Telelogic
Rhapsody

Java Tutorial






Rhapsody®

Java Tutorial

Before using the information in this manual, be sure to read the “Notices’ section of
the Help or the PDF available from Help > List of Books.




This edition applies to Telelogic Rhapsody 7.4 and to all subsequent releases and modifications
until otherwise indicated in new editions.

© Copyright IBM Corporation 1997, 2008.

US Government Users Restricted Rights—Use, duplication or disclosure restricted by GSA ADP
Schedule Contract with IBM Corp.



Contents

Lesson 1: Creating aUse Case Diagram ..............uuiiunnnnnnnnnnn. 1
Goals Of this LESSON . . ... o e 1
Creating a Rhapsody Project . . . ... e 1
Creating a Standard Java Project Structure. . ... ... . i e 4
Analyzing the Dishwasher System . . ... ... e 5
Creating a Use Case Diagram . ... ...ttt e e e 6
Adding Use Cases to the Diagram. . . . ...t 8
Associating Actors With Use Cases . ... e e e e 9
Adding a Diagram Title . . .. ... 10
SUMIMAIY . oottt e e 11
Lesson 2: Creating an Object Model Diagram . ............. ... .. ....... 13
Goals for this LesSSON . .. ..o e 13
Creating an Object Model Diagram . . .. ... ... e e 14
Adding Classes and Objects to the Diagram . . ... e 15
Adding Attributes and Operationsto aClass. . .. .. .. i 15
SUMMIAIY . . e e e e e e e 16
Lesson 3: Creating a Statechart .......... ... .. . .. 17
Goals for this LeSSON . ... o 17
Creating a Statechart . ....... .. . e e 18
Adding States to a Statechart . ........... . . e e 18
Drawing History and Diagram CONNECIOrS . .. ..o vttt ettt e 20
Drawing Default CoONNECtOrS . ... .ottt e e e e 20
Drawing TranSitioNS . ... e 21
Adding ACtioNS 10 StateS . ... ..ot e 23
SUMIMIAIY . .ttt e e e e e e 24

Rhapsody



Table of Contents

Lesson 4: Creating a Console User Interface .......................... 25
Create the KeyReader Class. . . .. ...t e e 25
Add a Statechart for the Display Class . . ... ... e 25
Add Part/Operation to Display Class. . .. ... e e 27
Create an Activity Diagram for the KeyReader Class ............ . . . 27
SUMMIAIY . . e e e e e e e e 29
Lesson 5: Creating Sequence Diagrams ..............iiiiiinnnnn.. 31
Goals for this LEeSSON . . ..o 31
Creating the Execution Sequence Diagram .. ......... ..t 32
SUMIMI AIY ottt e e e e e e 34
Lesson 6: Creating Objects ... ... e e 35
Creating the Build Object Model Diagram. .. ... ...t e 35
Specifying the Features of a Rhapsody Configuration . ............. ... ... ... .. ...... 36
SUMIMIAIY . .ttt e e e e e e 37
Lesson 7: Generating Code, Building and Running your Application ...... 39
Generating Code from the Model. . . ... .. e 39

Fixing Code Generation ErrOrS . . . .. ..ot e e 40

Examining Generated Source Files. . . . ... ... e 41
Building an Application with Rhapsody . ............ . i e 41
Running an Application with Animation . ........... .. . . . . e i, 41
Injecting Events with the Animation Toolbar . ........ ... ... ... . ... . . . . . ... 42
Using Breakpoints with Animation . ....... ... . . e e e 44
SUMIMIAIY . .ttt e e e e e e e 45
Additional Rhapsody Features ............. .. 47
Java-specific FeatUres . .. ... . a7
Additional Rhapsody Features. . ... ... 47
N EX . oo 49

iv Java Tutorial



Lesson 1: Creating a Use Case Diagram

Use case diagrams (UCDs) show the main functions of the system (use cases) and the entities that
are outside the system (actors). Use case diagrams allow you to specify the requirements for the
system and show the interactions between the system and external actors.

Goals of this Lesson

In this lesson, you are going to determine who are the users of the system and what are the
regquirements for the embedded system. Then you are going to create the Dishwasher use case
diagram.

Since thisisthefirst lesson in the tutorial, you will first have to create a new Rhapsody project.

Creating a Rhapsody Project

To create the Rhapsody project you will be using for the tutorial, carry out the following steps:

1

Launch Rhapsody (Start > Programs > Telelogic > Telelogic Rhapsody > Rhapsody
Development Edition > Rhapsody in J).

Click the New button Ql on the main toolbar or select File > New. The New Project
dialog box opens.

In the Project name box, replace the default project name with pishwasher.
IntheIn folder box, browse to find an existing folder or enter a new folder name.

Note: To avoid overwriting the sample Dishwasher project provided with the
Rhapsody product, do not create your project in <Rhapsody
installation>\Samples\JavaSamples. AlSO, to avoid potentially long
pathnames, it is recommended that you don’t create the project on the desktop.

In the Type box, accept Default, which provides all of the basic UML structures. It is
useful for most Rhapsody projects. Your dialog box should resemble the following figure:
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Lesson 1: Creating a Use Case Diagram

Orewproec: x
Project name: |Dishwasher
In folder: ID:\Hhapsod_l,J?.'l\Dishwashel Browse. .. |
Tuope: |Defau|t j

Qg I Cancel | Help |

v

Note: For adescription of the available project types that you can select from the

Type drop-down list, refer to the Rhapsody User Guide. (Do a search of the
user guide PDF file for “specialized profile.”)

6. Click OK. If the specified location does not exist, Rhapsody asks whether you want to

createit. Click Yes.

Rhapsody creates your project in the new Dishwasher subfolder, opens the project, and
displays the Rhapsody browser in the left pane and the drawing area for an object model

diagram, as shown in the following figure.
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Creating a Rhapsody Project

() Rhapsody in 1 by Telelogic - Dishwasher.rpy - [Dbject Model Diagram: Modell *] I ] B4
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J]@ @ ' @ 3 [DefsulComponent = [DstautCantig =l H] FSYEN RN J | « = ‘

I e Melz===sg& -z |NLMNOU @O AL |[aeam:-]i =17 B |= =

E|
Entire Model View - + +
D Components
{:I Object Model Diagrams
-1 Packages

KA TP Re s PEDAE
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Lesson 1: Creating a Use Case Diagram

Creating a Standard Java Project Structure
Ascan be seen in the tree in the Rhapsody Browser, project elements are contained in Packages. In
Rhapsody in J, these packages correspond to Java code packages when code is generated.

It is therefore recommended that you create a package structure in the browser in accordance with
standard Java practice.

1. Inthe Rhapsody browser, right-click the Packages category, and select Add New
Package from the context menu.

Name the new package com.

Right-click the com package, and select Add New > Package from the context menu.

Name the new package telelogic.

ag b~ w N

Repeat the previous two stepsto create a package called dishwasher under thetelelogic
project.
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Analyzing the Dishwasher System

Analyzing the Dishwasher System

Before using Rhapsody, you should determine the requirements for the embedded system. To
analyze the dishwasher system used in this tutorial, answer these questions:

*

*

*

*

*

*

Who might use the system?

How they might useit?

What are the mgjor actions of the system?

When do these actions occur?

What are the relationships, similarities, or differences between the actions?
Whét is standard behavior?

What can go wrong?

Some simplified answers to these questions might be as follows:

*

*

*

*

The system users or “actors’ would include a*“user” and a* service person.”
The system washes, rinses, and then dries dishes.

The “user” |oads the dishes into the dishwasher, starts the dishwasher, and removes dishes
after they are washed.

The system may fail to wash, rinse, or dry the dishes and require service.

During this analysis phase, you identify actors for the system. The three types of actorsto consider

are:

L 4
L 4

*

Users of the system
External components providing information to the system
External components receiving information from the system

Rhapsody



Lesson 1: Creating a Use Case Diagram

Creating a Use Case Diagram

In this exercise you are going to create a use case diagram for the dishwasher system. A use case
diagram shows typical interactions between the system being designed and the external actorswho
might interact with it.

The following figure shows the Dishwasher use case diagram that you are going to create in this
exercise.

Dishwasher Use Case Diagram

(@ Rhapsody in J by Telelogic - Dishwasher.rpy - [Use Case Diagram: Dishwasher] L I ] 553
ﬂ File Edit View Code Layout Tools Window Help =& x|
peaierevsgon(amn| x| aBOBE AN |2 |86 # 0% £@] |
”@ M ! & ¢ |DefaulComponent ~[Defauttontia =l ” o B ‘ |BA| « = ‘
R menesscn@|H: [NLAOLeOAR [xra v =~ 8 |=
N Al =

+ 1 ‘ Dishwasher Use Case Diagram

Entite Madel Yiew hd

E--g Dishwasher
-] Components
[ Ohijert Model Diagrams
EID Packages
HB DishwasherPkg
= Ackors
ﬁ CleansingEngineer
ﬁ ServicePerson
() Use Cases
E1-¢D Service Dishwasher
. Bl-Ly Association Ends
B Wash Dishes
L, Association Ends
(-5 PredefinedTypes (REF)
[]---ﬁ PredefinedTypeslava (REF) O

Dishwasher

(28| +» r|Ps0 =]
O

CleansingEngineer

Senvice Dishwasher

SenvicePerson

4] | _'I;I

W Welcome to...lﬂ Model |ﬂ Dishwasher I

To create the use case diagram, carry out the following steps:

1. Right-click the dishwasher packagein the Rhapsody browser, and select Add New > Use
Case Diagram to open the New Diagram dial og box.

2. When the New Diagram dialog box is displayed, type pishwasher asthe name of the
diagram, and then click OK.
Rhapsody automatically adds the Use Case Diagrams category and the name of the new
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Creating a Use Case Diagram

diagram to the Rhapsody browser and opens the new diagram in the drawing area, as
shown in the following figure:

. E
Entire Maodel Yiew < | + ¢

E--Q Dishwasher
{:l Components
{:l Obiject Model Diagrams
D Packages
D Profiles
B Use Case Diagrams
€| Dishwasher

|»

£|B|¢ + 5|0 % 0=

=
«| | »

¥ Welcome to...l ﬂ todell ﬂ Dishwasher

Note

You can aso create adiagram by using the Tools menu or the Diagr amstoolbar. Also, once

you create a diagram you can open it using the Diagr ams toolbar. Refer to the Rhapsody
User Guide for more information.

3. Click the Create Boundary box button on the Drawing toolbar.

4. Click the drawing area and drag to create a boundary box. Rhapsody creates a boundary
box named system Boundary Box.

5. Rename the boundary box pishwasher and then press Enter.

6. Click the Create Actor button %& on the Drawing toolbar.

7. Onthedrawing area, click to the left side of the boundary box. Rhapsody creates an actor
with a default name.

8. Rename the actor user and then press Enter.

Note: Because code can be generated using the specified names, do not include
spaces in the names of actors.
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Lesson 1: Creating a Use Case Diagram

9. Draw ancther actor outside the boundary box named servicepPerson.

10. Inthe browser, you will see a category called actors under the dishwasher package. If
you expand actors, you will see the two actors that you just created.

Note: To quickly find the actors in the Rhapsody browser, right-click an actor on the

use case diagram and click L ocate or press Ctrl+L. You can use thistechnique
with other objects on a diagram as well.

Adding Use Cases to the Diagram

During the analysis phase, you identified user-visible functions or important goals of the system.
These are use cases. A use case represents a particular function of the system. To draw the use
cases, follow these steps:

1. Click the Create Use Case button < on the Drawing toolbar.

2. Click inside the top half of the boundary box. Rhapsody creates a use case with a default
name.

3. Renamethe use case wash Dishes and then press Enter.

Note: For use case names, you can use spaces because use case names do not appear
in generated code.

4. Create another use case inside the boundary box named service Dishwasher.

5. Inthe browser, you can expand the Use Cases category to view the use cases you created,
as shown in the following figure:
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Associating Actors with Use Cases

K|

|»
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Associating Actors with Use Cases

The User washes dishes and configures the washing mode, while the ServicePer son only services
the dishwasher as needed.

To incorporate the relationships of the actors to the use cases into the design, you draw association
lines between the actors and use cases. An association represents a connection between objects or
users.To draw association lines, follow these steps.

1. Click the Create Association button - on the Drawing toolbar.
Notice that once you move your cursor over the drawing area the mouse pointer turnsinto

acrosshairs pointer to signify that it is enabled and that it changesinto acircled crosshairs
pointer when drawing is possible.

2. Click the edge of the User actor and then click the edge of the Wash Dishes use case.
Rhapsody creates an association line with the name label highlighted. You do not need to

name this association, so click the mouse button again (this is the same as pressing
Enter).

Note: To keep aline straight asyou draw it, pressthe Ctrl key as you are drawing the
line.
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Lesson 1: Creating a Use Case Diagram

3. Create an association between the Ser vicePer son actor and the Service Dishwasher use
case and then click the mouse button again or press Enter.

4. Click the Save button \E| to save your model.

Your use case diagram should resemble the following figure:

K|

Entire Model Yiew @

41\

E--@ Dishwasher
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D Chject Model Diagrams
EID Packages

-7 DishwasherPkg
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ServicePerson
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I:I---B PredefinedTypes (REF)
(-5 PredsfinedTypeslava (REF)
-2 Use Case Diagrams

g Distwasher

£|E| » 1|03 07

CleansingEngineer
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|»

SernicePerson

r

o WWelcome to...lﬂ Model * Iﬂ Dishwasher *

Adding a Diagram Title

Each diagram has its name in the diagram table and in the title bar of the window that displaysthe
diagram. However, it isalso useful to add atitle onto the diagram itself to help other members of
your team understand the content and purpose of a diagram.

To add an optional title to your diagram, follow these steps:

1. With the diagram displayed in the drawing area, click A on the Free Shapes toolbar.

2. Click abovethe system boundary box in the diagram and type, for example, Di shwasher

Use Case Di agram and press Ctrl+Enter.

Note: If you press Enter, you move your cursor to anew line. In this case, to exit
typing mode, you have to press Ctrl+Enter to end your action. Or you can

click out of the typing area.

10
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Summary

3.

4.

Make the following changesif you want:
a. Reposition thetitle by dragging it into another location.

b. Usethetoolson the Format toolbar to change the font styles.

Click the Save button \E| to save your model.

For more information about the Free Shapes and For mat toolbars, refer to the Rhapsody User

Guide.

Summary

In thislesson, you determined who are the users of the system and what are the requirements for
the embedded system. Then you created a use case diagram that shows the functions and
reguirements of the dishwasher. You became familiar with the parts of a use case diagram and
created the following:

*

*

*

*

*

System boundary box
Actors

Use cases
Association lines
Title for your diagram

You are now ready to proceed to the next lesson, where you are going to define how the system
components are interconnected using an object model diagram.

Rhapsody
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Lesson 1: Creating a Use Case Diagram
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Lesson 2: Creating an Object Model
Diagram

Object model diagrams (OMDs) specify the types of objects in the system, the attributes and
operations that belong to those objects, the static relationship that can exist between classes
(types), and the constraints that may apply. The Rhapsody code generator directly translates the
elements and relationships modeled in OMDs into Java source code.

Goals for this Lesson

In thislesson, you are going to create an object model diagram that shows how the system
components are interconnected.

In this lesson, you are going to:

¢ Create an object model diagram

¢ Create classesin the object model diagram
¢ Add attributes to a class

¢ Add operationsto aclass

Rhapsody 13



Lesson 2: Creating an Object Model Diagram

Creating an Object Model Diagram

To create the object model diagram, follow these steps:
1. Start Rhapsody and open the Dishwasher model you created if they are not already open.

2. Inthe browser, right-click the di shwasher package and then select Add New > Object
M odel Diagram.

3. When the New Diagram dialog box is displayed, type Di shwasher and then click OK.

Rhapsody adds the Object M odel Diagrams category underneath the di shwasher package, and
adds the name of the new object model diagram to the browser. Rhapsody also opens the new
object model diagram in the drawing area, as shown in the following figure:

W 5
-s‘r\

Entire: Model Yiew A

E--g Dishwasher

D Components

{1 Object Model Diagrams

E|{:| Packages
= DishwasherPkg
EI ‘;f‘g Ackars
ﬁ CleansingEngineer
ﬁ ServicePerson
E|{:| Object Model Diagrams
e Iﬂj Dishwasher
E-O Use Cases

--C) Service Dishwasher

(O Wash Dishes
(-5 PredefinedTypes (REF)
(-5 PredefinedTypeslava (REF)
2-[11 Use Case Diagrams

[ lﬁj Dishwasher

B0 Frrpee s s DEDMAlS

-
< | »

W Welcome to...lﬂ Modell |ﬂ Dishwasher ﬂDishwasher ||
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Adding Classes and Objects to the Diagram

Adding Classes and Objects to the Diagram

10.

11.
12.

13.

Click the Class button H on the Drawing toolbar.

Notice that once you move your mouse pointer over the drawing area, aclassicon appears
along withiit.

Click-and-drag on the drawing area and create atall rectangular class.
Rename the class pishwasher and then press Enter.

Select the pishwasher class and change to Structured view by clicking the Specification/
Structured View button @ on the tool bar.

Click the Object button ﬂ on the Drawing toolbar, and use it to draw an object inside

the pishwasher class. For the name, type jet : et. Click ves when you are asked
whether you want to create aclass called Jet. Thiswill create an object called jet based on
aclass called Jet.

Using the Obj ect button again, draw another object inside the pi shwasher class and name
it heater:Heater. Thiswill create an object called heater based on a class called Heater.

Note: The jet and heater objects were only created here to illustrate the creation of
partsin aclass. They will not be referred to in the tutorial.

Select the pishwasher class and change it back to Specification view by clicking the
Specification/Structured View button a second time.

Right-click the pi shwasher classto open the context menu, and select Display Options...
On the General tab, click the Compartments... button.

Inthe Available list, select Part, and then click << Display to add it to the Displayed
list. (Verify that Attributes and Operations are also in the Displayed list.)

Click OK.

Click OK to close the Display Options dialog box. You should now see the objects you
created displayed in a compartment.

Create another class beside the pi shwasher classand nameit Di spl ay.

Adding Attributes and Operations to a Class

1

In the object model diagram you created, right-click the Dishwasher class to display the
context menu.

Rhapsody
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Lesson 2: Creating an Object Model Diagram

2. Select New Attribute.

3. Namethe attribute washTime.

4. Repeat the previous steps to create another two attributes called rinseTime and dryTime.

5. Right-click the Dishwasher class to display the context menu, and select Features...

6. Onthe Attributestab of the Features dialog box, you should see the three attributes you
created. Verify that they have pub1ic visibility and are of type int. If not, use the drop-
down liststo modify the visibility and/or type.

7. Click OK to close the Features dialog box.

8. Right-click the Dishwasher classto display the context menu, and select New Oper ation.
Name the operation setup.

9. Right-click the Dishwasher class to display the context menu, and select Features...

10. Onthe Operationstab of the Features dialog box, double-click the setup operation.
Thiswill open the Features dialog box for the operation.

11. Onthelmplementation tab, typein the following Java code:

washTime = 5000;
rinseTime = 4000;
dryTime = 5000;

12. Click OK to closethe Features dialog box for the setup operation.

13. Click OK to close the Features dialog box for the pishwasher class.

14. Saveyour project.

Summary

In thislesson, you created an object model diagram that specified the types of objectsin the system
and the attributes and operations that belong to those objects.

You are now ready to proceed to the next lesson, where you will create a statechart for the
Dishwasher Class.

16
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Lesson 3: Creating a Statechart

Satecharts define the behavior of objects, including the various states that an object can enter over
its lifetime and the messages or events that cause it to transition from one state to another. Each
statechart defines the life cycle behavior of asingle reactive class. Therefore, asingle reactive
class can be associated with only one statechart.

Goals for this Lesson

In this lesson you will learn to perform the following tasks:

¢ Draw astatechart

¢ Draw states and nested states
¢ Draw transitions

¢ Specify entry and exit actions
¢ Draw history connectors

Rhapsody 17



Lesson 3: Creating a Statechart

Creating a Statechart

The following figure shows the Dishwasher statechart that you are going to create in this exercise.
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- evClose
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To create a statechart, follow these steps:

1. Start Rhapsody and the Dishwasher model if they are not already open.

2. Inthe Rhapsody browser, right-click the Dishwasher class.

3. Select Add New > Satechart.

Rhapsody automatically adds the new statechart under the Dishwasher classin the

browser. In addition, Rhapsody opens the new statechart in the drawing area.

Adding States to a Statechart

To draw a state, follow these steps:

1. Click the State button| O in the Drawing tool bar.

2. Click-and-drag on the drawing areato create a large state, and name the state Running.

18
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Adding States to a Statechart

3. Using the completed statechart screen capture as areference, draw the following states
inside the Running state:

— Washing
- Rinsing
- Drying
4. Outside the Running state, draw two more states and name them O f and Open.

Your statechart should resemble the following figure:

i Running h ‘ ‘
Off
] o]
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Lesson 3: Creating a Statechart

Drawing History and Diagram Connectors

If you open and close the door during operation, the dishwasher must start up again where it left
off in the wash cycle. In other words, you want the dishwasher to saveits history so it can continue
whereit |eft off after an interruption. History connectors store the most recent active configuration
of astate. A transition to a history connector restores this configuration.

When the dishwasher is done drying, the cycle should start over again at the beginning, to handle
future loads. To define the cycle restart, use diagram connectors to connect the end of one part of a
statechart to the beginning of another part. These connectors physically join distant transition
segments. Diagram connectors have the same name to indicate they are a pair of connectors. This
tells the system to jump from one to the other even if they are located on different statecharts.

To draw these connectors, follow these steps:

1. Click theHistory connector button on the Drawing toolbar and then click inside the
Running state.

2. Click the Diagram connector button @ on the Drawing toolbar and create the
following diagram connectors and label them Done in the following locations:

— Inside the running state, below the prying state. Thisis the source diagram
connector.
— QOutside the running state, next to the of £ state. Thisisthe target connector.
3. Saveyour model.

Drawing Default Connectors

One object must be assigned the default state. In the default state, the object knows to start the
system. When the dishwasher first starts, it isin the ot £ state.

Note that once you have drawn adefault connector in a statechart, Rhapsody does not allow you to
draw another one in the same chart. Each object can have only one default state.

To assign the default states for classes in the statechart, follow these steps:

1. Click the Default connector button on the Drawing toolbar.

2. Clickinthedrawing areaabove and away from the of £ state, then click an edge of the of £
state, and then click away from the connector to skip naming the connector (or press
Ctrl+Enter).

20
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Drawing Transitions

3. Usethe same method to draw a default connector to the Washing state, keeping the
connector inside the Running state.

At this point, your statechart should resemble the following figure:

|»

Running

.

Dren*E®e.-006|0 s/ 0

-
< | »

W Welcome to...lﬂ Packages |ﬂ Dishwasher "lﬂDishwashel E Dishwasher * I

Drawing Transitions
A transition represents a message or event that causes an object to switch from one state to

another.

To add transitions, use the following steps:

1. Click the Transition button *= on the Drawing toolbar.

2. Click an edge of the Off state to anchor the start of the transition and then click an edge of
the Running state to anchor the end of the transition.

3. Typeevstart/setup () ; asthelabel and then press Ctrl+Enter to dismiss the edit box.
(Pressing Enter only adds anew line.)
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Lesson 3: Creating a Statechart

Note: To changethetext of alabel or add alabel to a previously drawn transition,

click the Transition Label | & | on the Drawing toolbar. Click the transition
line and type/edit |abel text.

Draw atransition from the rRunning state to the open state and type evopen as the label.

Draw atransition from the open state to the 1 history connector and type evciose asthe
label.

Inside the Running state, draw atransition from the washing stateto the rinsing State and
label it tm (washTime).

Note: tm represents atimeout.
Draw atransition from the Rinsing State to the prying state and labdl it tm (rinseTime).

Draw atransition from prying state to the pone diagram connector and label it
tm(dryTime).

9. Draw an unlabeled transition from the pone target diagram connector to the oz £ state.

At this point, your statechart should shows the Dishwasher with all of the transitions
between the various states, and your diagram should resemble the following figure:
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Adding Actions to States

Adding Actions to States

To define actions that should be carried out upon entry into a state or exit from a state, follow these
steps:

1. Double-click thewashing State on the statechart to open the Features dialog box.

2. Onthe General tab, type the following code in the Action on entry box, as shown in the
following figure:

System out. println("Washi ng");

State : Washing in StatechartOfDishwasher * |

General |Descri|:utiu:un| Helatiu:unsl Tags I F'ru:upertiesl

Mame: IWashing

L
Sterentype: I j EIE'

Action an entry
Systen.out.princln(™ Washing™): =] I Overridden

L
;I ™| Dvenidden

= ]

;I e |
E dit |

_I Delete |

Action an exit :

— Reactions In State

=

analel 1] .4 | Apply ||

3. Click OK to apply your changes. On the statechart, notice that the washing state hasan
icon | ] in the upper right corner. Thisindicates that the washing state now has
underlying actions.

4. Double-click the rinsing state, and type the following code in the Action on entry box,
and click OK:

Systemout. println("Ri nsing");
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5. Double-click the prying state, and type the following:
a. IntheAction on entry box:

System.out.println ("Drying") ;
b. IntheAction on exit box:

System.out.println("Dishwasher Cycle Complete") ;

6. For the Open state, type the following:
a. IntheAction on entry box:

System.out.println ("Door Opened") ;

b. IntheAction on exit box:

System.out.println ("Door Closed") ;

7. Saveyour model.

Summary

In thislesson, you created a statechart, which identifies the state-based behavior for your
dishwasher model. You became familiar with the parts of a statechart and created the following:

¢ States and nested states
¢ Default connectors

¢ Transitions

¢ Actions

You are now ready to proceed to the next lesson, where you will create a simple console interface

that will allow you to control the basic functions of the dishwasher.
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Lesson 4: Creating a Console User

Interface

In thislesson, you will create the elements necessary to allow you to use input from a command
line to input events connected to the operation of the dishwasher. Specifically, you will

*

*

*

*

create anew class called KeyReader

add a statechart for the Display class

add additional operations and parts to the Display class
create an activity diagram for the KeyReader class

Create the KeyReader Class

Thefollowing steps will create a new class that will be responsible for reading the input provided
by the user in the command-line.

1

Right-click the dishwasher package to open the context menu, and select Add New >
Class.

Name the class keyreader.
In the browser, double-click the keyreader class to open up the Featur es dialog box.

On the General tab, set Concurrency to active.

Add a Statechart for the Display Class

Thefollowing steps will create a statechart that specifies the behavior of the Display class when
different events are sent from the command-line.

1.

In the browser, right-click the pisp1ay classto open the context menu, and select Add
New > Satechart.

Add a state called waitForkeys to the statechart.
Draw adefault transition leading to the waitForkeys state.

Add a condition connector to the diagram.

Rhapsody
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TN+ t00 -000|F// 0|z|
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10.

11

12.

Draw atransition from waitForkeys to the condition connector and label it evkeypress.
Open the Features dialog box for the evkeypress event.

Go to the Argumentstab, and click <New> to create a new argument called key.

Use the drop-down list to set the argument type to char.

Draw atransition from the condition connector to the waitForkeys State and enter the
following label:

[params.key == 's']/itsDishwasher.gen(new evStart()) ;

Draw another transition from the condition connector to the waitForkeys State and enter
the following label:

[params.key == 'o']/itsDishwasher.gen (new evOpen()) ;

Draw another transition from the condition connector to the waitForkeys State and enter
the following label:

[params.key == 'c']/itsDishwasher.gen(new evClose()) ;

Draw another transition from the condition connector to the waitForkeys State and enter
the following label:

[params.key == 'x']/System.exit (1) ;

Your statechart should now ook like the following:

-~

waitForkeys

evieyPress

¥
©

[pararns key == 's'|¢
itsDishweasher. geninew evStan();

[params.key == o'}/
itsDishwasher. gen(new evCpen());

[params.key == 'c']f
itsDishwasher. geninew evClose();

[pararns. key == =)
Systerm.exit(1);
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Add Part/Operation to Display Class

Add Part/Operation to Display Class

The following steps will establish the relationship between the Display class and the new
KeyReader class that you created.

1

9.

In the browser, right-click the pisp1ay classto open the context menu, and select Add
New > Part. When the list of available classesis displayed, select KeyReader from the
list.

Press Enter to accept the default name provided for the new part, itskeyReader.
Double-click the part you created (itskeyreader) to open the Features dialog box.

On the General tab, in the section Relation to whole, check knows Display as and enter
itsDisplay.

Click OK to apply the changes.
In the browser, double-click the pisplay classto open the Features dialog box.

Go to the Operationstab, click <New>, and then select Primitive Operation from the
list displayed to create a new operation, and name it processkey.

Double-click the name of the operation you created to open the Features dialog box for
processKey.

Go to the Arguments tab, and click <New> to create an argument called xey of type char.

10. Click OK to apply the changes.

Create an Activity Diagram for the KeyReader Class

The following steps will create an activity diagram that specifies the behavior for the KeyReader
classto allow it to take the user input and initiate the event that the Display class waits for.

1

In the browser, right-click the keyreader class to open the context menu, and select Add
New > Activity Diagram. The new diagram will be opened in the drawing area.

Use the Action tool on the Drawing toolbar to add an action to the activity diagram.

Enter the following code in the Action box for the action you created:

System.out.println("Enter command:");

Use the Default Flow tool to draw a default flow leading to the action you added.

Use the Action tool on the Drawing toolbar to add a second action to the activity diagram.

Rhapsody
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6. Usethe Activity Flow tool to add an activity flow from the first action you added to the
second action you added.

7. Enter the following code in the Action box for the second action you created:

char cmd = 0;

try

{
while (Character.isLetterOrDigit (cmd) == false)
cmd = (char)System.in.read() ;

}

catch (java.io.IOException e)

{

System.err.println ("Exception while reading from console: " + e);
}
if (itsDisplay != null)
itsDisplay.gen (new evKeyPress(cmd)) ;

8. Usethe Activity Flow tool to add an activity flow from the second action you added,
leading back to itself.

Your activity diagram should now ook like the following:
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Summary

I

System.out. printin{"Enter command:");
char cmd =0;

try

while (Character.isLetterOrDigit(cmd) == false)
cmd = (char)Systern.in.read();

!
catch (java.io. [OException &)
Systemn.err.printin{"Exception while reading from console: * + g);

!
if (itsDisplay 1= null)
itsDisplay.gen{new evikKeyPress(cmd));

QUCEERE*48000u//00800%

4

s Welcome ko |"&. Dishwasher HWW‘E'E'DQ‘--JE Display

Summary

In thislesson, you

¢ created anew class caled KeyReader to handle the user input

¢ added a statechart for the Display class to specify its behavior when different events are
sent from the command-line

¢ added a part based on the KeyReader class to establish the relationship between the
Display class and the KeyReader class

¢ created an activity diagram that specified how the KeyReader class should respond to
input entered by the user

In the next lesson, you will construct a sequence diagram that shows how the various elements of
the system communicate with one ancther over time.
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Lesson 5: Creating Sequence Diagrams

Sequence diagrams show structural elements communicating with one another over time. They
aso identify required relationships and messages. A high-level sequence diagram shows the
interactions between actors, use cases, and blocks. Lower-level sequence diagrams show
communication between classes and objects.

Sequence diagrams have an executabl e aspect and are a key application animation tool. When you
animate the model to see the application’s operations, Rhapsody dynamically builds sequence
diagrams that record the object-to-object or block-to-block messaging.

Goals for this Lesson

In thislesson you will learn to perform the following tasks:

+ Draw aseguence diagram
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Creating the Execution Sequence Diagram

The following figure shows the Execution sequence diagram that you are going to create in this
exercise.

Execution Sequence Diagram

ENY ‘KeyReader | ‘Display | " Dishwasher |

i

+
¥
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Rhapsody separates sequence diagrams into a Names pane and a M essage pane. The Names pane
contains the name of each instance line or classifier role. The Message pane contains the el ements
that make up the interaction.

To create a new sequence diagram, follow these steps:

1. Inthe Rhapsody browser, right-click the dishwasher package, and select Add New >
Sequence Diagram.

2. When the New Diagram dialog box is displayed:
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Creating the Execution Sequence Diagram

a. Name the diagram Execution
b. Select the Design option
c. Click OK.

3. Click the System Border button| %* on the Drawing toolbar and click on your sequence
diagram. Rhapsody creates an item named ENV (for environment) that represents the
system border.

4. Dragthe keyReader class from the Rhapsody browser to the right of the system border.

5. Dragthepisplay classfrom the browser to the right of the xeyreader line that you
added.

6. Dragthepishwasher classfrom the browser to the right of thepisplay line.

7. Using the M essage button| ™ on the Drawing toolbar, draw a diagonal message from the
KeyReader Classto the pisplay class, and then open the context menu for the message
and select Select M essage > evK eyPress.

8. Using the M essage button once again, draw a message from the pisp1ay line back to the
pisplay line (message to self) below the previous message, and then open the context
menu for the message and select Select M essage > processK ey.

9. Draw adiagonal message from the pisplay lineto the pishwasher line, below the
previous message, and then open the context menu for the message and select Select
Message > evSart.

10. Draw another message to self, thistime on the pishwasher ling, below the previous
message, and then open the context menu for the message and select Select M essage >
setup.

11. Draw adiagonal message from the pisplay lineto the pishwasher line, below the
previous message, and then open the context menu for the message and select Select
M essage > evOpen.

12. Draw adiagona message from the pisplay lineto the pishwasher line, below the
previous message, and then open the context menu for the message and select Select
M essage > evClose.

13. Saveyour model.
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Summary

In thislesson, you created a sequence diagram, which show structural elements communicating
with one ancther over time for your dishwasher model. You became familiar with the parts of a
sequence diagram and created the following:

¢ System border
¢ Classifier roles
+  Workflow with messages and events.

You are now ready to proceed to the next lesson, where you are going to build an additional object
model diagram that will represent the objects created during execution of the application.
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Lesson 6: Creating Objects

In this lesson, you construct an object model diagram that represents the objects that are created
when you run the application.

You will also learn to specify the features of a Rhapsody configuration, which represents the
details of how you want an application to be built.

Creating the Build Object Model Diagram

To construct an object model diagram that represents the objects that are to be created when the
application is run, follow these steps:

1

Right-click the dishwasher packagein the browser, and select Add New > Object M odel
Diagram. Name the diagram Bui1d.

Using the Composite Class tool in the Drawing toolbar, add alarge composite class
called pishwasherBuilder to the diagram.

Drag the pisplay and pishwasher classes from the browser into the new composite class
that you created.

Right-click the pisp1ay class to display the context menu, and select M ake an Object.

Right-click the pishwasher classto display the context menu, and select Make an
Object.

Using the Association tool | | in the Drawing toolbar, draw an association between
Display and Dishwasher.

Using the Link tool Y in the Drawing toolbar, draw alink between pispiay and
Dishwasher.

Note: Links represent instances of an association.

Rhapsody
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At this point, your object model diagram should resemble the following figure:

<

DighwasherBuilder

1 itsDisplay Display

B

1 itsDishwasher Dishwasher &

B8 evikeyPress(key chan
H processkey(key: char:void

= washTime:int
= rinseTime:int
= dryTime:int

B evStart()
& setup():void
[ evOpen()
W evClose)

ﬂBuild in com...

Specifying the Features of a Rhapsody Configuration

To specify how Rhapsody should build the executable for your application, follow these steps:

1.

N o g &~ »

In the Rhapsody browser, open the Components category.

Select the component named DefaultComponent, press F2, and rename the component

EXE.

Double-click the Exe component to open its Features dialog box.

On the Scope tab of the Features dialog box, select the All Elements option.

In the browser, under the exe component, open the Configurations category.

Select the configuration DefaultConfig, press F2, and rename the configuration zost.

Double-click the nost configuration to open its Featur es dialog box.
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Summary

On the Settings tab of the Features dialog box, set the Instrumentation Mode to
Animation.

On the Initialization tab, choose the Explicit option under I nitial I nstances, and then
open the tree of elements and select the check box for pishwasherBuilder.

10. Savethe model.

Summary

In this lesson, you:

+ created an object model diagram that represents the objects that are created when you run
the application

modified the settings of a Rhapsody configuration to instruct Rhapsody how it should
build the executable for your application
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Lesson 7: Generating Code, Building and
Running your Application

In thislesson, you will:

¢ Generate Java code for your model
¢ Build your application from your model
* Runyour application using Rhapsody’s animation feature

Generating Code from the Model

Your model can contain more than one component. In turn, each component can contain a number
of configurations.

When you generate code with Rhapsody, it generates code for the active configuration of the active
component. In the Rhapsody browser, the active component and configuration are displayed in
bold.

The active component and configuration are also displayed in the Code toolbar.

In the model built in thistutorial, there is only a single component with asingle configuration. So
in this case, you do not have to concern yourself with making sure these are the active component/
configuration before generating code. Keep in mind that when working with models with multiple
components/configurations, you have to check that the correct component and configuration are
designated as active before you generate code.

Note

To make a component/configuration active, you can open the context menu for the
component/configuration and select Set as Active. Alternatively, you can select the
component and configuration from the drop-down lists that are included in the Code toolbar.

1. Select Code > Generate > Host. Rhapsody displays a message that the output directory
for the Host configuration does not yet exist and asks you to confirm its creation.

2. Click Yes. Rhapsody places the source files generated in the new Host directory.
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Rhapsody generates the code and displays output messagesin the L og tab of the Output window,
as shown in the following figure:

Generating
Generating
Generating
Generating
Generating
Generating
Generating
Generating
Generating
Generating

0 Erroris)].,

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

specificartion
specification
specification
specificartion
specification
specification
specificartion
specification

Code generated to directory:

of
of
of
of
of
of
of
of

iAll Checks Terminated 3uccezsfully

DI: /Desk/Testing/Phapsody 711 /Tutorials/davas20070ct04 /D shwasher /EXE A1
Dizhwasher into f£ile DishwasherPkg/Dishmasher.java

DishwasherBuilder into £ile DishwasherPkg/DishwrasherBuilder.java
Display into file DishwasherPkgsDisplay.java

DishwasherPhy into file DishwasherPkg/DishwasherPkg pkgClass. java
op_start into file DishwasherPkgsop_start.java

op_open into file DishwasherPhgsop_open. java

op_cloze into file DishwasherPkgsop close.java

evEeyPress into file DishwasherPkg/evEevyPress.java

Component initialization code and main function into £ile MainExE. java
nake file EXE.bat

Code Generation Done

0 Warningi(s),

0 HMessage(s)

14 nnm Build ;{ Check Madel ,]1. Configuration Management )\ Animation ,]1. Search Results f

Note

If the Output window is not visible at the bottom of the Rhapsody window, select View >
Output Window from the main menu.

The messages inform you of the code generation status, including:

* Successor failure of internal checks for the correctness and compl eteness of your
model. These checks are performed before code generation begins.

+ Names of files generated for classes and packages in the configuration.

+ Names of filesinto which the main() function is generated.

¢ Completion of code generation.

Fixing Code Generation Errors

If you receive code generation errors, double-click the error in the Output window to go to the
source of the error. The source of the error appears as a highlighted element. Once you fix the
problem, regenerate the code (choose Code > Re Generate > Host) until there are no error

messages.
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Building an Application with Rhapsody

Examining Generated Source Files

To view the code generated for a specific class, right-click on the class in the browser to open the
context menu and select Edit Code.

If you want to toggle the display of line numbersin the code, do the following:

1. Right-click in the code window and select Properties to open the Window Properties
dialog box.

2. OntheMisctab, inthe Line Numbering area, select a numbering style from the drop-
down list (for example, Decimal).

3. Click OK.

Building an Application with Rhapsody

Once you generate code without any errors, you are ready to build the model.
To build the model, do one of the following:

¢ Sdlect Code > Build > Build Entire Project, or

¢ Click the Make button feae] on the Code toolbar.

Build messages, including any compilation errors that may have occurred are displayed on the
Build tab of the Output Window.

If you encounter any compilation errors, double-clicking the error will take you to the problematic
model element or problematic code.

Running an Application with Animation

Now that the application has been built, you can run the application and use Rhapsody’s animation
feature to verify that the application runs correctly.

1. Inthe Rhapsody browser, double-click the Execution Sequence diagram to open the
diagram.

2. Torunthe application, do one of the following:

a. Select Code > Run MainEXE.class, or

b. Click the Run Executable button ! on the Code toolbar.

Rhapsody 41



Lesson 7: Generating Code, Building and Running your Application

10.

11.

After the console window opens, return to the Rhapsody window. You will seethat a
dynamic (animated) version of the Execut ion Sequence diagram has been opened. At this
point, it will only display the various instance lines.

Click the Go button B¢ on the Animation toolbar. You will see Create() messages in the
animated sequence diagram, representing the creation of theinitial objects.

Right-click the pishwasher instance line, and select Open Animated Statechart. A
dynamic (animated) version of the pishwasher statechart will be opened.

Resi ze the console window that was opened when you ran the application and the
Rhapsody window so that you can align the windows side-by-side to see both at once.

Enter s in the console window and press Enter.

Watch the animated statechart as the application progresses through the various states that
you defined. The active state at any given moment is highlighted in magenta.

In order to simulate the opening of the dishwasher door, enter s in the console window and
press Enter, and immediately afterwards enter o in the console window and press Enter.
The application will move to the Open state in the statechart.

Note: When we earlier defined the attributes that control the movement between the
Washing, Rinsing, and Drying states, we used very small numbers (4-5
seconds). If you find that this does not give you enough time to enter the
character for simulating the door opening event, you can go to the
Implementation tab of the Features dialog box for the setup operation of the
Dishwasher Classand change the numbers. You will then have to regenerate
the code and rebuild the application before running the application (using the
Regenerate and Rebuild options in the Code menu).

Enter ¢ inthe console window and press Enter. The application will return to the Running
state. Note that the application is able to return to the state where it was when the door
was opened because we used a History connector in the statechart.

Enter x in the console window and press Enter. The console window will close and the
application will stop running.

Injecting Events with the Animation Toolbar

In order to facilitate the simulation of events for our application, we included a consol e-based
control panel. While this was useful for the limited number of eventsin this application, it would
not be very convenient for a system with dozens of events.

Rhapsody provides an easy way to simulate all of the events you have defined for your application.
In this section, you will use this event-injection mechanism.
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Injecting Events with the Animation Toolbar

N

ote

10.

11.

12.

13.
14.

15.

Since it will probably take you alittle while to get used to the GUI controls used in
Rhapsody for simulating events, it is recommended that you change the values for the
attributes that control the timing of movement between the washing, Rinsing, and drying
states so that the application staysin the different states for alonger period.

In the Rhapsody browser, double-click the execution Sequence diagram to open the
diagram.

Run the application by doing one of the following:

a. Select Code > Run MainEXE.class, or

b. Click the Run Executable button ! on the Code toolbar.

After the console window opens, return to the Rhapsody window. You will see that a
dynamic (animated) version of the Execut ion Sequence diagram has been opened. At this
point, it will only display the various instance lines.

Click the Go button B¥ on the Animation toolbar. You will see Create() messages in the
animated sequence diagram, representing the creation of the initial objects.

Right-click the pisnhwasher instance line, and select Open Animated Statechart. A
dynamic (animated) version of the pishwasher statechart will be opened.

Click the Event Generator button # onthe Animation toolbar.

When the Eventsdialog is displayed, click the Select button and select
DishwasherBuilder [0] ->itsDishwasher from thelist of instances.

From the drop-down list of events, select evstart.
Click OK.

Watch the animated statechart as the application progresses through the various states that
you defined. The active state at any given moment is highlighted in magenta.

Click the Event Generator button # on the Animation toolbar.

When the Eventsdialog is displayed, click the Select button and select
DishwasherBuilder [0] ->itsDishwasher from thelist of instances.

From the drop-down list of events, select evopen.

Click OK. The application will move to the Open state in the statechart.

Click the Event Generator button # on the Animation toolbar.

Rhapsody
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16.

17.
18.

19.

When the Events dialog is displayed, click the Select button and select
DishwasherBuilder [0] - >itsDishwasher from thelist of instances.

From the drop-down list of events, select evciose.

Click OK. The application will return to the running state. Note that the application is
able to return to the state where it was when the door was opened because we used a
History connector in the statechart.

Click the Stop M ake/Execution button @ on the Code toolbar. The application will
stop running.

Using Breakpoints with Animation

Rhapsody allows you to add breakpoints to stop execution at various points.

In the model we have been using in this tutorial, once the dishwashing cycle has started, the cycle
continues until completed. In this section, we will use a breakpoint to have the application stop
when it reaches the brying State.

1

In the Rhapsody browser, double-click the Execution Sequence diagram to open the
diagram.

Run the application by doing one of the following:

a. Select Code > Run MainEXE.class, or

b. Click the Run Executable button ! on the Code toolbar.

After the console window opens, return to the Rhapsody window. You will seethat a
dynamic (animated) version of the Execut ion Sequence diagram has been opened. At this
point, it will only display the various instance lines.

Click the Go button B¥ on the Animation toolbar. You will see Create() messages in the
animated sequence diagram, representing the creation of the initial objects.

Right-click the pishwasher instance line, and select Open Animated Statechart. A
dynamic (animated) version of the pishwasher statechart will be opened.

Click the Breakpoints button on the Animation toolbar.

When the Breakpoints dialog box is displayed, click New. The Define Breakpoint dialog
box is displayed.

Click Select, and choose pishwasherBuilder [0] ->itsDishwasher from thelist of
instances.
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Summary

9. From the Reason drop-down list, select Sate Entered.

10.
11

12.
13.

14.

15.

16.

17.

18.

Inthe Data field, enter prying.

Click OK.

Click the Event Generator button # on the Animation toolbar.

When the Eventsdialog is displayed, click the Select button and select
DishwasherBuilder [0] ->itsDishwasher from thelist of instances.

From the drop-down list of events, select evstart.
Click OK.

On the animated statechart you will seethat the application progresses through the various
states, however, it stops after entering the prying state. You will also see on the
Animation tab of the Output window a message indicating that a breakpoint was
reached.

To allow the application to resume, click the Go button B% on the Animation toolbar.
Now, the dishwashing cycle will continue until completion.

Click the Stop M ake/Execution button @ on the Code toolbar. The application will
stop running.

Summary

In thislesson, you:

*

*

*

*

*

Generated Java code from the model.

Built the application.

Ran the application.

Ran the application with animation.
Injected events using the Animation tool bar
Used breakpoints with animation.

This completes the hands-on part of the tutorial. In the next lesson, you find alist of additional
Java-specific features provided by Rhapsody, as well as descriptions of many advanced features
that were not used in the framework of thistutorial.
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Additional Rhapsody Features

This section lists additional Java-specific features of Rhapsody that were not demonstrated in this
tutorial.

It also contains descriptions of key Rhapsody features that were not used in the tutorial.

Java-specific Features

Rhapsody includes the following Java-specific features that were not used in this tutorial. You can
find information on these features in the Rhapsody User Guide.

+ Javaannotations

¢  Javaenums

+ Static import

* Static blocks

+ Javadoc

¢ Javareference model

Additional Rhapsody Features

The following are important features of Rhapsody that were not used in this tutorial. You can find
information on these features in the Rhapsody User Guide.

+ Reverse engineering
Rhapsody can analyze existing code and build a Rhapsody model based on the code.
+ Roundtripping
In addition to one-shot analysis of existing code, you can make manual changes to code

generated by Rhapsody and then have Rhapsody bring these changes into the model and
regenerate code from the updated model.

+ Model reports

Rhapsody includes a highly-configurable reporting tool called ReporterPLUS that you can
use to generate detailed reports from your model, including text and diagrams. When you
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Additional Rhapsody Features

don't need the flexibility provided by ReporterPLUS, you can use Rhapsody’s internal
report generator to create basic model reports.

Rhapsody API

Rhapsody provides an API that can be used to perform most Rhapsody actions from
within ascript. Two versions of the API are provided: a COM-based API that can be used
with C++ or VB/VBA/VBScript, and a Java APl that can be used to perform Rhapsody
actions from within a Java program.

Rhapsody command-line interface

A command-line version of Rhapsody is provided to alow you to easily perform
Rhapsody actions that do not require the GUI, for example, code generation. The
commands provided can be included in scriptsin order to perform tasks such as nightly
builds.
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