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Debugging a Modelica model

v

Many things influence simulation

v

No unique translation of equations to executable code

v

Selection of state variables

v

Sorting, matching

Numerical methods

v

v

Mapping errors back to source code



Creating a model with an error

model ChatteringEventsl "Exhibits chattering after t =
0.5, with generated events"

Real x(start =

Real y;

Real z;
equation

1, fixed = true);

z = if x > 0 then -1 else 1;

y = 2 % z;
der(x) = y;

annotation(Documentation(info = "<html>

<p>After t = 0.5,
discontinuity
equation. </p>

<p>Chattering can
spaced events

chattering takes place, due to the
in the right hand side of the first

be detected because lots of tightly
are generated. The feedback to the user

should allow to identify the equation from which the

zero crossing

function that generates the events

originates. </p>
</html>"), experiment(StopTime = 1));
end ChatteringEventsli;



Simulating models with errors

v

No error-message

v

Cryptic error-message
Simulation progressing
slowly
» Even fixed-step Euler
solver is affected!

v

v

Debugging is
time-consuming




Simulating models with errors

» No error-message

» Cryptic error-message

» Simulation progressing
slowly

» Even fixed-step Euler
solver is affected!

» Debugging is
time-consuming

» You might not even find
the error



Compiler generates XML of performed transformations

<solved>
<lhs>revolute2.frame_b.t[2]</1lhs>
<rhs>-0</rhs>
</solved>
<simplify>
<before>-revolute2.frame_b.t[2] = 0.2929079999999999 *
0.0 + 0.008315999999999999 * boxBody2.body.w_al[3] =*
0.0 + 0.25 * -0 + -0.2929079999999999 * 0.0 =*
boxBody2.body.w_a[3]</before>

<after>-revolute2.frame_b.t[2] = 0.0</after>
</simplify>
<!-- most things snipped -->
<flattening>

<original>frame_a.t = I * z_a + cross(w_a, I * w_a) +

cross(r_CM, frame_a.f);</original>
<flattened>boxBody2.body.frame_a.t[2] = boxBody2.body.I
[2,1] * ... - boxBody2.body.r_CM[1] * boxBody2.body.
frame_a.f[3];</flattened>
</flattening>



Simulating a model with an error

Running Simulation of Debugging.Chattering.ChatteringEvents1.
Please wait for a while.

Cancel Simulation

@ OMEdit - Debugging.Chattering.ChatteringEvents1 Simulation Output - 0O &

Output | Compilation ]

/tmp/OpenMedelica/0MEdit/Debugging.Chattering.ChatteringEventsl —
port=50212 -logFormat=xml -w -1v=LOG_STATS

stdout | info | Chattering detected around time
0.500000005..0.500000995001 (100 state events in a row with a total time
delta less than the step size 0.002). This can be a performance
bottleneck. Use -1lv LOG EVENTS for more information. The zero-crossing

was: x » 0.0 D%g more




The Transformations Browser

© OMEdit - Transformational Debugger -oi@
= }nmr\K‘ JOMEditDebugging Chatiering C i _infoxmi
[Variables | [Source Browser
[Variables Browser Defined In Equations [Used In Equations | /Debugging.mo
Find Variables Inc | Type Equation inc/ | Type Equation |[ % package Chattering -]
I” Case Sensitive [ReguiarExpression | [T inigal  (assign_tse 10 |:2 intial  (assign. 20z "Models with )
Expand All ‘ Collapse All | 4 reguiar (assign._lse10 5 regular (assign.20°z chattering behaviour
Variabl [e t [ ine | z model
e =L 0 ChatteringEventsl
* T 6 "Exhibits
¥ e | chattering after t =
Operations | 0.5, w%th generated
events
7 Real x(start=1,
fixed=true);
Real y;
.\ 0| 9 Real z;
10 equation
Equations Il 11 z=if x>0
Equations Browser | [Defines | [Depends | then -1 else 1:
H

[pe | Variable Variable 12 y = 2%z;
1 initial (assignm __else 1.0 x 13 der(x) = vy;

2 initial (assignm__.20°z 14 annotation
3 iniial  (assignm._r(x)=y (I;ocwentauon(lnfo: "
<html>
4 reqular  (assignm...
5 . So- 15 <p>After t = 0.5,
reQuiar  (assianm...20°2  [Eyiion Graraiions | chattering takes

6 requiar (assignm..=Y [l | place, due to the
I:so\ved Zz=i1x= 00 hen1 else 10 discontinuity in the
original: z=ifx > 0 then -1 else 1; => flattiened:z = ifx > 0.0 then -1 else 1.0; ;ighﬁlcggd side of

equation.</p>
<p>Chattering can be ~|

1

o




The Transformations Browser (Overview

© omest-Tmtomstionsioebusger
5 [FroomriosshcioNEaiDsbussg rating GabengEvrs ]

[T
e e omearivnesnS oot e e
Toe e | o P B ] wackege ChotterIng “Todets Vit chatterTny benavTouT
o Erreson i asmopmenz=7_GomenTeseto T2 onar  sonmenty =207 5 ChatteringEver
Eowin | compmnt © i ey 20 6 Exibi s chaitering after t = 0.5, with generated events

e o o e 7 Real x(start-1, fixed-true);
8 cal y;

o Poner e H S

y o noner_nome 10 equation
1| z=if x>0 then -1else 1;
12 y =202
B der(x)

anmotation’ Oocunentation(intos-chtat>
15 <arrer s o3, Chatrering takes place, dve to the discontinulty in the right
Cauat

n 9 >
16 <p>Chattering can be detected because Lots of Lightly spaced events are generated
The feq d allow to identify the equation from which the zero
crossing function that generates the events originates.</p:
17 </htn1>"), experiment(StopTise=1));
nd ChatteringEventsl;

o Gy
=

nodel ChatteringFvents2
"Exbibits chattering after = 0.422, with genersted cvents’
ey

8
= 9
30
= o
cpeatter 0.5, chottering takes Diace. e to the discontinuity fn the right
hand side of the second equation.</p>
5 pachattering can be detected becasbe lots of tightly spaced events are generated
The feedback to the user should allow Lo Ldentify the equalion from which the zero
Crossing function that generates the events originates.</p:
P 54 </hml>"), experisent(StopTime=1));
o end ChatteringEvents2;
) mogel ChatteringNoEventsl
38 “Exhibits chattering after T = 0.5, without generated events”
39 . fixedstrue);
0
a1
operaions 7|
sovedz=e>00men1 Pl /mEven(Uf X >0 then -1 else 1);
orginal == 1 sk 1= St = 100 -1 s 10 4
o

er

amnotation’ (docunentation(ints

17 cpmareor v o678, natiering takes piacer Sue to the disconcinuity in the rignt
hand side of the first equation. he discontinuily does nol generate state events,
<hanks to the noFvent operator.</p>

48 <pIf a variable-step-size integration algorithn with error control is used
Thre step wATt he-renuced 1o very shat1 vatues ance the Gracontinty 15 hit, ‘ond
this can be detected by monitoring the value of time at each time step.</p:

49 <p>Variable step size solvers usually allow to identify which state variable(s)




The Transformations Browser (Nonlinear system)

Equations
[Equations Browser |
Ind Type | Equation lﬂ
(16 regular (assignment) p1 = dp_valve + p2
17 regular  (assignment)sqrt_dp = DIVISION(dp_valve, (dp_valve * 2.0 + __kfiestsuil 1gging/Debugging mo Line: 1457)
18 regular  (assignment)w_pump =Kv* sqrt_dp
19 regular  (assignment) dp_pump = p1 - patm
F20 regular (residual,dp_pump +al *w_pump * 2.0 - dp0)
= 21 regular  (nonlinear)
_ regular  (assignment) p1 = dp_valve + p2
_ regular  (assignment) sqrt_dp = DIVISION(dp_valve, (dp_valve * 2 0 +___kfestsuite/openmodelica/debugging/Debugging mo Line: 1457)
. regular  (assignment) w_pump = Kv * sgrt_dp
. regular  (assignment) dp_pump = p1 - patm
. regular  (residual,dp_pump +al *w_pump * 2.0 - dp0)
22 regular (assignment)W=a2 +a3*w_pump
23 regular  (assignment) h1 = DIVISION(W - (-w_pump) * h0, w_pump, #SHARED_LITERAL _2(String}#)
24 regular  (assignment) T1 = DIVISION(h1 - (-cp) * Tref, cp, #SHARED_LITERAL _3(String)#)
25 regular  (assignment) der(y) = DIVISION({w_extra + w_pump, rho * A, #SHARED_LITERAL _4(String)#)
-26 regular (assignment)eta = dp_pump * DIVISION(w_pump, W * rho, #SHARED_LITERAL_5(String)#)
(27 par._ter (assignment)tau=1.0
28 par_ter (assignment)h0 =ep* (TO - Tref)
29 par.ter (statement) assert(Tref=>= 0.0, "Variable Tref out of [min, max] interval: Tref >= 0.0 has value: " + String(Tref, "g"));
[-30 par.ter (statement) assertirho >=0.0, "Variable rho out of [min, max]interval: rho == 0.0 has value: " + String(rho, "g"));
31 par.ter (statement)assert(TO ==0.0, "Variable T0 out of [min, max]interval: TO >= 0.0 has value: " + String(T0, "g"));
=32 par_ter (statement)assert(T1 >=0.0, "Variable T1 out of [min, max]interval: T1 >=0.0 has value: " + String(T1, "g"));




Integration of Tools

» OpenModelica Compiler, info.xml files
» Simulation executables, xml output format

» OMEdit, reads simulation output and info.xml. Generates and
opens the correct view



Future Work

v

More specialised views (nonlinear/etc)

Better diffs (colour-coded/etc)

v

v

Trace more operations (tearing/etc)

v

Integration with plotting / result-files

v

Integration with the profiler






