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Lab 1: Starting a new IBM Rational Rhapsody project

Objectives

After completing this lab, you will be able to:

>
>
>
>

Start a new Rational Rhapsody project that is a vending machine
Create an Object Model (Requirement) diagram
Add nested requirements to the diagram

Resize elements on the diagram

Scenario

A new VendingMachine project is created in Rational Rhapsody. Four Money Management requirements are added.
Two separate Object Model (requirement diagrams) are created to show common diagram editing techniques. In a
real development effort, you would take a less academic approach, and probably use just one diagram to illustrate
the requirements hierarchy.

© Copyright IBM Corp. 2010 Lab1-1

Course materials may not be reproduced in whole or in part without the prior written permission of IBM.



Introduction to Rational Rhapsody — Student Workbook

Task 1: Start a new project

In this task, you will start Rational Rhapsody and begin a new project.

1. Create a work directory where you can save Rational Rhapsody project files. For example, P: \work.
2. Launch Rational Rhapsody.
a. Select Start > All Programs > IBM Rational > IBM Rational Rhapsody for C++ 8.0

b. Close the Welcome to Rhapsody screen.
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U' Welcome to Rhapsody X

S’y

. -Close
IBM Rational Rhapsody Y
Overview Documentation

i'l i i i i

New Project Open Project
Create a new Rhapsody Project. Open a previously created Rhapsody Lea
Project. oth

Proceed ° Proceed °
A\
<

4. Start a new Rational Rhapsody project.
a. Select File > New

Or

b. Select the blank paper O icon

5. Name the project VendingMachine and select a writable directory, such as P: \Work. Keep Default as the
Project Type and Project Settings.
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New Project

Project hame: |VendingM achine]

In folder: I C:\work\WendingMachine Browse... I
Project Type: | Default LI

Project Settings: IDefauIt Ll

| oK I Cancel Help

4

6. Click OK and Yes when prompted with a question about creating the new project directory. Rational Rhapsody
creates an initial Object Model diagram.

7. Expand the Packages category. Change the name of the Default package to Analysis.

a. Double-click the package name and change the name in the Features > Name field, or right-click the name
in the browser, right-click again and edit the name in the browser.

8. Right-click the Packages category, and click Add new package. Name the new package Design.

9. To add a description to the Analysis package, right-click the package name and select Features > Description.
Add the following description for the Analysis package: Systems level model including
requirements and use case analysis.

Task 2: Create a diagram

1. Create a subpackage under the Analysis package by right-clicking Analysis and selecting Add new package.
Name it Requirements.

2. Right-click the Requirements package, select Add New > Diagrams > Object Model Diagram (Requirements
diagram). Name it Requirements Overview.

3. Go to View > Toolbars and verify the Drawing toolbar is checked. Confirm that the Drawing toolbar
appears to the right of the Object Model diagram.

Lab1-4 © Copyright IBM Corp. 2010
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4. Use the Common section of the Drawing toolbar to find the requirement icon and add a requirement called
Money Management to the Requirements Overview diagram. Right-click the Money Management
requirement to get the Features. Add the following specification to the Features > General>Specification: The
system shall handle ‘Hard’ and ‘Electronic’ money.

Right-click the Money Management requirement and select Notation Style. Confirm that Box Style is selected.

6. Add three new requirements under the Money Management requirement by right-clicking on Money
Management in the browser and selecting Add New>Requirement. Name them as follows:

a. Coin drop throughs
b. Currency denominations
No change available

d. Confirm the new requirements are nested under the Money Management requirement as follows:

=B Requirements
= 5 §oney Management
ElE-'! Requirernents
[E? Coin drop throughs
E‘! Currency denominations

------ E—'! Mo change available

7. In the Features > General tab for each of the new requirements, enter the following text into the Specification
field for the respective requirements (to match the order in step 6).

d. The vending machine shall not accept deposits when all product
categories are sold out or when the deposit total has already exceeded
the maximum priced product. Coins deposited in these situations shall
drop through to the coin return.

b. The vending machine shall accept and return any combination of U.S.
denomination coins.

C. When no change is available, the vending machine shall notify the user
that the exact change is required.
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d. Drag the requirements from the browser onto the Requirements Overview diagram.

8. Add dependencies from the Money Management requirement to each of the other three requirements to
visualize requirement containment.

LY

]

a. Select the dependency icon on the drawing toolbar and draw a dependency from the Money
Management requirement to the No change available requirement. Draw another dependency from
Money Management to Currency denominations and from Money Management to Coin drop

throughs.
wRequirements wRequiremeants
Money Managerment Mo change available
The Systermn shall handle both T econtaine —= Wwhen no change is available, the
‘Hard' and ‘Electronic' money. sEantainz vending machine shall notify the
user that exact payment is
| e reguired.
L -
«contains s COntainE
aRequirements
e Currency denominations
¥

wRequirements

. The vending machine shall accept
Coin drop throughs

and return any combination of US
The vending machine shall not accept denomination coins.

deposits when all product categories are

sold out or when the deposit total has

already exceeded the maximum priced

product. Coins deposited in these situations

shall drop through to the coin retumn.

b. Right-click each new dependency. In the Features>General>Stereotype field, select the radio button for
contain in Requirements. If «<contain» is not available in the selections, select the New radio button
and name the new stereotype contain.
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=Requirements
Money Management

=Requirements
Mo change available

The system shall handle When no change is available, the vending
‘Hard" and ‘Electronic’ money. T machine shall notify the user that the
exact change is required.
(s
| -
T
T
qcontaiL» acontainy
| -
| = =Requirements
N Currency denominations

«Requirements
Coin drop throughs The vending machine shall accept and
return any combination of U.S.

The vending machine shall not accept T T S

deposits when all product categories are sold
out or when the deposit total has already
exceeded the maximum priced product.
Coins deposited in these situations shall drop
through to the coin retumn.

9. You can use the Layout toolbar to align the requirements on the diagram. You need to select two requirements

on the diagram to activate the Layout

‘oo AN NE &S =08 HE ‘

toolbar”::::

10. Create a new Object Model diagram called Structured Requirements in the Requirements package.
This diagram is used to practice the editing of graphically nested elements.

11. Drag the Money Management requirement from the browser onto the new diagram and use the

Specification/Structured view @ icon on the Zoom toolbar to switch its view to Structured View. If the icon
is greyed out, click an element in the diagram.

12. Enlarge the Money Management requirement by dragging a corner anchor.

13. Drag the three nested requirements from the browser into the diagram’s Money Management requirement.

© Copyright IBM Corp. 2010
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«Requirement»
Money Management

«Requirement»
Coin drop throughs

The vending machine shall not accept deposits when all product
categories are sold out or when the deposit total has already
exceeded the maximum priced product. Coins deposited in
these situations shall drop through to the coin return.

«Requirement»
Currency denominations

The vending machine shall accept and return any combination
of US denomination coins.

«Requirement»
No change available

When no change is available, the vending machine shall notify
the user that exact payment is required.

14. If the contain dependencies appear on your diagram, right-click each dependency and select Remove from
View.

15. Select the border of the Money Management requirement and resize it. Note that the contents expand as the
border expands.

16. To expand the container without resizing its contents, hold the Alt key before dragging. Alternatively, use Edit
> Resize Without Contained.

17. Save the model.

Remember to use the Layout toolbar and Resize without Contained throughout the upcoming lab exercises.
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Lab 2: Set properties and create diagrams

Objectives
After completing this lab, you will be able to:
» View and set a property for a project
» Create a use case diagram
» Create a black-box activity diagram
P Create a use case-level sequence diagram
>

Allocate activities to subsystems

Scenario

You have started a new project and now you will build on it by adding more diagrams. A system-level use case
diagram is created in this lab. The requirements will be realized by the design, but first are linked to use cases.

Each use case describes a primary function of the vending machine system and is traced to one or more requirements
to ensure all requirements are satisfied. The functional behavior of the black-box system is elaborated on using an
activity diagram and sequence diagram to describe the services to be provided by the system. Three subsystems are
introduced, and the activity diagram is updated to show the allocation of the services across the subsystems.

© Copyright IBM Corp. 2010 Lab2-1
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Task 1: Set a property

In this task, you will bring up the properties for the Rational Rhapsody project and make a modification.

1. Your Vending Machine project is open. Right-click the project and select Features.

Entire Model View = + 1
EID
|:| Compon Features...
=1 Object M
il Add N r
. B_ﬂj Mode 55
EI{:I Packages Search...
J&qﬁ‘i

2. In the Features window, select Properties.

3. The property view filter makes it easy to locate properties. Select View > Filter and type predefined in the
Filter text box. What do you see?

Project : VendingMachine "
| General | Description | Relations | Tags | Properties '
View Fitered By "predefined” - '
=l General

=l Model ‘
Predefined TypesInComboBox
1| Browser
=] Settings

ShowPradefinedPackage

Note that the properties with predefined in the name appear as shown above. And currently the predefined types
appear in the browser.

Q VendingMachine

D Components

ED Object Model Diagrams

- ﬁ_ﬁj Modell

EICI Packages
E] Analysis
..... El Design
-5 PredefinedTypes (REF)
&-F PredefinedTypesCpp (REF)
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Lab 2 — Set properties and create diagrams

4. You can set a property to remove the predefined types packages from the browser view. Select the
Browser:Settings:ShowPredefinedPackage property so the check mark is cleared. Click OK, and observe that
the predefined types packages are no longer shown.

5. Click elsewhere in the Properties tab to confirm that the modified property is highlighted, and observe that the
predefined types packages are no longer shown.

Project: VendingMachine -+« [E

|Genem| I Description | Relations |Tags | Properties

View Fittered By "predefined” -
-l General
=l Model
Predefined TypesInComboBox
-I| Browser
=

ShowPredefinedPackage O

Browser:-Settings
The Settings metaclass containg properties that contral the display of the Rational Bhapsody browser,

Locate QK

6. Select View Locally Overridden on the top left of the Properties dialog, to see all the properties that have been
overridden at the project level.

Task 2: Create a use case diagram

In this task you create a use case diagram and add actors and use cases to it.

1. Add anew use case diagram called Primary Uses in the Analysis package.
a. Right-click the Analysis package and select Add New > Diagrams > Use Case Diagram.

2. Add actors, use cases, and associations to the diagram as shown here:

© Copyright IBM Corp. 2010 Lab2-3
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o

Wending System

Buy Product
with Cash

Buy Product
with Smartcard

Restock System.

Use the Layout toolbar to align and space the use cases.

the context of the use cases as being the entire vending machine system.

supplier

Add two actors using the actor icon on the Drawing toolbar: name one Buyer and the other Supplier.

Add three new use cases: Buy Product with Cash,Buy Product with Smartcard,

Draw a boundary box around the use cases naming it Vending System. Here, the boundary box sets

Note - Later in development when the subsystems have been determined, other use case diagrams would be
created for each subsystem. At the subsystem level, the boundary box would have the name of a subsystem and
the use cases would be in the context of that subsystem, and the actors would be Buyer, Supplier, or another
subsystem.

e.
f.

Draw an association from the Restock System use case to the Supplier.

Draw an association from the Buy Product with Smartcard use case to the Supplier and to the Buyer.

g. Draw an association from the Buy Product with Cash use case to the Buyer and the Supplier.

3. Select the Use Case View in the Rational Rhapsody browser to view the newly created elements.

Lab2-4
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Use Case View -

=, VendingMachine
--{Z7 Packages
=3 Analysis
- ?i’ Actors
ﬁ Buyer
ﬁ Supplier
—-{_7] Use Case Diagrams
=¥ Primary Uses
=¥ Use Cases
() Buy Product with Cash
() Buy Product with Smartcard
() Restock System

4. Switch back to the Entire Model view.

Right-click the project at the project level and select Format. Select UseCase as the Meta-class, select Format
selected meta-class. Change the fill color of the use case to yellow. This will change all use cases in the project.

6. Change the format of the actors at the project level to a color of your choice.
Except for the Buy Product with Cash use case, add a description of your choice for the use cases.

a. For the Buy Product with Cash use case, add the following description:

The vending machine accepts US denominations of quarters (25 cents), dimes
(10 cents), and nickels (5 cents).

Purchases can be cancelled prior to product selection.

The vending machine returns change to the user after the product is
selected.

When no change is available, the vending machine provides a visual
indication that exact change is required.

© Copyright IBM Corp. 2010 Lab2-5
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Use Case : Buy Product with Cash in Analysis (=[]

General Description lHeIations ] Tags ] Properties ]

.

The vending machine accepts US denominations of
quarters (25 cents), dimes (10 cents), and nickels {5
cents).

Purchases can be cancelled prior to product
selection.

The vending machine returns change to the user after
the product is selected.

When no change is available, the vending machine
provides a visual indication that exact change is
required |

Lucate| 0K | |

You created a few requirements in the last lab. In a real development effort, you would have many more
requirements. Each of the functional requirements should be satisfied by one or more use cases. If you were using
SysML, you would use a <<satisfy>> dependency to show the linkage from a use case to a requirement. With
UML, a <<trace>> dependency is used.

The requirements are organized into functional groups, with each functional group aligned with a use case. For
example, the three requirements are satisfied by the Buy Product with Cash use case. This traceability linkage can
be tracked and shown in Rational Rhapsody using a matrix, in the browser, or on a diagram as shown below.

«Requirements
Currency denominations

Buy Product
with Cash

— The vending machine shall
accept and return any

gtraces e
combination of U.S.
e denomination coins.
qtraceL -
| atraces ™.
T
1% R
«Requirement. «Requirements
Mo change available Coin drop throughs

When no change is The vending machine shall not accept
available, the vending deposits when all product categories are sold
machine shall notify the out or when the deposit total has already
user that the exact change exceeded the maximum priced product.
is required. Coins deposited in these situations shall drop

through to the coin return.

Task 3: Create a black-box activity diagram

In this task you create a black-box activity diagram. A black-box activity diagram has a system-level scope, where
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the internal components of the system are not being considered. In a black-box activity diagram, each action
describes the activities (or services) provided by the system. If swimlanes are used, all but the system swimlane are
represented by actors.

1. Add anew activity diagram to the Buy Product with Cash use case. Right-click the Buy Product with Cash
use case and select Add New > Diagrams > Activity.

2. Add swimlanes, activities, and flows to the diagram as shown in the following figure:

customer machine

insertMoney

updateTotal

¥
displayTotal

h 4
enableProducts

a. Locate the action icon on the diagram tools and add the following four actions to the diagram:
insertMoney,updateTotal,displayTotal, and enableProducts.

b. Add an initial flow to the insertMoney action.
C. Add a control flow from the insertMoney action to the updateTotal action.
d. Add a control flow from updateTotal to displayTotal, and from displayTotal to enableProducts.

e, Add a swimlane frame and a swimlane divider to create two swimlanes. Name the swimlanes customer
and machine.

3. The customer swimlane will be represented by the Buyer actor from the use case diagram.
a. Open the customer swimlane’s features dialog and in the General tab select Represents:Buyer in Analysis.

4. The project browser should look as follows:

© Copyright IBM Corp. 2010 Lab2-7
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g_l VendingMachine

|:| Components

|:| Object Model Diagrams

EH:I Packages

EIE Analysis

i‘i‘@ Actors

I:I Packages

I:I Use Case Diagrams

EO> Use Cases

ET3 Buy Product with Cash

E-Ea) Activity

I inj ActivityDiagram

: ‘\ default of action_1
"l:l Actions

{ @ Swimlanes

[~ Association Ends

F-D Buy Product with Smartcard

F-D Restock System

El Design

Task 4: Create a use-case level sequence diagram

Sequence diagrams can help describe the scenarios of a use case. Use case-level sequence diagrams have just
one use case and one or more actors. The use case represents the system, but only in the context of the use case.

1. Add anew sequence diagram called Buyer inserts coin inthe Analysis package.

2. Confirm that the Operation Mode is set to Analysis.

New Diagram &|

Selected Dwner.  sequencediagram_10

M e |E uyer inserts coirl

Operation bMode

f¢ Analyzizs " Design

ok | Help |

ﬁ Analysis

+ ?% Actors

+-[_] Packages

- I:l Sequence Diagrams
EJ Buyer inserts coin

+ I:l Use Case Diagrams

+-{D se Cases

3. Drag the Buyer actor from the browser onto the sequence diagram.

4. Drag the Buy Product with Cash use case from the browser onto the diagram.

Lab2-8 © Copyright IBM Corp. 2010
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Buyer :Buy Product
with Cash

AN AR,

|
|
|
|
|
|
|
1

5. Use the Message icon on the diagram toolbar and draw the message from the Buyer to Buy Product with
Cash. This will create a synchronous message. Name the message moneyInserted

6. Draw a message from Buy Product with Cash to itself and name the message updateTotal.
7. Draw another message from Buy Product with Cash to itself and name the message displayTotal.

8. Draw another message from Buy Product with Cash to itself and name the message enableProducts.

© Copyright IBM Corp. 2010 Lab2-9

Course materials may not be reproduced in whole or in part without the prior written permission of IBM.



Introduction to Rational Rhapsody — Student Workbook

‘Buyer :Buy Product
with Cash

moneylnserted()

¥ _

L

2

ateTotal()

-

=
il
=]

layTotal()

enableProducts()

A

g

Note that each reflexive message matches the activities in the Buy Product with Cash activity diagram. Generally
speaking, activity diagrams are preferred by systems engineers, and sequence diagrams are preferred by software
developers. As you will see in the next lab, sequence diagrams play a key role in the transition from use case
analysis to a software design.

Several sequence diagrams may be used to describe use case scenarios, and each can be set as a reference from the
use case.

9. Right-click the Buy Product with Cash use case in the browser and select Add New > Diagrams >
Referenced Sequence diagram. In the drop-down box select Buyer inserts coin in Analysis.

Add Referenced Sequence Diagram §|

Sequence Diagram: || j

Buyer inzertz coin in Analyziz

Cancel | k Help

Task 5: Allocate activities to subsystems

In this task you will allocate the system-level activities to subsystems. Rational Rhapsody and SysML can be used
to perform a trade study to evaluate candidate architectures. However, trade studies are outside the scope of this
lesson. For this lab, assume that there are three primary subsystems: the MoneyHandler, FrontPanel, and
ProductHandler subsystems.
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1. Using the swimlane divider, break the machine swimlane into two more swimlanes and name the swimlanes
MoneyHandler, FrontPanel, ProductHandler. Replace the machine swimlane with either
MoneyHandler, FrontPanel, or ProductHandler. Move the actions to be in the appropriate swimlane
as shown in the picture below:

customer MoneyHandler FrontPanel ProductHandler

insertMoney

updateTotal

[
-

displayTotal

enableProducts

2. Save the model.
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Lab 3: Create an Object Model diagram

Objectives

After completing this lab, you will be able to:
P Create an Object Model diagram
» Create a class-level sequence diagram
P Generate and build source code

Scenario

A Rational Rhapsody Object Model diagram (OMD) is a general purpose structural diagram that can show classes,
packages, objects, and the relationships between them. — A class diagram (object model diagram) is created in this
lab showing the relations between the subsystems. A class-level sequence diagram is created to elaborate the
messages defined in the Lab 2 use-case level sequence diagram. These messages are realized as new operations on
the classes. You will see that Rational Rhapsody generates code for the classes and relations.

Task 1: Add a new Object Model diagram to the model

In this task you add a new Object Model diagram to the VendingMachine project.
1. Add a new Object Model diagram called Subsystem Overview to the Design package.

2. Add three classes to the Object Model diagram. Name them FrontPanel, ProductHandler,
MoneyHandler. Move the classes on the diagram so MoneyHandler is in the top left, ProductHandler
in the top right, and FrontPanel in the bottom left. Resize the classes and align their edges using the Layout
toolbar.

3. Set the stereotype of all three classes to Subsystem.
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wSubsystemas wSubsystems
MoneyHandler ProductHandler

wSubsystemas

FrontPanel

Class : FrontPanel in Design *

Operations ] Fartz ] Relationz Tar
General l Drezcription ] Aftributes
Label: |Fru:untF'aneI
Steredtype: | Subsystem ~|

b ain Diagram:

| Singleton in PredefinedT ypes
|— —~

Concumency:

4, Add a directed association between the MoneyHandler and the ProductHandler class. Endl has
multiplicity set to 1.

5. Add a symmetric association i between the MoneyHandler and the FrontPanel class. Endl and End2
of the association have multiplicity set to 1.
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wSubsystemas

wSubsystemas
MaoneyHandler

ProductHandler

1
itsProductHandler

itsMoneyHandler | 1

itsFrontPanel |1

wSubsystemas
FrontPanel

In the Subsystem Overview diagram, the associations will enable object communication in support of the

Buyer inserts coin sequence diagram. Each instance of MoneyHandler communicates with one instance of
ProductHandler, and knows that instance by the role name itsProductHandler.

CI Components
CI Object Model Diagrams
EICI Packages

E Analysis

EIE Design

Elg Classes

Elg FrontPanel «5ubsysterms
=i+l Association Ends

ey itsMoneyHandler
Elg MoneyHandler «5ubsystem:
=i+l Association Ends

Ly itsFrontPanel

by jtsPreductHandler
~H ProductHandler «Subsysterms
I':'ICI Object Model Diagrams

“-gH Subsystem Overview

Select the association between MoneyHandler and FrontPanel, and use the association’s Display options to
turn off the display of role names of the association ends.
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wSubsystemns

wSubsystemas

MaoneyHandler ProductHandler

1
itsProductHandler

1

w3ubsystems
FrontPanel

Following are the Display Options for the association between MoneyHandler and ProductHandler:

Display Options

Azzaciation Name

@ Mame () Label (71 Mone

End1: itzProductH andler
Y E = Lltiplicity [ualifier

Endz:
M arne Fultiplicity Clualifier
[ Sterectype [ Wisibility
[ (] ] [ Cancel ]

L

-~

Following are the Display Options for the association between MoneyHandler and FrontPanel:

Lab3 -4
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Display Options 2

Azzociation Mame

@ Mame 1 Label 1 Mone

Endl: itzFrontPanel
[ Mame kA uiltiphicity Clualifier

EndZ: itzb oneyHandler
[] Mame b uiltiplicity Qualifier

[ Stereotype Wizibility

[ ak. ] [ Canicel

Task 2: Detail the sequence diagram

In this lab you will elaborate the use-case level sequence diagram to include classes and their messages. You also
create operations by realizing the model, and you update the operations with arguments and return types.

1. Place a copy of the Buyer inserts coin sequence diagram into the Design package.

a. Select the diagram in the browser, press and hold the Ctrl key, and drag it to the Design package. Rename
the copy to Money inserted.

2. Open the new Design::Money inserted sequence diagram.

3. Drag the MoneyHandler, FrontPanel, and ProductHandler classes from the browser onto the Money
inserted sequence diagram, move the messages by dragging their end points, and change the message names as
shown following. Change the text on the message by editing it right where it is shown on the diagram. When
completed, remove from view the original Buy Product with Cash use case instance line.
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‘Buyer

‘MoneyHandler

:FrontPanel

:ProductHandler

moneylnserted()

A R T U

|

|
|
l--lt

.

| displayMoneyTotal() _

|
|
otal=updateTotal() I

| enableProducts(total)

o

I

L

¥

4. With the Money inserted sequence diagram as the active diagram, select Edit > Select > Select Un-Realized

from the main menu.

5. Select Edit > Auto Realize from the main menu. This causes the messages to become realized as operations in

the classes.

6. Confirm that the operations now show up on the Subsystem Overview Object Model diagram as shown below.
You may need to change your Display options.

wSubsystems

MoneyHandler

& updateTotal{)-void

& moneyinserted()void

1

1

«Subsystems
FrontPanel

& displayMoneyTotal{):void

itsProductHandler

wSubsystems
ProductHandler

1

& enableProducts()void

7. Resize and move the classes in the Object Model Diagram as needed.

Lab3-6
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8. Update the updateTotal operation with a return type as follows:
a. Expand the MoneyHandler class in the Design package of the browser.

b. Select the updateTotal operation in the Operations category. In the Features>General tab, set the
Returns Type to int. Click OK.

Primitive Operation : updateTotal in MoneyHandler 2=
General |Descriptil:un| Implementation | Arguments Fielaticunsl Tags I F'rcupertiesl =
Iint updateT atall]
Mame

JpiateTa L
Sterentype: I j EIEI
=

Visibility: IF'uI:lIin::

Type: IPrimitive O peration | Template
— Returns
v Useedstngtype [ Constant

Type: Iint j El

~ bodifiers
[T “itwal [T Static [ Inline [~ Constant [ Abstract

Locate Ok | Spply | |

9. Add arguments to the displayMoneyTotal and enableProducts operations.

a. Expand the FrontPanel class in the Design package of the browser. Select the displayMoneyTotal
operation in the Operations folder. In the Features>Arguments tab, add a new argument of type int and
name the argument total. Click OK.
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Prirmitive Operation : displayMoneyTotal in FrontPanel - =

| General | Description I Implementation | Arguments | Relations | Tags I F‘roperties|

void displayMoney Total(int total)
HEW T+
Mame Type Value direction
B total int In
<Mews

Locate oK Lpply

b. Expand the ProductHandler class in the Design package of the browser. Add a total argument of type

int to the enableProducts operation.

Primitive Cperation : enableProducts in ProductHandler -
|Genaal I Description I Implementation | Arguments |H5-Iatior15 I Tags I Properties|
void enable Products(int tatal)
E X+ 4
Mame Type Value direction
G total int In
< Mews=
Locate oK Ay

10. Double-click the MoneyHandler class and in the Attributes tab of the Features dialog, add a new attribute

called total deposit to the class. Assign Private visibility.

Class : MoneyHandler in Design |
Generall Description  Aftributes | Elperatin:-nsl Parts I Flaw F'n:nrtsl Helatiansl Tagz I F'rn:-pertiesl
[T Show Inherited i Pt
Mame | Wisibility: | Type | Iritial Yalue |
& tobal_deposit Private ink
<Mew =
Locate oK | Aol | |
Lab3-8
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11. Add an enumerated type. Right-click the Design package and select Add New>Type. Name the new type
CoinType.

Type : CoinType in Design
General I Desn::ripti-:nnl Literalsl Helatinnsl Tagz I F'rn:npertiesl

M arne; IEninT}lpe LI
Stereotype: I LI EIEI
=l

Fand: IEnumeratinn

a. In the Features>General>Kind field of the type, select Enumeration.

b. In the Literals tab, add enumerations as shown.

Type : CoinType in Design

General | Description  Literals | Flelatin:unsl Tags | F'rn:upertiesl

G S

Mame | Yalue | Camment |
&% Quarter 25

&3¢ Dime
&t

[ %

Locate

12. Right-click the MoneyHandler class and select Add New > Operation to create a new processCoin
operation for it.

a. Add an argument coin of type CoinType to the processCoin operation.
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Primitive Operation : processCoin in MoneyHandler 2

Generall Desu:riptiu:unl Implementation  Arguments | Helatiu:unsl Taogs I F'ru:upertiesl

I'-.-'u:uiu:l proceszCoin[const CoinT wpek coin)

ME K *

Marme | Type | Yalue | direction |
& coin CoinType In
<MNew

b. Right-click the processCoin operation in the browser and select the Features>Implementation tab.
Update the implementation of the processCoin operation as follows:

total deposit = total deposit + coin;

//Enable racks for all products that can be afforded

itsProductHandler->enableProducts(total deposit);

//Display how much money has been deposited

itsFrontPanel->displayMoneyTotal(total deposit);

Primitive Operation : processCoin in MoneyHandler [=][x]

Generall Description  Implementation |.ﬁ.rguments Fielaticunsl Tags I Froperties

Iw:uiu:l procezzCoin[const CoinT vpef: coin)

total deposit = total deposit + coing -

A Enable racks Ffor 211 procducts that can be afforded
itsProductiandler-renableProducts (total deposit):

A Diaplay how muchk money has been deposited
itsFrontPanel->displayMoneyTotal (total deposit)

-
1| | v

Locate Ok Apply

13. Add a description to the ProductHandler class as follows:

Controls and monitors all racks. Reports when a rack is empty.

14. Right-click the ProductHandler class on the Object Model diagram and select Display Options. Click the
Compartments button and confirm that you can see the Description as Available.
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Lab 3 — Create an Object Model Diagram

Display options of ProductHandler
General | Compartments ﬂl \
[] Show compartment title
Choose a compartment to change its display options: ~—
Compartment:  Operation v [ Customize... ]
Show
[ Inherited
© Bxplict @ Al ) Public
Shown In Diagram All Elements
enableProcutsfotalint)» enableProcutsitotal:int)
< Add
Remove >
Up
Down
< | 1 »
[ oK || cancel |[ Hep |

15. Add Description as a third compartment.

Displayed Available
Attribute Attribute
Operation Constraint
Description -
<< Display Operation
Part
Port
Tag
Type

16. Confirm that you can see the description displayed in a compartment of the ProductHandler class.

17. Save your work.

Task 3: Build the Model

Generating and building the source code enables Rhapsody to play a key role in iterative software development. Just as you would
frequently test the quality of your handwritten source code, use Rhapsody to iteratively generate code from the model, and to
invoke the build. Consider this next task your first build iteration.

1. Save the Model.
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2. In the browser at the top level of the project, right-click the DefaultConfig. Confirm the DefaultConfig
Features > Settings > Environment> is set to Cygwin or your chosen compiler.

=] Components
: Elﬂ' DefaultComponent
=1-{2] Configurations
El‘k DefaultConfig
[=1-[E] Hyperlinks

— Environment Settings
Environment; IE_I.ngin j Default |
Build Set; IDehug j

$lnciudelirectones $0efinedSymbols $IMST_FLAGS] ;I
$(IMCLUDE_PATH) $IINST_IMCLUDES) $CompilerFlags ll _l

Compiler Switches:

&2

Locate | QK | Apply | |

3. Select Code > Generate > DefaultConfig. (If you are using Rhapsody Designer for Systems Engineers, you

can do Smart Build % - note that this build includes Make and Run. You will need to close the simulation —
this will be covered in Lab 5.)

& File Edit View Simulation Layout Tools Window Help

NEFH RSS20 | MGEX | |sdHsa

B " C\"Program Files (xBE}"\.]BhﬁRaticnal'l.,Rhai::rsody‘\.?ﬁ.?ﬁ.d‘lapsudy.exe -syst!

Executing: "CisllszserssAdministrator~IBM“Rational“~Rhap
un.hat" DefaultComponent.exe

Entire Model

4. When prompted to create a new directory, answer Yes. Save the model.

5. Select the Make icon from the top toolbar.

|ﬂ! t |DefauftCu:umpn:unent t

6. If the build fails, double-click the first line of the error message. Troubleshoot the errors starting at the top.
After each error is fixed build the model again.

7. Save the model.
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Lab 4: Navigate the model and add a state machine
diagram

Objectives

After completing this lab, you will be able to:
» Create hyperlinks to facilitate model navigation
» Create a state machine diagram
» Build the model

Scenario

In this lab several hyperlinks are added to the model to facilitate navigation throughout the model. Hyperlinks can
add to the readability of a model when used to show related diagrams and model elements. A state machine is used
to describe the behavior of the MoneyHandler class. You will see that Rhapsody generates code for the state
machine.
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Task 1: Create a hyperlink

In this task you create several types of hyperlinks. Hyperlinks can point to diagrams, model elements, files, or web
sites. Hyperlinks aid in model navigation and understanding, and are particularly helpful when used to tell a story
by guiding the reader through the model.

1. Find the Design::MoneyHandler class in the browser, right-click and select Add new > Relations >
Hyperlink.

2. Open the Features of the hyperlink . For the Text to display, confirm the Free Text radio button is selected and
enter Buyer inserts coin.

3. Browse to find the Money inserted sequence diagram and select it as the Link target. Click OK.

Hyperlink : Buyer inserts coin in MoneyHandler - (3]

General |Desc:ri|::tiun | Tags | Properties

Text to display:
(@ Free text () Target name () Target label Tag value

Buyer inserts coin

Link tanget
Enter a file, web page, select a model element:

Stereotype:

v B %

Locate OK

4. Double-click Analysis::Buy Product with Cash use case to launch the Features dialog.

5. Highlight some text in the use case description and create a hyperlink from the text to a model element of your
choice. To do this, right-click the text and select Hyperlink.
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Use Case : Buy Product with Cash in Analysis * + (8]
General | Description |He%ation5 I Tags I Propeﬂiesl
The wending machine accepts of guarters (25
cents), dimes (10 cents), and nickels (5 cents).
Purchases can be canceljad = = e s
Eli Hyperlink
The wvending machine ref
iz selected. Text to dizplay:
@ Free text () Target name () Target label Tag value
When no change i=s avail US denominations
visual indication that
Lirk, target
Enter a file, web page, select a model element:
£ Tupe CoinType - E
Locate oK Apnply

[ Cancel ]

6. Find the Comment icon | CammENt i the Drawing:Common toolbar. Add the following comment to the
Design:SubSystem Overview Object Model diagram.

TODO — make sure weight and size are checked.

7. Highlight some text in the new comment, ri i EEHCRITSISERAY PSS o ENURSEEa
oo NSO NARAONSIES o . Sc! the Tex! (o display to Target name.

‘E' Hyperlink |

— Test o dizplay:

i Free test ¥ Target name £ Target abel = Tagvalue
IE:anrk'\Handnuts‘aUSMintSpeu:ifiu:atiu:un'\LlSMintSpecificatiun'\.ﬁ.bnut The LI

— Link target
Enter a file, web page, zelect a model element:

ecification\USMirtS pecification®about The Urnited States Mint him ][]

k. Cancel | Help |

C:hworkh Handouts
WUSMintSpecification
WUSMintSpecification' dbout The
Tnited 2tates Mint.htmm - make sure
weight and size are checked.

8. Test the link to confirm that it links correctly.
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Task 2: Create a state machine diagram

In this task, you build a new state machine to describe the behavior of the MoneyHandler class..

1. Right-click the MoneyHandler class (on a diagram or in the browser) and select Add New>Diagrams>
Statechart.

2. Confirm that the icon to the link to the statechart appears on the class on the Subsystem Overview OMD.

aSubsystems B
MoneyHandler

&4 total_depasit:int=0

& maneylnserted{vaid
& updateTatald):int
& processCoin(coin: CoinType):void

3. Add an active state to the statechart using the state icon on the drawing toolbar.

4. Add two new states to the statechart inside the active state using the state icon on the drawing toolbar. The two
states are accepting deposits and rejecting deposits.

5. Using the icon on the drawing toolbar, draw a default transition to the accepting_deposits state.

i active
| accepting_deposits |
| rejecting_deposits |

L

6. In the Features > General tab for the default transition, add an action to the action field. The action is
total deposit = 0;
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Default Transition : /total_deposit = 0; in StatechartOfond{™] [¥]

General l Descriptinn] Tags ] F'ru:uperties]

Marne : | ﬂ
Stereotype: | j EE
Target | J I
Trigger : | J

Guard : | [

Action ;

total deposit = 0;

5

L4 [

Lu-::att:| 0K | |

When the Features dialog is used, Rational Rhapsody automatically displays the trigger, guard, and action with
proper syntax trigger [guard] / action list.

When the trigger, guard, and action list are entered directly on the diagram, you must manually enter the [ ] and /.
Use Ctrl+Enter to complete an entry.

- .
active
I ftotal_deposit =0,
| accepting_deposits |
| rejecting_deposits |
o

7. Draw a transition from the accepting_deposits action to rejecting_deposits. Immediately type evDisable on
the transition when you are prompted to name it.. Press Ctrl+Enter to complete the entry. If you miss the

opportunity to type immediately on the transition, click the transition label button PR Transition Label o he
drawing toolbar and then click the transition to type the text.
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8. Draw a transition from the accepting_deposits action to itself. Immediately type
evCoin/processCoin(params->value); You are creating an action by putting a slash in the name.
The first part is a trigger and the second part is an action.

9. Onthe active state, add a transition to itself. Type evReset immediately on the transition.

. . ™
active
I f/total_deposit = 0;
| accepting_deposits evCoih/
‘ ‘ procgssCoin(params-=valug);
evDisable
¥
| rejecting_deposits | -
‘ ‘ evReset
L -

10. In the Rational Rhapsody browser under Design:Events, in the Features > Arguments tab add to the evCoin
event an argument named value of type CoinType.

Event : evLCoin in Design

Gereral Arguments Descriptinn] Helatiu:uns] Tags ] F'ru:-perties]

|evEnin[EninT_l,lpe walug]

i xr 4
Mame | Type Yalue |
E['] walue CoinType
<< T =
Locate | (114 | |

P Design

+-B Classes

+ Comments

- \ Events
L = Coin(CoinType value)
\ evDisablel)
\ evReset()

If an event has an argument, then Rational Rhapsody provides a pointer called params that can be used on the
transition where the event occurs to get access to the argument.
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Task 3: Build the Model

1. Save the model.

2. Select Code > Generate > DefaultConfig. (If you are using Rhapsody Designer for Systems Engineers, you

can do Smart Build % - note that this build includes Make and Run. You will need to close the simulation.
Simulation is covered in Lab 5.)

Edit Wiew Simulation Layout Tools Window Help

¥ File

DS &R |S 2|0 MEE|X g

§  CA\"Program Files (x86)"IBM\Rational\Rhapsody\7.5.2\rhapsady.exe -sysﬂ

Executing: "CisllszserssAdministrator~IBM“Rational“~Rhap
un.hat" DefaultComponent.exe

|ﬂ! A |Defauhl:nmpnnent r

4. If the build fails, double-click the first line of the error message. Troubleshoot the errors starting at the top.
After each error is fixed build the model again.

5. Save the model.
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Lab 5: Model Execution

Objectives
After completing this lab, you will be able to:
» Build a report on the model
» Execute and test the model
Scenario

In this lab, two reports are generated on the model. The first is a simple report, generated using a fixed format. The
second report uses ReporterPLUS to generate a heavily hyperlinked HTML report that includes diagrams with
navigable hot spots. Source code is then generated from the model, built, and executed. Model execution is used to
observe object interactions, and also to unit test a reactive class. Finally, the animated sequence diagram is
compared to the expected scenario as captured in Lab 3, and two discrepancies are found.
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Task 1: Report on model

In this task you create a new report using the standard Report on Model and then you use one of the ReporterPLUS
ready to use templates to create a report.

1. 1In the browser, right-click the top level VendingMachine project. Open the Features>Properties tab for the
project. View all properties.

2. Confirm the General.Graphics.ExportedDiagramScale property for the project is set to
FitToOnePage.

Select Tools > Report on Model.

Select the report settings of your choice and click OK.

A simple rtf format file is created. The Report on Model format cannot be customized by the user.
View and then close the new report.

Select Tools > ReporterPLUS > Create/edit template with ReporterPLUS.

When you are prompted with the question “What would you like to do?” answer [GElciatclInNVIEIFAEE!

© ©® N o U kW

When you are prompted to select a template, browse to find the Rhapsody HTML Exporter.tpl.

10. Click Next>Open and browse to open the VendingMachine model to report on. Name the new report
mynewreport. Generate the report. The report takes a few minutes to generate. When you are prompted with
“Do you wish to open the report now”” answer Yes.

11. Examine and close the HTML report.

Task 2: Execute the model

In this task you execute the model to compile and generate code and validate the model to ensure correctness.
1. Create a new Build Overview Object Model diagram in the Design package.

2. Drag the MoneyHandler, FrontPanel, and ProductHandler classes from the browser onto the
diagram.

3. Right-click on the two [@@associations that are on the diagram and select Display Options>Remove from
View. Do not select Delete from Model.

4. Right-click each class on the diagram and select Make an Object. For each class, change to the structured view

by clicking the structured/specification view icon @ . Resize and align the object boxes. Examine the
diagram.
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1 «Subsystems
itslMoneyHandler MoneyHandler

=)

il aSubsystemns
itsFrontPanel:FrontPanel

Lab 5 — Report on the model

1

itsProductHandler:ProductHandler

a«Subsystems

5. Add links between the classes on the diagram using the link icon. A link is an instantiation of an association,
just like an object is an instantiation of a class. Draw a link from the MoneyHandler class to the
FrontPanel class, and from the MoneyHandler class to the ProductHandler class.

1 «Subsystemns

itsMoneyHandler-MoneyHandler

1 «Subsystemns 1 «Subsystemns
itsFrontPanel:FrontPanel itsProductHandler:-ProductHandler

6. Save the model.

In the browser at the top level of the project, right-click the DefaultConfig. Set the DefaultConfig
configuration Features > Settings > Environment>Instrumentation mode to Animation. Verify that the
environment setting is Cygwin (or your chosen compiler).
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=] Components
: Elﬂ DefaultComponent
El{:l onfigurations
El‘k DefaultConfig
EI Hyperlinks

Configuration : DefaultConfig in DefaultComponent |

Generall Descriptinnl Initialization  Settings I Ehecksl Helatiunsl Taogz I F'ru:upertiesl

Directony: IE:;"wnrkNendingM achine/D efaultComporent, | v Use Default

Libraries: | _I
Additional Sources: | _I
Standard Headers: | _I
Include Path: I _I

| nztrumentation

Instrurnentation Mode: I.-’-\-.nimatiu::n j .-'-‘-.dvanu:eu:l...l

Wl ehify
[T web Enabling Sdvanced ... |
Time Model % Real " Simulated

Statechart Implementation: ¢ Faysable ™ Flat

— Environment Settings

E nvironment: I Cygwin j Drefault |
-

Build Set: I Debug J

$lncludelirectories $0efinedSymbolz $IIMST_FLAGS] ;I
FIMCLUDE_PATH) $(INST_INCLUDES] $CormpilerFlags LI _l

Compiler Switches:

A

Locate | Ok, | ALy | |

8. Select Code > Generate > DefaultConfig. (If you are using Rhapsody Designer for Systems Engineers you can

do a Full Build ** or a Smart Build % - note that these builds include Make and Run. The animation toolbar
shown in Step 13 will appear after the Build.)

9. Select the Make icon from the top toolbar.

.‘.

|ﬂ! A |Defaurtl:nmpnnent t

10. If the build fails, double-click the first line of the error message. Troubleshoot the errors starting at the top.
After each error is fixed build the model again.
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Al Build Meszages View -

Severit | Model Element | Description | File -
i Building ------------ DefaulkComponent, exe  ------------
i Executing: ""C:\Program FileshIBM\Rational\Rhapsodyl 7.5, 2\3hare" et cygwinmake. bat DefaultCompo.
i Setting environment For Cygwin
i “make . exe"
i
i

Compiling MoneyHandler. cpp
MoneyHandler.cpp: In member function “void MoneyHandler: :processCoing):

Q & ManeyHandler : processCaing) ‘coin' was not declared in this scope O MoneyHandler.cpp (40}
i MoneyHandler.cpp: In member Function “irbual I0xfReactive: : TakeEventstatus MoneyHandler: rootSta...
Q *~, MoneyHandler : 1 ‘evDisable’ was not declared in this scope0 MoneyHandler.cpp {146)
MoneyHandler : 2 Coin' has no member named “value'0 MoneyHandler.cpp (157)
Q make: *** [MoneyHandler.o] Error 10 —

i -
q _ | _'l_I

L] I 4 I }I }II\ Log ?\ Check Model # Build Configuration Managerment }\ Animation }\ Search "coin

]
11. After the build is successful, run ¥ the generated application.

All Build tMeszages View -
Severit: | Maodel Element | Description | File
i Building ------------ Def aultComponent exe  -—--—-------
i Executing: "Ci\Program Files\IBMIRational\Rhapsodyl 7.5, 215hare " etcl cvawinmake. bat DefaulkCaorn, ..
i Setting enviranment For Cygwin
i "make exe"
i Compiling Analysis/Buyer.cpp
i Campiling AnalysisiSupplier.cpp
i Caompiling Analysis/Design/FrontPanel. cpp
i Zompiling Analysis/Design/ProductHandler, cpp
i Compiling Analysis/Design/MoneyHandler.cpp
i Zompiling Analysis/Analysis, cpp
i Campiling Analysis{Design/Design.cpp
H Campiling MainDefaultComponent. cpp
i Linking DefaultCompanent. exe
i Infa: resaolving skd:cout by linking ko __imp___ Z5kdcout {auko-import) 0
i Info: resalving skd::cerr by linking ko __imp__ ZSk4cerr (auto-impartjust/libfgocfieg6-po-cyawin4.3. ...
H This should work unless it involves constant data structures referencing symbols From auto-imported ...
i
i Build Dane

12. When the build and run are successful, the model executes, the black console displays and the animation toolbar
is displayed.

cuments and Setting BM Rational Rhaps

Executing: "“"C:“Program Files“IBH-Rational~Rhapsody~?.5%.2“5haresetc cyguinrun. hat!
" DefaultComponent .exe l

Animation

13. Click the Go button on the animation toolbar to start the execution.
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14. If it does not open automatically, open an animated Money inserted sequence diagram. To do this, select Tools
> Animated Sequence Diagram. Select the Money inserted sequence diagram in the Design package. Note
that if you are using Rhapsody Designer for Systems Engineers, it is called a simulated sequence diagram.

15. The animated sequence diagram has the lifelines of the Buyer inserts coin sequence diagram.

16. While the application is running, use the keyboard Delete key to delete the Buyer lifeline from the animated

sequence diagram.

:Buyer

:MoneyHandler

‘FrontPanel

‘ProductHandler

NN NN

accepting_dep

17. Add an Env lifeline to replace the Buyer lifeline only on the animated sequence diagram by clicking on the

System border icon P

System Border

EMW :MoneyHandler
; accepting_dep
o osits
7
i
“

“
o
7
7
7
g
7 |
> .

‘FrontPanel

on the diagram tools and clicking in the diagram.

‘ProductHandler

18. The model is in an idle state waiting for some operations to be called or events to be sent.

19. To generate the evCoin event, right-click the MoneyHandler lifeline in the animated sequence diagram, and

select Generate Event.

Lab5-6
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Events

Object: |it$h-1 oreyHandler

Ewent: | evCain

Argurnents:

El

Select

Lab 5 — Report on the model

()

M ame | Type |

W alle

| Edt |

value CoinT ype

Hiztory:

25

k. Cancel

Clear I

Help |

20. Select the evCoin event, and specify a value for the argument for evCoin by highlighting value and pressing
Edit. Enter 25 as the number and click Generate. When the event is injected, the animated sequence diagram

records the communication between the objects.

ENV :MoneyHandler

:FrontPanel

‘ProductHandler

accepting_dep

osits

evCoin{value = 25) |

B N

processCoin{coin = 25}|
enableProducts(total = ,’;lE}

| diaplayMDneyTutaI(tntﬂ: 25)

accepting_dep

osits

S N

|
|
|
|
|
|
|
T
|
|

Note that the accepting deposits state is showing on the animated sequence diagram.
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21. Reviewing the statechart explains why MoneyHandler called processCoin () in response to evCoin.

22. On the animated sequence diagram, right-click the MoneyHandler lifeline and select Open animated
Statechart. Examine the animated statechart of the MoneyHandler object. The model is again idle and
waiting for events.

i active
ftotal_deposit = 0,
accepting_deposits I B
!
evCoin/
evlisable pracessCoin(params->value);
| rejecting_deposits |

23. To generate the evDisable event, right-click the animated statechart, and select Generate Event. Confirm
that MoneyHandler transitions to the rejecting deposits state.

active

Mtotal_deposit = 0;
accepting_deposits

evDisable

evColp/
procdssCoin{params-=value);

rejecting_deposits -
evReset

24. Stop O the animation.

25. Close the animated sequence diagram. When asked if you want to save it, click Yes. The animated sequence
diagram is saved into the browser.
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|:| Sequence Diagrams
----- EJ Animated Money inserted
| Money inserted

26. Select Tools > Sequence Diagram Compare and compare the animated results to see what happened.

Sequence Diagrams Comparison E]

Chooze diagrams to compare
1]3

S01 |h-1-:|ne_l,l inzerted in Dezign j
Cancel

S02 |.-'-‘-.nimateu:| kaoney inzerted in Design j
Options

il

Help

Do your results show two significant differences?

e The MoneyHandler: :updateTotal () operation is no longer needed since being replaced by
processCoin(). You can delete the updateTotal ( ) operation.

e Thecallsto FrontPanel: :displayMoneyTotal( ) and
ProductHandler: :enableProducts () happened in reverse order.

27. Save the model. You do not need to save the animated diagrams.
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Lab 6: Standard Ports

Objectives
After completing this lab, you will be able to:

» Add standard ports and contracts to the model
Scenario

In this lab, some of the subsystem interfaces are formalized using standard ports. UML ports are named interaction
points, and specify the provided and required services for the subsystem. Systems engineers commonly use ports to
specify systems and subsystem interfaces, and software developers use ports to implement component-based
development.

Task 1: Add a standard port with a contract that specifies a service

1. Toadd anew Interfaces package to the model, right-click the Packages category and select Add New
Package.

2. Right-click the new Interfaces package and select Add New>Interface. Name it IProductHandler.

3. Move the enableProducts () operation from the ProductHandler class to the IProductHandler
interface.

ﬁ Interfaces
--B Interfaces
--8 IProductHandler
- E Operations
B enableProducts(int total)

4. In the Subsystem Overview Object Model diagram, add ports with contracts as shown in the following figure.

«Subsystemx k=3 «Subsystemz
MaoneyHandler ProductHandler

& total_deposit-int —I—1

itsProductHandler

& moneylnserted()-void rack

& processCoin(coin:CoinType):void o—1

& evDisable() product LI E T Controls and monitors all racks.
E evCoin{value:CoinType) Reports when a rack is empty.

¥ evReset() IProductHandler

| w‘\\llﬂ“"-\ » “‘""‘“""‘""\..L...’ s - r—hﬂ*“"‘-'\f—‘“ "‘) ,"“‘""*

a. Use the port icon to draw a port on the MoneyHandler. Name it product. In the Features > Contract
tab, add the iProductHandler as a Required interface .
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Port : product in MoneyHandler *

Eenerall Description  Contract | Fielaticunsl Tags I F'rcupertiesl

— Provided Interfaces

[C3 Provided

Add...
Edit...

Eemoyve

Hi

Required Interfaces

[E] -=qui=d.
=-E IProductHandler
Bl enableProducts

Add...
Edit...

BHemoyve

Locate a4 | Apply | |

b. Use the port icon to draw a port on the ProductHandler. Name it rack. In the Features > Contract tab

add the IProductHandler as a Provided interface.

Lab6-2
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Port : rack in ProductHandler 2=

Generall Description  Contract I Fielatil:unsl Tags I F'rl:upertiesl

— Provided Interfaces

(B8] Proviced | o
EIQ IProductH andler Edit
il enableProducts

Hi

Hemowve

Required Interfaces

[ Required Add...
Edit...
Bermmve
Locate Ok | Spply | |

5. The unidirectional association between the classes MoneyHandler and ProductHandler is no longer needed.
Delete from Model only this unidirectional association. The symmetric association between MoneyHandler
and FrontPanel is still needed.
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«Subsystem: = «Subsystemes
MoneyHandler ProductHandler

& total_deposit-int

& moneyinsered()void rack
& processCoin(coin:CoinType)void {O—1
E evDisable() product SRR e Controls and monitors all racks.
B evCoinfvalue:CaoinTyps) Reports when a rack is empty.

B evReset() IProductHandler

1

«Subsystems
FrontPanel

rontrane Cwork\WWSMintSpecification\About
The United States Mint htm - make
sure weight and size are checked.

& displayMoneyTotal(total:int):void

6. Close the Subsystem Overview Object Model diagram, and open the Build Overview Object Model diagram.
a. Move the ports as needed.
b. Delete from Model the uni-directional link between objects itsMoneyHandler and itsProductHandler.

C. Add anew link between the ports on itsMoneyHandler and itsProductHandler.

1 «Subsystems =3
itsMoneyvHandler:MoneyHandler

product
H-\ i
I

IProductHandler

rack’J_‘ IProductHandler

1 «Subsystema 1 — «Subsystema
itsFrontPanel-FrontPanel itsProductHandler:ProductHandler

7. In the browser, click both ports (rack and product) and make them behavioral by selecting Features >

General > Attributes > Behavior (behavioral means the services are provided by the class or block that
contains the port).
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Port : product in MoneyHandler Port : rack in ProductHandler

GGeneral l Description | Contract | Relations | General l Description | Contract | Relatio

MName: lproduct MName: rack
Sterectype: | ‘ Stereotype: |
Contract: | <Implicit > Contract: | <Implicit»
Muttiplicity: |1 Muttiplicity: |1
Visbilty: | Public Visbiity: | Public

— Attributes: —— i .
[v Behavior [ Rewversed | [v Behavior [~ Reversed ;

8. When you are prompted with a question, click Yes to add a realization of the interface to the
ProductHandler class.

' Behavioral port rack provides one or more interfaces that are not realized by dass ProductHandler.
] Would you like to add these realizations to dass ProductHandler?

Yes Mo

9. The ProductHandler class now inherits from the interface IProductHandler.

ﬁ Design
EIE Classes
Q FrontPanel «5Subsysterns
% MeneyHandler «Subsystems
EIQ ProductHandler «Subsystermns

EI‘F“ Generalizations

. =P IProductHandler

=--3 Ports

L] rack

H-E] Cemments
:I\ Events
-1 Links
-21 Object Model Diagrams
-7 Objects
i1 Sequence Diagrams
H- 4 Types
il Interfaces
=B Interfaces

=-8 IPreductHandler

EIE Operations
= enableProducts{int total)

s O e O OO e O O e O e

The interface IProductHandler is the base class of ProductHandler. IProductHandler declares an
abstract operation enableProducts (int).

10. To add an implementation of enableProducts (int) to the ProductHandler class, right-click the
ProductHandler class and select Realize Base Classes.
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A dialog is invoked to allow you to implement the abstract operations defined in the interface classes.

11. Select the elements to be implemented by the class ProductHandler by setting the filter to Required, and then
selecting the radio button for enableProducts (). The Edit Code button is now available, and you click
Edit Code to invoke the editor.

La ~
B ' Implement Base Classes Iﬁ

Select the elements to be implemented by clazs ProductH andler :

=~ 2 Interfaces Filter Wigw :
BT IFroductHandler <<Intefacess .
- & enableProducts([int total] Required
[] Optional
[] Implemented

[] Avtomatically show this window

| Edit Code... | | Cancel | | Heb

b

12. Add the following code in the editor:

std::cout << total << " cents." << std::endl;

") Text Editor

void enableProducts(int tatal] §

atd: icout << total << " cents." << std::endl; ZI

1

] | Cancel | Help

13. Click OK and OK again after you enter the code.

14. Now that the itsMoneyHandler communicates with itsProductHandler through a port, the
processCoin operation’s implementation must be edited. Open the Features > Implementation tab for
MoneyHandler::processCoin(). Change the 2" source line to use the product port.

total deposit = total deposit + coin;

//Enable racks for all products that can be afforded

->enableProducts(total deposit);

//Display how much money has been deposited

itsFrontPanel->displayMoneyTotal(total deposit);
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Primitive Operation : processCoin in MoneyHandler

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

void processCoin{const Coin Typed coin)

total deposit = total deposit + colng

FrEnahl 3k 211 1 A1 ha ar ¥ 3 FF AaAd
SAanable racks ITor a1l producths Loal can be arrorded

CUT_PORT (product) —»enableProducts (total deposit);

Sf01splay hovw much money has been deposited

icsFrontPanel->displayMoneyTotal (total deposit):;

15. Save the model.
16. Regenerate, Make, and Run the model. Open the animated Money Inserted sequence diagram. Click Go

b on the animation toolbar. On the animated Money Inserted sequence diagram right-click the
MoneyHandler lifeline and inject the evCoin event with a value of 25. The animated sequence diagram
should be the same as it was without ports. The console window should now display 25 cents., showing that
the enableProducts () operation was called via the rack port on the itsProductHandler object.

ENV ‘MoneyHandler -FrontPanel ‘ProductHandler
? Create |

7 Create |

/—

% Create "“l

2

“

accepting_dep
osits

evCoin(value = 258) |

processCoin(coin = 25}|

] |

|
|
|
|
|
|
| enableProductsitotal = 25) =!
|
|
|
|

i displayMoneyTntaI(tot?__li= 25)

accepting_dep |
osits |

B " C:\'Program Files (x86)"JEM\Rational\Rhapsody\7.5.2\rhapsody.exe -dev_ed -lang=cpp

Executing: “C:sUsers“AdministratorsIBM\RationalsRhapsodys?.5.2N\5haresetc cuguwiny i@

un .hat" DefaultComponent.exe
25 cents.

N D D

I
(o]

17. Save and close the model.
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You have now completed the hands-on lab exercise. You have used ports as named interaction points that are typed
by interfaces. Ports specify the inputs and outputs of the port's class (subsystem). Ports provide a compact graphical
notation, and are particularly useful for clearly defining the interfaces of subsystems and software components. In
lab 6, ports of the same interface type were added to both the MoneyHandler and ProductHandler subsystems.
MoneyHandler and ProductHandler are not dependent on one another. ProductHandler could be replaced by another
subsystem as long as the other subsystem provides the same services as defined by the IProductHandler interface.
The ability to swap in new components is the benefit of component-based development.
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