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Aoknon 1 (10 povadeq)

2ag divovral ol TTapakdtw dnAwoelg duo diemapwy (IK kai IM) kai Tpiwv
KAGoewv (A, B, kai C) Java, oI OTI0ieg UAOTIOIOUV KATIOIEG ATTO TIG
TTPONYOUMEVEG DIETTAPEG:

public interface IK {
abstract public void k();

public interface IM {
abstract public void m(Q);

public class A implements IK, IM {
public void k() { System.out.printIn(C"A:k"™); }
public void m() { System.out.printIn(C*‘A:m"); }

public class B implements IM {
public void k() { System.out.printin(C’'B:k"™); }
public void m() { System.out.printin(C'B:m"); }

public class C extends B implements IK {
public void k() { System.out.printIn(’C:k"™); }

}

1.1 (5 povadec) Moieg atro TIC TTAPAKATW EVTOAEG, TTOU EUTTAEKOUV QVAPOPES
oe Olemagég (interface references), Oewpouvial cav AdOBn amd Tov
MeETagpaoTr) TNG Java (compile-time errors); YTroypapuioTe TIG AGB0OG eVTOAEG
Kal dIKaloAoynoTe ocuvToua TNV aTTdvinon oag.

IK t; // interface reference
new AQ;

new BQ);

new CQ);

-kQ);

-mQ);

.

AUon:

To make use of interfaces, Java introduces interface references, which are like
object references, except that an interface reference of type | is allowed to
point to objects of any type C such that the class C implements the interface .
For example, the interface reference t of type IK (introduced above) is



allowed to point to an object of type A or C but not of type B, even though B

happens to contain a method k () :

IK t;

new A(Q); // LEGAL

new B(); // ILLEGAL

new C(); // LEGAL

.kQ); 7/ LEGAL (regardless of dynamic type of t)
.m(); /7 V1LLEGAL (regardless of dynamic type of t)

=+ =+t

1.2 (5 povadeg) Ti Ba TUTTWOEI YETA TNV EKTEAECN TOU TTAPAKATW KWOIKA,
TTou eUTTAEéKEI KANOEIC o€ neBOdoug dieTTagwy (interface method call), étav n
METABANTA X==1; AIKaloAOYyOTE CUVTOUA TNV ATTAVTNON 0AgG.

IK 1

k; // interface reference

B b; // object reference
if (x==1) {
b = new B();
ik = new AQ;
} else {
b = new CQ;
ik = new CQ;
¥
b.kQ; 7/ virtual method call
ik.kQ); // interface method call

AUon:

Compiling Java interfaces boils down to supporting a new kind of method call,
named interface method call. This call is like the (non-static) virtual method
call, except that the object on which you invoke a method comes from an
interface reference, as opposed to an object reference. When X==1, the
program outputs

B:k

Azk

‘Aoknon 2 (20 povadeq)

H mapakdtw kAdon Pen @iAodoei va (wypagilel oe pia ouokeur) (device)
YPOQIKAG TrapdoTaong, XPENOIMOTIolwvVTag auBaipeto TAATOG Kol UWog
EIKOVOKUTTApwV (pixel). KdBe oTiypidtutto TnG KAGONG XPNOIYOTIOIE €va
onueio (point) yia va yvwpilel Tnv akpifry TnG B€on OTn CUOCKEUN YPOQPIKAG
TapdoTtaong. H kAGon PenDriver Ttpoopiletal va Xpnolyotroiei Tnv Pen,

aAAG

otav ekTeEAEOOUPE TNV KUpIa pEB0OS TNG ekTUTTWVETAI WOvo “pen[030 ]

@ (10.30)". Ymapyouv TouAdxioTov T€00Epa Aoyika AGBn otov akOAoubo
KwoIka. BaAte o€ évav KUKAO TIG AAB0OG evTOAEG Kal TTPOTEIVETE KATAAANAEG
d10pBWOEIG TOUG .

/**
publ

Represents a point in the graphical plane. */
ic class Point {

int x;

int y;

/** Default constructor. */
Point(int x, int y) {

this.x
this.y

X;
y:}



}

public String toString O {
return "(" + x + ", +y + ")"; }

/**Represents a pen that has width&height in pixels.*/
public class Pen extends Point {

}

static int width; /** Each pen knows its width. */
static int height; /** Each pen knows its height. */
Point loc; /** Each pen knows its location. */
/** Constructor is given initial (w,h) values. */
public Pen(int w, int h) {
super (w,h); }
/* Return string for object, like "pen[3x7] @ point
(10,30)" */
public String toString() {

return "pen[” + width + x + height + "] @ "+loc; }

public class PenDriver {

public static void main(String[] args) {
/** Construct Pen to be 3x7 @ point (10,30) */
Pen p = new Pen (3,7);
p.loc = new Point (10,30);
System.out.printin (p); }

Auon:

1. [8 points] In Pen class, the use of 'static' with width and height is
inappropriate. This would enforce all Pen objects to have the same width and
height, and the intent of the programmer is clearly to have this information
associated with each Pen object.

2. [4 points] If Pen extends Point, then it shouldn't have a loc field, since this
information would be inherited as (X,y) from Point

3. [4 points] If Pen extends Point, then the constructor taking (w,h) should
not simply call super; rather, it should set width and height as appropriate.

4. [4 points] In the Pen class, the toString() implementation has variable
X referenced when it should be the string **X"* or the character "x". The only
reason this code works is because (miraculously) the Pen class inherits
instance variable X" from Point.

‘Aoknon 3 (10 povadeq)

H Java opiCel Tnv dietragry Comparable w¢ akoAoubwg:
interface Comparable {

}

int compareTo(Object);

otTou n KAAon x.compareTo(y) TpETEl va eOTPEPEl -1 €dv TO X €iva
MIKPOTEPO aTTd TO Y, O €dv cival ioa kai 1 otnv avtiBern mepimTwon. OpioTe
TNV KAGon MyArray, Tou uhoTtroigi Tnv dietragry Comparable, Tng otroiag
TA AVTIKEIMEVO OUUTTEPIPEPOVTAI OAV TTIVOKEG AKEPAiIWY. Ta OTIyUIOTUTIA TNG
MyArray Oa TrpéTTel va OuyKkpivovTal XPNOIMOTToOIWVTAG To dBpoioua Twv
OTOIXEiWV TOUuG. Na TTapadelypa:



//create an array and initialize the elements
int[] a = new int[] {1,2,3,4};

int[] b = new int[] {-1,2,-3,4,-5};

//the elements of ml are those of a

MyArray ml = new MyArray(a);

//the elements of m2 are those of b

MyArray m2 = new MyArray(b);

//prints 1, since 1+2+3+4 > -1+2-3+4-5
System.out.printIin(ml.compareTo(m2));

YAotroifote Tnv péBodo compareTo() TG KAAong MyArray, €101 WOTE O
TTAPATTAVW KWOIKAG va OOUAEUEI OWOTA.

Auon:
class MyArray implements Comparable {
private int[] a;
MyArray(int[] b) { a = b; }
public int compareTo(ObJect o) {
MyArray other = (MyArray) o;
int mysum = 0;
int othersum = 0;
for(int i=0; i<a.length;i++)
mysum = mysum + a[i];
for(int i=0; i<other.a.length;i++)
othersum = othersum + other.a[i];
if (mysum < othersum) return -1;
else If (mysum == othersum) return O;
else return 1;

+

‘Aoknon 4 (25 povadeqg)

Mia Tagivounuévn akoAouBia ayyAlkwv Aégewv TTpodkeiTal va uttoBANnBei o€
emegepyaocia amd €va mpoypaupa Java. To mpdypapua Ba TpETTEl va
utToO0TNPICEl BIAPOPEG AEITOUPYIEG, OTTWG N AVAKTNON MIag AéEng ammd pia
OUYKEKPIPEVN BEoN TNG akoAouBiag, N agaipeon pia AéENG Kal TTPOoBNKN YI0g
véag AéENg. Ze kABe Asitoupyia n akoAoubBia Ba Trpétrel va diatnpeital TTavTa
TagIvounuévn.

4.1 (8 povadeg) XpnoIPoTToOIWVTAS KATAAANAG Ypa@ruaTa, £ENYNOTE TTWG

e £VOG TTiVAKAG

e MIa ouvdedepévn AioTa
Ba umopoucav va Xpnolgotroinbouv  wg  dourp  dedopévwy  yia  va
aTTOBNKEUOOUV pia Tagivounuévn akoAoubBia AEEEwv.

AUon:
The following illustration shows how the sequence of words (cat, dog, emu,
frog, llama, pig, tiger) would be stored using an array data structure.
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Using a linked list data structure instead.
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llama

‘ first

4.2 (9 HOvadeG) ZuykpiveTe TNV QTTOBOTIKOTNTA TWV dUO TIPONYOUHEVWY
UAOTTOINOEWV HIOG TAgIVOUNPEVNG aKOAOUBIOG ayyAIKWV AEEEWVY, OXETIKA UE TIG
A€IToupyieg TTOU avakToUv, TTOU a@aipoUV Kal TToU TTPOCBETOUV JIa AEEN.

‘ AUon:
Operation Array Structure Linked List Structure
Retrieve word | Most efficient O(1) Least efficient O(n) operation,
at given operation, since direct | since sequential access structure
position access structure

Remove a word

Least efficient O(n)
operation, since words
above the one removed
must be shifted down

Most efficient, since although
accessing the word may be O(n),
the actual deletion is O(1), merely

requiring the adjustment of one
link

Add a word

Least efficient O(n)
operation, since words
above the one inserted
must be shifted up

Most efficient, since although
accessing the position of the word
may be O(n), the actual insertion
is O(1), merely requiring the
creation of a node and the
adjustment of two links

4.3 (8 povadeg) lMNa kABe pia atrd TIG TTPONYOUUEVES UAOTTOINTEIS, YPAWTE TA
TMAMATA TOu KWOIKA TNG Java Trou atrairouvTal yia va Bpiokouue Tnv B€on
Miag dedopévng AéEng W oe pia akoAouBia, 1 —1 €dv n AéEn dev eival ekei
(uroBéoTe OTI N TTPWTN AéEN BpiokeTtal otnv B€on 0). AnAwaoTE OTTOIECOATTOTE
EMTTAEOV UTTOBEOEIC KAVETE KOTA TNV UAOTTOINGT 0OGC.

Znueiwon: Aev atraiteital n TARpN uAotToinon Twv HeBOdwV.




Auon:

For the array representation, assuming name of array is a.
int ordPos = -1;

for (int 1=0; i<size; 1++)

it (w.equals(alil)) {

ordPos = 1; break;

For the linked list representation, assuming SLLNode has fields Object

element and

SLLNode succ.

int ordPos = -1, count = 0O;

for (SLLNode n = first; nl=null; n = n.succ)
iIT (w.equals(n.element)) {

ordPos = count; break;

} else

count++;

‘Aoknon 5 (20 povadecg)

IMoAAG TTaIXVidIa UTTOAOYIOTWYV XPNOIYOTToIoUY éva {dpi (die) yia va TTapayouv
évav Tuxaio aképalo PeTagu Tou 1 kai Tou 6 cupTtrepIAapBavouévou. ‘Eva Capi
gival ouoiaoTikd évag KUPBog, O0tTou oTnv KABe em@aveld Tou ep@avideTal €vag
aT1TO TOUG TTPWTOUG £E1 aképaloug apiBuoug. OTav TTePIoTPEPETAI KATAARYEI va
OTNPEIXTEI O€ Wia atmd auTég TIG ETTIPAVEIEG: O ApPIBUOS TTOU eu@aviCeTal oTnv
TTAVW ETTIPAVEIQ ATTO AUTHV TTOU OTNPICETAI €ival TO ATTOTEAEOPA pIaG CapIdg.

5.1 (10 povadeg) Awote 10 ouyPBdéiaio Tou ATA Zdapi (Die) pe TIg
UTTOYPOQPEG, TIGC €K TWV TIPOTEPWYV KAl €K TWV UCTEPWV OUVOARKEG KAOE
Aeitoupyiag  KoBwg  kKal  TIG  OUETABANTEG  Ouvlnkeg  (TTEPIOPIOTE TNV
TTpodIaypa@r] 0ag HOVO O€ EKEIVES TIGC AEITOUPYIAG TTOU €ival ATTAPAITNTEG).

Auon:
For a die ADT we essentially need operations to create a new die, read the
current value of the die, and throw the die. Optionally we may include a
‘cheat’ operation, to set the die to a given value, but this is not necessary (and
won’t be included here).
Specification
Associated ADTS: Integer
Operations:
Create: — Die
Value: Die — Integer
Throw: Die — Die
Invariants:
For every d, 0 < Value(d) <6
For every d, Value(d) and Value(Throw(d)) must be independent

5.2 (10 povadeg) Mpdwrte pia kKAGon Java, n omoia uloTolei TO
oupBoAaio Tou ATA Zapi (Die).

ZnHeiwon: Xpnoiyotoifoate TNV java.util .Random.



AUon:
// Implementation of a die ADT
public class Die {
private int faceValue;
private java.util_Random randomSequence;
public Die() { // constructor
randomSequence = new java.util_Random();
faceValue = randomSequence.nextlnt(6) + 1;

public int value() { // returns face value
return faceValue;

public void throw() { // throws this die
faceValue = randomSequence.nextlnt(6) + 1;
}

b5

‘Aoknon 6 (20 povadecg)

O kwdikag Java Tng Goknong okiaypagei Tnv uhotroinon evog applet, Tou
TTPoopPIfETal VA eP@avioel Eva XpovOoueTpo (Stopwatch) xpnoigotrolwvtag pia
KAGon poAdr (Clock), TTou xeipifeTal TIG WPEGS, Ta AETITA KOl TO OEUTEPOAETTTA.
To  XpovoueTpo  TTapoucidlel  JpiIa  oupBolocceipd TG HOPOYAG
wpec:AeTrTa:dcutepOAeTTa oto applet otn 6éon (10, 20). To xpovoéueTpo Ba
TIPETTEl VA UAOTTOIEI TNV AKOAOUBN CUUTTEPIPOPA:
1) O xpdvog TIPETTEl VA EVNUEPWVETAI KABE OEUTEPOAETTTO KATA TNV
OIAPKEIO EVEPYOTTOINONG TOU XPOVOUETPOU.
2) To XpovOoueTpo Ba TTPETTEI VO EVEPYOTTOIEITAI OTAV TO TTOVTIKI QEUYEI
atro 1o applet.

3) To XpovOpeTpo Ba TIPETTEI va OTTEVEPYOTTOIEITAI OTAV TO TTOVTIKI
MTTaivVEl oTO applet.

4) To xpovoueTpo Ba tpétrel va eTravapuBpileTal aTtov xpovo 00:00:00
OTAV TO TTOVTIKI TTATIETAI HEOQ OTO applet.
H kAdon PoAd1 kaBopiletal wg €EAG:
public class Clock {
// Private instance variables not shown

// Creates a Clock initialized to 00:00:00
public Clock()

// implementation not shown

// Increases the time by a second, wrapping if necessary
public void tick()

// implementation not shown
>
// Sets the clock to the time specified by hour,
minutes, and seconds.
public void set(int hours, iInt minutes, iInt seconds)

// implementation not shown

}



//Returns the time as hours:minutes:seconds
public String toString()

// implementation not shown
}

MpayTE TOV ATTAPAITNTO KWAIKA TwV PEBGBWYV TNG KAAong Stopwatch, wote
T0 applet va ouptTEPIQEPETAl  OTTWG  TTEPIYPAPTNKE  TTPONYOUUEVWG
(oupTTAnPpWOTE POVO TO CWHA TWV PMEBOGBWY TTOU 0ag divOVTal TNV CUVEXEIQ).

import java.awt.*;

import java.applet.Applet;
import javax.swing.Timer;
import java.awt.event.*;

public class Stopwatch extends Applet implements
MouseListener, ActionListener {
Clock sw; // Holds the stopwatch object
Timer timer; // A timer that should respond every second.
public void init()
{

AUon:
sw = new Clock();
addMouseListener(this);
timer = new Timer(DELAY, this);

}
public void paint(Graphics page)
{

AUon:
page.drawString(sw.toString(), 10, 20);

by
public void actionPerformed(ActionEvent event)

AUon:
sw.tick(Q);
repaint();

by
public void mouseClicked(MouseEvent event)

AUon:
sw.set(0, 0, 0);
repaint();

public void mouseExited(MouseEvent event)

AUon:
timer.start();

}



public void mouseEntered(MouseEvent event)

Auon:
timer.stop();

public void mousePressed(MouseEvent event) {}

public void mouseReleased(MouseEvent event) {}

}
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