
Question Sheet 1

Name: ID:

These questions do not have a formal, definitive answer. They are meant to be food
for thoughts. Feel free to seek answers on browsing the Internet, talking to other software
developers or reading books.

1 UML

1. UML is a graphical language. It relies on diagrams to describe software. There are
two kinds of diagrams: static and dynamic. Which are the static diagrams, and which
are the dynamic ones?

2. There are a number of criticisms to UML. List a number of these criticisms.

2 Use Cases

1. An actor is an entity that has a role in the system, but that exists outside the system.
An actor may be a human being, but it may also be an electronic device, or a external
software. For instance, in a on-line shop we may have the following actors:

• The customer who buys something through the web.

• The employee who will process the order.

• The banking system, that receives the value of the product via a credit card
transaction.

Who are the actors in an ATM system? Describe the actors using the notation of use
case diagrams.
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2. Use cases are descriptions of the behavior of a system, given an external stimulus.
Use cases are normally described textually. For instance, the use case check-out item
enumerates the steps that a salesperson must follow to sell a product to a customer:

(a) Customer brings item to the counter.

(b) Salesperson scans item’s bar code.

(c) System finds item’s informations given the bar code.

(d) System sounds a beep indicating that the item was found.

(e) Etc, etc, . . .

What are the use cases that you would use to describe an ATM?

3. What are the actors involved in the ATM’s use case withdraw money?

4. Describe the use case withdraw money textually.

5. Are there exceptional situations that may happen in the use case withdraw money?
How these exceptional cases can be handled?

6. There are two ways to reuse notation in the use cases diagram:
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• A use case c1 includes another use case c2 if the behavior of c2 is part of the
behavior of c1.

• A use case c1 extends a use case c2 if c1 adds a new sequence of steps onto c2. We
normally use extends to model exceptional conditions.

What situations in the list of use cases for the ATM system can be modeled via
extension? Which situations are better modeled using inclusion?

7. Use case diagrams are important documentation tools, but they are not really design
tools. Do you agree or disagree with this sentence and why?

3 Class Diagrams

1. Class diagrams use some symbols to specify the visibility of object fields and methods.
Which levels of visibility are defined, and how they correspond to Java?

2. Classes and interfaces have different representations. What is the notational difference
between these two entities?

3. Classes may associate to each other via inheritances or associations. A class may
also implement an interface. Associations are further divided into aggregations and
compositions. All these relations are represented via arrows. What is the notation
used for each kind of arrow?
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4. What is the difference between aggregation and composition?

5. Consider the program below, implemented in C++. The two objects are related
through an aggregation. How to change this implementation, so that the objects are
related through a simple association?

#include <iostream>

class Obj1 {

public:

Obj1() {std::cout << "Creating obj1\n";}

~Obj1() {std::cout << "Deleting obj1\n";}

int p;

};

class Obj2 {

public:

Obj2() {std::cout << "Creating obj2\n";}

~Obj2() {std::cout << "Deleting obj2\n";}

Obj1 o;

};

int main() {

Obj2 *o = new Obj2();

delete o;

}

6. How to distinguish associations from compositions in Java?

4 Collaboration and Sequence Diagrams

1. Consider the software that controls a cell phone system. This program has buttons
to deal call numbers, and a special button send, to start the call. The software has a
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special component called Dialer, which receives the digits to call, and, for each one,
issues a call sound. This program controls a radio device, that is in charge of sending
and receiving information. Moreover, the software controls a microphone, a speaker
and a small screen. The iterations between the different objects in this system are
described by the following collaboration diagram:

3

There are a variety of ways that this can be accomplished; but they can all be simplified to having a

Button object that sends a digit message.  Which object should receive the digit message?  It seems

clear that it should be the Dialer.  The Dialer must then tell the Display to show the new digit, and

must tell the Speaker to emit the appropriate tone.  The Dialer must also remember the digits in the list

that accumulates the phone number.  Each new button press follows the same procedure until the “Send”

button is pressed.

When the “Send” button is pressed, the appropriate Button object sends the Send message to the

Dialer. The Dialer then sends a Connect message to the CellularRadio and passes along the

accumulated phone number.  The CellularRadio then tells the Display to illuminate the “In Use”

indicator.

This simple procedure is depicted in the collaboration diagram in Figure 2.

Syntax

First, let’s look at the syntax of the diagram above.  The rectangles in this diagram depict objects, not

classes.  You can tell that they are objects because they are underlined.  In UML, something that is

underlined is an instance; whereas something that is not underlined is a template from which an instance

can be created.  Notice the object on the lower left entitled Send:Button.  In UML the full name of an

object is a composite that includes the name of its class.  The name of the object and the name of the class

are separated by a colon.  Notice that all the other objects in the diagram are anonymous; they have no

name, and their class is shown with a colon in front.

The lines connecting the objects are called links.  Links are instances of associations.  You are not allowed

to create a link on a collaboration diagram if there is no corresponding association, (or aggregation, or

composition) on a class diagram.  Remember this rule, we’ll come back to it later.

The arrows represent messages; and are labeled with their names, sequence numbers, and arguments.  The

name of a message corresponds to the name of a member function.  That member function must exist in the

class that the receiving object is instantiated from.  The sequence numbers show the order in which the

messages occur.  The sequence numbers are nested so that you can tell which messages are sent from

within other messages.

For example, message 2:Send() is sent to the Dialer.  As a result the Dialer begins executing a

member function.  Before that function returns, it sends message 2.1:Connect(pno) to the

:Button : Dialer : CellularRadio

: Speaker

: Display

2 . 1 : C o n n e c t ( p n o )

2 .1 .1 :  InUse ( )

1 * : D i g i t ( cod e )

1 . 1 : D i s p l a y D i g i t ( c o d e )

1 . 2 : E m i t T o n e ( c o d e )

2 : S e n d ( )

Send:Button

Figure 2: Collaboration Diagram of “Make Phone Call” use case.
(a) What is the meaning of the boxes, and what is the meaning of the links between

the boxes?

(b) Why are the names in the boxes underlined?

(c) What is the meaning of the colon’s?

(d) What is the role of the arrows in this diagram?
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(e) What is the meaning of the numbers in front of the messages?

(f) What is the * in message 1?

2. What is the relation between the static class diagram, and the dynamic collaboration
diagram?

3. Use the collaboration diagram seem before to derive a class diagram to this application.
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4. An expanded version of the collaboration diagram seen before is represented below, as
a sequence diagram:

objects that they are connected to are in existence.  In Figure 2, we cannot see the full extent of the

lifelines; they extend from the very top of the diagram to the very bottom.  This implies that the objects

portrayed in this diagram are in existence before the start of time in the diagram and remain in existence

beyond the end of the diagram.

The arrows between the lifelines represent messages being sent between the objects.  Sequence numbers, as

shown in the previous column, are permitted but are not necessary.  The white narrow rectangles that the

arrows terminate on are called activations.  They show the duration of the execution of a method in

response to a message.  The methods implicitly return to their caller at the end of the activation.
2

Figure 2: Sequence Diagram of Cellular Phone.

The large rectangle that encloses the group of messages in the first sequence diagram defines an iteration.

The looping condition for that iteration is shown at the bottom of the rectangle.

Take a little time to inspect the two figures.  You should be able to prove to yourself that they represent

precisely the same information.  Yet the two forms are radically different.  The Sequence diagrams take up

a bit more space, but are much easier to follow algorithmically.  The Collaboration diagram shows the

whole collaboration in one dense diagram, but obscures the algorithm to some extent.  Which of the two

you use depends upon the information you are trying to emphasize.  Sometimes you really want to show the

cohesiveness of a collaboration; other times you want to show the flow of the algorithm.

Creation and Deletion of Objects

Figure 3 shows how we depict the creation and deletion of objects on a sequence diagram.  Here we see the

CellularRadio object creating a Connection object in response to a Connect message.   Creation is denoted

                                                          

2
 Such returns can be shown by an unlabeled arrow that extends from the bottom of the activation back to

the lifeline of the calling object.  In the case of asynchronous messages (described later), the end of an

activation does not imply a return.

Digit:Button
:DigitButton

Adapter
:Dialler

display

:DiallerDisplay
:Speaker

ButtonPressed()
Digit(code)

DisplayDigit(code)

EmitTone(Code)

For Each Digit

Send:Button
:SendButton

Adapter
:Dialler :CellularRadio

display

:CRDisplay

ButtonPressed()
Send()

Connect(pno)
InUse()

(a) What are the boxes, the underlined names, and the colon’s?

(b) What is the meaning of the horizontal arrows?

(c) What about the vertical dashed lines?

(d) What is the meaning of the small white rectangles on the dashed lines?

(e) What is the role of the large rectangle in the upper diagram?
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