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‘Aoknon 1 (20 povadeg)

a) (8 povadeq) H petabeon (shuffle) dUo cupBolooeipwy gival N ogipd TTOU aTToTEAEITAI ATTO
TOV TTIPWTO XOPOKTAPA TNG TTPWTNG CUMBOAOCEIPAG, TOV TTIPWTO XOPAKTAPA Tng OeUTEPNG
oupBoAoOoEIPag, TO BEUTEPO XAPAKTAPA TNG TTPWTNG CUMPBOAOCEIPAGS, TO OEUTEPO XAPAKTHPA
NG OeuTePNG oupPoAooeipdg, kok. Otav n odpwon piag amd TiIg dUo cupBoAooelpég
TEPPaTiCEl TOTE TO UTTOAOITTO TUAMA TNG AAANG cupBoAooelpdg TeAElwvel T PETABeon. MNa
Tapdadeiyua, n uetdBeon Tou "DOG" kail Tng “cat” eival " DcOaGt". H yetdBeon tng “cat” kai
Twv "BUFFALQO" cival "cBaUtFFALO". H petdBeon tng "cat" kal Tng "cat” €ivanl " ccaatt". H
METABeON TNG KeVAG ouppoAooeipdg ™ kal Tng “"cat" eival "cat". MpdywTte pia avadpouIkA
pMéBodO shuffle() Tou Taipvel ocav TTAPAPETPO TIG BUO CUMPBOAOCEIPES KAl ETTIOTPEPEI TN
METAOEDT) TOUG.

public static String shuffle(string strl, String str2) {

AUon:
if (strl.Tength() == 0)
return str2;
else if (str2.length == 0)
return stril;
else
return strl.substring(0,1) + str2.substring(0,1) +
shuffle(strl.substring(1l), str2.substring(1));

}

b) @cwprioTte TNV akdAoudn AavBacpévn ekdoxn TNg peBddou containsoneMoreThan()
oTnv KAdon StringToCheck.

public class StringToCheck {
protected String myString;
// Constructor taking a string as parameter
public StringToCheck (string s) {
myString = s;

ks
// pre (REQUIRES): s 1is not null.
// post (EFFECT): returns true when myString is the result of inserting
// exactly one character into s; returns false otherwise.
public boolean containsOneMoreThan (String s) {
if (s.length( )==0) {
return true;
} else if (myString.length( )==0) {
return false;
} else {
StringToCheck remainder= new StringToCheck (myString.substring(1));
if (myString.charAt(0) == s.charAt(0)) {
! ;etuzn remainder.containsOneMoreThan (s.substring(l));
else
return remainder.containsOneMoreThan (s);



(i) (4 povadeg) AtoTuyxdvel OTnV eKTEAECT TNG N TTAPATIAVW WEBOBOG akdua Kal 6Tav 1o
OPICPA TNG IKAVOTTOIED TIG TTPO-OUVOAKEG? AWOTE MIA oUVTOUN €€1yNnonN.

Auon:

The answer we normally expect is “no”, snce the Tength comparisons guarded the
subsequent uses of charAt and substring. However, the method precondition did not
rule out a value of null for myString. Under this light, we will award 2 points for the
answer “yes’, provided that your explanation mentions the possibility of myString
containing nul1 (Whether you get 2 or 4 points depends on the rest of your answer).

A common error was to clam that a crash would result from myString or s containing
exactly one character. Applying substring(1) to a one-character string gives the empty
string and produces no error. The erroneous claim may have resulted from confusing the
empty string with a null String reference.

(ii) (8 povadeq) Nepiypdyte dAa Ta {euydpia Twv cupBoAooeipwyv myString kKai S yia Ta
otroia n WéBodog containsoneMoreThan() 6a mpémel va emoTpéel Weudn atmrdvinon,
aAd& woTdoo N PEBODOG aTTOTUYXAVEL A PIO PEPIKR ATTAVTNON OTO £pWTNMA, dWOTE éva
TOUAGXIOTO Ceuyapl TWV ouuBoAooEIpuv yla TO oTT0iO n MEBODBOG
containsoneMoreThan() su@avilel autr TNV Aavbaouévn cuuTEPIPOPA.

Auon:

Examining the base cases, method containsOneMoreThan() returns false given any
empty string myString. If myString isinitialy empty, that's the correct result, since an
empty string can't possibly be the result of inserting a single character into anything. We thus
must examine the recursive cases to see if somehow myString can runout a the same time
as or before s. There are two possibilities: either the first characters match, so the remainders
of the two strings are compared or they don’'t match, so therest of myString is compared to
s. If both remainders are compared, myString’slength relative to s’s stays the same. Thus
we consider the simplest alternative, namely the case where mySt ring shrinks but s doesn't,
yet myString is still the result of inserting a single character into s. This happens for the
strings “ab” and “b”. More generally, it happens for any myString that results from adding
asingle character in a position other than the end of s. Here are some examples.

myString S explanation

xabc abc returns false, should return true
axbc abc returns false, should return true
abxc abc returns false, should return true
abcx abc returns true, correctly

abcc abc returns true, correctly

This question worth 8 points, was graded as follows. You earned 2 point for a correct
example, provided that you also didn’t provide any incorrect examples. You earned 6 points
for specifying an infinite set of strings that was a subset of the correct set; saying all pairs
myString and s where myString is the result of appending a character to s—exactly the
opposite of what we intended—earned 1 points out of 8.

‘Aoknon 2 (30 povadeg)
Zag SivovTal ol TTapakdaTw KAGoeig Java Room kai Player.
Room. java

* A room in a maze. A Room has a description, and references to
adjacent rooms in the four cardinal directions.

public class Room {

private Room north, east, south, west;
private String description;

// Create a room with the given description.
public Room(String description) {

, this.description = description;



//Get the room adjacent to the North.

public Room getNorth() { return north; }

// Get the room adjacent to the East.

public Room getEast() { return east; }

//Get the room adjacent to the South.

public Room getSouth() { return south; }

//Get the room adjacent to the west.

public Room getwest() { return west; }

//Set which room is adjacent to the North.

public void setNorth(Room room) { north = room; }
//Set which room is adjacent to the East.

public void setEast(Room room) { east = room; }
//Set which room is adjacent to the South.

public void setSouth(Room room) { south = room; }
//Set which room is adjacent to the west.

public void setwest(Room room) { west = room; }
//Get the room’s description.

public string getbescription() { return description; }

Player.java

* A player in a maze. A Player has an immutable name and a mutable
location, a Room. The player can move from its current location
in the four cardinal directions.

public class Player {
private String name;
private Room location, oldLocation;
//Create a new Player with given name and initial location.
public Player(string name, Room location) {
this.name = name;
this.location = oldLocation = Tlocation;

// Get the player’s name.
public string getName() { return name; }
//Get the description of the current location
public string where() {

return location.getDescription();

ks
//Go North from the current location.
public void goNorth() {

oldLocation = location;

Tocation = Tocation.getNorth(Q);

//Go East from the current Tocation.
public void goEast() {

oldLocation = location;

Tocation = Tocation.getEast();

ks
//Go South from the current Tocation.
public void goSouth() {

oldLocation = location;

Tocation = location.getSouth();

//Go West from the current location.
public void gowest() {

oldLocation = location;

Tocation = location.getwest();

//Go back to the last location the player was in before the current
//location. If the player hasn’t moved yet, the player’s Tocation does
//not change.
public void goBack() {

Room temp = location;

Tocation = oldLocation;

oldLocation = temp;



(@) (8 povadeg) Ymobiate OTI oI KAGOei Room kai Player £xouv ueTQyAWTTIOTEN, Kal
EKTEAOUE OTNV OUVEXEID TIG TTAPAKATW EVTOAEG ATTO KATTOIOV KWOIKA TTEAATN:

Room rl new Room("here");
Room r2 = new Room("there");
rl.setNorth(rl);
rl.setSouth(r2);
r2.setNorth(rl);

MNa kéBe pia atrd TIC TTapaKATW EVTOAEG BIEUKPIVIOTE €AV Ba eKTEAECTOUV OWOTA ATTO TOV
dlepunvéa TnG Java r Ba gu@avioTolv AAOn. ZTnv TPWTN TTEPITITWON dWOTE ETTIONG AUTO
TTOU TUTTWVETAI OTNV OTAVTOP £€000 TOU TTPOYPANUATOG.

(a) Player a = new Player("alice", rl);

(b) a.goNorth();

(c) a.where(Q);

(d) a.gowest();

(e) a.where();

(f) a.goBack();

(g) a.where();

(h) player b = new Player("bob");

Auon:
(a) player a = new Player("alice", rl); OK

(b) a.goNorth(); ok
(c) a.where(); ’here”
(d) a.gowest(); OK
(e) a.where(); error
(f) a.goBack(); oK
(g) a.where(); "here”

(h) player b = new Player("bob"); error
Grading Guiddine: Credit is given only for correct answer. If answer to part dis”error”, part e should
be”here’ asthe correct answer.

(b) (4 povadeg) H Tpéxouaa ekdoxn Twv PeBddwv goNorth (), goEast(), ... atnv kKAdon
Player dev xelpiCetal KaAd Tnv TrepiTTwon 61ou 1o dwudTio (Room) oTNV QvVTIGTOIXN
kaTeUBuvon eival nul1. AwoTe pia uhoTroinon TG peBddou goNorth () n omoia xeipileTal
owoTd TNV TEpiTTwaon Twv null.

public void goNorth() {

Auon:
if (location.getNorth() != null) {

oldLocation = location;
Tocation = location.getNorth(); }

Grading Guiddline:

+2 points for checking if getNorth() returns null

+1 for updating location correctly

+1 for updating oldLocation in correct place (after checking for null)

}

(c) (7 povadeg) Yhotoijote TNV péBodo runNorth() n omoia Intd amd évav Taixmn va
peTakivnOei Bopeia (North) yia To TTOAU maxSteps Bruarta, émmou KABe Briua avTIOTOIXEI YE
MIO PETOKIVNON TOU TTAiXTN KaTd éva dwATIo oTnv Bopiviy KateuBuvon. Edv o taixtng dev
MTTOPEl va PETaKIVNOE TTEPIcCOTEPO €iTE yIaTi dev UTTAPXEl OIABECINO BWHATIO TTPOG TN
Bopiviy kateuBuvon (null), eite yiati éxouv AdON dlavuBei maxSteps PrAuata, n PéBodog
TEPMaTICEl. H u€B0BOG TMIOTPEPEI TOV OUVOAIKO apIBud Twv Bnudtwy TTou £Xouv dlavubki.
public int runNorth(int maxSteps) {

AUon:
int steps = 0;
while (location.getNorth() != null && steps < maxSteps) {
oldLocation = location;




Tocation = location.getNorth();
steps++;

}

return steps;
Grading Guiddline:
+2 points for each condition check (location.getNorth() and steps).
+1 points for initializing steps or loop variable.
+1 points for updating location correctly. Only 1 point is given if oldLocation is not updated.
+1 points for incrementing number of steps.
+1 point for returning correct value if getNorth() is never null.
+1 point for returning correct value in the case of getNorth() is null.
-1 for having small syntax errors

}

(d) Ymo6éoTe OTI KABE dBWHATIO ' XapakTnpifeTal atrd €va emiTedo eVEPYEIQG, OTO OTTOIO
éxete TTpOOPacn péow TNG peEBOdou r.getEnergy () .@éAoupe va TPOTTIOTTOINGOUUE ThV
kKAdon Player €101 WOTE OI TTAIXTEG VA PTTOPOUV VA YVWAOTOTIOIOOUV O €vag oTov GAAO TO
OWWMATIO PE TNV PEYOAUTEPN EVEPYEIQ TTOU EXOUV ETTIOKEPTEI KATA TIG MEXPI TWPA METOKIVAOEIG
TOUG.

i) (3 povadeg) Awote othv kAdon Player v mAdpn dnAwon piag PETABANTAS
OTIYMIOTUTTWYV e TUTTO Room Kal évopa mostEnergetic. Auth n uetaBAnTA TrpoopileTal va
atroBnKeUoel TO OWUATIO PE TV PEYOAUTEPN EVEPYEIA TTOU OI TTAIXTEG €XOUV ETTIOKEPOEI KATA
TNV MEXPI TWPA PETAKIVNONA TOUG, Kal Ba TTpETTEl va dlapolpdleTtal ammd OAa Ta OTIYHIOTUTTIA
NG KAdong Player.

Auon:

private static Room mostEnergetic = null;

Grading Guideline:

No points were given if static is omitted

-1 point if variable type was omitted

-1 point if value was initialized to an incorrect value (such as dynamic variable " location”)
-1 point if variable was declared as final

i) (8 MOvadeqg) Otav évag TaiXTng MOKETTETAI £va SWHATIO, Ba TIPETTEl VA YVWOTOTIOIE
OTOUG GAAOUG TTOIO BWMATIO €XEl TNV MEYAAUTEPN evépyeld. TPOTTOTTOINOTE TNV UAOTTOINGON
NG MeBddou goSouth() wote va evnuepwvel ocwoTtd TV PeTABANTA OTIVUIOTUTIWY
mostEnergetic:

public void goSouth() {

AUon:
Room south = location.getSouth();
if (south !'= null) {
if (mostEnergetic == null ||
south.getEnergy() > mostEnergetic.getEnergy())
mostEnergetic = south;

oldLocation = location;
location = south;

}
Grading Guiddline:
+2 points given for checking if mostEnergetic is null
+2 points given for checking if energy is higher than current one
+2 points given for checking if south is not null
+1 point given for updating location
+1 point given for updating oldLocation correctly
-1 for having small syntax errors




‘Aoknon 3 (30 povadecg)
> ag divovTal ol TrTapakdtw KAdoeig Java SupercClass kai SubClass

public class SuperClass {
public void doIt() {
doItMore();
System.out.println("Super's doIt");

public void doItMore() {
System.out.println("Super's doItMore");

public void doItSuper() {
System.out.println("doItSuper");

}

}

public class SubClass extends SuperClass {
public void doIt() {

super.doIt();
System.out.println("Sub's doit");

public void doItMore() {
System.out.println("Sub's doItMore");
super.doItMore();

public void doItSub() {
System.out.println("doItSub");

}
}
Y1moBéoTe 6T ol KAdoeic SuperClass kai SubClass éxouv peTayAwTTIOTEN, KOl EKTEAOUE
OTNV CUVEXEIA TIG TTAPOKATW EVTOAEG ATTO KATTOIOV KWAIKA TTEAATN:
SuperClass superObj = new SuperClass();

SuperClass superObj2 = new SubClass();
SubClass subObj = new SubClass();

a) (12 povadeq) MNa kAde pia amod TG akOAOUBES KANOEIS ueBOdwY, dWAOTE TI Ba TUTTWOEI
oTnv oTavrap €000 Tou TTPOYPANUATOG 1 €ENYAOTE YIaTi N KARoN TG ueBGdou gival AGBOG:

1) superoObj.doItSuper();

Auon:
doItSuper

2) superobj.doItSub(Q);

Auon:
Illegal, because doItSub not method of Super.

3) superoObj2.doItSuper();

Auon:
doItSuper

4) superobj2.doItsub();

Avon:
[llegal, because doItSub is not amethod of Super, and superobj2 isavariable of type
Super (even though it holds a sub).




5) subObj.doItSuper();

Auon:
doItSuper

6) subObj.doItSub();

Auon:
doItSub

b) (15 Hovadeq) MNa k&Be pia atmod TIG akOAoUBEG KANOEIG HEBOdWY, dWOTE TI Ba TUTTWOEI
oTnv oTavtap ££0d0 ToU TTPOYPANUATOG:

1) superoObj.doIt();

Auon:
Super’s doItMore
Super’s doIt

2) superObj2.doItMore();

Auon:
Sub’s doItMore
Super’s doItMore

3) subObj.doIt();

Auon:

Sub’s doItMore
Super’s doItMore
Super’s doIt
Sub’s doIt

c) (3 povadeg) Evag ocup@oitntic gag dnAwvel o1, "H duvardtnta va KOAECOUPE TNV
super w¢ TPWTN YPAPUA Hiag peEBOdOU KATOOKEUNRG avTikEuévwy (constructor) gival pia
EUKOAIa, aAAd dev eival TTpayuaTtik@ atmapaitnTo. H utto-KAGoN PTTOPET VA apXIKOTTOINOE! TIG
METABANTEG OTIYMIOTUTTWY NG  UTTEP-KAGONG TNG Aueca oTnv  PEBODBO KATOAOKEUNG
QVTIKEINEVWV TNG."

E¢nynioTe €dv n mapamdvw dnAwon eival (a) ZwoTh; (B) AavBaouévn; (y) MepikEG Qopég
OWOTA Kal JEPIKES POPEC AavBaouévn.

Auon:

If all the instance variables were public, protected, or package accessible in the same package
as the subclass the student would be correct. However, private instance variables cannot be
accessed from another class. Therefore the subclass would be unable to initialize them
without a super cal.




‘Aoknon 4 (10 povadeqg)

Zag divovTal ol TTapakdaTw KAGoelg C1 kal C2 g€ Yo YAWOOoao TTPOYPANUATICHOU N OTToia dev
uTTOOTNPICEI KANPOVOMIKOTNTA KAACEWV.

class C1 class C2
{ {
public int[] s; public int[] s;
public int vl; public String vZ,
public int somme() public int total()
{ {
int somme_s = 0O; int total_s = 0;
for (int i=0; i < s.length; i++) | int i = 0;
somme_s = somme s + s[i]: while (i < s.length)
return somme_s; 1
} total_s = total_s + s[i];
}// class i=i+ 1;
}

return total_s;

+

}// class

Mw¢ PTTOPEITE VA UAOTTOINOETE O€ PIAa YAWOOO TTPOYPAPPATIONOU, OTTWG n Java, n oTroia
uTTOOTNPICEl KANPOVOMIKOTNTA KAGOEWV TIG TTapamdavw kAdoelg; OpioTe pia Kaivoupyia
KAdon C n oTroia va yevIKEUEl TNV KOIVI) CUUTTEPIPOPA Kal XAPOKTNPIOTIKA Twv KAdoewv C1
Kal C2. TpotroTroIoTe KAatdAANAQ Tov opIoud Twv KAdoewv C1 kai C2.

Auon:
class C

{
public int[] s;
public int somme()

int somme_s = 0;

for (int i=0; i < s.length; i++)
somme_s = somme_Ss + Ss[i];

return somme_s;

%// class
class Cl extends C class C2 extends C
{ {
public int wil; public String vZ2;
}// class public int total()
{
return somme(l);
}

}// class




‘Aoknon 5 (25 povadecg)
(i) (4 povadeg) MepiypayTe TIC dlagopég eTalu TNG mpodiaypapric (specification) kai TG
uvAorroinong (implementation) evog Apnpnuévou Tuttou Aedopévwy (ATA).

AUon:

A specification is a design document, detailing all of the essential features and requirements
of the datatype. An implementation is a piece of computer code defining data structures and
methods which satisfy the requirements of the specification.

A specification of an ADT is definition of the ADT, usually expressed in terms of alist of
valid operations, their requirements, and their outcomes in al possble cases. The
specification may be expressed formally or semi-formally, but is expressed independently of
any programming language context.

An implementation of an ADT is a section of codein a particular programming language,
consisting of data structure declarations and method definitions, which faithfully conform to
the ADT specification.

(i) (3 Hovadeq) MepiypAyTe Ta péoa TToU £Xel OTNV SIABECT] TOU évag TTPOYPAUMATIOTAG
Java yia va diakpivel PETAEU TNG mpodiaypaens Kal TnG uAorroinong evog Agnpnuévou
TOtrou Aedopévwy (ATA).

Auon:

Java provides the concept of an interface, which can be used to define method headers, but
not to implement them. A class can be made to implement an interface, in which case the
class has to provide implementations for each of the methods whose headers appear in the
interface. The interface can be used as a specification of an ADT, and the implementing class
as the implementation of the ADT.

(i) (10 povadeg) 'Evag agnpnuévog TUTTOG OedOMEVWV YIa £va EIKOCITETPAWPO POADI
TTPOOQEPEl AEITOUPYiEG yIa va BETel TO Xpovo, va diaBdlel To XpOvo, Kal va TTPoXwped To
XPOvo avda deutepoAemto. KaBopioTte Tnv mTpodiaypa@r yia Tov ATA €IKOGITETPAWPO POASI
OnA. dWOTE TIG UTTOYPAPEG (Signatures) Twv TTPORAETTOPEVWVY AEITOUPYIWV TOU, TO €i00G TOUG
avaloya pE TNV €midpacn TToU €XOUV OTNV KATAOTOON TWV QAVTIKEIMEVWY (constructors,
accessors, transformers), Kabwg Kal TIG €K TWV TIPOTEPWV, TIG €K TWV UCTEPWV Kal TIG
QUETARANTEG OUVONKEG (preconditions, postconditions, invariants)..

AUon:

Operations:-

1 Solution:

set: Clock x Integer x Integer x Integer -> Clock  //Applicative transformer
hours: Clock -> Integer //Accessor (selector)
mins: Clock ->Integer //Accessor (selector)
secs: Clock ->Integer //Accessor (selector)
incr: Clock ->Clock /IApplicative transformer
2 Solution:

set: Clock x Integer x Integer x Integer -> void //Mutative transformer
hours: Clock -> Integer //Accessor (selector)
mins: Clock ->Integer //Accessor (selector)
secs: Clock ->Integer //Accessor (selector)
incr: Clock ->void //Mutative transformer




Requirements -

For every (h,m,s) hours(set(h,m,s)) = h //postcondition g set
For every (h,m,s) mins(set(h,m,s)) = m /Ipostcondition ¢ set
For every (h,m,s) secs(set(h,m,s)) = s /Ipostcondition ¢ set
For every t, secs(incr(t)) = (secs(t)+1) % 60 //postcondition g incr

For every t, mins(incr(t)) = (secs(t)<59) ? mins(t) : (mins(t)+1)%60
//postcondition g incr

For every t, hours(incr(t)) = ((secs(t)<59) || (ming(t)<59)) ? hours(t) : (hours(t)+1)%24
//postcondition g incr

Exceptions:-

set(h,m,s) isillegd if not (0<=s<=59 & & 0<=m<=59 & & 0<=h<=23)
//precondition tng set

0<=s<=59 & & 0<=m<=59 & & 0<=h<=23 /linvariant tov ADT

(iv) (8 Movadeg) Awote pia KAGon Tou uAomolei Tov ATA €IKOCITETPAWPO POAOI.
YAotroinoTte TARPWG JOVo dUo peBOdoUG: () PIa TTOU va TTITPETTEI GTO POASI va TTPOXwWPA
TO XPOVO avd OeuTEPOAETTTO, Kal (B) MIa TTOU va ETTIOTPEPEI TOV ApPIOUO wpwv, KABwG Kal
OAWV TWV aTTAPAITNTWY PETABANTWY OTIYMIOTUTIWY YIia TNV AEITOUPYia QUTWV Twv PNEBOdWV.

Auon):
public class Clock {
private int h,m,s;
public void incr() {
if (++s > 59) {

s = 0;
if (++m > 59) {

m= 0;
h = (h+1)%24;
}
}
public int hours() {
return h;

}
}

Alternative approach of storing total number of seconds, with arithmetic to extract hours, is
acceptable.




