of t, and of x; and of finite number of their
derivatives.

Define o;; the highest differentiation order of x; in equation f;. The leading variables of

F are x7)

: with 0 = max; oj;. If 0; = 0, variable X; is said algebraic.
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Example: a pendulum (Cartesian coordinates)

X"+ Tx = 0 : =
(5) y'+Ty-g = 0 TA\

T is an algebraic variable : (S) can not be solved like an ODE. The Jacobian matrix

wrt. (x”,y", T) is:

1
J=1]0
0

o = O
o < X

J is singular : the system can not be solved without some transformation.
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Example: a pendulum (Cartesian coordinates)

However, if the third equation is differentiated twice:

X'+ Tx = 0 1 0 x
(S YV'+Ty-g =0  J=]0 1y
20" +2(x')2 + 2yy" +2(y')2 = 0 ze 2y O

The Jacobian J' is invertible

How can one determine automatically which equations have to be differentiated, and
how many times?
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Structural Analysis

Principles:

e structural invertibility of a matrix = almost certainly invertible when its non-zero
elements are random variables varying in a small neighborhood

e Checking structural invertibility = no determinant needs to be computed

e Retains useful information: which variables appear (with what differentiation
order) in which equation? (o : highest differentiation order of x; in f;)

e Uses graph theoretic algorithms (eg. Pantelides method)



Highlights on several methods

e Structural analysis methods:
e Pantelides (1988)
e Weighed Bipartite Graph method [Ding et al. 2008]
e > -method [Pryce 2001]
e o-v method [Chowdhry et al. 2004]

e Several implementations (Modelica tools, Mathematica...)

10
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> -matrix representation of the Pendulum

fl = x"—Tx
h = y'-Ty+g

f3 :X2+y2—l_2 i: 2 ::

Variable order:

o oo
N
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The >-method

Compute the least diff. order ¢; of equation f; st. the Jacobian is

structurally invertible
Primal problem: compute a maximal weight transverse of ¥
Dual problem: Compute the minimal solution of the linear program

(Por) : min 2= di-> ¢
J i

st. di—c = oy v(i,j) €S

with a fixed-point method using the maximal weight transverse
e ¢; = number of times equations must be differentiated

Result:
o d; = differentiation order of the leading variables in the resulting

system
12



Back to the Pendulum example
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Back to the Pendulum example

A solution to the Primal problem:

2 _
>=|- 2
0 O

0
0 0 0
_ OwawO
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Back to the Pendulum example
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o O
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o
(=T \S}
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Back to the Pendulum example
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Back to the Pendulum example

ol 2 o (8) ()
C,‘O 20
2 2 0
O w9
——
dj

Fixed-point has been reached = the
solution has been computed e

13



The IsamDAE tool and the MEL
language




MEL: a toy mDAE modeling language

e MEL: ad hoc multimode DAE systems language

14



MEL: a toy mDAE modeling language

e MEL: ad hoc multimode DAE systems language
e Not using Modelica for several reasons:
e Modelica is an overly complex language
Models with mode-dependent number of equations/variables
Declaration of invariants, excluding some modes from the structural analysis
More flexibility for future experiments & tests

14



MEL: a toy mDAE modeling language

e Boolean (mode) variables: predicates on real variables
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MEL: a toy mDAE modeling language

e Boolean (mode) variables: predicates on real variables
g : boolean = x > 1l.e-2
e |nvariants are used to narrow the structural analysis to particular modes

invariant 1liq | gas

14



MEL: a toy mDAE modeling language

e Both variables...
if !'g then xf : real end
...and equations...
el : equation 0 = if gl & !g2 then x else -y / 2.;
if gl | g2 then e2t : equation 0 = x + y end;
...can be placed in or contain if ... then ... else ... statements

14



MEL: a toy mDAE modeling language

e foreach loops and arrays, to define parametric models

foreach k in 1 .. n do
x[k] : real
done
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Example: the RLDC2 circuit

|1 a "
11 Uy
-

e Provided by M. Otter and S. E.
Mattsson

e Simple model with 4 modes, 14

equations, 14 variables
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Example: the RLDC2 circuit

e Currently not handled by Dymola &
OpenModelica:

Model error - division by zero

o
1
™~

e |deal diodes modeled as
Ry complementarity conditions

e Provided by M. Otter and S. E.
Mattsson

e Simple model with 4 modes, 14

equations, 14 variables

15



Example: the RLDC2 circuit

// Kirchhoff laws
K1 : equation O = ji+il+i2+j2; // Diode 1

K2 : equation xl1+wl = ul+vi; // pl holds iff left limit

K3 : equation ul+vl = u2+v2; // of sl is non-negative

K4 : equation u2+v2 = x2+w2; pl : boolean = last(sl);

// Resistors S1: equation s1 = if pl then il else -ul;
R1 : equation x1 = R1x%j1; Z1: equation O = if pl then ul else il;
R2 : equation x2 = R2*j2;

// Inductors // Diode 2

L1 : equation wl = Lixder(jl); // p2 holds iff left limit

L2 : equation w2 = L2xder(j2); // of s2 is non-negative

// Capacitors p2 : boolean = last(s2);

Cl : equation il = Cixder(vl); S2: equation s2 = if p2 then i2 else -u2;

C2 : equation i2 = C2*der(v2); Z2: equation O = if p2 then u2 else i2 4



Functional encoding of the structure
of a mDAE
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Encoding a model (in a nutshell)

e Warning: In this talk we do not deal with mode changes. Assume that solutions
are continuous

Everything is encoded as functions of the mode variables

BDDs (Binary Decision Diagrams) are an appropriate framework:
e Compact and canonical representation of Boolean functions as DAGs
e Efficient computations on such functions
e Integer functions: variable-length little-endian binary encoding (list of BDDs)

Negation — and equality check in O(1), other operations include:
Conjunction/disjunction: A/V
Existential quantification: Ja. f(a, b)
Universal quantification: Va. f(a, b)

e However: very sensitive to variable and computation ordering

17



Structural Analysis




Pryce’s Y-method (1/2)

Y -matrix coefficients for a single-mode DAE:

/ / /
fi(x,x',. .. 7X1(Ul’1);X2,X2 5000 ,XQ(ULZ), 500 92%095% 900 ,x,,(Ulv")) =

/ !/ !/
fa(xi,x1’, ... ,X1(U2~1),xz,xz Yo ,x2("2’2), 500 92%095% 9000 ,x,,(UZ’"))

/ !/ /
fn(X17X1 7"'7X1(Un’1)ax27x2 7"‘7X2(0n’2)7"'7xnvxn)"'7Xn((rn7n)) =0

Convention: x; does not appear in f; = 0 ; = —00
j o

18



Pryce’s Y-method (2/2)

John Pryce's two-step structural analysis method:

e Primal problem: search for a HVT e Dual problem: find the solution
(Highest-Value Transversal) (ciy...,¢n,d1,...,dy) of a Linear
e it is a maximum-weight perfect Programming problem
matching between the equations e solved thanks to a fixpoint
and variables of the DAE iteration

Result: "solve equations f;(5) for leading variables x;(¢)"
+ HVT used for scheduling computations

19



Multimode structural analysis ¥-method (1/4)

> -matrix coefficients for a single-mode DAE:

/ !/ /
f(x,xi’,. .. xi(T1im) o 0! xoleram) e x, ,x,,(‘jlv”v'”)) =0
/ / /
fa(x1, x1’, ... xi(021m) o 0! xol022m) e x,) ,x,,(‘72»”>m)) =0
/ / /
fo(x,x1/,. .. ,xl(""vl’m),xz,xz e ,x2(‘7"v2~'"), 200 08%00 5% g 0 0 ¢ 7x,,(""’"«r’")) =0
Convention: x; does not appear in f; in mode m implies 0 , = —o0

Auxiliary functions: xy; - M x| — B, x;: MxJ—Band xe : M X E — B
characteristic functions of the set of active equations, variables and incidence edges

20



Multimode structural analysis (2/4)

The primal problem is solved in the following way:
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Multimode structural analysis (2/4)

The primal problem is solved in the following way:

e Encode constraints as functions M — B
e (i1 "an active equation must be matched to a variable”

0

e v: "..and vice-versa”
e T: "an edge can only be part of a matching if it is active”

e X :=T A pu A v describes all perfect matchings in all modes
e Apply a (parametrized) ArgMax operator using edge weights

= only keep maximum weight perfect matchings

21



Parameterized argmax algorithm (3/4)

Problem:

Given ¢ and (wg)k—o..ny—1, COmpute:

Y = ArgMaxp(w ) = {X=(x), .yl ¢(X) and w(x) maximal}

Algorithm:
maxbi(y) = v A (7 < wy) with:
T = 3\7, A Wi
(4 = o
(7 = maxby(Yky1) for all k < N

YN = ¢

22



Multimode structural analysis (4/4)

The dual problem is solved by " parametrizing” everything
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Multimode structural analysis (4/4)

The dual problem is solved by " parametrizing” everything

e Standard (single-mode) fixpoint iteration:
vj, dJ = max,'(a,-j +¢)
VI', Ci < dj,-_o'i.J,'
with all ¢;'s and d;’s initialized to 0
e Parametrized (multimode) fixpoint iteration:

Vj, d; = if xy(j) then m(qx_) {if xe(e) then o+ ¢; else 0} else O
e=\lJ
M—N
Vi, ¢ = if xs(i) then m(a_x_) {if (xs(4) A T(e)) then d; — o;j else c;} else 0
e=(i,j
M—N

with all ¢i's and d;'s initialized to zero functions
23
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Our results

Good news: everything works as it should
e Same results in every mode as with standard structural analysis, but
way faster
e Detection and diagnosis of modes in which the system is structurally
singular (a list of equations and variables that cannot be consistently matched
is returned)
”"Bad” news: everything works as it should...
e Numerical singularities are (by definition) unseen by structural
analysis

24



Dependencies and scheduling




Dependency graph

e (Single-mode) Dependency graph:
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e (Single-mode) Dependency graph: av@
saturated edges are directed .
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Dependency graph

e (Single-mode) Dependency graph:
saturated edges are directed
e /-~ / for an edge in the chosen
transversal

G@@lﬁ
®» @ ®
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Dependency graph
e (Single-mode) Dependency graph: . .

saturated edges are directed

e |/~ j for an edge in the chosen
transversal

e | ~~ | for other edges
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Dependency graph

e (Single-mode) Dependency graph: av@

saturated edges are directed

e j ~~ j for an edge in the chosen
transversal
e j ~» | for other edges

e Symbolic translation is quite e

straightforward

23



Computing the SCCs

e Strongly Connected Components:
minimal blocks of equations for the

numerical solving
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e Standard tool: Tarjan's algorithm
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Computing the SCCs

e Strongly Connected Components:
minimal blocks of equations for the
numerical solving

e Standard tool: Tarjan's algorithm

e Not suited in multimode:
depth-first search approach can
require the enumeration of modes
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e Parametrizing the naive approach:
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Computing the SCCs

e Parametrizing the naive approach:

e Equation dependency graph:
(f~g) = (f ~x)A(x~ g)
e Transitive closure:
(f ~ g) A (g~ h)= (f ~ h);
iterate until convergence
(pretty inexpensive with adapted data

structures)
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Computing the SCCs

e Parametrizing the naive approach:

e Equation dependency graph:
(F ) & (F~x) A (x ~ g)

e Transitive closure:
(f ~ g) A (g~ h) = (f ~ h);
iterate until convergence
(pretty inexpensive with adapted data
structures)

e SCCs:
g € SCC(f) = (f ~ g) A (g ~ )
Equivalence relation, i.e., function
MxExXE—B
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Mode-dependent scheduling graph

e Several "splitting” steps:
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Mode-dependent scheduling graph

e Several "splitting” steps:
e Create the equation blocks (i.e., SCCs; implicitly declared until this step)
e Give each equation its differentiation order ¢;
e Look at the inputs and outputs of the block (essential for code generation)

e Not computationally expensive, actually:

e Blocks tend to be localized, i.e., a few mode variables are involved for each block

e Check the dependencies between the blocks

27



The RLDC2 example




The RLDC2 example
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The RLDC2 example

e Conditional block dependency graph
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The RLDC2 example

e Strong mode dependency on equation
blocks and their structure

When both diodes are passing'

{(H Cy, K1, K4} — {iy,ia, 0], 112}‘

‘Rlﬁzl}—){lx}awl}—){haj{
‘Rgax2H1{4aw2HLgajg

28



The RLDC2 example

e Strong mode dependency on equation
blocks and their structure

When both diodes are blocking:

! !
‘Zl — 4

’Zé—)lé ‘Rlﬁdil‘ RQ%IQ‘

N\

I{K17K27K37K4-,L1,L2} — {1, Jg, ur, uz, wi, wa} ‘

§
11
11
A
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The RLDC2 example

e Strong mode dependency on equation
blocks and their structure

When both diodes are blocking:

! !
‘Zl — 4

’Zé—)lé ‘Rlﬁdil‘ RQ%IQ‘

N\

I{K17K27K37K4-,L1,L2} — {1, Jg, ur, uz, wi, wa} ‘

§
11
11
A
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Executing the RLDC2 model (1/2)

sv [ T T T T T T 1] W IITTITT T T T TITT]
I 21 )2 uy u2 Vi V2 I 2 J1 2 S1 %2 uy u2 Vi V2 w1 w2 X1 X2
e Fixed-size state vector with all e Fixed-size leading variables vector:
possible state variables one per variable
e maximal values of the d;’s e actual d; implied (given by the block
throughout the modes are known dependency graph)

Here, simulation is performed on two threads with shared memory; no assumption
about a strategy for picking the next block to solve
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Executing the RLDC2 model (2/2)

[ N BT R

Thread 1:

4 /
Z] — uy

Thread 2:

! /
Zy — Uy

Vi v ok i 2 st S

! /

uz v V2

wip w2 X1 X2

! /
Z5 — U

{G, G, K1, K5} — {1, b, vi, v3}

N

/|

51— 95 S — s
R1—>X1 K2—>W1 Ll —>j{
R2 — X2 K4 — W9 L2 %jé
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Executing the RLDC2 model (2/2)

SV [ [ el [ = [+ v [T I T [ [ [ [ []

nooj o2 U U2 V1w i J1 2 S1 S22 U U Vi va owp W2 X1 X2

Thread 1: 2 2

{G, G, K1, K5} — {1, b, vi, v3}
Zi = uy / \
51— 95 S — s
Thread 2:
R — x1 Ky = wy Ly _>./{
Zé-)Ué Ry — xo Ky — wo L %jé
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Executing the RLDC2 model (2/2)

SV [ [ el [ = [+ v [T LI« [ [ [ [ []

TR
o2 J1 Jo U U vi W n n ja 2 s 52 U U vi V2 W W2 X1 X2

Zb — U
Thread 1:

{G, G, K1, K5} — {1, b, vi, v3}

jl:R1—>X1 / \

51 — S1 52 — S
Thread 2:
R — x1 Ky = wy Ly _>./{
! /
ZZHU2 Ry — xo Ky — wo L %jé
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Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] vl T T T DL I0« [ [ [ [+ ]
o2 i j2 Ul U2 viow koSt U W viovaowi oW X1 X
Thread 1:
j12 R]_ —>X1 {C]_,CQ,Kl,Ké}*){I’]_,I’Q,V]/_,Vé}
Thread 2: 51— s1 S5 — 5
Rlﬂxl K2*>W1 L1 —>ji

o / L. Ry — x Ky — w Lo — j
juis iy { G, G, Ki, K — {in, i, vi, v } 2 2 4 ” 270 02]




Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] v T T DL Ix0« [ [ [ [*]+]
o2 i j2 Ul U2 viow koSt U W viovaowi oW X1 X
Thread 1:
jQI R2 —>X2 {C]_,CQ,Kl,Ké}*){I’]_,I’Q,V]/_,Vé}
Thread 2: 51— s1 S5 — 5
K2 — Wi L1 —>ji

o / L. R, — x Ky — w Lo — j
juis iy { G, G, Ki, K — {in, i, vi, v } 2 2 4 ” 270 02]




Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] v DT LTI+ [ [ [x]+]
o2 i j2 Ul U2 viow koSt U W viovaowi oW X1 X
Thread 1:
Uy, Vi, X1 & K2 — Wi {Clv C27 K17 Ké} — {ila 1'27 V]/_7 Vé}
Thread 2: S1— s S5 — 5
K2 — Wi L1 —>ji

.o / N AN Ky — w Ly — j4
gy { G, G, Ki, K — {in, i, vi, v } 4 2 270 02]




Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] LV [ [« T [ T Il fx[x[x] [x]+]
o2 i j2 Ul U2 viow iR 12 S1 S U Uy v ovhowr wa X1 X
Thread 1:
Uy, Vo, X2 & K4 — W {Clv C27 K17 Ké} — {ila 1'27 V]/_7 Vé}
Thread 2: S1— s S5 — 5
Ly —ji

.. / e Ky — w. Ly — j}
sy, uy s {Cr, Gy K1, K3} — {1, i2, vi, Vo } ¢ 2 27 R] 4




Executing the RLDC2 model (2/2)

SV [ [ el [ = [+ LV [e [« [ [ [ [#felsfx[x]#]x]+]

o2 i j2 Ul U2 viow R S R - S S S T S S V1V S 1 S R O

Thread 1:

Up, Vo, Xo : K4 — W

51— 95 S — s
Thread 2:
Ly —ji
Wl:L]_ —>_/{ Ky — wo L2‘>J'é
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Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] LV [ [ [ [ T T [x [ [ [ [ +]

o2 i j2 Ul U2 viow iR Ji o S1 S U u Vi vy owp wr XI Xp
Thread 1:
W2:L2_>_jé

51—)51 52—)52

Thread 2:

Ly —ji

wi: L1 — jj Ly — jb
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Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] LV [ [ [ o [ T T [ [a [ [ [ [ +]
o2 i j2 Ul U2 viow o Ji 5 st S U uh v vy owp wr X1 Xp
Thread 1:
W2:L2—>_jé
51— 95 S — s
Thread 2:
h:S1— s L2%jé
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Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] LV [ [ [ [ [ [ T [ [a [ [ [ [ [ +]
b i f2 w1 U2 oviov2 iR jioJp S1os2 U uy vpoviowr wa X1 X
Thread 1:
i2:52—>52
51— 95 S — s
Thread 2:
i1:51—>51

30



Executing the RLDC2 model (2/2)

sv. [ [ [-[-T-T] LV [ [ [ [ [ [ [ [ [ [ [ [ [ [+ ]
b i f2 w1 U2 oviov2 iR jioJp S1os2 U uy vpoviowr wa X1 X
Thread 1:
i2:52—>52
52—)52
Thread 2:
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Executing the RLDC2 model (2/2)

S.V.‘ ‘ ‘*‘*‘*‘*‘*‘*‘ L.V.‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘
i1 f2 j1 j2 uy up %% 1%} /1 f2 Jl’ JZ, (S S U/l Llé Vl’ V»i, w1 Wy X1 X2
Thread 1:
Thread 2:
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Scalability




A thermal model of an office building

I! ‘ﬁﬁ
[ I I )
1 2 N-1 N
L/ J
1 2 N 1 N

Two variants:
e Incompressible air: singular when all doors
closed and does not scale up

e Compressible air: scales up (number of blocks
linear in N)

bulding_restrict

Blocks =+ =
Time () ——

Blocks =+ =
Time () ——
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Conclusion




Conclusion

Results:

Structural analysis methods for multimode DAE systems

Extending Pryce's > -method

Index reduction for all modes, with no mode enumeration

Handles varying dimension, varying structure, varying index systems

Software: |samDAE https://allgol8.inria.fr/apps/isamdae
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Conclusion

IsamDAE:

e Implementation in OCaml based on Arlen Cox's MLBDD package

280

e Tested on moderately large models (103 equations, modes)

e Please try the web version https://allgol18.inria.fr/apps/isamdae
e To do:
e Structural analysis of mode changes (strong assumption: logico-numerical fixed-point
equations are rejected, ie. requires infinitesimal delay between guard and equation)
e Detecting impulsive mode changes
e Interfacing with Dymola (collab. with Dassault Systemes)
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Conclusion

Open questions:

e Compositional structural analysis (divide and conquer approach) exploiting the
topology of the model

e Handling linear equations with integer coefficients (connectors, Kirchhoff
equations...)

e Understanding the relationship btw. mDAE and Complementarity Systems
(Christelle Kozaily's PhD work)
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ModeliScale

Thank you

Questions?
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