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Aoknon 1 (11 pgovadec)

20¢ OiveTal TO TTAPOKATW TIPOYPAPUa Java 1O OTToio OOoKINAlel TNV OUVAUIKN
dlavouny Twv MPeEBOdwv (dynamic method dispatch) otnv TrepiTTTwon  TTOU
e€e1dIKeUoOVTAl ETTIONG TA OPICHOTA TWV UTTOOKEAIOPEVWY HEBGdwWYV (covariant

method specialization).
class A{

public void test(X x){
System.out.printin("A.X run");
}//test

public void test2(X a, X b){
System.out.printIn("A.XX run");
}//test2

3/ /A

class B extends A{

public void test(y x){
System.out.printin("B.Y run");
}//test

public void test2(X a, Y b){
System.out.printIn("B.XY run");
}//test2

public void test2(Y a, X b){
System.out.println("B.YX run");
}//test2

public void test2(Y a, Y b){
System.out.println("B.YY run");
}//test2

}//B

class X{

3/ /X

class Y extends X{

}/ /Y _

public class TestCovariant {
public static void main(string args[]) {
//FIRST WE SET UP ALL THE OBJECTS, NOTICE THE LAST IS SPECIAL
A tempA=new A(Q);

B tempB=new B();

X tempX=new X(Q);

Y tempY=new Y(Q);

X tempz=new Y(); //Dynamic dispatch test variable

System.out.println("Test dispatch on B with one variable.");



System.out.println("Last two should be the same if dynamic
dispatch works.");
tempB. test(tempX) ;
tempB.test(tempY) ;
tempB.test(tempz);

System.out.println("Test dispatch on B with two variables.");
System.out.println("The second should be identical to the first
if dynamic dispatch works.");

tempB.test2(tempX, tempX); {AvTO TO test dev €xeL vonuo}
tempB.test2(tempX, tempX);

System.out.printin("---");

tempB. test2 (tempX, tempy);

tempB. test2 (tempX, tempZ),

System.out. pr1nt1n( --");

tempB.test2(tempy, tempX);

tempB. test2 (tempz, tempx),

System.out. pr1nt1n( --");

tempB.test2(tempy, tempy);

tempB.testZ(tempZ, tempz) ;

}//main

}//CovariantTest

TiI Ba TuTtwOEi oTNV oTAVTap £€£000 KATA TNV eKTEAEON TNG PEBOGOoU main() TNg
KAGong TestCovariant;

Znueiwon: Maparnpeiote 011 N PeTaBANTA tempz €xel oTaTIKO TUTTO X aAAd O
QUVOUIKOG TNG TUTTOG €ival Y.

AUon:

Test dispatch on B with one variable.

Last two should be the same if dynamic dispatch works.
A.X run

B.Y run

A.X run

Test dispatch on B with two variables.

The second should be identical to the first if dynamic
dispatch works.

A.XX run

A.XX run

B.XY run

A.XX run

B.YX run

A.XX run

B.YY run

A.XX run

‘Aoknon 2 (11 povadeq)

20¢ OiveTal TO TTAPAKATW TIPOYPAMMA Java TO OTToi0 KOTA TNV €KTEAECT) TOU
MTTOPEl va eyeipel eCaipéocic TTOAMMATTAWY TUTTWYV. TiI Ba TUTTWOEI OTNV OTAVTOP
£€£000 KaTd TNV ekTéAEaN TNG PeBOGdou main() Tng kKAdong Excepts;



Znueiwon: MNMaparnpeiote TIC OXEOEIC KANPOVOMIKOTNTAG METAEU TwV KAAOEWV
eCAIPETEWV.

import java.io.¥;
public class Excepts {
private static String mystery(int count) throws Exception {
if (count == 1)
throw new FileNotFoundException();
else if (count == 2)
throw new IOException();
else if (count == 3)
throw new NumberFormatException();
else if (count == 4)
return "ABC";
else
throw new RuntimeException();
} // end mystery

public static void main(String args[]) {
for (int i = 1; i <= 5; i++) {
try {
System.out.printin(mystery(i));
System.out.println("YES");

}

catch (FileNotFoundException e) {
System.out.printlin("FNF");
}

catch (IOException e) {
System.out.println("I1I0");

catch (RuntimeException e) {
System.out.println("RT");
}

catch (Exception e) {
System.out.println("Ex");

System.out.printin('NO");
} // end for
} // end main
}// end class Excepts

AUon:
FNF
NO
I0
NO
RT
NO
ABC
YES
NO
RT
NO

In general, the output for each i in the for loop was worth 2 points. If you
messed up alot of YES/NOs, you lost up to 4 points total.




‘Aoknon 3 (28 povadeq)

To tutrotmoinuévo TAaiolo cuAoywv Tng Java (JCF) Trepihaupdaver did@opeg
apnpenuéves  kKAaoelg ouAloywv (abstract collection classes), o1 oTtroieg
OUYKEVTPWVOUV TOV KOIVO KWOIKA YIa DIAPOPEG OUYKEKPIMEVEG KAATEIG OUANOYWYV
(concrete collection classes), kal TTapéxouv pia BAon yia vEEC  UAOTTOINCEIG
QUTWV TwV cuAoywv. MNa TTapddeiyua 1o TTAQioIo TTeEpIAAUPBAvEl phia agnpnuévn
kAdon AbstractCollection mou uhotrolei (uepIKWG) TN dieTragr Collection.
AkoAouBwvTtag auti TNV TIPOoEyyion, oag Oiveral TTApaKATw N OIETTaPn
MyCollection, n omoia utootnpilel Alyotepeg HeBOdoug amd o1l N
TuTroTroINUévn dieTragr) Collection diatnpwvTag woTdCoo To apXIKO ouuBOAaId
TOUG (ONnA. urrovpacpsg Tpo, META Kal ANETABANTEC OUVONRKEG).
import java.util.* ;
public interface MyCollection {

boolean add(Object o0);

void clear();

boolean contains(Object 0);

boolean isempty();

Iterator iterator();

boolean remove(Object 0);
y int size(Q);
FpdwTe pia aaipeTik KAdon AbstractMyCollection n otoia uAoTtrolgi Tnv

dietragry MyCollection, kai n otoia tepIAapBavel yévo TIC akOAOUBEC TPEIG
aQaIpeTIKEG (abstract) pebddouc: add(), iterator(), and size(). OAeg ol
UTTOAOITTEG MEBODOI TTPETTEI VA Eival OUYKEKPIPEVES (concrete) dnA. Ba TTpETTel va
éxouv ulotroinBei. H kAdon AbstractMyCollection dev Ba Tpétrel va £xel
yvwpioparta/media dnA. PeTaBANTEC oTiyuIoTUTTWY (instance variables). @uunBeite
OTI 0l OUAAOYEG QVTIKEIUEVWVY PTTOPOUV va TTEPIEXOUV Kal avagopés null, kai
KaT& ouVvETTEID Ta opiouaTa oTIG ueBddoug add (), contains (), and remove ()
hTTopoUV emiong va eival null. H ulomoinorl cag Ba yivel otadlokd ota
TTAPAKATW 2 UTTO-EPWTAHATA.

(a) (16 povadeg) ztnv mpwTtn ékdoon Tng kKAdong AbstractMyCollection,
TTou Oa TIPETTEl va UAOTTOINOETE, MTTOPEITE va uttoBéoeTe OTI o1 péEBOdOI
contains() kai remove() Otv kahoUvtal TOTEé pe Opiopa null. Mropeite
OnAadny va TTapaAsiYeTe TOV EAEYXO YIA TIG TTEPITITWOEIS OTTOU TO OPICPA TOUG
eival null1 (Maparnpeiote 611 N YéBodog clear () dev emaoTPEPE KATTOIO TIUN).

Auon:
import java.util.*;
public abstract class AbstractMyCollection
implements MyCollection {
protected AbstractMyCollection () { }
public abstract boolean add(Object o0);
public void clear() {
Iterator it = iterator();
while (it.hasNext()) {
it.next();
it.remove();

3
} // 3 points




public boolean contains(Object o) {
Iterator it = iterator();
while (it.hasNext())
if (o.equals (it.next()))
return true;
return false;
} // 3 points
public boolean isEmpty() {
return (size()==0);
} // 3 points
public abstract Iterator iterator();
public boolean remove (Object o) {
Iterator it = iterator();
while (it.hasNext())
if (o.equals(it.next())) {
it.remove();
return true;

return false;

} // 3 points
public abstract int size();

}

(B) (12 povadec) znv TeAikn €kdoon Tng kKAdong AbstractMycCollection, 8a
TIPETTEl VO UAOTTOINOETE €K VEOU TIG HEBGOoUG contains () kal remove(), 10l

WOTE VA CUMPTTEPIPEPOVTAI CWOTA OTIG TTEPITITWOEIG OTTOU TO OPICPA TOUG Eival
null.

AbOM :
public boolean contains (Object o) {
Iterator it = iterator();
if (o == null)
while (it.hasNext()) {
if (it.next() == null )
. return true;
else
while (it.hasNext())
if (o.equals(it.next()))
return true;
return false;
} // 6 points
public boolean remove(Object o) {
Iterator it = iterator();
if (0o == null)
while (it.hasNext()) {
if (it.next() == null) {
it.remove();
return true ;
}
}
else
while (it.hasNext())
if (o.equals(it.next())) {
it.remove();
return true;

return false;} // 6 points




‘Aoknon 4 (15 povadecg)

O1wg €xouue TTapPOUCIGoEl OTO YadNua, n Java TTpoc@Epel TTOAAEG UAOTTOINCEIG
AgaipeTikwyv TuTtwv Agdopévwy (ATA) yia Tov XEIPIOPO CUAAOYWYV QVTIKEIMEVWV
Ol OTTOiEC ETTIOEIKVUOUV OIAPOPETIKEG ETTIOOCEIC EKTEAEONG OTIG AEITOUPYIEG TTOU
utToOTNPICOUV, OTTWG:
- NioTeg uhoTroinuéveg pe Mivakeg (ArrayList)

AITTAG Zuvdedepéveg Nioteg (LinkedList)

2UvOAa kai ATtreikovioelg uAotroinuéveg ue Auadika Agvipa Avalntnong

(TreeSet, TreeMap)

2UvOAa Kal  Artreikovioelig  uAotroinuéveg  pe  Tlivakeg KatakepuaTiopou

(HashSet, HashMmap)
MNa K&GBe pia atd TIC TTAPAKATW EQAPUOYEC, TTEPIYPAWTE TTOIOG TTIOTEVETE OTI €ival
o0 KataAAnAoTtepog ATA yia va oxedldoere (wg TTPOG TNV AEITOUPYIKOTATA TNG
OIETTAPNG TTOU TIPOOYEPEI) KAl va UAOTTOINOETE (WG TTIPOG TIG €MMOOOCEIS TNG
OUYKEKPIMEVNG OOPNAG OEOOMEVWV TTOU XPNOIUOTIOIED) TIG AEITOUPYIEC TTOU OAG
¢nTouvTal oTNV €KQWVNON. AIKaIOAOYAOTE oUVTOPA TNV ATTAVTNON COGC.
(o) (5 HovaAdeC) KardAoyo¢ evO¢ NAEKTPOVIKOU KATAOTAUATOS TTAIXVIOIWV. €
auTtrl TNV €Qapuoyr, n 1o ouxvi Asiroupyia civar n avalntnon (lookup) TNG
TTEPIYPAPNG €VOG TTaIXVIOIOU OedOUEVOU TOU HovadikoUu KwdIkou Tou. ETriong
TIPOBAETTOUPE OUXVEG EVNUEPWOEIS TWV TIANPOQPOPIWY  TTOU a@popouv €éva
TTaIxVidl (TTX. TO a1réBeua) KABE Qopda TTOU YiveTal pIa OXETIKN TTapayyeAia. TEAoOG,
TIPOOBAKES Kal dlaypa@Eés TTaixVvISIwV aTTd ToV KATAAOYO TOU KATAOTAUATOG OEV
eM@avidovral APKETA OuxVA.

Auon:
Lookups for a toy number should be efficient as possible. A HashMap is best for
this since lookups require constant time.

(B) (5 Hovadeg) EAcyxo¢ ouvardaywv uiag eraipia¢ mOTWIIKWY KapTwv. H
EQAPUOYN auTr Kataypdgel KaBe ouvaAlayn (dartrdvn, TTANPwURA) TToU N eTaIpia
TIPAYMATOTIOIE ECUTTNPETWVTAG EKATOVTADEG OUVOAAAYEC ava DEUTEPOAETITO TWV
TTeAatwyv TNG. O1 kKataypaupéveg ouvallayég diafalovTtal OEIpIOKA €TOI WOTE va
eAeyxBolv yia Tnv akpiBeid Toug Ta oToixeia KABe ouvaAAayAG PE QUTA Tou
Aoyapiagpou Tou TTEAATN TTou OIABETEN N ETAIPIA.

Auon:

A LinkedList is best for this application since the operations that need to be
efficient are appending a new item at the end and (less important) accessing the
items in the list sequentially.

(y) (5 povadeg) Aiota Tmaixtwv Me TNV uywnAoTepn PBabBuoloyia yia éva
NAEKTPOVIKO TTaiyvidl. OtroTe TO TrauXvidl TEAEIWVEL, N PaBuoAoyia evog TTaikTn
kataypd@etal. O1 déka uywnAoTepeg BaBuoAoyieg eugavidovrar oe @Bivouoa
apiBunon K&Be @opd TToU £va Kalvoupylo TTaixVidl apxilel.

Auon:

A sorted ArrayList is fine. There are only a small number of items in the list
and inserting a new value is done very infrequently (whenever a game is over),
so we don't need a fancy data structure to maintain a large sorted collection
efficiently.




‘Aoknon 5 (10 povadeq)
[Moia gival n TToAuTTAOKOTNTA (Complexity) Tou Xpdvou ekTEAEONS (OTNV XEIPOTEPN
TTEPITITWON) TWV TTAPOKATW MEBGOWV TTOU XEIpidovTal TTiVOKEG (array); YTTo0éoTe
oTI 0 Tivakag €xel unkog (length) N kai 611 N péBodog compareTo () ekTeAeital o€
oTa0EPO XPOVO.
() (2 povadeq)
boolean inorder(Comparable[] a, int i) {
if (i >= a.length-1)
return true;
else
return al[i].compareTo(ali+1]) < 0;}

AOON:

In general the method performs one comparison of objects. Given that
compareTo() executes in constant time this method also executes in
constant time.

(B) (2 povadec)
int countX(Comparab]e[] a, Comparable x) {
int count = O;
for (int j=0; j<a.length; j++) {
if (x.compareTo(al[j])=0) count++;}
return count;}

Auon:
The loop body executes N times. Each time involves one comparison of
objects, and may involve an integer addition. Overall complexity is O(N).

(v) (3 Hovadeg)
int mostRepeats(Comparable[] a) {
int most=1;
for (int j=0; j<a.length; j++) {
int count = countX(a,aljl);
if (count>most) most=count;}
return most-1;}

Auon:
The loop executes N times. Each time involves a call of countX(), whose
complexity is O(N). Overall the complexity is O(N?).

(8) (3 povadeg)
boolean isSorted(Comparable[] a) {
for (j=0; j<a.length; j++)
) 1if (!inorder(a,j)) return false;

Auon:

At worst the loop executes N times, each time calling an O(1) method: in
this case complexity is O(N). At best the loop executes once only: in this
case complexity is O(1). If the array, a, is Filled randomly then we would
expect to exit after one pass through the loop with a probability of 0.5,
after two passes with probability 0.25, after three passes with probability
0.125, etc. On average the number of times through the loop will be
slightly less than 2. On average, then, this method is constant time.




‘Aoknon 6 (20 povadeq)

To oupBoAaio TnG ueBddou Arrays.sort(Object[] a) mou Oiverar oTo
TTakéTo java.util amairei «dAa Ta oToIXEiO TOU TTivaKa TTOU TagivououvTal va
uAoTroloUv Tnv dieTra@n Comparable. EmmAéov, 6Aa Ta aToixeia Tou Trivaka Ba
TPETTEl va  Ouykpivovtal avd oOuo (dnA. n  KAon Tng peBOdou
el.compareTo(e2) ©Oev Ba mpémel  va  eyeiper TV e€aipeon
ClassCastException yia omoladATIOTE OTOIXEiO el Kal e2 TOou TTivaKa)».

2a¢ Oivetal akoAoUBwg n dietragr) Comparable:

package java.lang;

pubTic interface Comparable {
//Returns a negative number if the current object Tess than obj,
//a positive number if the current object is greater than obj,
//or zero if they are equal.
public int compareTo(Object 0);

@éNoupe va Taflvourioouue évav TTivaka avTIKEIWEVWY TNG KAdong Point
xpnoigotolwvtag TNV PéBodo Arrays.sort(). YAormoiote TIC HEBGDOOUG

equals() kai compareTo () Tn¢ kKAdong Point 1ou oag divetal TTApaAKATW:
public class Point implements Comparable {
// Cartesian coordinates of a point on a plane
private double x, y;
public Point (double value, double value’) {
X value;
y value’;

public double getX() { return x; }
public double getY() { return y; }
public boolean equals(Object o) {

Auon:
if (o instanceof Point) {
Point p = (Point)o;
if ((Math.abs(p.getX() - x) < le-6) &&
(Math.abs(p.getY() - y) < le-6))
return true;
else return false;

return false;

} // end equals
public int compareTo(Object o) {

Auon:
if (o instanceof Point) {
Point p = (Point)o;
double r = Math.sqrt(x * x + y * y);
double ro = Math.sqrt(Math.pow(p. getx() 2)+
Math.pow(p.gety(), 2));
if (r < ro) return -1;
if (Math.abs(r - ro) < le-6)
return 0;
else return 1;

}
return -999;

} // end compareTo
} // end Point



Znueiwon: Na tnv uhotroinon Twv dUo ueBBdwWY Ba TTPETTEl va AdBeTE uTTOWn OTI:
- H1o06TnTa dU0 avTikeIyévwy Point opiletal BACN TWV TIHWV TWV UETARANTWV
OTIYMIOTUTIWV X KOl Yy, Ol OTToie¢ Ba TTpETTel va gival ioec pe akpipeia 1x10®
(XPNOIMOTTIOINOTE OTIC CUYKPIOEIS TNV uéBodo Math.abs ().
H didragn duo avTikeiyévwy Point opiletal BAon TNG ammdéoTACHG TOUS OTTd
TV apxl Tou e€mmédou n oToia  opietal amd TNV ouvaptnon

\JX? +Yy® (XPNOIYOTIOINOTE OTIC OUYKPIOEIC TIC WeBddouc Math.abs(),
Math.sqrt() kar Math.pow()). Emiong, n pyébodog compareTo() 6Oa
TIPETTEI va eTTIOTPEQPEI —1 €dv TO TPEXOV OnuEio €ival KovTUTeEPa OTNV apxA
TOU €mMITTEOOU OTTO TO Onueio TTou diveTal oav Opioua oTtn péBodo. Me autdv
TOoV TPOTIO, €va QVTIKEIYEVO Point TTou PBpiokeTal KOVTUTEPO OTNV APXH TOU
emTTEOOU Ba TTpoNYEiTal TWV AVTIKEIMEVWY TTOU BpiokovTal JakpuTepa OTav O
TTivakag TagIvoueital.
Edv 1o avtikeipevo (Object) mou divetal oav 6piopa otn péBodo equals ()
dev gival oTIyuIdTUTTIO TNG KAAoNG Point, 161e n yébodog emmoTpépel false.
Edv 710 avtikeiyevo (Object) Ttou Odivetalr cav Opiopya otn  PéBodO
compareTo() Oev eival oTiydidéTUTIO TNG KAGoNG Point, 16Te N péEBOOOG
emoTpEPel —999.

‘Aoknon 7 (15 povadeq)

(a) Moia gival n Kup1dTEPN dlaPopd PETAEU WIS aQaIPETIKAG KAGoNnG Java Kal evog

aA@aIPETIKOU TUTTOU OEQOUEVWY,

Auon:

Abstract data type: declares value set and operations independent of
representation, does not prescribe implementation.

Abstract class: can define state (value representation) and implement methods
(operations).

Note that an abstract class may contain instance variables while an interface
(e.g., ADT) cannot.

(B) Mola €ival n Bacik €UuKOAia TTou TTPOCEPEPElI N Java PE TOV XEIPIOPO Twv
TMVAKWY OaV AVTIKEIYEVQ,

Auon:
Avoids element copy: objects are passed by reference to methods.

(y) lMoioug TtreplopiopoUs ouveETTElag Ba TTpETTel va AauBdvouue uttdywn oTnv
uAoTroinon Twv PeBoddwyv equals (), hashCode (), kai compareTo();

Auon:
if equals () is true, hashCode () cannot differ.
equals() is true exactly when compareTo() is zero.

() AwoTe dUO eVAAAAKTIKOUG TPOTTOUG YIa VA ONAWVETE OTI hia KAAon dgv PTTOPEI
va €XEI KAl QVTIKEIJEVA UTTOKAATEWVY TNG.

Auon:
final class A { ... } // no subclass allowed
class B { private B (O { ... } } // subclass cannot chain

to constructor

(o1) TiI cival éva TTakéTo (package) kwdika oTn Java?

AUon: Set of related classes with package access rights to each other; sources
and class files kept together in directory named after package name.




