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Aoknon 1 (10 povadeq)

QewpnoTte €éva TPOypaANUa  Java yia TNV TTPOCOMOIWGCN  aywvwv
TTodoo@aipou. 2ag divovTal Ol TTaPAKATW JIETTAPES Kal KAAoeIg Java:

interface FootballGame {
void atBall(Player p) throws OffsideException,
YellowException,
PenaltyException;

}
class Player {}

class FootballException extends Exception {}

class YellowException extends FootballException {}
class RedException extends YellowException {}

class OffsideException extends FootballException {}
class PenaltyException extends FootballException {}
class StormException extends Exception {}

a) (5 povadeg) Moieg amo TIC TopakdTw dnAwoelg kKAdoswv Java eival
EYKUPEG?

Znueiwon: OuunBeite TNV €vvolad TOU TTPOYPOUMATIONOU PBACIOPEVOU OE€
oupBoAaia (contracts).

class NiceGame implements FootballGame {
public void atBall(Player p) throws OffsideException,
( ) YellowException

AUon:
oot

class HardGame implements FootballGame {
?ub11c void}atBa11(P1ayer p) throws RedException

Auon:
¥ leinil




class StormyGame implements FootballGame {
public void atBall(Player p) throws YellowException,
offsideException,
Stormexception

{ }

AUon:
AdBog

class NormalGame implements FootballGame {
?ub11c void}atBa11(P1ayer p) throws FootballException

AUon:
AdBog

class LuckyGame implements FootballGame {
public void atBall(Player p) throws PenaltyException
{ throw new RedeException("Too bad for your team");}

Auon:
AdBog

B) (2 povadeg) Me Bdon Ta AGBN TToU BPAKATE GTIC TTAPATIAVW SNAWOEIG
TIpOTEiVETE MIO KalvoUpyla OnAwaon Tng Oiemagpng FootballGame Tou
QTTEIKOVICEl PE TTIO AQAIPETIKO TPOTTO TOUG KAVOVEG €VOG TTOD0O0PAIPIKOU
TTaIXVIOIOU (Kal TTI0 CUYKEKPIPEVA TIG TTAPARIACEIS TOU CUUBOAdiou Tou)

Auon:
interface FootballGame {
) void atBall(Player p) throws FootballException

y) (3 povadeg) Me dedouévo 6T n FootballException civar pia
uttokAdon TNG Exception TTOIEG ATTO TIG TTAPAKATW EVTOAEG €ival ICOOUVAUEG
pe To akéAoubo try-catch

try
{ fO; } |
catch(Exception e)
{ if(e instanceof FootballException)

{ g(e);}

1.try { fO; } )
catch(FootballException e) { g(e); }
2.try { fO3; 1.
catch(ExceBt1on e) {}
catch(FootballException e) { g(e); }



3.try { fO; 1} ]
catch(FootballException e) { g(e); }
catch (Exception e) { }

4. None of the above

Auon:
1 xou 3

Aoknon 2 (15 povadeg)
OewpnoTe ToV TTApPaAKATW KWOIKa Java:

interface Sstuff {
A mangle(int x, int y);
void printQ;

}
class A implements Stuff {
int a;
int b;
A (int x, int y) {
a=x;
b=y;

public A mangle(int x, int y) {
A z;
z = new A(a+x, b+y);
return z;

public void adjustA(int x) {
a=a*Xx;

}
public void print() {
System.out.printin("a='

+a+ ", b=" + b);

class B implements Stuff {

int a;

int b;

int c;

B (int x, int y, int z) {
a=x;
b=y;
c=z;

public A mangle(int x, int y) {
A z;
z = new A(b+x, c+y);
return z;

}

public void fangle(int x) {
a=a-x;
b=b-x;

public void print() {
System.out.printin("a="+ a+", b="+ b+", c="+ C);



Ti Ta TUTTWOEI OTNV £€€000 yia KABE pIa atTo TIG OKOAOUBEG TTEPITITWOEIG
TTPOYPOUMATWV? (o€ TepITTTwon AdBoug onueiwoTe AdBog kal dwoTe TNV
QITia TTOU TO TTPOKAAECDE):

(a) A objectl =
A object2 = new A(2, 2),
B object3 = new B(4,5,6);
stuff [] array = new Stuff[10];
object3.fangle(l);
array[0]=objectl;
array[l]=object2;
array[2]=object3;
array[0].print(Q);
array[1].print(Q);
array[2].print(Q);

AUon:

a= 1, b=
a= 2, b=
a= 3, b=

AR

, C= 6

(b) A objectl new A(1l
A object2 new A(2
B(4

ne

B object3 = new
stuff [] array =
array[0]=objectl;
array|[ ==ob1ect2;
array[2]=object3;
array[2].fangle(1);
array[0].print();
array[1].print();
array[2].print(Q);

NIHIIOI N N H

AUon:

error

Method fangle(int) not found in interface Stuff.
array[2].fangle(1l);

(c) A objectl = new A(1,1);
A object2 new A(2,2);
B object3 = new B(4,5,6);
stuff [] array = new Stuff[10];
array[0]=objectl;
array[l]=object2;
array[2]=object3;
A tmp = array[2].mangle(1,1);
array[3]=tmp;
tmp.adjustA(2);
array[3].print(Q);

AUon:
a=12, b=7




Aoknon 3 (40 povadeq)

20G Oivetal 0 TTOPOKATW OPIOUOG MG kKAGong Java Clock n otoia
AVATTAPIOTA TNV £VVOIA TOU XPOVOU HE TNV HOP@r) U0 AKEPAIWY METABANTWV:
hour, kai minute (hour maipvel Tiuég ammo 0 éwg 23 kal minute Taipvel
TIHEG aTTo 0 €wg 59).

class Clock {
// instance variables;
// note that they are declared as private
private int hour, minute;
// the constructor to initialize instance variables
public Clock(int h, int m) throws
I1legalArgumentException

// add one minute to the current time
public void tick()

// check whether the current time is equal to the
// time which is given as parameter; or not
public boolean equal(Clock c)

// convert the time into a printable format: “h:m”
public String tostring()

}

a) (10 povadeg) ZuuTrAnpwoTe To owua Twv peBddwv Clock, tick,
equal, kai toString.

AUon:
public Clock(int h, int m) throws
Ille a1ArgumentExcept1on
{if (h<O0 ]|l h>23 || m<O I? m > 59)
throw new I11ega1ArgumentExcept1on(
“Invalid Time” + h + m)
else
{ hour=h; minute=m; }

public void tick()
{ minute=minute+1;
if (minute==60)
{ minute=0; hour=hour+1;
if C(hour==24) hour=0; }

public boolean equal(Clock c)

{ returnChour == c.hour && minute == c.minute); }
public String tostring()

{ returnChour + ":" + minute); }

B) (5 povadeqg) Moia cival n invariant ouvenkn Tng kAdong Clock kai wg
Ol KOATOOKEUQOTEG  avTIKEIWEVWY  (constructors) kair  or  péBodol  TTOU
METAOYXNMATICOUV TNV KATACTAON TWV QVTIKEIMEVWY TNG KAAong (transformers)
e€ao@aAiouv 0TI gival TTAvTa aAnBnig.



AUon:

Invariant cuvOrikn:OcO Clock ¢.h>=0 [0 c.h<=230c.m>=00 c.m<=59
2TnNV TEPITITWON ToU KaTtaokeuaoTh avrikelyévwy Clock eAéyxoupe Tig
TIMEG TWV TTAPAUETPWY TTOU TTAIPVEI £€TO1I WOTE VA pnv Trapapiaderal n
Invariant ouvbikn Tng KAGong (n Post ouvBrikn TOu KOTAOKEUQOTA
€ival ouolaoTiKA n Invariant). 21nv avtiBeTn TTEPITITWON dNPIOUPYOUNE
MIa €€aipeon yia va €100TTOINCOUME TOUG TTEAATEG TNG KAAONG OTi
TTapapidletal To cuuBOAaI6 TNG.

2NV TEPITTTWON TNG HEBSOoU petatpotréa tick e€aopalioupe OTI Ol
oAayéG oTnv KOTAoTOon Twv QvTIKEIWEVWY Ogv TTapafidlouv Tnv
Invariant ouvlrnkn Tng kAaong (n Post o©uvlnAkn TOou pETATPOTTEQ
mepIAaupBavel Tnv Invariant ouvBnikn). Av KAt TETOlO &gV PTTOPEI
TTAvToTE va dIOCQAMNIOTEl, TOTE dnuUIoUpyoUuE pia ggaipeon (n otroia
TTPETTEl va dnAwBei KaTtdAAnAa otnv uttoypa®r Tng ueBddou) yia va
€I00TTOINCOUPE TOUG TIEAATEG TNG KAAoNng OTI  TrapaBidderal 1o
oupBoAaio TNG.

(y) (10 povadeg) H akdloubn kAdon ClockTest xpnoiuoTolei TIC
puEBOdoug TN Clock. ZupmAnpwoTte Ta Kevd OTOV TTAPOKATW KWOIKA
uttod€IKvUovTag TTOTE XpeldlovTal Kal TTOTeE OXI try-cath blocks.

public class ClockTest {
public static void main(string[] arﬁ
rows IOException {

Clock c, noontime;
int hl,ml;
BufferedrReader stdio = new
BufferedrReader (new InputStreamReader(System.in));
System.out.printin("Enter Hour: ");
ﬁ{ Read an Integer value from the standard input

AUon:
hl = Integer.parseInt(stdio.readLine());

System.out.printin("Enter Minute: "); ]
// Read an Integer value from the standard input
ml =

AUon:
ml = Integer.parseInt(stdio.readLine());

// Create a Clock object using the values 1in
// variables hl and ml; Store the object reference
//in variable c.what happens if arguments are wrong?

Auon:
try { ¢ = new ClockChl,ml);}
catch (I11ega1Ar?umentExcept1on iae) {
// eventually ask for new input values
j




//Print in the standard output the time of variable c

Auon: ] _ _ i
System.out.println(“Time is “ + c.toString());

// Add one minute to the time of variable c.

Auon:
c.tick(Q;

// Create a Clock object holding the noontime
// (12:00), and save it in the variable noontime

AUon:
try { noontime = new Clock(12,0); }
catch (I1legalArgumentException iae) {
// this try-cath block is not useful}

// Check whether the time in the variable c is equal
// to the noontime (12:00), or not.

Auon:
1f ( c.equal(noontime) )
System.out.println(“Noon Time”);
else
System.out.println(“Not Noon Time”);

}
}

0) (15 povadeqg) YmobioTe Twpa 6T BEAouE pia akpIBr avamapdaTacn Tou
Xpovou AauBdavovtag eTTITTAEOV UTTOWIV POG Kal Ta OEUTEPOAETTTA. YAOTTOIEIOTE
Mia Kaivoupyla kKAdon PreciseClock n omoia €¢eidiketel Tnv Clock €xovrag
Mo emiTTAéov  peTaBANTA oTiyuiotUTTwy  second kabwg kal peBGdoug
OUpPTTEPIAOUPBAVONEVOU KAl €VOG KAIVOUPYIOU KATOOKEUAOTH QVTIKEIMEVWV.
21nv PreciseClock, mpétel va (eTava-)opioeTe TIC TTAPAKATW PHEOSOOUG:

e O koTaokeuaoTAG avTikelnévwy TG PreciseClock tpémel va
apxikoTrolei  TpeIg HeTABANTEG oTiypioTUTwy  (hour, minute kal
second) xpnoipoTrolwvTag 3 akepaioug TTou divovTal oav TTapAPETPOI
NG uebodou.

e H pébodog tick Tpémel va TPooBETel €va OEUTEPOAETITO OTNV
TpEXOUOA TIUN TOu XpOvou.

e H pébodog equal mpétrel va eAéyxel av n TpEXouaa TIUr ToUu XpOvou
gival ion pe Tov xpovo TTou diveTal oav TTAPANETPOG

« H pébodog toString mpémel va TUTTWVEI TNV TpEXouaa TIPA Tou

Xpovou ot pia 24wpn pop@n Tou Trepiéxel hour, minute, kar second,
m.X. 23:10:12



AUon:
class PreciseClock extends Clock {
private int second;
//constructor
public PreciseClock(int h, int m, int s)
throws I1legalArgumentException {
superCh,m);
if (s <0 |] s> 59
throw new I11ega1ArgumentException(
‘Invalid Time” + s)
else
second=s;

}
// tick method
public void tick() {
second=second+1;
if (second==60)
{ second=0; super.tick(Q; }

}

// equal method

public boolean equal(PreciseClock c) {
return(super.equal(c) &&

second==c.second);

// tostring method

public string tostring() {
return(super.tostring(Q+":"+second);

}

Aoknon 4 (15 povadec)

Oewpnote évav edIKO TUTTO AkoAouBiag TTou ovouddletal «KOkkivn-Maupn
AkoAoulBia» (‘red-black sequence”). KaBe oToixeio TTou TTEPIEXETAI OE MIA
«KOKKIVN-Paupn akoAouBia» €XEl €iTE TO XPWHA KOKKIVO, €ITE TO XPWHA MAUPO
Mia «KaAd opliopévN» KOKKIVN-HaUpn akoAouBia IKOVOTTOIE TIG TTAPAKATW
2 1010TNTEG:
1. To KOKKIVO Xpwua ep@avifetal akpiBwg oTov idlo apiBud oTtoixeiwv 600
KAl TO JaUPO XpwHa oTnv akoAouBia.
2. To paupo xpwpa dev gu@avifeTal o’éva OToIXEIO TNG akoAouBiag TTou
Bpioketar o€ pia (Oiatetaypévn) B€on (rank) pikpdTEPN aTd TNV
MEYAAUTEPN B€0n TTOU eu@avideTal TO KOKKIVO Xpwua oTnv akoAoubia.

AvaTTapIoTWVTAG TO KOKKIVO XPWHA PE TO YPAUMO «K» Kal TO JaUPO XPpWHA HE
TO YPAPua «M» o1 TTapaKATwW KOKKIVEG-HOUPES AKOAOUDBIEG:

1. KKKKKKMMMMM M civai KaAd opiocHévn

22 KMMMMMMMMMM M d¢ev cival Kahd opiopévn yiaTi
TTapapiadel TRV TpwTN 1I010TNTA

3. MKKKKKMMMM M K &¢v cival KaAd opiopévn yiati TTapaBiadel
TNV deUTEPN 1ID1IOTNTA

E¢ opiopou Bewpoupe 611 n adeia akoAouBia eival pia «KOAA OPIOHEVN»
KOKKIVN-Jaupn akoAoubia.



MeplypdyTe 10 cwWwua piag peBoddou isProper(Sequence s) n otoia
eAEYXEI aV N KOKKIVN-paUpn akoAouBia T1Tou diveTal oav TTAPAPETPOG (TUTTOU
Sequence) cival KaOAG opiopévn ) OXI ETTIOTPEPOVTAG TNV AVTIOTOIXN AOYIK)
TIuA (TUTTOU BooTlean). O aAyépiBuog Tng peBddou TpéTTel va eAEyxeEl TNV
akoAouBia €10660u Xwpic va YeTPd Ye APECO | EUPECO TPOTTO TOV apIBud
EUQAVIOEWV TWV XPWUATWY KOKKIVO Kal paupo. Etriong 8a mrpétrel va eivai
YPOUMIKOG O ox£on UE To YEYEBOG (size) n TG akoAoubiag el06dou. Na Tnv
uhotroinon TNg YeBddou xpnoigoTroleioTe TNV dieTTapr Tou ATA AKOAoLO L
(Sequence) yépog TNG OTTOIAG 0OG DIVETAI TTAPAKATW:
e init() onuioupyei pia ddeia akohoubia.
e isempty() emoTpégel True av n akohouBia dev TTEPIEXEl OTOIXEIO Kal
False otnv avtiBetn TTepiTTwon.
e size() cmoTpépel évav aképalo PEYOAUTEPO 1 i00 Tou WNdEvOg o
OTT0i0g dNAWVEI TOV APIOPO TWV OTOIXEIWVY TTOU TTEPIEXEI N akoAouBia.
« elementAtRank(r) emoTpégel T0 Xpwua (KOKKLVO N MxUPO) Tou
OTOIXEIOU TTOU BPIioKETAI OTNV r B€0N TNG akoAouBiag.
2NMEIWOTE OTI UTTOPEITE VA EAEYEETE TO XPWHA EVOG OTOIXEIOU PIOG akoAouBiag
bue Tnv ouvlnkn (s.elementAtRank(r) == Red) kai 611 PTopeite va
TOTTODETAOETE TA XPWHATA TTOU 0AG evOIAPEPOUV O€ HIa evOIAUEDTN OUAAOYN
avTIKEINEVWY. H péBodog 1sProper utopei va ulotroindei pe i Xwpig TNV
Xpnon evolaueong oUAAOYNG AVTIKEINEVWV

AUon:
There are several ways to solve this problem that do not involve
explicitly or implicitly counting the number of each color in such as
sequence. The first technique, which is most appropriate from a data
structures context, is to use a stack to match up instances of the color
red with instances of the color black. With an additional test, such a
solution can also ensure that property 2 above is met by a sequence.
An example algorithm using this technique is below:
Boolean isProper(Sequence s) {
Stacla st = new Stack;
r =
// compose a stack containing the first reds
while (r < s.size()) {
if (s.elementAtRank(r) == Red)
st.push(Color.red);
else // quit Toop when a black is found
break;

}
// match stack of reds with blacks in sequence
while (r < s.size()) {
if (s.elementAtRank(r) == Black) {
// sequence is not proper if no red to
// match this black
if (s.iseEmpty()) return false;
// otherwise remove the matching red
else st.popQ;

// return false if a red is found out of order
else return false;

// sequence 1is proper if all reds were matched




if (s.iseEmpty()) return true;

// sequence 1is not proper if any reds remain
// unmatched

else return false;

Many variations on the above theme are possible, including solutions
using a structure other than a stack. It is possible to compress the
tests into a single loop. The above algorithm runs in time that is O(n).
A more compact solution is to match the colors directly, rather than
using a stack as temporary storage. An example algorithm using this
technique is below:
Boolean isProper(Sequence s) {
start = 0;
end = s.size() - 1;
// starting from the front and rear of the
// sequence
while (start < end) {
// match a front red with a rear black
if ( (s.elementAtRank(start) == Black) ||
(s.elementAtRank(end) == Color.red)
// sequence 1is not proper if colors
// don’t match
return false;
// move towards the middle of the sequence
start = start + 1
end = end - 1

// sequence is proper if all colors match
return true;

Many variations on the above theme are possible, including solutions
that start matching blacks from the middle rank of the sequence. The
above algorithm runs in time that is O(n).

Aoknon 5 [20 povadec]
YmoBéoTe OTI n dloiknon Tou [avemoTtnuiou Kpntng oag avéBeoe Tnv
uAoTtroinon Tou MNMAnpogopiakol ZuoTtiuartog Alaxeipiong @oirntwy (MZAD). O
AQaIpeTIKOG TUuTTOG Acdopévwy (ATA) TTOU avaTTaPIoTA TOUG QOITATEG OAG
diveTal ue TNV pop®n piag dietragng Java. Na 1ig avaykeg TnG UAOTTOiNONG TOU
MZAD xpeidlete va EEpeTe aTAWG OTI AUTOG 0 ATA €TTEKTEIVEI TRV TTAPAKATW
Baoikn dietragn Java:
public interface CoreStudent {

int studentID();

String studentName();

int studentGraduationyear();
int studentGradePointAverage(Q);

a) [5 povadeg] YoTtepa ammd ouvevwonan PE TOUG dIoIKNTIKOUS UTTAAAARAOUG,
atmmo@acifete OTI N MO onNUAVTIKA A&iIToupyikOTnTa TToU TO MZAD TTpéTTEl Va
TTOPEXEL, €ival N TTapaywyr] AIOTWV yia dIOQOPETIKEG KATNYOPIEG POITNTWV OF
aA@aBnTikr o€ipd. lMolog moTeleTe OTI €ival 0 KATaAANAdTEPpOG ATA (dnA
dietragry amo 10 Java Collection Framework) yia va Bacioere Tnv oxediaon
Tou MZA®D kai yiaTi?



AUon:

The SortedMap ADT provides the best support for maintaining
alphabetical lists and it available in the java.util.library as
interface: java.util.SortedMap.Note that different students may
have the same name and therefore the ADT SortedSet can’t be used.

B) [5 povadec] Moia ouykekpipévn doun dedopévwy Ba XPNOIUOTIOINTETE Yid
TNV uAoTroinon Tou ATA TTou €TTIAEEATE OTO TTPONYOUUEVO EPWTNHA KAl YIOTI?

AUon:

Various underlying concrete data structures offer a range of
performance tradeoffs. Either a binary search tree (BST) or an AVL or
even a red-black tree would give reasonable size and update
performance while still supporting easy traversal in alphabetical order.
The TreeMap implementation of SortedMap is available in the
java.util.library asclass: java.util.TreeMap.

y) [5 povadeg] YmoBéote Twpa OT ol OBIoIKNTIKOI UTTAGAANAoI  Tou
MavemoTtnuiou KpATNG €xouv €Tmiong avAdykn va avakTouv Yypriyopa
TTANPOQPOPIEG OXETIKA PE TOUG QOITNTES divovTag Tov Kwdikd Toug (student ID).
Mwg TTpétrel va d1opBWOETE 1) va €TTEKTEIVETE TOV ATA Kal TNV UTTOKEIUEVN OOMN
oedouévwy Tou MZAD 10U €mAéEaTE OTA TTPONyoUpEva 2 €pwThuaTa?
AikaioAoynoTe TNV atTdvTnon oag.

AUon:

Adding a HashTable mapping IDs to student information in the
Sortedmap would be a good choice. This would allow O(1) access to
the information given the student ID. We would need to modify the
binary search tree (BST) or an AVL or even a red-black tree to support
locator-based methods.

0) [5 povadeg] YmoBéoTe TEAOG OTI TIPETTEl VA TUTTWVETE  TOUG
QTTOPOITAOAVTEG POITNTEG YIa KABE akadnuaikd £€Tog TagIvounuévoug oUUPWVa
ME TOV PHEOO Opo TNG PabuoAoyiag Toug. MNolov emTTAEoV AAT, CUYKEKPIPEVN
ooury dedouévwy kal peBddoug TTPETTEl va uAoTroinoeTe yia 1o TZAD.
AikaloAoynoTe TIG ETTIAOYEG OQG.

AUon:

A priority queue of items, whose keys are student grade point averages
and whose elements are locators for student information would allow
for heap sort-based listing of students in order of grade pointer
average. We could make one pass through an enumeration of the
students, constructing one priority queue for each class year, whenever
such a listing was needed. Recall that a priority queue is similar to a
queue. However, when you remove items from it, rather than removing
the front item, you remove the "most important" item. All items are
stored with a corresponding priority. The "most important" item is the
one with the highest priority




