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Aoknon 1 (10 povadeg) Ynep@opTwon kal YNOoKEAIOHOG MeBOdwvV
20g diveTal 0 TTOPAKATW KWAIKAG Twv KAGoewv Java, ClassA, ClassB, ClassC
kal TestClass. Ti Ba ypa@Ttei otnv oTdviap £€£odo KATA TNV €KTEAEON TNG
pEBOdouU main() Tng TestClass; YmobéaTte 611 OAeG o1 KAAOEIG pETaPPAovVTal
Kal EKTEAOUVTAI XWPig AGOn.
public abstract class ClassA {
private int numl;
private int num2;
public ClassA (int nl, int n2) {
numl = nl;
num2 = n2;

public abstract int sumNums();
public abstract int subNums();
public abstract int subNums(char c);
public int timesNums() {

! return numl * num2;

public int getNuml () { return numl; }
public int getNum2 () { return num2; }
} // end ClassA

public class ClassB extends ClassA {
private int numl;
public ClassB (int nl, int n2, int n3) {
super(nl, n2);
numl = n3;

}

public ClassB (int n) {
super(n, n + 1);
numl = n;

public int sumNums () {
return numl + getNuml() + getNum2();

public int timesNums() {
return super.timesNums() * numl;

}
public int subNums () {
) return numl - super.getNum2() - super.getNuml();



public int subNums (char dir) {
if (dir == 'f')
] return super.getNuml()-super.getNum2()-numl;
else
return subNums(Q);

public int getNuml () { return numl; }
} // end ClassB

public class ClassC extends ClassB {
private int numl;
public ClassC (int nl, int n2, int n3, int n4) {
super(nl, n2, n3);
numl = n4;

h

public ClassC (int n) {
super(n);
numl = n;

public int timesNums() {
return super.timesNums() * numl;

}
} // end ClasscC

public class TestClass {

public static void main (String[] args) {
ClassA b = new ClassB(2, 3, 4);
System.out.println(b. getNuml()),

| AUon: 4
System.out.println(b.sumNums());

| AUon: 11
System.out.println(b.timesNums());

| AUon: 24
System.out.println(b.subNums('f'));

\Aoon:—S
System.out.println(b.subNums());

| Aton: -1

ClassA c = new ClassC(3);
System.out.println(c.timesNums());

| AUon: 108
System.out.println(c.sumNums());
‘Aoon: 10
System.out.println(c.getNuml());
\Aoon: 3
System.out.println(c.getNum2());
| Auon: 4

ClassA cc = new Classc(5, 6, 7, 8);
System.out.println(cc.sumNums());

‘Aoon: 20

} // end main
} // end TestClass



Aoknon 2 (25 povadeg) KAnpovopikoTnTa KAdocswv kail Aiena@eg

2ag diveral n TTapakdTw dieTTa@ry Shape cav PHEPOG £vOC YEWUETPIKOU TTOKETOU

(package) Java:

/**A two-dimensional shape on the plane, with Cartesian
coordinates*/

interface Shape {

// These four methods give coordinates that bound the shape in a
// rectangle.

float leftx();

float rightx(Q);

float bottomY();

float topY();

/** The area (eppadov) of the shape. */

§1oat area(Q);

2€ auTO TO TTAKETO, BEAOUNE VO UAOTTOINCOUME BIAPOPa YEWHETPIKA oxiuaTa. MNa
TTOPAdEIYUA, O TTAPOKATW KWOIKAG TTEPIAANPBAvVEl TIC KAAOEIC yia TOV XEIPIOPO
TTapaAAnAdypappwy (Rectangle) kai kUkAwv (Circle).

class Rectangle implements Shape {
private float x0, x1, y0, yl
public Rectang1e(f1oat x0, float x1, float y0, float yl) {
this.x0 = x0; this.x1 = x1; this. y0 = y0; this.yl = yl;

}

public float leftx() { return x0; }

public float rightX() { return x1; }

public float bottomy() { return yO; }

public float topY() { return yl;

public float area() { return (xl - x0) * (yl - y0); }

class Circle implements Shape {
private float center_x, center_y, radius;
public Circle(float cx, float cy, float r) {
center_x = cx; center_y = cy; r = radius;

}

public float leftx() { return center_x - radius; }
public float rightX() { return center_x + radius; }
public float bottomy() { return center_y - radius; }
public float topy() { ... }

public float area() { return Math.PI*radius*radius; }

}

a) (3 povadeg) YAomomote Tnv péBodo Circle.topY(). Eivar évag
KATAOKEUQOTAG (creator), Tapatnpntig (observer), 1 ueTaAAGkTNG (mutator)?

Auon:
public float topY() { return center_y + radius; }
Observer.

(10 povadeg) Yhormoiote pio KAGon Square (TETPAywvo) n  oTroia
kAnpovopei TNV KAdon Rectangle aAAd €xel Tnv akdAouBbn péB0dO KATAOKEUNG
Square(float center_x, float center_y, float size).



Auon:
class Square extends Rectangle {
Square(float cx, float cy, float size) {
super(cx - size/2, cx + size/2,
cy - size/2, cy + size/2);

}

y) (12 povadeg) YAomomoTte pia kAGon Annulus (dakTUAIOg) n  oTroia
kAnpovopei TNV kKAdon Circle aAAd éxel TNV akOAoubn YéBodo KATaoKEURS
Annulus(float cx,float cy,float outer_radius,float inner_radius)
OuunBeite 6T €vag dAKTUAIOG €ival n TTEPIOXN TToU PpIioKeTal avdApeoa o€ dUO
OMOKeVTPOUG (concentric) KUkAoug. Moieg peBddoug, edv utmdpyxouv, TNG KAAONG
Circle Ba mpétrel va uttookeAiooupue (overridden)?

Auon:

We need to override area().

class Annulus extends Circle {
float inner_radius;

Annulus(float cx, float cy, float outer_radius,
float inner_radius) {

super(cx, cy, outer_radius);
this.inner_radius = inner_radius;

}

float area() {

return super.area() - _
PI*inner_radius*inner_radius;

}

Aoknon 3 (10 povadeg) Baoikn AsIToupyikOTNTA AVTIKEIHEVOV
YAotroijote Tnv  péBodo equals() Tng kAdong String. Mrropeite va
XPNOIMOTTOINCETE TIG aKOAOUBEeG HEBODOUG TNG String:
e char charAt(int index) €moTPEPEl TOV XAPAKTAPO OTNV GUYKEKPIPEVN
Béon
e 1int Tength() emoTpépel TO uAKOG TNG GUPPBOAOCEIPAG
o O d¢eiktng B€ong apiBueital atmd 0.
H uAotroinor cag Ba TTPETTEl va ETTIOTPEPEI PIA TIMA akOPa Kal oTav To Opioua dev
gival TUTTOU String.
Auon:
public boolean equals(Object obj) {
if (!(obj instanceof String)) return false;
String s = (String)obj;
if (Tength() != s.Tength()) return false;
for (int i = 0; i < lengthQ); i++) {
. if (charAt(i) != s.charAt(i)) return false;

return true;




Acknon 4 (10 povadeq) Apaipetikoi TUnol Asdopévwv (ATA)

H Ty evog eptropevparog (item) mmpog TTwAnon divetal o€ €upw priceEuros
Kal o€ O0évig priceCents. MNa Tnv TTANPWWUR Tou o€ PETPNTA Ba TIpéTTel va
OWOETE payEuros eupw Kal paycents o€vig. 'paywte 10 oupBoOAaio (BnA. TIG ek
TWV TTPOTEPWY KOl €K TWV UOTEPWY OUVONRKEG) TNG NEBODdou getChange() Trou
utToAoyiCel Ta pEoTa TTOU, €VOEXOMEVWG, Ba TTPETTEI va oag €TTIOTpAouv. To
OwoTO UuTTOAoITTOo Ba TPETTEl va  UTTOAOYICeTal oav  TIMR ETTIOTPOPRG NG
getChange() pe TUTO avrtikeipeva TG kAdong Change (ue peTapAntég
OTIyUIOTUTIWY changeEuros kai changeCents). Zinv Tpodiaypa®r Tng
MEBOBOU Ba TTPETTEI VO CUPTTEPIAGPRETE KAl TNV TTEPIYPAPI TWV OPICUATWY TTOU
XpnoigotrolouvTal. AIQTUTTWOTE PE COQRVEIQ TN OXEON UETALU TWV OPICHATWY
€10000uU Kal €600V TNG HEBODOU.

Auon:

Purpose: to compute the change received by paying priceEuros and priceCents

for an item that costs priceEuros and priceCents.

Change getChange(int pricetEuros, int priceCents, int

payEuros, int payCents)

Pre-conditions:100*priceEuros+ priceCents < 100*payEuros+ payCents

All are arguments >= 0, priceCents < 100.

Post-conditions:

100 * changeEuros + changeCents + 100 * priceEuros + priceCents =

100 * payEuros + payCents, 0 <= changeCents <100

Parameters: priceEuros and priceCents describe the price of the item,
payEuros and payCents describe the amount paid
changeEuros and changeCents describe the amount of
change received

Aoknon 5 (10 povadeg) YAonoinoeig NMAaiciou ZUAAOY®V AVTIKEIHEVOV
2ag divetal n akdAouBn dieragr Java Iterator:

PubTlic interface Iterator {

boolean hasmore(); //For testing the traversing of a collection

void next(); //Advance to next element of collection

Object current(); //Returns the current element of collection

void reset(); //Restart at the beginning of collection

Iterator spawn(); //Create new iterator with the same current
//element

Mpayte TOV KWOIKA HIOG KAAong myIterator n otroia uAotrolei TNV dlETTOQPN

Iterator yia mivakeg T0TTOU Object[]. O KaTaokeuaoTAG TNG KAGONG TTaipVel

oav OpIocPa HIO avo@opd OToV TTivakd, Ta OToIXEia Tou otroiou B€Aoupe va

OOPWOOU|IE.

Auon:
class myIterator implements Iterator { //1
Object [] theArray;
Int cursor;
Iterator (Object[] oA) {
theArray = 0A;
cursor = 0;




}//2

public Boolean hasmore() {
return (cursor < theArray.length);
Y/ /1 _
public void next() {
cursor++
Y//1
public Object current() {
return theArray[cursor];
Y/ /1 _
public void reset() {
cursor=0;
Y/ /1
PubTic Iterator spawn() {
myIterator it = new myIterator(theArray);
It.cursor = cursor;
Return 1it;

3//3

Aoknon 6 (15 povadeg) ZuykpioeiG AVTIKEIHEVWV

2ag Oivetal n TOPOKATW KAAon SearchTree yia Tnv avamapdoTtacn €vog
duadikou dévTpou avalnTnong. GuunBeite 0TI TO apIoTEPO (BeEi) UTTOBEVTPO EXEI
TIMEG MIKPOTEPEG (MEYOAUTEPEG) TOU KAEIBIOU KABE KOMPBOU.

1 public class SearchTree {

private SearchTree left, right;
private Comparable key;
private SearchTree(SearchTree Tleft, Comparable key,
SearchTree right) {
this.key = key;
this.left = Teft;
this.right = right;

public static SearchTree newTree(SearchTree Tleft,
Comparable key, SearchTree right) {
if (lTeft !'= null && Teft.max().compareTo(key) >= 0 ||
right != null && right.min().compareTo(key) <= 0 )
throw new IT1legalArgumentException(
"iT11-formed search tree");
return new SearchTree(left, key, right);

3
public boolean Tookup(Comparable key) {
int ¢ = key.compareTo(this.key);
if (c < 0)
return left != null ? Teft.lookup(key) : false;
if (c > 0)
return right != null ? right.lookup(key) : false;
return true;

3
public void insert(Comparable key) {
int ¢ = key.compareTo(this.key);
if (c < 0) {
if (lTeft == null)
Teft = new SearchTree(null, key, null);
else
Teft.insert(key);



34 else if (c > 0) {

35 if (right == null)

36 right = new SearchTree(null, key, null);
37 else

38 right.insert(key);

39

40

41 public SearchTree delete(Comparable key) {
42 int ¢ = key.compareTo(this.key);

43 if (c < 0) {

44 if (left !'= null)

45 Teft = left.delete(key);

46 return this;

47 }

48 if (c > 0) {

49 if (right !'= null)

50 right = right.delete(key);

51 return this;

52

}
53 if (lTeft == null) return right;
54 if (right == null) return Teft;

55 Teft = left.raiseMax(this);
56 return this;
57 }

58 private SearchTree raiseMax(SearchTree target) {
59 if (right !'= null) {

60 right = right.raiseMax(target);
61 return this;

62

63 target.key = this.key;

64 return left;

65

3
66 public Comparable min() {
67 if (left !'= null)

68 return left.minQ;
69 return key;
70

3
71 public Comparable max() {
72 if (right !'= null)

73 return right.max(Q);
74 return key;

75

76}

a) (5 povadeq) H mapakdtw péBodog getElements(List 1ist) Tng KAAong
SearchTree amookoTtrei 010 va TTPooBéTel oe aufouaa didTagn 6Aa Ta oToIXEia
eEVOG UTTo-0évipou o€ pia (non-null) Aiota Trou divetal cav opiopa. lMa
Tapadelyua, yia 1o duadiké dEvTpo Tou akOAouBou TTapadeiyuaTtog, n Aiota Ba
mepléxel Ta atoixeia "at "b"™ "e" "z" (ue auth TnVv og1pd).

Znueiwon: Xpnoigotroiote TNV éBodo add () tng dieTrang List.

?ub1ic void getElements(List Tlist)
right.getElements(list);
Tist.add(key);
Teft.getElements(list);




AuoTuxwg uttdpxouv 3 TouAdxioTov AAOn (Aoyika r ekTéAeong). Evrotriote 1O
AGON ka1 dlIopBwOoTE avTioToIXa TNV UAOTTOINON TNG MEBGDOU.

Auon:

public void getElements(List list) {
if (Teft != null) Teft.getElements(Tlist);
Tist.add(key);
if (right != null) right.getElements(list);

+1 if each element is added to list exactly once

+1 if no null pointers exceptions would occur

+2 if elements are added in order

+1 if Binary Search Tree used correctly

-1 if original tree is changed, a specific data type is assumed for key (other
than Comparable), method header is changed or wrong syntax

B) (10 HOVADEG) ZuuTANPWOTE TNV TIAPOKATW UAoTroinon TnNg PeBodou
range(Comparable Tow, Comparable high, List 1ist) 1ng kAdong
SearchTree, n omoia TPooBéTel TNV AioTa TTou diveTal gav éplopa OAa Ta
KA€I01G TOU BEVTpou TTou eival JeyaAUTepa 1 ioa atrd To 1ow Kal JIKpdTEPA 1 ioa
a1o 10 high:

public void range(Comparable low, Comparable high, List Tlist) {
// (1) test if key 1is greater than or equal to Tow and less or
// equal to high

//

//

Auon:
if (key.compareTo(low)>= 0&&key.compareToChigh)<= 0) {

(2) what to do in this case

Auon:
Tist.add(key);
if (Teft !=null) left.range(low,high, 1list);
if (right != null) right.range(low, high, Tist);

(3) what to do if key Tess than Tow or greater than high

Auon:
else {
if (key.compareTo(low) < 0 && right != null)
right.range(low, high, Tist);
else if (left != null)
y Teft.range(low, high, 1list);
+1 for using compareTo () in if statements (not <= or >=)
+1 for correct comparisons in if statements
+2 for adding the key to the list at the right place
+3 for correct recursion in if-case (partial credit given)
+3 for correct recursion in else-case (partial credit given)




Acoknon 7 (25 povadeg) Zxediaon kai YAonoinon KAACEwv AVTIKEIHEVOV

YAotroijote pia KAGon Car n otroia XpnoidoTrolgital atrd Tnv KAdon Usescar.
ATIO TOoV TTOPaKATW KWOIKA TNG MEBGOoU main(), Ba TPETTEl va BPEITE TTOIEG
METABANTEG Kal HEBGDOUG OTIVUIOTUTTWYV TNG KAAOoNG Car gival XprioIMES KAl TTold N
AeIToupyIKOTNTA TOUG. Oa TIPETTEI ETTIONG VA XPENOIYOTIOINCETE TNV KATAAANAN
atrokpuywn TAnpogopiwyv (dnAwoeig "private” and "public"). Aev Tpémel va
OUPTTEPIANGPBETE HEBOBOUG TTOU OV Eival OTTAPAITATES YIA TN CWOTH EKTEAEON TNG
MEBOOOU main() TNG KAAGoNG UsesCar. lMNa eukoAia o1 péBodoi oag dev eiva
aTTaPAiTNTO VA KAVOUV OTTOI0OATTOTE £i00G EAEyXOU AaBWV.

public class UsesCar {
public static void ma1n(Str1ng args[]) {
Car redCompact = new Car("red",
System.out. pr1nt1n(redCompact) //shou1d print "red, 2 doors"
Car greenvan = new Car(''green )
System.out.printin(greenvan); //shou1d print "green, 4 doors"
System.out.println(greenvan.getColour());//should print "green"
// The colourchangeCount method should return the number of
// times that any car has changed its colour (i.e. the total
// for all cars created in this program).
System.out.print1n(Car.co1ourchangeCount()); //should print 0O
greenvan.setColour("yellow");
System.out.println(greenvan. getCo1our()) //shou1d print' ye11ow
System.out.printin(greenvan); //should pr1nt "yellow, 4 doors"
System.out.printin(Car. co1ourchangeCount()) //should print 1
redCompact.setColour("black™);
redCompact.setColour("red");
System.out.printin(Car. co1ourchangeCount()) //should print 3
Car yellowvan = new Car("yellow", 4);
if (yellowvan. equa1s(greenVan))//1f statement should print"yes"
System.out.println("yes");
else
System.out.println("no");
} // end main
} // end class UsesCar

Auon:
public class car { // 1 point for class header
private int numbDoors;//1 point for declaration
private String colour;//1 point for declaration
private static int numColourChanges = 0; //1 point for
//declaration, must be static
public Car(string col,int doors){//2 point for constructor
colour = col; //or setColour(col); numColourChanges--;
numboors = doors;
} // end constructor
public Car(string col){//3 points for constructor,
// including the default of 4 doors
this(col, 4); //or setColour(col); numbDoors = 4;
//numColourchanges--;
} // end constructor
public String toString() { // 3 points
return colour + ", " + numbDoors + " doors";
} // end toString




public void setColour(string col) {//2 point for basic
// method (not counting incrementing counter)
colour = col;
numColourChanges++;
} // end setColour
public Sstring getColour() { // 1 point
return colour;
} // end getColour
//4 points total for this method. A good equals method
//takes an Object as a parameter, so that the method
//overrides the equals method in the Object class. If your
//equals method takes a Car as a parameter, the example
//will work fine but some kinds of general code won't work
//properly. I didn't really stress this in class so no
//deduction if you used a Car as a parameter and one bonus
//point if you used an Object properly.
public boolean equals(Object other) {
if (other instanceof car) {
Car othercar = (Car) other;
//Accessing othercCar.numboors in the following
// statement is legal, even though numbDoors is private.
// Many people wrote a getNumbDoors method to avoid
// this. Legal but unnecessary.
return (othercCar.numDoors == numDoors &&
colour.equals(othercCar.colour));
// A distressing number of people tested
// otherCar.numboors.equals(numboors). You can't call
// equals (or any other method) for an int. Use "=="
// for primitive values and equals for objects.

else {
return false;
} // end if
} //end equals
//1 point for declaring this method properly, including
// "static". 2 more points total for the Togic:
// counter incremented in setColour and returned here.
public static int colourcChangeCount() {
return numColourcChanges;
} // end colourcChangeCount
} // end class Car
// 2 points for information hiding: variables private (or
//protected) and required methods public

‘Acoknon 8 (20 povadeg) MoAunAokoTnra Kwdika

Zaog divovTal ol TPEIG TTAPAKATW PEBOdOI TTou uTToAoyilouv To X" yia Kd&Troio n 2 0
(x*=1):

a) (5 povadeg) EravaAnTTikiy uhotroinon
public static int powerl(int x, int n) {
int val = 1;
for (int i=0; 1i<n; i++)
val *= x;
return val;



B) (5 povadeg) Avadpopikr] uhotroinon Tou Baailetal otV @OpUouAa X" = x *
x" " eav n> 0
public static int power2(int x, int n) {

if (n <= 0) return 1;

else return x * power2(x, n-1);

}

y) (10 povadeg) Avadpopikr uhotroinon Tou Baailetal oTnv @OpUoUAa X'=
(x"?¥ e€av n > 0 kal n eival Juyog evd x"= x * (x"?)2 eav n > 0 kai n gival
TEPITTOC.
public static int power3(int x, int n) {
if (n <=0) return 1;
// This Tine necessary only if you use power(power(x, n/2), 2);
if (n==2) return x * x;
int tmp = power3(x, n/2);
if (n%2 == 0) return tmp * tmp;
else return x * tmp * tmp;

}

Mola eival n TToAuTTAOKOTATA (Complexity) Tou XpoOvou ekTEAEONG (OTNV XEIPOTEPN
TEPITTTWON) TWV TTAPATTAVW HEBSOWV; AwoTe Yia ouvToun €EAYNON.

Auon:
power1 is O(n), since the loop executes n times and everything else is O(1).
power2 is O(n), since there are n recursive calls and everything else is O(1).
power3 is O(log n), since the problem size is reduced in half at each iteration.
T(n)=0(1) + T(n/2) = O(1) + O(1) + T(n/4) ...
Eventually, the problem ends when the problem size is small enough, which is
after log n steps.
Using iteration, we get:
T(n) = k + T(n/2"k)
T(n)=logn+T(1)
T(n) is O (log n)




