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Industrial Challenges for Complex Cyber-Physical
System Products of both Software and Hardware

* |ncreased Software Fraction
« Shorter Time-to-Market

« Higher demands on effective
strategic decision making
 Cyber-Physical (CPS) — Cyber (software)

Physical (hardware) products
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Open Source Model-Based Development Environment
Covers Product-Design V — (OPENPROD ITEAZ2 Project)
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New Big Modelica Book, 2014 (warning! Commercial)

PRINCIPLES OF
OBJECT-ORIENTED

MODELING anD
SIMULATION

A CYBER-PHYSICAL
APPROACH

SECOND EDITION

EEEEEEEEE

witH MODELICA 3.3

Peter Fritzson

Principles of Object Oriented
Modeling and Simulation with
Modelica 3.3:

A Cyber-Physical Approach

Can be ordered from Wiley or Amazon
Wiley-IEEE Press, 2014, 1250 pages

« OpenModelica

o Wwww.openmodelica.orqg

« Modelica Association
« www.modelica.org
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http://www.openmodelica.org/
http://www.modelica.org/

Overview of this Talk

« Part | — Introduction to the OpenModelica Open
Source MBSE Environment

« Part Il — Dynamic debugging of equation-based
models

« Part lll — Dynamic verification/testing of formalized
requirements vs Models in MBSE




Part |

Introduction to the OpenModelica Environment
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The OpenModelica Open Source Environment
www.openmodelica.org

« Advanced Interactive Modelica compiler (OMC) * OMEdit graphic Editor
« OMDebugger for equations

* OMOptim optimization tool

Basi : f i del * OM Dynamic optimizer collocation
asic environment 1or creatlng Mmoaeis « ModelicaML UML Profile

* OMShell — an interactive command handler « MetaModelica extension
«  OMNotebook — a literate programming notebook « ParModelica extension

* Supports most of the Modelica Language
* Modelica and Python scripting

« MDT - an advanced textual environment in Eclipse A )
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http://www.ida.liu.se/~adrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-ClassElementsCompletion.JPG

OSMC - International Consortium for Open Source
Model-based Development Tools, 43 Members

Lines

Founded Dec 4, 2007

Industrial members
« ABB AB, Sweden

Open-source community Services - Bosch Rexroth AG, Germany

 Website and Support Forum

» Version-controlled source base
« Bug database

 Development courses

« www.openmodelica.org

Code Statistics

/trunk: Lines of Code
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Date

* Siemens Turbo, Sweden

*« CDAC Centre, Kerala, India

* Creative Connections, Prague

* DHI, Aarhus, Denmark

« EDF, Paris, France

* Equa Simulation AB, Sweden

* Fraunhofer IWES, Bremerhaven
 |FP, Paris, France

University members

« Austrian Inst. of Tech, Austria

» UC Berkeley, USA

*TU Berlin, Insti UEBB, Germany
* FH Bielefeld, Bielefeld, Germany
*TU Braunschweig, Germany

» Univ Calabria, Italy

* TU Dortmund, Germany

* TU Dresden, Germany

* Université Laval, Canada

* Ghent University, Belgium

* Halmstad University, Sweden

» Heidelberg University, Germany

* ISID Dentsu, Tokyo, Japan

* ITl, Dresden, Germany

* Maplesoft, Canada

* Ricardo Inc., USA

* RTE, France

*TLK Thermo, Germany
*Sozhou Tongyuan, China

* VTI, Link6ping, Sweden

* VTT, Finland

* Wolfram MathCore, Sweden

* TU Hamburg/Harburg Germany
* Link6ping University, Sweden

* KTH, Stockholm, Sweden

* Univ of Maryland, Syst Eng USA
* Univ of Maryland, CEEE, USA

* Politecnico di Milano, Italy

* Ecoles des Mines, CEP, France
» Malardalen University, Sweden
* Univ Pisa, Italy

* Univ StellenBosch, South Africa
*Telemark Univ College, Norway
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OpenModelica MDT — Eclipse Plugin

« Browsing of packages, classes, functions

« Automatic building of executables;
separate compilation

« Syntax highlighting
« Code completion,
Code query support for developers

 Automatic Indentation
« Debugger

Eclipse Platform

Workbench IDE UL

Workspace-Sased Compare / Workspace /
Document Editors Search Resources

Workbench
Text Editor

JFace Text
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OpenModelica Eclipse MDT: Code Outline and Hovering Info

& Modelica - OpenModelica/Compiler/Absyn.mo - Eclipse SDK

File Edit Mavigate Search Project Run  Field Assist

Window

Help

=101 x|

- J Ci= | ) J ¥ -0 -Q - J ®| & J & J @ J = J - - - - JCc-rrectIndentatic-n B Bcfce+ B
[ Modelica Projects 53 | = <§5 = =0 absyr.mo 22 =0
[& rml2sig ;I case (MATRIK (matrix = expll)) ;I
Eﬁ runtime _l loczl list<list<list<ComponentRef>>> resl;
IZ.{T scripts ec[“_"“_:mf ] e e
Eﬁ’ test_codegen :::.. = Ezii . ii:ziiat;:ﬁ :ezpﬁ., getCrefFromExp) ;
H res<c = - strlae \resl);
-Gy t':'c'ls res = Uril.listFlatten(resz);
EES WC7 then
EEE, Absyn.mo 3116 2005-02-04 14:44 krsta res;
H-H} absyn 3116 2008-02-04 1944 krsta czse (RENGEIZ (start = el step = SCME(e3),stop = eZ))
Eﬂ, Algorithm.mo 2992 2007-12-22 22:17 adrpo equation
[+ ) Builtin.mo 3585 2008-05-22 07:03 adrpo 11l = getCreiFromExplel);
[+ [rgy Ceval.mo 3505 2008-05-27 02:43 adrpo 1z I function getlrefFromExp "I
B res
Eﬂ, ClassInf.mo 3496 2008-04-23 11:59 krsta 18 =
Eﬂ, ClassLoader.mo 3193 2008-02-150%:17 adrpo res o .
(- rgy Codegen.mo 3585 2008-05-22 07:03 adrpo then input Zxp InZxp, ) ) —
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Eﬂ Connect.mo 3534 2008-05-22 06:45 adrpo i R
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General Tool Interoperability & Model Exchange
Functional Mock-up Interface (FMI)

Gearbox Thermal assis components,
with ECU with ECU systems cargo door roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling

courtesy Daimler

 FMI development was started by ITEA2 MODELISAR project. FMI is a
Modelica Association Project now

 Version 1.0

« FMI for Model Exchange (released Jan 26,2010)

« FMI for Co-Simulation (released Oct 12,2010)

 Version 2.0

 FMI for Model Exchange and Co-Simulation (released July 25,2014)
« > 50 tools supporting it (https://www.fmi-standard.org/tools)

11 M oD’
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FMI in OpenModelica

FMI Model Exchange implemented (FMI 1.0 and FMI 2.0)
A prototype of FMI 2.0 co-simulation is available
Ongoing work to support full FMI 2.0 co-simulation

The FMI interface is accessible via the OpenModelica scripting
environment and the OpenModelica connection editor

[ oA OMEdit - Import FMI S |
Import FMI
FMU File: || | [ Browse. ..
OQutput Directory (Optional): | Browse. ..
* If no Output Directory specified then the FMU files are generated in the current working directory,
Log Level: lWarrl"lg - J
[] Debug Logging

| Generate input connector pins
[¥] Generate output connector pins
* This feature is experimental. Most models are not yet handled by it.

12
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OpenModelica Simulation in Web Browser Client

o — MultiBody RobotR3.FullRobot
Eﬁ'ﬁ'ﬂé W in <% 3

i = B - [ & - Page~ Safety~ Tools~ @~ 8 H 5

OpenModelica simulation example

im < 2

Modelica Mechanics MultiBody Examples Systems. RobotR 3. fullRobot

Samutabion Nrished.  Time: 0040 xample

Examples Systems RobotR 3 fullRobot

Simulabon finshed.  Time 0040

LI 1.6
— )
CHApAR iThervats 500 f— Windel Resuls
L . L
Tk Al (o011}
TFEChANCE . Ch W b

iE =
=—f |

OpenModelica compiles ’
to efficient

Java Script code which is
executed in web browser
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Modelica3D Library with OpenModelica

« Modelica 3D
Graphics Library
by Fraunhofer
FIRST, Berlin

e Part of
OpenModelica
distribution

« Can be used for
3D graphics in
OpenModelica

14
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Problems

Solved problems

OMOptim — Parameter Sweep Design Optimization

Result plot

[ Export result data .csv

" MinEIT

Fle Project Problem

Models | Problems |
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~ Optimization
El
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EI result
Optimization result

Display
Project

Tools
Optimization EI

~|
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Optimization of Dynamic Trajectories Using
Multiple-Shooting and Collocation

f. -—— -

F -—— - —— - —-—— -

tit1
xi(tiy1) = hy + f

ti

f. S -

Minimize a goal function subject to model
equation constraints, useful e.g. for NMPC

Multiple Shooting/Collocation
Solve sub-problem in each sub-interval

f (), ut), t) dt = F(t;, tiyq, hiuy),

16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

In OpenModelica 1.9.1
beta release Jan 2014.

x; (t;) = h;

Example speedup, 16 cores:

MULTIPLE_COLLOCATION

- rFE

1 2

ipopt [scaled] mjac_g [scaled]

16
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OMnotebook Interactive Electronic Notebook
Here Used for Teaching Control Theory

ESNEET )

File Edit Cell Format Inset Window Help
3 q y - H =3 : e * k v
1 Kalman Fllter | File Edt Cell Formst Inset Window Help
Often we don't have access to the internal states of S =D ® > | 46 .
have to reconstruct the state of the system based o model KalmanFeedback ] i
The idea with an observer is that we feedback the | parameter Real A[:,size(A, 1)] = {{0,1},(1,0}} ;
the estiamtion 1s correct then the difference should ! pasiuetex Rowl B (aizaR, 1)yt] = ti0}, (15)
parameter Real C[:,size(a, 1)] = [{1,0}};
parameter Real(2,1) K = [2.4;3.4];
Another difficulty is that the measured quantities of parameter Real(1,2] L = [2.4,3.4];
parameter Real[:,:] ABL = A-BYL; I
s parameter Real[:,:] BL = B*L;
X = parameter Real([:,:) 2 = zeros(size (ABL,2),size(ARC,1));
j parameter Real(:,:]) AKC = A-K*C;
parameter Real[:,:] Anew = [0,1,0,0 ; -1.4, -3.4, 2.4,3.4; 0,0,-2.4,1;0,0,-2.4,0};
parameter Real[:,:] Bnew = [0;1;0;0];
Here are e denoting a disturbance in the input signa, parameter Real[:,:] Fnew = [1;0:0;0];
. stateSpaceNois=e Kalman(stateSpace.A=Anew,stateSpace.B=Bnew, stateSpace.C={1,0,0,0],
be evaluated by the difference stataSpace . F = Pusw):
stateSpaceNoise noKalman;
K(}f(ﬂ end RalmanFeedback;
p simulate (KalmanFeedback, stopTime=3) 1
By using this quantity as feedback we obtain the ot plot ({Xalman.stateSpace.y[1l],noXalman.stateSpace.y[1]}) ]
- ' true
X = A%(t) + Bull Plot by OpenModelica
L
Now form the error as
15
@ Kaknan. stateSpace, y[1)
The differential error is 0
Ready N @ noKakman, stateSpace, y[1]
S =

Resdy  Ln12 Col3d

17 ‘ MO EI’E?L/I.’E_;



MetaModelica Language Extension for
Model Transformations and Advanced Applications

« Large-scale existing application — OpenModelica
compiler written in MetaModelica, compiling itself

 MetaModelica language extension
 single assignment equations (with opt. patterns)
tree data structures, garbage collection
pattern equations
matching, backtracking
Very efficient portable implementation (compiles to C)

* Now ongoing standardization in Modelica
Association targeting Modelica 3.4

VL
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Faster Simulation — Compiling Modelica to Multi-Core
Speedup on NVIDIA, Modelica Model, Generated Code, n Problem Size

15
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Part Il

Equation-Based Model Dynamic Debugging
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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

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

21
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Model Compiler Translation Phases
Extended with Debugging

Include
debugging
support within
the translation
process

Debugging Translation
Process Additional Steps

Save element position

Save element origin
(model and position)

Save equation elements origin
(model and position)

Save the optimizer
transformations changes

Save all the available
origin information

Executable with all the
available origin information

Simulation with run-time
debugging functionality

Normal Translation Process

Modelica
Source Code

Translator

Analyzer

Generator

C Compiler

Simulation

e
=

U=

Modelica model

22
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Example Symbolic Transformations
with Compiler Debug Trace

« Complicated to understand source of some errors
« Efficient trace of transformations —low overhead

Example: 0=y +der(x *time *z); z=1.0;

(1) substitution: (3) expa_nd O_lerivative
y + der(x * (time * 2)) (symbolic diff):
=> y + der(x * time)
y + der(x * (time * 1.0)) = |
(2) simplify: y + (x + der(x) * time)
Yy + der(x * (tlme * 10)) (4) solve: |
=> 0.0 = y + (X + der()() * ’ume)
=>

y + derlx* ime) der(x) = ((-y) - xX) / time

23 o
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24

Most equations have
very few transformations
on them

Most of the interesting
equations have a few
= Still rather readable

Some extra care to
handle Modelica variable
aliasing

Very efficient
Implementation, max 1%
overhead

Properties of Transformation Trace

MSL 3.1 MultiBody DoublePendulum

# Ops

© 00 N o o1 A W N P, O

T o =
N wWw N PP O

N
=

Frequency
457
89
720
479
124
25
99
55
37
110
72
12
25
35

27

Comment

Parameters

Dummy eq & know var
Alias vars

Alias vars

Alias after simplify
Alias after simplify
Alias after simplify

Scalar eq

Known constant after many
replacements

World object (3x3 matrix with
many occurances of aliased
vars)
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Integrated Static-Dynamic
OpenModelica Equation Model Debugger

Efficient
handling
of

Large
Equation
Systems

Showing
equation
transfor
mations
of a
model:

@ COMEdit - Transformational Debugger

SE—

g ‘ Va riables View OpenModelica/OMEdit/Modelica.Mechanics. MultiBody.Examples. Elementary. DoublePendulum_info. xml

Source View

Source Browser

[ /OpenModelica,ftrunk /buildfli..

MechanicsMultiBody/Joints.mo

Mapping dynamic run-time error to source model position

Variables

Variables Browser Defined In Equations Used In Equations

frame Index Type Equation Index Type Equation

|:| Case Sensitive Reqular Expression

[ Expand Al ][ Collapse All ]

Variables Comment i

B boxBodyl Absolut...frame_a L4 Variable Operations

E body Absolut..frame_a Operations
El frame_a Positio...d frame solved: boxBodyl bodyframe_a.R.T[1,1] = boxBodyl.frame_b.R.T[1,1]
ER Absolut...| frame substitute: boxBodyl.bodyframe_a.R.T[1,.xBodyl frameTranslation.frame_a.R.T[1,1]
‘ |~T Transfo..| frame  _

— ' Equations View

Equations Browser Defines Depends

Indfex Type Equation “ | | Variable : Variable ]
819 regular (assignm...era_rel world.frame_b.f[2] bexBedyl.frame_b.R.T[L,2]
F820 regular  (assignm..olutel.a bexBodyl frame_b.R.T[2,2]
F821 regular  (assignm..era_rel revolutel frame_b.f[1] [ |
822 regular (assignm...e_a.f[2] revolutel frame_b.f[2] -
823 regular  (assignm..e_af[l] | |Eguation Operations
824 regular  (assignm..e_b.f[2] L Operations a
—M solve: -world.frame_b.f[2] = (-bexBodyl...ame_b.R.T[2,2] * revolutel .frame_b.f[2]
826 regular  (assignm..e_bt[2] scalarize(2): {-world.frame_b.f[1], -worl...rame_b.R.T[2,2]) * revolutel frame_bf[2] |E
827 reqgular  (assignm..e_bf[2] simplify: -{bexBedyl frame_b.R.T[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.phil substitute: -Modelica.Mechanics.MultiBo... frame_b.f[2], revolutel frame_b.f[3]})

/ relati
quantities of
frame b

if rooted
R _rel =
Frames.planar

frame b
Frames,.absolu
a.R, R_rel);

frame a

Frames.resolv
frame b.t);
else

R_rel
Frames.planaj
phi_offset +

frame_
Frames.absol
b.R, B _rel);
frame |
Frames.resol]
frame a.f);
frame
Frames.reso
frame a.t);
end if;

frame b.r 0 =

phi_offset + phi, w):

Frames.resolvy (R_rel,
frame b.f);
frame aft = -

onships between -
frame 2 and of

frame a.r 0:
(frame a.R) then
Rotation (e,

R =
teRotation (frame

E = -

1(R_rel,

otation{-e,

hi, w);

R =

teRotation (frame

E = -
el(R_rel,

.t = -
el (R_rel,

25
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Example — Detecting Source of Chattering
excessive event switching) causing bad performance

OMEdit - Transformational Debugger

%2 | /tmp/OpenModelica_marsj/OMEdit/Debugging.Chattering.ChatteringEvents1_info.xml

Variables

| [Source Browser |

Variables Browser

[Defined In Equations

|[used In Equations

Find Variables

Inc ¥ Type

"] Case Sensitive

Expand All

Regular Expression = |:2 initial

Collapse All 5

Variables ~
X

y
z

Comment

Line Location
7 /hom...g/
8 /hom...g/
9 /hom...g.

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

Inc ¥ Type Equation
|:3 initial  (assignment)y=2.0%z
6 reqular (assignment)y=2.0%z

[variable Operations

Operations

w

w

| /nome/marsj/trunk/testsuite/openmodelica,

within ;

2 package Debugging "Test

cases for debugging of
declarative models"

package Chattering "Models
with chattering behaviour"
model ChatteringEventsl
"Exhibits chattering

after t = 0.5, with

Equations

Equations Browser

| [Defines

|[Depends

Inc ¥ Type

1 initial
initial
initial
initial

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

Equation

regular
regular

2
3
4
5
6
7

(assignment....0 else 1.0
(assignment)y=2.0*z

v || Variable v

Lx

assignment) der(x) =
(assig ) derb) =y [Equation Operations

Operations

|:solved: 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;

—>

(S

generated events"
Real x(start=1,
fixed=true);
Real y;
Real z;
equation
z = if x > ® then -1
else 1;
y = 2¥z;
der(x) =y;
annotation
(Documentation(info="<html>
<p>After t = 0.5, chattering
takes place, dug to the

equation™

equation.</p>

tightly spaced events are
gengrptede— THE) fegdbaey sto
theyy";ho allowlg
idefftify the equation from
which the zero crossing
Weckion that generates the
events originates.</p>
</html="),
experiment(StopTime=1});
end ChatteringEventsl;

model ChatteringEvents2
"Exhibits chattering
after t = 0.422, with

nenerated eventg” -

fnzi=iafx> 0 then -1 else 1;
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Error Indication — Simulation Slows Down

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

ngs

Cancel Simulation

T OMEdit - Debugging.Chattering.ChatteringEvents1 Simulation Qutput - 0O @

Output Compilation ]

Jomp/OpenModel ica /OMEdi ¢ /Debugging . Chattering..ChatteringEventsl -
port=>50212 -logFormat=xml -w -1w=LOG S5TATS

stdout | info | Chattering detected arcund time
0.500000005..0.500000935001 (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
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Transformations Browser — EngineV6 Overview
(11 116 equations in model)

o

¥ OMEdit

OMEdit

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

TransFormational Debugger

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.fA,
=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) = @,
n ! [assi L inder. . & linderd, B2 phi) "Conmector frame af revalute
variables * Comment Line Location | rrgular _an;fgnr'-wnl] ryt!ndrr i :n dﬂ ]szll. joint is -.._:1 cn:'mn.--.l:l:':l'_ﬂ;
(R Exter...phi] 6616 jusqli...onalmo regular [assignment) cylinder.. cos[cylinderd B2 phi) assert{cardinality{frane b} = @
phi Relak...ame b 260 fusefli.ints.mo - reguine (ssignment] denia. derd Rod bodync all "Connector frame b of revalute
. — S r... regular (assignment) derfcyl...derd.Rod body.w_a[1] joint is not connected®);
* phi_offset Relatl...+ phi] 242 fusrfli.. ints.ma )
F regular (assignment) dercyl...derd.Rod.body.w_a[1]
1 lar (assi b} deri der3.Rod.bod 1 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 ——— /¢ relationships between quantities
phi[2] Dumm... body BOS Jjuseli., artsmo perations 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 =
9 = Frames . absoluteRatation Trans a.R,
Frjuatinns Rrowser | | Defines Depends R rel}: -
Inc * Type  Equation variable = | \ariable N frame_a.f = -
regular [assignment) cylind ... ylinder3.Cylinders der{cylinder3.B2.R_relT[3,3]) cylinderd. B2 ph Fra"“.'f:;::]':?:if'r_tl o Frame b.11;
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
... regular (assignment) cylind.. linder3 gasForceV) R_rel = Frames.planarRotation| -¢,
Ea (assig :I ! . 1 Equation Operations phi_offset + phi, w);
oo regular (assignment) cylind. ..linder3.gasForce.L) : = frome &R =
3 o L 8.
o regular (assignment) cylind. . linder.s else 1e-06 Lol - — - - Frames . absoluteRotation(frame b.R,
L regular (assignment) cylind... k2 frame_b.R.T[2,3] I sobved: der{cylinder3.82.R_rel.T[3,3]) = [-sin(cylinder3,82.phil) * cylinder 3.Rod. bady.w_a[1] R rel}:
| ’ 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: deos(eylinderd. B2 phi)/diime = (-sinjcylinder3 B2.phi)) * derfeylinderd B2 phi) Fromes. reaolvel(R_rel, Trome s8.7);
I regular (linear,frame_bor O=... *{5_offset + 510 ) o ey -=e-pily ot ¥ o R Y Hep frame b.t = - -
regular (assignment) eylind. . linder3.gasForee.x) differentiate: deylinder3 B2.R_relT[3 3]/dtime = der{cylinderd. 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;
L ] I simplify: cylinder3.B2.R_relT = {{1.0 * 1.0 + (1.0 - 1.0 * 1.0)....B2phi}}, {0.0, -sin{cylinder3.B2.phi), cos{cdinderd.B2.phi)}
reguiar (assignment) cylial...13 gusFarce.d » 2.0 () | B t'?t!:*ﬂ inder3.B2.e[1 *[ linder3.B2.e[1]+ (1.0 z hjlnn*nm :u 0.0* 0.0) * cos| |qu 1.82 h'-HL e e
L regular (assignment) cylind...linder3.gasForcek) substitute: {{cylinders, e{1] cylinde - ] .0~ cy...2.phi), 0.0 0/ {1.0-0.0* 0.0) * cos(cy der3.52.phil tau = -frame_b.t*e;
L regular (assignment) cylind...ody.w_a[1] - loadw | | [ inline; cylinder3.82.R_rel = Modelica.Mechanics.MulkiBody....[2] * cylinder3.B2.w, cylinder3.B82.e[3] * cilinder3.B2.w])
‘ i B [assign-rntntil deric...r3 Rud-bodyw a[1| original: B_rel = Frames.planarRotation(e, phi_offset + phi, w); => flattened: S¢ Conmnection to internal =
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Browsing Equation Transformation Chains
Closeup of EngineV6 Equations

Defines ||Depends
Variable v || Variable v
der(cylinder3.B2.R_rel.T[3,3]) |: cylinder3.B2.phi

cylinder3.Rod.body.w_a[1]

Equation Operations

Operations

- solved: der(cylinder3.B2.R_rel.T[3,3]) = (sin(cylinder3.B2.phi)) * cylinder3.Rod.body.w_a[1]

- substitute: (-sin(cylinder3.B2.phi)) * cylinder3.B2.w => (-sin(cylinder3.B2.phi)) * cylinder3.Rod.body.w_a[1]

- differentiate: dcos(cylinder3.B2.phi)/dtime = (-sin(cylinder3.B2.phi)) * der(cylinder3.B2.phi)

- differentiate: deylinder3.B2.R_rel.T[3,3]/dtime = der(cylinder3.B2.R_rel.T[3,3])

- scalarize(9): cylinder3.B2.R_rel.T = {{1.0, 0.0, 0.0}, {-0.0, c....B2.phi)}} == cylinder3.B2.R_rel.T[3,3] = cos(cylinder3.B2.phi)
- simplify: cylinder3.B2.R_rel.T={{1.0 * 1.0 + (1.0- 1.0 * 1.0)....B2.phi)}, {0.0, -sin(cylinder3.B2.phi), cos(cylinder3.B2.phi)}}
- substitute: {{cylinder3.B2.e[1] * cylinder3.B2.e[1] + (1.0 - cy...2.phi), 0.0 * 0.0 + (1.0 - 0.0 * 0.0) * cos(cylinder3.B2.phi)}}
- inline: cylinder3.B2.R_rel = Modelica.Mechanics.MultiBody....[2] * cylinder3.B2.w, cylinder3.B2.e[3] * cylinder3.B2.w})
—original: R_rel = Frames.planarRotation(e, phi_offset + phi, w); == Flattened:

29 s
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Performance Profiling
(Here: Profiling all equations in MSL 3.2.1 DoublePendulum)

» Measuring performance of equation blocks to find bottlenecks
» Useful as input before model simplification for real-time
platforms
» |ntegrated with the debugger so it is possible to show what
the slow equations compute

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

Etiuaticrns Browser || Defines
Index Type Equation Executi Max time Time Fraction a |\~ Variable
876 regular linear, size 2 4602 0.000501 0.0134 75.7% H damper.a_rel
-836 regular (assignment)...evolute2.phi) 1534 2.57e-05 0.000377 2.12% revolute2.frame_b.F[2]

-840 regular (assignment)...mper.phi_rel) 1534 1.38e-05 0.000237 1.33%
-837 regular (assignment)...evolutez.phi) 1534 8.38e-06 0.000235 1.32%
~841 reqular (assignment)...mper.phi_rel) 1534 8.48e-06 0.000192 1.08%
~849 regular (assignment)...mper.phi_rel) 1534 8.04e-06 0.000146 0.824%
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OpenModelica Eclipse MDT
Algorithmic Code Debugger

File Edit Navigate Search Project Run  Window Help

%5 Debug 31 Ta Al IR T
A% Simulation Model [Modelica Developement Tooling (MDT) GDB)
i® MDT

4@ Main Thread (stepping)
= getValueMultiphedBy Two st simulationmodel.mo:l3
= eqFunction_3 at simulationmodel.mo:5
wl C:\Users\adeas31\workspaceMDT\HelloWorld\SimulationModel,exe

i<

!

List of Stack Frames

14 SimulationModel.mo 8

~model SimulationModel
Real x(start = 1);
Real y(start = 1);
algorithm
x i:= getValueMultipliedByTwo(x);
y i= X;
end SisulationModel;

function getvalueMultipliedByTwo
input Real inValue;
output Real outValue;
algorithm
outValue := inValue * 2;
end getValueMultipliedByTwo;

- Variables 31 9 Breakpoints| = MDT DataStack ' <& (5| o % % | [ 5 = O]
Name Declared Type Value Actual Type
@ inValue Real 1 double
@ outValue Real 6.945328072060835%e-308  double
Variables View | & i AN NE=0)
. - getValueMuitipliedByTwo

o inValue (Real - IN)

o outValue (Real - OUT)
IV SimulstionModel

o x

ot |

Xk GHEEE 8- -r5-=0

Simulation Model [Modelica Developement Tooling (MDT) GDB] C:\Users\adeas31\workspaceMDT\HelloWorld\SimufstionModel, exe

Output View
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Adding Breakpoints

File Name: | Browse Classes | | File System |
Line Number:
Enabled: [
lgnore Count: | 0 B
& condition
Expression:
& Time:
Value: @® Equal () Greater () GreaterEqual () Less () LessEqual
Lok | cancel |
32 /4
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ABB Commercial Application Use of Debugger

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

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

33 %
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Part Il

Dynamic Verification/Testing of
Requirements vs Usage Scenario Models

Wladimir Schamai, Lena Buffoni, Peter Fritzson
and contributions from MODRIO partners

e

Gyt i 20

7 Van der Pol Model

1 Simulation of Van der Pol

£
= T
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OpenModelica and Papyrus Based Model-Based
Development Environment to Cover Product-Design V

- Feedback
; i i« System
) irgulation
E;ﬂ:ggs Requirements || . | ModelDriven Compilation
Capturg Design & gpode Gen
4

/ |/
Regliirements Pgbduct Platfor
odels odels modelg

Level of Abgraction

N\

System N Maintenance
requirementg

s

Prpduct verification and
deployment

bubsystem level integration test

calibration and verification
Architectural desigglang

system functional design

Detailed feature design a
implementation

Subsystem level integration and
verification

Component verification

Realization

35 I e

. . ) . MODELICA
Documentation, Version and Configuration Management



Business Process Control and Modeling

fm e e e e e e e e Feedback ____ |

v v ; System . .

| v e VTT-Slmantlcs
E“S'”ESS Requirements ModelDriven Compilation Business process modeler
C:)%Ct?'jfl Capture Design & Code Gen

Software &
System Produc

Process
models

Requirements Product Platform
models models models

UnifieQModeling: Meta modeling& Modelica& UML

OpenModelica
compiler & simulator

OpenModelica based simulation

Metso Business model & simulation

B + - . . .
- IMantics Grapnic viodeling 10a
< Simulation of 3 strategies with
. y v
T T N . STRATEGY 2 STRATEGY 3
<% S [mwasted (change requests) mWasted Errors) Profi |
: : 1400 000 € 1400 000 € 1400 000 €
. ‘ + Remforcmg Y " 1200000 € 1200000 € —_— 1200 000 €
Pricmg Demand - Orders A0 Average Schedule \“ 1000000 € 1000000 € ——— |t 000000 € +
P erformance 800000 € 800 000 € —— | 800000¢ +
+ Sale‘i + Average Quality 600000 € — 600000 € —— | s00000¢€ ¢
PE Formance 400000 € +—— — 400000 € —— | 400000¢
200000 € +—— 200000 € —— | 200000¢
Proceed‘; Project StartRate 8 8 8
Wasted work Total Profit Wasted work Total Profit Wasted work Total Profit
Completlon Rate
Pr0flt sow 759 o= I oo soe 75 9= I oo sow 759 95 I oo
Total Proft Totd Proft Total Profit smooth
aM aM 4M
Iaterial '
-—-——.h_coqts Balancing Workmprocess - 2M N
a |
+ 2M 2M 2M —
Resource
Labour-—_______.R NN Avalzble Ad e 1 Mg 765 103 1295 s | Mo 65 103 1295 156
ESCUICES s RESOUI'CES + Equacy (Week) Time (Week) Time (Week)
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Requirement Capture

e e eeeeeeemeemeeoe—.._.Feedback ___
v v v System
) Simulation
EESLZESS Requirements Model Driven Compilation
S5 Capture Design & Code Gen
Control

Software &

Requireme
models

Process
models

System Produc

Platform
models

Verification Mddel
Design Mddel
Scenario Mojglel

Requirement
Models

Unified Modeling: | Meta modeling& Modelica& UML

OpenModelica based simulation

;E—-n Class Components Tree @3

= E instantiakted "eM Faor: k=1 - Fill and Drain Tank'

[ =3
&=
e =
fiel
TR =

=R mand. client), inpu tankIsEmpty = sm_spuws

sm_spws_environment (2]
ws_tsl  Fill_and_drain_tank (=)
req_00z_fill_mode_behawior (5
req_003_jdle_mode_behavior (4)
req_001_tank_Filling_time (7)

—* Yiolation_Monitar |

VVDR (virtual Verification of
Designs against Requirements)

in ModelicaML UML/Modelica
Profile, part of OpenModelica

W B Bs @

Provider from
design model

nent.spws,

o ¥~ O

Ed (mand. client), input tankI: SeingFilled = sm_spws_environment, spws, Eank, pLiguidFillDr ain.massFlowR ate =0

[ Real timeLimit = 300
Ed output violaked

37

H-=

Ed output evaluationstarted

_reqierificationverdict (4)

Ed (mand. client), input tankIzsFull = sm_spws_environment, spres, kank. level = 0,93

Client from requirement model

7
Moo ELi A



OpenModelica — ModelicaML UML Profile
Based on Open-Source Papyrus UML and OpenModelica

* ModelicaML is a UML Profile for SW/HW modeling
« Applicable to “pure” UML or to other UML profiles, e.g. SysML

« Standardized Mapping UML/SysML to Modelica

Defines transformation/mapping for executable models
Being standardized by OMG

ModelicaML

Defines graphical concrete syntax (graphical notation for diagram) for
representing Modelica constructs integrated with UML

Includes graphical formalisms (e.g. State Machines, Activities,
Requirements)

« Which do not yet exist in Modelica language (extension work ongoing)
« Which are translated into executable Modelica code

|s defined towards generation of executable Modelica code

Current implementation based on the Papyrus UML tool + OpenModelica

38
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Example: Simulation and Requirements Evaluation

gmaodels
[ TwoTankabystemExample: SystemSimulations)
TankSystemSimulation

& Plot Window M=E
= «companents dm: TanksCaonnectedP| " | | |_||_|[5__<|
=} «requirementinstances 01 _tank1: Max level of liquid in a tank | 7= FAt Inset ool Help
ENequirementinstances 01 tank?: Max level of liquid in 2 tank | Open Save  Prink | Select | Zoom | Pan | Grid | Hold | Preferences | Active | Image
= mentlnstances 02 tank1: %olume of the tank Plot by OpenModelica
LA 1
Req. 001 is instantiated 2 times (there are 2 tanks in @i tarki h
the system) 05
g @ dm.tankz.h
tank-height is 0.6m
\/_/\l o0l _tankl violaked
\ b~ o .
Req. 001 for the tank2 is violated 0z @101 tank2 violat=d
0
. 50 100 150 200 250 A00 350
i
Req. 001 for the tank1 is not violated "
77
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ModelicaML: Graphical Notation

amodeks
(TwoT anksSystemExample:. DesignModels Models Library)
BaseController

& avariables K ModelicaReal
= avariables T: hModelicaReal
[E! avariables ref ModelicaReal
= avariables error. ModelicaReal

Structure

[E! avariables outCtr: ModelicaReal

Requirements

| «ExtendsRelatior
o typeModificati

amodeks
(TwoTanksSystemExample: Designlfodels)
PlcontinuousController

= avariables x: hModelicaReal
= avariables powered: ModelicaBoolean

pLim = pMax:

sconditional&lgorithm(Disagrarm s
limit value algorithm

afmogls B "
(TwoTanksSystemExarmple:: Designlodels) sRequirements «requlr.eme.nt».
TanksConnectedPl id =001 Max level of liquid in a tank
texdt ;D-Epe lfet\fl tof lII-?LP:‘d'”;ta tank shall never | & evariables maxLevel ModelicaReal
mx?:z:, ‘w::?]n:;h «CDT:?ITZW Excee i ﬂTD E_ aTn -kelg = «variables tank_height: ModelicaReal
gout[ ] ] e qout[ | [ Jan qou [ ] Speciicelbepgllark] = «variables level: ModelicaReal
tSensar tactuator tSensor tActuator]
. I srequirement:
«Requirerments
«companerts companenty id =002 Volume of the tank1
piContinuousi piContinuous2 _ |
[ i ] ot e ffTh[ej;_o\ume ?I'Hhke tgnlﬂ ShaL:F?le D'i:”a' £ evariables tank_volume: ModelicaReal
cin cOuf cln cou = . .
Specifiesthieeidiilanksetoanestedaliank] =} «variables design_value: ModelicaReal
Behavi
sm
on
[not powered]
- off [clnval = 0.1]
[P = phax] [p=pMin] [ .
«ifs pLim := pMin: monitoring the level controlling the level
| [powered]
[else] - [cinval=0.1]

pLim = p;

40
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Example: Representation of System Structure

amodek:

{TwoTanksSystemExample:: Designiliodels)
TanksConnectedPI

«COomponents «companent:
source tanki

«COmponents

tank2 /

o[ ][ Jar oo} Jan aou [ ]

_D tSensor tActuatar

«Companents
piContinuoust

_D cln cout

tSensor tActuatar

#COmponents
piContinuous2

cin cout

Interconnections
Inheritance
smodel:
(TwoTanksSystermExample:: DesignlWodels:: Models Libran)
BaseController

emodels
{TwoTanksSystemExample:: Designlodels)

=] evariables K ModelicaReal

= evariables T: ModelicaReal

= ¢variables ref ModelicaReal
= ¢variables error: ModelicaReal
=] gvariables outCtr ModelicaReal

Tank

= ¢variables flowGain: ModelicaReal
=] «variablex miny ModelicaReal .
= ¢variabler maxy ModelicaReal

=] gvariabler h: ModelicaReal

= «variables tank_height: ModelicaReal

= «variables tank_width: ModelicaReal —
= gvariablex tank_length: ModelicaReal

= «calculatedPropertys areaCal: AreaCalculation

& «calculatedPropertys wolumeCal: %olumeCalculation

= evariables volume_of liquid_lost: ModelicaReal

wAssernts
condition = min%">=0
message = minY - minimum Yalve level must be == 0
level = waming

| «ExtendsRelatians
- typeMaodification = [K

=2,T=10]

amodels
{TwoTanksSystemExample.: DesignModels)
PlcontinuousController

Components

= ¢variables x ModelicaReal
& evatiables powered: ModelicaBoolean

41
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Example: Representation of System Behavior

fState Machine of the

sm

) Controller

on

L

off

. [ not povwered ] J

[clnwal=01]

[ poveered | monitoring the level

o
[clnaal =0.1]

controlling the level

State Machine

of the Tank

Conditional Algorithm

sm

goonditional Algorithmi Disgram)s
limit value algorithm

-
|

(Activity Diagram)

[P = phax] w [P = phin]

empty

pLim := pMax; |
vy

wify I pLim := pMin;
| pLim = p; |
. vy

[h=0.001]

partially filled

[h=10.001]

[h = tank_hgight ]

[h = tank_height]

overflow

42
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Example: Representation of System Requirements

sm: evaluating the requirement

1
Iati

1
1
| [level = maxLevel = tank_height]

monitoring the level, no
violated

[level = maxLevel * tank_height]

Textual Requirement Formalized Requirement ;
’l
1
1
1
1
1
¢Requirements & sreguirsments
idq= o Max level of |i(|l|i(| in a tank ‘ violated ones or several times, continue monitoring
texdt ;DT.;E ]LE\:]El Df”ELI,I]id-iT]a el Sl ) 7| & evariables maxlevel: ModelicaReal [level = maxlevel ™ tank_height]
EHLEE i OTD ! e_taTn -kEIg e = evariables tank_height: ModelicaReal -
specifiesType = [Tank] = variables level: ModelicaReal R
- - . "y
- sm: evaluate the volume requirement
«Requirermnents & sreguirsments
il = 002 Wolume of the tankl
text = The vplume of the tank1 shall be 0.8m3 I ) evariables tank volume: ModelicaReal
specifiesObject = [TanksConnectedPl.tank1] £ evatiables I:Iesian value: ModelicaReal
" monitoring
\\
\
\
\ . .
\ [tank_volume = design_value| or tank_volume = desigh_value ]
‘\
\
\
\
\
\
\
\
\
\
\
\
. -
///.}
MODELICA

43



vVDR Method —

virtual Verification of Designs vs

Requirements

Actor

%.’D g.’b %.’D

g)

Task

Formalize
Requirements

-

-\

Formalize Designs

Formalize
Scenarios

-

-~

e L. *
Create Verification
Models

Execute and
Create Report

Analyze Results

Created Artifact

Requirement
Monitor Models

Designs
Alternative
Models

Scenario
Models

Verification Models

Reports

44

=

Analyze Modify

/ Verify

Goal: Enable on-demand
verification of designs
against requirements
using automated model
composition at any time
during development.

VLl
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Challenge

We want to verify different design alternatives against sets of requirements
using different scenarios. Questions:

1) How to find valid combinations of design alternatives, scenarios and requirements in
order to enable an automated composition of verification models?

2) Having found a valid combination: How to bind all components correctly?

Designs Alternative Scenario Requirement
Models Models Maodels
| anM SM RM
' | SM
Create Verification
Models
1. Verification
Model .
2. Verification
Model
n. Verification
Model

VLl
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Composing Verification Models

main idea

« Collect all scenarios, requirements, import mediators
« Generate/compose verification models automatically:

« Select the system model to be verified

« Find all scenarios that can stimulate the selected system model (i.e., for
each mandatory client check whether the binding expression can be inferred)

« Find requirements that are implemented in the selected system model (i.e.,
check whether for each requirement for all mandatory clients binding
expressions can be inferred)

* Present the list of scenarios and requirements to the user

« The user can select only a subset or scenarios or requirements he/she
wishes to consider

46
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Generating/Composing Verification Models

algorithm

Combinations

Clients of design
alternative satisfied
by providers from

scenario? More req.

else

All requirement
clients satisfied?

Create Combination
(i.e. Create Verification
Model)

VLl
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Simulation and Report Generation in ModelicaML

Verification models are
simulated.

The generated Verification
Report is a prepared summary of:
» Configuration, bindings

» Violations of requirements

« etc.

Plot by OpenModelica

0.5
0.6

0.4 ’\L/J \/\k

0.z Sme”

P

tinne:

(ModelicaMLMeodel:

Settings: startTi

(MeodelicaMLMeda

(ModelicaMLMede

madantory clien
Type
Wariability
Binding code :

[MeodelicaMLMode
Text: When the

Type
Wariability
Binding code :

Type
Wariability
Binding
code

48

Werification models number (3),

Failed VeM for: s1-Fill and Drain Tank (Plot)
Failed WeM for: s2-Fill tank (Plot)
Failed VeM for: s3-Drain tank (Plot)

Failed VeM for: si-Fill and Drain Tank (Plot)

verdict allRequirementsEvaluated : yes
verdict someReguirementsViolated : yes

Model to be verified: SPWS Environment

Verification Scenario: s1-Fill and Drain Tank

Violated Requirement: Drain mode behavior (ID 004)

verdict evaluated : yes
verdict violated

madantory client: req 004 drain _mode behavior.fillDrainValveIsOpen (changed its value)

madantory client: req 004 drain_mode behavior.otherValvesAreClosed {changed its value)

: = ModelicaBoclean

1 = continucus

: = if sm_spws_environment.spws.overFlowValve.isFullyClosed and sm_spws_environment.spws.supplyVavle.isFullyClosed

:GenVeMs for: SPWS Environment_1::VeM for: s1-Fill and Drain Tank]

me = 0, stopTime = 1500, tolerance = default, intervals = 0, cutputFormat = plt

|::Design:: SPWS Environmeant)

|::\Werification Scenarios::s1-Fill and Drain Tank)

t: ws s1 fill and drain tank.tankHeight (changed its value)
ModelicaReal

coentinuous

= sm_spws_environment.spws.tank.height

|::Requirements: :Drain mode behavior)

system is drained only the fill/drain valve should be open, all other valves should be closed.

: yes

ModelicaBoclean
continuous
sm_spws_environment.spws.fillDrainValve.isFullyOpen

then true else false
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Continuous and Discrete Time Locators for Time-related
Requirements — Work in MODRIO project by EDF, LIU, DLR, DS, ..

« A Continuous Time Locator(CTL) specifies one or more time

intervals
« Time intervals have a duration ﬂ —
« They usually have a position in time, >
but a sliding time window defines anyle_duraton >

time period of a given duration

time

« A Discrete Time Locator (DTL) defines one or more positions in time

and has no duration T T

T .

« An eventis associated with a DTL
that specifies when the event occurred

 The difference between events and
DTLs is that a DTL is not an object

time

« That position may be relative to the initialisation of the system or

to another DTL

49
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Time Locators Expressed in Modelica

Special FORML-L syntax
duringAny duration

after event

after eventl untilNext event2
after event for duration

after event within duration
until event

every durationl for duration2

when condition changes

Standard Modelica syntax
duringAny(duration)
after(event)

afterUntil(eventl, event2)
afterFor(event, duration)
afterWithin(event, duration)
until(event)
everyFor(durationl, duration2)

Maps to Modelica if

50
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From Text to Simulated Requirement
— Modelica Extended with new Operators

From a text requiremen expressing a condition:

A - In the absence of any Backup Power Supply (BPS) component failure or in the presence of
a single sensor failure, when the BPS is not under maintenance, in case of loss of MPS, and if
safety injection is required, Setl must be powered within 20 s

model P2a extends Condition;
iInput ConditionStatus bPSNeeded, sARequired, setlPowered,;
equation
status = if afterWithin (0PSNeeded == notViolated and
sARequired == notViolated, 20) then
if setlPowered == notViolated then
notViolated else violated else undefined,;

end P2a;

T BPS.Needed and SA.Required BPS.Needed and SA.Required

s20 s20
3> ¥ _
t=0 time

>

Setl.Powered must become true within the
timeframe s20 and remain true afterwards

VL
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From Text to Simulated Requirement —
Requirement not Violated — OpenModelica Simulation

—— p2a.bPS_needed —— p2a.sA_required p2a.setl_powered p2a.status —— r2.status

Requirement 3-valued logic

0s validated
] prototype:
i 1—true
0 — false

-1 —undefined

-0,5 —

BPS Powered

I T - — T T | T T T T | T T T T | T T T T | T T T T |
0 10 20 30 40 50

time

Requirement Within 20s BPS.Needed and SA.Required  Setl.Powered

undefined T | .

outside the L 520 ‘l( R
specified time t=0 time
window t=10 t=25

VL
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Industrial Use Case for Requirements
Verification and Model Composition in ModelicaML

OPENPROD-Project Case Study, performed 2012; presented 2013

‘Wladimir SCHAMAI  (EADS Innovation Works, Germany)

*Peter Fritzson (Linkdping University)
*Audrey JARDIN (EDF - R&D, France)
*Daniel BOUSKELA (EDF - R&D, France)

*Mar. 2013
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EDF Use Case — System Description of SRI system
(Intermediate Cooling System) in turbine hall of a nuclear power plant

LC : Limit condition Feeding on-off valve Feeding tank

TCS

1 A
| |
1 Regulating valve 1 1
: Heat exchanger 1 |
1 I il il A
1 1 Pump 1
I ST~ I Tube | | ! Tube
: : T6 1 | 1 T8
1 1
' et Lc2 ! - > I\/ |
1 | | 1 : :
| [ | I Sensor of 1 1
! temperature 1 1
| Regulating valve 2| | 1 !
1
I Heat exchanger 2 D I X Pump 2 !
! ! ! I Tube
! ! TubeT2| '| TubeT1 /—\ | 15
i ST~ T ' - | :
1
1 ! 1 U 1
1 ! 1 1
1| LC3 LC4 1 P T |
! | | ! ! !
1 I | ! 1 1
1 I 1 1
1 I 1 1
1 Bypass valve 1 . .
1 I 1
| Q 1 : ?\]l 1
| | L | Water |
1 1 circulation
| P, =N e e e e e e e e m - - ———— - - -
: Cooling system : _______________________ ]|
______________________________ Users valve :
D Auxiliary :
Tube T4 equipment !
1
1
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System Requirements

#002: The set point of the SRI water temperature must be held at a
minimum value of 17°C.

#003: In a normal operating mode, the water temperature of the SRI
circuit should be between Ts - e and Ts + e (Ts : set point temperature).

#0083: A pump must not start more than 3 times per hour.

#013: In a normal operating mode, there must not be less than 2
operating pumps during more than 2s.

#007: The water temperature must not vary more than 10°C/hour.

55
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SRI Case Study Conclusion and Lessons Learnt

« Showed applicability of vWDR method to realistic industrial
applications

 ModelicaML is a promising prototype implementation of the vWDR
method, needs improved usability and stability

« Lessons learnt:

 Formalized requirements should be tested separately in order to
ensure correctness

 Model validity asserts must be included

« Parameterized requirement monitors can be re-used as library
components (later realized in MODRIO project)

 Workis continued in the ITEA2 MODRIO project

» Stochastic aspects (model uncertainties, tolerances in
requirements, ...) should be taken into account
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