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Aoknon 1 (20 povadeq) Baoikn AEITOUpYIKOTNTA AVTIKEIHEV®OV

2ag divetal n TTapakAaTw KAdon Java OPoint yia TV avatmrapdoTaon OnPEiwv
o’€va TPIoOIACTATO XWPO:
class OPoint{
private double x, y, z;
public OPoint(double xp, double yp, double zp){
X=XpP;
Y=Yyp;
z=zp;

}

public double x(Q{return x;}

public double y(Q{return y;}

public double z(Q{return z;}

public String toString(){
return "(Hx+T, Uy +T U Hz+T)

}
public boolean equals(Object 0){
iT(o instanceof OPoint){
OPoint that = (OPoint)o;
return that.x==this.x && that.y == this.y &&
that.z == this.z;

else return false;

public static void main(String[] a){

OPoint pl = new OPoint(1,2,3);
OPoint p2 = new OPoint(1,2,3);
OPoint p3 = new OPoint(2,2,2);

System.out.printin(pl);
System.out.printin(p2);
System.out.printin(p3);
System.out.printin();
System.out.printin(pl==pl);
System.out.printin(pl==p2);
System.out.printin(pl==p3);
System.out.printin();
System.out.printin(pl.equals(pl));
System.out.printin(pl.equals(p2));
System.out.printin(pl.equals(p3));

}



Katd Tnv ekTéAeon autou Tou TIPOYPAUMOTOG Traipvoupe 1O  akOAouBo

ATTOTEAECUQ:
(1.0,2.0,3.0)
(1.0,2.0,3.0)
(2.0,2.0,2.0)
true

false

false

true

true

false

a) (2 povadeg) E¢nynoTte yiati n Aoyikr ékppacn pl==p2 cival Peudng evw
pl.equals(p2) civai aAnBng.

AUon:

== compares references, and pl and p2 are pointing at two different
instances of the class OPoint. On the other hand, the method
p-equals(q) inspects the content of p and of g to determine equality of
content of the 2 OPoints involved. In this case pl and p2 have the same
content (state).

B) (10 povadeg) TporomooTe Tov oOpIoWd TNG KAAong OPoint

(MeTOVONACOVTAG TNV o€ Point) £101 WoTe PYOVO €va OTIYMIOTUTTO KABE onueiou

(point) va dnuioupyeital ammd £vav oTToIodATTOTE KWAIKA-TTEAATN. Oa TTPETTEl va

TTEPINGBETE piIa doun dedopévwy (HashMap) yia va atroBnkeUoEeTe TA OTIYUIOTUTTA

NG KAGong Point 1Tou éxouv nén dnuioupynBei. MNio ouykekpiuyéva:

e KataoTAoTe apxiK& TOV KATaoKeuaoTr) TNG KAGong 1I01wTIKG (private), €101 WwoTe
€vag KWOIKAG -TTEAATNG VA PNV PTTOPEN va ToV XPNOIKOTToINoEl!

e 21NV Ouvéxela, ulotroimnote Jia péBodo public static Point
point(double xp, double yp, double zp) yia va dnuioupyoupe
QVTIKEIHEVA onueia (points) atro £va KWOIKa -TTEAATN.
2€ auti TN PEBODBO, KAVTE TTPWTA TOV €AEYXO €AV TO OTIYUIOTUTTO HE TIG
OUVTETAYUEVEG XP, YP, Zp (TTou divovtal oav TTAPAPETPOG) UTTApXEl NdN TNV
atroOnkeuTIK) doun dedopévwy createdPoints. e auth Tnv TTEPITITWON,
ETMOTPEYTE TO OTIYMIOTUTTO TTou €ival Adn atmmodnkeupévo!  AlapopeTiKd,
XPNOIUOTIOINOTE TOV KATOOKEUAOTH TNG KAAGONG yia va OnIOUPYNOoETE éva
Kalvoupylo onueio, ammoBnkeuoTe 1o atnv dopur dedouévwy createdPoints
Kal ETOTPEWTE TO NON dNUIOUPYNUEVO OTIVMIOTUTTO OTOV KWOIKA-TTEAATN!

Inueimon: H kAdon HashMap mapéxel Ti¢ akdAouBeg peBOdoUG:

public Object put(Object key, Object value)

public boolean containsKey(Object key)
public Object get(Object key)

AUon:
Here is a proposal where | convert a point to a string and use its

hashCode instead of defining a hashCode method for points:
class Point{




private double x, y, z;
private static java.util_Map createdPoints =
new java.util_HashMap(Q);
private Point(double xp, double yp, double zp){
X=Xp;
y=Yyp;
z=zp;

}

public static point point(double xp,double yp,double zp){
Point p = new Point(Xxp,yp.,zp);
if('createdPoints.containsKey(p.toString()))

createdPoints.put(p-toString(,p);

return (Point)createdPoints.get(p-toString());

}

}

Assessors and equals() are the same

y) (8 povadeg) TpotrotroifaTe TNV YéBodo main oluQwva Pe TIG aAAayEG TTou
KAvaTe OTO TTPONYOUHEVO £PWTNUA KAl YPAWTE TI Ba TUTTWOEI KATA TNV EKTEAECT

Tg.

AUon:
public static void main(String[] a){
Point pl = point(1,2,3);
Point p2 = point(1,2,3);
Point p3 = point(2,2,2);

System.out.printin(pl);
System.out.printin(p2);
System.out.printin(p3);
System.out.printin();
System.out.printin(pl==pl);
System.out.printin(pl==p2);
System.out._printin(pl==p3);
System.out.printin();
System.out.printin(pl.equals(pl));
System.out.printin(pl.equals(p2));
System.out.printin(pl.equals(p3));

} // 3 points
The output is
1.0,2.0,3.0
1.0,2.0,3.0
2.0,2.0,2.0
true
true
false
true
true

false // 3 points

‘Acknon 2 (10 povadeq) Xeipiopog EEaipécemv

T1 Ba TUTTWOEI KaTd TNV EKTEAEON TOU TTAPOKATW TTPOYPANMATOG Java:
public class ExceptionQuiz {

// These exception classes would each have the usual 2

// constructors inside -- one with zero parameters and one



// with a String parameter. Omitted here to save space.
public static class RedException extends RuntimeException {}
public static class BlueException extends RedException {}
public static class GreenException extends RedException {}
public static class PurpleException extends RedException {}
public static void main(String args[]) {
String words[] = {"abcdef",xyzabc™,"abcdxyz","xyz",6"zyxabc'};
for (int 1 = 0; 1 < words.length; i++) {

try {

System.out.printin(filterl(words[i]));

¥
catch (RedException e) {
System.out.printIn(red™);

}
} // end for
} // end main
public static String filterl(String s) {
String t = Filter2(s);
String result = "";
try {
for (int i = 0; i < t.lengthQ); i++) {
char c = t.charAt(i);
it (c == "x") {
System.out.printIn('green™);
throw new GreenException();

else it (c == "z") {
System.out.printin("purple'™);
throw new PurpleException();
}
else
result += c;
} 7/ end for

catch (GreenException e) {
result = "X";
}

return result;
} 7/ end filterl
public static String filter2(String s) {
it (s.length() < 4) {
System.out.printin("blue™);
throw new BlueException();
}
else
return s.substring(0,4);
} 7/ end Filter2
} 7/ end class

AUon:
abcd
green
X

abcd
blue
red
purple
red




Aoknon 3 (20 povadeq) Xeipiopog NMAaigiou ZUAAOY®V AVTIKEIHEVWV

Na k@Be éva amd 1o TTAPAKATW TIPOoypAudaTa Java, oag divovral TECOEPIG
EMAOYEG vyl TO TI Ba pTTOpoUcE va TUTTWOEI KaTA TNV €KTEAECH TOUG.
YTTOypOUMIOTE TNV OWOTH ATTAVTNON Kal dWOTE Pia oUVTOUN €§Aynon.

1. (5 HOVadEG)

SortedSet mystery = new TreeSet();

mystery.add(*'sky™);

mystery.add(*'sun™);

mystery.add('grass™);

SortedSet space = new TreeSet();

space.add(*'sun™);

space.add(*'stars™);

space.add(*'moon™");

space.add(*'stars™);

space.removeAll (mystery);

System.out.printin(space);

a. [moon, stars]
b. [stars, moon]

[sun]

C
d. [moon, stars, stars]

Auon:

a

The mystery set gets [grass, sky, sun]. The space set gets [moon,
stars, sun]. There is only one "stars" entry in space; sets can't have
duplicate elements so the fourth add to space has no effect.

The call space.removeAll(mystery) removes every element in
mystery from space. The only element in mystery which is also in space is
"sun", so this element is deleted. Since space is a sorted list, the two
remaining elements are printed in alphabetic order. If you chose b rather
than a, you got 2 points, since all you missed was the order.

2. (5 povadec)
SortedMap mystery = new TreeMap();
mystery.put(*'sky*, "blue™);
mystery.put('‘grass’, '‘'green');
mystery.put(“sun, "yellow™);
mystery.put(‘grass’, "brown'™);
mystery.put('sky', 'grey');
System.out.printIn(mystery.get('sky™) + *,
+ mystery.get(trees™) + ", " + mystery.get(‘'grass’));

a. yellow, , brown

b. yellow, null, green

c. grey, null, brown

d. no output — code will throw an exception

AUon:




C.
mystery gets grass->green, sky->blue, sun->yellow

Then we set values for grass and sky again. These overwrite the old
values, so mystery becomes

grass->brown, sky->grey, sun->yellow

This means mystery.get(''sky™) returns "grey"' and
mystery.get(''grass™) returns '‘green’. There is no entry for
"trees'", so mystery.get(''trees™) returns null (not an empty string,
and it doesn't throw an exception)

3. (5 povadec)

SortedMap mystery = new TreeMap();
mystery.put(*'sky*, "blue'™);
mystery.put('‘grass’™, '‘'green');
mystery.put(“sun”, "yellow™);

Set entries = mystery.entrySet();
Iterator iter = entries.iterator();
Map.Entry pair = (Map.Entry) iter.next();
iter.remove();
System.out.printin(mystery);

a
b
C
d

. {grass=green, sky=blue, sun=yellow}
. {sky=blue, sun=yellow}

. {sky=blue, grass=green, sun=yellow}
. {grass=green, sun=yellow}

AUon:

b.

mystery gets these entries:

grass -> green, sky -> blue, sun -> yellow

The set entries gets a set of the above as (key, value) pairs. This set is
connected with the map, so that removing an entry from the set removes
the entry from the map as well. The entry set is just providing a different
view of the map.

It's important to note that the map is a sorted map. That means when you
iterate over it you get the entries in order by keys. So the result of the call
to next will be the grass->green entry. This entry is deleted from the set
and therefore the map, leaving just the other two. If you forgot about
ordering and left the map entries in the order they were added, you would
have deleted sky->blue instead and ended up with choice d. | gave 2
points for that.

4. (5 povadec)

SortedMap mystery = new TreeMap();
mystery.put('sky', "blue');
mystery.put(’'grass’', '‘green');
mystery.put(sun’, "yellow');

Set keys = new TreeSet(mystery.keySet());
Iterator iter = keys.iterator();




Object key = iter.next();
iter.remove();
System.out.printin(mystery);

a. {grass=green, sky=blue, sun=yellow}
b. {sky=blue, grass=green, sun=yellow}
c. {sky=blue, sun=yellow}
d. {grass=green, sun=yellow}

AlUon:

a.

The mystery map, as before, gets the values

grass -> green, sky -> blue, sun -> yellow

Then we create a key set and immediately copy it to the set called keys.
Changing the copy won't have any effect on the map, so the rest of the
code has no effect.

If you missed this fine point and thought the rest of the code was actually
changing the key set, you would have chosen c. | gave you 1 point for this.
If you chose b, you had the right answer in the wrong order and | gave you
2 points. If you chose d, you made both mistakes and | gave you no
marks.

‘Aoknon 4 (20 povadeq) ApaipeTikoi TUNol AedopEvmV

H Ttumrotroinuévn diemagr SortedSet tng Java avamapiotd €&va oUVOAO TOu
oTToioU Ta oToIxeia eival diateTaypéva (dNA Tagivounuéva wg TTPog Hia didatagn).
2ag Oivetar akoAoubwg pia TTapouola diETTagrn yia Tnv avarmapdoTtacn poévo
OUVOAWV OKEPAIWV apIBuwV Tagivounuévwy o€ auéouoa didTagn:

/** A set of unique elements kept in ascending sorted order. */
interface IntSortedSet {

/** Add x to the set. */

void add(int x);

/** Tests whether x is in the set.

* @return whether x is iIn the set. */

boolean contains(int x);

/** Remove x. */

void remove(Object x);

/** Return the lowest (minimal) element in the set.
* @return the lowest element. */

int first();

a) (5 povadeg) H mpodiaypagn Tng uebddou Tpotrotroinang remove(Object
X) €xel TouldyioTov éva coBapo oxedlaoTIKO AdBog. MpoadiopioTe pe cagrveia
TO TTPORANPA Kal SIATUTTWOTE Pia KaAUTepn TTpodiaypa@ry. MTTopeite va aAN&EeTe
TNV UTTOYPA®H TNG MEBODOU €AV QUOIKA OWOETE TNV ATTAPAITNTN BIKAIOAOYNOT.
Znueiwon: Aev Bewpoupe TNV aTToTuXia TTapaywyns KaAng Tekunpiwong javadoc
oav €va "ooBapd” TTpORANua.



AUon:

The problem with the spec is that it doesn’t say what happens when the
element is not in the set.

/** Remove an element. If o is an element of the set,

* removes it. Otherwise, the set is unchanged.
*/

This is not too terrible, as the interface already provides a contains(int)
method, so the user already can have the information whether an item will
be actually removed or it was not there at all.

A more serious problem is that the parameter is an Object, not int. This
allows the user to compile programs which actually pass a String
parameter, or anything. Also, for the common usage (of passing correct
integers), the user has to create Integer objects (assuming this is the
intended usage). What happens with Double objects? Are they rounded
up? Down? Is it an error? Can we also pass a Number instance, and if its
intValue() method returns an existing int, then it is removed? Letting the
type effectively undefined (i.e. Object) allows many types of wrong (or
under-specified) invocations which could have been caught at compile-
time.

B) (5 povadeg) H mpodiaypagry TNG peBddou mpooBacng First() éxel
TouAdxioTov €va coBapd TTPoRANua. MNpoadiopioTe pe cagrveia To TTPORANPA Kai
dIATUTTWOTE MIO KOAUTEPN TTpodiaypa@r). MTTopeite va aANAEETE TNV UTTOYPA®H
NG HEBODOU €AV QUOIKA BWOETE TNV ATTAPAITATN BIKAIOAGYNON.

AUon:
The problem is related to the handling of empty sets in the method
first(). One possibility is to add a “Checks” clause:
/** Return the fTirst element iIn the set.
* Checks: the set i1s nonempty.
* @return the first (lowest) element. */

You could also add a “Requires” clause instead, or change the signature
to throw an exception in the case where the set is empty.

YmoBéote oTnv ouvéxela OTI BéAoupe va  uAomroijooupe TNV - SIETTAQN)
IntSortedSet pe pia ouvdepévn AioTa TNG OTTOIAG T OTOIXEIA €ival TAgIVOUNUEVA
o€ auouoa didTagn:
class SortedList implements IntSortedSet {
// Invariant: The list is kept in ascending sorted order and
// contains no duplicate elements.

int element;

SortedList next;

y) (2 povadeq) YAotmoirjote Tnv péBodo First() g dieagrg SortedList.



AUon:
int first(Q {
return element;

}

Note that technically this is wrong. If the set is empty, then this implementation
will return an undefined result, when it should throw an exception instead
(typically java.util. NoSuchElementException)

(d) (8 povadeg) Mag evdiagépel Twpa n  Onuioupyia HIag  KAAONG
UnsortedList trou mmiong uAoTtroiei Tnv diemagn IntSortedSet, 61TTwWG Kal n
SortedList, xwpi¢ OpwG va IKOQVOTIOIEi TNV APETARANTN Ouvlrkn TOU
TTPONYOUMEVOU EPWTAMATOC. Oa ptTopoucape va uAlotroijoouue TNV HEBOSO
First() yrautiv tnv KAGon; MNpayTte Tov KWAIKA TNG HEBODdOU A £EnYNOTE yIaTI
auTr) dev UTTOPEI va UAOTTOINOEI.

AlUon:
It can be done. We just can’t rely on the first element being at the
beginning of the list:
int FirstQ {
int min = element;
IntUnsortedList curr = this;
while (curr = null) {
if (curr_element < min) min = curr.element;
curr = curr.next;

by

return min;

}

A lot of people got confused because they thought that they were
supposed to return both the first element of the list, and the lowest
element. The thing to remember is that we have to look at things from the
standpoint of the client of the abstraction. The client shouldn’'t have to
know or care that the set happens to be implemented as a list; the client is
supposed to be able to think about this object as a sorted set.

Therefore, the “first” element is the lowest. Whether the list is sorted or
unsorted is a detail of the implementation that may affect efficiency but
does not affect the answer that is supposed to be returned.

‘Aoknon 5 (10 povadeq) Baoikn A€IToupyIKOTNTA ZUAAOY®V AVTIKEIHEVOV

2.€ AUTH TNV doknon KaAgioTe va ypaywete uia uéBodo intersection(List L1,
List L2) n otoia uAoTrolEi TNV TOMN dUO Tagivounuévwy AioTwy L1 kar L2. Qg

ouvnBwg, n Tou TepIAaUBAavel POVO Ta KOIVA OToIXEId Twv OUO AIOTWV (XWPIg

oImAdTUTIa). O XpOVvog ekTEAEONG TOU aAyopiBuou Ba Trpétrel va givar O(M + N),

o61Tou M 10 TTARB0OC TWV oToIXEiWV TNG L1 kai N 10 TTARB0¢ Twv oToIxeiwv TNG L2.

To amotéAeopa Ba TIPETTEl va aTTOONKEUETAl O pIa Kaivoupyla Aiota L3

(applicative transformer) yia Tnv oTroia €1TioNg POg evOIOPEPEI N TALIVOUNON TWV

oToIXEIWV TNG. YTTOBEOTE OTI TA OTOIXEIO TWV dUO AIOTWV €ival Tou idlou TUTTOU Kal

OT11 N u€EBodog compareTo() £xel NON UAoTToINOEI.




Znueiwon: XpnOIYOTIOINOTE TIG TTOPAKATW PEBODOUG TTOU UTTOCTNPICEI N OIETTAPN
List:
Object get(int); void add(int, Object); boolean isEmpty();

Auon:
public static List intersection(List L1, List L2) {
List L3 = new List();
Iterator 11 = Ll.iterator();
Iterator 12 = L2.1terator();
Object tmpl, tmp2;
int i=0;
if(l11.hasNext() && 12.hasNext()) {
tmpl = 11.next();
tmp2 = 12_next();
while(true){
if(tmpl.compareTo(tmp2) == 0) {
if(L3.isEmpty(Q |1
L3.get(i).compareTo(tmpl) I= 0)
L3.add(i++, tmpl);
if(I11l_hasNext() && 12_hasNext()) {
tmpl = 11l.next();
tmp2 = 12.next();
}
else
break;

by
else 1f(tmpl.compareTo(tmp2) < 0)
if(11l.hasNext())
tmpl = 11.next();
else
break;
else
if(12.hasNext())
tmp2 = 12.next();
else
break;

}

return L3;

by

‘Acknon 6 (15 povadeq) YAonoinon Avadpopik®v MeBodwv

2€ AUTH TNV Aoknon KaAgiote va ypdwete dUo PeBODdOUG TTOU UAOTTOIOUV £vav
ammAd aAyopiBuo Tagivéunong mvakwyv (selection sort). o ouykekpiyéva, o
aAyopIBuog e€etadel, o€ pia TTPWTN @ACN, TNV MIKPOTEPN TIWR  aTmd €va un
TA&IVOUNUEVO KOUUATI TOU TTivaKa (TO OTToi0 TTpoodlopileTal atrd pia B€on start
MEXPI TO TEAOG TOU TTiVOKA). ZTNV OUVEXEIA, O OaAyOpIBuog avrtaAAdooel Tnv
MIKPOTEPN TIMA (smallest) pe autr TTou PBpioKeTal akpIBWS Pia B€on PETA TO
TagIvounuévo KouudT Tou Trivaka. O aAyopiBuog Tepparidel dtav OAOG O TTivaKkag
TagivounBei oe augouoa diaragn. H pébodog sort(int[] a) mou Tagivouei
évav Tmivaka Baoiletal oTig péBodoug rSort(int[] a, iInt start) ka
findMinLocation(int[] a, int start), TG oTmoieg kal Ba TPETEl va

LT3

ulotroioete avadpopika (dnA. unv xpnoiuotroinoete “for”, “do/while” kar “while”



Bpoyxoug!), kabwg kai oTnv pEBodo swap(int[] a, int posl, Int pos2)
TToU 0ag diveTal oTnv ouvéxela. YToBEoTe 0TI OAeg o1 uéBodoi opifovral oTny idia

KAdon Java.
// Calls to this method will sort the supplied array of int’s
// from smallest to largest using the selection sort algorithm.
public static void sort(int[] a) {

rSort(a, 0);
} // end sort

public static int findMinLocation(int[] a, int start) {
// ADD CODE HERE

AUon:
if (start < a.length - 1) {
int smallest = findMinLocation(a, start + 1);
if (a[start] < a[smallest])
return start;
else
return smallest;
} 7/ end if
return a.length - 1;

} 7/ end findMinLocation
public static void rSort(int[] a, int start) {
// ADD CODE HERE

AUon:

if (start < a_.length - 1) {
int smallest = findMinLocation(a, start);
swap(a, smallest, start);
rSort(a, start + 1);

} 7/ end if

} 7/ end rSort

public static void swap(int[] a, int posl, int pos2) {
int temp = a[posl];
a[posl] = a[pos2];
a[pos2] = temp;

} 7/ end swap

Acoknon 7 (15 povadeq) Ocwpia AVTIKEINEVOOTPEPOUG Kmdika

a) Egnynote ouvriopa 1 dlopopd pETAEU  evog TUTTOU  ava@Qopdg  O€
avTikeipeva (reference type) kai evog Baoikou Tutrou (primitive type) otnv Java.

AUon:

Reference types are class names, interface names, and array types. A
variable of reference type does not contain the data itself, but rather a
pointer to a heap-allocated object. Primitive types are types such as int,
boolean, and char. Variables of primitive type contain the data itself.




B) E¢nynote ouvtopa 1N dlagopd METAgU €vOg oTaTIKOU TUTTOU (Static type) kai
evog duvapikou TutTou (dynamic type) otnv Java.

AUon:

Static types are types of expressions in the program. They are determined
at compile time from declarations. Dynamic types are the type of objects
created at runtime, usually by a new instruction.

y) E€nynote ouvropa 1 dlagopd ueTagl uiag aoTtoifag (stack) kal evoég ocwpou
(heap) ava@opikd Ye TNV dlaxeipion PvVAUNG EVOG TTPOYPAUMaTOG Java.

Auon:

Objects are stored on the heap. The stack is used when methods are
called; "stack frames” (a.k.a. "activation records”) are stored there, which
contain method arguments, local variables, and return values.
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