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Directions:

This exam is closed book and closed notes. No electronic devices are permitted.

Please check that you have pages I through 7. 1If you don’t have enough room to answer a question,
you can continue onto the back of page 7.

Do your own work. No discussion or collaboration with other students is permitted.
If a question seems ambiguous, write an explanation of how you interpreted the question.
The exam is 83 minutes long (10:07 — 11:30am). Be sure to pace yourself.

When you finish: If fewer than 10 minutes remain, please do not turn in your exam early, since getting
up may disturb other students who are trying to finish.

Use the following example as a guide for drawing class hierarchies. In this example, the class Survey
and the class Question both extend the abstract class Surveyltem. Also, Survey implements the
interface Iterable<Question> and each survey has a collection of Questions. Every Question has a
Name. MultipleChoice is a subclass of (i.e., extends) Question.
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Background

Recall that the java.util package contains support for a variety of abstract data types and their
implementations. For example, the List interface has ArrayList and LinkedList
implementations, both of which inherit functionality from AbstractList.

In addition, the java.util pacakge contains a class named Observable with the following API. As
stated in the Java documentation, “This class represents an observable object, or "data" in the
model-view paradigm. It can be subclassed to represent an object that the application wants to
have observed. An observable object can have one or more observers. An observer may be any
object that implements interface Observer. After an observable instance changes, an application
calling the Observable's notifyObservers method causes all of its observers to be notified of the
change by a call to their update method.”

Constructor Summary

Observable()
Construct an Observable with zero Observers.

Method Summary

vold|addobserver (Observer o)
Adds an observer to the set of observers for this object, provided that it is not the same as some
observer already in the set.

protected|clearChanged()
void Indicates that this object has no longer changed, or that it has already notified all of its observers of its
most recent change, so that the haschanged method will now return false.

int|countObservers()
Returns the number of observers of this observable object.

vold|deleteObserver (Observer a)
Deletes an observer from the set of observers of this object.

volid|deleteObservers|()
Clears the observer list so that this object no longer has any observers.

boclean | hasChanged| )
Tests if this object has changed.

vold|notifyObservers()
If this object has changed, as indicated by the hasCchanged method, then notify all of its observers and
then call the clearchanged method to indicate that this object has no longer changed.

vold|notifyObservers(Object arg)
If this object has changed, as indicated by the hasChanged method, then notify all of its observers and
then call the clearchanged method to indicate that this object has no longer changed.

protected |setChanged| )
veid Marks this 0bservable object as having been changed; the hasChanged method will now retrmn
true.

The Java documentation also states that “a class can implement the Observer interface when it
wants to be informed of changes in observable objects.” The Observer interface has the
following method. The first parameter is the Observable object that changed. The second
parameter is whatever is passed to the notifyObservers method above. Throughout this exam,
we’ll assume that the value of the second parameter is null.

Method Summary

vold|ypdate (Observable o, Obiect arg)
This method is called whenever the observed object is changed.
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Design Problem

Consider the following design problem carefully, since it forms the basis of the entire exam.

Suppose you want to create a class called ObservableList<T> with the following requirements:

= It has all the functionality of an Observable object.

= Jtcan be used anywhere that a List<T> can be used.

= Jts underlying representation can be any List<T> (for example, but not limited to, ArrayList
or LinkedList).

» The underlying list exists (and may already contain elements) before the ObservableList
constructor is called.

=  The ObservableList notifies its observers whenever the list is modified. (Assume that a
reference to the underlying list is not retained outside the ObservableList.)

1. (10 points) Using the example notation on the front cover as a guide, draw a class

hierarchy showing your ObservableList in the context of the following: List, LinkedList,
ArrayList, AbstractList, Observable, and Observer.
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Explain why you positioned ObservableList where you did in the diagram.

Since H must have all Mo Firclionlity of Obcervable,
L extonds Bbcervable. Sine ik can subsbitule Gor
o L?ﬂ—/ i oim p(emenjrs List, 7 also WAS a 1 as it OQOC{'O\

2. (10 points) Complete the class header and the constructor for your ObservableList class.
Also include declarations of any required instance variables.

public class ObservableList<T> Q}kl—ends O{aser/aé/e /'M';olallf\e y\.{S Z-T5£ {
ListlTY [is;
public ObservableList ( Lisk < T’> { (sk ) {
Ehis. [jsk = list;

}

// methods would be here

}
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3.

5.

(10 points) Recall that every List has a size() method that returns the number of elements
in the list. Also recall the requirement that an ObservableList can be used anywhere a
List could be used. Provide a complete implementation of the size() method for your
ObservableList class.

public int size( ) {

reburn |isk. size (),

}

(10 points) Recall the requirement that an ObservableList must notify its observers after
the list is modified. Since every List must have an add method, provide a complete
implementation of the add(T) method for your ObservableList class. (Note that the add
method for a List always returns true.)

public boolean add(T x) {
[ist.6d2 (X))}
Sek C»‘/\&mga&(\}

no kifyObservers ()
retucn Eruey

(10 points) Recall that the Iterator interface has the following methods.

Method Summary

boolean |hasNext ()

Rewmms true if the iteration has more elements.

(5]

nexkt()
Retrns the next element in the iteration.

vold| pemove | )

Suppose that when using your ObservableList, you discover that observers aren’t being
notified when the list is modified by an iterator’s remove method. Describe briefly in
English, possibly using a diagram, how you would implement the ObservableList’s
iterator() method to solve this problem. Feel free to introduce a new class in your solution.

Create on ilershor class that wrops fhe
UMJQU(fj;ﬂg [ist i#efou/-O// (&@(Qﬁaﬁ@
&t[/ mettmlds c!" rmfﬁafl""i/y moéz‘%‘ca{-fon
QPL@/ remov & .
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6. (15 points) Based on the design you described in Problem 5, provide a complete
implementation of the ObservableList iterator() method. If you need to define a new
class, define it as a local class within this method.

public Iterator<T> iterator() {

Final flenbord ™ ik = liskiteraloc( )]

class /UOE'LCV‘,\? Hevafor imp (ements j:{-gro\{—ur(l—)g
[70\9(16 boolean has Nex £ () §
% redumn Tk has Nex£())

V(N/y({c T nexkt() §
reAusn l‘(:‘t/\ué()‘)

pwUEc void rea/nouqu ‘%
(E.remove () ')
5%0«0&1

noti %O aruqrs())

3
|

V@(’ufh new Noé':@iAjf4'efaPor{))‘
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7.

(5 points) The Box class extends JPanel. When you add things to a box, it displays them
in either a single row (horizontally) or a single column (vertically), depending on a single
parameter (BoxLayout.X AXIS or BoxLayout.Y AXIS) to the Box constructor.

Suppose you want to create a subclass of Box called ListView<T> with the following
requirements:
= its data model is an ObservableList containing elements of type T,
= the data model is passed to the ListView constructor,
= the ListView displays the elements of the data model in a column, and
= the ListView updates whenever the contents of the list is changed, so it always
shows exactly what is in the list.

Think about how you would design the ListView class. Then, using the notation on the

front of the exam as a guide, draw a class hierarchy diagram showing the relationships
among: Box, JPanel, ObservableList, ListView, and Observer.

|

Lt st\/iew

OLSU\/C«L(@LB'{“J

(or Could shaw Oé)SQrVa(a(eLfg("
Q»den&z‘nj Observafo(e_/
which has « CD[/Q(_(’iov\ of Oésewea)

(10 points) Anything added to a box must be a JComponent. Therefore, anyone using a
ListView<T> from question 7 must provide a mechanism for creating a JComponent
view for each data item of type T in the ObservableList.

One design option would be for the programmer to pass a “factory” object to the
ListView constructor. The factory would provide a method to create a JComponent for
any element of type T. Define a ViewFactory interface for this purpose.

public interface ViewFactory<T> {

punbuo TComFonev»E Cfe&-(;e,\/ieu\)l//or— (T &a%afkm)j
}

(5 points) As a concrete example of your interface in question 8, provide an
implementation of ViewFactory<String> that creates a JLabel for each data item.

Fm[a(io las¢  LabelMoker mplements l/feu/ﬁc«fvry<5(-f?r§7 ?
public TLobe| credeliewtor (Sking 5) §
25 retum new J_LO\Q?J{ (S))
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10. (5 points) Continuing from the questions 7-9, suppose that, inside your ListView class,
the instance variable factory refers to the ViewFactory, and the instance variable list
refers to the data model of type ObservableList. Write the constructor for the class

ListView<T>. Vieu Factory(? Super T> -ﬁ,\c,[vry
public ListView( Observable i (7 erkends T > [is€ ) A
SULp&K(GoxLQyOuk. (_AX(S);
His sk = lishy
«MZL (:o.c(’u(j - _Qa,;{-oﬂj)
list . add Observer (%14)5

update(list, null);
b

11. (10 points) The purpose of the update() method (as shown on the bottom of page 2), is to
refresh the view after the list has been modified. Making the same assumptions as in
problem 10, complete the implementation of the ListView update method.

public void update(Observable o, Object ignored) {
removeAll(); // remove all the JComponents from this Box

for (T detoLhem @ lisk)
adB.(fachory. creols Uiew For(dato Thew)s

revalidate(); // forces the layout manager to run
repaint(); // repaints ListView on the display

}

12. (5 points — extra credit) Suppose it turns out that an ObservableList is modified very
frequently, so creating new JComponents for all the elements in the list every time would
create a lot of garbage. Suggest a way to avoid recreating views for the same data
elements every time the list is modified. (That is, how could you reuse the old ones, and
only create new views for data items that are actually new to the list?) Answer in English
or provide a revised implementation of update() to illustrate your idea.

Use o hosh fable (lqua((y (/JQ&I/-LL&SLW&@ fo
/<exzp brack of Mo view 1@(- ecih Al tlem.

fmsi)é %\g, {OOP:
@ i He OQa(ﬁﬂ"@m Tm\-f' Qézy (n ff\e
map ek, creale o view Gr it &
PUQ Hepn info W YN

@ 3@? Yo view of e doke ifem Qom the
map + cd i+ to His Box.

If you finish this exam early, check over your work. If fewer than 10 minutes remain, please do not
turn in your exam early, since getting up may disturb other students who are trying to finish. Thanks.
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