MODEL-BASED DEVELOPMENT
- TUTORIAL




Objectives

= To get familiar with the fundamentals of Rational
Rhapsody.
» You start with the simplest example possible.

» You end with more complex functionality, and a more
complex state machine.




At the end of this section ...

= At the end of this section, you will be able to:

» Create a new project

» Perform some basic modeling using classes, attributes,
operations, relations, and state charts

» Generate and compile code

» Debug the model by injecting events, setting breakpoints,
capturing behavior on sequence diagrams, visualizing the
state of objects, and so on




Agenda

= Exercise 1 : Hello World

» You start with the simplest example possible, just a single
object that prints out Hello World.

= Exercise 2 : Count Down

» Next, you create a simple counter using a simple
statechart.

= Exercise 3 : Dishwasher

» Finally, you create a dishwasher and a more complex
statechart.

= Summary

N
[[om]|



Before you start

» Rational Rhapsody uses C, which Is case-sensitive.
Most of the errors that are made during this training
course are due to entering text incorrectly.

» During this training, you use a naming convention
where all classes start with an upper case, and all
operations and attributes with a lower case. If two
words are concatenated, then the first letter of each
word Is capitalized, for example,
thislsAnOperation, MyClass, anAttribute.
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Where are we?

i?- Exercise 1 : Hello World

» You start with the simplest example possible, just a single
object that prints out Hello World.

= Exercise 2 : Count Down

» Next, you create a simple counter using a simple
statechart.

= Exercise 3 : Dishwasher

» Finally, you create a dishwasher and a more complex
statechart.

= Summary

D
[[om]|




Exercise 1 : Hello World

cv C:\Documents and Settings\All Users\Start Menu\Programs\IBM Rational\IBM Rational Rhaps... =

Executing: "“"C:\Program Files\IBM\Rational\Rhapsody\?7.5\Share\etc\cygwinrun.bat"
Test.exe

Hello, YWorld




Creating a project s

» Start Rational Rhapsody in C (development edition).

= Use either the [ (new) icon or select File > New
New Project to create a new project called Hello in a
desired working directory.

New Project

Project name: Hello

In folder: C:\WwWork\Helld

Project Type: Default

Project Settings: | Default

Rhapsody

] Directory C:\Work\Hello does not exist
Do you want to create it?

[ oK ][ Cancel ] [ Help ]

[ ves J[ Mo |

» Click OK then Yes to save project.
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». >
vy
New Project

Create a new Rhapsody Project.

Proceed o

You can choose any

working directory you
want. Just make sure
you create subfolder

named Hello.

:
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Browser

® IBM Rational Rhapsody Developer for C - [Object Model Diagram: Model1 *] (=13
g5 File Edit View Code Layout Tools Window Help -8 x
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| DetauCont v O BE BRG] e ok
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Entire Mode! View v
= 1 Hello
# (] Components
= (] Object Model Diagrams
%) Model1
# (O Packages

Select

Object

Class
Composite Class
Package

File

Port
Generalization
Association
Directed Associatiol
Aggregation
Composition
Link
Dependency
Flow

Object
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d Realization
M 0 eI Interface
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lagram a
< | >
W Welcome to... 55 Modell * I
IFor Help, press F1 GE MODE CAP NUM SCRL Mon, 8, Jun 2009 8:28 AM

The browser displays everything that is in the model.
Note that Rational Rhapsody creates an Object Model diagram.
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Drawing a class &

= In this Object Model diagram, use the class icon
to draw a class named Display.

a_ﬁj File Edit View Code Layout Tools Window Help
DEFH $BEC &% 2
N

EEEH I IO A

DefaultComponent v l DefaultConfig

R 1BM Rational Rhapsody Developer for. C - Hello - [Object Model Diagram: Model1 *]

- MHE X QQEFOE B v 2

"t Anal

v | DEeEE BE S =

Entire Model View
= - Hello
# (] Components
#(_] Object Model Diagrams
=-(_] Packages

= [ Default

= B Classes
&
+ £ PredefinedTypes (REF)
# £ PredefinedTypesC (REF)

<

Display

¥

v

g9 H| % &) %] | & 2 2

+

BEspCpF SRy rbspPEDA ©

- | & X

I
Select

Object /
Class

Composite Class
Package

File

Port

Generalization
Association
Directed Associatiol
Aggregation
Composition

Link

Dependency

Flow

Realization
Interface

Actor

Draw Realization

Expand the browser — as show above - to see that the
display class also appears in the browser.
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Adding an initializer g,

* The simplest way to
add an initializer to the
class is to double-click
on the class to open
the features (or right-
click and select
Features).

» Select the Operations
tab, click New, and
select Initializer.

* You do not need any
Initializer arguments,
so click OK.

Name Visibility Return Type

PrimitiveOperation
Reception
TriggeredOperation
CleanUp

Locate OK
Initializer Arguments @
Arguments:
Name Type Add
Modify
LIEY

A
An Initializer is the operation that gets executed
when the object is created at runtime. (It is the
equivalent of a constructor in C++.)

®



Display options s

= You would expect to see the [ Diviy_]

Features..,

Initializer shown on the class on the ? .. .
Object Model diagram. o e
= You can control what gets oo o
displayed on this view of the class - :
ny selecting Display Options. el :
= Right-click the Display class, select .~
Display Options, and then setthe = =<

Roundtrip

options to show All on both the

Display Options. .. k

Attributes and Operations tabs. ot

Display options of Display Display options of Display

General | Atributes | Operations General | Attibutes | Operations
Show Show

ONone @Al OPublic O Explicit ONone @Al OPublic O Bplictt

R e Am M _a_ e e e AN M __a_
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Display Initializer

= You should be able to see that the Initializer iIs now

shown In both the browser and the OMD (Object
Model diagram).

Initializer
InitQ
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R I1BM Rational Rhapsody Developer for C - Hello.rpy - [Object Model Dia... Q@@
@] File Edit View Code Layout Tools Window Help - B X

DM $BE v 2% @ ARKRED X |RQEOHE E)
M 8 E S| Tes v | Release v
|l CF I min @ T 40 00 = 2 = s : || g @Batang
—— I ix
Display | = Dia :
Entire Model View e g % Select
= E,:' Hello B Obiect
@ (] Components I
#-(_] Object Model Diagrams % Init() @ Class
=-(C] Packages Composite Class
= £ Default P Package
= @ Classes \ R
=8 oisplay -
= @ Operations -Q Port
— 20 4 Generalization
@ B PredefinedTypes (REF) L, Assodation
= PredefinedT C (REF
- El keefecTypen. ey Ly Directed Association
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Adding an implementation s

» Select the Display Initializer in the browser and
double-click to open the features window.

» Select the Implementation tab and enter the
following: printf (“Hello World\n™);

Initializer : Init in Display *

General | Description | Implementation | Arguments | Relations | Tags | Properties
Display_Init()
printf ("Hello World!\n"): ~
v
< >
Locate oK Apply

If you want to close the window by clicking x|
(the upper-right "x"), then make sure that you
apply the changes first.
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#include stdio.h g

- Because you used Class : Display in Default
p r i ntf () , you m ust do General | Description | Attributes | Operations | Ports | Relations | Tags | Properties |

View Common ~

an 1nclude of the stdio.h A

file in the Display class. | s

AnimSerializeOperation

[ | I n t "] e b rOWS e r : Se I e Ct th e AnimUnserializeOperation

EnableDynamicallocation

DIS Ola_y CIaSS and dOUbIe- EnableUseFromCPP O

GenerateDestructor %

click to bring up the [impincoce: |

ObjectTypeasSingleton | L]

fe at u re S . C_CG ‘ E;;::;.;;;ncludes E

The Implncludes property specifies the names (including full paths) of header files to be

included at the top of implementation

u S e | e Ct th e P r O p e rt I e S tab files generated for classes, objects or object types, or packages. Separate multiple file

names using commas, without spaces. [Default = empty sting)>

(ensure that the Common octs ok

view Is selected) and enter
Std i O. h int() the Implncludes is an abbreviation for

Implementation Includes; C_CG means

Implincludes property. “C” Code Generation.

v
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Renaming a component s

Component : Test in Hello

* [n 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.

-

Entire Model View

- L:] Hello

- CI Components

W[ DefaultComponent

-1-{_] Configurations
+ ‘\ DefaultConfig
+-(_] Object Model Diagrams
+ () Packages

General | Scope | Variation Points | Description | Relations | Tags | Properties |

Name:

Test

< |

aaEaatle

Stereotype:

@

Directory: Test
Libraries:
Additional Sources: |
Standard Headers:

Include Path:

Type

O Library (&) Executable ) Other

Component : Test in Hello

| General | Scope | Variation Points | Description | Relations | Tags | Properties |
Language: ‘C

[ (3) All Elements ]
() Selected Elements

@ [

v
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The Test component s

* Now expand the Configurations tab under the Test
component and rename the DefaultConfig to Release

using the General tab.

Entire Model View

= g Hello

=-{_] Components

= # Test

=1 Configurations Configuration : Release in Test

BN DcfaultConfig

# (] Object Model Diagrams General | Description || Initialization || Settings | Checks || Relations | Tags | Properties |

@ () Packages Name: |Release .
Stereotype: _ VEI&I

Entire Model View
= m He"o Locate O.K
=-(Z] Components
= #4 Test
= (L Configurations

R Release

@ (L] Object Model Diagrams
@ (] Packages

In a configuration, you define how to compile in detail.

F In a component, you tell Rational Rhapsody what to compile.

17




Initial Instance s

» double-click the
Release
configuration to bring
up the features.

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

= The main now
executes and
creates an initial
Instance of the
Display class.

Configuration: Release in Test *

General | Description | Initialization | Settings | Checks | Relations | Tags

Initial instances
® Explict O Derived

= Default
| Display

Locate OK Apply

Properties

The difference between
explicit and derived is
explained later.

18
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Settings &

onfiguration : Release in Test * [}
N

General | Description | Initialization | Settings | Checks | Relations ' Tags | Properties

* You need to select an
environment so that
Rational Rhapsody
Knows how to create an
appropriate Makefile.

» Select the Settings tab.

» Select the appropriate
Environment — In our
case - MSVCO9.

= Click OK

Many other settings are explained later. A
Rational Rhapsody component can
contain multiple configurations.

Directory: Use Default
Libraries:
Additional Sources: |

Standard Headers:
Include Path:

0000

Instrumentation

Instrumentation Mode: None v

Webify
[]web Enabling

Time Model: () Real (O Simulated
Statechart Implementation: ) Flat

Environment Settings

Environment: MSVC9 v

Build Set: Debug v

Compiler Switches: | $IncludeDirectories $DefinedSymbols A
$(INST_FLAGS) $(INCLUDE_PATH) 3 E]

Link Switches: $0MLinkCommandSet $LinkerFlags

(]

[ Include Requirements as Comments in Code

<

Locate OK Apply
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Renaming the OMD g

» Expand the Object Model Diagrams in the browser
and use the features dialog to rename the diagram
from Modell to Overview.

= Apply your change or click OK to apply and close the
features dialog.

Entire Model View ¥

=g Hello

Object Model Diagram : Modell in Hello *

=-{_] Components General | Description | Relations | Tags | Properties
- #4 Test ~
=-(Z] Configurations Name: :
+ % Release Stereotype: v | G
=)-(_]] Object Model Diagrams —lﬁl
a0 [ Default Package: | Default v

Locate OK Apply
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Generating code s

* You are now ready to generate code.
» Save the model (click the Disk icon) &

= Select the Generate/Make/Run icon &

* Click Yes to create the directory

x|
|

All Checks Terminated Successfully

Checker Done
0 Error(s), 0 Warning(s)

Code generated to directory: C:/Work/Hello/Test/Release
Generating file Display.h

Generating file MainTest.h

Generating f£ile Display.c

Generating file MainTest.c

Generating make file Test.mak

Code Generation Done

0 Error(s)
Building -

0 Warning(s), 0 Message(s)
Test.exe  -—----=======

] Directory C:\WorkiHello does not exist
A . Do you want to create it?

[ Yes ] [ Mo ]

Executing: ""C:\Program Files\IBEM\Rational‘\Rhapsody\7.5\5hare"\etc\cygwinnake.bat Test.mak build "

Setting environment for Cygwin
"make.exe"”

Compiling Display.c

Compiling MainTest.c

Linking Test.exe

Build Done

\Log A CheckModel  Buld }, Configuration Management J\ Animation /

x|
2

All Build Messages View M
Severity  Model Element Description File More [

i Building Test.exe
i Executing: ""C:\Program Files\IBMiRational\Rhapsody\7 .S\Share"\etc\cygwinmake.bat Test.mak build *
i Setting environment for Cygwin
i “make.exe”
i Compiling Display.c
i Compiling MainTest.c
i Linking Test.exe
i
i Build Done

£ >

\Log )\‘ Check Model ABuild A Configuration Management )\ Animation f

21

[[om]|
1T
..||
L

]



Hello World &

* You should see the following:

¢+ C:\Documents and Settings\All Users\Start Menu\Programs\IBM Rational\IBM Rational Rhaps...

Executing: “C:\Program Files\IBM\Rational\Rhapsody\?7.5\Share\etc\cyguwinrun.
Test.ex

st.exe
Hello, World

» Before continuing, make sure that you stop the
executable. Do this either by closing the console
window or by using the icon (white hand on stop

sign). @

A

If there was a compilation error during
compilation, then simply double-click
on the error and Rational Rhapsody
indicates where in the model the error
occurred.

22
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Handling errors s

= |f there are errors during the compilation, then

double-click

error occurred.

the relevant line to find out where the

Build failed!
See output window for details.

All Build Messaqes View v

L lx

[ ox ]

Severity  Model Element
i

i
i
i
A | efakDisplay. it
[}
i
i
i

A
o
[
o

4 4 » » \Log ) CheckModel ABuild A Configuration Management )\Wti

Description File
Building ------------ Test.exe --------eme-
Executing: "D:\Rhapsody73\Shareletcimsmake.bat" Test.mak build
Setting environment for using Microsoft Yisual C++ tools.
Display.c

C4013: 'print' undefined; assuming extern returning int
MainTest.c

Linking Test.exe

isplay.obj : error LNK2001: unresolved external symba
Test:

NMAKE : rror U1077: 'link.exe’ : return code '0 - - ~
Stop. Relations { Tags Properties
General Description | Implementation | Arguments
Build Done @play_l nit()
print ("Hello Worldin™); ~
v
¢ < v
Locate OK

23
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The generated files

* The generated files are located in the following
directory (YourDirectory\Hello\Test\Release):

Display class
(Display.c)

Error messages
(error.txt)

& Release

Main
(MainTest.c)

Executable
(Test.exe)

Makefile
(Test.mak)

e

ﬁ P ) Search ||~ Folders v
Address \uj C:\Work'\Hello\Test\Release b | Go
Name = Size Type Date Modified
EJ Display.c 2KB CFile 06/07/2009 12:49
) Display.h 2KB HFile 29/06/2009 10:34
D Display.o 4KB Object file 06/07/2009 12:49
Ej error. txt 0KB TextDocument 29/06/2009 10:32
I'Q MainTest.c 2KB CFile 29/06/2009 10:32
Ej MainTest.h 1KB HFile 29/06/2009 10:32
[j MainTest.o 3KB Object file 06/07/2009 12:49
=) Release.cg_info 1KB CG_INFO File 06/07/2009 12:49
Mrest.exe 181KB Application 06/07/2009 12:49
=) Test.mak 4KB MAK File 29/06/2009 10:32
I 10 objects 194 KB 4 My Computer

24

®



Editing the code g

* You can edit the generated files from
within Rational Rhapsody.

» Select the Display class in the diagram
or in the browser

» Right-click and select Edit Code.

R IBM Rational Rhapsody Developer for C - Hello.rpy - [Display.c]
@ File Edit View Code Layout Tools Window Help - B %

DEE &BE % 2 ARE X 34 e% H| & ©
ES @ ! E 2 Tes leelease V EA: «=
IR il TAwl ; :
: f# class Display * :II
/*## operation Init()
Entire Model View ~ void Display Inict (Display* const me) {
= ) Helo /*#[ operation Init()
# (] Components printf ("Hello, World\n");
[+ () Object Model Diagrams de s
= (1] Packages
=- [ Default
= B Classes void Display_Cleanup (Display* const me) {
= B Dpisplay }
= E Operations
A Init) Display * Display Create(void) {
& Bpredeﬁned'l'ypes(REF) Display* me = (Display *) malloc(sizeof(Display)):
©] b PredefinedTypesC (REF) if (me!=NULL)
Display Init(me):;
}
return me;
} v
< >
UWeEcometo..‘Iﬂ Overview IE] Display.c ]@ Display h I
For Help, press F1 GEMODE CAP NUM SCRL Mon, 6, Jul 2009 2:45 PM

25
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0-  Copy

Copy with Model
Delete from Model
Remove from View
Change to
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Make an Object
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Check
Generate
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Display Options...
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Generated code

= You can see that the class Sl isplanis
DISplay IS a Struct; however’ f#idefine Display H
/4% auto generated *#/

because you have no attributes binciude Zoxt/jie 1o
or relations, it is empty. :

/*## class Display */
typedef struct Display Display;
struct Display {
RIC_EMPTY STRUCT
}:

» Any public operation of the
Display class is prefixed with e o teuetone et deetrnetore s o)
Display_fo make Ita member (e, . o
operation of the class. -

J e User implicit entries * 4%/

/*H¥ auto generated */
void Display Cleanup(Display® const me):

/*H% auto generated */
Display * Display Create(void):

* There are several properties to T
customize the code generation. void Display Destroy(Display® const me];

#iendif

These are discussed later. aknrakannansanntassnsissnnssinnsissnnisinss

26
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Auto generated operations

» Display_Init is an Initializer that is used to initialize an
object after it has been created. It is the equivalent of a
C++ constructor.

* Display_Cleanup is used to clean up any allocated
memory (and so on) before the object gets destroyed.
This is the equivalent of a C++ destructor.

» Display_Create is used to dynamically create an
Instance of the object_type. It is the equivalent of new
Display in C++.

» Display_Destroy is used to delete an instance of the

object_type. It is the equivalent of delete Display in C++.

You will see later how to generate instances statically, and also how to
avoid generating the Create and Destroy operations.

27




What Is this me pointer?

» You could have several instances of a class, so all
operations must know which instance they can
access. In C++, there Is the this pointer that gets
passed automatically. In C, this is a reserved word,

So instead, a pointer to the class called me is used.

- - - Y= T A - =/
== eration inic()

void Display Init(Display* const me) {
[ operation Init()

printf ("Hello, World\n"):

-

void Display Cleanup(Display* const me) {

A
Later, you will look at a way of
eliminating the me pointer for classes
that have only one single instance.

28

@



Modifying the code g

* You can modify the generated code.

* In the Display.c 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.

T oy o
&~

Initializer : Init in Display

p'i—zi ey o e 55 General | Description | Implementation | Arguments | Relations | Tags | Properties
- 4Ll | LCOLIOLA WG \4a ’ ——

~—> Display_Init()

void Display Cleanup(Display* const me) { b

Locate OK

29
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Displaying the Main File and Makefile

*» The Main File and Makefile can be displayed from
within Rational Rhapsody by double-clicking the

hyperlinks:

=g Hello
=1-(Z] Components
- g Test
-1-{Z]) Configurations
- ¥ Release
= (&) Hyperlinks
5
) edit Makefile
-1-(_] Object Model Diagrams
_BE_ Overview
=1-(] Packages
- E] Default
--B Classes
-8 Display
=] a Operations
X InitQ
+- B2 PredefinedTypes (REF)
+ E] PredefinedTypesC (REF)

B MainTest.c

#include "Display.h"
int main(int argc, char* argv([]) {
int status = 0;
if (RiCOXFInict (argc, argv, 6423, "IBM-70E7B177341", 0, 0, RiCTRUE))

Display * p Display:

p_Display = Display Create();

/*#[ configuration Test::Release */
RiCOXFStart (FALSE) ;

Display Destroy(p Display):

status = 0; -

else
status = 1;

}
return status;

30




Project files

AutoSave
(Hello_auto_rpy folder)

Generated code
(Hello_rpy folder)

Event history list
(Hello.ehl)

Project workspace
(Hello.rpy)

Roundtrip log
(Roundtrip.log)

& Hello
. File Edit

View Favorites Tools Help

EEX
..zt

Qe - Q) (¥ O seach [ Folders | [T
: Address |2 C:\Work\Hello Vl Go
Name =~ Size Type Date Modified
((D)Hello_auto_rpy File Folder 06/07/2009 16:05
[C)Hello_rpy File Folder 29/06/2009 10:37
Test File Folder 29/06/2009 10:32
@ atg.log 0KB TextDocument 06/07/2009 12:44
Hello.ehl 1KB EHL File 06/07/2009 15:25
Hello.rpw 2KB RPW File 06/07/2009 15:25
L9Hello.rpy 8KB RPYFie 06/07/2009 15:25
[Z) load.log 4KB TextDocument 06/07/2009 12:44
B Roundtrip.log 1KB Text Document 06/07/2009 15:15
El rtc.log 0KB TextDocument 06/07/2009 12:44
£) store.log 2KB Text Document 06/07/2009 15:25

11 objects

31

13.2KB

'$ My Computer

The model
(Hello_rpy folder and Hello.rpy file)
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Extended exercise &

GG Window  Help

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

= Select Tools > Customize. sl
i

RulesComposer

Import XMI into Rhapsody

Export ¥MI from Rhapsody
Reverse Engineer Ada Source Files

Menu content: I G I 4
Import XMl into Rhapsody ~

Edit TestCase SDInstances Reverse Engineering
Update TestCase TypeLibrary Importer
Build TestCase

Execute TestCase

Create SD TestCase v

Import from Eclipse
Helper parameters Import from System Architect

Sequence Diagram Compare
Automatic Test Generator

Topa Test Conductor

Export XMI from Rhapsody
RulesComposer m_
Reverse Engineer Ada Source Files

oy | [ Cancel |

32
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Customize &

= Use the New icon to enter a new Men content X ¥
entry Explore to the Tools menu. T S 9

Clean TestComponent

- Update Testarchitecture
= Enter explorer in the Command Erecue TesConton Sy
. Execute TestPackage Sync
fl e | d . Load TestResults

Set RTC SilentMode

= Set Arguments to . (a period). Hleall TG fanktih

Explore
= Select the option Show in Tools
menu.
Arguments:

= Click the OK button. o

€

Helper parameters
Command: _ explorer

Applicable To: ‘
= Select Tools > Explore. Pt | =T
Helper Trigger: v
Type
(3) Extenal program ) VBA macro Show in Tools menu
Window Help []w/ait for completion

Diagrams 4 & Hello EEx
ir

BI'O'NSEF Fle Edit View Favorites Tools Help

[ 0K l[ Apply ][ Cancel ]

Qe - @ - (¥ Psewtn [Fodes [

i Address |23 C:\Work\Helo | Go
R T P XY il —— i R
[t et et e it A NNl e e ) -
{()Hello_auto_rpy File Folder 06/07/2009 16:05
B (Hello_rpy File Folder 29/06/2009 10:37
Import XMI into Rhapsody i e ol 206/2008 10:32
[%] atg.log 0KB TextDocument 06/07/2009 12:44
Export XMI from Rhapsody = forige b Bl o6Ji7/0 16125

| Hello.rpm 2KE RPW Fie 06/07/2009 15:25

RU|escomD°5er (AHelo.rpy 8KB RPY File 06/07/2009 15:25

: v D load.log 4KE TextDocument 06/07/2009 12:44

Reverse Engineer Ada Source Files (&) Reurditis g 1K8 TextDoament 06/07/2008 15:15

B rtc.log 0KB TextDocument 06/07/2009 12:44

Explore k [E] store.log 2KB TextDocument 06/07/2009 15:25
Customize... 11 objects 13.218 *J My Computer

et
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Where are we?

= Exercise 1 : Hello World

» You start with the simplest example possible, just a single
object that prints out Hello World.

i%- Exercise 2 : Count Down

» Next, you create a simple counter using a simple
statechart.

= Exercise 3 : Dishwasher

» Finally, you create a dishwasher and a more complex
statechart.

= Summary

34




Exercise 2: Count down

UNIFIED o

MODELING
LANGUAGE

Executing: “"C:\Program Files\IBM\Rational\Rhapsody\?7.5\Share\etc\cyguinrun.bat"
Test.exe
Constructed

a

i
9
8
?
6
5
4
3
2
1
a

35




Copying a project

=> m Edit View Code Layout Tools Wind

= Select File > Save As.

= Select® (up a level) to select your
working folder.

= Select ¢ (new folder) to create a new
folder.

= Rename New Folder to CountDown.
= Select the CountDown folder.
= Save the project as CountDown.rpy.

= The new CountDown project is opened in
Rational Rhapsody with the previous work-
space preserved.

A

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

36

New Chrl+N
Open... Ctrl4+0O
Close
Save Ctrl+5
Savein | ) CountDown viR T @
[ File name: CountDown.rpy ]
Save as type: | Rhapsody Project (.rpy) v Cancel
& C:\Work CEX
File FEdit View Favorites Tools Help .','
@ Back ~ ? | ? /:rj Search | Folders v
v .GD
Si Type Date Modified
) CountDown File Folder 08/06/2009 12:59
(JHello File Folder 08/06/2009 12:56

>
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Adding an attribute s

» To add an attribute, double-click the Display class to
bring up the features, and then select the Attributes

tab.

» Click New to add an attribute count of type iInt.

= Set the Initial value to O.

Class : Display in Default *

<MNew >

< ?

Locate OK Apply

37
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™ count:int=0

% Init()




Generated code

= The attribute count is declared in the struct in
Display.h:  /«:: c12ss pispray =«

typedef struct Display Display:
struct Display {

int count:; /*8% attribute count */

* The aftribute count gets initialized by the Initializer
In Display.C /+#s cizss pispiay +/

4 - '
B .- - n1+/ o
s OPpEXraction .1nlc | /

void Display Init(Display* const me) {
me->count = 0;
/*#[ operation Init() */
printf ("Constructed\n"):;

[*Z ] */
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Additional code for an attribute s

» Rational Rhapsody also generates object oriented

(O0O)-style accessor and mutator operations to
encapsulate attributes, if you enable the

corresponding properties of the count attribute in the

features dialog under the Properties tab:

| General | Description | Relations | Tags Properties |
View Common ~
- CG N
='| Attribute
Animate ™
= C_CG
=/ Attribute
AccessorGenerate
MutatorGenerate Smart 3
C_CG:Attribute:MutatorGen A
ThMttG kpptypf s whether to generate mutators for attributes. The
possible values are as follows:
* Smart - Mutator. lg rated for attributes that have the Constant modifier
AI y -M lt g td regardless of the modifier
- Mutator Iqen ated. b
Locate OK

B Display.c

int Display_getCount (const Difplay®
nt:

000000000

Accessor

count;

const me) {
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What are accessors and a mutators?

" If one needs access to the attributes, then they
should use an accessor, such as
D!splay_getCountg, or a mutator, such as
Display setCount

= This allows the designer of a class the freedom to
change the t%/pe of an attribute without having to alert
all users of the class. The designer needs to modify
the accessor and mutator implementation.

= |[n Most cases, attributes do not need accessors or
mutators, so by default they are not generated.




Adding an operation g

Class : Display in Default

= Use the features for the Display class, [ . oo r

select the Operations tab, and add a
new primitive operation print. A i

* Or, right-click the Display class (or L Tugometoneraer [

' Name Visibility

| CleanUp

Operations in the browser) and select
Add New > Operation to add print.

- Default

- B Classes
=-8 Display
_Class:Display in Default S Attributes
= count
= - e e ——
. . L El Preciiedrimes . Triggel.'ed Operation
Name Visibility Return Type + £ PredefinedTypesC (REF) ze:::ﬁm
% Init Public F
a print Public A\ Vvoid
<New> - - B Default
j Display --B Classes
void Display_print() -8 Display
' = count:int=0 - # Attributes
Locate oK M count
= a Operations
2. Init() & InitQ
& print():void SJerint0)|
+ b PredefinedTypes (REF)
+ B2 PredefinedTypesC (REF)
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Arguments for operation print() s

* Double-click print to open the features for the print

operation.

= Add an argument n of type Int.

Primitive Operation : print in Display *

| General I Description | Implementation: Arguments | Relations | Tags [ Properties | _

:void Display_print()

...... X+ 4
MName Type Value Direction
&0 EN N - S - |
<New>
Locate OK Apply

42

-- £ Defauit
--B Classes

-8 Display

- Attributes
= count

- ﬁ Operations
X Init()

Sorni(atn)

Display

& count:int=0

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




Adding Implementation s

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

printf (““Count = %d\n*“, n);

Primitive Operation : print in Display *

 General | Description | Implementation | Arguments | Relations | Tags | Properties |

'void Display_print(int n)

printf ("Count = 3d\n", n): A

< >

Locate OK Apply
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Operation printStr(char *) &

= |[n a similar way, add another operation called Display
printStr, this time with an argument s of type char* | = countint=0

and with implementation: printf (“%s\n”’,s);

A, Init()
= Are your operations not visible as above? & print(niint)-void
: : i : ., & printStr(s:char*):void
» (1) Right-click on the class, (2) choose "Display Options”, (3) on
the "Operations” tab, select "Show:All".
Primitive Operation : printStr in Display -1 B Classes
. : - -8 Display
General | Description ImplementalionJ Arguments | Relations | Tags | Properties - [ Attributes
B attutl FULL L UG s | < g
L\mid Display_printStr(char” s) | - i Operations
3oy - '& Inlto
' X S
MName Type Yalue Direction , =]
E[’] ] char® In
Primitive Operation : printStr in Display

| MW =

Locate oK | General kDesc:iplionJ Implementation | Arguments | Relations | Tags | Properties|

void Display_printSti(char® s)

printf("%s\n", s): A

Locate OK

.|l|‘
Im
@
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Operation isDone()

* Add another operation called isbone Disiay
that returns a RiCBoolean and has the

following implementation:
return (0 ==

Primitive Operation : isDone in Display

General | Description | Implementation | Arguments | Relations | Tags | Properties

'RiCBoolean D isplay_isDone()

Name: isDone
Stereotype: _ v E’ M
Visibility: Public D

Type: | Primitive Operation v [] Template

Returns
Use existing type [ ] Constant

Type: |RiCBoolean v _l

Modifiers
[[] Constant [T inline

Locate OK

& count:int=0

% Init()

& print(n:int):void

& printStr(s:char:void
& isDone():RiCBoolean

me->count) ;

Primitive Operation : isDone in Display

General | Description | Implementation | Arguments | Relations | Tags | Properties|

| RICBoolean Display_isDone()

return (0 == me->count):; ~

< >

Locate OK

A

Typing O==me->count instead of me->count==0 enables the compiler to detect

the common error of where = is typed instead of ==.
RiCBoolean is defined in rhapsody\share\langC\oxf\RiCTypes.h as an unsigned char.
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Active code view &

= Click Active Code View. % e
Show/Hide Active Code View (Alt+2)‘

* The active code view Is context-sensitive and
automatically updates as the model is changed. The
window changes to dynamically show the code for any
highlighted model element.

Active Code Yiew
/*H# package Default */ A
/*H# class Display */ ﬁ
typedef struct Display Display; . .
struct Display | Although leaving the active code
int count: /Y attraibute count */ . 0 H
- E view open is useful, it does slow
p - . 5 down model manipulation, because
\ Display.h A Display.c / the code regenerates anytime any
model element gets modified.
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Generated code

» Because the
added operations
are public, the
name of the
generated
operations are
preceded by the

name of the class.

» This avoids
potential name
clashing with
other classes.

Active Code View

operation 1isDone()

R 1pBoolean Display isDone (Display* const me);

+10 - i1nt+ -
operation print(int)

v01d Display print (Display* const me, int n);

## operation printStr(char*) *
v01d Dzsplay _printStr (Display* const me, char* s):;

~ T eratond
O _gener ea

1nt Dlsplay _getCount (const Display* const me);

generated
generaceq

v01d Dzsplay setCount (Display* const me, int p count):

\Displav.h A Display.c .f

Note that you have to pass the me
pointer as the first argument of
each operation to specify an
instance of the class you access.

47
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Using the print operation &

" |n the Active Code View, (make sure you have selected the

Display.c tab), change the code for the Initializer to use the
Display printStr operation.

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

= Save, and then click the Generate/Make/Run icon.

Initializer : Init in Display

General | Description | Implementation | Arguments | Relations | Tags || Properties

:prby_MKO

Display printStr(me, "Constructed"):;

*2# operation Init() *
void Display Init (Display* const me) {
nme->count = 0;

~
v

/*#[ operation Init() */
Display printSctr(me, "Constructed"):

v
< >

\ Display.h ) Display.c / GMR
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Adding a statechart s

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

* |[n order to do so, you need to give some behavior to
the class. You can do this by adding a statechart.

» Right-click the Display class and select New
Statechart.

=] —0
Display
— 1
H count:int=0 Features... |
3 % It Siatechrt_
& print(n:int)-void ctivity
: g u Ctrl+X
& printStr(s:char*) Structure Diagram
& isDone():RhpBo e shiee Attribute
Copy with Model Operation
& S Delete from Model pe §
Initializer...
Remove from View Del
CleanUp
Change to b
Refactor » -
FlowPort
Navigate » |
Make an Object

Ports 4

49
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Simple statechart s

* Draw the following statechart

» Some hints in the comming slides. But

see how far you can go by yourself!

/ Default Transition

/me->count = 10,
Display_printStrime, "Started");

Active

tm(200)/
Display_print(me, me->count);

[else)/
--me->count;
[Display_isDone(me)}/

Display_printStr{me, "Done");

Guards

50

Timeout

Oy OuEd4R0 - @000/ / 0-

2| x|

= Diagram Tools

;

State

Transition

Default Transition
And Line

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

Join Sync Bar

Fork Sync Bar
Transition Label
Termination State
Dependency

Send Action

Common

G FreeShapes |

1T
.|l|
L
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Transitions g

= Once a transition has been drawn, there are two
ways in which to enter information:

» In text format, for example:

[Display i1sDone(me)]/Display printStr(me,“Done™);

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

[Display_isDone{me)}/
Display_printStr(me, "Done");

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

51
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Stereotype:

Target

Trigger :

Guard :
Action :

Display printStr(me,”“Done™):;

Locate

T Display_isDone(me)

OK

o
v| B %

v
<




Timer mechanism

= A timer Is provided that you can use within the
statecharts.

* tm(200) acts as an event that is taken 200ms after
the state has been entered.

* On entering Iinto the state, the timer Is started.
» On exiting from the state, the timer is stopped.

tm(200)/
Display_print(me,me->count);

A

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




Timeouts

= If there Is 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

P »

“ 80ms < Timeout < 100ms time

Start timeout End timeout

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

= Save, and then Generate/Make/Run

e+ C:\Documents and Settings\All Users\Start Menu\Programs\IBM Rational\IBM Rational RM@!EH

Executing: “C:\Program Files\IBM\Rational\Rhapsody\?7.5\Share\etc\cyguwinrun.bat" u
Test.exe
Constructed

Initializer

a

Default transition

LU ]

Wwmwuwnn

1
?
8
?
6
5
4
3
2
1
a

Do not forget to close
this window before
doing another
Generate/Make/Run.
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Make sure you understand ...

= Now IS the time!

» Do you understand the behaviour of the state
machine? Explain it to your partner!

» Can you related the produced output to the state
machine model?

» Do you understand the relation between the
graphical model, and the C code behind it?
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Statechart symbol

= Now that the Display class is reactive, it has a special

symbol in both the:

» Browser
» OMD l&’

» Statechart appears in the browser and indicates that the

features dialog can be used to access the state / transition

detalls.
- % Display

- = Attributes
= count
-1- @ Operations
X Init)
& isDone()
& print(int n)
& printStr(char*s)
=B
., default of Active
- (3] states
=] Active
+ }, Incoming transitions
+ Q~ Outgoing transitions
- © condition_1
+ \&, Incoming transitions
+ Q, QOutgoing transitions
-1 ) terminationconnector_2
+ \&, Incoming transitions

U__?

Display

& count:int=0

25 Init()

& print(n:int):void

& printStr(s:char):void
& isDone():RiCBoalean

A reactive class is one that reacts to
receiving events or timeouts.
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Extended exercise s

» Experiment with the line shape of transitions.

/me->count = 10;
Display_pnntStr(me, "Started");

active

‘ tm(200y
Display_print(me, me->count);

[else)/--me->count;

[Display_isDone{me))/
Display_printStr(me, "Done");

Features...

Delete from Model

Navigate »
Staigh
User Points LARY.
| Rectilinear
Format...
Display Options... Re-Route
Make Default ‘

Rational Rhapsody Gateway

57
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Design level debugging

= Until 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 known as animation.




Animation s

» Create a new configuration by copying the Release
configuration. Press Ctrl while dragging Release onto the

Configurations folder.

= Rename the new configuration Debug.
* |In the Debug Features window, select Animation from the

Instrumentation Mode list.

- @ Test

=1-(_] Configurations

BN Release

X

- # Test

-1-{_]) Configurations

+ 9\ Release -1 &4 Test
BN Release_copy | -1-{_] Configurations

o\ L

—_—
+ ‘\ Release

59

Configuration : Debug in Test *

Directory:
Libraries:
Additional Sources:

Standard Headers:
Include Path:

General | Description | Initialization Settings | Checks | Relations

Instrumentation

Instrumentation Mode:  Animation

‘Webify
[J'web Enabling

Time Model:

Environment:
Build Set:
Compiler Switches

Link Switches:

Locate OK

Statechart Implementation:
Environment Settings

(%) Real O Simulated

(%) Flat
Cygwin
Debug
$IncludeDirectories $DefinedSymbols

$(INST_FLAGS) $[INCLUDE PATH]

$0MLinkCommandSet $LinkerFlags

Apply

| Tags | Propetties

Use Default

=

([

<




Multiple configurations s»

= Now that you have more than one configuration, you
mudst she_lect which one to use. There are two ways
to do this:

» Select the configuration using the Debug/Release pull-
downlist. - ,
‘“ M ! & s | Test v | Release v |
| e @ T L= A o) = @P—?

» Or, right-click the configuration and select Set as Active
Configuration. . 4 cuwom ‘

=-{_] Components

= # Test

=-(L3] Configurations

= \ Features...

# ‘\ Relea
@ (] Object Model Diagi ~ Add New »
@] Packages

trl+X
# (1 Sequence Diagram o C

Copy Ctrl+C

Delete from Model Del
Change to »
Refactor »

Navigate 4

Set as Active Configuration

Edit Makefile k
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Animating s

= Make sure that the active configuration is Debug
before clicking Save, and then Generate/Make/Run.

Animation bar

R IBM Rational Rhapsody Developer for C - [Object Model Diagram: Overview]

oY/ File Edit View Code Layout Tools Window Help

D@ sBe v &% 2 ARRD >

T A

L S

= - @/"'ﬂ- m ‘.EﬁlTest

Q Q 1 My E @ v

o9 B & 9| %] £ F B3 %

~I] Debug

9 =R =T

&
Y B s B i
A 1=l
- ar | &
EntreModelview = | © S = [3  select
= (3 Packages ~ & count:int=0 ) object
= {2 Default j
= B Classes A Init)) 8 e
= Bh Display & print(n:int):void Composite Class
== -‘Ittribule: EprintStr(s: char):void 9 Package
coun HisDone():RiCBoolean -
By Instances 0 B Fie
= @ Operations -0 Port
W Init) 4 Generalization
g isDn;e(k) ) L Association
print(int n X S
& printstr(char* s) - - S [§13 | Dxected fasodetion
= () Statechart < < Aggregation
‘B StatechartDiagram s Welcome to... 6| Overview !D&J Display * € Composition
. default of dictive M = v
x| x| | | x
4 A KT|
all Stack /— Event Queue ,r WE R \Lug )\ Check Model A Build )\ Configuration Managep@nt }‘Animatiun A Search Results f

Help, press F1

/ GEMODE CAP NUM SCRL Mon, 8 Jun 2009 7:17 PM

[

Call stack

Event queue

61
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Animation toolbar

= GO Step

= Go \

= Go Idle N !
= Go Event

= Animation Break

* Command Prompt
= Quit Animation

= Threads

When disabled,
this indicates a
singled-threaded
application.

\»

* Breakpoints

= Event Generator

= Call Operations

» Watch — Display Continuous Update

62
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Starting the animation g

= Go Step. M
» The Display Initializer appears in the call stack.

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

1 Display_lnit()

;l Display_Init()
X1 Display[0]. Display_printSti(s = Constructedi)

Call Stack

Call Stack /

’: Display_Init(]
A "‘ Display[0].Start Behavior
Call Stack / x| Display[0].Display_printSti(s = Started)
41| Display[0].Start Behavior : :
Call Stack i‘JJ LD isplay[0].Start Behavior

Call Stack p‘

Call Stack ./

|| Executable is Idle
A

63
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Animated browser g

=-£ Default
=B Classes

= % Display

= The browser view
can be filtered for

animation.

= Note that there is
now an instance of
the Display cla

= Open Features in
New Window for

this instance,

and note that the
count attribute
has been initialized

to be 10.

Executing:
Test.exe
Constructed

Started

e

Entire Model View

File Edit View Code Layout Tools Window Help

DEd & &

!

L  Features of Display[0] an

=) Instances

[ PredefinedTypes (REF
£ PredefinedTypesC (RE

? 2 AHRED X e
208/ Q @ ! ST

= g CountDown

- ([ Packages
=) &] Default

+ ;:l Components
- (Z] Object Model Diagrams

=B Classes
= % Display
¢ =

+-[g Operations
+ Statechart
# B PredefinedTypes (REF)
+ £ PredefinedTypesC (REF)
3 Q Sequence Diagrams

Instance Name: Display[0]

Attributes:
Name Value Type

count 10 int

Attributes

Display[0]

LB

x|
& S >
Call Stack f_

For Help, press F1

x|
Kl

x|

Executable is Idle

(»)(»)} Log } CheckModel } Buid ), Configuration Management J #
GEMODE CAP NUM SCRL Wed, 8, Jul 2009  12:36 PM B

K1
Event Qfeve ,

L4

¢t C:\Documents and Settings\All Users\Start Menu\Programs\IBM Rational\IBM Rational Rhaps... [H[=] E]
"C:\Program Files\IBM\Rational\Rhapsody\7?7.5\Share\etc\cyguinrun.bhat" u
—
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Animated statechart e

» Right-click the instance and select
Open Instance Statechart.

ex C:\Documents and Settings\All Users\Start Menu\Programs\IBM Rational\IBM Rational Rhaps... !En
= Y"C:N\Program Files\IBM\Rational\Rhapsody\7.5\Share\etc\cygwinrun.bat" !
_—

= g CountDown
: ;IEDackag':esl Constructed
= Default
= @ Classes Started
= % Display
= @ Instances

B PredefinedTypes REF) |  Features...

£ PredefinedTypesC (REF)  Add New >
Search...
Search inside...
Locate on Diagram
References...

Show Relations in New Diagram
Add to Favorites
Browse from here

Create Unit
Change to »

Canarata Euvant

/me->count = 10;
Display_printStr(me, "Started")

active

tm(200)/

Display_print(me, me->count)

[else]/ C:‘i

[Display_isDone(me)})/
Display_printStr(me, "Done");

--me->count

If you do not see a highlighted state, then you might be looking at the
statechart of the class rather than the instance statechart. If code is
changed and recompiled, close and reopen the instance statechart.
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Go Idle / Go

B

= Repeatedly click Go Idle » or Go ¥ and watch the
animation until the instance is destroyed.

» At the same time, observe the instance state machine, as
well as the output window.

/me->count = 10

Display_printStr(
h 4
active
¥ 3
[else)/
--me->count

b &
D

me, "Started")

tm(200)/
Display_print{me, me->count);

T ‘7[Display_isDone(me)]f’
Display_printStr(me, "Done”)

p |

The value of the count attribute
also changes and indicates that
the transition taken in the
statechart is highlighted.

e+ C:\Documents and Settings\All Users\Start Menu\Programs\IBM Rational\IBM Rntlonathaps...J!EE
"C:\Program Files\IBM\Rational\Rhapsody\?7.5\SharesNetc\cyguinrun.bat"

Executin
Test.exe

Constructed

= 1
=9
= 8
= 9
= b
=5
= 4
= 3
= 2
i |
=8

g-

(5]
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Destructor &

= Exit the animation @

= Add a CleanUp . peration to the Display class (right-click
Opertations and s==ct Add New > CleanUp).

» This operation is executed when the instance is terminated (corresponds
to a C++ destructor.).

= Implement CleanUp:
» Display_printStr(me, “Destroyed™);

= Save, and then Generate/Make/Run.
» Can you see the effect of this new operation?

= B Classes Clean Up : Cleanup in Display
= Displ, ‘ _
% = A |butes | General | Description | Implementation | Relations | Tags | Properties |
Eﬁ Imto Add New Operation |void Display_Cleanup()
a isDone  Edit Operations Order Triggered Operation Display printscr (me, "Destroyed”): A
& print(int n) Reception —~
& e =rye| | ,
# Statechart W
Locate OK

Make sure that you enter the code into the
Implementation and not the Description
field.

67

1T
L
]



Where are we?

= Exercise 1 : Hello World

» You start with the simplest example possible, just a single
object that prints out Hello World.

= Exercise 2 : Count Down

» Next, you create a simple counter using a simple
statechart.

*- Exercise 3 : Dishwasher

» Finally, you create a dishwasher and a more complex
statechart.

= Summary
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Exercise 3: dishwasher

I active I
4 running
! ” "
on
off evStart/ » .
setup(me); washing [isWashed(me)]
6 tm(1000)/ -
--me->washTime: NS
evOpen
r T \7-/‘ [isRinsed(me)]
tm(1000
open i e S
p evClose me->rinseTime; [isDried(me)}/
p checkStatus(me);
drying
tm(1000)/
--me->dryTime;
\ .)
____?___?erﬁe ________ r____t___nEde_ _______
3 evFault |
normal (:)! | I quick evMode
"y me->cycles=0; I , ﬂ | ¢ i
evService
fe—— faulty I :
u | evMor intense
evService |
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Dishwasher &

= Create a new project Dishwasher, making sure that

It IS created In 1its own folder.

Project name: Dishwasher |

In folder: C:\Work\Dishwasher
Project Type: 7 Default b

Project Settings: - Default b

I[ 0K ” Cancel ]l Help

* Draw a single class Dishwasher.
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Attributes &

» Add the following attributes, all of which are of type
1Nt and with initial value of O:

=] Packages
= £ Default
= B Classes
=8
= Attributes
= cydes
= dryTime
™ rinseTime
= washTime
# £ PredefinedTypes (REF)
@ £ PredefinedTypesC (REF)

Class : Dishwasher in Default

| General || Description Attributes iOpelations;__Pons | Relations | Tags | Properties |

Name Visibility Type Initial Value
= rinseTime Public int
™ washTime Public int
= dryTime Public
B cydes
<New>

P
v

Locate OK
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OperaUOnS ES) Active Code View

static RiCBoolean isDried(Dishwasher* const me) { ~
4:4: OPQ"”""" ""‘F"E"";" = 1
1 return (0 == me->dryTime);
= Add the following
rivate operations, with||
) e
approprlate return tvpec; /*## operation isInNeedOfService() */
- - h static RiCBoolean isInNeedOfService (Dishwasher* const me) {
d r]n I Im u a: = s =T 7 AEC - */
an I p e entatlons' return (me->cycles > MAX CYCLES):
ot I Bl 4
Dishwasher }
™ rinseTime:int=0 /*## operation isRinsed() */
= washTime:int=0 static RiCBoolean isRinsed (Dishwasher* const me) {
= dryTime:int=0 PV IS VL T PN MRS TR VYV WA N A
EcycIeSTint=0 return (0 == me->rinseTime);
,g ] =
@i isDried():RiCBoolean }
& isinNeedOfSenvice():RiCBoolean La
&l isRinsed():RiCBoolean /*#%# operation isWashed() */
ﬁisWashed():RiCBoolean static RiCBoolean isWashed (Dishwasher* const me) {
& setup()-void = Son—isk
return (0 == me->washTime) ;
‘l‘;‘l -
. }
Class : Dishwasher in Default
== - : ] 3 - /*## operation setup() */
Descripti erations [ x>
General | ong Pdtrbutes‘ He \Poﬂs j Relasions static void setup (Dishwasher* const me) {
e es8p () */
a me->rinseTime = 4;
Name Visibility Return Type me->washTime = 5;
&5 isDried Private RiCBoolean me->dryTime = 3;
ﬁ isinNeedOfService  Private RiCBoolean e 7
ﬁ isRinsed Private RiCBoolean } v
ﬁ isWashed Private RiCBoolean < | ?
L & setup Private void HIERIIN \ Dishwasher.h )\Dishwasher.c /
<New >
r 1 I ——
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Types (part 1) &

" In the implementation for
the operation 8 oo

3-(Z Packages

1IsInNeedOfService() -agm |

e Variable
, Yyou used a constant 4 coe | P
called MAX_CYCLES. OHC | o
- Delete from Model Del Elt:rg:onent
Change to » )
= Select the Default |
Edit Type Order :c:.rr e
paCkage rlg ht-CI ICk and Navigate » Use Case
! ! Unit " Requirement
|
figurat Fil
Se I eCt A d d N eW > Ty p e . Configuration Management » T
i Flow Item
Generate Node
o Codg Stereotype
Roundtrip Tag
R Diagrams 3
Rational Rhapsody Gateway Relations »
Table/Matrix »
Annotations »
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Types (part 2) &

» Enter MAX_CYCLES as the Name and make this

DeC l arati on. %s is a shortcut for
» #defFine %s 3 the name of the type.

Type : MAX_CYCLES in Default

General ‘Desuiption Declaration | Relations | Tags | Properties — = D Dishwasher
Name:  [MAX_CYCLES () + g C;mpone:dts|

. 3] + Object Model Diagrams
Sersce | ¥ B %) =] Packages
Kind: Language v 3 3 E Default

i . , v = .
S R = B Classes

=8 Dishwasher
[ Attributes

Type : MAX_CYCLES in Default + E Operations

General | Description | Declaration | Relations | Tags | Properties = 0 Types

P MAX_CYCLES

# £ PredefinedTypes (REF)
# B PredefinedTypesC (REF)

Declaration:

#define %3 3
<

Locate
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Creating a component g

* As in the previous exercises

» Rename the
DefaultComponent to Test and
the DefaultConfig to Debug.

» Select Animation for
Instrumentation Mode

» Create an initial instance of
Dishwasher.

» Select MSVC9 for the
Environment.

Configuration : Debug in Test

| General | Description | Inttialization | Settings || Checks | Relal

Initial instances

[ @ Explicit O Derived )

= Default
Dishwasher

Configuration : Debug in Test

General | Description | ]nitialization[ Settings ’Checks Relations | Tags | Propetties

Directory: Use Default

Libraries:

Additional Sources:

Standard Headers:
Include Path:

|
|
|
|

Instrumentation
Instrumentation Mode:  Animation

b J [ Advanced ... ]

Webify
[[Jweb Enabling

Time Model:

Statechart Implementation:

@) Real O Simulated
Reusable @ Flat

Environment: v] [ Default ]

[ MSVC9

{uEbug VI

Compiler Switches: | $includeDirectories $DefinedSymbols N
Locate OK

Entire Model View Y + 7

= ) Dishwasher
=] Components
= §d Test
= (I Configurations
ERN
@ (_ Object Model Diagrams
@ (] Packages
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Save / Generate / Make @

» Before adding a statechart, make sure that you have
not made any errors by doing a build.

» Make sure you deal with all errors before you proceed
» Save, and then Generate/Make/Run.

x| .
o Al Build Messages View
Severity Model Element Description _ File
i Building ===-=sssss=s Test.exe -eeeeeeeeees
i Executing: “"C:\Program Files\IBM'\Rational\Rhapsody\7.5\Share \etc\cygwinmake.bat Test.mak build
i Setting environment for Cygwin
"make.exe”

Compiling Dishwasher.c
Compiling MainTest.c
Linking Test.exe

- (e (e [ e (e [

Build Done

\Log )\ Check Model )\Build f; Configuration Management }\ Animation )\ Search Results f
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Creating a statechart s

= Add a Statechart
to the
Dishwasher

class.

* Draw a single
state as large as
possible called
active.

® 1BM Rational Rhapsody Developer for C - Dishwasher.rpy - [Statechart of : Dishwasher *]
B| File Edit View Code Layout Tools Window Help

CEX

DEE & BE 2 2 AGRED X |&QKQEME Ewn v 2 ef H & a9 %
K] ! 2 |Test v|Debug v| B «=
#CE i oh i Avial
. ~ ~xl
active a -
Entire Model View Q en
= p1 Dishwasher
# (] Components [ state
@ (] Object Model Diagrams . Transition
= () Packages %, Default Transition
= & Default .
T And Line
= B Classes 6] i .
= [=h Dishwasher © Condition Connec
+ [ Atributes @ History Connector
- [d Operations @ Termination Conne:
o T’l ©  Junction Connector
+ ypes :
@ £ PredefinedTypes (REF) ®  Diagram Connector
® £ PredefinedTypesC (REF) & EnterExit Point
% Join Sync Bar
#r Fork SyncBar
s v | P& Transition Label
< > (®) Termination State
% | Dishwasher * l \) Dependency
= v

F?Help, press F1

GE MODE CAP NUM SCRL Fri, 10, Jul 2009 9:10 AM

Because you are drawing a complex
diagram, it is highly recommended
you maximize the Statechart window
and close all other windows.

®



Creating concurrent states s

= Use the and-line icon & to create concurrent

states.

This box with
active inside
appears when
the AND lines

are drawn.

Concurrent
states

|

active

|

-

To draw the AND line, either
click and drag the line, or
click to start the line and then
double-click to end it.

Draw this line first

A 4

78

BE U QN 4@O - 0000 /v I~

x|

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

®



Displaying state names &

» Each of the three AND state names can be displayed by

selecting each state and selecting Display Options to show

the Name.

|

active I

=%

stafe_1

Features...

Cut Ctrl+X
Copy Ctrl+C
Delete from Model

Refactor

Navigate
Create Sub-Statechart

Format...

Display Options... k
Assodiate Image

Make Default

Rational Rhapsody Gateway

Component State Display Options

Show Name:
(%) Name O Label () None

I

oK ] [ Cancel ]
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Naming the concurrent states s

= With the concurrent states names displayed, they can now be
changed using the features to running, service, and mode.

State : service in StatechartOfDishwasher =X

Name:

Action on

General | Description || Relations || Tags | Properties |

service

Stereotype: |

entry

J

running
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Adding nested states g

= Select the /

Stamp mode,
then add the
following
states:

A

To change the
size of an outer
state, without
changing the inner
states, press the
Alt when
changing the size.

Blfl || o 4% )

active

|

normal
B

running

on

‘ rinsing

|
]
|

quick
v
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Adding History and Diagram connectors s

* Add a History Connector to the on state.
* Add two Diagram Connectors, both named done.

4

| active I
running
on
m ‘ rinsing

‘ normal

i

s
X

Tools
Select

State

Transition

Default Transition
And Line

Condition Connector

History Connector

Termination Connector
Junction Connector

Diagram Connector

- semwee N
|
|
|
|

Or@X+4®el e,/ 0

—
- [
82

EnterExit Point
Join Sync Bar
Fork Sync Bar
Transition Label
Termination State
Dependency
Send Action

ii




Adding default transitions s

= Add the 4 Default Transitions below:

| active |
running

L
X

E
-

;

State
Transition

£ %
on

Default Transition

Condition Connector
History Connector
Termination Connector
Junction Connector

- ‘ rinsing
? Edmng

L "4

-
.
|

service mode
A\ I W

EnterExit Point
Join Sync Bar
Fork Sync Bar
Transition Label
Termination State

U@+ 4@0- 0000/ | 0¥

i

i

:
[

83




Adding the transitions s

= Add transitions and actions:

Ve

When you need
to type a name
of an existing
operation or
attribute, press
Ctrl+Space to
facilitate
entering these
names.

A

Can you identify any

missing transitions in

evClose

evOpen

rinsing
--me->washTime;
N [isDried(me))/

normal

active
running this model? If so,
I i on make the appropriate
evStart/ corrections now!
off setup(me); ™ washing ‘“:
“LTOI‘CLJ, tm(100%;.;

tm(1000)/ drying me->cycles++;
—-me->rinseTime;

tm(1$0).7_/‘

-

—me->dryTime;
 done
= r
- ‘semce [ 77 mode ]
[isinNeedOfSenvice(me)] : evMode

_ faulty
evSenice ‘evSenice

|

| quick

| intensive
| eviMode

|

b
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Action on entry s

* In the normal state, add an Action on entry
to set me->cycles=0;.

State : normal in StatechartOfDishwasher =] X

General | Description | Relations | Tags || Propetties |

Name: '
Lo ame :normal
$ Streotpe
- done ‘F Cut Ctrl+X E Action on entry
o Copy crl+c | me->cycles=0;

Delete from Model a
S

Refactor >
Navigate 4
v

e
open Create Sub-Statechart

Format... - _:_ _________ |_

Display Options... [isinNeedOfSenvice(me)] |
Associate Image

— — — —  Make Default "5 me->cycles=0;

Expand to fit text Ctrl+E ) faulty |
evService
P Rational Rhapsody Gateway u / - |
\_evSemice |
; faulty
evSemvice ‘. evSenice

|

normal @

1

[T

b

Once an action has been set,
the symbol (2! is shown (two red
arrows circling an oval icon).

85
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Save / Generate / Make / Run &

= Save, and then Generate/Make/Run.
= Click Go Idle ™ to create a Dishwasher instance.
» Select Open Instance Statechart for the Dishwasher

Instance created.
=B Classes
= % Dishwasher
+ - Attributes
= @] Instances
3| Dishwasher[0]

7§ Operations
+ Statechart

+ \ Events

t- Types

Vi

If there is no instance
created, then it is
possible that an initial
instance of Dishwasher
was not selected in the
configuration.

86

Features of Dishwasher[0]

Instance Name: Dishwasher[0]

Alttributes:

Name

rinseTime
washTime
dyTime
cycles

Relations:

oo o

Value

Type

t
int
int
int

®



Animated statechart &

= Check that there are three concurrent animated states:

active I

|
[ running

4 ™
I on
evStart/ )
@ >l of Fsetupme). | | Washing ﬁ
; tm(W rinsing
-me->washTime;
) [isDried(me))/

evOpen tm(1000) drying | me->cycles++:
-me->rinseTime;
evClose tm(1m_}

open --me->dryTime;
» 4 /@
il _: __________ [ mode =~
- B [isinNeedOfSenice(me)] | | aMode
ﬂ | quick
@ 51 "5 me->cycles=0; _ Taulty | '
evSenvice | eviMode intensive
evSenvice
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Injecting events s

* The Dishwasher is in an idle state waiting for some events.

» Generate the event evStart by right-clicking anywhere inside
the active state and selecting Generate Event.

* The event evStart appears in the event queue.

active
run LA illLDishwasher[D].evStart[] ‘
/ A ¢ .
Object: :Dishwasher / Event Queue ,f
‘ m Event | oyStart v
- Arguments: |
Ctrl+C ) Name Type Value ﬁ
1
gl L ~ Events can also be
Navigate R :fe L | generated via the
N e — Cemmand prompt
open addrespont | ‘ (slider) or via the Event
g [ Generate [ Oose ][ Hep | Generator (lightning bolt).
| | Assodate Image =
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Design level debugging e

= Click Go ¥ and watch the animation.
» Does your Dishwasher work as expected?

» What happens if you open the door when it is on,
does it remember what state it was in?

» Why does the Dishwasher become faulty after four
cycles?

» Can you get the Dishwasher back to the normal
state?

nnnnn I @J
"5 me->cycles=0:

faulty

A &
evSenice




Intense / quick s

* Modify the setup
operation so that the
timings are different in
the quick and intense
modes.

= Save, and then
Generate/Make/Run.

= |t should now be quicker

to get the Dishwasher
Into the Faulty state.

Primitive Operation : setup in Dishwasher

General | Description | Implementation | Arguments | Relations Tagi Properties

void setup()

if (IS_IN(me, Dishwasher quick)) { ~
ne->rinseTime = 4;
me->washTime = 5;
me->dryTime = 3;
} else {
me->rinseTime = 4;
me->washTime = 5;
me->dryTime = 3;

< b4

Locate OK

IS_INis a macro that tests to see if the

object is in a particular state. (You could
use the IS_IN macro also in a guard)

90

®



Additional Info: Breakpoints

» Setting breakpoints can be done in a similar way to
Injecting events by right-clicking a state in the
animated statechart.

W - e L
tm(1000)7/ Features...
- done .
P --me->washTime;
n
evOpen
tm( Copy Ctrl+C cl
m
Refactor »
evClose ;
open Navigate 4
Generate Event
Add Breakpoint k [7
- Format... -
: senvice
[isinNeedOfSenvice(r  Assodate Image ¥
normal @
-
"B me->cycles=0;
faulty : » B
Rational Rhapsody Gateway E
cviviuus <
4 o o
\ evSenice

91

A

Breakpoints can be
added/removed via the
breakpoint M icon on
the animation toolbar.

Define Breakpoint @

Object | FRMENEE
Reason: :State Entered v
Data: ROOT. active. service. faulty

0K I [ Cancel ] [ Help ]




Additional Info: Using the simulated time model

= At the moment, you are using the System tick for all the
timeouts, and so a timeout of 1000ms takes 1000ms, which
means that all simulations can be long.

= There is an alternative time model that can be used which is
referred to as the simulated time model. When this time model
IS used, all of the timeouts are executed in the appropriate
order; but rather than waiting, the shortest timeout immediately
times out. This means that models such as this one, can be
tested much quicker.
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Additional Info: Using the simulated time model

» Make a copy of the Debug configuration, rename it to

Sim and set the Time Model to Simulated

Entire Model View ~ v 7
= ] Dishwasher
=-{_] Components

g‘ﬁTest

= Configurations

TN
@ (] Object Model Diagrams
(L Packages

Configuration : Sim in Test

| General | Description | Initialization | Settings | Checks | Relations | Tags | Properties |

Directory:

Libraries: ‘ R

Use Default

Additional Sources: |

Standard Headers:
Include Path:

Instrumentation

Instrumentation Mode:  Animation

Webify
[]web Enabling

Time Model: O Real ® Simulated

Statechart Implementation:

cusable @ Flat

Environment Settings

D000

v| Advanced .. |

Environment: Cygwin

Build Set: 'Debug

Compiler Switches: | $IncludeDirectories $DefinedSymbols
$(INST_FLAGS) $(INCLUDE_PATH)

Locate OK

v | Default |

v

-~

v (]
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Additional Info: Command prompt

* Events and breakpoints can also be generated through the
command prompt.

* For example, you can inject the evStart by typing
Dishwasher[0]->GEN(evStart) in the command window.

* |t may be useful to use the command window
to invoke scripts.

* GEN Is a macro that creates the event before sending it to the
object. If there are multiple instances of a class, then you need
to explicitly provide the instance. With only one instance, it is
not necessary to write Dishwasher[0]->GEN(evStart),
because Instance [0O] is the default.

(o)

Ny
[[om]|

.||
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Panel diagram

= One way to test the Dishwasher is to use a panel.

= Add a Panel Diagram called Dishwasher Panel. To do so,
right-click Dishwasher and select Add New > Diagrams >
Panel Diagram.

Entire Model View ~

# (] Compon Features... I

& D Object I Add New > Package Entire Model View ¥

= (] Package Component = jpJ Dishwasher

® £ Def: o @ (L] Components

@ £ Prec Searchinside... Settings @ (] Object Model Diagrams

@ E] pre¢ Locateon Diagram Profile =] Packages
References... . T P TT s = E] Default
Add to Favorites - Eg A - il oDe e # £ PredefinedTypes (REF)
Browse from here eahons SPEee llagram + b PredefinedTypesC (REF)

Annotations » Use Case Diagram = (2 Panel Diagrams
Edit Unit... ‘ Component Diagram ] Dishwasher Panel
Deployment Diagram
Configuration Management » ploym : -g
i Collaboration Diagram
Structure Diagram

Rational Rhapsody Gateway
Rational Rhapsody Gateway Synchronize %

A

Panel Diagrams can
only be used with
animation.

95

[}
I
1T
.|l|
L
]



Panel diagram &

* Add LEDs, push buttons, level indicators, and a
digital display to the panel.

levelindicator_0 levelindicator_1 levelindicator_2 | x|
digitaldisplay_0 Diagram Tool
I3
>
pushbutton_0 =
&
Push ‘ =
led_0 : : .
o e
led_1 led_2 led_3 @ Led
. . o 2] On Off Switch
|
pushbutton_1 pushbutton_2 pushbutton_3 pushbutton_4 A st Bt
(0 Button Array
Push ‘ Push | Push Push ‘ Text Box
Slider
led_7 led_5 led_6 led_4 ——

96




Box &
* Draw a box around the panel.
Bring To Front

» Right-click and select Send to Back.

» Right-click and select Format... to change the fill color.
» Add Rational Rhapsody Dishwasher, with desired font and size.

Closed Curve

FERTICHSI RESFE0NT BISEVAEEES

Ellipse
Text @
Image

B00c0rT / BEE
3
%

oo e || s

Fill Font

Fill Color: [T+ [INo Fil
Pattem Color: Transparent Pattem

e [ I
= 97

washing rinsing drying
2 k] @

open quick  intensive faulty
@ E 3 @




Bind &

» Double-click each panel element and bind them to the

appropriate event, attribute or state:
Bemert B | Setings | Propeties

Element Binding [Settings‘ Propetties | Instance Path:
Instance Path: | Defautt Dishwasher[0] wash Time
[Default.Dishwasl‘ner[O].cydes TI Bn'r n:s D Diaplay Al Typee
() Display All Types = (] Dishwasher
(= ] Dishwasher = [ Defautt
= By Defaut = B Dishwasher
= B Dishwasher M rinseTime
= rinseTime —> =
= washTime = dryTime
= dryTime = cyc
S croes B ed : ¢ g
Element Binding [ Settings | Properties
PushButton : pushbutton_1 Instance Path:
Element Binding | Settings | IDefaultDishwasher[O].Statedmrt()‘fDishwashedO].on
Instance Path: [ Display All Types
| Defaut Dishwasher{0].evOpen N
. = [ Default
[ Display All Types Open = B2 Dishwasher
= [ Dishwasher = rinseTime
= B Defautt door open = washTime
= Eh Dishwasher @ = dryTime
JevOpen s { = cycles
N evMode N = @ StatechatOfDishwasher
& evService {D) active
B evStat Q) off
& evClose (3 open
o ====
98 nomal = = ===
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L
]



Renaming panel elements s

* Double-click on the text of each LED and the digital
display, renaming the panel elements as shown
below:

levelindicator_0 levelindicator_1 levelindicator_2

pushbutton_0

Push ‘

on
. washing rinsing drying
@ @ ]
pushbutton_1 pushbutton_2 pushbutton_3 pushbutton_4
Push Push | Push Push ‘
door open quick intensive faulty
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Level indicators s

= For each Level Indicator:

» Use the Display Options to display no name (None).
» Use the Features to set the Maximum Value to 5.

Control Display Options o o o
Control Name !
(O Bound element fullpath (O Boundelement (O Name (%) None = - Display Options ...
‘ Cut
. Copy
I 1S ] [ Cancel J Remove from View
Format...

|  Make Defaullt...
o )
drymg Locate
® Send To Back

Levellndicator : levelindicator_2

Bamer Binding] 59 | Popte]

Minimum Value: ‘E} ]

Maximum Value: ‘5 ]

Number of Divisions: [5 }

washing rinsing drying
@ @ @
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Push buttons

* For each push button:

» Use the Display Options to display no name (None).

» Select Features to set the caption appropriately:

Control Display Options

Control Name

(O Bound element full path (O Bound element (O Name (3 None

I OK ] [ Cancel ]

o

PushButton : pushbutton_4
Blndtng Sett:ngs

Caption:
e

Font:
| Arial 10 NoBold Nokalic

cycles

on
. washing
&
Open Close ‘

door open
@

101

o

Semnice

Push V
Display Options ...
Cut
Copy

Remove from View

Format...
LY RN PP P e

rinsing drying
@ E
Mode ‘ Senvice ‘
quick intensive faulty
@ @ &

Huyll
.|l|l|
i)
]



Panel &

* There Is no need to Generate or Make, just Run.

» Use the panel to drive the dishwasher.

cycles

FERTIGHESL EESFECRT RISEWAEEER

|
Start ‘
on .
& s :
rinsing drying
@ EJ
Open ‘ Close ‘ Mode ‘ Senvice ‘
door open quick intensive faulty
@ B @ [

* When using the panel, you should use the Debug

configuration.
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Where are we?

= Exercise 1 : Hello World

» You start with the simplest example possible, just a single
object that prints out Hello World.

= Exercise 2 : Count Down

» Next, you create a simple counter using a simple
statechart.

= Exercise 3 : Dishwasher

» Finally, you create a dishwasher and a more complex
statechart.

*- Summary

103




Summary

* You should be starting to understand the basics of
Rational Rhapsody, and you should now be able to
do the following:

4
4

Create a new project.

Do some basic modeling using classes, attributes,
operations, relations, and state charts.

Generate and compile code.

Set properties to customize the tool and the generated
code.

Edit the code and roundtrip the changes back into the
model.

Debug the model by injecting events, setting breakpoints,
capturing behavior on sequence diagrams, visualizing the
state of objects, and so on.
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