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Need for Debugging Tools
Map Low vs High Abstraction Level

A major part of the total cost of software projects
IS due to testing and debugging
e US-Study 2002:
Software errors cost the US economy annually ~60 Billion $

 Problem: Large Gap in Abstraction Level
from Equations to Executable Code
« Example error message (hard to understand)
Error solving nonlinear system 132
time = 0.002
residual[0] = 0.288956
x[0] = 1.105149
residual[1] = 17.000400
X[1] = 1.248448
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Model Compiler Translation Phases
Extended with Debugging

Normal Translation Process

Modelica
* Include debugging support S@TMM -
within the translation process —c
i} <_______I_:_I:s_l'E_ModeI
Analyzer
i}‘_______:?;gr_t_ed equations
Optimizer
@‘_______Qggi_mized sorted
equations
Code
Generator
@<------_9_9?de
C Compiler
i} 4_______IE:(_(?fz_utabIe
Simulation
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Model Compiler Translation Phases

Extended with Debugging

« Additional step to
provide needed
debugging information

Debugging Translation
Process Additional Steps

Normal Translation Process

Modelica
Source Code
L Modelica model
Save element position ! | e
Translator
Save element origin Flat Model
(model and position) I —
Analyzer
Save equation elements origin Sorted equations
(model and position) I | S
Optimizer
Save the optimizer Optimized sorted
transformations changes et .
equations
Code
Generator
Save all the available C Code
origin information I | mmmmmmmmmme-
C Compiler
Executable with all the Executable
available origin information I | mmmmmmmmmmme-
Simulation with run-time Si lati
debugging functionality Imulation
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Example Symbolic Transformations
with Compiler Debug Trace

« Complicated to understand source of some errors
 Efficient trace of transformations

Example: 0 =y + der(x * time * z);

(1) substitution:
y + der(x * (time * 2))
=>
y + der(x * (time * 1.0))
(2) simplify:
y + der(x * (time * 1.0))
=>
y + der(x * time)

z=1.0;
(3) expand derivative
(symbolic diff):
y + der(x * time)
=>
y + (X + der(x) * time)
(4) solve:
0.0 =y + (X + der(x) * time)
=>
der(x) = ((-y) - xX) / time

5
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Properties of Transformation Trace

MSL 3.1 MultiBody DoublePendulum
#0Ops Frequency  Comment

= Most equations have very few 457 Parameters

transformations on them 1 89 Dummy eq & know var
2 720 Alias vars
« Most of the interesting 3 479 Alias vars
equations have a few 4 124 Alias after simplify
- Still rather readable > 2 Alias after simplity
6 99 Alias after simplify
- Some extra care to handle ’ > SLAEE
. . . ; 8 37
Modelica variable aliasing o 0
.. ; . 10 72
= Very efficient implementation, o
max 1% overhead . o
13 35
14 3 Known constant after many replacements
21 27 World object (3x3 matrix with many

occurances of aliased vars)
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OpenModelica Equation Model Debugger

|

Source View

Source Browser

[: /{OpenModelicatrunk build/li..Mechanics MultiBody/Joints. mo

@& OMEdit - Transformational Debugger
g Va r'i a b I e S Vi ew OpenModelica/OMEdit/Modelica. Mechanics. MultiBody. Examples. Elementary. DoublePendulum_infa. xml
Variables
Variables Browser Defined In Equations Used In Equations
frame Index Type Equation Index Type Equation
|:| Case Sensitive Regular Expression +
Expand All ” Collapse Al ]
‘u’ariables/ Comment i
J= boxBodyl Absolut..frame_a L Variable Operations
B body Absolut..frame_a Operations
B frame_a Positio...d frame solved: boxBodyl.bodyframe_a.R.T[1,1] = boxBodyl frame_b.R.T[1,1]
BR Absolut...| frame substitute: boxBodyl body.frame_a.R.T[1,..xBodyl.frameTranslation.frame_a.R.T[1,1]
| |>T Transfo...| frame
— | Equations View
Equations Browser Defines Depends
Ind)ex Type Equation “ || Variable : Variable 1]
F819 regular  (assignm..era_rel world.frame_b.f[2] boxBodyl.frame_b.R.T[1,2]
820 regular (assignm..oluted.a boxBodyl.frame_b.RT[2,2]
F821  regular (assignm...er.a_rel revolutel frame_b.f[1] B
822  regular (assignm...e_a.f[2] revolutel frame_b.f[2] -
F823  regular (assignm..e_af[l] | |Equation Operations
824 regular  (assignm..e_b.f[2] B Operations 4]
F825  regular (assignm..e_b.f[1] solve: -world frame_b f[2] = (-boxBodyl...ame_.R.T[2,2] * revolutel frame_b.f[2]
826 regular (assignm...e_b.t[2] scalarize(2): {-world frame_b.f[1], -worl...rame_b.R.T[2,2]) * revolutel frame_b.f[2] |2
827 regular (assignm...e_b.f[2] simplify: -{boxBodyl frame_b.RT[1,1] *..1.frame_b.f[2], -revelutel frame_b.f[3]}
828 regular (assignm..e_b.t[2] inline: -Modelica.Mechanics.MultiBody.Fr..e_b.f[2] + 1.0 * revolutel frame_b.f[3]} B
829  regular (assignm...xed.phi0 substitute: -Modelica.Mechanics.MultiBo....frame_b.f[2], revolutel frame_b.f[3]})

/ relationships between
quantities of frame a and of
frame b [

fra_rr.e_b . I_O = fra_rr.e_a . 1’_0;

-

if rooted(frame_a.R) then
B rel =
Frames.planarRotation(e,
phi offset + phi, w):
frame b.R =
Frames.abscoluteRotat
a.R, R_rel);

Mapping run-time error to source mode

Showing
equation
transformations
of a model:

y + der(x * time * z); z = 1.0;

323 frame a.f = - (1) substitution:
Frames.resolvel (R_re y + der(x * (time * z))
frame b.f); ==

frame a.t = - i
Frames.resolvel (R_re Yy + der (X * (tlme d 1'0))
fra_rr.e_b.t] H

else (2) simplify:

R rel = * . *
Frames.planarRotatic y + der(x (time 1.00)
phi_offset + phi, w)|

frame a.R = y + der(x * time)
Frames.absoluteRotat
bR, Ré:i]e;b s (3) expand derivative (symbolic diff):
Fra.rr.es.resoIvel(R_re y + der(x * time)
frame a.f); =>y + (x + der(x) * time)

frame b.t = -

Frames.resolvel (R_re .
frame a.t); (4) solve: .
end if: 0.0 =y + (x + der(x) * time)
=>
der(x) = ((-y) - x) / time
time <> 0

| position
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Transformations Browser — EngineV6 Overview
(11 116 equations in model)

-y

OMEdit

DMEdit

Transformational Debugger

B fempfOpenModelica_marsj/OMEdit/Modelica Mechanics MultiBody Examples.Loops. EngineVs_infoxml

Variables | Source Browser
‘Variables Browser  Defined In Equations | Used In Equations | fuspflibfomlibrary/Modelica 3.2.1/Mechanics/MultiBody o
phi index = Type Equation Inc > Type | Equation ; Connections.branch{frame_a.R,
=T Regular Expression . |' 587 initial [nanlinear) o regular (assignment) cylinder...cos(cylinder3.B2.phi) Trame_b.R):
Expand All Collapse All 5016 regular  (nonlinear) e regular (assignment) cylinder3... sinfcylinder3.82.phi) assert(cardinality|frame a) = @,
- | {a%si I inder. s linder3, B2 phi) "Conmector frame af revalute
variables * Comment Line Location | rrgular 'ﬂ“fgn'?‘rnl:l ryt!ndrr i :n dﬂ ]szll. joint is -.._:1 cn:'l'n.--.f.l:':l'_ﬂ;
L phi Exter...phi]l 6616 fusifli...onalmo L regularlassignment) clindercosicylinderd B2 phi) essert(cardinality{frane b} = @
phi Relot._ame. b 260 Ayl Insmo ... regular [assignment) dericyl.._der3 Rod body.w_a[1] *Connector frame b of revolute
. — S r... regular (assignment) derfcyl...derd.Rod body.w_a[1] joint is not connected®);
* phi_offset Relatl...+ phi] 242 fusrfli.. ints.ma )
r... regular [(assignment) derfcyl...der3.Rod.body.w_a[1]
= lar (assi ) dericyl...ders.Rod.bod ; angle = phi offset + phi;
i regular (assignment) dercyl...derd.Rod.body.w_a[1] W = deriphi]:
) a = der(w);
phi Dumm...body BO5 fusgfli...arksmo [Varabls ey !
phi[1] Cumm...body 805 Jfusgfli..artsmo .D p—— /¢ relationships between quantities
phi[2] Dumm... body BOS Jjuseli., artsmo perat of frame_a and of frame_b
phi[3] Dumim... body BOS jusefi. artsmo frame_b.r_ 8 = frame_a.r_6;
phi_d = der{phi) BOg  fusrfli...artsmo if roatediframe_a.R} then
phi_d[1] = der{phi) BO%  fusgli...artsmo 321 R_rel = Frames.planarfotationie,
nhi dl?1 = derlnhil RS  fusefllartsma - phi_offset + phi, wi;
Equations frome b.R =
q : Frames. absoluteRotation(frame_a.R,
Fruations Rrowser Defines Depends R rell; -
Inc * Type  Equation variable = | \ariable - N frame_a.f = -
regular [assignment) cylind ... ylinder3. Cylinders derjeylinder3 B2 R_rel.T[3,3]) cylinderd. B2 ph Frﬂ"ts%::ﬁ:l:cyﬁ'r_-ﬂ + frame b.1);
regular (assignment) cylind. . linderd gasForce L) eylinderd Red body.w_a[1] Frames. resolvel (R_rel, frame_b,t);
... regular [assignment) cylind.. linderd gasForcex) else
I A_rel = Frames.planarfotation]-e,
... regular (assignment) cylind...linder3.gasForcev) : : . - '
€0 9 e g . |Equation Operations phi_offset + phi. w);
.. regular (assignment) cylind...linder3.gasForce.L) : T frane a R =
1 Operat 8.
o regular (assignment) cylind. . linder.s else 1e-06 Lol - — - - Frames . absoluteRotation(frame b.R,
| regular (assignment) cylind...k2.frame_b.AT(2.3] I sobved: der{cylinder3.82.R_rel.T[3,3]) = [-sin(cylinder3,82.phil) * cylinder 3.Rod. bady.w_a[1] R rell;
| ’ o ) . I substitute: [-sin(cylinder3, 82 phi)] * eylinderd. B2 w == -sinfcylinder3, B2 phi)] * eylinder. Rod body.w_a[1] frame b.T = -
= Foguaar (insace_rels = Fra...r.0- frame_s/_0):) differentiate: deosfoylinders.B2 phi/dtime = (-sincylinder3 B2 phi)) * derfcylindera B2 phi) Fromes. resglvel(R_rel, Trome u.1);
regular (linear,frame_bor O=... *{5_offset + 510 ) o ey -=e-pily ot -"'_ o R Y Hep frame b.t = - -
regular (assignment) cylind.. linder1 gasFaree x) differentiate: deylinder3.B2.R_relT[3,3]/dtime = der{cylinder3.B2.R_relT[3,3]} Frames. resolvel(R_rel, frame_a.t);
L regular (assignment) cylin.. linder3.gasForce p I scalarize(s): cylinder3.B2.R_relT = {{1.0, 0.0, 0.0}, [-0u0, c....B2.phi}}} == cylinder3.B2.R_relT[3,3] = coscylinder3.B2_phi) end if;
N . T= & -{0* . g oyl B2. i
L... regular [assignment) cylind...r3.gasForce.d * 2.0 5-m|:-l:f'§.-. c[t.tlndetrs.ﬂz.ﬁ_reL : .[{1.0 1.0+ (1.0- 1.0 * 1.0)....B2phi)], {l:l.::l. 5-n|c)l|nder3;E-2.phﬁ-l,{.{:‘s.cy inder3.B2 nl?-]], ¢/ d'Alemberts principle
L. regular (assignment) cylind.. linder3.gasForce.k) I substitute: {{cdinder3.B2.e(1] * cylinder3.B2.e[1] + (1.0- gy...2.phi), 0.0 * 0.0+ (1.0 - 0.0 * 0.0) * cos(cylinder3.B2.phil}} tau = -frame b.tee:
L regular [assignment] cylind...ody.w_a[1] - loadw inline: cylinder3.82.R_rel = Modelica.Mechanics.MultiBody....[Z] * cylinder3.B2.w, cylinder3.82.e[3] * cflinder3.B2.w]) -
‘ regular (assignment) derc...r3 Rud-bod;.-w al1] original: B_rel = Frames.planarfotation(e, phi_offset « phi, w); == flattened: J§¢ Commection to internal .
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Equation Model Debugger on Siemens Model
(Siemens Evaporator test model, 1100 equations)

@ OMEdit - Transformational Debugger - X

[ | Espymami ero patete Tess Soters Evasest ¢ info sen

Variables [Source Browser |
Variables Browser | [Defined 1n Equations Used In Equations C:/OpenModelica 1.9.6/ibjomlibrary Modelica 3.2, 1/Blocks/Math.mo
Find | @ |index  Type  Equatien Execution Mad|Index  Type  Equation Executior Ma extent={{-100,-100}, { ~
Variables Comment Line  Location 100,100}}), graphics={Rectangle (

Scel 0 extent={{-100,-100}, {100,100}},

Sesed 0 lineColor={0,0,255},

Scsed 0 fillcolor={255,255,255},

Sesed 0 fillPattern=FillPattern.Solid),Line (points={{-100,¢

et : 01, {-40,60},{-30,

Evap Structur..ractions 481 C:OpenMod...package.mo 40y}, color={0,0,255}),Line(points={(-100,-60},

Fflow Output ..artTime 421  C:/OpenMod...Sources.mo . . . bri-30,-40313,

FGinV Volume..port_b) 333 C/Openhode..terfaces.mo color={0,0,255}),Line (points={{50,0},{100,0}},

FGinVu Constan..tvalue 239  COpenMod..Seurces.mo ,0,255}),

FGoutV =true..volume 243  C/OpenMode..terfaces.mo || ¢ : pemr

FGoutiu Constan..tvalue 239  C/OpenMod..Sources.mo Line [points={{-30, ﬂi’ {30,043,

FGoutletVu  Constan..tvelue 239  Ci/OpenMod..Sources.mo — . #0,01) Line (points={{-15,

FGsink Boundary density 13 Ci/OpenMod..Sources.mo || Operatio y fu— u u 25.99},{15,-25.99}},

FGsource Getthe..nnector 446  C:/OpenMod...Sources.mo 1 ,0,0}),Line (points={{-15,-25.99}, {15,

FGtemp Durstio.aStep) 418  C:/OpenMod..Seurces.mo 25.99}1}, color={0,0,0}),Ellipse (extent={{-50,50}

FWinletV Av (metr.. ficient 436 C/OpenMode...d/Valves.mo H M H - } ’ o ! e ! !

FWinletVu ~ Constan..tvalue 233  Ci/OpenMod..Sources.mo a I V eS I V I S I O n Ze r O 4 . _ . .

FWoutletV  Tempera.. = tue 346  Ci/OpenMode..terfaces.mo lineColor={0,0,233})})):

FWpump Needed..nector 333 C/OpenMod..Seurces.mo foduct;

FWpump_h  Height of ramps 417 C:/OpenMod...Sources.mo

ENW?Ff gﬁiaijmﬂ ﬁ; g%nmmﬁiﬁwfﬂmo block Division "output first input divided by second input”

eamSin ensit..medium /Openhod...package.mo . X
system Constan...eration 14 C:OpenMod../System.mo extends Interfaces.SI250;

equation

IM y = ul/u2;

Equations /’ annotation (. . )
[Equations Browser Defines y 4 Depends Documentation (info="<html>
Index  Type  Equation || varisble Variable . .
1461 regular  EvapHexLnC.Usl1]:= Evap.HexLnC.msl1]* Evap. ||EvapHexLnQ2.add1.ul Evap Hex.LnQ2 division2.u2 computes the output <b>y</b> (element-wise)

ing</i> the corresponding elements of

lodelica Med
Modelica.Me

1462 reguler  Evap.HexLnCflowModel.musl1]
1463 reguler  Evap.HexLnComediums1]sat.Tsat

1464 reguler  Evap.HexLnCmediums[2].p_bar:= 1e-005 * Evap.l
1465 requlsr  Evap.HexLnCaststesFMI2) phase i= if Evap.HexLn.
1466 reguler  Evap.HexLnCheatTransfer.Ts|2] := Modelica. Medi

1467 reguler  Evap.HexLnCmediums(2].T_degC i= -273.15 + Evi
1468 reguler  Evap.HesLnCastatesPMI2).d = Modelica.Media. W
1469 reguler  Evap.HexlnCms[2] = Evap.Hex LnC fluidVolumes
1470 regulsr  Evap.HexLnCmediums(2].u = Evap Hex.LnC.med
1471 reguler  Evap.HexLnC.Us[2] := Evap.HexLnC.ms[2] * Evep.l
1472 regulsr  Evap.HexLnCflowModel. musl2] = Modelica.Med
1473 reguler  Evap.HesLnCmediumsl2].sat.Tsat = Modelica.Me
1474 reguler  Evap.HexLnCflowModelFs_pl1]:= 0.5 (Evap.He.
1475 requlsr  Evap.HexLnCflowModel.dps_fgl1]:= -2.0* DIVIS.
1476 regular  Evap.HexLnC.m flows[2] := Modelica Fluid.Pipes.

</html>"),
Icon(coordinateSystem(
preserveAspectRatio=true,
extent={{-100,-100},{100,100}},
initialScale=0.1), graphics={
Line (points={{50,0},{100,0}}, color={0,0,127}),
1477 reqular  Evap.HexLnCflowMadel.mus_act]1] := if noEven.. : eyl Hex LnQ2.a¢d1.ut = 1.0 f Evap.Hex.LnQ2.division2,u2 Line (points={{-30,0}, {30, 0}}),

1478 regular  Evap.HexLnCflowModelIs[1] := Evap.HexLnC.m_ on: Evap.Hex1.LnQ2.division2.u10 { Evap.Hex.LnQ2.division2.u2
1479 regular  Evap.HexLnCH_flows[2] := semilinear(Evap.Hex... Evap.Hex.LnQ2.adivision2d L yu1 -
1480 regular  EvapHexLnCflowModel.rhos_actl1] := if noEvent. ring: Evap.Hex.LnQ2. division2.y = Evap.Hex.LnQ2.division2.u1 f Evap.Hex LnQ2.division2.uZ; 15,3051) .
1481 regular Evap Hex.LnCstate_a.T := Modelica.Media.Water...
1482 regular  Evap.HexnCstate s.d
1483 regular  Evap.HexLnCstate b.T
1424 regular  EvapHexLnCstate b.d
Evap.HexLnQ2 Arez.y

Ellipse (fillPattern=FillPattern.Solid, extent={{-5,20},

Ellipse(fillPattern=FillPattern.Solid,
extent={{-5,-30},{5,-20}}),
Ellipse (lineColor={0,0,127}, extent={{-50,-50},

{50,501 1),
Text (
lineColor={0,0,255},

1488 renular extent={{-150,110}, {150,150}},
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New OM Debug function that can trace (and plot)
which variables and equations influence a variable

New menu choice to show direct dependencies

Variables Vv Value

@8 (Activ...ndulum

v boxB Show only direct dependencies

Display U = Descrig

[: Show only direct dependencies (initial)

[: Open debugger (equation 1282 - parameter)

(J12,1 0 kgm2  Inerti..r
(J 12,2 0.292908 kg.m2  Inerti..r
(12,31 0 kg.m2 Inerti...r
(13,1 0 kg.m2 Inerti...r
(13,21 0 kg.m2 Inerti...r
(] 13,31 0.292908 kg.m2  Inerti..r
>R
> [Ja.0
[ ] angles_fixed 0 =true,..
> [ ] angles_start
(] animation 7 = true...
> body
> (] color
["1 densitv 7.7 a/cm3 Densitv.
slcome o Modeling 2 riotting @& Debugging

List of Variables directly influencing:

ﬁ Variables v Value

v (Activ...ndulum
v-boxBody1

Display U Descriptiol

[ ] height

(] innerHeight
E] mi

[ Jmo

[ ] width

> [ ] width...ction

0.06
0

0
13.86

0.06

Height of b
Height...eic
Mass o...of
Mass o...t I
Width of b

10 Peter Fritzson

OpenModelica Annual Workshop, OpenModelica Status and Directions
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ABB Industry Use of OpenModelica Debugger

« ABB OPTIMAX® provides advanced model based control products
for power generation and water utilities

« ABB: “ABB uses several compatible Modelica tools, including
OpenModelica, depending on specific application needs.”

« ABB: “OpenModelica provides outstanding debugging features that
help to save a lot of time during model development.”

11 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO U/E:L:,'E A



Equation Debugging Summary

Debugging equation-based models present new
challenges

Equation systems are transformed symbolically to
a form hard for the user to understand

Maintain and explain a mapping between the low
level and the high level model

The first integrated static/dynamic debugger
of any Modelica tool

12
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Debugging Example — Detecting Source of Chattering
(excessive event switching) causing bad performance

OMEdIt - Transformational Debugger

% | Jemp/OpenModelica_marsj/OMEdit/Debugging.Chattering.ChatteringEvents1_info.xml

Variables

| [Source Browser |

Variables Browser [Defined In Equations

| [Used In Equations

| /home/marsj/trunk/testsuite/openmodelica,

Find Variables
"] Case Sensitive

Inc v Type
Regular Expression * |:2 initial

Equation

Expand All Collapse All 5

Variables ¥ Comment Line Location
X 7
v 8

z 9

/hom...g.
J/hom...g.
J/hom...g.

(assignmen...0 else 1.0
regular (assignmen...0 else 1.0

Inc ¥ Type

ta

6

Equation
(assignment) y=2.0*z “
regular (assignment)y=2.0%*z

1 within ;

package Debugging "Test
cases for debugging of
declarative models"

initial

]

package Chattering "Models
with chattering behaviour®
model ChatteringEventsl
B "Exhibits chattering
after t = 0.5, with

w

[variable Operations

generated events"

Operations

7 Real x(start=1,
fixed=true);
Real y;
9 Real z;

equation
z = if x > © then -1
else 1;
y = 2*z;
der(x) =y;
1 annotation

oW K

Equations

‘ (Documentation(info="<html>

Equations Browser | [Defines

| [Depends

15 <p>After t = 0.5, chattering

w

Variable
(assignment) x = 1.0 z
(assignment....0 else 1.0
(assignment) y=2.0%z
(assignment) der(x) =y
(assignment....0 else 1.0

Inc + Type
1 initial
initial

Equation

initial
initial

regular (assignment)y=2.0%z

2
3
4
5
6
7

L4

Variable

Lx

takes place, due to the
discontinuity in the right
hand side of the first
equation.</p=

16 <p=Chattering can be
detected because lots of
tightly spaced events are
generated. The feedback to
the user should allow to
identify the equation from

regular (assignment) der(x) =y [Equation Operations

which the zero crossing
function that generates the

Operations
tsol\red: z=if x> 0.0 then-1.0 else 1.0

original: z = if x > 0 then -1 else 1; => Flattened: z = if x > 0.0 then -1.0 else 1.0;

events originates.</p>
17 </html>"),

experiment (StopTime=1));
18 end ChatteringEventsl;

B model ChatteringEvents2
1 "Exhibits chattering
after t = 0.422, with

nenerated suentg" -

(S

13
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Error Indication — Simulation Slows Down

Funning Simulation of Debugging.C hattering.C hatteringEvents1.
Please wait for a while.

ns

Cancel Simulation

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

Output Compilation ]

Jtmp/OpenModel ica /OMEdi ¢ /Debugging . Chattering.ChatteringEventsl -
port=50212 -logFormat=xml -w -1w=LOG S5STATS

stdout | info | Chattering detected arcund 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 -1v LOG EVENTS for more information. The zero-crossing

was: x > 0.0 D%g more

14  Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY Mmoo EL A



Exercise — Equation-based Model Debugger

In the model ChatteringEventsl, chattering takes place after t = 0.5, due to the
discontinuity in the right hand side of the first equation. Chattering can be detected

because lots of tightly spaced events are generated. The debugger allows to identify
the (faulty) equation that gives rise to all the zero crossing events.

model ChatteringEventsl
Real x(start=1l, fixed=true);
Real vy;
Real z;
equation
z = nokEvent (if x > 0 then -1 else 1);
y = 2*%z;
der (x) = y;
end ChatteringNoEventsl;

Uses 25% CPU

acrotray.exe 32
AdobeARM.exe *32
Bootcamp.exe
conhost.exe

CSr55.EXe

DCSHelper.exe *32
Debugaging.Chattering....
dlhost.exe

Switch to OMEdit text view (click on text button upper left)

Open the Debugging.mo package file using OMEdit

Open subpackage Chattering, then open model ChatteringEventsl

Simulate in debug mode (transformational debugger)
Click on the button Debug more (see prev. slide)

pettra/

petfr2?
petfr2?
petfr2?

uu
0a
0a
0a
0a
0a
25
0a

b K
1,136 K
1,448 K
1,300 K
3,000 K

660 K
1,436 K
2,224 K

Possibly start task manager and look at CPU. Then click stop simulation button

[ L= = - - 1

0 9
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Performance Analysis
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Performance Profiling for faster Simulation
(Here: Profiling equations of Siemens Drum boiler model with evaporator

» Measuring performance of equation blocks to find bottlenecks
« Useful as input before model simplification for real-time applications
* Integrated with the debugger to point out the slow equations

» Suitable for real-time profiling (collect less information), or a complete
view of all equation blocks and function calls

SteamPaor

FGport_a
. u \ Eva(source DrumiisliHest Mess 40
] P Lig# = b Lz oo H I .

3Bk

Conclusion from the evaluation:

“...the profiler makes the process
of performance optimization
radically shorter.”

FGport_| FWport
Dsp oLC
Drrum Mass j 1
-
duration=500 T RA_ov

17  Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY Mmoo Bl A



Using the Performance Profiler on DoublePendulum

 When running a simulation from OMEdIt, it is possible to enable profiling
iInformation, which can be combined with the transformations browser.

General Output | Simulation Flags

Model Setup File (Optional): Browse.. | | Set th|S in
Initialization Method (Optional): - SimUIation
Optimization Method (Optional): - Setup
Equation System Initialization File (Optional): | Browse... | |: ’ i
Equation System Initialization Time (Optional): |
Clock (Optional): -
Linear Solver (Optional): = DouplePenQulum in

, _ MultiBody library
Non Linear Solver (Optional): =

none

Linearization Time (Optional): blocks

Output Variables (Optional): blocks+html

T
Profiling (enable performance measurements)

[] cPUTIme
& Enable all warnings v
[ save simulation settings inside model [ Simulate J Cancel
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https://www.openmodelica.org/doc/OpenModelicaUsersGuide/latest/debugger.html#id2

Using the Performance Profiler on

the DoublePendulum model

When profiling the DoublePendulum example from MSL, the following

output below is a typical result. This information clearly shows which
system takes longest to simulate (a linear system, where most of the time
overhead probably comes from initializing LAPACK over and over).

|Equations Browser || Defines
Index Type Equation Executions Maxtime Time Fraction = ||~ |Variable
876 regular linear, size 2 4602 0.000199 0.0582 86.2% H damper.a_rel
836 regular (assignment) revolute2.R_relT[2,2] = cos(revolute2.phi) 1534 8.25e-05 0.000491 0.728% revolute2.frame_b.f2]
837 regular (assignment) revolute2.R_relT[2,1] =-sin(revolute2.phi) 1534 7.29e-05 0.000422 0.625%
841 regular (assignment) boxBody1.frame_...[2,1] = -sin(damper.phi_rel) 1534 7.1e-05 0.000395 0.585%
-840 regular (assignment) boxBody1.frame_...T[2,2] = cos(damper.phi_rel) 1534 7.08e-05 0.000361 0.535%
839 regular (assignment) revolute2.R_rel.T[1,1] = cos(revolutez.phi) 1534 7.33e-05 0.000303 0.449%
842 regular (assignment) boxBody1.frame_b.R.T[1,2] = sin{damper.phi_rel) 1534 7.45e-05 0.000303 0.449%
~838 regular (assignment) revolute2.R_rel.T[1,2] = sin{revolute2.phi) 1534 7.11e-05  0.0003 0.444%
-849 regular (assignment) boxBody1.frame_...T[1,1] = cos(damper.phi_rel) 1534 7.29e-05 0.000286 0.424%
-827 regular (assignment) revolute1.tau = (-damper.d) * revolute1.w 1534 6.84e-05 0.000274 0.406%
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Performance Profiler Exercise

« Try the profiler on this model. Results in Equations Browser, enlarge the
window, click on Fraction to sort in ascending/descending order.

model ProfilingTest Equations Browser .
function f T T T —
input Real r; [ ey bt | o et o
output Real o = sin(r);  [f [ pehethosmeess: sex em o
end f; Tl (eron) o SSTARTy T deor e oo
String s = "abc"; 2 paremeter (e 2 oo 0 0
Real x = f(x) "This is x";
Real y(start=1);
Real z1 = cos(z2);
Real z2 = sin(zl);
equation
der(y) = time;

end ProfilingTest;
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