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Exercise 1 : Hello World
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Start Rhapsody in C++

$ cd ~/Rhapsody753
$ ./RhapsodyInC++

control@ubuntu: ~/Rhapsody753

:~$ cd ~/Rhapsody753
: S ./RhapsodyInC++

) IBM Rational Rhapsody Developer for C++ - [welcome to Rhapsody]

# Fle View Help

h=spzesiseccskalxassgEEl 2
[EoR = o == =
I i e e == = e e 2= -

¥ Welcome to Rhapsody x ]
IBM Rational Rhapsody

. [nY

L as L

New Preject OpenP

Creste a new Rhapzody Project. Dpen a previously created
Proceed o
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Creating a Project

= New from File menu

R IEM Rational Rhapsody Developer for C++ - [Welcome to Rhapsody]

U File Edit Yiew Code Lapout Tool: ‘Window Help

ﬁ“ﬂléﬁhﬁﬁlé? ...... cx | 4 MKH@%QI@EE__H@IL
&@ é
o aa|-m+n-_m|§-$§||am@|}~[z'Icmia| jsznE

EEE

¥ Welcome to Rhapsody X ]

IBM Rational Rhapgadu—

Project name: oject
| Fialder: I.-"hu:ume.-"cu:untru:ulf'ﬂhapsud_l,l?EB.»’F'rDiect Browse... | L
Project Type: I Diefault j »
Praject Settings: | Diefault j [
My Proje:
Proces
Ok I LCancel | Help
AN | (™ B
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Select the working directory

Browse for Folder

Praject name

I falder:

alal
L Y Please choose a folder.

Froject Type

Project Settir

-2 Templates
-2 Wideos
=20 work
F-20 driver
-2 hello
23 module
{38 mq
{:l mtes

23 zemaphore
-2 SocketCaM

o]

[

Caricel |

Documentation

Training ar

Browse... |

In folder: I.-"thE.-"CDHt[D'.-‘IWDrk.-‘IHhapSDd_','.-‘lH ello Browse... |

| Mew Project I

Fraoject narme: IHeIIn:n

Froject Tepe: I Drefault j

Froject Settings: I Drefault j ¥

ok I LCancel | Help |

Rhapzody E |

Directary fhomedcontraldwork./F hapsodp/Helo does nok exist
Do you want to create it?




Browser

* The browser shows you everything that is in the model.

* Note that Rational Rhapsody creates an Object Model
Diagram (OMD).

R IBM Rational Rhapsody Developer for C++ - Hello.rpy - [Object Model Diagram: Model1 *]

B

5_@] File Edit View Code Layout Tools Window Help
DEH sEBs &8 o0 A X ||Q&FH0EREW v 2 |E L a %0 e 2l
Jy JIRL ) i:b;fauhCom?onent i[baa:hcgmlg il \ PRSI B S 4
iy @Batang =
25
-2 Object Model Diagrams T .
#-{Z] Packages ObJeCt
- model
diagram
Browser
v
& >
UWelcometo...I@ Model1 * I
IFor Help, press F1 GE MODE CAP NUM SCRL Mon, 27, Apr 2009  3:53 PM
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Drawing a class

= In this Object Model Diagram, click the Class icon B
to draw a class named Display.

Show/Hide Drawing
Toolbar

R IBM Rational Rhapsody Developer for C++ - Hello.rpy - [Object Model Diagram: Model1 *]
@ File Edit View Code Layout Tools Window Help

VDBQQ dBEC &2 9 AKRAED X

m 5 E 2 }BefauitComponent Vlbefau}tConﬁg

0 b 2 @) %) | B s 2 5
e » |

T —

RABOB [0 v 2 ¥
v| @ A

L] HAal

Entire Model View % Select

=2 D Hello = i

#-(Z] Components

=-{Z Object Model Diagrams

o——=0 0 : cl ’
Bgi Mol Dlsplay /( cass =
..... ) ool Composite Class
=-({] Packages Py Package

=-f3 Default
=B Classes

Expand the
browser to see
that the class

-3 Port

Display also
appears in the
browser.

8
- £ PredefinedTypes (REF)
£ PredefinedTypesCpp (REF)

< | >

uWelcometo,..]@ Model1 * ]

4 Generalization

L Assodation

Ly  Directed Association
¢ Aggregation

€ Composition

b, ik

*\) Dependency

\ Flow

£ Realization

For Help, press F1

GE MODE CAP NUM SCRL| Mon, 27, Apr 2009 = 4:42 PM




Remove from View / Delete from model

= Two ways of deleting a class
» Remove the class from the view

(this is what the Delete key does).

» Delete the class from the model.

= |f you use the delete key or
select Remove from View,
then the class Display Is just
removed from this diagram,
but remains in the browser.

= [f you select Delete from
Model, then you must confirm
with Yes in order to remove

the class from the entire model.

Display

=]

I [ W—

Features...
Add New

Cut

Copy

Copy with Model
Delete from Model
Remove from View
Change to
Refactor

Navigate

Make an Object
Ports

Create Unit

Check

Generate
Edit Code
Roundtrip

Format...

Display Options...
Associate Image
Make Default
Expand to fit text

Rational Rhapsody Gateway
Create TestArchitecture

Ctrl+X
Ctrl+C

Del

Ctrl+E
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Adding a constructor

* The simplest way to add a
constructor is to right-click on
the class and choose
Add New > Constructor.

* You do not need any
constructor arguments;
click OK.

Constructors may also be
added through the
featuresOperations tab.
Click New and select
Constructor.

Display | '
sid Features... I
| Add New > Statechart
Activity
Cut e Structure Diagram
Copy St Attribute
Copy with Model Oeration
AERalicay
Remove from View Del I Dectriictos
Change to Port
Refactor FlowPort
Navigate » [
Constructor Arguments El
Arguments;
Hame Type " ale Add
k4 adify
k3
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Display options

= You would expect to see the oy |
constructor shown on the class i :

]

on the Object Model Diagram. e b ol

| Copy with Model
O
Delete from Model

* You can control what gets

Change to 4

displayed on this view of the g :
class by using Display Options. :

= Right-click Display class and :
select Display Options. i

Check

Generate

» Set the options to display All o
attributes and All operations. ok

Format...

Display Options...

Associate Image
Display options of Display Make Default

Expand to fit text Ctrl+E

Display options of Display

{

endal | Attributes | Qlerations
Shaw

CiMone @ al O Public O Explicit

Rational Rhapsody Gateway
Create TestArchitecture
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Display constructor

= You should be able to see the constructor IS now
shown In both the browser and the OMD (object

model diagram).

R IBM Rational Rhapsody Developer for C++ - Hello.rpy - [Object Model Diagram: Model1 *]

BE

ﬂl File Edit View Code Layout Tools Window Help
DEE $BEY &2 20 AGKED X | | AQEOE B0: v 2 68 H & 9 % FE 235
M ¢ [ ¢ |DefautComponent VIDefaultConfig VT \ ,. & {2 she
........ "% Avial T
A 2l x|
Constructor Enz;md“ewﬁw : [ Selct
= Hello -
& {1 Components ] Object
-&. =-{Z] Object Model Diagrams Display H dass
% o5 Model1 Composite Class
[=1-{_] Packages P Package
=-F5 Default J St
=B Classes o o
% Display() 4 Generalization
L Assodation
5 Ly  Directed Association
£ PredefinedTypesCpp (REF) . Aggregation
€ Composition
L, Link
*\) Dependency
\ Flow
& Realization
(? Interface
gt Actor
- @
uWeIcometo”.J@ Model1 * ] 22| Fre
Fbr Help, press F1 GE MODE ' CAP NUM SCRL Mon, 27, Apr 2008 | 11:31 PM
11 = = ===




Adding an implementation

= Select the

Display constructor in the browser and

double-click to open the features window.

= Select the
following:

mplementation tab and enter the

cout << “Hello World” << endl;

Constructor : Display in Display *

Genera I Descripﬁ Implementation | Agquments | Felations

Drizplan(]

Tags | Propertiez

cout << "Hello World™ << endl:;

Locate Ik Apply
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A

If you are not using Visual C++
6.0, then you should add the

std namespace, for example,
std: :cout << “Hello

World” << std::endl;
Or, set the property
CPP_CG::Class::Implementati
onProlog to using
namespace std;.

@



Adding an implementation

If you are not using Visual C++ 6.0, then you should add the std namespace, for example,
std: :cout << “Hello World” << std::endl; Or, setthe property
CPP_CG::Class::ImplementationProlog to using namespace std;.

= Display classE [Cl= == 0ot Properties 8=
S Est = View All2 HHE

El--D Project
L——_I{:l Components
Ellﬂ DefaultComponent = = = =
E|{:| Configurations Clazz : Digplay in Default
El% DefaultConfig
Hyperlirkz

Generall Descriptinnl .-’-'-.ttril:uutesl Elperatiu:unsl Ports I Floa F'u:urtsl Helatiunsl Tags Properties |

[—:I{:l Object Model Diagrams ViewAll -

b EID b odell -
=+ Packages

E‘EI Diefault =l Class

- -8 Classes : _

= | Y ActiveMessageQueusSize |
EE Operations ActiveStackSize
- Display() ActiveThreadMame

13




= CPP_CG2| Class &= 0f| Al ImplementationPrologi

Orzj et 0] U H

lazz : Digplay in Default

Eenerall Descriptinnl ﬁhttril:nutesl I:Iperatin:ml Partz | Fla F'u:rts' Helatin:ml Tags Properties |

Yiew Al -

=
=

CPP_CG

Class

AdditionalBaseClasses

AdditionalMurnber2fInstances

Anirnate

AnimSerialize0per ation

AnimUnserializeperation

AnimUseMultipleserializationFunckions

BaseMumberOFInstances

DeclarationModifier

Defaultyalue

DescriptionTemplate

..... DS tUCtar e L )
Embeddatle
Friend

..... GEHClaSSASStht E|
GenerateDestroctar
ImpIncludes

ImplementationEpilog

ImplementationProlog

using namespace std;

14




Adding an implementation

s O] A HAHEZEZE 22 Ubuntulil A= OFel @t

DEO| OIEZl

std: :cout << “Hello World” << std::endl;

n CE= OfeHQt 20 ¢ & 6HE Jl=. Ubuntulil A=
#lnclude <stdio.h> J} 8! e HPO'OI =

printf (“Hello World\n\r”) ;




#include <iostream>

= Since you have used cout, P
you must add an include g.nw e G Pors | | T (Pt ).
of the iostream header to |»=—"
the Display class. B

ActiveMessageQueueSize

i

ActiveStackSize

= In the browser, select the s
Display class and double-| =20

UseAsExternal

click to bring up the

=| Class

features.

AnimUnserializeOperation

» Select the Properties tab e
» Ensure that the Common | (EEE=m——. ) |

- - | IsReactivelnterface 4| hd)
View Is selected CPP_C5:Cass inpinciudes s
The Impincludes property specifies the names (including full paths) of header files to be 3
. . included at the top of implementati
} E n te r < I O St re a m > I n to t h e "f1ilce§ gznerate?i f%? cla?s';:.n;%jectf r:Jr object types, or packages. Separate multiple file
173 I I | d 9 t names using commas, without spaces.
v

Locate OK

F ImplIncludes is an abbreviation for Implementation Includes.

16
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Renaming a component

* In order to generate code, you must first create a
component.

» Expand the components in the browser and rename
the existing component called DefaultComponent to
Test. Also name the Directory to Test.

Entire Maodel View < Component : DefaultComponent in Hello *
= g Hello @ Variation Points || Description || Relations || Tags | Properti
B [:l Components 1l ope | Vanation Points || Description || Relations || Tags || Properties |
+ E DefaultComponent ke 5
+-[27 Object Model Diagrams Name: A i}
--[27 Packages Stereotype: v %l%
N EI Defait Directory: :I'est : - [:]
- E Classes ’ L
-8 Display Libraries: » [Z]
- @ Operations Additional Saurces 70 1)
#, Display() -
Standard Headers: ‘
+- [ PredefinedTypes (REF) PERERAEE [:]
+- [ PredefinedTypesCpp (REF) Include Path: [Z]

Type
(O Library & ) Executable J O Other

Locate OK Apply

Executable

17
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Test component

* Now expand Configurations and rename the
DefaultConfig to Release.

Entire Model View - Configuration : Release in Test

- D Hello
General | ndkerr S . . .
=23 Components Digzeription | Initiahzation | Settings | Checks || Relations | Tags | Properties
= E Test Releaze
--[21 Configurations o

+ ‘k DefaultConfig —
+-[1 Object Model Diagrams
--[23 Packages
= E Default
--B Classes
- Q Display
= ﬁ Operations
¥, Display()
+ E PredefinedTypes (REF)
+ E PredefinedTypesCpp (REF)

18




Initial instance

» Select the
Initialization tab,
expand the Default
package, and select
the Display class.

= The main will create an
Initial instance of the
Display class.

Initial inztances

(®) Explicit ) Derived
= = | B

Generate Code For Actors

|nitialization code

Seitingz | Checks | Relations

Tagz | Propertiesz

19
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Settings

= YOou need to select an
environment so that
Rational Rhapsody
knows how to create
an appropriate
Makefile.

» Select the Settings tab.

» Select the appropriate
environment, for
example: Linux.

You will learn about the
many other settings later.

Configuration : Feleaze in Test

Fielations I Tags | Fropertiez i
General I Description I Initialization Settings | Checks
Diirectory: Ia’humef’cuntrnl.”wurk.”Hh | v Use Default
Libraries: | |
Additional Su:uun:es:l |
Standard Headers: | |
Include Fath: I |
— Instrurnentation
| nztrumentation kb ode:; IN:::ne j Edvanced]., |
—wehify

I_' ﬂeb Enal:uling Adivanced)... |
Tirne Model s Real i Simulated
Statechart Implementation: ¢ Reysable i+ Flat
— Environment Settings
Enwironment: ILinu:-: j Default |
Build Set: IDehug j
Campiler Switches: [, |$0MDefaultS pecificationDirectory |«
FI0MROOT] -1F0MROOT)ALangCpp ;I | =
Link Switches: FOMLinkCormrmands et ;I
[ Include Requirements as Commerts in Code ;I

Locate I Ok, | Sppll | |

20
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Renaming the OMD

» Expand the Object Model Diagrams in the browser.
Right-click the Object Model Diagram Model1l to
iInvoke the features dialog.

* Rename the diagram from Modell to Overview.

Entire Model View <

=1 Hello
--{_7] Components
- §7 Test
--[27 Configurations
+ ‘k Release
--{Z7] Object Model Diagrams

5] Mode! 1

(1] Packages Open Object Model Diagram

= B Defaui I

i e Wl '
= g Cla Festures in New Windov
=8|  addnew 3
Search...

+ E Predefi Search inside...

¥ il Pradefi References...
Add to Favorites

Object Model Diagram : Modell in Hello *

General | D
M arne:;
Sterentype:

Default Fackage: | Default

(0]4

Apply

21
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Generating code

* You are now ready to generate code.
» Save the model. &
» Select Generate/Make/Run. E#

» Click Yes to the question:

Rhapsody X

&

Directory CiwoarkiHello! Test\Release does not exist
Do you want o create ity

(e I
L=

L

411 Checks Terminated Successfully

Checker Done
0 Erroris), 0 TWarning(s)

Generating f£ile Displav.h
Generating file Displav.cpp
Generating main file MainTest.h
Generating main file MainTest.cpp
Generating make file Test.ma.kl

Code Generation Done

0 Errori(=s), 0 Warningi(=), 0 Mezzagei(z)
Building -----—-—--—-- Test
Compiling Display.cpp
Linking Test

Euild Done

Code generated to directory: Ahome/control /work /Fhapsody/Hello/Test/Release

JIf 1K I 4 I }I HI'-. Log .f{. Check Madel .Ih Euild .Ih Configuration Managernent h Animation !"

22




Handling errors

= If there are errors during the compilation, double-click
the relevant line to find out where the error occurred.

EllEuilding ---——————-—- Test  ————————————

Compiling Display.cpp

Dizplay.cpp: In constructor &E~Displavy: :Display() ag™:
Dizplay.cpp:23:5: error: &€"outd®™ was not declared in this scope
wake: *%* [Dizplay.o] Error 1

Constructor : Display in Dizplay

Build Done

JIRE I 4 I I*I HI'-. Log l.-'-r.l Chack Maodel }.. Buil:

Generall Description  Implementation |ﬁ.rguments Flelatil:unsl Tagz I F'r-:upertiesl L

|Display(] -

out << "Hello World®™ << endl: =

Prezz the Chrl ke to prevent docking.

23
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Hello World

» You should see the following:

S E Test
Hello lWlorld
i

» Before continuing, make sure you stop the
executable by one of the following methods:

» Closing the console window.
» Using the Stop Make / Execution button. ®
» Ctrl+Break.

24




Generated files

* The generated files are located in the following
directory:

F® Home work Rhapsody Hello Test Release

D|Sp|ay CIaSS \i‘lame * | 5ize Type Date Modified

= | Display.cpp 775 bytes C++source code Fri 29 Dec 2017 05:12:05 PM KST
=.| Display.h 804 bytes Cheader Fri 29 Dec 2017 05:12:05 PM KST
Display.o 27.8kB object code Fri 29 Dec 2017 05:12:05 PM KST

Main \ error.kxt 0 bytes plaintext document Fri 29 Dec 2017 05:12:05 PM KST
982 bytes

MainTest.cpp C++source code Fri 29 Dec 2017 05:12:05 PM KST

= | MainTest.h 594 bytes Cheader Fri 29 Dec 2017 05:12:05 PM KST

Executable || MainTest.o 26.1 kB object code Fri 29 Dec 2017 05:12:05 PM KST
Release.cg_info 812 bytes plaintext document Fri29 Dec 2017 05:12:05 PM KST

& Test 733.6 kB executable Fri 29 Dec 2017 05:12:06 PM KST

Makefile » = | Test.mak 3.7kB plain text document Fri 29 Dec 2017 05:12:05 PM KST

25




Editing the code

Display

* You can edit the generated files e ,
. . . 1
from within Rational Rhapsody. owmd o e
. _ _ M
» Select the Display class, right-click, frgelln. W
. Refactor »
and select Edit Code. :
: : - g
= Both the implementation (.cpp ) and
I
specification (.h ) are shown In =
-
tabbed windows
S AH#E package Defaunlt jf SAHEE auto generated jﬁ
#include "Display.h”
SAHY class Display SAHEE auto generated
class Display | #include <iostream>
S Constructors and destructors s AAHH package Default
public : JAH# class Display
Display::Displavi() {
SARHE operation Displavy) FAET operation Displav()
Display(): cout <« "Hello World"™ << endl:
ST
SO auto generated '
~Dizplay(];
I Display::~Displavi] {
v 4 w
< e » < >
ﬂ Owerview ]@ Display@p @ Display.h ]) ﬂ Dverview( @ Dizplap. cpp Display.h

26




Modifying the code

* You can modify the generated code.

= [n the Display.cpp file, change the implementation to
print out Constructed instead of Hello World.

= Transfer the focus back to another window to
roundtrip the modifications back into the model.

» Note that the model has been updated automatically.

SAEE auto generated
#include <iostresan:-

SAEE package Default

SRR class Display
Display: :Displavy (] |

E S P — N s g e T
Ccout << "Constructed” << endl; )
PR

H

Displavy::~Displavi() I

NETE
g Drizplaw.h

ﬂ Owerview @ Dizplay.cpp

* [n general, the roundtripping works very well, but
beware not everything can be roundtripped.

27

@



Displaying the Main and Make

= The Main and Makefile can be displayed by simply
double-clicking the hyperlinks:

Entire Model View ~

= Hello
=-(_] Components
= #4 Test
=23 Configurations
= %\ Release
[=)-[E] Hyperlinks

ot van e

12 Edit Makefile
=[] Object Model Diagrams
g5 Overview
=L Packages
#-F9 Default

&£ PredefinedTypes (REF)

&= E] PredefinedTypesCpp (REF)

ody R 2

s ]
LS IS
1
4]
ool
[
n
1]
K

O 0OH
8]
I TR

ponent Test
onfiguration Release
Model Element Release
/! Generated Date Tue, 28, Apr 2
File Path : Test\Release\MzinT
Bt o

//## auto generated

#include "MainTest.h"

//## auto generated

#include WDisplay.‘:‘."

int main(int argc, char* argv(])
int status = 0;
if (OXF::initialize())

Display * p_Display’
p_Display = new Display;

L/#E]
OXF::start():
delete p Display;
status = 0;

,l‘*i-i'i‘!‘i-#*f}*f}**f#*#i*fﬁ'**)#*f}*f}i*f#*#**f***bﬁ*_l

09
est.cpp
* ok

//#[ configuration Test::

e

EE o

}
else
- ]
< | >
@ MainTest .cpp] @ MainTest.h I
28 = = ==
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Project files

AutoSave

F? Home

Generated code

Project workspace

['I!I'II [I|!|I;I [||!||;| ['l!l'l' Jﬂ

a5

o
IE

o
o
=

Hello.rpw
Hello.rpy

Hello.save

L

work Rhapsody Hello Test Rel

Size Type

|l Hello_auto_rpy 0Oitems folder

4items Folder

29

1item Folder

64 bytes plain text document

1.3kB plaintext document
.5kB plaintext document

tes plain text document

Date Modified

Fri 29 Dec 2017 05:17:50 PM KST
Fri 29 Dec 2017 05:04:05 PM KST
Fri 29 Dec 2017 05:12:05 PM KST
Fri 29 Dec 2017 05:07:50 PM KST
Fri 29 Dec 2017 05:07:50 PM KST
Fri 29 Dec 2017 05:04:05 PM KST
Fri 29 Dec 2017 05:07:50 PM KST

The model




Extended exercise

* You can customize Rational
Rhapsody to get quick access to the
location of the current project.

= Select Tools > Customize.

Menu content: D G I 4
" Apply ATG.. -~

a

Rational Rhapsody Gateway

MNavigate to Original Tool

Rational Rhapsody Gateway Synchronize
Edit TestCase SDInstances

Update TestCase

Build TestCase

Execute TestCase

Create SD TestCase

S
Helper parameters
{ |
[ |
Type

30

GG Window Help

Diagrams »
Browser

Main Diagram

Check Model »
ReporterPLUS 4

Report on model

Sosonze

Reverse Engineering
Typelibrary Importer

Import from Rose »
Import from Eclipse
Import from System Architect

VBA »

Sequence Diagram Compare
Automatic Test Generator
Test Conductor




Customize

Click to enter a new entry
Explore to the Tools menu.

Set the Command to
explorer.

Set Arguments to .
Click OK.

R Helpers @
|Menu content: e~ 4+ 3

Create Testarchitecture A
Clean TestComponent I
Update TestArchitecture
Execute TestContext Sync
Execute TestPackage Sync
Load TestResults
Set RTC SilentMode
Reset RTC Silenttode

€]

Command: ‘ |
Select Tools > Explore. 3 |
Initial directory: | | 32
Applicable To: | vﬁl{
. = 0 1
Window Help Froject Type: : t’{
| - igger: |
Diagrams > Helper Trigger: | v
Browser Type
m (3) Extemal program () VBA macro Show in Tools menu
. File Wit [[]'wait for completion
\_,,):' \_) [ oK ] Apply ] [ Cancel ]
Main Diagram :
- Address |5 CiworkiHelo v | g4 a0
Check Model > | | .
ReporterPLUS » Mame Size | Type Date Madified ~
| / I Hello_rpy File Folder 300062008 16:07
| Bpoe ] CTest File Folder 30/06/2008 16:23
Customize... @ atqg.log 0KE Text Document 30/06/2008 16:07
HEIID.rDW 1KE RPW File 300062008 16:07
< | >




Exercise 2: Count down

UNIFIED o
MODELING
LANGUAGE

S E Test

Conzructed
Started
Count
Count.
Count
Count
Count.
Count
Count
Count.
Count
Count.
Count
Done

10
|
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Rhapsody

Copying a project
Computer « [® Home work Rhapsody

=Select File > Save As.
"Press & to select the upper folder| 2., v -ose e

> |l CountDown Sitems Folder
= Documenks

"Press cf to create a new folder. | woos e e

*Rename New Folder to —
CountDown. Save in [ 23 CourtDonr EREEES

= Select the new folder CountDown.

»Save the project as |
CountDown.rpy. Y T 5 ==

*The new CountDown project is
opened in Rational Rhapsody with
the previous workspace preierved.

Each time there is an auto-save, Rational
Rhapsody only saves just what has changed
since the last auto-save.
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Loading a project

* Choose one of the following ways to open a project:

» Start Rational Rhapsody and select File > Open.
» Or double-click on the (3countbown.rpy file.

» Or start Rational Rhapsody and drag the (3 countbown.rpy file
Into Rational Rhapsody.

» Or use Open Project in the Welcome screen.

ope 2% \

Look in: ’ (3 CountDown v‘ C NG e |

() CountDown_ATG @ With All Suburits

() CountDown_rpy O Without Subunits

(O Restore Last Session 0 pen P rﬂ] ect
Open a previously created Rhapsody
Project.

File name: ‘Coumoo.,}.m.p), | [ Open ]

Fies oftype: | Rhapsody Proectis (y:") v| [ Concsl | Proceed o

The Rhapsody.ini file determines which Rational Rhapsody (C / C++/J/Ada)
will be opened on double-clicking the .rpy file.

34
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Adding an attribute

* To add an attribute, double-click on the Display class
to bring up the features and select the Attributes tab.

* Click New to add an attribute count of type int.
» Set the Initial value to O.

Clazz : Dizplay in Default *

Generall Description  Attributes | Dperatiu:unsl Ports I Flowa F'u:-rtsl Helatinnsl Tags I F"ru:upertiesl Display

™ Show Inherited mE X M count:int=0

i Display()

35
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Generated code for an attribute

» Click Save E then edit the code for
the Display class so you can examine

=

hN

the code. -

E Display.h
public :

Initial Value

S/ #% operation Displayv()

Di=plav():

E Display.cpp

o gensrated Fi## class Display
Display:::Display() : count(0)

Fi#] operation Displav()

cout << "Constructed" << endl:;

FAET

o

L
tCount () const;

= = = -1
L gl fElaErE‘:EM

S/## auto
vold secCount(int p count):

H

protected
Displavy:::~Displav()
int count; ¥

int Display::getlount () const {

void Display::secCount (int p count)
count = p count;

Protected attribute

H

Accessor

Display() Copy Ctrl+C

return count; /

Display Features...
countiint=0| AddNew >

Cut Ctrl+X
Copy with Model

Remove from View Del
Change to >
Refactor >

Navigate >

Make an Object
Ports >

Create Unit

Check
Generate

Roundtrip

BX]

Mutator

il
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What are accessors and mutators?

= By default, all attribute data members in Rational
Rhapsody are protected.

= If other classes need access to these attributes, then
they must use an Accessor, for example, getCount()
or Mutator, for example, setCount().

» This allows the designer of a class, the freedom to
change the type of an attribute without having to alert
all users of the class. The designer would just need to
modify the accessor and mutator.

= |[n Most cases, attributes do not need accessors or
mutators; you will see later how to stop them being
generated.




Attribute visibility

* Changing the Visiblility in the Attribute features dialog
changes the mutator and accessor visibility (not the

data member visibility).

Attribute : count in Display

General |Descripti0n Relations | Tags | Properties

M arme: |count |

Attribute : count in Display *

General |Descliptinn Relations | Tags | Properties

M ame: |c:u:uunt |

Attribute : count in Display *

General |Descri|:utinn Relationz | Tagz | Froperties

M ame: |u:|:uunt |

Stereotype: Stereotype: Stereotype:
eraotype | V|%|ﬂb| erenype| v||ﬂ|%| lul | v|[ﬂ|%|
Attribute type Attribute type Attribute bype
Lse exizting tppe IJse existing type |Jze exighing ype
Type: lint v/ Type: lint IES Type: lint |
Wizibiliey *izibility *izibility
@ Public JO Protected (O Private ) Public | & Protected 0 Private O Public O Pratected
Locate oK Locate 074 Apphy Locate Ok, Apply
= count ™ count & count
public protected private
//## autec generated ## auto generated ## auto gensrated
int getCount() const; int getCount() const;: int getCount() const;

S A EE o =Tl -
/#F aute generated

void setCount (int p count);

Attributes

protected

int count;

“+
e

Attributes

protected :

int count: //## attribute count

38

Y - P
J¥%¥ auto gensrated

void setCount (int p_count);

Attrikutes

protected :

int count:; S /## attribute count




Adding an operation

» Using the features for the Display class, select the
Operations tab > Primitive Operation.

= Add a new primitive operation called print.

Genera I

Drescription

Attribatd

s | Dperations | Bhits | Relations
_,-

Yisibility

Genera ||| Deszcription

Attributes

Operations | Partz | Felations | Tags

Yisibility
Public

void Mezzage_1(]

Locate Ok

Apply
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Arguments

= Double-click Print to open the features for the print
operation.

» Select the Arguments tab.
= Add an argument n of type Int.

Primitive Operation : print in Display

General | Description Implementati‘ni Arguments iFI;atin:uns Tag:s | Properties

s -
|v::|i|:| printfint n) |

ame Yalue Direction

&0
\_ <MEw =

- Twpe

40
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Adding implementation

» Select the Implementation tab for the print operation
and add:

cout << “Count = “" << n << endl;

General | Descript ilmplementatinn guments | Relations | Tags | Properties

woid printfist

cout << "Count = " << n << endl:

[[3

[E 4

< |

| W

Locatke ] 4
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Another print operation

* |[n a similar way, add another operation called print,
this time with an argument s of type char* and with

Implementation:

cout << s << endl;

Primitiyve Operation ; prinkt in Display *

General | Description Implementatn_ Argurnerts |F| lations || Tagz || Properties
. -y

Primitiyve Operation ; prinkt in Display *

I
‘_

|x-'|:|i|:| print(]

i “r +
Marmne Tvpe Yalue Direction
[] - -
<New >

Locate Ik Apply

|w:|i|:| prift{char” =]

= — "

cout << = << endl; )

<

Locate Ik Apply

A

Set the argument type before setting the name.
This avoids a conflict where the two print
operations have identical signatures.
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Operation isDone()

» Add another operation called isDone that returns a
bool and has the following implementation:

return (0O==count) ;

Class : Display in Default *

General | Dezcription | Attrib tes| Operations | Hortz | Relations | Tags || Properties

......

TS
W, Display

a prink

( | Eu? ne

Wisibility Return Type
Public

Public “oid

Public

Public

=X

Primitive Operation : isDone in Display *

&

General | Descri 'u:un| Implermentation | gumentz | Relations | Tags || Properties
e _—

| bool izDone]

i

void iz0onel)

Lreturn [O==count] ; ) ~
M
< | >
| ‘Locate (04 Apply

Locake Ok

Apply

43

By typing O==count instead of
count==0, enables the compiler to

detect the common error of where =

IS typed instead of ==.
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Active Code View

= Select View > Active Code View.

* The active code view Is context
sensitive and is automatically updated
as the model is changed. The window

also changes dynamically to show the

generated code for the highlighted
model element.

Hide

v Float In Main Window
3

Note that although leaving the active
code view always open is useful, it
does slow down model manipulation
since the code will get regenerated
anytime any model element gets
modified.

44

i=

=z

m Code  Lawout

| Zoom/Pan

Toolbars
v Shakus Bar
Label Mode

| v wWorkbar Mode

. Browser
: Favarites

Tags
Relations
Properties

Tools  Window  H
3

Alt+0

Alk+Enter

Cukput \Window

: Active Code Yiew FEX

Alk+3

4

bool Display::isDone()] |
SAHT operation isDoney)
return [(0O==count):

SAH]
}

yoid Display::printiint n)

FA¥TD operation printiint)
=" << n

cout << "Count

SAH#]
}

< endl;

P

W

\ Display.h l.‘ﬁ.'DispIar.cpp ’.’

@



Using the print operation

= |n the Active Code View,  hetive Corle View
change the code for the RETLET i B
constructor to use the print At —opemrom
operation. B
» Make sure you have selected jropiaTs b iarh) | .
the Implementation. 4 e o ) -

* Change the focus to another window such as the
browser and check that this modification has been
automatically round-tripped.

» Save the changes.
= Generate / Make / Run. it
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Adding a statechart

* You would like to get the Display class to count down
from 10 to O In Intervals of 200ms.

* To do this, you need to give some behavior to the

class. You can do this by adding a statechart.

» Right-Click the Display class and select Add New >

D O g
Display
Features... I
= count:int=0 Add New »| Statechart
Cut Ctrl+X | ety
u ;
; Structure Diagram
g &. Dl;play.() . Copy CHiC Attribute =
& print(n:int):void Copy with Model i
@ print(s:char*):void Delete from Model C:::;frut:or
& isDone():bool Remove from View Del
Destructor
Change to
O O Refactor i
|  FlowPort

Navigate > [

46
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Draw a simple statechart

=)
N
TG
O
©
G
@
O
o
X
&
&
B
(®)
"M
=

Select

State

Transition

Default Transition
And Line

Condition Connector
History Connector
Termination Connector
Junction Connector
Diagram Connector
EnterExit Point

Join Sync Bar

Fork Sync Bar
Transition Label
Termination State
Dependency

Send Action

Default

transition

| feount=10;
| print{"Started");

Active |

State

Transition

47

-
—

Action

/

tm{200)/

Trigger

Guard

print(cou nti;/

[isDanel)}/
print("Done”);




Transitions

* Once a transition has been drawn, there are two ways
In which to enter information:
» In text format - example: [isDone()]/print(“Done”);

» By the features of the transition (activated by double-
clicking or right-clicking on the transition).

tm(200)/
print(count);

©

[isDone())/

print("Done");

Features...

é Delete from

Navigate

Ctrl+Enter closes
the entry field.

Model '

An empty line forces the action
to appear on a new line.

Transition : 2 in StatechartDfDisplay

General | Deszcrption || Tags | Properties

M ame |

[

Stereotype:

v B %

Target

Trigger :

Guard : |isDn:|ne[]

Action ;

print|("Done") ;

&




Timer mechanism

= A timer Is provided that can be used within the

statecharts.

* tm(200) acts as an event that will be taken 200ms

after the state has been entered.

= \When entering into the state, the timer will be started.
» \When exiting from the state, the timer will be stopped.

tm(200)/
print(count);

A

The timer uses the
OS Tick and only
generates timeouts
that are a multiple
of ticks.




Timeouts

* |If you have a system tick of say 20ms and you ask
for a timeout of 65ms, then the resulting timeout will
actually be between 80ms and 100ms, depending
on when the timeout Is started relative to the

system tick. system tick

—>

20ms

>
A

“ 80ms < Timeout < 100ms

time

Start timeout End timeout

If precise timeouts are required, then it is recommended you
use a hardware timer in combination with triggered operations.

50
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Counting down

= Save H
= Generate / Make / Run &

Constructor

Default Transition

?
8
?
6
)
4
3
2
1
(%)

Do NOT forget to close this window, before
& doing another Generate / Make / Run.

51
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Statechart symbol

= Now that the Display class is Reactive
» A reactive class is one that reacts to receiving events or

timeouts.

» Identified by symbol in the browser & and the OMD. &
» Also note that the Statechart appears in the browser.

- count
= E Operations
%, Display(Q
& isDone()
& print(char*s)

o o) statechartDiagram
&, default of Active
= (3] States
@) Active
@ condition_2
& @@ terminationconnector_5

52

Display ' = ’
N

= count-int=0

H Display()

& print{n-int)-void

& print(s-char*)-void
& isDone()-boal

8



Generated code: display.h

» Use the Active Code View to examine the generated
code for the Display class.

: Active Code View

B=1[E3

Framework class

Framework includes

Thread on

ginclude <oxfhoxf.h>
SSEE auto

#1nclude {Dxfﬂnmreactl

generated

.-'.u..u._ J=rn
# auteo =snerated

#1nclude {Dxfﬂstate;

TT DacCKade Derablc

; df class ULSHLF

class Dlsplay publ

which to wait

poblic

a
==

A /## operation

Diszplay (ICxfActive

ve.h>

v
: 13 CHMReactive { }
Construct et 0 S

Disgav)
iv thehctivelontext = 0

).

|
I

| 1 Deplay.h 4 Degeyoe

Note that the Display class inherits from OMReactive, which is
one of the framework base classes. This is a class that simply
waits for timeouts or events. When it receives a timeout or an

event, it calls the rootState processEvent() operation.
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Generated code: display.cpp

» Display::Display(IOxfActive* theActiveContext)
» The constructor needs to know on which thread to walit.
* Display::initStatechart()
» Called by the constructor to initialize the attributes used to
manage the Statechart.
* Display::startBehavior()

» Kicks off the behavior of the Statechart, invokes the
rootState entDef() via OXF calling
OMReactive::startBehavior().

Typically invoked from outside after construction completed.

» Display::.rootState entDef()

» Called by OMReactive::startBehavior() to take the initial
default transition.

» Display::rootState processEvent()

» Called though OXF operation OMReactive::processEvent()
whenever the object receives an event or timeout.
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Statechart implementation

» Change the statechart implementation s

————e
| General || Description || Initializatic(u [,SEWNQS | G‘uecks || Fielations || Tage || Properties|
™

» Select the features for the configuration | R
Release. s | [
. Additional Sourcss P |(-]
» Select the Settings tab and set Statechart | - s | 2
Implementation from Flat to Reusable. e |
» Save / Generate / Examine code. N
il abling Advance ..
" The Rational Rhapsody framework alloj -~ =~ | e

ways of implementing statecharts:

» Reusable is based on the state design pattern where each state is an
object.

= Results in faster execution and if a lot of statecharts are inherited,
can result in smaller code.

» Flat uses a switch statement.
= Results in less code that is easier to read, but is slower.

55
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Extended exercise

» Experiment with the line shape of transitions.

fcount=10;
print("Started");
Active |
[else)/
--count;

tm(200)/
print(count);

Features...

Delete from Model
Navigate >

Select Trigger »

Line Shape »

User Points 3

Format...
Display Options...
Make Default

Rational Rhapsody Gateway

Straight

Spline

56
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Design level debugging

= Up to now, you have generated code and executed It,
hoping that it works. However, as the model gets
more and more complicated you need to validate the
model.

* From now on, you are going to validate the model by
doing design level debugging, this is known as
Animation.




Animation

» Create a configuration by
copying the Release
configuration:

» Press Ctrl and drag the

Release configuration onto
the Configurations folder.

» Rename the new
configuration Debug.

= Set the Instrumentation
Mode to Animation.

Configuration : Debug in Teskt

-
General | Descrption Initializatic6| Settings Eiecks Relations | Tags | Properties F
e —

Directany: | | IJze Default

Librariez: |

Additional Sources: |

Standard Headers: |
Include Path: |

fTatal
( Instmentaiion Mode T | [ Advanced..
7

w/ehify
[]'web Enablifa W
i Model () Real () Sirnulated

Statechart Implementation: (&) Reusable () Flat

Ervironment Settings

E rnvironment;

|Micmsnﬂ V| [ Default ]

Locate Ok

-5 Test
—-{23 Cnnﬁguraﬁnns/
+ % Release

58

-8 Test

-1-{_3 Configurations
+ % Release

+ % Release_copy

-8 Test

--{_] Configurations

=AW

+ "‘% Release

.|||
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Multiple configurations

* Now that you have more than one configuration, you
must select which one you want to use.

= There are two methods:

=-(Z] Components

» Right-click the configuration et .
and select -\ B

g Features...
-, Relea

Set as Active Configuration. X osectvodeives  adgnew
=[] Packages
= E] Default Cut
=B Classes Copy

= @ Display :
= at  Delete from Model

B Changeto
=@ OF Refactor

» Select the configuration
using the pull-down box.

E Navigate

= Set as Active Configuration

15 iy Edit Makefile
= o;‘ Edit Configuration Main File

| | -Test

59
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Animating

» Make sure the active configuration is Debug before
doing Save H then Generate / Make / Run.

» Run will cause the Animation toolbar to be displayed.

R IBM Rational Rhapsody Developer for C++ - CountDaxi.rpy - [Object Model Diagram: Overview]
@ File Edit View Code Layout Tools Window Half
| |laaE@E @i v 2 |0 #a %8 s
o [Tes (oo YO ®E BA |
L || T @Batang R e e s
f‘ 2
5.,EJJ%EZElj.f?’:;Ti:f.:':ffﬁi';’fi_;‘~ =
Entire Model View Dispiay o Select
= [;j CountDown : o
Wn@nsﬁ’-& '\M MM' *‘\W” ’«M~W~’~Mg 1
s l 1 b Predeﬁn’edTypes(_pgS (REF) .“,.“ R e S e gt ./'~.,-.-4_ .‘“/__ Yo _/ S S -)_/.. .”-'_',u. '._:/"_'u. _— /,,,,_/ e ek -' S . Faed o st nem
3 A Realization
¢ 3 [ 9 Interface .
— — ﬁ Actor
o] besoatet = ¢
,Q!j ke il 5 Common _ v
x| x| x|
« k1 <«
o —" A~
(VCaII Stack_f J | ' Event Queue ] | [I]@\Log )\ Check Model }'\Bmld )\ Configuration Managemen )\Ammat:on
ForMefprpressie’ GEMODE CAP NUM SCRL Wed, 29, Amzosg—mw. ,
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Animation Toolbar

= Automatically appears when an executable model is run and
Instrumentation is set to Animation.

» To display or hide during animation session, select View > Toolbars >
Animation.

» For detailed button information, select Help > Help Topics
and search on animation toolbar.

» For example, grayed out (disabled) Thread button indicates single-
threaded application. \

M B B B s . A\~ F
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Starting the animation

* Click the Go Step M button.

» Note that the Display() constructor appears in the Call
Stack.

» Continue to Go Step M until the Executable is Idle
message appears in the Animation window.

ﬂ Display(]
= under constuctions - prinit[s = Constructed)
A Displayl)
ﬁ Displayl]
x|
Call S 4
x| Drigplay[0]-=Start Behavwiar
Al
Call Stac = Diigplay[0]-> prirt[z = Started]
4 Drizplay[0]-= Start Behavior
_Call Stac ﬂ Dizplay[0]-+5tart Behaviar
Call 5ta
- ‘ﬂ Executekle iz Idle ﬂ
Call Stack
Call Stack
Call Staﬁkf
[ 4] [M[\ Buid } Check Mode Call Stack [

62
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Class Instance

* Browser contains an instance of the Display class.
» Right-click the instance and select Features.
» Note that the attribute count has been initialized to 10.

= Display
= Attributes
- count
=& Instances

Qoo Ol Features.. |

#- @ Operations Add New

Ell—l

\

+-(&) Statechart |

\

Instance Name: loisplay[U]
Atrputes, —
Name Value § Type
count 10 int
e
< | R}
Relations:
< |

Locate OK

.|||
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Statechart Instance

» Right-click the instance and select Open Instance

Statechart.

» Highlighted state indicates the
current state of the model. —

= |f you do not see a highlighted

I

feount=10;

print("Started");

Active

tm(200)/
state, you may be looking at the f /,@p""":“”"”:
statechart of the class (design) Bl T ety
rather than the statechart of the Pt Bene):
Instance (runtime). @

» Default transition has also been

tri ggere d. &< “C:\Program Files\IBM\Rational\Rhapsody\... B

= Started will have been
printed to the display.
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Go Idle / Go

= Click Go Idle » to advance to next timeout.

» The executed transition chain in statechart is hlghllghted
" Value for Count is o rsmm=emo e
printed to display. I
= Condition is :

b Active

checked for T

IS done. é T ,v))
< \Q

/count=10;
print("Started");

= Not done so value \  esr
. Y —count: [isDone())/
of count is .
2 B8 Transiti
decremented. 5 | e it ] s g
] e ributes: v | *u Dependency
u C I I C k G O % an d ':- c::nTe Svalue in.:-!Jpe 2 DI i
?i spla e
watch the animation 5 « > =
ol Blalionsh b ahem . ans Benad@hoo . abfeanin d @05 e, @A b s amiten. o a0 s B rdtes,

until the instance Is
destroyed.

» Exit the animation. ™
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Destructor

» Add a Destructor 7 to the Display class.

Display =1 , = 9 Defaul
Features... l =B Classes
count:int=0 _ =k Display
= Add New . Structure Diagram & E Attributes

Attribute

= E Operations

g % Display() Cut Ctrl+X S ersiion Cpent
& print(ninty:void | <Y cul+c Constructor... g
B print(s:chart)yvo  CoPY Mith Mode! Display(

Delete from Model i isDoneQ
[ E Port . S
& isDone():bool Remove from View Del F!c:;/\'Port & print(char=s)
& -~ Change to > & print(int n)
i Refactor > [ @ Statechart

* Add implementation print (“Destroyed”);

Destructor : ~Display in Display *

General | Descriftion Implementatiun||ati.;.ng Tagz | Properties ﬂ

o5 iy Hp;i: = | Make sure you enter the code
k ' ) = into the Implementation and not
the Description field.

>

(€] |

< |

|

Locate (o] 4 apply

» Save | then Generate / Make / Run !
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Sequence diagrams

* From the browser, create a new sequence diagram
called execution.

» This sequence diagram will be used to capture what
happens in execution.

» Operation Mode will be discussed later but for this example,
It does not matter if Analysis or Design is selected.

S¥S] Co.nivoun § |
@-{_] Compon|  Features... 1 |
REEReoTady Add New N Package  — r>_<|
=€ . Component X
= Package Search... ‘ p

= Defz Selected Owner.  sequencediagram_(
J%‘ 7 Searchinside...

E { Settings —
=N Locate on Diagram Profile Il Mame: |E:-:Ec:ut|on ]. |
Relae i- ; Object Model Diagram '
/! [l
Add to Favorites ‘ g ) g peration Mode

Browse from here q g

| Annotations »| Use Case Diagram © Ainalysis O Design
Edit Unit... | |  Component Diagram
: Deployment Diagram [ oK. ] ’ Hel ]
Configuration Management 4 ; 5 ] Help
Collaboration Diagram
Format...

Structure Diagram
B Prec Rational Rhapsody Gateway Panel Diagram
! El preg  Rational Rhapsody Gateway Synchronize

67
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Adding instances

» Add a System Border to the sequence diagram.

8 A
Entire Model View el - L]

= 3 CountDown
#-{_] Components
#-{_] Object Model Diagrams
=-{_] Packages
= £ Default

= A CIaSsSe

) ] PedasinadTypac &
(+ ﬁ PredefinedTypesCpp (REF)
=-{_] Sequence Diagram
- 4| execution

ENV

‘el ggeene._ w ~-anii

NANNNNNNNNNNNNY

S ot gk A‘Wx

=
+

‘o9t i %

; DataFlow

Asiy'f'srtem Border

Reply Message

Create Arrow
Destroy Arrow
Timeout
Cancelled Timeout

Time Interval

* Drag the Display class from the browser onto the sequence

diagram.




Drawing a sequence diagram

= Normally, you would describe an actual scenario
similar to this one here, however in this case, you are
more interested In capturing what actually happens.

EMNV -Display
Z |
Joeme) Wl
ﬁ ;; | print("Contructed"”)
7
7
7 oy
7 s> t("Started"
For the purpose of 7 \\\‘N)  print("Started)
this training, you only Z A AN o
5// ' \\\ 200
need the system 7 \\§ tm(200)
2 a \
border and the Z \g\
D|spla)_/ instance line. ‘V\ e ol
There is no need to \\ 7 T
: 7
add any operations. Z Brint(n) 10)
7 ]
7
é tm(200)
Z
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Animated sequence diagrams

= Start the animation and click
GOo. K

e "C:\Program Files\IBM\Rational\Rhapsody\... JR{[=] E3

Constructed

2

* |f a sequence diagram is open
then Rational Rhapsody
creates a new animated
sequence diagram based on
the execution.

» Note that the animated sequence

diagram captures operations,
timeouts, and states.
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<

Y
N

i

q,

ENY Display
~
ENV :Display
Create() ]
i, sne e snigy)

i\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

_E“ execution * _EU Animated exl

/
4

Y,

print(s = Constructed)

print(s = Started)

4

Active \)
/

tm(200) at ROOT Active

7]
ﬂ
=]

ne()

int(n = 10)

£t

o—— e
/ Active \J

ot

anifite s . ,.\___#'-"‘-'mum.-é~ '.m_‘wn.a«-,,

R Y st

e
\\

tm(200) at ROOT Active

PR

=]
=
=
=
=
=}
I
(=]

ne()

print(s = Done)

il

print(s = Destroyed)

1P

SRt LT
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Extended exercise |

» Rational Rhapsody can
display the return value on
animated sequence
diagrams. To do so, you
must use a macro
OM_RETURN.

0 =isDoner)

[

i

printin =

!

tml[EEIEI]l at ROOT. Active

= In the implementation of the Dﬂ
operation isDone(), replace i
return with OM_RETURN. b

N

General | Descrption | Implementation | Arguments | Relations | Tags | Properties

——
il

boal iz0 anel]

.

o
LOH_RETURI‘-I {0==count] ;) ~
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Extended exercise |

* Try adding an extra state pausing. Then you will

see the instance changing states.

tmi300) at ROOT.Pausing

lcount=10;
print{"Started™);

r Fausing
@

Active
tm200) at ROOT Active
tmi{200)
print{count}; i=0aner)
tmi300)
’_=isDDne[]
Pauzing _.—l
r—@ ﬁrim(n =9
[elze)
—count; [i=Done )y L_—|
print{"Done™}y; *
tr3

00 at ROOT. Pausing

72

lcount=10;
print{"Started™);

Active

T tm({300)

Pauzing

trn(200W
print{count);

[elzel
—count; [i=Done iy
print{"Done"};
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Properties

» There are many properties that allow customization of
the tool and the generated code.

* Properties can be set once and for all by modifying
the site.prp file in the Rhapsody\7.5\Share\Properties
directory.

» The factory.prp and factoryC++.prp files contain all
the Rational Rhapsody properties.

A

It is recommended you modify the
site.prp or siteC++.prp files rather than
the factory.prp and factoryC++.prp files.
To do so, it is easiest to copy and paste
from these files into the site.prp or
siteC++.prp file.




Properties hierarchy

factoryC++.prp factory.prp

site.prp

( SiteC++.prp

1

profile

configuration

ﬁ If a stereotype is paCkage
applied to an
element, a property ( class

i ' d to that 1 |
s assigned to tha operation/attribute/

stereotype takes

precedence over the re|ati0n/type/.,,

element’s property.
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Project properties

* Bring up the Features for the CountDown project and

select the Properties tab.

Entire Model View

-

-2 Object!

=- (£ Package

= E] Def.
=8

= |

& £ Prec

— Dy

&£ Prec

Add New

Search...

Search inside...
Locate on Diagram
References...

Add to Favorites
Browse from here

Edit Unit...

Configuration Management
Format...

Rational Rhapsody Gateway
Rational Rhapsody Gateway Synchronize

»

Project : CountDown

General | Dezcrption | Relations | Tads |F'T'I'F'Ef'ii33|

Yiew Commaon = \"_"/
N -
-!| Graphics

grid_display

grid_snap D

MaintaintWindow”ontent
=l CG
-l Cageneral

GeneratedCodelnBrowser D
= | Configuration™Management
=l General

CMTool

UseSCChool Mo

= roo _ric

Mone

General
The General subject controlz the general azpects of the Rhapzody display. It
containz the following metaclasses:

* Model
* Graphics
* Prafile

|1

Locake Ok

=313
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Properties view

» There are a very large number of properties which can
be used to customize the tool and the generated code.

* In order to facilitate access to these properties, there
are several views that can be applied to the properties.

* For this training course, you use the most common
properties which can be seen using the Common view.

It is relatively easy to
modify the list of
properties that can be
seen in the Common
view.
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Properties views

= There are several

useful views of the Properties:

Properties that have been
overridden for the currently
selected element & any
‘parent’ overrides

Only properties that have
been overridden for the
currently selected element

View Common |~
All
Overridden

Locally Overridden

v Common

A user defined list of the most
commonly accessed
properties

/ Fiter... v
\, Properties filtered by

some keyword

7
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Useful property

* One useful property is

General:Graphics:MaintainWindowContent.

= Setting this property means that if the size of the
window Is changed, then the view of the contents

changes proportionally.
= Set this property.

A

Once a property has been
modified it is highlighted. To
restore the default, right-click
on the property and select
Un-override.

Note also the description is
displayed for the selected

property.

Project : CountDown

General | Description | Felations | Tags | Properties

Wiew Common =

-| General A
=l Graphics
grid_display D
il [ |
— 1= II_. .
t MaintainindowContent ,

= G

General-Graphics:MaintainwindowContent s
The Maintaint/indowContent property specifies whether the wiewport [the part of a
diagram dizplayed in the window] iz kept for window resizing operations when you
change the zoom level, providing additional space in the diagram in a zmooth

manner. The pozsible values of the property are as follows:

* Checked - The elementz are rcaled according to the zoom factor zo pou see the
zame elements in the window, regardless of scaling.

® Cleared - As the diagram is scaled, some elements are hidden or revealed,
depending on the zoom. This iz the behavior provided by previous verzions of
Rhapzody.

The following operations change the window size:

* Maximize/restore

* Tile

* Cagzcade

* Manual resizing by dr.jgging llhe e_dg,e af the window ) “w
Locate 0K
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Overridden properties

= Select View Overridden.

Project : CountDown

General | Description | Relations | Tags
Ve .
YWiew Owveridden -

=I|  Graphics

MainkainiwindowConkent

Froperties

Locatke

A

This shows just the

properties that have been

modified.
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General:graphics:MaintainWindowContent

= Once this property has been set, changing the size of
a window should keep the same view:

55 Object Model Diagram:

ﬂl Qverview

* You need to close any open windows and then

Display

= countint=0

%, Display()
& print(n:int)-void
& print(s:char*):void
& isDone():bool
~Display()

[

IS

|

EE
* =

reopen them after setting this property.
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Accessors and mutators

= [f accessors and mutators

are

attributes, then properties

can

not needed for

be set to stop their

generation.

= Set
SOt
the
neit

these two properties
nat ALL attributes Iin
oroject will have

ner an aCCcessor Nor a

mutator.

81

grid_snap

Mainkaintwindow”ontent

O
O

GeneratedCodelnBrowsel D

= | Configuration™Management

sesC kool
- CPP_CG

al [

CPP_CG:Attnbute

The Attribnte metaclazs contain

= nranerties that conteal attibotes nf

Locate Ok

@



Overridden properties

* For the attribute count, you want an accessor.
» Selecting the overridden filter shows that the

AccessorGenerate and MutatorGenerate properties

have been overridden higher up in the property

hierarchy.

» Select the count attribute and override the property:

General | Description | Relations | Tags | Properties
- ﬁ Default
--B Classes
- % Display
—-- [ Attributes
E count CPP_CG:Attribute:AccessorGenerate -

F E Clperaﬁcuns The AcceszorGenarate property specifies whether to generate
accezzor operations for attibutes. The pozzible values are as folloves:

+- | Statechart
* Checked - & get] method iz generated for the attribute. Thizizthe o
Lacate 04
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Locally overridden properties

» Select the View Locally Overridden filter to show
that just the AccessorGenerate property has been set

locally.
General | Description | Relations | Tags | Properties
Wiew Locally Overridden = }
=TTPP_CG
=l Akkribuk
Acressor zeneta £
Locak Ok

» Generate code and check that there is just an

accessor for the attribute count.

83

int Display::getCount() const {
retuorn count;
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Property filter

3

4

Filter Properties

= A customized view of the
properties can be created by
using the Filter view for example:

3

4

Filter Text: | namespace

[ ] tatch categary name ( M atch property descriptin:nD

[ Filter l/ [ Cancel ]

Filter Properties

Filker Tesxt: | namespace

Project : CountDown

l Match category name y [ Match property description

General | Description | Relations | Tags |F'TDI:"5rtiES

t Wiew Eiltered By "namezpace” -

[ Filter l [ Cancel ]
=ITGeneral o
=1 Model
) ReservedWards asm auto bad_cask bad_typeid break case cate—
Project : CountDown
I = ATL
General | Descriptiol | Relations | Tags | Properties Configuration
—

#import "$tbPath” raw_inkerfaces_only, raw_r

TvpeLibImportFormat
- CPP_CG
=l aktribute

“Yiew Filkered By "na&space" -

“——err—£h A

f Impl kationEpil
l Mamespacedlias \ mpementationtpiog
ImplementationProlo b
UseMamespace D p_ = J = =
11 ATL:Configuration: TypeLiblmportFormat
=l| Package The TypeLiblmpartFormat specifies the template used to generate COM TLB impart
Definelamespace statements.
MameSpaceMame Defaul =
=l WSDL |: Himpart "$tbPath" raw_interfaces_only, law_native_t_l,lp
| package narmed_guids
Mamespaces xsd=http: s w3,0rgf2001 fXMLSchemasoap=http: ff:
Targethamespace hikbps f e, wourCaompantyhlame, comyvourProducthlame] v
= = Locate (814
Lacate Ok,
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Extended exercise

* Experiment with some of the properties such as:

CG:CGGeneral:GeneratedCodelnBrowser

* You must regenerate the code after setting this

property.

=-F9 Default

=-B Classes
= % Display

= Attributes
= count

= @@ Operations
~Display()
¥ Display()
ﬁ getCount() const
& isDone)

& print(char*s)

& print(int n)

ﬁ startBehavior()
[+ Statechart

Project : CountDown

General | Description | Relations | Tags | Froperties

Wigew Commaon =
ol N £
=l CEEeneral

=l General

CG:CaGeneral:GeneratedCodelnBrowser
The GeneratedCodelnBrowser property specifies whether canonical operations
[get/zet] are added to the model and dizplayed in the brovezer. The poszzible values

are az follows:
* Checked - Dizplay autamatically generated operations in the browser tree.

* Cleared - Do not display canonical operations.
[Default = Cleared]

Display

= count:int=0

% Display()
& print(n:int):void

& print(s:char*):void

B isDone():bool
~Display()

& getCount():int
& startBehavior()

‘bool

Locate Ok
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Formatting individual items

= Line Colors, Fill Colors, Fonts, etc of

selected element(s) can all be
formatted by right clicking and selecting

Format.

/count=10;
print("Started");

i Active T

Creats Sub-Statachart

Cut
Copy

Displzy Options ...
Delets from Modsl

Make Defzult...

Locate

Expand to fit text

Add to Favorites
Browse from here

0O o --count:

T F’au;ing

86

Aefive

I tm(300)

vz using

rma

ine

T Nina

T OCR A Extended B 'd ?‘D

H Palace Script MT B Idlt lic 11

T Palatine Linotype

TP

iy F‘ rpet

B Perpetua Tiling MT Sample

T PrimaSans BT

B PrimaSansMano BT AaBbCeDd

™ Undedine [ Strike-Out Text Color: I |~
OK | Cancel |

.|||
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Advanced drawing capabilities

» These advanced drawing capabillities are common to

most diagrams:

Align items to

Show rulers
common edge

Snap to grid

N7 File Edit View Code Layoufl Tools Window

N\SH &2 &l

Help

- GR B

Make item
same size

Give items same
spacing size

R IBM Rational Rhapsody Developer for C++ - CountDown.rpy - [ObjectsModel Diagram: Overview *]

¥

% ! B2 [Tes

‘v'Dg

roe(@elE s ) o &) D) e

laaBoEEs v 2 |wH % a%rE s
3

TEEE BE] e [

BED

Z B = N
& PR RERER RN ——-1x
o S T T | o Diagram Tools [
Entire Mogel View v = —— L e s v
L:JD niDown % ,D|Sp|ay, L 2 CE S BRIV .\ 5] o ! R % sel'eCt
: 5/ Components 5 e r—— e W g ot
Turn grid on/off "2 Object Model Disgrams | Beountint=g -l g B s
=20 Packages Za E ER R o P e e = | e T Composite Class
‘ﬂ@“’éﬁc‘l"‘ 3 R BT S N S S— D B2 Padage
= @as:Dsc By .Eprint(njnt):void, il e SER B R mEd Ve vems B e -0 Port
e Display L] @erinsicharyvoid 0T p gy  Generakzation
- =] . .|. RisDone()bool . . . .|. . .. .. .|. Timer . |. L Assodation
= PredefinedTypes (REF) S0 '~Display()' P | ooy oS 3 Ly Directed Assodat
Stamp mode - | S e £ I Egetcounti()iinﬁt S I ¢ Q. Aggregation
. 5 o B StartBehaVior’ EbOOl S 05E B SRR 5 5 ISR SN | C =
use when drawing | steiBehavior)ho0l © NN | E‘u:fk"m“"”
) Flow
repeatec“y L e L B e
= = ? Interface
ﬂ Overview * I % Actor =

For Help, press F1

GE MODE ' CAP | NUM SCRL Mon, 11, May 2009 | 1:47 PM
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Aligning items to common edge

» A pivot selection mechanism is used for aligning,
sizing and spacing:

1. Select by area 2. Select the pivot class by holding Ctrl and selecting
Hroe MALlEss s @@ M | g

;‘D LT \\-)’\ﬁ.m}u_[ul.=9$§| =0 EH:'ET/ -~ X
o ..l--ll""ll Feo ezl e Tl (B T e A i, [t e el Lt e (e o] [ |

—a |3, Choosing
——5 | align left,
< | aligns all
< | classes to
== NENCIAsS =
i3 1 (class 4')

. v

I e

88 = = ==
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Site.prp / SiteC++.prp

* Adding new environments is done via the file
siteC++.prp.

= Each organization or team may want to always set
certain properties for all of their Rational Rhapsody
projects. To do this, set these properties for every
Rational Rhapsody project by putting them into the
file site. prp

BELT rties
directory.

Property Enviromment Enum "Microsoft, Threadf ARC, ThreadfX ARM, ThreadiX PPC™ "HMicrosoft"”
11111
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Exercise 2A: Count down with LCD Display

= First, try to run the Count down application .
on the embedded target as it is. GG l,

* Then, include the code accessing LCD
display.

* You need to prepare the hardware interface
code. Then, combine it with the model code.

* Model code + legacy code




New Configuration

» Right click Configurations and Add New

Configurations

» Change the name to MontaVista

» Right click and Set as Active Configurations

El--D CountDown
EH:l Components

Elg Test
El{:l Configurations
El"k Monta¥ista
Hyperlinks
=%, Release
Hyperlinks
=-{22 Files

e EI SevenSegmentlnterface. cpp

-7 Object Model Diagrams

DQ Overview

-7 Packages

Elﬁ Drefault

91
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Open Feature Window for MontaVista Configuration

= Environment: MontaVista

Libraries: |

Additional 5ourzes: I

Standard Headers: |
Include Path: I

IR BN

Diirectony: |.-’hu:umex'u:u:untru:ul.-"wnrk.-’Hhapsnd_l,l.-’D:uuntDnwna’Testa’MDnta\-’ista | ¥ Use Default

— Instrurnentation

Ingtrumentation kode: INune

j Sdvanced.. |

—wWebify
[ weh Enabling

Sdvanced. |

Time Model: i+ Real i Simulated

Statechart Implementation: ¢ Feysable s Flat

— Environment Settings

E rviranment: I b ontavizta

Build Set: IDEbug

-

j Drefault |

Cormpiler Switches: |, -1$0MDefaults pecificationDirectory 1${0MROOT] -A$0MRO0T)/LangCpp 1$0MROOT] LangCppdoxf

-

$IMST_FLAGS) $IMCLUDE_PATH] $IMST_IMCLUDES] -DUSE_IOSTREAM $0MCPPCompileCommands et -c ;I _I

Link, Switches: $0MLink CormmandSet

=
o ]

[™ Include Requitemerts as Comments in Code

Locate I Ok | Ay I |
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Initial Instances

=C

neck Dlsplay

Configuration ; kMon

General I Description |

— Initial instances
fs Explicit i Derved

| Settingsl Ehecksl Helatiu:unsl Tags I Froperties

=]~ Drefault

Dizplay

¥ Generate Code For Actors

|itialization code

o -]

Locate (] | ] | |
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Build

= Generate

Wiew Code Layout

Toolz “Window Help

R IEM Rational Rhapsody Developer for C++ - CountDown.ipy - [SevenSegme

EE FBRRE Y S % 9 MGE X

|EGs

Configuration Main v

L ITest

jl kontaista

and Make files

172 e e =R = = e | EE
= Generate I ]| = covens

Entire Model Wiew ¥

Jr'r‘

Ehaps

Logik
Configuration =1 Combonr
EI{:I Components C‘-:-nfi-
. . - EIE Test
» Build Configurat S
u I O n I u ra IO n El{:l Configurations Fi1 Rerer
: E“a% am Features. .. L
- [-{E] Hp .
» Check no error 2 P B8 »
Hyr Cut
L Fil
= C'.l...éﬁge._‘,.enc Copy Chl+C
ill t Madsl Diag; Fagte [t
Checker Done . Delete from kodel Del
0 Error(s), 0 Warning(z) WEMVIEW
ages Set Sterentype 2
Code generated to directory: shome/control/work/Fhapsody/CountDown/Test/MontaVista efault l:hange to r
] Classes Refactor 3
Code Generation Done ;
] % gslj;i‘:' M avigate 2
0 Errori(s), 0 Warningi(s), 0 Messagei|s) ...‘ Dr ) ) )
Building -------——--——- Tegt  ————m—m—m—ee x) Deg SEF A5 é_u:tllve Eonfiguration
Conpiling Display.cpp EE Upe  Edit Makefile .
Compiling ZewvendegmentInterface.cpp '''' \"'&\"-. Edit Canfiguration b ain File |
Linking Test N E
- =] Check.
Fuild Done - Generate I:Z-:Ir'|figl.1rati|:ﬂ‘r-.-1air'u and Make Files
- Sta  Generate Configuratio
1 nnm Log .f{. Check Model )\. Build h Caonfiguration Managernent h Animation h Search Results {' 1 Packages Build Configuration (
— — —remAlAmFinm AT omms TOLC LT
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» Copy executable file to ~/nfsroot folder

control@ubuntu:~/work/Rhapsody/CountDown/Test/MontaVista$ ls

Display.cpp Display.o 1lcdlé@2.cpp MainTest.cpp MainTest.o Test
Display.h error.txt lcdiée2.o MainTest.h MontaVista.cg_info Test.mak
control@ubuntu:~/work/Rhapsody/CountDown/Test/MontaVistas cp Test ~/nfsroot

control@ubuntu:~/work/Rhapsody/CountDown/Test/Montavistas
control@ubuntu:~/work/Rhapsodv/CountDown/Test/MontavVistas

Computer

+ [F® Home work Rhapsody CountDown Test MontaVista

(& Home
K Desktop Rhaps Rhaps h
Login Login
[ Documents “T““ “”:" " .
Display.c Display. Display.o error.xt
£l Downloads Sl _— s
Login Login Login
LE Pi(tLII'ES Comoo Comoo Comoo
. led1602.c lcd1602.0 MainTesk.c MainTest.h
I[H videos PP PP
= File System = Q FRe
_ L - m_f #HEEE
: Trash - 5iz CPPLa
MainTest.o MontaVista.cg_info Test Test.mak
MNetwork -
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cd command with a long path name

= Move the mouse cursor to the menu bar

Ubuntu File Edit View GR Help

Computer

& Home

® Desktop flaes e “
& Documents Coma Comn
Default.cpp Default.h Default.o
iZ§ Downloads
& Music s h

Computer ome/control/work/Rhapsody/CountDown/Test/MontaVista| Q, search

& Home
[ Desktop .él.haps ;(naps h é‘lha_'.;s
Login Login Login
ll‘wi: Documents Compa Comna Comoa
Default.cpp Default.h Default.o Display.cpp
£§ Downloads
& Music s h i
Login Login
@ PiCthES | Compa Comp
. Display.h Display.o error.txt MainTest.c
@ Videos play play pPp
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cd command with a long path name

* Copy and paste to the Terminal window

Computer

ome/control/work/Rhapsody/CountDown/Test/MontaVista €1 K
& Home

K& Desktop Rhaps Rhaps h fhags
Login Lagin =5
Comoo [ cogin

Lomoa Lomoa

I Documents

Default.cpp Default.h Default.o Display.cpp

i Downloads

@il Music Rhaps
- Login .
control@lab-pc2: ~fwork/Rhapsody/CountDown/Test/MontaVista

control@lab-pc2:~$ cd fhome/control/work/Rhapsody/CountDown/Test/Montavista
control@lab-pc2:~/work/Rhapsody/CountDown/Test/MontavVistas
control@lab-pc2:~/work/Rhapsody/CountDown/Test/MontaVistas
control@lab-pc2:~/work/Rhapsody/CountDown/Test/Montavistas
control@lab-pc2:~/work/Rhapsody/CountDown/Test/MontaVistas
control@lab-pc2:~/work/Rhapsody/CountDown/Test/Montavistas
control@lab-pc2:~/work/Rhapsody/CountDown/Test/MontavVistas

ce.cpp
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Run on the target

B SmarTTY - 192.168.0.121

File Edit View SCP Tools
pil@raspberrypi:
Test
pilraspberrypi:
Constructed
Started
Count =
Count =
Count =
Count
Count
Count
Count
Count
Count
Count
Count =
Done
pil@raspberrypi:

=

W o oy - W

= =

Help
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Run on the target with animation

* Change to Animation, build, and copy

Configuration : Monkayis

General Desu:riptiu:unl Initialization ~ Settings | Ehecksl Helatinnsl Tags I P'ru:upertiesl

Directony: I.-"hu:ume.-"u:u:-ntru:ul.-"wu:urk.-"ﬂ hapzody/CountDiownd T ezt ontaiista

Libraries: |

Additional Sources: |

Standard Headers: |

|nzlude Path: I

Ll

_I [ Use Default

— Ingtrumentation

[nztrumentation kMode: Arirmnatian

—wiehify

[T weh Enabling

Sdvanced].,

Advanced .. |

Time Model: i+ Real £ Simulated

Statechart Implernentation: ¢~ Beusable e Flat

E nvironment Settings

j Drefauilt |

Ervviranment; I b antavista
Build Set: I Debug j
Lacate Ok I Apply | |

[»
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Run on the target with animation

) IEM Rational Rhapsody Developer for C++ - CountDown.rpy - [SevenSegmentinterface_ cpp]
File Edit “iew Code Lapout Toolz Window Help

DS sBme v |52 kDX
reewren a2 cm/ g
|END e e

|Ee = |

jIMDnta\fista j J | ke

100

e = = e el [ are 0 A
I 1| = sevensegmentinterfa... x |
E ntire Model Yiew | 4 ‘ Ehapsody N
Login P ocontrol
ED CountDovin - Component ¢ Test
EH:' Lompanents Configuration o MontaVista
EE Test o Model Element @ SevenSegme
E'C' gi”f'gu’a“m_s /¢! Gemerated Date : Sat, 30, Dc
. " [Montdiista File Path : Test MontaVist:
Hyperlinks R R  FF Y PP EEFy
El‘k Releaze
-] Hyperlinks ginclude <stdio.h>
=+ Files #include <stdlib.h>
e @ SevenSegmentlnterface. cpp ginclude <unistd.hs
EID Object Model Diagrams #include <sya/types.h>
g Overview #include <sys/stat.h>
E'Cl Packages #include <feontl.hs
=3 Defaul
EE [Llasses #include <string.h>




Copy and modify lcd1602_test.c(1)

#include <fcntl.h>
#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <string.h>

int fd;

void initLCD(void)
{
fd=open("/dev/lcd1602",0 _RDWR);
if (fd < 0) {
printf("Device open error : %s\n","/dev/lcd1602");
exit(1);

101
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Copy and modify lcd1602_test.c(2)

void displayLCD(int count)

{
char wbuf[30];

wbuf[0] = count / 10 + 0x30;
wbuf[1] = count % 10 + 0x30;
for (int i=2;i<15;i++) wbuffi]="";
wbuf[15] = 0xO0;

write(fd, wbuf, strlen(wbuf));
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Add Hardware Interface Code

* Right Click Test
Component and Select
Add New “File”

{R IEM Rational Rhapzody Developer for C++ - CountDown.rpy - [Statechart of
B File Edit “iew Code Layout Tools ‘Window Help

DR tee s c2 (2 AdRDx |[&&
L G| ITest jIF{eIeaae
|zt R = i e =1 = = ] ([ vial
I -1 = Display
Entire bModel Wigw ¥ + 4 ‘
]gl CountDiown ﬂ
=1 Components
LA
E|{:| Features... |
‘ ) Add Mew Comporent
EID Object | Configuration L
o8 Ove Cut Bequirement
E||:| Fackag Copy Chil+C e
EEI Def| = Faste [Etr Eclipze Canfiguration
Elg Delete from Model Del Vizual Studio Configuration
B Set Stereotype F  Folder
Retector I
T
M avigate » =
i Diagrams »
Set az Active Compaonent Frelafions ,
1 it B Annotatiohs 2

Conhiguration Management

’ |

Generate Component
Build Component
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* Double click a new file and change Name to “Ilcd1602”
and Type to Implementation

ElD CountDrawn
=1 Components
Elg Test File : 11602 in Files
=] Configurations
- B, MontaYista Leneral | Descriptiu:unl Elements Helatiu:unsl Tags I F'r-:upertiesl
Hyperlinks _
& C1 Fies Name: [icatenz i
L @ led1602. cpp Stereatype: I j fﬁlﬁ!}l
-2 Object Model Diagrams :
- Fath: I |
El_ﬂj Modell =
EI{:I Packages Type: IImpIementatinn j
=3 Default
Eg Clazses: Ervironment Settings
: E‘% Display E nvironment: b i
: - katist
E Alttributes |7_ L I Aravista
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* Double click lcd1602.cpp and select the tab
“Elements”.

= Then click New Text Element button

ED CountD o
=27 Components

Elg Test

EH:l Configurations
EI*% Monta¥ista
: (&) Hyperlinks

=] Files

Eﬁ Drefauilt

- Modelt _
=-£3 ?fackages @v X r 4+

ElE Clazzes Em |1EDE
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* Open the text editor

EI--Q CountD own
EI{:I Components
Elﬂ Test
Ell:l Configurations
El‘k Monta¥ista
Hyperlinkz
=] Files

=7 Packages
Elﬁ Drefault
El@ Clazses
El% Ciizplay
- Attributes
ElE Operations
Y Drizplay()
e B isDone()
----- B printichar
: . B printint n
--{El Statechart
EEI---& PredefinedT vpes [REF)
EEI---& PredefinedT ppesCpp [RE

File : lzd1602 in Files

Generall Description  Elements I Relationz

ERSIEE
L #include <fontlhe ..

File Text Element

Mame: (="

T ext Element:

Hinclude <fontl. he
Hinclude <stdio.he
Hinclude <stdiib b
Hinclude <uniztd.h;
Hinclude <syzftypes. hx
Hinclude <sysdstat b

it

Dreszcription:

LCancel |
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= Paste the cod

e and click OK

o Display * x @ Modell ru Welcome to Rhapsody I

Entire Model iew T

J-‘r\

=l 1 CountDiown
=1-{_] Components
ElE Test
=1 Configurations
E El‘k MontaYista
[#-(E] Hyperlinks
=[] Files
~-[2] led1602.cpp
=27 Object Model Diagrams

=27 Packages
Elﬁ Drefault
El@ Clazzes
EI% Diizplay
- Attributes
ElE Operatiohs
Y Diizplaw(]
e B izDonel)
----- B pintcha
: e B pintfint n
--{El Statechart
EEI---& PredefinedT ypes [REF]
EEI---& PredefinedT ypezCpp [RE

= Text Editor

- rv——— #include <fontl.h>
File : lcd1B02 in Files #include <stdio.h>
General I Descriptign Elements | Re #:!.]'I.El'llﬂﬂ {Stl:.il ib. h>
#include <unistd.h>
#include <=vys/types.h>
#include <=vy=/stat.h>
=gl Ied1602 #include <string.h>
- ET #include <fortl b int f£d:

void initLCD (void )

{
fd=open ("/dev/ locdlslz", 0 RDWR) ;
if (fd < 0] {
printf ("Device open error Eahvn", "Sdev, lodladz ™) ;
exit (1) :
B
B
wvold displavyLCD(int count)
{
char whuf[30]:
whuf[0] = count / 10 + 0xX30;
wbhuf[1l] = count % 10 + 0x30;
for (int 1i=2;1i<15;i++) whuf[i]=' ':
whuf[15] = Ox0:
write (fd, wbhuf, strleniwbuf)]):
B
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Ol
H

= 0|0 YHE I Y= = 4 S:0pen the text editor

El--D CountDiown
=1-{_ Components

Elg Test
=-{_ Configurations
-, Monta¥ista
[#-(E] Hyperlinks
=11 Files

=7 Object Model Diagrarms

File Text Element

File : lcd1602 in Filez

MHame: (=

Generall Description  Elementz | Relatior  Tewt Element:

femB| Model
B EF',Q . Hinclude <fontl h>
= & EIEDDE'?ES“ Hinclude < stdio.hy
—Ig ] Uerau Hinclude < stdlib. ke
=B Claszes =l ledienz finclude <unistd. b

ﬁ Hinclude <fentl he .. Hinclude <3_'|-'S|"lt_'|-'|:|l33.h>

= Displa
% play Hinclude <sps/stat h>

- Attributes
- Operations L]
(%) Statechart
EEI---B FredefinedT vpes [REF)
EEI---B FredefinedT vpesCpp [(REF] ;I

Description:
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Open the driver

=141 CountDown
=1-{_1 Components
Elg Test
=1 Configurations
E El‘k MontaYista

: [#-[E] Hyperlinks
=27 Files

------ [E] Icd1602.cpp
=1 Object Model Diagrams

i) El_ﬂj tdadell
=27 Packages
Elﬁ Default
El@ Clazzes
El% Display
[ Attributes
EIE Operations
; & Drizplay()
E izDone(]
E print[char® 5]
: E printfint n]
--@ Statechart
EEI---& PredefinedTypes [REF]

]ﬁ PredefinedT vpesCpp [REF]

fcount="10;
nrint rhar TV Started"r

Conztructor : Dizplay in Dizplay

Generall Description  Implementation I.ﬂ.rguments Helatiu:unsl Tags I F'r-:upertiesl
|Display(]

cout << "Constructed” << endl;
initLCD () ;
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Call Interface Routine

El--D CountDovn
L——_I{:l Components
Ellﬂ Test
El{:l Configurations
E El% MontaYista

: Hyperlirkz
=27 Files

=23 Object Model Diagrams
i) El_gj adell
=27 Packages
L——_Iﬁ Default
El@ Clazzes
El% Display
- Attributes
ElE Operation:
; ----- H, Dizplay()
----- B izDonel)

e B printchar g

P B printint n]
H-{&) Statechart
#-£9 PredefinedTypes [REF)

]ﬁ PredefinedTypezCpp [REF]

fcount=10;
nrint rhar 1" Stared" Y

Frimitive Operation : pnnt in Digplay

Generall Description  |mplementation |.-’-'-.rguments Helatiunsl Tags I F'ru:upertiesl
Ivu:uiu:l printfint n]

cout << TCount =
displayLCDin) ;

" << n =< endl;
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Include extern (function prototype)

* Open Display class Feature window and select

()

Properties

El{:l Packages
-9 Defaul

=B Classes
=Bk Display
[ Attributes
£ Operation:
- L% Displa
..... E 1zDorm
----- =
o prinie
F-(5) Statecharl
]& FredefinedTypes (REF

51

-5 PredefinedTypesCpp [

Dizplay in Default

Generall Deszcription | Attributes Dperatinnsl Portz IF|DW Farts | Felations | Tags  Froperties

Yiew Al -
CG

ATL

cComM
CORBA
CPP_CG

[

[+]

[+

[+]

0] [

Class

AdditionalBaselasses

“Wiew Al -

ImpIncludes <inskream =

ImplementationEpilog

using namespace skd; extern void displayL DNt counk);esxkern woid inikLCO0void);

IrmplementationPralog

using namespace Std;
extern wvoid displayLCD(int count);
extern wvoid initLCD(woid):;
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Load the driver and run on the target

File Edit View SCP Tools Help

File List X pi@192.168.0. :~/work/lcdlo02driverS ./load.sh
' = :|FMa1 _ pi@l152.168.0. :~/work/lcdle02drivers
Y pi@l192.168.0. :~/work$
File name Size pl@192.168. . :Ms

M. <dir> pi@192.168.0. :~/mnts ./Test

[ Test 685K Constructed
Started
Count =
Count =
Count =
Count =
Count =
Count =
Count =
Count =
Count
Count =
Count =

Done
pi@192.168.0.121:~/mnts

0

1
9
8
7
6
5
4
3
2
1
0




Exercise 3. Stopwatch Project




Create a new project

Hew Project

Project name: IStu:upwatu:hF'r-:uieu:t
I Folder: Ia’hnmefcuntrula’wnrkfﬁ hapsody/StopwatchProject Browse... |
Project Type: I Drefault

Praoject Settings: I Drefault

=
=

ok I Cancel Help

Rhapzody <] |

Directory Ahomedcontrolvwork /B hapsodysStopwatchProject does not exist
Do you want to create it?
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» Right click Packages and Add New Package
» Change the name to StopwatchPkg

iR IEM Rational Rhapzody Developer for C++ - StopwatchProjq

Eﬁ File Edit “iew Code Layout Toolz ‘wWindow Help

DEel see 22 9 - MGHhE
Jhﬁuﬂ M ! & ¢ IDefauItCDmpDnent leefat
|l L e i e = 1 = = )

—| e
4-1r|

Entire Madel iew ¥

El--D StopwatchProject
D Components
D Object Model Diagrams
EH:| Fackages
- ﬁ D efault
I ﬁ FredefinedT ypes [REF]
I ﬁ FredefinedT ypesCpp [REF]
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» Right click StopwatchPkg and Add New-Diagrams-

Object Model Diagram
» Change the name to StopwatchOMD

i IEM Rational Rhapsody Developer for C++ - [Object Model Diagram: StopwatchOMD in
Eﬁ File Edt “iew Code Lavout Toal: “Window Help

|& & B &=

s ___J||m

JJ@ M ! g IDefauItCDmpDnent leefauItCan'

-_ Al [0

| stopwatch0MD in Stop... x |

Entire Model Wiew ‘F‘ + r |

E--D StopwatchProject
&[] Components
-] Object Model Diagrams
=1 Packages
- P Default
ﬁ PredefinedT ypes [REF)
ﬁ PredefinedT ypesCpp [REF)
Eﬁ CtopwatchPkg
-] Object Madel Diagrams
i) ﬁ_ﬁj StopwatchOMD
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» Select Object in Diagram Tools
* Draw three objects, Button, Timer, Display

5 StopwatchOMD in Stop... X @ Modell * I/u Welcome ko Rhapsody I ﬂ -«

= Diagram Tools
Cbject

Class

Compaosite Class
Package
Part

1 Button 1 Timer 1 Dizplay

Generalization

Associakion

Directed Association
Aggregation
Compasition

Link.

Dependency

Flows

Realization

Intetface
Ackar

Common
Free shapes

SO S 4 [(PEIODC
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» Select Link in Diagram Tools and draw links

5n StopwatchOMD in Stop... ]/; Modell * ru Welcome ko Rhapsody I ﬂ lxl
[ | L\‘g- Select
Qe Skarnp Made

= Diagram Tools
Object

Class

. 1 i ,
1 Button 1 Tirmer Display Composite Class
Package

Prort

Genetalization

Associakion

Directed Association
Aggregation
Camposition

Link

Dependency
Flas

Realization

Interface
ackar

Free Shapes

SO P e 4 [(PEIIDC
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= Double click the link between Button and Timer
» Click Association change button

/E
=
n

1 Eutton

Stereotype; I

Azzociatian; IitsTimer-itsButtDn
End1: Timer
Mame: fitsTirmer
Mulipliciy: || =
Yia Part: I

|— End2: Button
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» Change Both Ends to End itsTimer

Mame:
Sterent

Azznciz

—Endl
EN=

fALiltip
Wia P

—End2

I arme

LI A

1 Button

General | Endl I End2 I Endl propertiez | End2 properties

1 Display

|»

M ame:

Stereotype:

Consists of;

Azsociation Ends

Fole Mame: |itsTimer

|'En|:| 1: Button knows Timer as:

—End 2: Timer knows Button as:
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» Right click the link and change Display options

1

Button

itsTirner

Disploy Opiions |
— Link Marne
. Mamz Label i Nn:nnes
—Endl: Tirmer
F Name [ Muliplicity
— End2: Button
[ Mame [ Multipliciy
[ Stereatype [ Visibility
ITI Cancel I

Display
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* Repeat the same for the link between Timer and

Display

1

Button

itsTirmer

itsDisplay

1

Display

122
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» Select Button object and right click
= Add New-Statechart

] .
1 Tirner
itsTirmer
o

Features. ..

Add Hew Deztuctor
Constructor...

£ Operation

Copy Bl .-'-‘-.tl:tlril:uute

Copy with kodel :
Structure Diagram

Delete from kodel Fort

Rermave frarm Yiew Drel
FlansPart

Set Stereotype k

Change o | stetechyt |
Atk

Fefactor 4 g

MHavigate 3

| Y T B P
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= Select State and draw states.

E' Diagram Tools

held

idle

124

[=

*tRE-0@0H //

State

Transitian

Default Transition
And Line

Condition Connecke
Histary Connector
Termination Conner
Junction Canneckar
Diagrarm Conneckor
EnterExit Point

Jain Svnc Bar




= Select Transition and draw

= Double click the
= Type In Trigger:

= Type in Action: Timer.GEN(evStartStop);

transition
evPress

held

evPress!
| Timer. GEN{evStartStop);

pressed

General |Desu:riptiu:un| Tags I Pf':'F'E'tiESI

»

Mame : IevF‘ressx’ Timer. GEM[ewStartStop);

Timer.GEN (evitartitop) ;
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» Complete the statechart

held
idle . evPress/ pressed
Timer. GEN{evStartStop);
-
evRelease
tm(3000)/ tm(30)

Timer.GEN(evReset);
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= DO
s Se
= Se

nle click Display object and open Feature window
ect Operations Tab and press New

ect Primitive Operations and name print

Tirnetr

(|

|

itsDisplay

1 Display
. o
& print(:void

0
0

3enera II Descriptianl Attributes  Operationz |F'n:|rts I Flaw Parts Helatiansl Tagz I F'rn:npertiesl

[ Shaow Inherited

M ame | YYigibility | R eturn Type |
= e Public woid
Mews
Locate | ]8 | Sppll I |
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= Double click print operation
» Select Arguments Tab and add arguments: min, sec.

Frimitive Operation : print in Dizplay

Generall Descriptiunl Implementation  Arguments |Helatinns| T agz I F'n:upertiesl

Iv-:uid print(int mirLint zec)

E R * #

M ame | Type | W alue | direction |
E['] it it In
E['] TEC it In

<Mews

» Select Implementation and type in code

Frimitive Operation : print in Dizplay

Generall Description  Implementation I.-’-‘«rgumentsl Helatinnsl Tagz I F'rclpertiesl

I\-'l:uiu:l prinitfint min,int zec)

printf("sd:xd\n",min, sec) ; -
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* Double click Timer object
= Select Attributes Tab
= Add attributes(seconds, minutes)

(|, 1 |

1 Timer 1 Display
M seconds:int
M minutes:int
itsTimer itsDisplay
0
& print(mincint se. .
[} I} 0
Object : Timer in StopratchPlg
Generall Description  Attibutes | Dperatiu:unsl Fartz I Flo F'u:urtsl Helatiu:unsl Tags I F'ru:upertiesl
[T Show Inherited i Pt
Mare | wisibility | Type | Initial alue | Walue |
B seconds Public ift 1
M minutes Public ift I}
<Mew:
Locate 0k, | Sl | |
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» Add operations(print, tick, reset) in Timer object

i T i 1 Displa
1 Tirmer Lisplay

M seconds:int
M rminutes:int

itsTimer itsDisplay
~0

& print(:void & printimincint se...
& tick():void
& reset(vaoid

0 0 |

Object : Timer in StopwatchPlg

Generall Descriptinnl Aftiibutes  Operations I Puortz I Flow Farts Helatiunsl Taogz I F'ru:upertiesl

[ Shaw Inherited ¥ »
M ame | Yizibility | Fieturn Type |
= Public void
B tick Public void
B reset Public woid
<Mews

Locate | k. | Sppll I |
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* Double click print operation
* Add Implementations

it o il 1 Display
1 Timer

M secondsint
M rinutes:int

itsTimer itsDisplay
0

& print):void & printimin:int se...
& tick():vaid
& reset(void

[} ) |

Primitive Operation : print in Timer *

Generall Description  Implementation |.-'1‘-.rgument$| Helatiu:unsl Tags I Froperties

Iw:uiu:l print(]

Displav.print(minutes, seconds) ;I -

w
4| | »

Locate I 1] 4 | Apply | |
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* Double click tick operation
* Add Implementations

o o o ;
- 1
1 Timer Dizplay

M seconds:int
M rinutes:int

itsTirmer it=Display
0

& tick():void
& reset(vaoid

& print):void & print(mincint se.

0 ) |

Frimitive Operation : tick in Timer

Generall Description  Implementation |.ﬁ.rguments Helatiu:unsl Tags I F'ru:upertiesl

[rwoid tick()

seconds++;

if | seconds > 59 ) |
seconds=0;
minutes4++;

'

4| |

Locate | ]8 | Apply I
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Timer attributes

* Double click reset operation
* Add Implementations

o o o :
- 1
1 Tirmear Display

= seconds:int
M rminutes:int

itsTirner itsDisplay
0

& print():vaid & printimin:int se...
& tick():vaid
& reset()void

(N, () |

Primitive Operation ; reset in Timer *

Generall Description  Implementation |.ﬁ.rguments Helatiu:unsl Tags I Froperties

Iw:uiu:l rezek]

seconds=0; Y
minutes=D;|

-
4| | r

Locate | ] | Apply I |
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Statechart in Timer

» Right click Timer and Add New-Statechart

evReset/
reset();print();

running
freset();
print();
off evStartStop on
evStartStop
tm(1000)/
tick(); print();
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Object Model Diagram

= Stopwatch OMD

1 Button

=

itsTimer

1

Timer

(=

= seconds:int
= minutes:int

B evPress()
B evRelease()

& print):void
& tick():void

& reset():void
B evStartStop()
B evReset(

itsDisplay

Display

135

B print(min:int,sec:int):void
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Generate and build

» Change component and
configuration names

= Generate and build

= Compiling Button.cpp
Compiling Timer.cpp
Compiling Display.cpp
Compiling StopwatchPkdg. cpp
Linking StopwatchTest

Euild Done

1|4 I L I }I HI'-. Log .f{. Check Maodel .h Euild .h Configuration Managemant ,]HL

For Help, prezs F1

Entire bModel YWiew T

&T‘

=l-f ] StopwatchProject
=1 Components
EE StopwaltchT est
= Configurations
E‘k Linux
=1-[&] Hyperlinks
-] Edit Main File
-] Edit Makefile
- Object Model Diagrams
=1 Packages
----- ﬁ Drefault
ﬁ PredefinedTupes [REF)
ﬁ PredefinedTvpesCpp [REF)
=3 StopwatchPkg
\ Ewvents
Ly Lirks
- Dbject Model Diagrams
g0 StopwatchOMD
Eﬁ Objects
Ea Button
- Association Ends
=@ Operations
- B evPress)
: - E evReleasze(]
=-{=) Statechart
----- | StatechartDiagram
A default of idie
-] States
20 held

| »
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Configuration : Linus in StopwatchT est

Generall Descriptinnl Initialization Settings | I:he-:ksl Fielati-:unsl Tags I Properties

Directory: I.-"hn:nme.-"n:u:lntn:ul.-"wu:urk.-"H hapzody/StopwatchProject/StopwatchT est/Linus
Libraries: I

Additional Sources: I

Standard Headers: I
Ihzlude Path: I

Ll L

[+ Use Default

— Instrumentation

Instrument ation b ode:; Animation Advarced |
— wiebify
[ web Enabling Advaneed) |

Time kodel: f* Real i Simulated

Statechart Implementation: Reuzable % Flat

Erviranment Settings

j Drefault |

Ereviranmmett: I Lirs
Build Set: |Debug j
Locate 1]3 | Apply | |

[ »
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R IBM Rational Rhapsody Developer for C++ - StopwatchProject.

T File Edt “iew Code Layout Tools “indow Help

DEeR|s@e v =29 @Ak X
IER AR AR |
“@ L I IStDpwatchTESt

| ==

jILinux
P = =) = R
. pilry

=B StopwatchPlkg

\ Ewvents
L Links

-1 Object Model Diagrams

Elﬁ Ohjects

l_——_lﬂI Butto

i

L Azzociation Fode
=1 Instances

Eeatures...

& Add New
B Operations —

--{E Statechart
[—:Iﬁ Diizplay

- Instances
= Operations

------ B prirtfiet r

Search inzide. ..

Lacate on Diaagram
References...

Show Relationz in Mew Diagram

EEI--@I Tirner

Add to Favorites
Browse from here

139
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Change ta
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= Open Instance Stagechart
1 | I _'I—I Generate Event d
Call Stack / Add Breakpaint



» Right click and Generate Event

I held
evPress!
. d
idle Timer. GEM{evStart Stop); Hesse
ol
evFelease T
trm (3000 tm{30)
Timer. GEM{evReaszet);
Features...
Eagte (S
Fefactor »
M avigate b
Add Breakpaint

Switch to Tabular View H |
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= Generate evPress and evRelease within 3 seconds

Object: IButtu:un Select |

Ewent: I evPress j
Arguments;
M ame Type W alle Edit
I I | Edr |
Hiztony:

Button->GEM[evPress(]] Clear |

Button->GEM[evh eleaze(]]

Cloze Help
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Exercise 4. Button Project

» Run the ButtonProject on the target with i N
or without animation. o I,

Computer
@ Home
K4 Desktop i i = (Even
5} Documents _ _ d lActs.
, ButtonProject ButtonProject_rpy ButtonTest ButtonProject.ehl
i&d Downloads auto_rpy
i Music = s .\
[® Pictures S L
i@ videos ButtonProject.rpw  ButtonProject.rpy  ButtonProject.save core
= File System .
& Trash s
12, 3
Network error.log
[i=i Browse Net...
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Object Model Diagram

* Object Model Diagram in ButtonProject

! Buttan = 1 Led =
itsLed

B evPress() B evPress()

B evRelease() B evChange()

itsButton

1 PushSwitch &

143
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= Statechart in Button

held

: evPress,
idle Led GEM{evChange);

evFelease

ezzed in StatechartOfB uttan

Stereohype: I

Action on entry

if [(lreadPushiwitchi)) Button.GEN(evREeleasze):
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= External function

= l:l Packages
EI ﬁ ButtonPkg
. - % Ewvents
- & Functions
i L Links
{:l Object Model Diagr

[+l Aszociation
E O perations
--{EI Statechart
=4, Led

E Operations

prototypes

Object : Button in ButtonPkg

Generall Descriptinnl .-'l'-.ttrilznutesl Dperatinnsl Fortz I Flo F'u:urtsl Relati

Yiew CDhverridden -

=l CPP_CG

=l Class

ImpIncludes

ImplementationProlog | exkern unsigned char readButtongywoid);
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= Statechart in Led

finitLed();
o 0 |
One @ Twea (=
evlhange evlzhange
m| m]
o o |
T evizhange

Three &

State : One in StatechartOfLed

General | Descriptinnl Helatiu:unsl Tags I Properties

M arne: IE

Stereotppe: I

Action on entry

L]
2 e

onLedil);
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= External function prototypes

= {:l Fackages
E_‘| ButtonPkg
e % Events
- @ Functions
4] [+ Links
l +-[_7] Object Model D

-l Aszocis
E Operati

+-{&) Stateck
=-{73, |Led
I & Operati

+-{&) Stateck

finitl

Object ; Led in ButtonPkg

Generall De&criptinnl Attributes Dperatinnﬂl Ports I Flow Partz Flelatiu:-nﬂl Tag: FPn

“iew Chverridden -

=l Class

ImplementationProlog | extern woid onLed{unsigned char);extern ink initLediwoid);
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" Interface.cpp

Entire Model Yiew L

-L:r|

B Pushswitch | Eﬁ Button Crverview in BukkonPl

El--m ButtonProject

-] Components

EE ButtonT est
E||:| Configurations

: % Monta¥ista
=] Files

------ @ Interface. cpp
-27] Object Model Diagrams

=] Packages
Eﬁ ButtonPkg
\ Events
&L Links
EH:l Object Model Diagrams
£ ﬁ_ﬁj Button Overview
Eﬁ Objects

ElﬁI Buttan
E F-L Association Ends
E Operations

+-{&) Statechart
= R

finitLed();

File : Interface in Files

Generall Description  Elements | Helatiu:unsl Tags I Froperties

El@ Interface
S tinclude <stdio b
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Interface.cpp(1)

#include
#include
#include
#include
#include
#include
#include

int fd_ b
int fd_L

int init

{

}
int init

{

=fcntl.h=
<stdio.h=>
<stdlib.h=>
<unistd.h>
<sys/types.h>
<sys/stat.h=
=string.h=

utton;
ed:

Button(void)

fd_button=open(" fdev/gpio_button",0 RDWR);

if (fd_button < 8) {

printf("Device open error : %s\n","/dev/gpio_button");
exit(1);

1

Led(void)

fd_led=open(" /dev/gpio_led",0 RDWR);

if (fd_led < @) {

printf("Device open error : %s\n","/dev/gpio_led");
exit(1);

k;

149




Interface.cpp(2)

unsigned char readButton(void)
{
char buf[30];
read(fd_button, buf, 1);
return buf[@];
¥
void onLed(unsigned char data)
{
char wbuf[30];
wbuf[8]=data;
write(fd _led,&wbuf,1);
¥
!ttttt*ttttttttttttttttttttttt*ttttttt*ttttttttttttttt*ttttttt*ttttttt
File Path : ButtonTest/MontaVista/Interface.cpp
*********************************************************************!
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= Statechart in PushSwitch

finitButtont );

FeadSwitch

£

tm{ 30}

State : ReadSwitch in Statechartd PuzhSwitch

General | Descriptiu:unl Helatiu:unsl Tags I Froperties

Name: |ReadSwitch

Sterentype: I ]
Action on entry
if (!'readButton()) Button.GEN(ewPress):; ;I |
[
Action on exit ;
=)
[
Feactions In State
( -
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» External function prototypes

EII:I Fackages
L—__I& ButtonPkg
- % Events

AnitButtoni);

B Functions Object : PushSwitch in ButtonPkg
#-L5 Links _
D Object Madel Diagrams Eenerall Descriptinnl .-'-‘-.ttril:uutesl Dperatiunsl Puartz I Fla F"u:nrtsl Flelatin:unsl Tags Properties
=[] Objects _ _

ﬁaa Button Wiew Cherridden |-

[+l Aszociation Ends

+- i Operations
. =l Op =l Class
[#-{&) Statechart
2fdled P s e
E Operations IrnplementationProlog | exkernint initButton(void); extern unsigned char readButtoniyvoid);

+-{E) Statechart
=, PushSwitch

-l Aszociation Ends
--{E] Statechart

=1 -
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Exercise 5: Stopwatch with real displays and switches

= Modify the StopwatchProject to use LCD e P
displays and button switch on the target e I,




