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ABOUT WILLERT SOFTWARE TOOLS

THE WILLERT SOFTWARETOOLS COMPANY SPECIALIZES SINCE 1992 INTOOLS FOR
SOFTWARE ENGINEERING

Premier

WITH RESPECT TO REALTIME EMBEDDED SYSTEMS.WILLERT HAS SET ITS GOALTO Business
OFFER THE BEST AVAILABLE TECHNOLOGIES, Partner =

=
TO ENABLE CUSTOMERS TO SUCCESSFULLY DEVELOP SOFTWARE AND SUPPORT =
THEM IN ADAPTING THE REQUIRED TOOLS. FOR THIS, WILLERT OFFERS METHODS Authorized
AND TOOLS PLUS TRAINING AND COACHING BASED ON, Software Value Plus
THOROUGH KNOWLEDGE OF REALTIME EMBEDDED SYSTEMS. Rational
OUR CUSTOMERS INCLUDE THE AUTOMOTIVE INDUSTRY, AEROSPACE, MEDICAL IBM Analytics Award
DEVICES, PUBLIC TRANSPORT MANUFACTURERS, TELECOMMUNICATIONS, ENERGY Winner 2015
AND INFRASTRUCTURAL ENVIRONMENT.

=—_=—
WILLERT SOFTWARETOOLS HAS HELPED WITH NUMEROUS PRODUCT
SPECIFICATION, -DEVELOPMENT AND QUALITY ASSURANCE, FOR EXAMPLE: VEHICLE
CONTROL DEVICES, COFFEE MACHINES, FREQUENCY CONVERTERS, SATELLITES,
HEARING INSTRUMENTS, DOOR CONTROLS, FIRE ALARMS, X-RAY DEVICES,
POSITIONING SYSTEMS AND ROBOTICS.
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We sell and mtegrate Tools

based on best pract|ce workflow, reuse of data,
standards and process frameworks
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We train Knowledge

in real life and practical situations....

MDSE with
UML

LSystems Engineering]

Tool Trainings
(Rhapsody, Polarion, DOORS ,
Enterprise Architect ...)
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What is modeling?

cf

SOURCE:
HTTP:// WWW.DICTIONARY.COM

modeling

mod-eling [mod-Il-ing]

noun

- the act, art, or profession of a person who models.

- the process of producing sculptured form with some plastic material,
as clay.

- the technique of rendering the illusion of volume on a two-
dimensional surface by shading.

- the treatment of volume, as the turning of a form, in sculpture.

- the representation, often mathematical, of a process, concept, or
operation of a system, oftenimplemented by a computer program.




What is a model?

cf

SOURCE:
HTTP:// WWW.DICTIONARY.COM

model

mod-el [mod-l] mod-eled,mod-el-ing or ( especially British )
mod-elled, mod-el-ling.

noun

- a standard or example for imitation or comparison.

- a representation, generally in miniature, to show the construction or
appearance of something.

- an image in clay, wax, or the like, to be reproduced in more durable
material.

- a person or thing that serves as a subject for an artist, sculptor, writer, etc.

- a person whose profession is posing for artists or photographers.

verb (used with object)

- to form or plan according to a model.
- to give shape or form to; fashion.

- to make a miniature model of.

- to fashion in clay, wax, or the like.

- to simulate (a process, concept, or the operation of a system), commonly
with the aid of a computer.



Modeling Tools

The MathWorks MatLab Simulink

MATLAB
SIMULINK

4\ MathWorks

Accelerating the pace of engineering and science
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Modeling Tools

National Instruments LabView
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Modeling Tools
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Modeling Tools

UML - Enterprise Architect
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¢ File Edit View Project Diagram Element Tools AddIns Settings Window Help

AEE B0 o RDE B s . @4

Bil

EEFLG% apH RQAAQ BEF X

T3 Logical Diagram: "DemoDiagram” created: 19/11/2010 modfied: 26/11/2010 11:39:56 100% 827x 1163

I
x

S| EaNE % Bt O

Library iiter.

PQ-

+ nams: Sting + name: Sting

# sddress: String

& (g E2EmfDemo
& [ Library
23 DemoDiagram
8 Book
Library
& writer

m

authors
=
“soots
0.
+boois
Book 1.0
itle: Sting
ison: int
published: Date
q Start Page,,  *DemoDiagram | b | Wproject Browser [GgResources
Class:wiiter name Left: 499 xTop: 47 - Width; 135 x Height: 97 o @GP NOM_ ScRL_wan

Edit Navigate Search Project UMLEditor Run Window Help

e
I
[l Ry (elo ¥ N SR 5 ([ ModelbusRe.. | &' sove
u itory £ 7 eatmiemodi2 3 &) EeEmfDemo.uml £ =l
Be D> 4| [ platform:/resource/democamp/projects/EAProj
4 (> democamp 2530 m £ <Model> EaEmfDemo
4 (G projects 2530 £ <Package> Library
4 (= EAProject 2530 Library Writer [ <Class> Library
4 (5 model 2530 & name: Sting [1] e | €3 <Property> name: String
7 EaEmfDemo.di2 2523 €@ address: String. = €3 <Property> address : String
4 [5] EaEmfDemo.uml 2527 [ <Class> Book
<Model> EaEmfDemo (6L <Property> title : String
4 B <Package> Library 0] (1.1 / +autnors L <Property> isb
» & <Class> Library L <Property> published
» B <Class> Book B <Class> riter
» [E] <Class> Writer Book (3 <Property> name:: String
s/ <Association> A_authors_books +rooksN\ 5 e Swma 1 / <Association> book_writers
» o <Association> A_library_books = Isbe" m.”?f] 0] ,/p fAssoc::lmn) Shbrary_hnak
[ <Primitive Type> String = ! <Primitive Type> String
[ <Primitive Type> int () BRI [ <Primitive Type> int
X project 2524
> & www.modelbus.org 1817
» & www.eclipse.org 272
> & org.fnun:ofedgokusldgz |2 Deiobissm| L e— p— v
(3 ModelBus Repository Browser 22 ) History| </ ModelBus Properties| < ModelBus Status View| (2. Problems. $ =0
Q2

-—
SYSTEMS



Modeling Tools No Magic
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Modeling Tools

UML - IBM Rational Rhapsody
cle - Eclipse SDK =153
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Modeling Tools

Many many more UML and proprietary tools.
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your model for success



Which tool should | select then?




Perhaps you need more then just
one tool....




Perhaps you need more then just
one tool....




OK....it'll work if you try....




But using the right tool for the right
job is a lot easier..




With a hammer in the hand...
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) C/C++ - Mountains/GenFractal.cpp - Eclipse Platform (=[O §i.‘
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Abstraction

How many matches are in this picture?




Abstraction

And now?




Abstraction

This is something engineers understand immediately
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Abstraction

This too
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Code

But this is much more difficult to understand.

e, 20,0, 2000000, 3000, 40 50 B0

N

70,

AR

ALV

1 [include<stdilib.n>

2z  #include<Xlib.h>

3 #include<keysym.h>

2 #define b(b)XDraw##b(i,J, k,

5 #define 1 :q==

& #define o if(

7 #define a for(

2 #define t(t)XSetForeground(i,k,t##Pixel(i,0));

5  #define i(i)o g>l&&*P==+*#i){ g--; m[g-1)i##=m(g); } else
o #define n (W-Ix)

11 #define s (Z-u)

1z #define I n*Q-Q, (8+2)*S,Q*3,Q*3,360*A/F*64,360%e/F*64);
12 #define d E[X][Y]

14 #define e mw[q]

15 int q,B,W,Z2,X,Y,xr,u; char E[U] [U] [T+1] ,D[T]: Window J; GC k:

-
©

i; a m[g++]=atof (D)

[Ny

e/B; a; q--&&F; BR+=e){ o
= return

w

o 0

a XMapWindow (i,J); b (String)S ,S,d ,P=strlen(d))){

3

XLookupString (éw.xkey,D ,1,&q,0); q &

MMNNNNNNNN D
-

3s }
36

XEvent w;

16[H Display*i; v(c,j ,K){ char*P=E[c][j],*X,g=0; double A=0,F=0,m[T]; a; K<U&a&*
170 B ){ m[g]=strtod(P ,&X); a q=-1; ++q <g; F+=*P==64? e:0,A=*P==33 ? e>A
12 [ 2 e:A :0); o isupper (*P) *isdigit (P[1])){ o v(*P-65 ,atoi(P+1l) ,K+1))goto

P++&&isdigit (*P); ); } else o P-X){ g++; P=X; 1}
Felse{ i(=)i(+)i(-)i(*)i(/)o *P-32)goto i; P++; } } o !--g)return

"$£10.2f",*m); i: a; B&&g--; XFillRectangle (i, J,k, (n+q)*Q+S,s*S+S-K,Q/2,K))R=Q*
Q%2)t (White)XFillArc(i,J,k,I t(Black)b(Arc)I}
strcpy (D (E[c][3]); } main(){ read(q,E,z); i=XOpenDisplay(0);
LJ] k=XCreateGC (i, J=RootWindow (i,W),Z,0); XSelectInput(i ,J=XCreateSimpleWindow (i,

!sprintf (D,

J,P,q,M ,H ,r,u ,WhitePixel(i,X)) ,ButtonPressMask|KeyPressMask|ExposureMask):;
XNextEvent (1 ,&w);
96&&gci2e  ? d[P++]=@ 1 C ? ¥-- 1

)): a Y>u+G
,"33d" ,2) &6

8| L 2 Y¥++ 1V ?2X++1 _ 2?2 d[--PF]=0 1 C&&X ? X--:P; o w.type==ButtonPress){
s | X=x +(w.xbutton.x-S)/ @ Y=u+w.xbutton.y/S-1; } X%=26; a X>r+p ? r++
30 :X;  X<x: r--); ¥%=U; o Y¥<1)¥=1; a; g== R; exit(write(l ,E,z)

31 | 2 u++  :u;  ¥Y<=u; u--); XClearWindow(i,J); a Z=u+l; sprintf(D

32 [ Z<=u+G; Z++){ b(String)0, (s+2)*5-B,D,3); a W=r; W<=r+p; b(String)n*Q+S+N,S*
33 | 2-B,D,1),W++){ b(Rectangle)n*Q+5,8*5+5,Q,5); v(W,Z,0); b(String)n*Q+5+N, (s+2)*
34 |- 5-B,D ,strlen(D)); *D=65+W; } } b(Rectangle) (X-r) *Q+S+1, (Y-u) *S+5+1,¢-2,5-2);

}

1M 1duag

For Help, press F.

Ln1, Coll, CO DOS C/C++ Mod: 26.02.2012 15:45:37

File Size: 2067
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Diagrams to communicate




Diagrams to communicate
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Diagrams to communicate

[ sequence Diagram [ Timing Diagram l
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Link model elements with
other information




«fromDoors Advanceds
Requirements: Pflichtenheft::Displaybeleuchtung: Hellig

ID = Helligkeitsstufen

Owammu:mu«ow-
. 12mW / 70 cd/m? - 20mW / 110 cd/m?® - 40mW).
ReqUIre Auslieferungszustand ist Stufe 2




User Technical

Requirements ~ Requirements Design Test Cases

Requirements



Traceability

All standards require Traceability

Source: Kugler Maag - Automotive SPICE Pocket Guide






Backannotation

Simulation and Target Execution
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MODEL TRANSFORMATION - SIMULATION

- ENV [Car...CardPeader | SecSyst0]SecSys{ ...FingerPrintS.]  frdR...CardReader SecSyst[0]:SecSys{_..FingerPrints..]
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Better
Documentation




E.G: SW DOCUMENTATION

A: DOCUMENTATION IS OK
B: DOCUMENTATION IS GENERALLY POORLY

C: DOCUMENTATION DOESN’T REPRESENT THE STATUS OF THE SOFTWARE



Better
reUse of
Software




reUse in Software engineering?

s R



reUse in Software engineering?




ReUse in Software engineering?




,Casting‘ the du
tape of SW-
Engineering

CASTINGS

.Castings
.Vorsicht beim Casten
.Vorsicht beim Casten
-Fazit
- Hinweis for

C++-Programmierer

Castings dienen dazu, die Bedeutung von Daten anders zu interpretieren, bzw. der Programmiersprache zu
sagen, dass man sich bewusst ist, was man da eigentlich tut.

// kein Problem: denn char (8 Bit) ist vollsténdig

// in int (32 Bit) speicherbar;

// Problem: der Computer kann die 32 Bit des ints nicht
// in den 8 Bit des chars speichern:

' /7 Es kénnten Daten verloren gehen.

Ein C-Casting |8st dieses Problem wie

1; // Problem geldst.
// Ich behaupte, ich weiB, was ich da tue und deswegen soll de
// das nun ohne zU meckern durchfiihren.

r Compiler

Also wird der Compiler nun die niedrigsten 8 BICUE ege STacter-Variable kopieren. Sollte die Zah! groBer sein, SO gehen diese
Informationen verloren. Dass das nicht passiert - oder dass das gewollt ist, dafur Ubernimmt der Entwickler durch das Casting die
Verantwortung.




Alternatives

Interfaces based on UML Ports

ArchitecturalDesignPkg

B

1 «PhysicalSubsystems
SubSyst1

1 itsCardRea( & port_SecSyst

port CardReadel

port_SubSys2

1 itsFPScanner port_SecSyst port_SubSys1
= 1 1 «PhysicaTSubsystems
port_FPScannerSubSys* SubSyst2
—
port_SubSys3
port_SubSys2
1 «PhysicalSubsystems
SubSyst3

.
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Problems

Size | Datasets:

Instance st

DoFeb220:46:48 2017 ¥

EVENT Started - EventD: 103 sr
EVENT Ended - EventlD: 103 src:
EVENT Created - EventID; 104
EVENT Started - Eventll
EVENT Ended - EventID: 104 src:
EVENT Created - EventID: 105 src: itsClock 1 Ox 100003fc dest:
EVENT Started - EventlD: 105 Sr
EVENT Ended - EventiD: 105 s
E/ENT Created - EventD: 106 e \EC\ndﬂ cL00003fc est: (T OX 1000020 vt Gplay 15003 Time clopsed : 30991 Tidks:
EVENT Started - EventiD: 1
EVENT Encied - EventlD: 106 &c:fslock | dest: fsPrntl evE: sy
EVENT Grested - EventD: 107 arc: sClockl 0c100003f dets sPrint amanuz«z evt: d\sv{a‘{ 18003 Time elapsed : 30542 Ticks
EVENT Started - EventD: 107 src: itsClock 1 dest: itsPrint1 e
EVENT Ended - EvntD: 107 rc: fisclock ] dest: fsPrnt1 eut dspey

sClock dests fsPrint] evt: dispay Time clapsed : 26653 T
Clock1 dest; itsPrint1 evt; display
seci itsClock1 0 100003fc dest: itsPrint 1 0x 1000020 evt; display 18003 Time elapsed : 30389 Ticks
104src: tsClock1 dest: itsPrint1 evt: display Time elapsed : 30383 Ticks

Clock 1 dest: itsPrint1 evt: display

itsClock 1 dest: itsPrint1 evt: di

1 dests itsPrint1 evt: display Time elapsed : 30491 Ti

display Time

ToPrint1 Ox 1000020 evt: display 18003 Tim lape : 30440 Tiks
: eClck] dest: sPrt vt dlsnlav Time elapsed : 30440 Ticks.




Start 2 tasks in C (using Segger embOS)

*kkk*kx main( ) ****************************'k*************************/

int main(void) {

OS_IncDI();

OS_InitKern();

0S_InitHW();

/*
/* Initially disable interrupts */
/* Initialize OS */
/* Initialize Hardware for O0S */

* Create the extended tasks just as normal tasks.

* Note that the first paramater has to be of type 0OS_ TASK
*/

OS_CREATETASK(&TCBHP.Task, "HP Task", MyTask, 100, StackHP);
OS_CREATETASK(&TCBLP.Task, "LP Task", MyTask, 50, StackLP);
/*

* Give task contexts individual data

*/

TCBHP.Timeout = 200;

TCBHP.pString = "HP task running\n";

TCBLP.Timeout = 500;

TCBLP.pString = "LP task running\n";

0S_Start(); /* Start multitasking */

return 0; }



Start 2 tasks in UML

~"Be, OverView in 00_CodeGenP., Be, OverView in ActiveClass... X

(using Rhapsody)

1 «TASKs
Task2:Task

#=IName:RhpString=HP_TASK
ﬁPriority:thInhegemlUO

1 «TASKs
Task1:Task

i=IName:RhpString=LP_TASK
ﬁPriority:thInhegemEO




Sending a message in C (using embOS)

OS_MAILBOX MBKey;
char MBKeyBuffer[6];

void InitKeyMan(void)
{
/* Create mailbox, functioning as type ahead buffer */
0S_CreateMB(&MBKey, 1, sizeof (MBKeyBuffer), &MBKeyBuffer);
}

void KEYMAN StoreKey(char k)

{
OS_PutMaill (&MBKey, &k); /* Store key, wait if no space in buffer */

}



Sending a message in
UML (using Rhapsody)

a

o

EevCharRech :

[m]

SendAction : sendaction_2 in statechart_0

General IF‘ iption I Relations | Tags | Propertjes|

[ |E

MName: sendaction_2
Sterectype:

Preview: |evCharRech}to itsRecy
Target

Target: ’itsﬂecv in MessagePkg:: Task A ]

Event
Event: [ev&arF{ecv in MessagePkg 'l
Arguments:

Name Type Value
iy data char*

Locate OK Apply J

&[]
E

m
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Receiving a message in C (using embOS)

O0S_MAILBOX MBKey;
char MBKeyBuffer([6];

void InitKeyMan(void)
{
/* Create mailbox, functioning as type ahead buffer */
0S_CreateMB(&MBKey, 1, sizeof (MBKeyBuffer), &MBKeyBuffer);
}

char WaitKey(void) {

char c;

0S_GetMaill (&MBKey, &c);
return c; }



Receiving a message in
UML (using Rhapsody)

mmmmmmmmm




Setting a timer in C (using embOS)

OS_TIMER TIMER100;

void Timerl100(void)
{
LED = LED ? 0 : 1; /* Toggle LED */
OS_RetriggerTimer (&TIMER100); /* Make timer periodical */
}
void InitTask(void)
{
/* Create and start Timerl100 */
OS_CREATETIMER(&TIMER100, Timer100, 100);
OS_StartTimer (&TIMER100);



Setting a timout in
UML (using Rhapsody)

w in OO_CodeGenP... | §p, OverView in ActiveClassPkg *~ "% Task* X | Bp, OverView in MessagePkg * |

*—

Ide N [ Active

evCharRecv -._
-~

| tm(100) |




Automated P = S '
Test ‘ ' /B
i i ’ 0N VBN \\\\Q‘Q\\‘\\“\\\\\\“\\

PRI (S
e I .
VIR 8 W

N - .




TestConductor

Test Execution on Target with Feedback on Host (1)

a x|
v DIOE X1
Entire Mo.deli\hliew " Name Status File/Iteration  *
9"'_%’:&;’;"“ ponent, WSTMonitorforTC =8 Tcon WsT_TMM EXECUTING
-GZ Events -¥, create_Casel PASSED
- Objects Test Initialisation © PASSED TCon_WST_T...
=--Cd TestPackages Test Initialisation Done PASSED TCon_WST_T...
'[Con_WST_TM_M_Architecture © PASSED TCon_WST_T...
a»‘% $:§t°c'iet’;::5 Check Test Results PASSED TCon_WST_T...
: & No Error Handler called. () PASSED TCon_WST_T...
-4 TCon_WST_TMM _TestControl =%y create_Case2 © PassED
-2 Variables v 2] Test Initialisation () PASSED TCon WST T... ¥

< > < >




TestConductor

Coverage Statistics

Test Execution on Target with Feedback on Host (2)

Goals Covered
Statement Coverage 80 80 100%
Decision Coverage 32 32 100%
Condition Coverage 8 8 100%
Condition/Decision Coverage 46 46 100%
Modified Condition/Decision Coverage 46 46 100%

Quick Links

Goal Statistics

Statement Coverage

Decision Coverage

Condition Coverage

total 80 total 32 total 8

covered 80 100% covered 32 100% covered 8 100%
unknown 0 0% unknown 0 0% unknown 0 0%
total 80 total 16 total 4

covered 80 100% covered 16 100% covered 4 100%
(completely) (completely) (completely)

covered 0 0% covered 0 0% covered 0 0%
(partially) (partially) (partially)

uncovered 0 0% uncovered 0 0% uncovered 0 0%

Detailed Coverage Results

C/DC and MC/DC

Detailed Coverage Results

Function Coverage

Detailed Coverage Results

Switch-Case Coverage

total 46 total 6 total 0
covered 46 100% covered 6 100% covered 0 n.a.
unknown 0 0% unknown 0 0% unknown 0 n.a.




IEC 61508 7/ EN 50128

Standards

Industrial
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150 26262 EN50128 | | Other
Automotive Railway Industries

Classification based on Risk-Analysis (SIL) ]










ABOUT MARQUARDT ©

MARQUARDT

MARQUARDT IS AN INDEPENDANT
INTERNATIONAL AND SUCCESSFUL FAMILY
OWNED COMPANY AND LEADING

MANUFACTURER OF ELECTRO-MECHANIC AND
ELECTRONIC SWITCHES AND -SYSTEMS.
MARQUARDT PRODUCTS

ARE WIDELY USED BY MULTIPLE CAR
MANUFACTURERS. MARQUARDT ALSO
MANUFACTURES DEVICES USED

IN'HOUSES OR FOR INDUSTRIAL APPLIANCES
AND IS WORLDWIDE MARKET LEADER IN THESE
AREAS,




THE SYSTEM
KEYLESS GO AND ENTRY

0 ECuU
O KEY
O 16-BIT 128K ROM 8K RAM ( -16K ROM FOR ENCRYPTION)
O 16-BIT 64K ROM 4K RAM (-16K ROM FOR ENCRYPTION)
O GREENHILLS COMPILER
O IAR COMPILER
O REQUIREMENTS XCHANGER
0 REQUIREMENTS XCHANGER
O RHAPSODY IN C
0 RHAPSODY IN C
0O AUTOSAR XCHANGER
00 RXF FOR RENESAS RL78
O RXF FOR RENESAS V850
0 NO AUTOSAR! OO-RTX INSTEAD
O AUTOSAR USING OO-RTX AS SINGLE TASK



WORKFLOW

0 REQUIREMENTS IN DOORS

[8] AutosarxChanger WST-DEMO - -
[ USING REQUIREMENTS EXCHANGER FROM WILLERT TO SYNCHRONISE Fle Edit Help
REQUIREMENTS BETWEEN DOORS AND RHAPSODY 42 ImportExport | B mported Mo
Import from:
0O TRACE LINKS ARE ADDED IN RHAPSODY - V i
[0 FOR ECU USING THE WILLERT AUTOSAR EXCHANGER 5 —_—
‘ AutosarXChanger

LI TAKES ARXML FILE AND CONVERTS THE AUTOSAR ARTEFACTS TO RHAPSODY/UML

tool.
2013 - Willert Software Tools GmbH. All rights reserverd.

X
!
WILLERT.
Contact: support@uillert.de

O DEVELOPMENT IS IN RHAPSODY USING UML AND CODE GENERATION
TO THE WILLERT REF FRAMEWORK |

Import Export Import and Export

O TESTING IS DONE USING TEST CONDUCTOR




AUTOSAR-Modell

AUTOSARXCHANGER

UML-Modell

ArXML

RTE-
Generator

\

4
@ AutosarXChanger
le

BlinkerSteuerung
7
= BlinkAlgorithmus():void
[ KalibierungsFaktorL esenUndBereitstellen():void
[ TasterstatusEmpfangenundBereitstellen():void
Code-
Generator

/

Code

Code

RTE




THE BIG WIN

HJ_J 1 == (L
—— 1 —
—1
(= !
- 0 —Ir O LAST MINUTE CHANGE

(—— F—

0 THEFT PREVENTION BY USING RADIO

O INTHE LAST STAGE OF DEVELOPMENT

0 DOUBLE KLICK SWITCHES OF KEYLESS ENTRY

0 FOUR BLINKS AS FEEDBACK

O IMPLEMENTATIONTIME: | DAY

O TESTINGTIME: | NIGHT

“Although most people think of it as something
new, keyless entry technology has actually been
around for hundreds of years!”



