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‘Aoknon 1 (15 povadeq)
(a) OewpnoTe TO TTAPOKATW TTPOYPAUMA Java:

/*1 */ class A extends Exception{ }

/*2 */ class B extends Exception{ }

/*3 */ class Main{

/*4 */ public static void main(string[] args){

/*5 */ try{

/*6 */ try{

/*7 */ 1f(args.length==0) throw new A(Q);
/*8 */ else throw new BQ);

/*9 */ }

/*10%*/ catch(A a){

/*11*/ System.out.println("11");
/*12%/ }

/*13*/ finally{

/*14%*/ System.out.println("14");
/*15%/ }

/*16%*/ System.out.println("16");
/*17%/ }

/*18*%/ catch(B b){

/*19%*/ System.out.println("19");
/*20%/ }

/*21*/ System.out.printin("21");
/*22%/ }

/*23%/}

1. T TUTTWVETAI OTNV OTAVTOP £E000 TOU TTPOYPAUUATOG OTAV OTNV EVIOAN TNnG
YPOUMAG 7 TTPOKUTITEl hIa €¢aipeon TUTTOU A? EgnynoTe ouvToua Tnv atmmavinon
0ag.

AUon:

It prints 11 14 16 21.

The exception is caught by the inner handler. After that, the control flow
continues normally.




2. Ti TUTTWVETAI OTNV OTAVTOP £E000 TOU TTPOYPAUUATOS OTAV OTNV EVIOAN TNG
YPOUMNAG 8 TTpoKUTITEl pIa €¢aipeon TUTTOU B? EgnynoTe olvToua tnv amavinon
0ag.

AUon:

It prints 14 19 21.

The exception propagates to the outer handler; on the way, the inner finally block
gets executed. After the outer handler, the control flow continues normally.

(B) ©@cwpnoTe TO TTAPAKATW TTPOYPAPua Java:

1 try {

2 <try-block> }
3 finally {
4 <finally-block> }

1. ZavaypdyTe Tov TTapatrdvw KWAIKa XpnoidoTrolwvTag try-catch aAAd xwpig
finally, uroBétovtag 6T pévo n dnuioupyia e€alpéocwy UTTOPEI va TTPOKAAEDEI
TNV ATTOTOPN OIOKOTIA EKTEAEONG TWV EVTOAWY TOU TTAPATTAVW TTPOYPANMATOG.

AUon:
try {
<try-block>}
catch(Throwable e) {
<finally-block> throw e;}
<finally-block>

2. Eival o TTponyoUuEvog HETAOXNUATIONOG CWOTOG OTaV £TTIoNG Bewprioouue OT
EVTOAEG E€TTIOTPOPNAG (return) ptmopouv £TTiONG va TTPOKAAECOUV TNV OTTOTOWN
OI0KOTTA EKTEAEONG TWV EVTOAWY TOU TTAPATTAVW TTPOYPAUMATOSC? AV N atTavinon
oag gival KaTa@arTikr) €gnynoTe yiati. Av n atrdvinor] oag €ival apvnTIKr €EnyRoTE
TOUG KUPIOTEPOUG AOYOUG Kal TTPOTEIVETE Evav TPOTTO TTOU £CAC@OAICEI TNV CWOTA
EKTEAEDN TOU PETAOXNMUOATIOPEVOU TTPOYPANUATOG.

Auon:

No, it does not, because in Java, a "return" cannot be caught as an exception. One way to
make it work would be to rewrite all "return" statements by throws of a special kind of
ReturnException, and putting a try-catch for ReturneExceptions around
every call.

Aoknon 2 (15 povadeq)

ATTQVTAOTE OTIG TTOPAKATW EPWTHOEIG XPNOILOTIOIWVTAG TNV akOAoudn 1epapxia
KAGogwyv, OTTOU n KAGON OTNV KOPU®N TNG IEPAPXIag €XEl TIG QQAIPETIKEG
(abstract) ye8ddoug play () kai stop ().



Recording

#title : String
#length : int
#Hyear : int

<<abstract >> +play()
<<abstract == +stop()
+setLength()

+setYear()
CD DVD
-artist : String -producer : String
-director : String
+play() +play()
+stop() +stop()

(a) Mwg pTTOPEITE VO UAOTTOINCETE TNV TTOPATIAVW lEpapXia KAGoewv O¢ pia
YAWOCOQ TTPOYPAPUATIONOU N oTToia &V UTTOOTNPICEl KANPOVOUIKOTATA KAAOEWV?
—avaoxedldoTe TO TTAPATTAVW OIAypapua yia Tnv AUCn TIOU TIPOTEIVETE Kal
€ENYAOTE TIG DIAPOPES PMETALU TOU APXIKOU KAl TOU TPOTTOTTOINUEVOU dIayPANPATOG
KaBwG Kal Toug KuplidTEPOUG AGYouG yia TOUG OTToioug N XpnRon Tng
KANPOVOUIKOTNTAG KABIOTA €UKOAOTEPN Tnv oOxediaon Kal OuviApnon Tng
TTOPATTAVW IEPAPXIAG KAGOEWV.

Auon:

There are two valid solutions to this question: 1) have two classes, CD and DVD,
that implement everything from the initial system, plus all functionality from the
Recording abstract class; 2) change the Recording abstract class to an interface,
move all attributes from Recording to the subclasses, make methods setColour()
and move() abstract, and implement setColour() and move() in both children
classes. The downside of either solution, as compared with the initial solution
using inheritance, is that code common to both CD and DVD will have to be
duplicated. This is not so much a problem at development-time as it is during
maintenance, where changing one of the methods should require changing it in
both CD and DVD classes. Corollaries to this are that there is an increased
amount of code to read and understand, and the chance of making a mistake/typo
increases with the size of the code base. A further downside of the first solution is
that dynamic binding will not be possible.




Solution 1:
D ovD
-title : Siring -title © Biring
-length : int -length : int
-yer ;int -yeur ;@ int
-artisl : Siring -producer ; Siring
-direcior : String
tpla ) tplayi
et} Ty
taatlengihiy +sat Langthi )
taalY eany taatYear(y
Solution 2:
Recording
nberfice
<=pbatract == tplayly
< betract == +slopl)
<<ghetract == tsellength(}
<gbetract == fgetYear()
i
r i-- 1
1 1
1 1
| 1
Ch DWW
-litle : String -fifle : Siring
-length : int -length : int
-y : int -year it
-artist : String -producer : '~|||||-__l
-direcior : String
Fplayi i tplayi)
Fatopi Y
taetlength() taetLength()
el aury) taet Yenr()

(B) YAotroinote o€ €va mpoypauua  Java Tnv oxediaon 1Tou cag d6Bnke oTnv
apxn TnG doknong. TNV atmmdavinor] 0og va CUUTTEPIAGRBETE PMOVO TIG PETARANTEG
OTIYMIOTUTTWY Kal TIG PEBOdOUG TTou avaypd@ovtal oTo JIAYyPAPPa VW N
uAoTroinon Twv PeBOdWV TTPETTEl va gival KEVA. ZNUEIWOTE OTI Ta oUUBOAa TTpIV
amd  TIGC METOBANTEG OTIVUIOTUTTWV KAl TIG MPEBOdOUG TnG KABe KAAONG
UTTOOEIKVUOUV Ta avTioToiXa SIKalwpaTa e¢ouciodotnuévng TpdoBacng: cuv (+)
yia public, TAnv (-) yia private kai dicon (#) yia protected.

Auon:

public abstract class Recording {
protected String title;
protected int length, year;
public abstract void play(Q);
public abstract void stop();
public void setLength() { .. }
public void setyear() { .. }

public class CD extends Recording {
private s;r1n? art1st

public void play( {

}pub]'ic void stop() {




public class DVD extends Recording {
private String producer, director;
public void play(O { .. }

}pub1ic void stop() { .. }

Aoknon 3 (10 povadeq)

E€etdoTe TO TTOPAKATW TTPOYPAPUa Java:

public class z { public class X {_
void show(z z) { public static void
System.out.println(“z”); main(String[] args) {
} Z c =new zZQ);

} Y b =new Y();

Z a=new Y();
public class Y extends z { c.show(b) ;
void show(Y y) { b.show(c);
System.out.println(“Y”); b.show(a);
} a.show(a);

} b.show((Y)a);
a.show(c);
b.show(b) ;

}
}

TI TUTTWVETAI OTAV OTAVTOP €000 TOU TIPOYPAPMATOG OTAV EKTEAECOUME TOV
KWOIKA TNG KAGong X ?

Auon:

The output is:
(2 points)
(1 point)
(1 point)
(1 point)
(1 point)
(2 points)
(2 points)

KON KN NNDN

A common mistake was identifying the first line as an error by considering that c
is of class Z and Z has no method that takes a parameter of class Y. However,
since b is of class Y it is also of class Z and therefore the method inside Z fits.




Aoknon 4 (20 povadec)

(a) AwoTte TNV UAoTTOINON TNG TTAPAKATW OIETTAPAG Java n oTroia uTTooTNnPICEl
(MN-avadpouikd) kAeidwpata (locks) avayvwong (read) kal ypa®Ag (write), ue Eva
MOVO cuyypa®éa i OTTolI0dNTIOTE ApPIBUd AvayvVwOoTWY, Ol OTToiol YTTOpoUV va
QTTOKTOUV TO KAEidwa (locks) oTTo1adnATTOTE XPOVIKA OTIVUA:

interface ReadwriteMonitor {
void acquireReadLock() throws InterruptedException;
void releaseReadLock();
void acquirewriteLock() throws InterruptedException;
void releasewriteLock();

}

AkpiBéoTepa, Otav pia TTpoypauuaTioTiky iva (thread) amaitei éva kAgidwua
ypawipaTog (write lock), uTTopEi va atToKTAOEI TO KAEIDWUA YPOWINOTOG AKOUA KAl
av GAAeG TTpOYypPOUMOTIOTIKEG iveg (threads) ammaitolv ouvexwg KAEidwuata
avayvwong (read locks). Me GAAa AGyIQ, pia TTPOYPAUMOTIOTIKA iva dev UTTOPEI va
TTEPIMEVEI MEXPI TNV OTIYUAR OTTOU Kapia AAAN &ev €mBUuEl va aTTOKTACEl éva
KAgidwua avayvwaong yiaTti auTr) n oTIyPR YTTopEi va pnv €p0el TToTE.

Auon:
class MyLock implements ReadwriteMonitor {
int readLocks;
boolean writeLocked;
int writeLocksDesired;
void synchronized acquireReadLock() throws
InterruptedeException {

while (writeLocked| |writeLocksDesired != 0) wait(Q);
readLocks++;
void synchronized releaseReadLock() {

readLocks--;

notifyAl1Q;

void synchronized acquirewriteLock() throws
Interruptedexception {
writeLocksDesired++;
try {
while (writeLocked || readLocks != 0 ) waitQ;
writeLocked = true;

}
finally {
writeLocksDesired--;

}

void synchronized releasewriteLock() {
writeLocked = false;
notifyAl1Q;




(B) AwoTe TNV UAOTTOINON TNG TTOPAKATW BIETTAPNG Java

interface TodoList {
void add(Runnable r);

MNa Tnv uAotroincl cag BewpnoTe TNV TTapakaTw KAGon QueueImpl, n otroia
UAOTTOIEI TNV TTAPAKATW DIETTOQPN:

interface Queue {
void enqueue(Object r);
Object dequeue(%

int size();

H pébodoc dequeue() emotpépel null otav dev UTTAPXEl KAvEVA OVTIKEIMEVO
yla atroydkpuvon atmo Tnv oupd. H kAdon QueueImpl dev cival ac@aAng wg
TTPOG TNV XpHon TIpoypauuaTtioTikwy Ivwv (not thread safe) OnA. dev
XPNOIUOTIOIEI  TEXVIKEG Ouyxpoviopou (synchronization). H uAotroinon Tng
ToDoL1ist mpémel va uTTopEi va KaAei TIG ueBddoUg ekTéAeONG KABE epyaaiag
(task) Trou TrpooTiBeTal OTNV TODOL 1 st, pia pia KABe XpovIKA OTIYU, Kal PUE TNV
oclpd Tou £xouv TTpoaTedei. EvrouTolg, n péBodoc add () mpémel va utropei va
TEPUATICEl TNV €KTEAEON) TNG OQUECWGS MOAIG MO gpyacia TTpooTeBel oTnv
ToDoL1ist. ZnueiwaoTte 61 avd TTAoa XPovIKA oTiyur Jévo pia epyacia utropei va
EKTEAEITAI.

Auon:

class MyTodoList implements TodoList, Runnable {
QueueImpl q;
synchronized public void add(Runnable r) {
if (g == null) {

g = new QueueImpl();
Thread t = new Thread(this);
t.setDaemon(true);
t.start(Q);

g.enqueue(r);
notifyAll1(Q);

public void run() {
while (true) {

Runnable r;

synchronized(this) {
while (q.size() <= 0)
try { wait(Q);
catch (InterruptedeException e) {};

r = gq.dequeue();

r.runQ);




Aoknon 5 (30 povadec)

(a) ZXONIAOTE TA TTAEOVEKTAMATA KAI PEIOVEKTAHATA TWV TTAPAKATW UAOTTOINCEWVY
OouAMoywv dedouévwy Java.

1. Katw atmd toleg poUTToBEoeig gival TTpoTIndTEPO éva didvuopa (Vector) atmmo
évav Trivaka (array) yia Tov XeEIPIOPO Mia oUANoyrG Oedopévwyv TTOU ATTAITEI
TTpdoRacn he TNV Xprion deIkTwy B6€ong (index)?

AUon:

A Vector is preferable to an Array under several different circumstances. For
example, it is often preferable when the number of elements that will be needed is
unknown. This is because it will do the reallocate-and-grow automatically. It is
also a better choice if common operations such as contains (), indexof(),
or clone() are required. These could be written for an Array -- but they're there
and ready to use in a Vector.

2. Moéte eivar tpoTiuéTeEPo €va diavuopa (Vector) atmd pia ammArp i OImTAn
ouvdedepévn Aiota (singly or doubly linked list)? Me dAAa Adyia, TToIEG AeIToupyieg
(operations) €ival TTI0 A1TOdOTIKEG O€ éva dlIAvVUOUA aTTd OTI O€ PIO OUVOEDEUEVN
Aiota?

Auon:

Vectors are preferable to linked lists any time random access is required.
Internally, the elements of vectors are organized in a contiguous chunk of
memory, which allows individual elements to be located by address after only a
simple computation. Linked lists, by contrast, require step-by-step traversal.
Additionally, if the size is known in advance, and memory utilization is a concern,
Vectors are preferable to linked lists, even if memory access will be sequential.
Vectors require one reference per object, instead of two references per object in a
singly linked list (or three per in a doubly linked list). Each element in a doubly
linked list contains not only one reference for the data and one reference for the
next element -- but also an additional element for the predecessor.

From the perspective of operations, accessing (or mutating) by index is more
efficient in an index, as is adding at the end, if the Vector is large enough (doesn't
require growth).

On the other hand, doubly linked lists should only be used when the extra
reference is worth the space. What does this reference buy us? It makes it possibly
to (without recursion or painful loops-within-loops) traverse the list backwards. It
also simplifies removing within the list or at the tail. Furthermore, each-and-every
mutator that does not require this predecessor pointer is made more complicated,
and as a consequence, slower, by its presence. For example, it needs to be updated
each time a node is added or removed -- even if it wasn't used to find the node.
So, singly linked lists should be used any time it isn't often necessary to traverse
the list in reverse, or remove nodes other than at the beginning of the list.




(B) MNa k&Be éva atrd Ta TTAPOKATW TTPORAAMATA, TTEPIYPAYWTE TTOIOG TTIOTEUETE OTI
gival o kataAAnASTepog ATA (ApaipeTikdg TUTTog AedoPEVWYV) YIa va OXEDIAOETE
(WG TTPOG TNV AEITOUPYIKOTATA TNG JIETTAPAG TTOU TTPOCQEPEL) KAl VO UAOTTOINOETE
(Wg TTPOG TIG ETMIOOOCEIG TNG OUYKEKPINEVNG OOUAG DEDOUEVWV TTOU XPNOIKOTIOIE)
TIG AEITOUPYIEG TTOU 0O CNTOUVTAI OTNV EKPWVNOT.

1. YTToB£oTe OTI epydleaTe O€ Pia eTaIpia AOYIOHIKOU TToU OXedIALEl PIa EQapuoyn
dlaxeipIonNg Tou XapTOQUAAKIOU PETOXWYV eVOG €TTEVOUTH. KaAeioTe va OIONELETE
Tov KataAAnAOTepo ATA amd 10 Java Collection Framework vyia va
AVOTTOPOOTACETE €va XAPTOQPUAAKIO ONA pia CUAAOYH UETOXWV TTOU ava TTaca
OTIYMN €XEl OTAV KOTOXI Tou évag €TTEVOUTNG. H e@appoyf TTPETTE va ETTITPETTE
TNV €1I0aywyr] PIag PJETOXAG OTO XOPTOQUAGKIO OTav auTr ayopddletal atrd €Evav
€TTEVOUTH, TNV AQAIPEDT MIAG PETOXNAG ATTO TO XAPTOQUAAKIO OTAV aUTr) TTWAEITAI
amoé TOV ETTEVOUTH, Kol Tnv TIpOofacn O OTIOIOdATIOTE WETOXN TOU
XOapTOQUAQKiou OTaV O €TTEVOUTHG BEAEI va TUTTWOEI OXETIKEG TTANPOPOPIES YIa HIa
OUYKEKPIYEVN PETOXN.

AUGON: There are a few basic ways to design and implement a solution to this
problem: use a Vector or Sequence implemented using either a dynamic array or a
linked list.

The List ADT is unacceptable, as it does not provide methods used to access an
arbitrary stock in the portfolio. Both the Vector ADT and Sequence ADT contain
such methods, and for that reason are acceptable. Either ADT could be
implemented using a dynamic array or a linked list. Given this situation, each
would provide a similar level of efficiency.

Using a dynamic array, the insert operation and the remove operation would both
run in time that is O(n) as the array would have to grow or shrink, respectively, in
the worst case. Accessing an arbitrary stock in the portfolio would take O(1) time,
as the array can instantly access any of its elements.

Using a linked list, the insert operation would run in O(1) time, as stocks could be
inserted at either the first or last position in constant time; the problem does not
describe the need to insert stocks at arbitrary locations in the structure. Both
removing and accessing an arbitrary stock from the portfolio would take O(n)
time, as links must be followed from the head of the list to the stock that is to be
removed or accessed.

2. YTT0B£0TE OTI £pyAe0Te O€ MIA ETAIPIA AOYIOMIKOU TTOU OXEDIACEl Eva DIAAOYIKO
ouoTnua odrnynong QUTOKIVATWY OE TTPAYMATIKO XpOvo. To cuoTnua TTPETTEl va
TTPOOPEPEl KATAAANAES BorBeieg 0driynong oTov odnyd TOU QUTOKIVATOU, Kal Va
TTaPaKOAOUBEi TNV TTOpEia TOU OTOV BPOUO KABWG 0 0dNYOS KATEUBUVETAI TTPOG
TOV TTPoOopPIouS Tou akoAouBwvTag MOoTA TIG BorBeleg TTou Tou divovTal ammd TO
ouvoTtnua. KaAgiote va dlaAéCeTe Tov KaTtaAAnAGTEPO ATA atrd Tto Java Collection
Framework yia va avarmapaoTAoeTe pia oulAoyn atrd BonBeieg odriynong yia va
@T1doel Evag 0dNnNyog atrd TNV aPeTNPIa OTOV TTPOOPICUO Tou. To oUCTNUA TTPETTE
va EMTPETTEI TV a@aipeon piag Borbeiag odriynong armd tnv apxn TNG CUAAOYRG



otav auTh akoAouBeital atrd Tov odnyo, va TTPOCPEPEI TNV ETTOUEVN BOABEIa NETA
ammo dia ouykekpipgévn PornBeia odriynong, Kal va e€AEyxel €Av  UTTOAEITTOVTAI
BorBeiec otnv cuAoyr dNA €dv 0 0dNyog £xel PTACEI TEAIKA OTOV TTPOOPICHO TOU.

AUon:

The most appropriate way to solve this problem would be to use the List ADT. It
is possible to use any of the other linear ADTs as well, but the List ADT best fits
the description of the problem: remove from the front of the structure, access an
element immediately after a given element, and test if the structure is empty.

If the chosen linear ADT is implemented using a linked list, each of the methods
could easily run in time that is O(1). For this reason, a linked list is the most
appropriate choice. It is possible to implement the chosen linear ADT using a
dynamic array and still have each of the methods run in time that is O(1).

If the array is never shrunk as directions are removed from the structure, each of
the methods will run in constant time, but memory will be wasted. It is more
appropriate to assume that the remove operation would take O(n) time if a
dynamic array implementation were used. For that reason, a linked list is a more
appropriate choice of implementation.

Aoknon 6 (30 povadec)

OtwpnoTe TNV TTapakdTw dieTTar Java 1mou kabopilel To cupBoiaio Tou ATA
Oupdad pe MpotepaidéTnTa (Priority Queue ADT):

/**
* Required methods for the Priority Queue ADT.
*

public interface IPriorityQueue {

/**
* Inserts the given key and element into this.
* @param aKe¥ key for the item ]
* @param anElement element for the item
*
public void insertItem(Comparable key,
Object element);

/** Returns a highest priority element in this. */
public Object highest();

/** Returns a highest priority key in this. */
public Comparable highestkey();

/**
* Removes the highest priority item from this,

* and returns its element.
*

public Object removeHighest();



YmoBéoTe etmiong pia kKAdon Item Tng otroiag o opiouog TrepIAapBaver duo
METABANTEC oTiyploTUTIWY: Wia public Comparable pe 1o dévoua key kai pia
pubTlic Object pe 10 évoua element. Mmopeite emmiong va uttoBéoete OTI N
KAGon Item d1a0€Tel eTmiong Mia YEBOOO KATAOKEUNG QVTIKEIMEVWY TTOU TTAIPVEI
oav TTapapéTpoug €l00dou éva Comparable kai éva Object, kai ammoOnkeUel
QUTA TO AVTIKEIJEVA QVTIOTOIXWG OTIG HETARBANTEC oTiyuIoTUTTWY key kal element
TOU QVTIKEIYEVOU Item Trou dnUIoUpPYEITal.

AwoTte pia KAGon UnsortedPriorityQueue TToU UAoTTOIEl TNV  OIETTAPA
IPriorityQueue amoBnkevovtag Ta KAedIG (keys) kal Ta oToixeia (elements)
TNG o€ éva un Tagivounuévo Vector. BeBaiwBeite 611 N uhoTroinor oag AapBavel
uTTOWN TNG OAEG TIG oUVONKeg AaBwv TToU TTPORAETTOVTAI 0TO CUPBOAaIo Tou ATA
Kal dnNUIoUPYNOTE PIa €¢aipeon RuntimeException 0€ KABE TTEPITITWON TTOU £va
AdBog epgaviletal. MNa v akpiBéoTtepn d16pOwon NG AoKNONG EVOWUATWOTE
OTOV KWAIKA oag KatdAAnAa oxoAia Javadoc.

Avon: :
import java.util.vector;

/**
* IPriorityQueue implementation using a sorted vector
* to hold its keys and elements.
* @author Jeff Raab
*
public class UnsortedPriorityQueue implements
IPriorityQueue {

/** Vector used to hold the keys and elements.*/
protected Vvector items = new Vector();

/** Constructs a new unsorted priority queue. */
public unsortedPriorityQueue() {}

/**

* Inserts the E'iven key and element into this.
* @param akKey key for the item

* @param anElement element for the item

* @example insertItem(l, A) into {} : {(1, A}
: @example insertItem(0, B) into {(1, A)} :

* ("™, ©, B}

public void insertItem(Comparable key,Object element){
items.add(new Item(key, element));

/**
* Returns a hiﬁhest priority element in this.

* @example highest() on {} throws an exception
:/@examp'le highest() on {(1, A), (0, B)} returns B




public object highest() {
if (items.isEmpty()) {
throw new RuntimeException(“Queue 1is empty”);

Item i (Item)o;

Object o = items.elementAt(highestIndex());
return i.element;

/**
* Returns a hiﬁhest priority key in this.

* @example highestkey() on {} throws an exception
* @example highestkey() on {(1, A), (0, B)} returns 0
*

public Comparable highestkey() {
if (items.iseEmpty()) {
throw new RuntimeException(“Queue 1is empty”);

Object o = items.elementAt(highestIndex());
Item i = (Item)o;
return i.key;
}
/**
* Removes the highest priority item from this,
* and returns its element.
* @example removeHighest() on {} throws an exception
* @example removeHighest() on {(1, A), (0, B)}
* returns B
*

public Object removeHighest() {
if (items.iseEmpty()) {
throw new RuntimeException(“Queue is empty”);

Object o = items.remove(highestIndex());
Item i = (Item)o;
return 1i.element;

}

/** Returns the index of the highest key in this. */
private int highestIndex() {
int min = 0;
Item minItem = (Item)items.elementAt(0);
for (int i = 1; i < items.size(); i++) {
Item anItem = (Item)items.elementAt(i);
if (anItem.key.compareTo(minItem.key) < 0) {
min = i;
minItem = anItem;
}
}

return min;




