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Goal of this tutorial:

1. Exam preparation. This tutorial is a sample examination question.

Introduction

To get the most from this tutorial it is recommended that you review this exercise before attending the
class.

Question 1 [45 marks (45 minutes)]

(a) [25 marks] Draw a UML class diagram for the code. Show classes, attributes and methods. Do
not include the main class LinkedList. Do not show accessibilities of class members. Do not show
method parameter and return types. Show class relationships (inheritance, association, non-
structural). Show multiplicities at both ends of an association.
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Explanation of multiplicities: a StartNode object references 1 Node object — either a TailNode in the
case of the empty list or an InternalNode if the list is non-empty. A node may be referenced by 0
StartNode objects if, for example, it is referenced by an InternalNode object or if it is a StartNode
object and so referenced by no Node object. A node may be referenced by 1 StartNode object if, for
example, it is a TailNode or if it is the first InternalNode of a non-empty list.

An InternalNode object references 1 Value object. A Value object may be referenced by any number
(possibly none) of InternalNode objects.

(b) [20 marks] Draw a sequence diagram for the interaction generated by execution of main() in class
LinkedList. Make sure that the diagram faithfully captures the creation of objects and sequencing
of messages that is involved in the interaction.
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Question 2 [45 marks (45 minutes)]
(a) [25 marks] Draw a UML class diagram for the code. Show classes, attributes and methods. Do

0.1

x_

P i0:InternalNode

x________

not include the main class LinkedList. Do not show accessibilities of class members. Do not show
method parameter and return types. Show class relationships (inheritance, association, non-
structural). Show multiplicities at both ends of an association.
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(b) [20 marks] Draw a sequence diagram for the interaction generated by execution of main() in class
LinkedList. Make sure that the diagram faithfully captures the creation of objects and sequencing

of messages that is involved in the interaction.
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Question 1. [30 marks total] (From the csse2003 2007 final exam)

OO Design, UML and Design patterns. A temperature monitoring system monitors the temperature
of a city using multiple temperature sensors installed around the city. It also displays the temperatures
on multiple monitor screens installed around the city. The monitoring system has a scheduler that tells
temperature sensors regularly when to check the temperature and passes the reported temperatures to
the monitor screens to display (the tic method is responsible for this). An initial design diagram is

presented below.
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Monitor Screen

+displayTempiemp, location)
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temperature monitoring system )
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Scheduler
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TemperatureSensor

foralltsin sensors{
temp = ts.check(;

forall sin screens{

s.displayTemp(temp, ts.location);

}

Sensors

+location : String

+check() : double
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The current design couples the Scheduler to both temperature sensors and monitor screens (high-
coupling). The Scheduler has low cohesion because it combines unrelated responsibilities. As new
screens are added, they need to be added to the Scheduler.

(a) [15 marks] Identify one or more design patterns that decouple the monitor screens from the
Scheduler so that the Scheduler does not need to know about the monitoring screens and focuses
solely on telling the sensors when to check the temperature. Your design must not couple the
temperature sensors directly to the monitor screens so that changes to the monitor screens require
changes to the sensors. Give a UML class diagram for your design and explain how it relates to
the design pattern(s). Identify suitable attributes and operations (with parameters) and include

these in your class diagram.

(b) [10 marks] Give a UML sequence diagram for your design developed in part (a).

(c) I5 marks] Justify how your design resolves the issues identified with the original design.

Sample solution:

(a) [15 marks] Sample solution: Observer Pattern

Class Diagram3 J

calls displayTemp ﬁ

iMonitorS creenO bserver servers

Obseavable (AbstractSubject)

+update(temp, location)

JAN

MonitorS creen
+displayTempiemp, location)

+addObserver()
+notifyObservers()

forall o in observers{
o.update(temp. location)
}

TemperatureSensor(ConcreteS ubject)

+check()
+check() : double2

1“*

KK

Scheduler

+ic()

Possible variation:
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Class Diagrami J
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2. add the temperature observer
to the temperate subject
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ation and then send it to the client.

* A separate class containing a set of TemperatureSensors or an association between MonitorScreen
and Obserable (AbstractSubject) with a multiplicity *

* A separate client class

(b) [10 marks]

sd Sequence Diagram1 J
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(¢) [S marks]

* The Observer pattern is used to achieve decoupling between MonitorScreen and
TemperatureSensor (indirection via iMonitorScreenObserver).

* Addition of a new monitor screen does not need a change to the temperature sensor.

* In the revised design, the Scheduling class has high-cohesion only doing the scheduling task.
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